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Pharmacopeial Forum's Public Review and Comment Process

This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP website). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP website.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.
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Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP website (http://www.usp.org/getinvolved/donate/submission-guidelines). Note that the Expert Committee listing and the
Scientific Staff Directory also are located on the USP website (see below for links).
Proposed and Adopted Revisions to the USP–NF
Section
Content
How Readers Can Respond
Proposed
Proposals for Interim
Review material and send comments within
Interim
Revision Announcements
90 days of the PF publication in which the
Revision
(IRAs) that will be
standard was proposed (or per the
Announcements published as official USP
comment deadline listed in the Briefing
or NF standards
section). Direct comments to the USP
BRIEFING: Scientific
Scientific Liaison using the contact
rationale for proposed
information provided at the end of each
changes. May include
Proposed IRA
other information useful
to the analyst, such as
the brand name of the
column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph
or general chapter.
In-Process
Proposals for standards
Review material and send comments within
Revision
that will be published as
90 days of the PF publication in which the
official in a future USP–
revision was proposed (or per the
NF book or Supplement.
comment deadline listed in the Briefing
section). Direct comments to the USP
BRIEFING: Scientific
Scientific Liaison using the contact
rationale for
information provided at the end of each
proposed changes.
proposed revision. For general inquiries or
May include other
in cases where a Scientific Liaison is not
information useful to
identified, use the general USP telephone
the analyst, such as
number 301-881-0666 or fax number 301the brand name of
998-6839 or stdsmonographs@usp.org.
the column used in
developing the
proposed procedure
and the USP Expert
Committee and USP
Scientific Liaisons
who handle the
monograph or general
chapter.
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Section
Stage 4
Harmonization
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Content
Revision proposals from
the Pharmacopoeial
Discussion Group (PDG),
which comprises the
European
Pharmacopoeia, the
Japanese
Pharmacopoeia, and
USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The
draft is published in its
entirety.
BRIEFING: Scientific
rationale for the
potential inclusion or
change or for the
proposed change.

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

Stimuli to the
Revision
Process

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

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

Other Sections
Expert Committees
A listing of the 2015–2020 Expert Committees that work on the development of USP
compendial standards (http://www.usp.org/expert-committees)
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Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards (http://www.usp.org/help/scientificsupport/standards-development-staff)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.uspnf.com/pharmacopeial-forum for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's website.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example: new text Where the symbols appear together with no enclosed
text, such as
, it means that text has been deleted and no new text was proposed to
replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the
date the proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, (2) modifications of
revisions previously proposed under In-Process Revision, or (3) proposed revisions for articles
awaiting approval by FDA. Readers should review material in this section and provide comments
to the Scientific Liaison using the contact information appearing at the end of each proposal.
Information on how to comment can be found under the “Participation” section of
www.usp.org. It is important to send comments promptly, before the comment deadline listed
after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text: new text if slated for an IRA; new text if slated for USP–NF; new
text if slated for a Supplement to USP–NF; new text for articles awaiting approval by
FDA. The same symbols indicate recent revisions that are already official. Where the symbols
appear together with no enclosed text, such as

, or

, or

, or

, it means that
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text has been deleted and no new text was proposed to replace it.
In revisions, the closing symbol is accompanied by an identifier that indicates the particular IRA,
Supplement, or the USP or NF as the publication where the revision will appear if approved. For
example, 2S (USP 34) indicates that the proposed revision is slated for the Second Supplement
to USP 34, and USP35 and NF30 indicates that the revisions are proposed for USP 35 and NF
30, respectively. In the case of revisions for articles awaiting approval by FDA, the symbols are
followed by TBD indicating that the official publication is To Be Determined. For example, (TBD)
does not yet have a target official publication.
Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
General Notices and Requirements, USP 41 page 1. The General Notices and
Requirements (GN) section of the United States Pharmacopeia and the National Formulary
(USP–NF) was most recently revised in USP 41–NF 36 and will be official as of May 1, 2018. This
briefing describes a new GN revision, which is being published for public notice and comment
herein (Pharmacopeial Forum 44(1) [Jan.–Feb. 2018]) and, following subsequent consideration
and balloting by the Council of Experts Executive Committee, is anticipated to be included in
USP 42–NF 37 (publishing November 1, 2018; official May 1, 2019).
This follows a "Notice of Intent to Revise" (NITR) bulletin that was published on September 29,
2017, which described the approach to align the USP–NF with the FDA's guidance and invited
stakeholder feedback. Based on the input and request for additional time, USP is proposing the
GN revision for public notice and comment.
The intent of the proposed GN revision is to facilitate alignment of the USP–NF with the FDA's
guidance and practices related to the naming of drugs and biological products, specifically: (1)
the FDA's final guidance on the naming of biological products; and (2) the FDA's recent
approvals of drug products incorporating sensor technology.
Biological Products: On January 13, 2017, the FDA issued a final guidance entitled,
“Nonproprietary Naming of Biological Products Guidance for Industry”. Subsequently, the FDA
has begun licensing biological products with unique FDA-designated suffixes. This GN language
is intended to help ensure alignment between the FDA naming convention and the USP
compendial naming approach, thus reducing confusion and addressing compliance issues for
manufacturers. This approach is intended to apply where multiple products with different
suffixes meet the same monograph specifications. This revision is intended especially to
facilitate naming of products currently subject to a single monograph that may transition from
an application under the Federal Food, Drug, and Cosmetic Act to a license under the Public
Health Service Act (transitional products).
The proposed GN change does not alter the existing flexibility that permits the application of
different compendial approaches where appropriate. If new monographs are developed for
biological products in the future, USP will work collaboratively with the FDA and industry in each
case to determine the most appropriate compendial approach, including : (1) single monograph
approach—different suffixes for multiple products that meet the same monograph specifications
(such as transitional products); (2) flexible monograph approach—clarifying additional
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distinctions between products with the same core name and different suffixes using the
monograph labeling or definition sections; or (3) separate monograph approach—developing
different monographs for unique articles.
Drug Products: The FDA recently approved a drug product incorporating sensor technology
and the term “with sensor” in its product name. To help ensure alignment with FDA on the use
of the descriptive term “with sensor” in approved product names and to address compliance
issues for manufacturers, USP is proposing additional GN language. This language
accommodates the term “with sensor” and ensures the continued applicability of the USP–NF
monograph for the underlying drug product.
Changes are proposed for the following GN section:
2. OFFICIAL STATUS AND LEGAL RECOGNITION
2.20. Official Articles
Addition of the following language at the end of the second paragraph: “For a
biologic product licensed under the Public Health Service Act, the official title shall
be the title specified in the relevant monograph plus any suffix designated by the
FDA unless otherwise specified in the applicable monograph. For drug products that
incorporate a sensor to detect that the product has been administered, the official
title shall be the title specified in the relevant drug product monograph plus the
words “with sensor”.
Additionally, minor editorial changes have been made to update these General Notices to
current USP style.
(COE: J. Simpson.)
Correspondence Number—C198574
Comment deadline: March 31, 2018
GENERAL NOTICES AND REQUIREMENTS
The General Notices and Requirements section (the General Notices) presents the basic
assumptions, definitions, and default conditions for the interpretation and application of the
United States Pharmacopeia (USP) and the National Formulary (NF).
Requirements stated in these General Notices apply to all articles recognized in the USP and
NF (the “compendia”) and to all general chapters unless specifically stated otherwise.
1. TITLE AND REVISION
The full title of this publication (consisting of five volumes and including its Supplements), is
The Pharmacopeia of the United States of America, Forty-First Revision and the National
Formulary, Thirty-Sixth Edition. These titles may be abbreviated to USP 41, to NF 36, and
to USP 41–NF 36. The United States Pharmacopeia, Forty-First Revision, and the National
Formulary, Thirty-Sixth Edition, supersede all earlier revisions. Where the terms “USP,”
“NF,” or “USP–NF” are used without further qualification during the period in which these
compendia are official, they refer only to USP 41, NF 36, and any Supplement(s) thereto.
The same titles, with no further distinction, apply equally to print or electronic presentation
of these contents. Although USP and NF are published under one cover and share these
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General Notices, they are separate compendia.
This revision is official beginning May 1, 2018 unless otherwise indicated in specific text.
Supplements to USP and NF are published periodically.
Accelerated Revisions, published periodically on the Official Text section of USP's website
(http://www.usp.org/usp-nf/official-text), are designed to make revisions official more
quickly than through the routine process for publishing standards in the USP–NF. Interim
Revision Announcements are Accelerated Revisions to USP and NF that contain official
revisions and their effective dates.
Revision Bulletins are Accelerated Revisions to official text or postponements that require
expedited publication. They generally are official immediately unless otherwise specified in
the Revision Bulletin.
Errata are Accelerated Revisions representing corrections to items erroneously published.
Announcements of the availability of new USP Reference Standards and announcements of
tests or procedures that are held in abeyance pending availability of required USP Reference
Standards are also available on the “Official Text” tab of USP's website.
Change to read:
2. OFFICIAL STATUS AND LEGAL RECOGNITION
2.10. Official Text
Official text of the USP and NF is published in the USP–NF Online (www.uspnf.com) in the
edition identified as “CURRENTLY OFFICIAL” and in Accelerated Revisions that supersede the
USP–NF Online as described below.
Routine revisions are published in the USP–NF Online and become official on the date
indicated, usually six months after publication. Accelerated Revisions supersede the USP–NF
Online and become official on the date indicated. Links to Accelerated Revisions on the USP
website can be found in any superseded monograph or general chapter in the USP–NF
Online.
Print and USB flash drive versions of the USP and NF also are available. Routine revisions are
provided with the same timing as the USP–NF Online. Official text published in Supplements
supersedes that in the previously published print or USB flash drive versions of USP–NF.
These versions also are superseded by Accelerated Revisions as described above.
In the event of any disparity between the print or USB flash drive versions and the USP–NF
Online, the USP–NF Online will be deemed to apply.
2.20. Official Articles
An official article is an article that is recognized in USP or NF. An article is deemed to be
recognized and included in a compendium when a monograph for the article is published in
the compendium and an official date is generally or specifically assigned to the monograph.
The title specified in a monograph is the official title for such article. Other names considered
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to be synonyms of the official titles may not be used as substitutes for official titles.
For a biologic product licensed under the Public Health Service Act, the official title shall
be the title specified in the relevant monograph plus any suffix designated by the FDA
unless otherwise specified in the applicable monograph. For drug products that incorporate
a sensor to detect that the product has been administered, the official title shall be the
title specified in the relevant drug product monograph plus the words “with sensor”. USP42
Official articles include both official substances and official products. An official substance is
a drug substance, excipient, dietary ingredient, other ingredient, or component of a finished
device for which the monograph title includes no indication of the nature of the finished
form.
An official product is a drug product, dietary supplement, compounded preparation, or
finished device for which a monograph is provided.
2.30. Legal Recognition
The USP and NF are recognized in the laws and regulations of many countries throughout the
world. Regulatory authorities may enforce the standards presented in the USP and NF, but
because recognition of the USP and NF may vary by country, users should understand
applicable laws and regulations. In the United States under the Federal Food, Drug, and
Cosmetic Act (FDCA), both USP and NF are recognized as official compendia. A drug with a
name recognized in USP–NF must comply with compendial identity standards or be deemed
adulterated, misbranded, or both. See, e.g., FDCA § 501(b) and 502(e)(3)(b); also FDA
regulations, 21 CFR § 299.5(a&b). To avoid being deemed adulterated, such drugs must also
comply with compendial standards for strength, quality, and purity, unless labeled to show
all respects in which the drug differs. See, e.g., FDCA § 501(b) and 21 CFR § 299.5(c). In
addition, to avoid being deemed misbranded, drugs recognized in USP–NF must also be
packaged and labeled in compliance with compendial standards. See FDCA § 502(g).
A dietary supplement represented as conforming to specifications in USP will be deemed a
misbranded food if it fails to so conform. See FDCA § 403(s)(2)(D).
Enforcement of USP standards is the responsibility of FDA and other government authorities in
the U.S. and elsewhere. USP has no role in enforcement.
Change to read:
3. CONFORMANCE TO STANDARDS
3.10. Applicability of Standards
Standards for an article recognized in the compendia (USP–NF) are expressed in the article's
monograph, applicable general chapters, and General Notices. The identity, strength,
quality, and purity of an article are determined by the official tests, procedures, and
acceptance criteria, and other requirements incorporated in the monograph, in applicable
general chapters, or in the General Notices. “Applicable general chapters” means general
chapters numbered below 1000 or above 2000 that are made applicable to an article
through reference in General Notices, a monograph, or another applicable general chapter
numbered below 1000. Where the requirements of a monograph differ from the requirements
specified in these General Notices or an applicable general chapter, the monograph
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requirements apply and supersede the requirements of the General Notices or applicable
general chapters, whether or not the monograph explicitly states the difference.
General chapters numbered 1000 to 1999 are for informational purposes only. They contain
no mandatory tests, assays, or other requirements applicable to any official article,
regardless of citation in a general chapter numbered below 1000, a monograph, or these
General Notices. General chapters numbered above 2000 apply only to articles that are
intended for use as dietary ingredients and dietary supplements. General chapter citations
in NF monographs refer to USP general chapters.
Early adoption of revised standards in advance of the official date is allowed by USP unless
specified otherwise at the time of publication. Where revised standards for an existing
article have been published as final approved “official text” (as approved in section 2.10
Official Text) but have not yet reached the official date (six months after publication,
unless otherwise specified; see “official date”, section 2.20. Official Articles), compliance
with the revised standard shall not preclude a finding or indication of conformance with
compendial standards, unless USP specifies otherwise by prohibiting early adoption in a
particular standard.
The standards in the relevant monograph, general chapter(s), and General Notices apply at
all times in the life of the article from production to expiration. It is also noted that the
manufacturer's specifications, and manufacturing practices (e.g., Quality by Design,
Process Analytical Technology, and Real Time Release Testing initiatives), generally are
followed to ensure that the article will comply with compendial standards until its expiration
date, when stored as directed. Every compendial article in commerce shall be so
constituted that when examined in accordance with these assays and test procedures, it
meets all applicable pharmacopeial requirements (General Notices, monographs, and general
chapters). Thus, any official article is expected to meet the compendial standards if tested,
and any official article actually tested as directed in the relevant monograph must meet
such standards to demonstrate compliance.
Some tests, such as those for Dissolution and Uniformity of Dosage Units, require multiple
dosage units in conjunction with a decision scheme. These tests, albeit using a number of
dosage units, are in fact one determination. These procedures should not be confused with
statistical sampling plans. The similarity to statistical procedures may seem to suggest an
intent to make inference to some larger group of units, but in all cases, statements about
whether the compendial standard is met apply only to the units tested. Repeats, replicates,
statistical rejection of outliers, or extrapolations of results to larger populations, as well as
the necessity and appropriate frequency of batch testing, are neither specified nor
proscribed by the compendia; such decisions are based on the objectives of the testing.
Frequency of testing and sampling are left to the preferences or direction of those
performing compliance testing, and other users of USP–NF, including manufacturers, buyers,
or regulatory authorities.
Official products are prepared according to recognized principles of good manufacturing
practice and from ingredients that meet USP or NF standards, where standards for such
ingredients exist (for dietary supplements, see section 3.10.20 Applicability of Standards to
Medical Devices, Dietary Supplements, and Their Components and Ingredients).
Official substances are prepared according to recognized principles of good manufacturing
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practice and from ingredients complying with specifications designed to ensure that the
resultant substances meet the requirements of the compendial monographs.
3.10.10. Applicability of Standards to Drug Products, Drug Substances, and Excipients
The applicable USP or NF standard applies to any article marketed in the United States that
(1) is recognized in the compendium and (2) is intended or labeled for use as a drug or as
an ingredient in a drug. Such articles (drug products, drug substances, and excipients)
include both human drugs (whether dispensed by prescription, “over the counter,” or
otherwise), as well as animal drugs. The applicable standard applies to such articles
whether or not the added designation “USP” or “NF” is used. The standards apply equally to
articles bearing the official titles or names derived by transposition of the definitive words
of official titles or transposition in the order of the names of two or more drug substances
USP41 in official titles, or where there is use of synonyms with the intent or effect of
suggesting a significant degree of identity with the official title or name.
3.10.20. Applicability of Standards to Medical Devices, Dietary Supplements, and Their
Components and Ingredients
An article recognized in USP or NF shall comply with the compendial standards if the article is
a medical device, component intended for a medical device, dietary supplement, dietary
ingredient, or other ingredient that is intended for incorporation into a dietary supplement,
and is labeled as conforming to the USP or NF.
Generally, dietary supplements are prepared from ingredients that meet USP, NF, or Food
Chemicals Codex standards. Where such standards do not exist, substances may be used in
dietary supplements if they have been shown to be of acceptable food grade quality using
other suitable procedures.
3.10.30. Applicability of Standards to the Practice of Compounding (New)
USP compounding practice standards, Pharmaceutical Compounding—Nonsterile Preparations
〈795〉 and Pharmaceutical Compounding—Sterile Preparations 〈797〉, as appropriate, apply to
compounding practice or activity regardless of whether a monograph exists for the
compounded preparation or these chapters are referenced in such a monograph. In the
United States, 〈795〉 and 〈797〉 are not applicable to drugs compounded by entities
registered with FDA as outsourcing facilities as defined by FDCA § 503B, because such
facilities are required to comply with FDA’s current good manufacturing practice
requirements. Compounded preparations, including drug products compounded by
outsourcing facilities, may also be subject to applicable monographs; see section 2.20
Official Articles and section 4.10 Monographs.
3.20. Indicating Conformance
A drug product, drug substance, or excipient may use the designation “USP” or “NF” in
conjunction with its official title or elsewhere on the label only when (1) a monograph is
provided in the specified compendium and (2) the article complies with the identity
prescribed in the specified compendium.
When a drug product, drug substance, compounded preparation, or excipient differs from the
relevant USP or NF standard of strength, quality, or purity, as determined by the application
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of the tests, procedures, and acceptance criteria set forth in the relevant compendium, its
difference shall be plainly stated on its label.
When a drug product, drug substance, compounded preparation, or excipient fails to comply
with the identity prescribed in USP or NF or contains an added substance that interferes
with the prescribed tests and procedures, the article shall be designated by a name that is
clearly distinguishing and differentiating from any name recognized in USP or NF.
A medical device, dietary supplement, or ingredient or component of a medical device or
dietary supplement may use the designation “USP” or “NF” in conjunction with its official
title or elsewhere on the label only when (1) a monograph is provided in the specified
compendium and (2) the article complies with the monograph standards and other
applicable standards in that compendium.
The designation “USP” or “NF” on the label may not and does not constitute an endorsement
by USP and does not represent assurance by USP that the article is known to comply with
the relevant standards. USP may seek legal redress if an article purports to be or is
represented as an official article in one of USP's compendia and such claim is determined by
USP not to be made in good faith.
The designation “USP–NF” may be used on the label of an article provided that the label also
bears a statement such as “Meets NF standards as published by USP,” indicating the
particular compendium to which the article purports to apply.
When the letters “USP,” “NF,” or “USP–NF” are used on the label of an article to indicate
compliance with compendial standards, the letters shall appear in conjunction with the
official title of the article. The letters are not to be enclosed in any symbol such as a circle,
square, etc., and shall appear in capital letters.
If a dietary supplement does not comply with all applicable compendial requirements but
contains one or more dietary ingredients or other ingredients that are recognized in USP or
NF, the individual ingredient(s) may be designated as complying with USP or NF standards or
being of USP or NF quality provided that the designation is limited to the individual
ingredient(s) and does not suggest that the dietary supplement complies with USP
standards.
4. MONOGRAPHS AND GENERAL CHAPTERS
4.10. Monographs
Monographs set forth the article's name, definition, specification, and other requirements
related to packaging, storage, and labeling. The specification consists of tests, procedures,
and acceptance criteria that help ensure the identity, strength, quality, and purity of the
article. For general requirements relating to specific monograph sections, see section 5
Monograph Components.
Because monographs may not provide standards for all relevant characteristics, some official
substances may conform to the USP or NF standard but differ with regard to
nonstandardized properties that are relevant to their use in specific preparations. To assure
substitutability in such instances, users may wish to ascertain functional equivalence or
determine such characteristics before use.
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4.10.10. Applicability of Test Procedures
A single monograph may include more than one test, procedure, and/or acceptance criterion
for the same attribute. Unless otherwise specified in the monograph, all tests are
requirements. In some cases, monograph instructions allow the selection of tests that
reflect attributes of different manufacturers' articles, such as different polymorphic forms,
impurities, hydrates, and dissolution. Monograph instructions indicate the tests, procedures,
and/or acceptance criteria to be used and the required labeling.
The order in which the tests are listed in the monograph is based on the order in which they
are approved by the relevant Expert Committee for inclusion in the monograph. Test 1 is
not necessarily the test for the innovator or for the reference product. Depending on
monograph instructions, a labeling statement is not typically required if Test 1 is used.
4.10.20. Acceptance Criteria
The acceptance criteria allow for analytical error, for unavoidable variations in manufacturing
and compounding, and for deterioration to an extent considered acceptable under practical
conditions. The existence of compendial acceptance criteria does not constitute a basis for
a claim that an official substance that more nearly approaches 100% purity “exceeds”
compendial quality. Similarly, the fact that an article has been prepared to tighter criteria
than those specified in the monograph does not constitute a basis for a claim that the
article “exceeds” the compendial requirements.
An official product shall be formulated with the intent to provide 100% of the quantity of
each ingredient declared on the label. Where the minimum amount of a substance present in
a dietary supplement is required by law to be higher than the lower acceptance criterion
allowed for in the monograph, the upper acceptance criterion contained in the monograph
may be increased by a corresponding amount.
The acceptance criteria specified in individual monographs and in the general chapters for
compounded preparations are based on such attributes of quality as might be expected to
characterize an article compounded from suitable bulk drug substances and ingredients,
using the procedures provided or recognized principles of good compounding practice, as
described in these compendia.
4.20. General Chapters
Each general chapter is assigned a number that appears in angle brackets adjacent to the
chapter name (e.g., Chromatography 〈621〉). General chapters may contain the following:
Descriptions of tests and procedures for application through individual monographs,
Descriptions and specifications of conditions and practices for pharmaceutical
compounding,
General information for the interpretation of the compendial requirements,
Descriptions of general pharmaceutical storage, dispensing, and packaging practices, or
General guidance to manufacturers of official substances or official products.
When a general chapter is referenced in a monograph, acceptance criteria may be presented
after a colon.
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Some chapters may serve as introductory overviews of a test or of analytical techniques.
They may reference other general chapters that contain techniques, details of the
procedures, and, at times, acceptance criteria.
Change to read:
5. MONOGRAPH COMPONENTS
5.10. Molecular Formula
The use of the molecular formula for the official substance(s) USP41 named in defining the
required strength of a compendial article is intended to designate the chemical entity or
entities, as given in the complete chemical name of the article, having absolute (100%)
purity.
5.20. Added Substances
Added substances are presumed to be unsuitable for inclusion in an official article and
therefore prohibited, if their presence impairs the bioavailability, therapeutic efficacy, or
safety of the official article; or they interfere with the assays and tests prescribed for
determining compliance with the compendial standards (see section 3.20 Indicating
Conformance).
The air in a container of an official article may, where appropriate, be evacuated or be
replaced by carbon dioxide, helium, argon, or nitrogen, or by a mixture of these gases. The
use of such gas need not be declared in the labeling.
5.20.10. Added Substances in Official Substances
Official substances may contain only the specific added substances that are permitted by
the individual monograph. Such added substances shall not exceed the quantity required for
providing their intended effect. Where such addition is permitted, the label shall indicate the
name(s) and amount(s) of any added substance(s).
5.20.20. Added Substances (Excipients and Ingredients) in Official Products
Suitable substances and excipients such as antimicrobial agents, pharmaceutical bases,
carriers, coatings, flavors, preservatives, stabilizers, and vehicles may be added to an
official product to enhance its stability, usefulness, or elegance, or to facilitate its
preparation, unless otherwise specified in the individual monograph.
Added substances and excipients employed solely to impart color may be incorporated into
official products other than those intended for parenteral or ophthalmic use, in accordance
with the regulations pertaining to the use of colors issued by the U.S. Food and Drug
Administration (FDA), provided such added substances or excipients are otherwise
appropriate in all respects. (See also Injections and Implanted Drugs Products 〈1〉, Product
Quality Tests Common to Parenteral Dosage Forms, Specific Tests, Vehicles and added
substances, Added substances.)
The proportions of the substances constituting the base in ointment and suppository
products and preparations may be varied to maintain a suitable consistency under different
climatic conditions, provided that the concentrations of drug substances USP41 are not
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varied and provided that the bioavailability, therapeutic efficacy, and safety of the
preparation are not impaired.
5.20.20.1. In Compounded Preparations
Compounded preparations for which a complete composition is given shall contain only the
ingredients named in the formulas unless specifically exempted herein or in the individual
monograph. Deviation from the specified processes or methods of compounding, although
not from the ingredients or proportions thereof, may occur provided that the finished
preparation conforms to the relevant standards and to preparations produced by following
the specified process.
Where a monograph for a compounded preparation calls for an ingredient in an amount
expressed on the dried basis, the ingredient need not be dried before use if due allowance
is made for the water or other volatile substances present in the quantity taken.
Specially denatured alcohol formulas are available for use in accordance with federal statutes
and regulations of the Internal Revenue Service. A suitable formula of specially denatured
alcohol may be substituted for Alcohol in the manufacture of official preparations intended
for internal or topical use, provided that the denaturant is volatile and does not remain in
the finished product. A preparation that is intended for topical application to the skin may
contain specially denatured alcohol, provided that the denaturant is either a usual
ingredient in the preparation or a permissible added substance; in either case the
denaturant shall be identified on the label of the topical preparation. Where a process is
given in the individual monograph, any preparation compounded using denatured alcohol
shall be identical to that prepared by the monograph process.
5.20.20.2. In Dietary Supplements
Additional ingredients may be added to dietary supplement products provided that the
additional ingredients: (1) comply with applicable regulatory requirements; and (2) do not
interfere with the assays and tests prescribed for determining compliance with compendial
standards.
5.30. Description and Solubility
Only where a quantitative solubility test is given in a monograph and is designated as such is
it a test for purity.
A monograph may include information regarding the article's description. Information about an
article's “description and solubility” also is provided in the reference table Description and
Relative Solubility of USP and NF Articles. The reference table merely denotes the properties
of articles that comply with monograph standards. The reference table is intended primarily
for those who use, prepare, and dispense drugs and/or related articles. Although the
information provided in monographs and the information in the reference table may indirectly
assist in the preliminary evaluation of an article, it is not intended to serve as a standard or
test for purity.
The approximate solubility of a compendial substance is indicated by one of the following
descriptive terms:
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Descriptive Term
Very soluble
Freely soluble
Soluble
Sparingly soluble
Slightly soluble
Very slightly soluble
Practically insoluble, or Insoluble
5.40.

Identification

Parts of Solvent Required
for 1 Part of Solute
Less than 1
From 1 to 10
From 10 to 30
From 30 to 100
From 100 to 1,000
From 1,000 to 10,000
Greater than or equal to
10,000

USP41

A compendial test titled
USP41 Identification is provided as an aid in verifying the identity
of articles as they are purported to be, e.g., those taken from labeled containers, and to
establish whether it is the article named in USP–NF. The
USP41 Identification test for a
particular article may consist of one or more procedures. When a compendial
USP41
Identification test USP41 is undertaken, all requirements of all specified procedures in the
test must be met to satisfy the requirements of the test. Failure of an article to meet all
the requirements of a prescribed
USP41 Identification test (i.e., failure to meet the
requirements of all of the specified procedures that are components of that test) indicates
that the article is mislabeled and/or adulterated.
5.50. Assay
Assay tests for compounded preparations are not intended for evaluating a compounded
preparation before dispensing, but instead are intended to serve as the official test in the
event of a question or dispute regarding the preparation's conformance to official
standards.
5.50.10. Units of Potency (Biological)
For substances that cannot be completely characterized by chemical or physical means or
that need confirmation of functionality or tertiary structure, it may be necessary to express
quantities of biological activity in units of biological potency, each defined by an
authoritative, designated reference standard. In cases where international reference
materials have been discontinued, international units of potency may be defined in terms of
molecular mass, such as in the cases of vitamins A, D, and E.
Where available, World Health Organization (WHO) international biological standards define
the International Units (IU). USP monographs refer to the units assigned by USP Reference
Standards either directly as International Units (IU) or as “USP Units.” For some biological
products, units of potency are value assigned against a corresponding U.S. Standard
established by FDA, whether or not International Units or USP Units have been defined (see
Biologics 〈1041〉). Note that product-related labeling, e.g., on containers, need not use the
full phrase “USP [product name] Units” that appears in many USP monograph labeling
sections. The term “USP Units” can be used on product labeling consistent with USP
compendial requirements, provided it is clear from the context that the potency USP41 is
stated in terms of USP [product name] Units. In such circumstances it should be clear that
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“USP Units” and “USP [product name] Units” share the same meaning.
5.60. Impurities and Foreign Substances
Tests for the presence of impurities and foreign substances are provided to limit such
substances to amounts that are unobjectionable under conditions in which the article is
customarily employed (see also Impurities in Drug Substances and Drug Products 〈1086〉).
Nonmonograph tests and acceptance criteria suitable for detecting and controlling impurities
that may result from a change in the processing methods or that may be introduced from
external sources should be employed in addition to the tests provided in the individual
monograph, where the presence of the impurity is inconsistent with applicable good
manufacturing practices or good pharmaceutical practices.
5.60.10. Other Impurities in USP and NF Articles
If a USP or NF monograph includes an assay or organic impurity test based on
chromatography, other than a test for residual solvents, and that monograph procedure
does not detect an impurity present in the substance, the amount and identity of the
impurity, where both are known, shall be stated in the labeling (certificate of analysis) of
the official substance, under the heading Other Impurity(ies).
The presence of any unlabeled other impurity in an official substance is a variance from the
standard if the content is 0.1% or greater. The sum of all Other Impurities combined with
the monograph-detected impurities may not exceed 2.0% (see Ordinary Impurities 〈466〉),
unless otherwise stated in the monograph.
The following categories of drug substances are excluded from Other Impurities
requirements:
Fermentation products and semi-synthetics derived therefrom,
Radiopharmaceuticals,
Biologics,
Biotechnology-derived products,
Peptides,
Herbals, and
Crude products of animal or plant origin.
Any substance known to be toxic shall not be listed under Other Impurities.
5.60.20. Residual Solvents in USP and NF Articles
All USP and NF articles are subject to relevant control of residual solvents, even when no
test is specified in the individual monograph. If solvents are used during production, they
must be of suitable quality. In addition, the toxicity and residual level of each solvent shall
be taken into consideration, and the solvents limited according to the principles defined and
the requirements specified in Residual Solvents 〈467〉, using the general methods presented
therein or other suitable methods.
5.60.30. Elemental Impurities in USP Drug Products and Dietary Supplements
USP41

Elemental impurities

USP41

in official drug products

are controlled

USP41
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according to the principles defined and requirements specified in Elemental Impurities—
Limits 〈232〉.
are
USP41 Elemental contaminants
USP41 in official dietary supplements
controlled USP41 according to the principles defined and requirements specified in Elemental
Contaminants in Dietary Supplements 〈2232〉.
USP41
5.70. Performance Tests
Where content uniformity determinations have been made using the same analytical
methodology specified in the Assay, with appropriate allowances made for differences in
sample preparation, the average of all of the individual content uniformity determinations
may be used as the Assay value.
5.80. USP Reference Standards
USP Reference Standards are authentic specimens that have been approved as suitable for
use as comparison standards in USP or NF tests and assays. (See USP Reference Standards
〈11〉.) Where USP or NF tests or assays call for the use of a USP Reference Standard, only
those results obtained using the specified USP Reference Standard are conclusive. Where a
procedure calls for the use of a compendial article rather than for a USP Reference
Standard as a material standard of reference, a substance meeting all of the compendial
monograph requirements for that article shall be used. If any new USP or NF standard
requires the use of a new USP Reference Standard that is not yet available, that portion of
the standard containing the requirement shall not be official until the specified USP
reference material is available.
Unless a Reference Standard label bears a specific potency or content, assume the
Reference Standard is 100.0% pure in the official application. Unless otherwise directed in
the procedure in the individual monograph or in a general chapter, USP Reference Standards
are to be used in accordance with the instructions on the label of the Reference Standard.
Change to read:
6. TESTING PRACTICES AND PROCEDURES
6.10. Safe Laboratory Practices
In performing compendial procedures, safe laboratory practices shall be followed, including
precautionary measures, protective equipment, and work practices consistent with the
chemicals and procedures used. Before undertaking any procedure described in the
compendia, the analyst should be aware of the hazards associated with the chemicals and
the techniques and means of protecting against them. These compendia are not designed
to describe such hazards or protective measures.
6.20. Automated Procedures
Automated and manual procedures employing the same basic chemistry are considered
equivalent provided the automated system is properly qualified as being suitable to
execute the compendial manual method and the analytical procedure is verified under the
new equipment conditions. USP41
6.30. Alternative and Harmonized Methods and Procedures
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An alternative method or procedure is defined as any method or procedure other than the
compendial method or procedure for the article in question. The alternative method or
procedure must be fully validated (see Validation of Compendial Procedures 〈1225〉) and
must produce comparable results to the compendial method or procedure within allowable
limits established on a case-by-case basis. Alternative methods or procedures can be
developed for any one of a number of reasons not limited to simplification of sample
preparation, enhanced precision and accuracy, improved (shortened) run time, or being
better suited to automation than the compendial method or procedure. USP41 Only those
results obtained by the methods and procedures given in the compendia are conclusive.
For evaluation as a potential replacement or addition to the standard, USP41 alternative
methods and USP41 procedures should be submitted to USP
USP41 (see section 4.10.
Monographs).
Certain general chapters contain a statement that the text in question is harmonized with
the corresponding text of the European Pharmacopoeia and/or the Japanese
Pharmacopoeia and that these texts are interchangeable. Therefore, if a substance or
preparation is found to comply with a requirement using an interchangeable method or
procedure from one of these pharmacopeias, it should comply with the requirements of the
USP–NF. When a difference appears, or in the event of dispute, only the result obtained by
the method and/or procedure given in the USP–NF is conclusive.
6.40. Dried, Anhydrous, Ignited, or Solvent-Free Basis
All calculations in the compendia assume an “as-is” basis unless otherwise specified.
Test procedures may be performed on the undried or unignited substance and the results
calculated on the dried, anhydrous, or ignited basis, provided a test for Loss on Drying, or
Water Determination, or Loss on Ignition, respectively, is given in the monograph. Where
the presence of moisture or other volatile material may interfere with the procedure,
previous drying of the substance is specified in the individual monograph and is obligatory.
The term “solvent-free” signifies that the calculation shall be corrected for the presence of
known solvents as determined using the methods described in 〈467〉 unless a test for limit of
organic solvents is provided in the monograph.
The term “previously dried” without qualification signifies that the substance shall be dried as
directed under Loss on Drying 〈731〉 or Water Determination 〈921〉 (gravimetric
determination).
Where drying in vacuum over a desiccant is directed, a vacuum desiccator, a vacuum drying
pistol, or other suitable vacuum drying apparatus shall be used.
6.40.10. Ignite to Constant Weight
“Ignite to constant weight” means that ignition shall be continued at 800 ± 25°, unless
otherwise indicated, until two consecutive weighings, the second of which is taken after an
additional period appropriate to the nature and quantity of the residue, do not differ by
more than 0.50 mg per g of substance taken.
6.40.20. Dried to Constant Weight
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“Dried to constant weight” means that drying shall be continued until two consecutive
weighings, the second of which is taken after an additional drying period appropriate to the
nature and quantity of the residue, do not differ by more than 0.50 mg per g of substance
taken.
6.50. Preparation of Solutions
6.50.10. Filtration
Where a procedure gives direction to “filter” without further qualification, the liquid shall be
passed through suitable filter paper or equivalent device until the filtrate is clear. Due to
the possibility of filter effects, the initial volumes of a filtrate may be discarded.
6.50.20. Solutions
Unless otherwise specified, all solutions shall be prepared with Purified Water. Solutions for
quantitative measures shall be prepared using accurately weighed or accurately measured
analytes (see section 8.20 About).
An expression such as “(1 in 10)” means that 1 part by volume of a liquid shall be diluted
with, or 1 part by weight of a solid shall be dissolved in, a sufficient quantity of the diluent
or solvent to make the volume of the finished solution 10 parts by volume. For example, a
1 in 10 solution is prepared by diluting 1 mL of a liquid or dissolving 1 g of a solid in
sufficient solvent to make 10 mL of the solution. USP41 An expression such as “(20:5:2)”
means that the respective numbers of parts, by volume, of the designated liquids shall be
mixed, unless otherwise indicated.
6.50.20.1. Adjustments to Solutions
When a specified concentration is called for in a procedure, a solution of other normality or
molarity may be used, provided that allowance is made for the difference in concentration
and that the change does not increase the error of measurement.
Proportionately larger or smaller quantities than the specified weights and volumes of assay
or test substances and Reference Standards may be taken, provided the measurement is
made with at least equivalent accuracy.
Unless otherwise indicated, analyte concentrations shall be prepared to within ten percent
(10%) of the indicated value. In the case in which a procedure is adapted to the working
range of an instrument, solution concentrations may differ from the indicated value by more
than ten percent (10%), with appropriate changes in associated calculations. Any changes
shall fall within the validated range of the instrument.
When adjustment of pH is indicated with either an acid or base and the concentration is not
indicated, appropriate concentrations of that acid or base may be used.
6.50.20.2. Test Solutions
Information on Test Solutions (TS) is provided in the Test Solutions portion of the Reagents,
Indicators, and Solutions section of the USP–NF. Use of an alternative Test Solution or a
change in the Test Solution used may require validation.
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6.50.20.3. Indicator Solutions
Where a procedure specifies the use of an indicator TS, approximately 0.2 mL, or 3 drops, of
the solution shall be added unless otherwise directed.
6.60. Units Necessary to Complete a Test
Unless otherwise specified, a sufficient number of units to ensure a suitable analytical result
shall be taken.
6.60.10. Tablets
Where the procedure of a Tablet monograph directs to weigh and finely powder not fewer
than a given number of Tablets, a counted number of Tablets shall be weighed and reduced
to a powder. The portion of the powdered Tablets taken shall be representative of the
whole Tablets and shall, in turn, be weighed accurately.
6.60.20. Capsules
Where the procedure of a Capsule monograph gives direction to remove, as completely as
possible, the contents of not fewer than a given number of the Capsules, a counted number
of Capsules shall be carefully opened and the contents quantitatively removed, combined,
mixed, and weighed accurately. The portion of mixed Capsules contents taken shall be
representative of the contents of the Capsules and shall, in turn, be weighed accurately.
6.70. Reagents
The proper conduct of the compendial procedures and the reliability of the results depend, in
part, upon the quality of the reagents used in the performance of the procedures. Unless
otherwise specified, reagents conforming to the specifications set forth in the current
edition of Reagent Chemicals published by the American Chemical Society (ACS) shall be
used. Where such ACS reagent specifications are not available or where the required purity
differs, compendial specifications for reagents of acceptable quality are provided (see the
Reagents, Indicators, and Solutions section of the USP–NF). Reagents not covered by any
of these specifications should be of a grade suitable to the proper performance of the
method of assay or test involved.
Listing of these reagents, including the indicators and solutions employed as reagents, in no
way implies that they have therapeutic utility; furthermore, any reference to USP or NF in
their labeling shall include also the term “reagent” or “reagent grade.” USP may supply
reagents if they otherwise may not be generally commercially available.
6.80. Equipment
Unless otherwise specified, a specification for a definite size or type of container or
apparatus in a procedure is given solely as a recommendation. Other dimensions or types
may be used if they are suitable for the intended use.
6.80.10. Apparatus for Measurement
Where volumetric flasks or other exact measuring, weighing, or sorting devices are specified,
this or other equipment of at least equivalent accuracy shall be employed.
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6.80.10.1. Pipet/Pipette
Where a pipet/pipette is specified, a suitable buret may be substituted. Where a “to contain”
pipet/pipette is specified, a suitable volumetric flask may be substituted.
6.80.10.2. Light Protection
Where low-actinic or light-resistant containers are specified, either containers specially
treated to protect contents from light or clear containers that have been rendered opaque
by application of a suitable coating or wrapping may be used.
6.80.20. Instrumental Apparatus
An instrument may be substituted for the specified instrument if the substitute uses the
same fundamental principles of operation and is of equivalent or greater sensitivity and
accuracy. These characteristics shall be qualified as appropriate. Where a particular brand
or source of a material, instrument, or piece of equipment, or the name and address of a
manufacturer or distributor, is mentioned (ordinarily in a footnote), this identification is
furnished solely for informational purposes as a matter of convenience, without implication
of approval, endorsement, or certification.
6.80.20.1. Chromatographic Tubes and Columns
The term “diameter” refers to internal diameter (ID).
6.80.20.2. Tubing
The term “diameter” refers to outside diameter (OD).
6.80.20.3. Steam Bath
Where use of a steam bath is directed, use actively flowing steam or another regulated heat
source controlled at an equivalent temperature.
6.80.20.4. Water Bath
A water bath requires vigorously boiling water unless otherwise specified.
6.80.30. Temperature Reading Devices
Temperature reading devices suitable for pharmacopeial tests conform to specifications that
are traceable to a National Institute of Standards and Technology (NIST) standard or
equivalent. Temperature reading devices may be of the liquid-in-glass type or an analog or
digital temperature indicator type, such as a resistance temperature device, thermistor, or
thermocouple. Standardization of thermometers is performed on an established testing
frequency with a temperature standard traceable to NIST. For example, refer to the current
issue of American Society of Testing and Materials (ASTM) standards E1 for liquid-in-glass
thermometers.
7. TEST RESULTS
7.10. Interpretation of Requirements

PF 44(1): Jan.-Feb. 2018

31

Analytical results observed in the laboratory (or calculated from experimental measurements)
are compared with stated acceptance criteria to determine whether the article conforms to
compendial requirements.
The reportable value, which often is a summary value for several individual determinations, is
compared with the acceptance criteria. The reportable value is the end result of a
completed measurement procedure, as documented.
Where acceptance criteria are expressed numerically herein through specification of an upper
and/or lower limit, permitted values include the specified values themselves, but no values
outside the limit(s). Acceptance criteria are considered significant to the last digit shown.
7.10.5. Nominal Concentrations in Equations
Where a “nominal concentration” is specified, calculate the concentration based on the label
claim. In assay procedures, water correction is typically stated in the Definition and on the
label of the USP Reference Standard. For other procedures, correction for assayed content,
potency, or both is made prior to using the concentration in the equation provided in the
monograph.
7.10.10. Equivalence Statements in Titrimetric Procedures
The directions for titrimetric procedures conclude with a statement of the weight of the
analyte that is equivalent to each mL of the standardized titrant. In such an equivalence
statement, the number of significant figures in the concentration of the titrant should be
understood to correspond to the number of significant figures in the weight of the analyte.
Corrections to calculations based on the blank determination are to be made for all
titrimetric assays where appropriate (see Titrimetry 〈541〉).
7.20. Rounding Rules
The observed or calculated values shall be rounded off to the number of decimal places that
is in agreement with the limit expression. Numbers should not be rounded until the final
calculations for the reportable value have been completed. Intermediate calculations (e.g.,
slope for linearity) may be rounded for reporting purposes, but the original (not rounded)
value should be used for any additional required calculations. Acceptance criteria are fixed
numbers and are not rounded.
When rounding is required, consider only one digit in the decimal place to the right of the last
place in the limit expression. If this digit is smaller than 5, it is eliminated and the preceding
digit is unchanged. If this digit is equal to or greater than 5, it is eliminated and the
preceding digit is increased by 1.

PF 44(1): Jan.-Feb. 2018

32

Illustration of Rounding Numerical Values
for Comparison with Requirements
Compendial Requirement
Assay limit ≥98.0%

Assay limit ≤101.5%

Limit test ≤0.02%

Limit test ≤3 ppm

Unrounded Value
97.96%
97.92%
97.95%
101.55%
101.46%
101.45%
0.025%
0.015%
0.027%
3.5 ppm
3.4 ppm
2.5 ppm

Rounded Result
98.0%
97.9%
98.0%
101.6%
101.5%
101.5%
0.03%
0.02%
0.03%
4 ppm
3 ppm
3 ppm

Conforms
Yes
No
Yes
No
Yes
Yes
No
Yes
No
No
Yes
Yes

8. TERMS AND DEFINITIONS
8.10. Abbreviations
RS refers to a USP Reference Standard.
CS refers to a Colorimetric Solution.
TS refers to a Test Solution.
VS refers to a Volumetric Solution that is standardized in accordance with directions
given in the individual monograph or in the Reagents, Indicators, and Solutions section
of USP–NF.
8.20. About
“About” indicates a quantity within 10%.
If the measurement is stated to be “accurately measured” or “accurately weighed,” follow
the statements in Volumetric Apparatus 〈31〉 and Balances 〈41〉, respectively.
8.30. Alcohol Content
Percentages of alcohol, such as those under the heading Alcohol Content, refer to
percentage by volume of C2H5OH at 15.56°. Where a formula, test, or assay calls for
alcohol, ethyl alcohol, or ethanol, the USP monograph article Alcohol shall be used. Where
reference is made to “C2H5OH,” absolute (100%) ethanol is intended. Where a procedure
calls for dehydrated alcohol, alcohol absolute, or anhydrous alcohol, the USP monograph
article Dehydrated Alcohol shall be used.
8.40. Atomic Weights
Atomic weights used in computing molecular weights and the factors in the assays and
elsewhere are those established by the IUPAC Commission on Isotopic Abundances and
Atomic Weights.
8.50. Blank Determinations
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Where it is directed that “any necessary correction” be made by a blank determination, the
determination shall be conducted using the same quantities of the same reagents treated in
the same manner as the solution or mixture containing the portion of the substance under
assay or test, but with the substance itself omitted.
8.60. Concomitantly
“Concomitantly” denotes that the determinations or measurements are to be performed in
immediate succession.
8.70. Desiccator
The instruction “in a desiccator” indicates use of a tightly closed container of suitable size
and design that maintains an atmosphere of low moisture content by means of a suitable
desiccant such as anhydrous calcium chloride, magnesium perchlorate, phosphorus
pentoxide, or silica gel. See also section 8.220 Vacuum Desiccator.
8.80. Logarithms
Logarithms are to the base 10.
8.90. Microbial Strain
A microbial strain cited and identified by its American Type Culture Collection (ATCC) catalog
number shall be used directly or, if subcultured, shall be used not more than five passages
removed from the original strain.
8.100. Negligible
“Negligible” indicates a quantity not exceeding 0.50 mg.
8.110. NLT/NMT
“NLT” means “not less than.” “NMT” means “not more than.”
8.120. Odor
“Odorless,” “practically odorless,” “a faint characteristic odor,” and variations thereof
indicate evaluation of a suitable quantity of freshly opened material after exposure to the
air for 15 minutes. An odor designation is descriptive only and should not be regarded as a
standard of purity for a particular lot of an article.
8.130. Percent
“Percent” used without qualification means:
For mixtures of solids and semisolids, percent weight in weight;
For solutions or suspensions of solids in liquids, percent weight in volume;
For solutions of liquids in liquids, percent volume in volume;
For solutions of gases in liquids, percent weight in volume.
For example, a 1 percent solution is prepared by dissolving 1 g of a solid or semisolid, or 1 mL
of a liquid, in sufficient solvent to make 100 mL of the solution.
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8.140. Percentage Concentrations
Percentage concentrations are expressed as follows:
Percent Weight in Weight (w/w) is defined as the number of g of a solute in 100 g of
solution.
Percent Weight in Volume (w/v) is defined as the number of g of a solute in 100 mL of
solution.
Percent Volume in Volume (v/v) is defined as the number of mL of a solute in 100 mL of
solution.
8.150. Pressure
Pressure is determined by use of a suitable manometer or barometer calibrated in terms of
the pressure exerted by a column of mercury of the stated height.
8.160. Reaction Time
Reaction time is 5 minutes unless otherwise specified.
8.170. Specific Gravity
Specific gravity is the weight of a substance in air at 25° divided by the weight of an equal
volume of water at the same temperature.
8.180. Temperatures
Temperatures are expressed in centigrade (Celsius) degrees, and all measurements are made
at 25° unless otherwise indicated. Where moderate heat is specified, any temperature not
higher than 45° (113° F) is indicated.
8.190. Time
Unless otherwise specified, rounding rules, as described in section 7.20 Rounding Rules, apply
to any time specified.
8.200. Transfer
“Transfer” indicates a quantitative manipulation.
8.210. Vacuum
“Vacuum” denotes exposure to a pressure of less than 20 mm of mercury (2.67 kPas), unless
otherwise indicated.
8.220. Vacuum Desiccator
“Vacuum desiccator” indicates a desiccator that maintains a low-moisture atmosphere at a
reduced pressure of not more than 20 mm of mercury (2.67 kPas) or at the pressure
designated in the individual monograph.
8.230. Water
8.230.10. Water as an Ingredient in an Official Product
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As an ingredient in an official product, water meets the requirements of the appropriate
water monograph in USP or NF.
8.230.20. Water in the Manufacture of Official Substances
When used in the manufacture of official substances, water shall meet the requirements for
drinking water as set forth in the U.S. Environmental Protection Agency National Primary
Drinking Water Regulations or in the drinking water regulations of the European Union or of
Japan, or in the World Health Organization's Guidelines for Drinking Water Quality. Additional
specifications may be required in monographs.
8.230.30. Water in a Compendial Procedure
When water is called for in a compendial procedure, the USP monograph article Purified Water
shall be used unless otherwise specified. Definitions for other types of water are provided in
Reagents, Indicators, and Solutions and in Water for Pharmaceutical Purposes 〈1231〉.
8.240. Weights and Measures
In general, weights and measures are expressed in the International System of Units (SI) as
established and revised by the Conférence générale des poids et mesures. For compendial
purposes, the term “weight” is considered to be synonymous with “mass.”
Molality is designated by the symbol m preceded by a number that represents the number of
moles of the designated solute contained in 1 kilogram of the designated solvent.
Molarity is designated by the symbol M preceded by a number that represents the number of
moles of the designated solute contained in an amount of the designated solvent that is
sufficient to prepare 1 liter of solution.
Normality is designated by the symbol N preceded by a number that represents the number of
equivalents of the designated solute contained in an amount of the designated solvent that
is sufficient to prepare 1 liter of solution.
The symbol for degrees (°) without a qualifying unit of measure represents degrees Celsius.
Chart of Symbols and Prefixes commonly employed for SI metric units and other units:
Units

Symbol

Notes

Length
meter
centimeter
millimeter
micrometer

m
cm
mm
µm

nanometer
Ångström

nm

kilogram

kg

Å

Mass

Previously referred to as a micron
Previously the symbol mµ (for millimicron)
was used
Equal to 0.1 nm
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Units
gram
milligram

microgram
nanogram
picogram

Symbol
g
mg

µg
ng
pg

dalton
kilodalton

Da
kDa

second
minute
hour

s
min
h

Notes

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

Also referred to as the unified atomic mass
unit and is equal to
1/12 times the mass of the free carbon 12
atom.

Time

Volume
liter
deciliter

L
dL

milliliter
microliter

mL
µL

Celsius

°C

1 L is equal to 1000 cm3 (cubic
centimeters)
1 mL is equal to 1 cm3, sometimes referred
to as cc

Temperature
Amount of
Substance
mole
millimole
micromole
femtomole

equivalent
milli equivalent
osmole

mol
mmol
µmol
fmol

Eq
mEq
Osmol

Historically referred to as gram-molecular
weight or gram-atomic weight

Also referred to as gram-equivalent weight.
It is used in the calculation of substance
concentration in units of normality. This
unit is no longer preferred for use in
analytical chemistry or metrology.
Osmotic pressure of a solution, related to
substance concentration.
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Units
milliosmole

Symbol
mOsmol

Notes

Pressure
pascal
kilopascal
pounds per
square inch
millimeter of
mercury

Pa
kPa
psi
mmHg

Equal to 133.322 Pa

Electrical
units
ampere
volt
millivolt
hertz
kilohertz
megahertz
electron volt
kilo-electron
volt
mega-electron
volt

A
V
mV
Hz
kHz
MHz
eV

MeV

becquerel
kilobecquerel
megabecquerel
gigabecquerel
curie
millicurie
microcurie
nanocurie

Bq
kBq
MBq
GBq
Ci
mCi
µCi
nCi

Unit of frequency

keV

Radiation
SI unit of activity for radionuclides

Non-SI unit of activity for radionuclides

Other
acceleration
due to gravity
revolutions per
minute

g

Used to express rate of centrifugation

rpm

Used to express rate of centrifugation
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Selected SI Prefixes
Name
Symbol
Factor
giga

G

109

mega

M

106

kilo

k

103

deci

d

10−1

centi

c

10−2

milli

m

10−3

micro

µ

10−6

nano

n

10−9

pico

p

10−12

femto

f

10−15

9. PRESCRIBING AND DISPENSING
9.10. Use of Metric Units
Prescriptions for compendial articles shall be written to state the quantity and/or strength
desired in metric units unless otherwise indicated in the individual monograph [see also
section 5.50.10 Units of Potency (Biological) above]. If an amount is prescribed by any
other system of measurement, only an amount that is the metric equivalent of the
prescribed amount shall be dispensed. Abbreviations for the terms “Units” or “International
Units” shall not be used for labeling or prescribing purposes. Apothecary unit designations
on labels and labeling shall not be used.
9.20. Changes in Volume
In the dispensing of prescription medications, slight changes in volume owing to variations in
room temperatures may be disregarded.
10. PRESERVATION, PACKAGING, STORAGE, AND LABELING
10.10. Packaging and Storage
All articles in USP or NF are subject to the packaging and storage requirements specified in
Packaging and Storage Requirements 〈659〉, unless different requirements are provided in an
individual monograph.
10.20. Labeling
All articles in USP or NF are subject to the labeling requirements specified in Labeling 〈7〉,
unless different requirements are provided in an individual monograph.
BRIEFING

〈 7〉 Labeling, USP 40 page 98. The purpose of this revision is to make the following changes:
1. Add an Introduction section.
2. Update the Definitions section to clarify the terms “labels” and “labeling”.
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Include a section on Labels and Labeling for Animal Drug Products.
Provide examples for expressing strength on labels.
Clarify principles for using ratio expressions on the labels.
Provide a definition for “Imaging Bulk Package” in the Labels and Labeling for Injectable
Products section.
Clarify the use of the term “parenteral nutrition”.
Clarify the term “beyond-use date” and define the proper date format.
Revise the requirements for labels and labeling on compounded preparations in the
Labels and Labeling for Products in Other Categories section.
Provide the proper format for expressing units of measure.
Add a section on Units to clarify the use of abbreviations.
Add a section on Multiple-Dose Container to clarify that a container must be labeled as
such.

Additionally, minor editorial changes have been made to update the chapter to current USP
style.
The following Briefing list includes monographs and/or chapters that both reference the
General Chapter under revision and require revision to keep references to the General Chapter
accurate. Other monographs and/or chapters may also be listed, even where the reference to
the General Chapter remains unchanged, as additional notice to stakeholders where there is
believed to be potential for the change in the general chapter itself to affect pass-fail
determinations for particular monograph articles.
Chapter Dependencies (click to expand).
〈1 〉 INJECTIONS AND IMPLANTED DRUG
PRODUCTS (PARENTERALS)PRODUCT QUALITY
TESTS
〈795 〉 PHARMACEUTICAL
COMPOUNDINGNONSTERILE PREPARATIONS
〈1041 〉 BIOLOGICS
〈1160 〉 PHARMACEUTICAL CALCULATIONS IN
PHARMACY PRACTICE
〈1178 〉 GOOD REPACKAGING PRACTICES
Acetazolamide for Injection
Amifostine for Injection
Amobarbital Sodium for Injection
Ampicillin and Sulbactam for Injection
Ampicillin for Injection
Azithromycin for Injection
Aztreonam for Injection
Carbenicillin for Injection
Cefazolin Injection
Cefepime for Injection
Cefmetazole for Injection
Cefoperazone Injection
Ceforanide for Injection
Cefotaxime for Injection

〈659 〉 PACKAGING AND STORAGE
REQUIREMENTS
〈797 〉 PHARMACEUTICAL
COMPOUNDINGSTERILE PREPARATIONS
〈1136 〉 PACKAGING AND
REPACKAGINGSINGLE-UNIT CONTAINERS
〈1163 〉 QUALITY ASSURANCE IN
PHARMACEUTICAL COMPOUNDING
〈1197 〉 GOOD DISTRIBUTION PRACTICES
FOR BULK PHARMACEUTICAL EXCIPIENTS
Acyclovir for Injection
Ammonia N 13 Injection
Amphotericin B for Injection
Ampicillin for Injectable Suspension
Ascorbic Acid Injection
Aztreonam Injection
Bleomycin for Injection
Carmustine for Injection
Cefazolin for Injection
Cefmetazole Injection
Cefonicid for Injection
Cefoperazone for Injection
Cefotaxime Injection
Cefotetan Injection
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Cefotetan for Injection
Cefoxitin for Injection
Ceftazidime for Injection
Ceftizoxime for Injection
Ceftriaxone for Injection
Cefuroxime for Injection
Cephalothin Injection
Cephapirin for Injection
Chamomile
Chorionic Gonadotropin for Injection
Chromium Cr 51 Edetate Injection
Clindamycin Injection
Corticotropin for Injection
Cyclophosphamide for Injection
Dacarbazine for Injection
Doxorubicin Hydrochloride for Injection
Fludeoxyglucose F 18 Injection
Ginger
Ginger Tincture
Granisetron Hydrochloride Injection
Heparin Lock Flush Solution
Hydrocortisone Sodium Succinate for Injection
Idarubicin Hydrochloride for Injection
Indium In 111 Capromab Pendetide Injection
Indium In 111 Ibritumomab Tiuxetan Injection
Indium In 111 Pentetate Injection
Indium In 111 Satumomab Pendetide Injection
Indomethacin for Injection
Iodinated I 131 Albumin Aggregated Injection
Iodohippurate Sodium I 123 Injection
Iothalamate Sodium I 125 Injection
Meropenem for Injection
Methylene Blue Injection, Veterinary
Mezlocillin for Injection
Morphine Sulfate Injection
Nafcillin for Injection
Oxacillin Injection
Oxidized Regenerated Cellulose
Pamidronate Disodium for Injection
Penicillin G Potassium for Injection
Phenobarbital Sodium for Injection
Piperacillin for Injection
Pow dered Ginger
Pralidoxime Chloride for Injection
Rose Bengal Sodium I 131 Injection
Sodium Bromide Compounded Injection,
Veterinary
Sodium Fluoride F 18 Injection
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Cefoxitin Injection
Ceftazidime Injection
Ceftizoxime Injection
Ceftriaxone Injection
Cefuroxime Injection
Centella asiatica
Cephalothin for Injection
Cephradine for Injection
Chlordiazepoxide Hydrochloride
Chromic Phosphate P 32 Suspension
Cisplatin for Injection
Colistimethate for Injection
Cranberry Liquid Preparation
Cytarabine for Injection
Dactinomycin for Injection
Famotidine Injection
Gallium Citrate Ga 67 Injection
Ginger Capsules
Gonadorelin for Injection
Guaifenesin for Injection
Heparin Sodium Injection
Idarubicin Hydrochloride Injection
Ifosfamide for Injection
Indium In 111 Chloride Solution
Indium In 111 Oxyquinoline Solution
Indium In 111 Pentetreotide Injection
Indocyanine Green for Injection
Iodinated I 125 Albumin Injection
Iodinated I 131 Albumin Injection
Iodohippurate Sodium I 131 Injection
Mechlorethamine Hydrochloride for
Injection
Methotrexate for Injection
Methylprednisolone Sodium Succinate for
Injection
Minocycline for Injection
Nafcillin Injection
Neomycin for Injection
Oxidized Cellulose
Oxytetracycline for Injection
Penicillin G Potassium Injection
Penicillin G Sodium for Injection
Phentolamine Mesylate for Injection
Polymyxin B for Injection
Pow deredCentella asiatica
Prednisolone Sodium Succinate for
Injection
Samarium Sm 153 Lexidronam Injection
Sodium Chromate Cr 51 Injection
Sodium Nitroprusside for Injection
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Sodium Pertechnetate Tc 99m Injection
Sterile Erythromycin Gluceptate
Streptomycin for Injection
Sumatriptan Injection
Technetium Tc 99m Albumin Colloid Injection
Technetium Tc 99m Apcitide Injection
Technetium Tc 99m Bicisate Injection
Technetium Tc 99m Disofenin Injection
Technetium Tc 99m Exametazime Injection
Technetium Tc 99m Lidofenin Injection
Technetium Tc 99m Mertiatide Injection
Technetium Tc 99m Oxidronate Injection
Technetium Tc 99m Pyrophosphate Injection
Technetium Tc 99m Sestamibi Injection
Technetium Tc 99m Sulfur Colloid Injection
Technetium99mTc Fanolesomab Injection
Tetracycline Hydrochloride for Injection
Thiopental Sodium for Injection
Ticarcillin and Clavulanic Acid Injection
Ticarcillin for Injection
Tolbutamide for Injection
Urea for Injection
Vancomycin Injection
Vincristine Sulfate Injection
Xenon Xe 133 Injection

Spectinomycin for Injectable Suspension
Sterile Erythromycin Lactobionate
Strontium Chloride Sr 89 Injection
Technetium Tc 99m Albumin Aggregated
Injection
Technetium Tc 99m Albumin Injection
Technetium Tc 99m Arcitumomab Injection
Technetium Tc 99m Depreotide Injection
Technetium Tc 99m Etidronate Injection
Technetium Tc 99m Gluceptate Injection
Technetium Tc 99m Mebrofenin Injection
Technetium Tc 99m Nofetumomab
Merpentan Injection
Technetium Tc 99m Pentetate Injection
Technetium Tc 99m Red Blood Cells
Injection
Technetium Tc 99m Succimer Injection
Technetium Tc 99m Tetrofosmin Injection
Tetracaine Hydrochloride for Injection
Thallous Chloride Tl 201 Injection
Thiotepa for Injection
Ticarcillin and Clavulanic Acid for Injection
Tobramycin for Injection
Tromethamine for Injection
Vancomycin Hydrochloride for Injection
Vinblastine Sulfate for Injection
Vincristine Sulfate for Injection
Yttrium Y 90 Ibritumomab Tiuxetan
Injection

(NL: A. Wilk.)
Correspondence Number—C181369
Comment deadline: March 31, 2018

〈 7〉 LABELING
Add the following:

INTRODUCTION
This chapter provides definitions and standards for labeling of official articles. Labeling
standards for an article recognized in USP–NF are expressed in the article’s monograph and
applicable general chapters. It is intended that all articles in USP or NF will be subject to the
labeling requirements specified in this chapter by means of a provision in General Notices, 10
Preservation, Packaging, Storage, and Labeling, unless different requirements are provided in a
specific monograph. As with compendial standards for naming, identity, strength, quality and
purity, compendial requirements for labeling have a role in the adulteration and misbranding
provisions of federal law [see the Federal Food, Drug, and Cosmetic Act (FDCA) sections
501(b), 502(e)(3)(b), 502(g & h)]. This chapter applies to the labeling of both human and
animal drug products and compounded preparations. Exceptions or additional requirements
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specific to animal drug products and compounded preparations are provided in separate
sections. Vaccine labeling is not included in this chapter. USP42
Change to read:
DEFINITIONS
The term “labeling” designates
includes USP42
all labels and other written, printed, or graphic matter on an article’s immediate container or on,
or in, any package or wrapper in which it is enclosed, except any outer shipping container. The
term “label” designates
is USP42
that part of the labeling on the immediate container.
A shipping container that contains a single article, unless the container also is essentially the
immediate container or the outside of the consumer package, must be labeled with a minimum
of product identification (except for controlled articles
substances), USP42
lot number, expiration date, and conditions for storage and distribution.
Change to read:
LABELS AND LABELING FOR DRUG PRODUCTS
AND COMPOUNDED PREPARATIONS USP42
EXPRESSED AS ACTIVE MOIETY IN NAME AND STRENGTH
The names and strengths of drug products and compounded preparations shall
formulated with a salt of an acid or base are to USP42
be expressed in terms of the active moiety and its corresponding strength on the label (see
Nomenclature 〈1121〉, Monograph Naming Policy for Salt Drug Substances in Drug Products and
Compounded Preparations).
Exceptions
In those rare cases in which the use of the specific salt form of the active moiety in the title
provides vital information from a clinical perspective, an exception to this Policy may be
considered. In such cases, where the monograph title contains the specific salt form of the
active moiety, the strength of the product or preparation is also expressed in terms of the
specific salt form.
Labeling
The labels and labeling shall clearly state the specific salt form of the active moiety that is
present in the product/preparation, as this information may be useful to practitioners and
patients. The names and strengths of both the active moiety and specific salt form (where
applicable) are provided in the labeling.
Labeling
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The labeling clearly states the specific salt form of the active moiety that is present in the
product or preparation because this information may be useful to practitioners and patients.
The names and strengths of both the active moiety and specific salt form (when applicable) are
provided in the labeling.
Exceptions
In rare cases in which the use of the specific salt form of the active moiety in the title
provides vital information from a clinical perspective, an exception to this policy may be
considered. In such cases, when the monograph title contains the specific salt form of the
active moiety, the strength of the product or preparation is also expressed in terms of the
specific salt form. USP42
Change to read:
LABELS AND LABELING FOR INJECTABLE PRODUCTS
The labels1 and the labeling state the following information:
Name of the preparation
product USP42
In the case of a liquid, preparation
USP42

the quantity or proportion of each active moiety and/
USP42

or drug substance in a specified volume
In the case of a compounded sterile preparation, the names and amounts or
concentrations of active moiety and/or drug substance on the immediate container (see
Pharmaceutical Compounding—Sterile Preparations 〈797〉, Responsibility of Compounding
Personnel)
USP42

In the case of a dry preparation or other preparation
any product USP42
to which a diluent must be added before use, the quantity or proportion of each active
moiety and/
USP42

or drug substance, the final
name and USP42
volume of solution or suspension
diluent to be added, the concentration after the diluent is added, USP42
directions for proper storage of the constituted solution, and an expiration or beyonduse date
a beyond-use date (BUD) USP42
(see Expiration Date and Beyond-Use Date)
Route(s) of administration
Name and
quantity or USP42
proportion of all inactive ingredients except ingredients added to adjust the pH or to
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make the drug isotonic may be declared by name with a statement of their effect;
if the vehicle is Water for Injection it need not be named USP42
Statement of storage conditions
Name and place of business of the manufacturer, packer, or distributor
Identifying lot number and expiration date
“Rx only”
for human drugs USP42
The recommended or usual dosage.
The container shall
must USP42
be labeled so that a sufficient area of the container remains uncovered for its full length or
circumference to permit inspection of the contents.
The lot number must be traceable to the complete manufacturing history of the specific
package, including all manufacturing, filling, sterilizing, and labeling operations. If the individual
monograph permits varying concentrations of active moiety and/
USP42

or drug substance in a large-volume injection (LVI), the concentration of each active moiety
and/
USP42

or drug substance named in the official title is stated as if it were part of the official title [e.g.,
5% Dextrose Injection, or
Dextrose Injection 5%, or USP42
5% Dextrose and 0.2% Sodium Chloride Injection
or Dextrose (5%) and Sodium Chloride (0.2%) Injection]. USP42
Injections that are intended for veterinary use only should be labeled to that effect.
Vaccine labeling is not included in this general chapter.
USP42

Strength
Quantity USP42
and Total Volume for
Injectable Drug Products Packaged in USP42
Single- and Multiple-Dose Injectable Drug Products
Containers USP42
For single- and multiple-dose
USP42

injectable drug products the strength
greater than 1 mL, whether packaged in single- or multiple-dose containers, the quantity
USP42

per total volume should be the primary and prominent expression on the principal display panel
of the label, followed in close proximity by strength/mL
quantity per milliliter USP42
enclosed by parentheses. For containers that hold a volume of less than 1 mL, the strength per
quantity per USP42
fraction of a milliliter should be the only expression of strength. Strength per single mL
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For containers that hold a volume equal to 1 mL, the strength USP42
should be expressed as mg/mL, not mg/1 mL.
quantity per milliliter, not quantity/1 mL. USP42
The following formats are acceptable: for contents greater than 1 mL
USP42

1. Total strength/total volume: 500 mg/10 mL
For containers less than 1 mL: 12.5 mg/0.625 mL
2. Strength/mL: 50 mg/mL

USP42

or
For containers equal to 1 mL: 5 mg/mL (not 5 mg/1 mL)
3. Total strength/total volume: 25,000 Units/5 mL

USP42

4. Strength/mL: 5000 Units/mL.
For containers greater than 1 mL:
Example 1: 500 mg/10 mL
(50 mg/mL)
Example 2: 25,000 Units/5 mL
(5,000 Units/mL)
USP42

The following format is acceptable for contents less than 1 mL:
12.5 mg/0.625 mL
There are some exceptions to expressing strength per total volume.
USP42

In certain cases, the primary and prominent expression of the total drug content per container
would not be
is not USP42
effective in preventing medication errors (e.g., insulin). Another example
and therefore in those cases, the total drug content per container should not be the primary
and prominent expression of strength. Insulin products are an example of a product class that
is excepted from the total drug content per container requirement. Another exception to
expressing strength as quantity per total volume USP42
is the use of lidocaine (or similar drugs for local anesthesia where the product is
may be USP42
ordered and administered by percentage (e.g., 1% or 2%). In such cases, the total strength
should be expressed: for example, 1% can be expressed as
percentage strength as well as the quantity per total volume followed in close proximity by
quantity per milliliter enclosed by parentheses must be used.
Example 1: 1%
(100 mg/10 mL)
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(10 mg/mL)
Example 2: 2%
(1000 mg/50 mL)
(20 mg/mL)
USP42

Dry solids that must be reconstituted
constituted USP42
should follow the same format with the exception that only the total strength
quantity USP42
of the drug
in the container USP42
should be listed not the strength/total volume or strength/mL
as the primary expression of strength, not the quantity per total volume or quantity per
milliliter. USP42
Ratio Expression of Strength
Single-entity
injectable USP42
drug products that can also be expressed as a ratio, such as epinephrine, shall
must USP42
be labeled only
USP42

in terms of strength
quantity USP42
per milliliter
and not as a USP42
ratio expression. such as 1:1000 is an unacceptable format for single-entity drug products.
USP42

Examples:
Epinephrine Injection, USP, 1:1000 shall
must USP42
be expressed as 1 mg/mL.
Epinephrine Injection, USP, 1:10,000 shall
must USP42
be expressed as 0.1 mg/mL.
Isoproterenol Hydrochloride Injection, USP, 1:5000 shall
must USP42
be expressed as 0.2 mg/mL.
Neostigmine Methylsulfate Injection, USP, 1:1000 shall
must USP42
be expressed as 1 mg/mL.
When combined with a local anesthetic, the concentration of epinephrine will be expressed as
a ratio. Single-entity injectable drug products greater than 1 mL should be formatted as
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quantity per total volume on the principal display panel of the label followed in close proximity
by quantity per milliliter enclosed by parentheses.
Examples:
Lidocaine HCl 1%
Hydrochloride USP42
and Epinephrine
Injection 1%/ USP42
1:100,000
Injection, USP Bupivacaine HCl 0.25%
or Lidocaine Hydrochloride 1%
and Epinephrine 1: 200,000, USP
100,000 Injection USP42

USP42

Pharmacy Bulk Package
Where a container is offered as a Pharmacy Bulk Package (PBP), the label shall
must: USP42
(a) state prominently “Pharmacy Bulk Package—Not for direct infusion”; (b) contain or refer to
information on proper techniques to help assure safe use of the product; and (c) bear a
statement limiting the time frame in which the container may be used once it has been entered,
provided it is held under labeled storage conditions (see Packaging and Storage Requirements
〈659〉).
Imaging Bulk Package
Where a container is offered as an Imaging Bulk Package, the label must (a) state
prominently “Imaging Bulk Package” and, in juxtaposition with this statement, include the
following use statement: “For use only with an automated contrast injection system, contrast
management system, or contrast media transfer set approved or cleared for use with this
contrast agent in this Imaging Bulk Package”; (b) bear a statement limiting the time frame in
which the container may be used once it has been entered, provided it is held under the
labeled storage conditions; (c) bear the statement “See drug and device labeling for
information on devices indicated for use with this Imaging Bulk Package and techniques to help
assure safe use.” (See 〈659〉.) USP42
Ferrules and Cap Overseals
Healthcare practitioners using injectable products must be able to easily see and act on
labeling statements that convey important safety messages critical for the prevention of
imminent life-threatening situations. These cautionary labeling statements must be simple,
concise, and devoid of nonessential information. Products that do not require cautionary
statements should be free of information, so that those with cautionary statements are
immediately apparent. Accomplishing this requires a systematic approach to the labeling of
injectable products, and one that ensures that the ferrule and cap overseal—an area of these
products that is highly visible to practitioners as they use these medicines—is reserved for
critical safety messages. Accordingly:
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1. Only cautionary statements may appear on the top (circle) surface of the ferrule and
cap overseal of a vial containing an injectable product. The cautionary statement
should appear on both the ferrule and cap, but may appear solely on the ferrule if the
cap overseal is transparent and the cautionary statement beneath the cap is readily
legible. A cautionary statement is one intended to prevent an imminent life-threatening
situation and may include instructional statements that provide potency or other
safety-related instructions if warranted. Examples of such statements include, but are
not limited to: “Warning Paralyzing Agent” and “Dilute before Using”. The cautionary
statement should be printed in a contrasting color and should be clearly visible under
ordinary conditions of use.
2. If no cautionary statement is necessary, the top surface of the vial, including the
ferrule and cap overseal, must remain blank.
3. Other statements or features including, but not limited to, identifying numbers or
letters, such as code numbers, lot numbers, company names, logos, or product names,
etc., may appear on the side (skirt) surface of the ferrule on vials containing injectable
products, but not on the top (circle) surface of the ferrule or cap overseal. The
appearance of such statements or features on the skirt surface of the ferrule should
not detract from, or interfere with, the cautionary statement on the top surface.
Potassium Chloride for Injection Concentrate
The use of a black closure system on a vial (e.g., a black cap overseal and a black ferrule to
hold the elastomeric closure) or the use of a black band or series of bands above the
constriction on an ampul is prohibited, except for Potassium Chloride for Injection Concentrate
(see 〈659〉).
Neuromuscular Blocking and Paralyzing Agents
All injectable preparations of
USP42

neuromuscular blocking agents and paralyzing agents must be packaged in vials with a
cautionary statement printed on the ferrules and cap overseals. Both the container cap ferrule
and the cap overseal must bear in black or white print (whichever provides the greatest color
contrast with the ferrule or cap color) the words: “Warning: Paralyzing Agent” or “Paralyzing
Agent” (depending on the size of the closure system). Alternatively, the overseal may be
transparent and without words, allowing for visualization of the warning labeling on the closure
ferrule.
Aluminum in Large-Volume Injections, Small-Volume Injections, and Pharmacy Bulk
Packages Used in Total Parenteral Nutrition
Parenteral Nutrition USP42
Therapy
1. The aluminum content of large-volume injections (LVIs) used in total parenteral nutrition
(TPN)
parenteral nutrition (PN) USP42
therapy must not exceed 25 mcg/L.
2. The package insert of LVIs used in TPN
PN USP42
therapy must state that the drug product contains NMT 25 mcg of aluminum per liter.

PF 44(1): Jan.-Feb. 2018

This information must be contained in the Precautions section of the labeling of all LVIs
used in TPN
PN USP42
therapy.
3. If the maximum amount of aluminum in small-volume injections (SVIs) and PBPs is 25
mcg/L or less, instead of stating the exact amount of aluminum that each contains, as
in point #4 below, the immediate container label for SVIs and PBPs used in the
preparation of TPN
PN USP42
admixtures or formulations (with exceptions as noted below) may state: “Contains NMT
25 mcg/L of aluminum.” If the SVI or PBP is a lyophilized powder, the immediate
container label may state the following: “When reconstituted in accordance with the
package insert instructions, the concentration of aluminum will be NMT 25 mcg/L.”
4. The maximum level of aluminum at expiry must be stated on the immediate container
label of all SVIs and PBPs used in the preparation of TPN
PN USP42
admixtures or formulations. The aluminum content must be stated as follows: “Contains
NMT ___ mcg/L of aluminum.” The immediate container label of all SVIs and PBPs that
are lyophilized powders used in the preparation of TPN
PN USP42
solutions must contain the following statement: “When reconstituted in accordance
with the package insert instructions, the concentration of aluminum will be NMT ___
mcg/L.” This maximum amount of aluminum must be stated as the highest one of the
following three levels:
The highest level for the batches produced during the past 3 years
The highest level for the latest 5 batches
The maximum level in terms of historical levels, but only until completion of
production of the first 5 batches
The package insert for all LVIs, SVIs, and PBPs used in the preparation of TPN
PN USP42
admixtures or formulations shall
must USP42
contain the following statement in the Warnings section of the labeling:
WARNING: This product contains aluminum which
that USP42
may be toxic. Aluminum may reach toxic levels with prolonged parenteral administration if
kidney function is impaired. Premature neonates are particularly at risk because of
USP42

their kidneys which
USP42

are immature, and they require large amounts of calcium and phosphate solutions, that
which USP42
contain aluminum.
Research indicates that patients with impaired kidney function, including premature neonates,
who receive parenteral levels of aluminum at greater than 4–5 mcg

49
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µg USP42
/kg/day, accumulate aluminum at levels associated with central nervous system and bone
toxicity. Tissue loading may occur at even lower rates of administration.
Change to read:
LABELS AND LABELING FOR PRODUCTS AND
IN USP42
OTHER CATEGORIES
Labels and Labeling of Liquids and Constituted Products
USP42

The labels
2

USP42

and labeling shall include
state USP42
the following information:
1. In the case of a liquid preparation
product, USP42
the percentage content of each active moiety and/
USP42

or drug substance or the amount of each active moiety and/
USP42

or drug substance in a specified volume. with the exception that the ingredients added
to adjust to a given pH or to make the solution isotonic may be declared by name and a
statement of their effect.
2. In the case of a compounded preparation, the labeling should indicate that “this is
a compounded preparation” (see 〈795〉, Compounding Process, Criteria When
Compounding Each Drug Preparation).

USP42

2. In the case of a dry preparation or other preparation
product USP42
to which a diluent must be added before use, the amount of each active moiety and/
USP42

or drug substance, the composition of recommended diluent(s) [the name(s) alone if the
formula is specified in the individual monograph], the amount that will be used to attain
a specific concentration of active moiety or drug substance,the final volume of solution,
name and volume of diluent to be added, USP42
directions for proper storage of the constituted solution, and an expiration or BUD (see
Expiration Date and Beyond-Use Date).
Amount of Active Moiety and/
USP42
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or Drug Substance per Dosage Unit
The strength of a drug product is expressed on the container label in terms of micrograms,
milligrams, grams, or percentage of the therapeutically active moiety or drug substance,
whichever form is used in the title, unless otherwise indicated in an individual monograph. Both
the active moiety and drug substance names and their equivalent amounts are then provided
on the container label and in the labeling (see 〈1121〉).
Official articles in capsule, tablet, or other dosage forms shall
must USP42
be labeled to express the quantity of each active moiety and/
USP42

or drug substance or recognized nutrient
USP42

contained in each unit. Unit-dose oral solutions or suspensions (whether supplied as liquid
preparations
products USP42
or as liquid preparations
products USP42
that are constituted from solids upon addition of a designated volume of a specific diluent) shall
must USP42
be labeled to express the quantity of each active moiety and/
USP42

or drug substance or recognized nutrient delivered
USP42

under the conditions prescribed in Deliverable Volume 〈698〉. Official drug products not in unitdose packaging shall
must USP42
be labeled to show the quantity of each active moiety and/
USP42

or drug substance in each milliliter or in each gram, or to express the percentage of each such
ingredient (see General Notices, 8.140 Percentage Concentrations). Exceptions are oral liquids
or solids intended to be constituted to yield oral liquids that, alternatively, can be labeled in
terms of each 5-mL portion of the liquid or resulting liquid. Unless otherwise
required by regulation [e.g., over-the-counter (OTC) regulation 21 CFR §201.62(b)] or USP42
indicated in a monograph or chapter, declarations of strength or quantity shall
must USP42
be stated only in metric units [see also General Notices, 5.50.10 Units of Potency (Biological)].
Expiration Date and Beyond-Use Date
The label of an official drug product or nutritional or dietary supplement product shall
must USP42
bear an expiration date. All products shall
must USP42
display the expiration date so that it can be read by an ordinary individual under customary
conditions of purchase and use. The expiration date shall
must USP42
be prominently displayed in high contrast to the background or it shall
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must USP42
be sharply embossed, and easily understood. (e.g., “EXP 6/13,” “Exp. June 13,” or “Expires
6/2013”). [Note—For additional information and guidance, refer to the Consumer Products
Association's Voluntary Codes and Guidelines of the Consumer Healthcare Products Industry.]
Numeric dates expressing the year, month, and day must be formatted using YYYY-MM-DD.
If months are displayed alphabetically, at least three letters must be used. The year must
always be in a 4-digit year (e.g., “EXP 2017-06-18” “Exp. June 18, 2017,” or “Expires
06/2017”). If an expiration date is stated only in terms of the month and the year, then the
intended expiration date is the last day of the stated month. USP42
The monographs for some preparations
products USP42
state how the labeled expiration date shall
must USP42
be determined. In the absence of a specific requirement in the individual monograph for a drug
product or nutritional supplement, the label shall
must USP42
bear an expiration date assigned for the particular formulation and package of the product, with
the following exceptions: the label need not show an expiration date if the drug product or
nutritional supplement
it USP42
is packaged in a container that is intended for sale without prescription, and the
label need not show an expiration date if the drug product is packaged in a container that is
intended for sale without prescription, and it is a human OTC drug product for which the USP42
labeling states no dosage limitations, and if the product or supplement is stable for NLT 3 years
when stored under the prescribed conditions.
Refer to 21 CFR §211.137(h). USP42
If an official product is required to bear an expiration date, the product shall
must USP42
be dispensed solely in or from a container labeled with an expiration date, and the date on
which the article is dispensed shall
must USP42
be within the labeled expiry period. The expiration date identifies the time during which the
article can be expected to meet the requirements of the compendial monograph, provided it is
kept under the prescribed storage conditions. The expiration date limits the time during which
the article may be dispensed or used. If an expiration date is stated only in terms of the month
and the year, then the intended expiration date is the last day of the stated month.
USP42

The BUD is the date after which a product shall
or preparation must USP42
not be used. The dispenser shall
must USP42
place on the label of the prescription container a suitable BUD to limit the patient’s use of the
article based on any information supplied by the manufacturer or this subsection. The BUD shall
must USP42
not be later than the expiration date on the manufacturer’s container. Also see
Labels and Labeling for USP42
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Compounded Preparations.
For articles that require constitution before use, a suitable BUD for the constituted product
shall
must USP42
be identified in the labeling.
For all other dosage forms, in determining a BUD the dispenser shall
must USP42
take into account, in addition to any other relevant factors:
Nature of the drug
Container in which it was packaged by the manufacturer and the expiration date
thereon
Characteristics of the patient’s container, if the article is repackaged for dispensing
Expected storage conditions to which the article may be exposed
Unusual storage conditions to which the article may be exposed
Expected length of the course of therapy
After considering these factors, the dispenser shall
must USP42
label a container with a suitable BUD
must USP42
to limit the patient’s use of the article. Unless otherwise specified in the individual monograph
or in the absence of stability data to the contrary, the shall
must USP42
be not later than: (a) the expiration date on the manufacturer’s container; or (b)1 year from
the date the drug is dispensed, whichever is earlier. For nonsterile solid and liquid dosage forms
that are packaged in single-unit and unit-dose containers, the beyond-use date shall be
USP42

1 year from the date the drug is packaged into the single-unit or unit-dose container or the
expiration date on the manufacturer's container,
and/or labeled by the dispenser, USP42
whichever is earlier, unless stability data or the manufacturer’s labeling indicates otherwise.
Labels and Labeling for USP42
Compounded Preparations
The labels and labeling state the following information:
In the case of a compounded preparation, list the name(s) and amount(s) or concentrations
of active moiety(ies) or drug substance(s) on the immediate container (see Pharmaceutical
Compounding—Sterile Preparations 〈797〉 and Pharmaceutical Compounding—Nonsterile
Preparations 〈795〉, Compounding Process, Criteria When Compounding Each Drug Preparation.)
In the case of a compounded preparation prepared in 503A facilities as defined by FDCA
§503A, the labeling should indicate that “this is a compounded preparation.”
USP42
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The label on the container or package of an official
a USP42
compounded preparation shall
must USP42
bear a after which the compounded preparation should not be used. Beyond-use dates are
assigned on the basis of criteria different from those applied to assigning expiration dates to
manufactured drug products.
BUD. The BUD is determined from the date the preparation is compounded. Because
compounded preparations are intended for administration immediately or following short-term
storage, their BUDs may be assigned based on criteria different from those applied to assigning
expiration dates to manufactured drug products.
The monograph for an official compounded preparation typically includes a BUD that states
the time period following the date of compounding during which the preparation, properly
stored, may be used. For guidance regarding the BUD for compounded sterile and nonsterile
preparations, see 〈797〉 and 〈795〉, respectively.
USP42

The label on the container package of an official
USP42

compounded preparation shall
must USP42
include the word “compounded” after the drug
portion of a nonproprietary USP42
name (e.g., Baclofen Compounded Oral Solution). Additionally, USP official compounded
preparations for animal patients will include the word “veterinary” following the full official name
(e.g., Atenolol Compounded Suspension, Veterinary).
USP42

Irrigation, Hemofiltration, and Dialysis
Flexible containers for injections
Solutions USP42
that are intended for use as dialysis, hemofiltration, or irrigation, solutions, and that contain
and are packaged in a container with USP42
a volume of more than 1 L, should
must USP42
be labeled to indicate that the contents are not intended for use by intravenous infusion.
to be administered either intravenously or intra-arterially. USP42
Use of Leading and Terminal Zeros
To help minimize the possibility of errors in drug dispensing and administration, when the
quantity of active moiety and/
USP42

or drug substance is expressed in whole numbers it shall
must USP42
be shown without a decimal point followed by a terminal zero (e.g., express as 4 mg, not 4.0
mg). When the quantity of active moiety and/
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USP42

or drug substance is expressed as a decimal number smaller than 1, it shall
must USP42
be shown with a zero preceding the decimal point (e.g., express as 0.2 mg, not .2 mg).
Units
Abbreviations for the terms “Units” or “International Units” must not be used for labeling or
prescribing purposes. Examples include “U”, “u”, and “IU”. Medication errors have occurred
when these abbreviations have been used. See General Notices, 9.10 Use of Metric Units.
USP42

Alcohol
The alcohol content in a liquid preparation shall
formulation must USP42
be stated on the label as a percentage (v/v) of alcohol (C2 H5 OH).
Botanicals
The label of an herb or other botanical intended for use as a dietary supplement shall bear
the statement, “If you are pregnant or nursing a baby, seek the advice of a health professional
before using this product.”
Electrolytes
The concentration of electrolytes
each electrolyte USP42
for replacement therapy (e.g., sodium, potassium, chloride) shall
must USP42
be stated on the label in milliequivalents (mEq) per volume. Phosphorus containing injections
shall
must USP42
be expressed in milliMoles (e.g., mM/volume). The label of the product shall
must USP42
also indicate the quantity of ingredient(s) in terms of weight or percentage concentration.
Non-Oral Products
A product intended for injection or topical use shall
Non-oral product labels and labeling must USP42
state the names of all
USP42

added substances see
(as defined in USP42
General Notices, 5.20 Added Substances)
in compliance with 21 CFR §201.100(b)(5).

USP42

Salts of Drugs
It is an established principle that official articles shall
must USP42
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have only one official title (see General Notices, 2.20 Official Articles (CN 1-May-2018) and
compendial nomenclature requirements in 〈1121〉). For purposes of saving space on labels and
because chemical symbols for the most common inorganic salts of drugs are well known to
practitioners, the following alternatives are permitted in labeling official articles that are salts:
HCl for hydrochloride; HBr for hydrobromide; Na for sodium; and K for potassium. The symbols
Na and K are intended for use in abbreviating names of the salts of organic acids, but these
symbols are not used when the word Sodium or Potassium appears at the beginning of an
official title (e.g., Phenobarbital Na is acceptable, but Na Salicylate is not).
Special Capsules and Tablets
The label of any form of capsule or tablet intended for administration other than by
swallowing intact shall
must USP42
bear a prominent indication of the manner in which it should be used (see Compendial
Nomenclature, Nomenclature Guidelines on the USP website at www.usp.org).
Products That Contain Vitamins
The vitamin content of an official
a USP42
drug product shall
must USP42
be stated on the label in metric units per dosage unit. The amounts of vitamins A, D, and E may
also be stated in USP Units. Quantities of vitamin A declared in metric units refer to the
equivalent amounts of retinol (vitamin A alcohol). The label of a nutritional supplement shall
bear an identifying lot number, control number, or batch number.
USP42

Controlled Room Temperature
Articles may be labeled for storage at “controlled room temperature” or at up to
“20° to USP42
25°”, or other wording based on the same mean kinetic temperature (see 〈659〉).
Light-Resistant Container
When an opaque covering is used to provide protection from light for a light-sensitive product
packaged in a clear or colorless or translucent container, the label of the container will bear
bears USP42
a statement that the opaque covering is needed until the contents are to be used or
administered (see Containers—Performance Testing 〈671〉, Light Transmission Test
Spectral Transmission and 〈659〉). USP42
Single-Unit Container
Each single-unit container shall
must USP42
be labeled to indicate the identity, quantity and/or strength, name of the manufacturer
/packer/distributor, USP42
lot number, and expiration date of the article (see Plastic Packaging Systems for
Pharmaceutical Use 〈661.2〉, Functionality, Spectral Transmission Requirements for Light-
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Single-Dose Container
When space permits USP42
a single-dose container shall
must USP42
be labeled as such, and when space permits, should include on the label appropriate discard
instructions (see 〈659〉).
Multiple-Dose Container
When space permits, a multiple-dose container must be labeled as such (see 〈659〉).
USP42

Unit-of-Use Container
A unit-of-use container shall
must USP42
be labeled as such, without further modification except for the addition of appropriate labeling
(see 〈659〉).
Protection from Freezing
The container label shall
must USP42
bear an appropriate instruction to protect the article from freezing if subject to loss of strength
or potency, or to destructive alteration of its characteristics (see 〈659〉).
Prescription Container Labeling
At a minimum, a prescription container shall
must USP42
be labeled in a patient-centered manner. The label shall
must USP42
contain essential information that is important for the patient’s safe and effective use of the
medicine. Labels should be designed and formatted to optimize readability and understanding
(see Prescription Container Labeling 〈17〉).
Change to read:
GENERAL LABELING
Users are reminded to always refer to the General Notices in assessing or applying any
compendial standards. General Notices addresses a number of labeling-related aspects,
including 3.20 Indicating Conformance (when an article may be labeled USP, NF, or USP–NF, and
requirements related to differences in identity, naming, strength, quality, or purity); General
Notices, 5.20.20 Added Substances (Excipients and Ingredients) in Official Products;
(CN 1-May-2018) 6.70 Reagents; and 8.240 Weights and Measures (e.g., microgram may be
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represented as either µg or mcg. For labeling or prescribing purposes,
only USP42
“mcg” is preferred
to be used). USP42
Add the following:

LABELS AND LABELING FOR ANIMAL DRUG PRODUCTS
This section provides exceptions or additions to the previous requirements in this chapter.
The following requirements are specific to the labeling for animal drug products.
Definitions
The written printed or graphic matter on the outer shipping container for animal drugs is
considered to be part of “labeling”. Shipping labeling for animal drugs should contain, at
minimum, product identification, lot number, expiration date, and conditions for storage and
handling.
Labeling for Animal Drug Products
The labeling for animal drugs should identify the animal species and, if applicable, specific
subset(s) of the animal species for which the drug is approved, conditionally approved, or
indexed. In the case of a compounded preparation for animals, the labeling should indicate that
“This is a compounded preparation.”
The labeling for prescription animal drug products must include the following statement:
“Caution: Federal law restricts this drug to use by or on the order of a licensed
veterinarian.”
Labeling for Injectable Animal Drug Products
Labeling for injectable animal drug products includes the following information:
A statement limiting the time frame in which the container may be used once it has
been entered, provided it is held under the labeled storage conditions.
Quantity and Total Volume for Single- and Multiple-Dose Injectable Animal Drug
Products
Because of considerable variability in body weight within and among animal species, most
multiple-dose injectable animal drugs are approved to be dosed on a mg/kg body weight basis.
Thus, strength on labeling for multiple-dose injectable animal drugs should be expressed on the
basis of quantity per milliliter, usually mg/mL.
Dry solids that must be constituted should provide on labeling the total quantity followed by
the quantity per milliliter after constitution.
Compounded Veterinary Preparations
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The label on the official compounded veterinary preparation must include the word
“compounded” after the drug portion of a non-proprietary name and the word “veterinary” at
the end of the full official name (e.g., Atenolol Compounded Oral Suspension, Veterinary). USP42
1 If there are space limitations, see
21 USP42
C FR§ 201.10(i), 21 C FR§
201.105(b), 21 C FR§ USP42
610.60.
2

See 21 C FR §201.323. USP uses the following terms: large-volume injections (LVIs), small-volume
injections (SVIs), and parenteral nutrition (PN), rather than terminology used in 21 C FR §201.323: largevolume parenterals, small-volume parenterals, and total parenteral nutrition. USP42

Recent Official Publications:
USP41–NF36 Page 5945
BRIEFING

〈 561〉 Articles of Botanical Origin,USP 40 page 426. Considering the very low use of USP
Aflatoxins RS and the common practices in the industry, a revision of the Test for Aflatoxins
section of this chapter is proposed in order to replace the USP Aflatoxins RS with an Aflatoxin
Standard Solution prepared from commercial standards. Other changes to this chapter include
the description of the drying conditions for botanical materials required for the Total Ash test.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(BDSHM: M. Monagas.)
Correspondence Number—C192802
Comment deadline: March 31, 2018

〈 561〉 ARTICLES OF BOTANICAL ORIGIN
SAMPLING
To reduce the effect of sampling bias in qualitative and quantitative results, it is necessary
to ensure that the composition of the sample used be representative of the batch of drugs
being examined. The following sampling procedures are the minimum considered applicable to
vegetable drugs. Some articles, or some tests, may require more rigorous procedures involving
more containers being sampled or more samples per container.
Gross Sample
Where external examination of containers, markings, and labels indicates that the batch can
be considered to be homogeneous, take individual samples from the number of randomly
selected containers indicated below. Where the batch cannot be considered to be
homogeneous, divide it into sub-batches that are as homogeneous as possible, and then
sample each one as a homogeneous batch. It is recommended to include samples from the first,
middle, and last containers where the No. of Containers in Batch (N) is 11 or more, and each
container in the batch is numbered or lettered in order.
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No. of Containers in Batch
(N)
1–10
11–19
>19

No. of Containers to Be Sampled
(n)
All
11
n = 10 + (N/10)

(Rounding was calculated as “n” to next highest whole number.)
Samples are taken from the upper, middle, and lower sections of each container. If the crude
material consists of component parts that are 1 cm or less in any dimension, and in the case of
all powdered or ground materials, withdraw the sample by means of a sampling device that
removes a core from the top to the bottom of the container, NLT two cores being taken from
different angles. For materials with component parts >1 cm in any dimension, withdraw samples
by hand. In the case of large bales or packs, samples should be taken from a depth of 10 cm,
because the moisture content of the surface layer may be different from that of the inner
layers.
Prepare the gross sample by combining and mixing the individual samples taken from each
opened container, taking care not to increase the degree of fragmentation or significantly
affect the moisture content.
For articles in containers holding <1 kg, mix the contents, and withdraw a quantity sufficient
for the tests. For articles in containers holding 1–5 kg, withdraw equal portions from the upper,
middle, and lower parts of the container, each of the samples being sufficient to carry out the
tests. Thoroughly mix the samples, and withdraw an amount sufficient to carry out the tests.
For containers holding more than 5 kg, withdraw three samples, each weighing NLT 250 g, from
the upper, middle, and lower parts of the container. Thoroughly mix the samples, and withdraw
a portion sufficient to carry out the tests.
Laboratory Sample
Prepare the Laboratory Sample by repeated quartering of the gross sample.
[Note—Quartering consists of placing the sample, adequately mixed, as an even and squareshaped heap and dividing it diagonally into four equal parts. The two opposite parts are then
taken and carefully mixed. The process is repeated as necessary until the required quantity is
obtained.]
The Laboratory Sample should be of a size sufficient for performing all the necessary tests.
Test Sample
Unless otherwise directed in the individual monograph or test procedure below, prepare the
Test Sample as follows.
Decrease the size of the Laboratory Sample by quartering, taking care that each withdrawn
portion remains representative. In the case of unground or unpowdered drugs, grind the
withdrawn sample so that it will pass through a No. 20 standard-mesh sieve, and mix the
resulting powder well. If the material cannot be ground, reduce it to as fine a state as possible,
mix by rolling it on paper or sampling cloth, spread it out in a thin layer, and withdraw the
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portion for analysis.
Change to read:
METHODS OF ANALYSIS
Foreign Organic Matter
TEST SAMPLE
Unless otherwise specified in the individual monograph, weigh the following quantities of the
Laboratory Sample, taking care that the withdrawn portion is representative (quartering if
necessary).
Roots, rhizomes, bark, and herbs
Leaves, flowers, seeds, and fruit
Cut vegetable drugs (average weight of the pieces is <0.5 g)

500 g
250 g
50 g

Spread the sample out in a thin layer, and separate the foreign organic matter by hand as
completely as possible. Weigh it, and determine the percentage of foreign organic matter in the
weight of drug taken.
Total Ash
Accurately weigh a quantity of the Test Sample, representing 2–4 g of the air-dried
USP42

material, in a tared crucible and incinerate, gently at first, and gradually increase the
temperature to 675 ± 25° until free from carbon, and determine the weight of the ash.
[Note—For botanicals, a material in conformance with the Loss on Drying test in individual
monographs should be used.] USP42
If a carbon-free ash cannot be obtained in this way, extract the charred mass with hot water,
collect the insoluble residue on an ashless filter paper, incinerate the residue and filter paper
until the ash is white or nearly so, then add the filtrate, evaporate it to dryness, and heat the
whole to a temperature of 675 ± 25°. If a carbon-free ash cannot be obtained in this way, cool
the crucible, add 15 mL of alcohol, break up the ash with a glass rod, burn off the alcohol, and
again heat the whole to a temperature of 675 ± 25°. Cool in a desiccator, weigh the ash, and
calculate the percentage of total ash from the weight of the drug taken.
Acid-Insoluble Ash
Boil the ash obtained as directed in Total Ash with 25 mL of 3 N hydrochloric acid for 5 min,
collect the insoluble matter on a tared filtering crucible or ashless filter, wash with hot water,
ignite, and weigh. Determine the percentage of acid-insoluble ash calculated from the weight of
drug taken.
Water-Soluble Ash
Boil the ash obtained as directed in Total Ash with 25 mL of water for 5 min. Collect the
insoluble matter in a sintered-glass crucible or on an ashless filter paper. Wash with hot water,
and ignite for 15 min at a temperature not exceeding 450°. Subtract the weight of this residue,
in mg, obtained in Total Ash, and calculate the percentage of water-soluble ash with reference
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to the weight of sample as determined in Total Ash.
Alcohol-Soluble Extractives
METHOD 1 (HOT EXTRACTION METHOD)
Transfer about 4 g of air-dried, coarsely powdered material, accurately weighed, to a glassstoppered conical flask. Add 100 mL of alcohol, and weigh the flask. Shake, and allow to stand
for 1 h. Attach a reflux condenser to the flask, boil gently for 1 h, cool, and weigh. Readjust to
the original weight with alcohol. Shake, and filter rapidly through a dry filter. Transfer 25 mL of
the filtrate to a tared flat-bottomed dish, and evaporate on a water bath to dryness. Dry at
105° for 6 h, cool in a desiccator for 30 min, and weigh without delay. Calculate the content, in
mg/g, of alcohol-extractable matter in the test specimen.
METHOD 2 (COLD EXTRACTION METHOD)
Transfer about 4 g of air-dried, coarsely powdered material, accurately weighed, to a glassstoppered conical flask. Add 100 mL of alcohol, insert a stopper into the flask, and macerate for
24 h, shaking frequently during the first 8 h, and then allowing to stand. Filter rapidly, taking
precautions against loss of alcohol. Evaporate 25 mL of the filtrate to dryness in a tared, flatbottomed, shallow dish, and dry at 105° to constant weight. Calculate the content, in mg/g, of
alcohol-extractable matter in the test specimen.
Water-Soluble Extractives
METHOD 1 (HOT EXTRACTION METHOD)
Proceed as directed in Method 1 (Hot Extraction Method) in Alcohol-Soluble Extractives,
except use water in place of alcohol.
METHOD 2 (COLD EXTRACTION METHOD)
Proceed as directed in Method 2 (Cold Extraction Method) in Alcohol-Soluble Extractives,
except use water in place of alcohol.
Crude Fiber
Exhaust a weighed quantity of the Test Sample, representing about 2 g of the drug, with
ether. Add 200 mL of boiling dilute sulfuric acid (1 in 78) to the ether-exhausted marc, in a
500-mL flask, and connect the flask to a reflux condenser. Reflux the mixture for 30 min,
accurately timed, then pass through a linen or hardened-paper filter, and wash the residue on
the filter with boiling water until the effluent washing is no longer acid. Rinse the residue back
into the flask with 200 mL of boiling sodium hydroxide solution, adjusted to 1.25% by titration
and free from sodium carbonate. Again reflux the mixture for 30 min, accurately timed, then
rapidly pass through a tared filter, wash the residue with boiling water until the last washing is
neutral, and dry it at 110° to constant weight. Incinerate the dried residue, ignite to constant
weight, cool in a desiccator, and weigh the ash: the difference between the weight obtained
by drying at 110° and that of the ash represents the weight of the crude fiber.
[Note—The boiling with acid and alkali should continue for 30 min, accurately timed, from the
time that the liquid (which is cooled below the boiling point by being added to the cold flask)
again boils. After the solution has been brought to boiling, the heat should be turned low

PF 44(1): Jan.-Feb. 2018

63

enough just to maintain boiling. During the boiling, the flask should be gently rotated from time
to time to wash down any particles that may adhere to the walls of the flask. A slow current of
air introduced into the flask during the boiling operation aids in preventing excessive frothing.]
Starch Content
METHOD 1
The following is a general procedure for all reducing sugars and may be used to determine the
starch content in botanical articles.
Malt extract: Use clean new barley malt of known efficacy, and grind just before use. Prepare
malt extract just before use. For every 80 mL of malt extract needed, digest 5 g of ground malt
with 100 mL of water at room temperature for 2 h. [Note—If an electric mixer is used, stir the
mixture for 20 min.] Filter to obtain a clear extract, filtering again, if necessary, and mix the
infusion well.
Test solution: Extract about 5 g of the finely ground test specimen with five 10-mL portions of
ether, using a filter that will completely retain the smallest starch granule. Allow the ether to
evaporate from the residue, and wash with 250 mL of aqueous alcohol solution (10 in 100).
Carefully wash the residue from the paper into a 500-mL beaker with about 100 mL of water.
Heat to about 60° (avoiding, if possible, gelatinizing starch), and allow to stand for about 1 h,
stirring frequently to effect complete solution of sugars. Transfer to a wide-mouth bottle, rinse
the beaker with a little warm water, and cool. Add an equal volume of alcohol, mix, and allow to
stand for NLT 1 h.
Centrifuge until the precipitate is closely packed on the bottom of the bottle, and decant the
supernatant. Wash the precipitate with successive 50-mL portions of alcohol solution (50 in
100) by centrifuging and decanting through a suitable filter until the washings are sugar free.
[Note—To test for the presence of sugar, transfer a few drops of the washings to a test tube,
and add 3 or 4 drops of a 20% solution of 1-naphthol in alcohol prepared by dissolving 200 mg
of 1-naphthol in 1 mL of alcohol and 2 mL of water. Shake the test tube well to allow uniform
mixing, allow 2–4 mL of sulfuric acid to flow down the sides of the test tube, and hold the test
tube upright. If sugar is present, the interface of the two liquids is colored faint to deep violet,
and on shaking, the whole solution becomes blue-violet.]
Transfer the residue from the bottle and hardened filter to a beaker with about 50 mL of
water. Immerse the beaker in boiling water, and stir constantly for 15 min or until all of the
starch is gelatinized. Cool the beaker to 55°, add 20 mL of Malt extract, and hold at this
temperature for 1 h. Heat again to boiling for a few min, cool to 55°, add 20 mL of Malt
extract, and hold at this temperature for 1 h or until the residue when treated with iodine TS
shows no blue tinge upon microscopic examination. Cool, dilute with water to 250 mL, and filter.
General procedure: Transfer 200 mL of the Test solution to a flask fitted with a reflux
condenser, add 20 mL of hydrochloric acid, and heat in a boiling water bath for 2.5 h. Cool,
nearly neutralize with sodium hydroxide TS, complete neutralization with sodium carbonate TS,
dilute with water to 500 mL, mix, and filter. The volume of aliquot taken depends on the starch
content of the specimen under test (see Table 1). The aliquot should contain between 100 and
200 mg of dextrose. Transfer 50 mL of the filtrate to a 400-mL alkali-resistant glass beaker,
add 50 mL of alkaline cupric tartrate TS, cover the beaker with a water glass, and heat. Adjust
the flame in the burner so that the contents of the flask begin to boil in 4 min, and continue
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boiling for exactly 2 min. Pass the hot solution at once through a sintered-glass filter. Wash the
precipitate of cuprous oxide thoroughly with water at about 60°, then with 10 mL of alcohol,
and finally with 10 mL of ether.
Table 1. Determination of the Optimum Aliquot
Expected Starch Content
Aliquot
(%)
(mL)
60
25
50
35
40
50
30
50
20
50
For solutions of reducing sugars of comparatively high purity, proceed as directed in Method
1A to determine the amount of reduced copper obtained by weighing the dried cuprous oxide.
For solutions of reducing sugars containing large amounts of organic impurities, including
sucrose, proceed as directed in Method 1B to determine the amount of reduced copper
obtained by titration with sodium thiosulfate.
Method 1A: Dry the precipitate obtained in General procedure for 30 min in an oven at 110 ±
2°, cool to room temperature in a desiccator, and weigh. Refer to Table 2 to find the quantity
of dextrose, in mg, corresponding to the weight of cuprous oxide found. Determine the
percentage of dextrose and then the content of starch by the following formula:
Percentage of dextrose = (wt. of dextrose in mg × 0.1 × 500)/(wt. of sample in g × aliquot in
mL)
Content of starch = % dextrose × 0.9
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Table 2. Calculating Dextrose (mg) [applicable when Cuprous Oxide (Cu2O) is weighed
directly]
Cuprous
Oxide
(Cu2 O)

Dextrose
(dGlucose)

Cuprous
Oxide
(Cu2 O)

Dextrose
(dGlucose)

Cuprous
Oxide
(Cu2 O)

Dextrose
(dGlucose)

Cuprous
Oxide
(Cu2 O)

Dextrose
(dGlucose)

Cuprous
Oxide
(Cu2 O)

Dextrose
(dGlucose)

Cuprous
Oxide
(Cu2 O)

Dextrose
(dGlucose)

10

4.0

90

38.9

170

75.1

250

112.8

330

152.2

410

193.7

12

4.9

92

39.8

172

76.0

252

113.7

332

153.2

412

194.7

14

5.7

94

40.6

174

76.9

254

114.7

334

154.2

414

195.8

16

6.6

96

41.5

176

77.8

256

115.7

336

155.2

416

196.8

18

7.5

98

42.4

178

78.8

258

116.6

338

156.3

418

197.9

20

8.3

100

43.3

180

79.7

260

117.6

340

157.3

420

199.0

22

9.2

102

44.2

182

80.6

262

118.6

342

158.3

422

200.1

24

10.0

104

45.1

184

81.5

264

119.5

344

159.3

424

201.1

26

10.9

106

46.0

186

82.5

266

120.5

346

160.3

426

202.2

28

11.8

108

46.9

188

83.4

268

121.5

348

161.4

428

203.3

30

12.6

110

47.8

190

84.3

270

122.5

350

162.4

430

204.4

32

13.5

112

48.7

192

85.3

272

123.4

352

163.4

432

205.5

34

14.3

114

49.6

194

86.2

274

124.4

354

164.4

434

206.5

36

15.2

116

50.5

196

87.1

276

125.4

356

165.4

436

207.6

38

16.1

118

51.4

198

88.1

278

126.4

358

166.5

438

208.7

40

16.9

120

52.3

200

89.0

280

127.3

360

167.5

440

209.8

42

17.8

122

53.2

202

89.9

282

128.3

362

168.5

442

210.9

44

18.7

124

54.1

204

90.9

284

129.3

364

169.6

444

212.0

46

19.6

126

55.0

206

91.8

286

130.3

366

170.6

446

213.1

48

20.4

128

55.9

208

92.8

288

131.3

368

171.6

448

214.1

50

21.3

130

56.8

210

93.7

290

132.3

370

172.7

450

215.2

52

22.2

132

57.7

212

94.6

292

133.2

372

173.7

452

216.3

54

23.0

134

58.6

214

95.6

294

134.2

374

174.7

454

217.4

56

23.9

136

59.5

216

96.5

296

135.2

376

175.8

456

218.5

58

24.8

138

60.4

218

97.5

298

136.2

378

176.8

458

219.6

60

25.6

140

61.3

220

98.4

300

137.2

380

177.9

460

220.7

62

26.5

142

62.2

222

99.4

302

138.2

382

178.9

462

221.8

64

27.4

144

63.1

224

100.3

304

139.2

384

180.0

464

222.9

66

28.3

146

64.0

226

101.3

306

140.2

386

181.0

466

224.0

68

29.2

148

65.0

228

102.2

308

141.2

388

182.0

468

225.1

70

30.0

150

65.9

230

103.2

310

142.2

390

183.1

470

226.2

72

30.9

152

66.8

232

104.1

312

143.2

392

184.1

472

227.4

74

31.8

154

67.7

234

105.1

314

144.2

394

185.2

474

228.3

76

32.7

156

68.6

236

106.0

316

145.2

396

186.2

476

229.6

78

33.6

158

69.5

238

107.0

318

146.2

398

187.3

478

230.7

80

34.4

160

70.4

240

108.0

320

147.2

400

188.4

480

231.8

82

35.3

162

71.4

242

108.9

322

148.2

402

189.4

482

232.9

84

36.2

164

72.3

244

109.9

324

149.2

404

190.5

484

234.1

86

37.1

166

73.2

246

110.8

326

150.2

406

191.5

486

235.2

88

38.0

168

74.1

248

111.8

328

151.2

408

192.6

488

236.3

Method 1B
sodium thiosulfate solution: Transfer 3.9 g of sodium thiosulfate, accurately weighed, to a 100mL volumetric flask, dissolve in and dilute with water to volume, and mix.
potassium iodide solution: Dissolve 42 g of potassium iodide in 100 mL of water.
sodium acetate solution: Dissolve 5.74 g of sodium acetate in 10 mL of water.
copper solution: Transfer about 0.3 g of pure electrolytic copper, accurately weighed, to a
250-mL flask, add 5 mL of nitric acid to dissolve the copper, add about 25 mL of water, and boil
to expel red fumes. Add about 5 mL of bromine TS, and boil until the bromine is completely
removed. Cool, add 10 mL of Sodium acetate solution followed by 10 mL of Potassium iodide
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solution, and titrate with Sodium thiosulfate solution to a light yellow color. Add enough starch
TS to produce a marked blue color, and continue the titration. As the endpoint nears, add 2 g
of potassium thiocyanate, and stir until completely dissolved. Continue titration until the
precipitate is completely white. One mL of Sodium thiosulfate solution is equivalent to about 10
mg of copper. [Note—It is essential that the concentration of Potassium iodide solution be
carefully regulated. If the solution contains less than 320 mg of copper at the completion of
titration, add 4.2–5 g of potassium iodide to make a total solution of 100 mL. If greater
amounts of copper are present, add Potassium iodide solution slowly, with constant agitation,
from the buret in amounts proportionately greater.]
procedure: Wash the precipitated cuprous oxide obtained in General procedure with water,
cover this filter with a watch glass, and dissolve the cuprous oxide with 5 mL of nitric acid
directed under the watch glass with a pipette. Collect the filtrate in a 250-mL flask, wash the
watch glass, and the filter with water. Collect all the washings in the flask. Boil the contents of
the flask to expel red fumes. Add about 5 mL of bromine TS, and boil until the bromine is
completely removed. Cool, and proceed as directed in Copper solution beginning with “add 10
mL of Sodium acetate solution”. From the volume of Sodium thiosulfate solution consumed,
obtain the weight of copper, in mg, and multiply the weight of copper by 1.1259 to obtain the
weight, in mg, of cuprous oxide. From Table 2, find the quantity of dextrose, in mg,
corresponding to the weight of cuprous oxide. The content of starch is equivalent to the
weight, in mg, of dextrose obtained times 0.9. Conduct a blank determination, using 50 mL of
alkaline cupric tartrate TS and 50 mL of Malt extract. If the weight of the cuprous oxide so
obtained exceeds 0.5 mg, correct the result of the determination accordingly. [Note—The
alkaline cupric tartrate TS deteriorates on standing, and the quantity of cuprous oxide obtained
in the blank determination increases.]
METHOD 2
The following method is specific for dextrose (glucose), and because of its extreme sensitivity
it may account for differences noted between values obtained from the same specimen.
Duplicate determinations do not vary more than 2%.
Glucoamylase solution: Prepare a solution of glucoamylase in water containing 30
International Units (IU)/mL. Use glucoamylase obtained preferably from Rhizopus delemar. The
total glucoamylase activity of the test specimen being used should be NLT 150 IU.
Acetate buffer solution: Dissolve 16.4 g of sodium acetate in 100 mL of water, add 12.0 mL of
glacial acetic acid, and mix. The pH of this solution is 4.8.
Phosphate buffer: Dissolve 3.63 g of tris(hydroxymethyl) aminomethane and 5.0 g of
monobasic sodium phosphate in 50.0 mL of water. At 37°, adjust with phosphoric acid to a pH
of 7.0, dilute with water to 100.0 mL, and mix. [Note—The pH of the buffer medium is sensitive
to temperature and should be adjusted to the desired pH at the temperature to be used during
incubation.]
Enzyme solution: Dissolve 30 mg of glucose oxidase (Type II from Aspergillus niger), 3 mg of
peroxidase (Type I from horseradish), and 10 mg of potassium ferrocyanide in 100 mL of
Phosphate buffer. [Note—This mixture can be stored in a refrigerator for up to 10 days.]
18 N sulfuric acid: Add slowly, while stirring, 54 mL of sulfuric acid to 102 mL of water, allow
to cool to 25°, and mix.
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Standard solutions: Dissolve an accurately weighed quantity of USP Dextrose RS in water to
obtain a solution containing 1.0 mg/mL of USP Dextrose RS. Quantitatively dilute a known
volume of this solution with water to obtain Standard solutions A, B, C, D, and E, having known
concentrations of 10, 20, 25, 40, and 50 µg/mL of USP Dextrose RS, respectively. [Note—Allow
4 h for complete mutarotation before use.]
Test solutions: Extract about 5 g of finely ground test specimen with five 25-mL portions of
80% alcohol, and filter. Remove all the alcohol from the residue by drying in an air oven at 105°
for about 8 h. [Note—Any traces of alcohol remaining in the residue will inhibit glucoamylase.]
Cool, and transfer the flask containing the dried test specimen to a desiccator. Transfer about
1 g, accurately weighed, of the test specimen to a previously tared flask, add 25 mL of water,
and adjust with phosphoric acid to a pH of 5.0–7.0, if necessary. Boil the suspension for about
3 min, transfer the flask to an autoclave, and heat to 135° for 2 h. Remove the flask from the
autoclave, maintain the temperature near 55°, and add 2.5 mL of Acetate buffer solution and
sufficient water to adjust the total weight of the solution to 45 ± 1 g. Immerse the flask in a
water bath maintained at 55 ± 1°, and add 5 mL of Glucoamylase solution. Continuously swirl
the flask for 2 h to effect hydrolysis, pass through filter paper into a 250-mL volumetric flask,
wash quantitatively with water, and collect all the washings in the flask. Dilute the contents of
the flask with water to volume, and mix. Transfer 1 mL of an aliquot containing 20–60 µg of dglucose to each of five test tubes. [Note—To obtain the range of concentration of glucose in
the hydrolysate, quantitatively dilute, if necessary, with water to volume.] Add 2 mL of Enzyme
solution to each of the five test tubes, and place the test tubes in the dark at 37 ± 1° for
exactly 30 min to develop the color. At the end of 30 min, add 2 mL of 18 N sulfuric acid to
each of the test tubes to stop the reaction, and mix.
Control solution: Transfer an accurately weighed quantity of about 0.4 g of starch to a
previously tared flask, and proceed as directed in Test solutions beginning with “add 25 mL of
water, and adjust the pH with phosphoric acid”.
Procedure: Concomitantly determine the absorbances of the Standard solutions and the Test
solutions at the wavelength of maximum absorbance at about 540 nm, with a suitable
spectrophotometer, using the Control solution as the blank to set the instrument. Plot the
absorbance values of the Standard solutions versus concentration, in µg/mL, of dextrose, and
draw the straight line best fitting the five plotted points. From the graph, determine the
concentration, C, in µg/mL, of dextrose in each of the Test solutions, and calculate the
average concentration, in µg/mL, of the solution under test. The percentage of starch content
in the weight of the test specimen taken is calculated by the formula:
(0.9C/106) × V1 × (250/V0)(100/E)(100/W) = 2.25CV1/V0EW
C = average concentration of dextrose in the Test solutions (µg/mL)
V1 = volume of the Test solution if extra dilution is done (mL) (see Note 2 in Test solutions)
V0 = volume of the aliquot taken from the 250-mL volumetric flask (mL)
E = weight of the test specimen (g)
W = percentage of dry weight of the test specimen
[Note—V0 is 1.0 when no extra dilution is done.]
Volatile Oil Determination
Set up a round-bottom, shortneck, 1-L flask in a heating mantle set over a magnetic stirrer.
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Insert an egg-shaped stirring bar magnet in the flask, and attach a cold-finger condenser and
an appropriate volatile oil trap of the type illustrated (see Figure 1).

Figure 1. Traps for volatile oil apparatus.
Coarsely comminute a sufficient quantity of the drug to yield from 1–3 mL of volatile oil. Small
seeds, fruits, or broken leaves of herbs ordinarily do not need comminution. Very fine powders
are to be avoided. If this is not possible, it may be necessary to mix them with purified sawdust
or purified sand. Place a suitable quantity of the drug, accurately weighed, in the flask, and fill
it one-half with water. Attach the condenser and the proper separator. Boil the contents of the
flask, using a suitable amount of heat to maintain gentle boiling for 2 h, or until the volatile oil
has been completely separated from the drug and no longer collects in the graduated tube of
the separator.
If a proper quantity of the volatile oil has been obtained in the graduated tube of the
separator, it can be read to tenths of 1 mL, and the volume of volatile oil from each 100 g of
drug can be calculated from the weight of the drug taken. The graduations on the separator
“for oils heavier than water” are so placed that oil remains below the aqueous condensate that
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automatically flows back into the flask.
Water Content
For unground or unpowdered drugs, prepare about 10 g of the Laboratory Sample by cutting,
granulating, or shredding, so that the parts are about 3 mm in thickness. Seeds or fruits smaller
than 3 mm should be cracked. Avoid the use of high-speed mills in preparing the sample, and
exercise care that no appreciable amount of moisture is lost during the preparation and that
the portion taken is representative of the Laboratory Sample. Determine the water content as
directed in Water Determination 〈921〉, Method III (Gravimetric), Procedure for Articles of
Botanical Origin.
Change to read:
TEST FOR AFLATOXINS
[Caution—Aflatoxins are highly dangerous, and extreme care should be exercised in handling
aflatoxin materials.]
Where the individual monograph calls for compliance with the limits for aflatoxins, the limits
are NMT 5 ppb for aflatoxin B1 (AFB1 ) and NMT 20 ppb for the sum of aflatoxins B1 (AFB1 ), B2
(AFB2 ), G1 (AFG1 ), and G2 (AFG2 ). The extent of testing may be determined using a risk-based
approach that considers the likelihood of contamination. The presence of unexpected
contamination with aflatoxins is to be considered in determining compliance. The following
analytical procedures are provided for determining compliance. Unless otherwise specified in the
individual monograph, use Method I. If system suitability fails, use either Method II or Method
III.
Method I
This TLC test is provided to detect the possible presence of AFB1 , AFB2 , AFG1 , and AFG2 in
any material of plant origin.
ZINC ACETATE–ALUMINUM CHLORIDE REAGENT
Dissolve 20 g of zinc acetate and 5 g of aluminum chloride in sufficient water to make 100
mL.
SODIUM CHLORIDE SOLUTION
Dissolve 5 g of sodium chloride in 50 mL of water.
TEST SOLUTION 1
Grind about 200 g of plant material to a fine powder. Transfer about 50 g of the powdered
material, accurately weighed, to a glass-stoppered flask. Add 200 mL of a mixture of methanol
and water (17:3). Shake vigorously by mechanical means for NLT 30 min, and filter. [Note—If
the solution has interfering plant pigments, proceed as directed for Test Solution 2.] Discard
the first 50 mL of the filtrate, and collect the next 40-mL portion. Transfer the filtrate to a
separatory funnel. Add 40 mL of Sodium Chloride Solution and 25 mL of solvent hexane, and
shake for 1 min. Allow the layers to separate, and transfer the lower aqueous layer to a second
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separatory funnel. Extract the aqueous layer in the separatory funnel twice, each time with 25
mL of methylene chloride, by shaking for 1 min. Allow the layers to separate each time,
separate the lower organic layer, and collect the combined organic layers in a 125-mL conical
flask. Evaporate the organic solvent on a water bath. Transfer the remaining extract to an
appropriate sample tube, and evaporate to dryness on a water bath. Cool the residue. If
interferences exist in the residue, proceed as directed for Cleanup procedure in Test Solution 2.
Otherwise, dissolve the residue obtained above in 0.2 mL of a mixture of chloroform and
acetonitrile (9.8: 0.2), and shake by mechanical means if necessary.
TEST SOLUTION 2
Collect 100 mL of the filtrate from the start of the flow, and transfer to a 250-mL beaker.
Add 20 mL of Zinc Acetate–Aluminum Chloride Reagent and 80 mL of water. Stir, and allow to
stand for 5 min. Add 5 g of a suitable filtering aid, such as diatomaceous earth, mix, and filter.
Discard the first 50 mL of the filtrate, and collect the next 80-mL portion. Proceed as directed
for Test Solution 1, beginning with “Transfer the filtrate to a separatory funnel”.
Cleanup procedure: Place a medium-porosity sintered-glass disk or a glass wool plug at the
bottom of a 10-mm × 300-mm chromatographic tube. Prepare a slurry of 2 g of silica gel with a
mixture of ethyl ether and solvent hexane (3:1), pour the slurry into the column, and wash with
5 mL of the same solvent mixture. Allow the absorbent to settle, and add to the top of the
column a layer of 1.5 g of anhydrous sodium sulfate. Dissolve the residue obtained above in 3
mL of methylene chloride, and transfer it to the column. Rinse the flask twice with 1-mL
portions of methylene chloride, transfer the rinses to the column, and elute at a rate NMT 1
mL/min. Add successively to the column 3 mL of solvent hexane, 3 mL of ethyl ether, and 3 mL
of methylene chloride; elute at a rate NMT 3 mL/min; and discard the eluates. Add to the
column 6 mL of a mixture of methylene chloride and acetone (9:1), and elute at a rate NMT 1
mL/min, preferably without the aid of vacuum. Collect this eluate in a small vial, add a boiling
chip if necessary, and evaporate to dryness on a water bath. Dissolve the residue in 0.2 mL of
a mixture of chloroform and acetonitrile (9.8: 0.2), and shake by mechanical means if
necessary.
TEST SOLUTION 3
If interferences still exist in the residue, proceed as directed for Cleanup procedure with IAC
in Test Solution in Method II.
AFLATOXIN SOLUTION
AFLATOXIN STANDARD SOLUTION

USP42

[Caution—Aflatoxins are highly toxic. Handle with care.]
Dilute the USP Aflatoxins RS 1:5 with acetonitrile to obtain a solution having a concentration
of 0.4 µg/mL each of AFB1 and AFG1 , and 0.1 µg/mL each of AFB2 and AFG2
Prepare an Aflatoxin Standard Solution containing AFB1 , AFB2 , AFG1 , and AFG2 at 2.0, 0.50,
2.0, and 0.50 µg/mL, respectively, in acetonitrile as follows. First prepare individual stock
solutions of aflatoxins AFB1 , AFB2 , AFG1 , and AFG2 in acetonitrile, each having a nominal
concentration of 10 µg/mL.1 Determine the concentration of each aflatoxin stock solution by
measuring the absorbance (A) at a wavelength of maximum absorption close to 360 nm and
using the equation:
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Aflatoxin (µg/mL) = (A × Mr × 1000)/ε
A = absorbance
Mr = molecular weight
ε
= molecular absorptivity (see Table 3)
Table 3. Molecular Weights and Molar Absorptivities for Aflatoxins
Molecular Weight
Molar Absorptivity
(Mr )
Aflatoxin
Solvent
(ε)
AFB1
312
Acetonitrile
20700
AFB2
314
Acetonitrile
22500
AFG1
328
Acetonitrile
17600
AFG2
330
Acetonitrile
18900
Finally, to obtain the Aflatoxin Standard Solution, transfer an accurate volume of each
aflatoxin standard stock solution to the same volumetric flask, and dilute with acetonitrile to
volume. Calculate the concentration of each aflatoxin in the Aflatoxin Standard Solution:
CAF = C′AF × VTS/VAF
CAF = concentration of the relevant aflatoxin in the Aflatoxin Standard Solution
C′AF = concentration of the relevant aflatoxin in the corresponding stock solution, as
determined above
VTS = volume of the volumetric flask used to prepare the final Aflatoxin Standard Solution
VAF = volume of each individual aflatoxin stock solution transferred to the volumetric flask
used to prepare the Aflatoxin Standard Solution
Store in a refrigerator. Equilibrate to room temperature before use.
USP42

AFLATOXIN SOLUTION
Dilute quantitatively the USP Aflatoxins RS 1:50
the Aflatoxin Standard Solution USP42
with acetonitrile to obtain a solution having a concentration of 0.4 µg/mL each of AFB1 and
AFG1 , and 0.1 µg/mL each of AFB2 and AFG2 .
PROCEDURE
Separately apply 2.5, 5, 7.5, and 10 µL of the Aflatoxin Solution and three 10-µL applications
of either Test Solution 1, Test Solution 2, or Test Solution 3 to a suitable TLC plate (see
Chromatography 〈621〉) coated with a 0.25-mm layer of chromatographic silica gel mixture.
Superimpose 5 µL of the Aflatoxin Solution on one of the three 10-µL applications of the Test
Solution. Allow the spots to dry, and develop the chromatogram in an unsaturated chamber
containing a solvent system consisting of a mixture of chloroform, acetone, and isopropyl
alcohol (85:10:5) until the solvent front has moved NLT 15 cm from the origin. Remove the
plate from the developing chamber, mark the solvent front, and allow the plate to air-dry.
Locate the spots on the plate by examination under UV light at 365 nm.
SYSTEM SUITABILITY

PF 44(1): Jan.-Feb. 2018

72

The four applications of the Aflatoxin Solution appear as four clearly separated blue
fluorescent spots. Observe any spot obtained from the Test Solution that coincides in hue and
position with those of the Aflatoxin Solution. Any spot obtained from the Test Solution with the
superimposed Aflatoxin Solution is not less intense than that of the corresponding Aflatoxin
Solution.
ACCEPTANCE CRITERIA
No spot from any of the other applications of the Test Solution corresponds to any of the
spots obtained from the applications of the Aflatoxin Solution. If any spot of aflatoxins is
obtained in the Test Solution, match the position of each fluorescent spot of the Test Solution
with those of the Aflatoxin Solution to identify the type of aflatoxin present. The intensity of
the aflatoxin spot, if present in the Test Solution, when compared with that of the
corresponding aflatoxin in the Aflatoxin Solution will give an approximate concentration of
aflatoxin in the Test Solution. Where the individual monograph calls for compliance with the
limits for aflatoxins, the limits are NMT 5 ppb for AFB1 and NMT 20 ppb for the sum of AFB1 ,
AFB2 , AFG1 , and AFG2 , except when otherwise indicated.
Method II
SODIUM CHLORIDE SOLUTION
See Method I.
PHOSPHATE BUFFERED SALINE SOLUTION
Prepare 10 mM phosphate buffer solution containing 0.138 M sodium chloride and 0.0027 M
potassium chloride in water, and adjust with 2 M sodium hydroxide to a pH of 7.4.2
IMMUNOAFFINITY COLUMN
Before conditioning, adjust the immunoaffinity column (IAC) to room temperature. For
conditioning, apply 10 mL of Phosphate Buffered Saline Solution onto the column and let it flow
through the column by gravity force at a rate of 2–3 mL/min. Leave 0.5 mL of the Phosphate
Buffered Saline Solution on top of the column until the Test Solution is applied.
TEST SOLUTION
Sample extraction: Transfer about 5 g of a representative powdered sample, accurately
weighed, to a glass-stoppered flask. Add 20 mL of a mixture of methanol and water (17:3).
Shake vigorously by mechanical means for NLT 30 min, and filter. Discard the first 5 mL of the
filtrate, and collect the next 4-mL portion. Transfer the filtrate to a separatory funnel. Add 4
mL of Sodium Chloride Solution and 2.5 mL of hexane, and shake for 1 min. Allow the layers to
separate, and transfer the lower aqueous layer to a second separatory funnel. Extract the
aqueous layer in the separatory funnel twice, each time with 2.5 mL of methylene chloride, by
shaking for 1 min. Allow the layers to separate each time, separate the lower organic layer, and
collect the combined organic layers in a 50-mL conical flask. Evaporate the organic solvent on
a water bath. Transfer the remaining extract to an appropriate sample tube, and evaporate to
dryness on a water bath. Cool the residue. If interferences exist in the residue, proceed as
directed for Cleanup procedure with IAC. Otherwise, dissolve the residue obtained above in 200
µL of acetonitrile, and shake by mechanical means if necessary.
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Cleanup procedure with IAC: The residue is dissolved in 5 mL of a mixture of methanol and
water (60:40) and then diluted with 5 mL of water. This extract is applied onto a conditioned
IAC. The IAC is rinsed twice with 10 mL of Phosphate Buffered Saline Solution, and the elution
is performed slowly with 2 mL of methanol. Evaporate the eluate with nitrogen, and dissolve the
residue in 200 µL of acetonitrile.
AFLATOXIN SOLUTION
[Caution—Aflatoxins are highly toxic. Handle with care.]
Dilute quantitatively the USP Aflatoxins RS 1:50
the Aflatoxin Standard Solution USP42
with acetonitrile to obtain a solution containing 0.04 µg/mL each of AFB1 and AFG1 , and 0.01
µg/mL each of AFB2 and AFG2 .
ANALYSIS
Separately apply 5, 7.5, and 10 µL of Aflatoxin Solution and three 10-µL applications of the
Test Solution to a suitable HPTLC plate (see Chromatography 〈621〉) coated with a 200-µm
layer of chromatographic silica gel mixture. Superimpose 5 µL of Aflatoxin Solution on one of the
three 10-µL applications of the Test Solution. Allow the spots to dry, and develop the
chromatogram in a saturated chamber containing a solvent system consisting of a mixture of
chloroform, acetone, and water (140: 20: 0.3) until the solvent front has moved NLT 72 mm
from the origin (80 mm from the lower edge of the plate). Remove the plate from the developing
chamber, mark the solvent front, and allow the plate to air-dry for 5 min. Locate the spots on
the plate by scanning fluorescence density (>400 nm) under UV light at 366 nm. Match the
position of each fluorescent spot of the Test Solution with those of Aflatoxin Solution to
identify the type of aflatoxin present. The concentration of aflatoxins in the Test Solution can
be calculated from the calibration curve obtained from the scan data with Aflatoxin Solution.
SYSTEM SUITABILITY
The four applications of Aflatoxin Solution appear as four clearly separated blue fluorescent
spots. Observe any spot obtained from the Test Solution that coincides in hue and position
with those of Aflatoxin Solution. Any spot obtained from the Test Solution with the
superimposed Aflatoxin Solution is not less intense than that of the corresponding Aflatoxin
Solution. The mean recovery of spiked AFB1 and AFG1 is NLT 70%.
ACCEPTANCE CRITERIA
Where the individual monograph calls for compliance with the limits for aflatoxins, the limits
are NMT 5 ppb for AFB1 and NMT 20 ppb for the sum of AFB1 , AFB2 , AFG1 , and AFG2 , except
when otherwise indicated.
Method III
This test method is provided as an example for the detection of the possible presence of
AFB1 and total aflatoxins (AF: sum of AFB1 , AFB2 , AFG1 , and AFG2 ). It has been shown to be
suitable for powdered ginseng and ginger. Its suitability to other articles of botanical origin
must be demonstrated.
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0.1 M PHOSPHATE BUFFER SOLUTION
Dissolve 8.69 g of anhydrous disodium phosphate and 4.66 g of anhydrous monosodium
phosphate or 5.36 g of monosodium phosphate monohydrate in 800 mL of water, adjust with 2
M sodium hydroxide to a pH of 7.4, add 10 mL of polysorbate 20, and dilute with water to 1 L.
PHOSPHATE BUFFERED SALINE SOLUTION
Prepare as directed in Method II.
WORKING AFLATOXIN STANDARD SOLUTIONS
Prepare six solutions in separate 10-mL volumetric flasks according to Table 3. Dilute with
methanol and water (1:1, v/v) to volume.
Prepare six solutions by diluting suitable volumes of Aflatoxin Standard Solution with methanol
and water (1:1). The final aflatoxin concentrations in each Working Aflatoxin Standard Solution
are shown in Table 4. USP42
Store in a refrigerator, and equilibrate to room temperature before use. Prepare the solutions
daily.

Working
Aflatoxin
Standard
Solutions
1
2
3
4
5
6

Table 3.
4. USP42
Preparation of Working Aflatoxin Standard Solutions
USP Aflatoxins RS
Final Aflatoxin Concentration of Working
Aflatoxin
Aflatoxin Standard Solution (ng/mL)
Standard
Solution USP42
(µL)
AFB1
AFB2
AFG1
AFG2
ΣAF
0
0
0
0
0
0
12.5
0.25
0.0625
0.25
0.0625
0.625
25
0.5
0.125
0.5
0.125
1.25
50
1
0.25
1
0.25
2.5
100
2
0.5
2
0.5
5
200
4
1
4
1
10
IMMUNOAFFINITY COLUMN3

Use an IAC that contains monoclonal antibodies cross reactive toward AFB1 , AFB2 , AFG1 , and
AFG2 . The immunoaffinity columns have a minimum capacity of NLT 100 ng of total aflatoxin
and give a recovery of NLT 80% for AFB1 , AFB2 , AFG1 , and AFG2 when 5 ng of each AFB1 ,
AFB2 , AFG1 , and AFG2 is applied in 10 mL of 10% methanol in Phosphate Buffered Saline
Solution (v/v).
TEST SOLUTION
Extraction: Weigh 5 g of a representative test sample in a 50-mL centrifuge tube. Add 1 g of
sodium chloride and 25 mL of a mixture of methanol and 0.5% sodium bicarbonate (700:300).
Mix on a vortex mixer until sample particles and extract solvent are well mixed. Shake at 400
rpm for 10 min. Centrifuge for 10 min at 7000 rpm (g value = 5323 mm/s2) or at a speed that
can result in a firm pellet of residues. Immediately pipette 7 mL into a 50-mL centrifuge tube,
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add 28 mL of 0.1 M Phosphate Buffer Solution, mix, and filter through glass microfiber paper.
Collect 25 mL of filtrate (equivalent to 1 g of test sample) into a 25-mL graduated cylinder, and
proceed immediately with IAC chromatography.
IAC cleanup: [Note—For IAC cleanup, columns must be kept at room temperature for at least
15 min before use.] Remove the top cap from the column, and connect it with the reservoir.
Remove the end cap from the column, and attach it to the column manifold (the fit must be
tight). Let the liquid in the column pass through until the liquid is about 2–3 mm above the
column bed. Pass 25 mL of filtrate into the reservoir. Let the filtrate flow through the column by
gravity force. Let the column run dry. To start the flow again easily, remove the column from
the manifold, add about 2 mL of Phosphate Buffered Saline Solution into the column, reattach
the column to the reservoir, and wash the column with an additional 3 mL of Phosphate
Buffered Saline Solution and then with 5 mL of water (the 5 mL of Phosphate Buffered Saline
Solution can be added directly to the column reservoir if other techniques are used to dislodge
the air bubble at the end of the column and to start flow again easily). Let the column run dry,
then force 3 mL of air through the column with a syringe. Elute with 1 mL of methanol, and
collect the analytes in a 3-mL volumetric flask, letting the eluate drip freely. Let the column run
dry. Let stand for 1 min, then elute with an additional 1 mL of methanol, and collect in the
same volumetric flask. Let the column run dry, and force 10 mL of air through the column.
Dilute the eluate with water to volume. Use this as the Test Solution, and perform the analysis
of aflatoxins immediately.
SYSTEM SUITABILITY SOLUTION
Prepare a spiked sample by adding 5 mL of Working Aflatoxin Standard Solution 5 to a 5-g
sample and repeating the procedure for the Test Solution, using 20 mL instead of 25 mL of the
mixture of methanol and 0.5% sodium bicarbonate (700:300).
CHROMATOGRAPHIC SYSTEM
Detector: Fluorescence, excitation wavelength (Ex) 362 nm and emission wavelength (Em) 440
nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 0.8 mL/min
Mobile phase: Isocratic
For post-column derivatization with PHRED cell:4 Water, methanol, and acetonitrile
(600:250:150)
For post-column derivatization with Kobra cell:5 A solution prepared by mixing 1 L of a mixture
of water, methanol, and acetonitrile (600:250:150); 350 µL of 4 M nitric acid; and 120 mg of
potassium bromide
Post-column derivatization (PCD) systems
PHRED cell: Post-column photochemical derivatization cell
Kobra cell: Electrochemical cell, post-column bromination derivatization cell
ANALYSIS
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Post-column derivatization for aflatoxins: Use a UV or Kobra cell. Inject 50 µL of reagent
blank (Working Aflatoxin Standard Solution 1), Working Aflatoxin Standard Solutions 2–6, or the
Test Solution into the LC column. Identify the aflatoxin peaks in the Test Solution by comparing
the retention times with those of the working standards. The aflatoxins elute in the order AFG2 ,
AFG1 , AFB2 , and AFB1 . After passing through the PHRED or Kobra cell, the AFG1 and AFB1 have
been derivatized to form AFG2a (derivative of AFG1 ) and AFB2a (derivative of AFB1 ). [Note—The
chemical structures of the derivatives resulting from electrochemical bromination and photolysis
are not the same. The structures of AFB1 and AFG1 photolysis products have not been
established.] The retention times of AFG2 , AFG2a, AFB2 , and AFB2a are between about 14 and
27 min using the PHRED cell; retention times are shorter using the Kobra cell. The peaks should
be baseline resolved. Construct standard curves for each aflatoxin. Determine the
concentration of each aflatoxin in the Test Solution from the calibration curve.
Aflatoxins calibration curves: Calibration curves are prepared for each of the aflatoxins using
the Working Aflatoxin Standard Solutions containing the four aflatoxins described. These
solutions cover the range of 0.25–4 ng/mL for AFB1 and AFG1 , and the range of 0.0625–1
ng/mL for AFB2 and AFG2 . Make the calibration curves before analysis according to Table 3
Table 4, USP42
and check the plot for linearity. If the test portion area response is outside (higher) the
calibration range, then the Test Solution should be diluted with a mixture of methanol and
water (1:1, v/v) and reinjected into the LC column.
Quantitation of aflatoxins: Quantitation of aflatoxins is performed by measuring peak areas at
each aflatoxin retention time and comparing them with the corresponding calibration curve.
SYSTEM SUITABILITY
The mean recovery of spiked AFB1 (2 µg/kg) and the total of aflatoxins (5 µg/kg) is NLT 68%
and 70%, respectively. The relative standard deviation (RSD) is NMT 10% for AFB1 and for the
total of aflatoxins.
CALCULATIONS
Plot the peak area (response, y-axis) of each of the toxin standards against the
concentration (ng/mL, x-axis) and determine the slope (S) and y-intercept (a). Calculate the
level of toxin in the sample by the following formula:
Toxin (µg/kg) = {[(R − a)/S] × V/W} × F
R = peak area of the Test Solution
a = y-intercept of the calibration curve
S = slope of the calibration curve
V = final volume of the injected Test Solution (mL)
W = 1 g of test sample passed through the immunoaffinity column
F = dilution factor, 1 when V = 3 mL
The total of aflatoxins is the sum of AFG2 , AFG1 , AFB2 , and AFB1 .
ACCEPTANCE CRITERIA
Where the individual monograph calls for compliance with the limits for aflatoxins, the limits
are NMT 5 ppb for AFB1 and NMT 20 ppb for the sum of AFB1 , AFB2 , AFG1 , and AFG2 , except
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when otherwise indicated.
Change to read:
PESTICIDE RESIDUE ANALYSIS
Definition
Where used in this Pharmacopeia, the designation “pesticide” applies to any substance or
mixture of substances intended to prevent, destroy, or control any pest, unwanted species of
plants, fungus, or animals causing harm during or otherwise interfering with the production,
processing, storage, transport, or marketing of pure articles. The designation includes
substances intended for use as growth regulators, defoliants, or desiccants, and any substance
applied to crops before or after harvest to protect the product from deterioration during
storage and transport.
Limits
Within the United States, many botanicals are treated as dietary supplements and are
subject to the statutory provisions that govern foods but not drugs in the Federal Food, Drug,
and Cosmetic Act. Limits for pesticides in foods are determined by the Environmental Protection
Agency (EPA) as indicated in the Code of Federal Regulations (40 CFR §180) or the Federal
Register (FR). In addition, the FDA establishes action levels for unavoidable pesticide residues
(21 CFR §109 and 21 CFR §509). For pesticide chemicals without EPA-established tolerance
levels or FDA action levels, the residues should be below the detection limit of the specified
method. Results less than the EPA detection limits are considered zero values. The limits
contained herein, therefore, are not applicable in the United States when articles of botanical
origin are labeled for food purposes. The limits, however, may be applicable in other countries.
Unless otherwise indicated in the monograph, the article to be examined complies with the limits
given in Table 4
Table 5. USP42
The limits for suspected pesticides that are not listed in Table 4
Table 5 USP42
must comply with the regulations of the EPA. For instances in which a pesticide is not listed in
Table 4
Table 5 USP42
or in EPA regulations, calculate the limit by the formula:
Limit (mg/kg) = AM/100B
where A is the acceptable daily intake (ADI), as published by the Food and Agriculture
Organization of the United Nations (FAO) and the World Health Organization (WHO), in mg/kg of
body weight; M is body weight, in kilograms (60 kg); and B is the daily dose of the article, in
kilograms.
If the article is intended for the preparation of extracts, tinctures, or other pharmaceutical
forms of which the preparation method modifies the content of pesticides in the finished
product, calculate the limits by the formula:
Limit (mg/kg) = AME/100B
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where E is the extraction factor of pesticide in the preparation method, determined
experimentally as the ratio between the original pesticide content in the plant material and the
final pesticide content in the preparation; B is the daily dose of the preparation in kilograms;
and A and M are as defined above.
A total or partial exemption from the test may be granted when the complete history (nature
and quantity of the pesticides used, date of each treatment during cultivation and after
harvest) of the treatment of the batch is known and can be checked precisely according to
good agricultural and collection practices (GACP).
Table 4
5 USP42
Substance
Acephate
Alachlor
Aldrin and dieldrin (sum of)
Azinphos-ethyl
Azinphos-methyl
Bromide, inorganic (calculated as bromide ion)
Bromophos-ethyl
Bromophos-methyl
Bromopropylate
Chlordane (sum of cis-, trans-, and oxychlordane)
Chlorfenvinphos
Chlorpyriphos-ethyl
Chlorpyriphos-methyl
Chlorthal-dimethyl
Cyfluthrin (sum of)
λ -Cyhalothrin
Cypermethrin and isomers (sum of)
DDT (sum of o,p′-DDE, p,p′-DDE, o,p′-DDT, p,p′-DDT, o,p′-TDE, and p,p′TDE)
Deltamethrin
Diazinon
Dichlofluanid
Dichlorvos
Dicofol
Dimethoate and omethoate (sum of)
Dithiocarbamates (expressed as CS2 )
Endosulfan (sum of isomers and endosulfan sulphate)
Endrin
Ethion

Limit
(mg/kg)
0.1
0.05
0.05
0.1
1
125
0.05
0.05
3
0.05
0.5
0.2
0.1
0.01
0.1
1
1
1
0.5
0.5
0.1
1
0.5
0.1
2
3
0.05
2
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Substance
Etrimphos
Fenchlorophos (sum of fenchlorophos and fenchlorophos-oxon)
Fenitrothion
Fenpropathrin
Fensulfothion (sum of fensulfothion, fensulfothion-oxon, fensulfothion-oxon
sulfone, and fensulfothion sulfone)
Fenthion (sum of fenthion, fenthion-oxon, fenthion-oxon sulfone, fenthionoxon sulfoxide, fenthion sulfone, and
fenthion-sulfoxide)
Fenvalerate
Flucythrinate

Limit
(mg/kg)
0.05
0.1
0.5
0.03
0.05

0.05
1.5
0.05

τ
-Fluvalinate
Fonophos
Heptachlor (sum of heptachlor, cis-heptachlorepoxide, and transheptachlorepoxide)
Hexachlorbenzene
Hexachlorocyclohexane (sum of isomers α-, β-, δ-, and ε-)
Lindan ( -hexachlorocyclohexane)
Malathion and malaoxon (sum of)
Mecarbam
Methacriphos
Methamidophos
Methidathion
Methoxychlor
Mirex
Monocrotophos
Parathion-ethyl and paraoxon-ethyl (sum of)
Parathion-methyl and paraoxon-methyl (sum of)
Pendimethalin
Pentachloranisole
Permethrin and isomers (sum of)
Phosalone
Phosmet
Piperonyl butoxide
Pirimiphos-ethyl
Pirimiphos-methyl (sum of pirimiphos-methyl and N-desethyl-pirimiphosmethyl)
Procymidone

0.05
0.05
0.05
0.1
0.3
0.6
1
0.05
0.05
0.05
0.2
0.05
0.01
0.1
0.5
0.2
0.1
0.01
1
0.1
0.05
3
0.05
4
0.1
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Substance
Profenophos
Prothiophos
Pyrethrum (sum of cinerin I, cinerin II, jasmolin I, jasmolin II, pyrethrin I, and
pyrethrin II)
Quinalphos
Quintozene (sum of quintozene, pentachloraniline, and methyl
pentachlorphenyl sulfide)
S-421
Tecnazene
Tetradifon
Vinclozolin

Limit
(mg/kg)
0.1
0.05
3
0.05
1
0.02
0.05
0.3
0.4

Qualitative and quantitative analysis of pesticide residues: Use analytical procedures
validated e.g., in accordance with the latest version of the EU guideline on analytical quality
control and validation procedures for pesticide residue analysis [Note—Current version
Document No. SANTE/11813/2017,
https://ec.europa.eu/food/sites/food/files/plant/docs/pesticides_mrl_guidelines_wrkdoc_201711813.pdf] or the EPA method validation principles (OPPTS 860.1340) that satisfy the following
criteria. The method, especially with respect to its purification steps, is suitable for the
combination of pesticide residue and substance under test, and is not susceptible to
interference from co-extractives; the limit of quantification for each pesticide matrix
combination to be analyzed is NMT the corresponding tolerance limit: the method is shown to
recover between 70% and 120% of each pesticide with a repeatability NLT 20% RSD [Note
—lower recoveries may be acceptable in certain cases as discussed in SANTE/11813/2017];
and the concentrations of test and reference solutions and the setting of the apparatus are
such that a linear response is obtained from the analytical detector.
Change to read:
LIMITS OF ELEMENTAL IMPURITIES
The levels of elemental impurities should be restricted as shown in Table 5
Table 6 USP42
unless otherwise stated in the individual monograph. Specific monographs may provide different
limits for articles that are typically used in large quantities.
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Table 5
6. USP42
Limits of Elemental Impurities
Limit
(µg/g)
2
0.5
5
1
0.2

Element
Arsenic (inorganic)a
Cadmium
Lead
Mercury (total)
Methylmercury (as Hg)b

a Arsenic may be measured using a nonspeciation procedure under the assumption that all
arsenic contained in the supplement is in the inorganic form. Where the limit is exceeded
using a nonspeciation procedure, compliance with the limit for inorganic arsenic shall be
demonstrated on the basis of a speciation procedure.
b Methylmercury determination is not necessary when the content for total mercury is less
than the limit for methylmercury.
Articles are tested according to the procedures set forth in Elemental Impurities—Procedures

〈233〉. Where speciation is required, the procedures given in Elemental Contaminants in Dietary
Supplements 〈2232〉 are used for testing.
Add the following:
USP Reference Standards 〈11〉
USP Dextrose RS
USP42

1 Suitable aflatoxin individual standards are available from Romer Labs, catalog #001012, 001013, 001014,
001015; and Sigma-Aldrich, catalog #A6636, A9887, A0138, A0263. USP42
2 A suitable powder mixture is available from Sigma as PBS P-3813.
3 AflaOchraTest column (G1017; Vicam, Watertown, MA, USA) or equivalent. Aflatoxin/OTA immunoaffinity
columns are suitable.
4 PHRED ™ Photochemical Reactor (AURA Industries, New York, NY, USA) or equivalent. Avoid looking at the
UV lamp.
5 Kobra C ell™ (R-Biopharm Inc., Marshall, MI, USA) or equivalent. Set at 100 mA. Do not turn on the current
until the LC pump is operating to avoid overheating the cell membrane.

Recent Official Publications:
USP41–NF36 Page 6279
BRIEFING

〈 1057〉 Biotechnology-Derived Articles—Total Protein Assay, USP 40 page 1130. Despite
best intentions to harmonize the text with the European Pharmacopoeia (EP) and the Japanese
Pharmacopoeia (JP) through the Pharmacopeial Discussion Group (PDG), this chapter was
withdrawn from the PDG work plan due to the inability to find a path forward that satisfied all
parties and compendial structures. This proposal represents a revision of the current official
version, which had been on hold pending the conclusion of harmonization efforts with the EP
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and JP. The revision of this chapter will not affect the citations within referenced chapters and
monographs. These citations will remain as written when the revised general chapter becomes
official.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCBA: E. Curti.)
Correspondence Number—C190020
Comment deadline: March 31, 2018

〈 1057〉 BIOTECHNOLOGY-DERIVED ARTICLES—TOTAL PROTEIN ASSAY
Delete the following:
This chapter provides guidance and procedures used for characterization of biotechnologyderived articles. This chapter is harmonized with the corresponding chapter in JP and EP. Other
characterization tests, also harmonized, are provided in Biotechnology-Derived Articles—Amino
Acid Analysis 〈1052〉, Capillary Electrophoresis 〈1053〉, Biotechnology-Derived
Articles—Isoelectric Focusing 〈1054〉, Biotechnology-Derived Articles—Peptide Mapping 〈1055〉,
and Biotechnology-Derived Articles—Polyacrylamide Gel Electrophoresis 〈1056〉. USP42
Change to read:
INTRODUCTION
The following procedures are provided as illustrations of the determination of total protein
content in pharmacopeial preparations. Other techniques, such as HPLC, are also acceptable if
total protein recovery is demonstrated.
A number of factors needs to be considered when choosing a procedure for the measurement
of total protein content in a pharmacopeial preparation. Those factors include the complexity of
the sample, constraints that impact the procedure, the required accuracy/variability of the
procedure, and the desired analyst contact or automation associated with the procedure (e.g.,
sample availability, analysis time). The choice of a total protein measurement procedure
balances these and other factors to meet the application need.
An analytical separation technique (e.g., HPLC, capillary electrophoresis) may be the best
option as a total protein measurement procedure when analyzing a complex sample. Separating
the sample into various components and integrating relevant peaks on a chromatogram or
electropherogram can be used to manage 1) sample components that interfere with
spectrophotometric protein measurements; 2) a mixture of proteins or peptides in the sample,
including excipients (e.g. human serum albumin), where the individual protein components need
to be quantitated; 3) other sample attributes that are being assessed (e.g., identity, impurity
quantitation) during the analysis; 4) a limited sample quantity available for analysis; or 5) the
balance between analysis time, instrument complexity, and other factors that favor a
separation procedure over a spectrophotometric procedure.
Amino acid quantitation may also be suitable for quantitation of total protein and is often
used as a primary method of calibration for other total protein measurement procedures (e.g.,
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determination of an extinction coefficient used with protein absorbance at 280 nm).
Spectrophotometric procedures for total protein measurement are often employed for the
analysis of pharmacopeial preparations due to their simplicity, high sample throughput for a
given analysis time, and low cost.
USP42

Many of the total protein assay methods described below can be performed successfully
using kits from commercial sources. [Note—Where water is required, use distilled water.]
USP42

Add the following:

SAMPLE EXTRACTION METHODS FOR TOTAL PROTEIN ASSAYS
Accurate measurement of total protein cannot always be accomplished if there are interfering
substances in the sample. This interference can be observed with spectrophotometric methods
of total protein measurement. In order to accurately measure the total protein content in
samples with these interfering substances, a method to remove these substances needs to be
part of the procedure and the total procedure (extraction in combination with a measurement
method) should be validated as suitable for its intended purpose.
It is possible that an interfering substance exhibits a known reproducible effect on the assay
that can be eliminated by using an appropriate blank containing the interfering substance to
calibrate the spectrophotometer to zero. As an alternative, a spike control added to the Test
solution or sample matrix can be used to adjust the test result based on the spike recovery.
Sample extraction techniques often involve precipitating protein from the sample, leaving the
interfering substances in the liquid phase that is subsequently removed, and then solubilizing
the precipitated protein in the assay buffer for analysis. Precipitating protein from the sample
can also have the advantage of concentrating proteins from a dilute solution, thereby allowing
a sample that was too dilute to use with a particular spectrophotometric procedure to now be
within the useful range of the method. Gel filtration procedures to remove an interfering
substance can result in sample dilution which should also be considered when developing the
method of analysis. With all techniques, volumes of solutions used must be measured
quantitatively to allow accurate calculation of concentration and dilution factors that are used
in the final calculation of protein concentration in the starting sample.
The use of an extractive procedure may introduce a sample preparation error and affect the
precision of the protein concentration result. When an extraction procedure is performed on
Test solutions, it should also be performed for Standard solutions, system suitability solutions,
and the Blank. Samples should be homogeneous and free of particles. Examples of several
possible sample extraction procedures, depending upon the nature of the interfering substance,
are described below but others may be demonstrated as suitable for use too.
Procedure 1—Protein Precipitation with Acetone
1. Add acetone to the sample to bring the concentration of acetone to 85%–90%.
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2. Let the sample stand for 1 h. If necessary for appropriate recovery, hold the sample at
4° overnight.
3. Centrifuge the sample at 14,000 × g or greater for 10 min. Discard the supernatant.
4. Dissolve the pellet in the appropriate buffer for analysis.
Procedure 2—Protein Precipitation with Trichloroacetic Acid
Sodium deoxycholate reagent: Prepare a solution of 1.5 g/L sodium deoxycholate in water.
TCA reagent: Prepare a solution of 720 g/L trichloroacetic acid (TCA) in water.
Procedure
1.
2.
3.
4.
5.
6.

Add 0.1 mL of Sodium deoxycholate reagent to 1.0 mL of Test solution.
Mix using a vortex mixer, and then incubate for 10 min.
Add 0.1 mL of TCA reagent, and mix on a vortex mixer.
Centrifuge at a minimum of 6700 × g for 30 min.
Discard the supernatant.
Dissolve the protein pellet in 1.0 mL of the appropriate buffer for analysis.
Procedure 3—Solid Phase Device Extraction

Buffer preparationPrepare the appropriate buffer or solvent mixture depending upon the solid
phase extraction (SPE) device being used for fractionation.
Procedure
1. Load the sample onto the SPE device.
2. Wash with a suitable buffer or solvent mixture.
3. Elute the protein with an appropriate buffer or solvent mixture.
Procedure 4—Column Gel Filtration
Buffer preparation: Prepare the appropriate buffer for the test method.
Procedure: The protein is purified using either gravity or a centrifugal procedure per the
manufacturer's instructions.1
USP42

Change to read:

TOTAL PROTEIN MEASUREMENT PROCEDURES
Ideally, the protein in the Standard solution that is used to create the calibration curve
should be the same protein as in the Test solution. This may not be practical and the use of a
generic protein in the Standard solution may be substituted. Bovine serum albumin is often used
because it is readily available and can be purchased at high purity. However, using a generic
protein to create the standard curve may not be the ideal choice for all assays depending on
the principle of the assay and the protein structure responsible for the response. Due to the
potential variation in responses between different proteins that may be used to create the
standard curve, the protein used for the standard curve should always be reported. In addition
(unless otherwise specified in the individual monograph) prepare the Reference Standard or
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reference material for the protein under test in the same buffer used to prepare the Test
solution. USP42
Method 1
Protein in solution absorbs UV light at a wavelength of 280 nm due to the presence of
aromatic amino acids, mainly tyrosine and tryptophan. This property is the basis of Method 1.
Protein determination at 280 nm is mainly a function of the tyrosine and tryptophan content of
the protein.
USP42

If the buffer used to dissolve
solubilize USP42
the protein has a high absorbance relative to that of
USP42

water, there is an interfering substance in the buffer. This interference can be compensated for
when the spectrophotometer is adjusted to zero buffer absorbance. The results may be
compromised if the interference results in a large absorbance that challenges the limit of
sensitivity of the spectrophotometer. Furthermore, at low concentrations protein can be
absorbed onto the cuvette, thereby reducing the content in solution. This can be prevented by
preparing samples at higher concentrations or by using a nonionic detergent in the preparation.
[Note—Keep the Test Solution, the Standard Solution, and the buffer at the same temperature
during testing.]
To determine whether the protein sample is contaminated with nucleic acid, a 260/280
ratio is recommended if no other methods are used to quantitate the nucleic acids. Table 1 can
be used as a guide for protein purity.
Table 1. 260/280 Ratio for Estimating Nucleic Acid Contamination and Protein Purity of
the Sample
Protein (%)
Nucleic Acid (%)
260/280 Ratio
100
0
0.57
95
5
1.06
90
10
1.32
70
30
1.73
USP42

Test solution: Dissolve a suitable quantity of the protein under test in the appropriate buffer
to obtain a solution having a concentration of 0.2–2 mg/mL.
Standard solution: Unless otherwise specified in the individual monograph, prepare a solution
of Reference Standard or reference material for the protein under test in the same buffer and
at the same concentration as the Test solution.
Procedure: Concomitantly determine the absorbances
absorbance values USP42
of the Standard solution and Test solution in quartz cells at a wavelength of 280 nm with a
suitable spectrophotometer (see Ultraviolet-Visible Spectroscopy 〈857〉), using the buffer as the
Blank.
[Note—Keep the Test solution, Standard solution, and buffer at the same temperature during
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testing.] USP42
To obtain accurate results, the response should be linear in the range of protein concentrations
to be assayed.
Light scattering: The accuracy of the UV spectroscopic determination of protein can be
decreased by the scattering of light by the test specimen
Test solution. USP42
If the proteins in solution exist as particles comparable in size to the wavelength of the
measuring light (250–300 nm), scattering of the light beam results in an apparent increase in
absorbance of the test specimen. To calculate the absorbance at 280 nm due to light
scattering, determine the absorbances
absorbance values USP42
of the Test solution at wavelengths of 320, 325, 330, 335, 340, 345, and 350 nm. Using the
linear regression method, plot the log of the observed absorbance versus the log of the
wavelength, and determine the standard curve best fitting the plotted points. From the graph
so obtained, extrapolate the absorbance value due to light scattering at 280 nm. Subtract the
absorbance due to light scattering from the total absorbance at 280 nm to obtain the
absorbance value of the protein in solution. Filtration with a filter having a 0.2-µm porosity or
clarification by centrifugation may be performed to reduce the effect of light scattering,
especially if the solution is noticeably turbid.
Calculations: Calculate the concentration, CU, of protein in the test specimen by the formula:
Result = CS(AU/AS)
in which CS is the concentration of the Standard solution; and AU and AS are the corrected
absorbances
absorbance values USP42
of the Test solution and the Standard solution, respectively (see 〈857〉).
Method 2
This method, commonly referred to as the Lowry assay, is based on the reduction by protein
of the phosphomolybdic–tungstic mixed acid chromogen in the Folin-Ciocalteu's phenol reagent,
resulting in an absorbance maximum at 750 nm. The Folin-Ciocalteu's phenol reagent reacts
primarily with tyrosine residues in the protein, which can lead to variation in the response of
the assay to different proteins. Because the method is sensitive to interfering substances, a
procedure for precipitation of the protein from the test specimen may be used. Where
separation of interfering substances from the protein in the test specimen is necessary,
proceed as directed below for Interfering Substances prior to preparation of the Test Solution.
Most interfering substances cause a lower color yield; however, some detergents cause a
slight increase in color. A high salt concentration may cause a precipitate to form. Because
different protein species may give different color response intensities, the standard protein and
test protein should be the same. USP42
The effect of interfering substances can be minimized by dilution, provided the concentration
of the protein under test remains sufficient for accurate measurement.
Alternatively, procedures described in Sample Extraction Methods for Total Protein Assays
could be used to remove interfering substances from the test sample.
The Lowry assay can be used for protein concentrations of 5–100 µg/mL. Wider ranges may
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be acceptable if the range of standard concentrations selected results in a linear curve.
USP42

Standard solutions: Unless otherwise specified in the individual monograph, dissolve
solubilize USP42
the Reference Standard or reference material for the protein under test in the buffer used to
prepare the Test solution. Dilute portions of this solution with the same buffer to obtain NLT 5
Standard solutions having concentrations between 5 and 100 µg of protein per mL, the
concentrations being evenly spaced.
Test solution: Dissolve a suitable quantity of the protein under test in the appropriate buffer
to obtain a solution having a concentration within the range of the concentrations of the
Standard solutions. An appropriate buffer will produce a pH in the range of 10.0–10.5.
Blank: Use the buffer used to prepare the Test solution and the Standard solutions.
Reagents and solutions
Copper sulfate reagent: Dissolve 100 mg of cupric sulfate and 200 mg of sodium tartrate in
water, dilute with water to 50 mL, and mix. Dissolve 10 g of sodium carbonate in water to a
final volume of 50 mL, and mix. Slowly pour the sodium carbonate solution into the copper
sulfate solution with mixing. Prepare this solution fresh daily.
SDS solution: Dissolve 5 g of sodium dodecyl sulfate in water, and dilute with water to 100 mL.
Sodium hydroxide solution: Dissolve 3.2 g of sodium hydroxide in water, dilute with water to 100
mL, and mix.
Alkaline copper reagent: Prepare a mixture of Copper sulfate reagent, SDS solution, and Sodium
hydroxide solution (1:2:1). This reagent may be stored at room temperature for up to 2 weeks.
Diluted Folin-Ciocalteu's phenol reagent: Mix 10 mL of Folin-Ciocalteu's phenol TS with 50 mL of
water. Store in an amber bottle at room temperature.
Procedure: To 1 mL of each Standard solution, the Test solution, and the Blank, add 1 mL of
Alkaline copper reagent, and mix. Allow to stand at room temperature for 10 min. Add 0.5 mL of
the Diluted Folin-Ciocalteu's phenol reagent to each solution, mix each tube immediately, and
allow to stand at room temperature for 30 min. Determine the absorbances of the solutions
from the Standard Solutions and the Test Solution at the wavelength of maximum absorbance
at 750 nm with a suitable spectrophotometer (see 〈857〉), using the solution from the Blank to
set the instrument to zero.
and hold at room temperature for about 30 min.
[Note—Color development reaches a maximum in 20–30 min during incubation at room
temperature, after which there is a gradual loss of color.]
Determine the absorbance values of the Standard solutions and Test solution at 750 nm with
a suitable spectrophotometer, using the solution from the Blank to set the instrument to zero
(see 〈857〉).
USP42

Calculations: [Note—The relationship of absorbance to protein concentration is nonlinear;
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however, if the standard curve concentration range is sufficiently small, it will approach
linearity.] Using the linear regression method, plot the absorbances
absorbance values USP42
of the solutions from the Standard solutions versus the protein concentrations, and determine
the standard curve best fitting the plotted points. From the standard curve so obtained and
the absorbance of the Test solution, determine the concentration of protein in the Test
solution.
INTERFERING SUBSTANCES
In the following procedure, deoxycholate–trichloroacetic acid is added to a test specimen to
remove interfering substances by precipitation of proteins before testing. This technique also
can be used to concentrate proteins from a dilute solution.
Sodium Deoxycholate Reagent—Prepare a solution of sodium deoxycholate in water having a
concentration of 150 mg in 100 mL.
Trichloroacetic Acid Reagent—Prepare a solution of trichloroacetic acid in water having a
concentration of 72 g in 100 mL.
Procedure—Add 0.1 mL of Sodium Deoxycholate Reagent to 1 mL of a solution of the protein
under test. Mix on a vortex mixer, and allow to stand at room temperature for 10 min. Add 0.1
mL of Trichloroacetic Acid Reagent, and mix on a vortex mixer. Centrifuge at 3000 × g for 30
min, decant the liquid, and remove any residual liquid with a pipet. Redissolve the protein pellet
in 1 mL of Alkaline Copper Reagent. Proceed as directed for the Test Solution.
[Note—Color development reaches a maximum in 20-30 min during incubation at room
temperature, after which there is a gradual loss of color. Most interfering substances cause a
lower color yield; however, some detergents cause a slight increase in color. A high salt
concentration may cause a precipitate to form. Because different protein species may give
different color response intensities, the standard protein and test protein should be the same.]

USP42

Method 3
This method, commonly referred to as the Bradford assay, is based on the absorption shift
from 470 nm to 595 nm observed when the Brilliant Blue G dye binds to protein. The Brilliant
Blue G dye binds most readily to arginyl and lysyl residues in the protein, which can lead to
variation in the response of the assay to different proteins.
There are relatively few interfering substances, but detergents and ampholytes in the test
specimen should be avoided. Highly alkaline specimens may interfere with the acidic reagent.
USP42

Standard solutions: Unless otherwise specified in the individual monograph, dissolve
solubilize USP42
the Reference Standard or reference material for the protein under test in the buffer used to
prepare the Test solution. Dilute portions of this solution with the same buffer to obtain NLT 5
Standard solutions having concentrations of 100 µg–1 mg/mL of protein, the concentrations
being evenly spaced.
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Test solution: Dissolve
Solubilize USP42
a suitable quantity of the protein under test in the appropriate buffer to obtain a solution
having a concentration within the range of the concentrations of the Standard solutions.
Blank: Use the buffer used to prepare the Test solution and the Standard solutions.
Coomassie reagent: Dissolve 100 mg of Brilliant Blue G2 in 50 mL of alcohol. [Note—Not all
dyes have the same Brilliant Blue G content, and different products may give different results.]
Add 100 mL of phosphoric acid, dilute with water to 1 L, and mix. Pass the solution through
filter paper (Whatman #1 or equivalent), and store the filtered reagent in an amber bottle at
room temperature. [Note—Slow precipitation of the dye will occur during storage of the
reagent. Filter the reagent before use.]
Procedure: Add 5 mL of the Coomassie reagent to 100 µL of each Standard solution, the Test
solution, and the Blank, and mix by inversion. Avoid foaming, which will lead to poor
reproducibility. Determine the absorbances
Incubate at room temperature for a suitable period of time, and then determine the
absorbance values USP42
of the solutions from the Standard solutions and Test solution at 595 nm with a suitable
spectrophotometer (see 〈857〉), using the Blank to set the instrument to zero. [Note—Do not
use quartz (silica) spectrophotometer cells: the dye binds to this material. Because different
protein species may give different color response intensities, the standard protein and test
protein should be the same.
For consistent and accurate results, the absorbance values for all Standard solutions, Blank,
and Test solutions should be determined within a suitable period of time to assure reproducible
results of adding the Coomassie reagent. USP42
]
There are relatively few interfering substances, but detergents and ampholytes in the test
specimen should be avoided. Highly alkaline specimens may interfere with the acidic reagent.

USP42

Calculations: [Note—The relationship of absorbance to protein concentration is nonlinear;
however, if the standard curve concentration range is sufficiently small, it will approach
linearity.] Using the linear regression method, plot the absorbances of the solutions from the
Standard Solutions versus the protein concentrations, and determine the standard curve best
fitting the plotted points. From the standard curve so obtained and the absorbance of the Test
Solution, determine the concentration of protein in the Test Solution.
Plot the absorbance values of the Standard solutions versus the protein concentrations, and
use linear regression to establish the standard curve. Determine the concentration of protein in
the Test solution from the standard curve and the absorbance of the Test solution. USP42
Method 4
This method, commonly referred to as the bicinchoninic acid (BCA) assay, is based on
reduction of the cupric (Cu2+) ion to cuprous (Cu1+) ion by protein. The bicinchoninic acid
reagent is used to detect the cuprous ion. The method has few interfering substances. When
interfering substances are present, their effect may be minimized by dilution, provided that the
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concentration of the protein under test remains sufficient for accurate measurement.
If substances that will cause interference in the test are present, proceed as directed in
Sample Extraction Methods for Total Protein Assays. Because different protein species may
give different color response intensities, the standard protein and test protein should be the
same. USP42
Standard solutions: Unless otherwise specified in the individual monograph, dissolve
solubilize USP42
the Reference Standard or reference material for the protein under test in the buffer used to
prepare the Test solution. Dilute portions of this solution with the same buffer to obtain NLT 5
Standard solutions having concentrations of 10–1200 µg/mL of protein, the concentrations
being evenly spaced.
Test solution: Dissolve a suitable quantity of the protein under test in the appropriate buffer
to obtain a solution having a concentration within the range of the concentrations of the
Standard solutions.
Blank: Use the buffer used to prepare the Test solution and the Standard solutions.
Reagents
BCA reagent—Dissolve about 10 g of bicinchoninic acid, 20 g of sodium carbonate monohydrate,
1.6 g of sodium tartrate, 4 g of sodium hydroxide, and 9.5 g of sodium bicarbonate in water.
Adjust, if necessary, with sodium hydroxide or sodium bicarbonate to a pH of 11.25. Dilute with
water to 1 L, and mix.
Copper sulfate reagent—Dissolve about 2 g of cupric sulfate in water to a final volume of 50
mL.
Copper–BCA reagent—Mix 1 mL of Copper sulfate reagent and 50 mL of BCA reagent.
Procedure: Mix 0.1 mL of each Standard solution, the Test solution, and the Blank with 2 mL of
the Copper–BCA reagent. Incubate the solutions at 37° for 30 min, note the time, and allow
the mixtures USP42
to come
cool USP42
to room temperature. Within 60 min following the incubation time, determine the absorbances of
the solutions from
absorbance values for USP42
the Standard solutions and the Test solution in quartz cells
USP42

at 562 nm with a suitable spectrophotometer (see 〈857〉), using the Blank to set the instrument
calibration USP42
to zero. The color intensity continues to increase gradually after the solutions are cooled to
room temperature. If substances that will cause interference in the test are present, proceed
as directed for Interfering Substances under Method 2. Because different protein species may
give different color response intensities, the standard protein and test protein should be the
same.
USP42

Calculations: [Note—The relationship of absorbance to protein concentration is nonlinear;
however, if the standard curve concentration range is sufficiently small, it will approach
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linearity.] Using the linear regression method, plot the absorbances of the solutions from the
Standard Solutions versus the protein concentrations, and determine the standard curve best
fitting the plotted points. From the standard curve so obtained and the absorbance of the Test
Solution, determine the concentration of protein in the Test Solution.
Plot the absorbance values of the solutions from the Standard solutions versus the protein
concentrations and determine the standard curve best fitting the plotted points. Determine the
concentration of protein in the Test solution from the standard curve and the absorbance of
the Test solution. USP42
Method 5
This method, commonly referred to as the Biuret assay, is based on the interaction of cupric
(Cu2+) ion with protein in an alkaline solution and the resultant
USP42

development of absorbance at 545 nm.
This test shows minimal difference between IgG and albumin samples at the same
concentration. Addition of the sodium hydroxide and the Biuret reagent as a combined reagent,
insufficient mixing after the addition of the sodium hydroxide, or an extended time between the
addition of the sodium hydroxide solution and the addition of the Biuret reagent will give IgG
samples a higher response than albumin samples. The trichloroacetic acid method (described in
Procedure 2 of Sample Extraction Methods for Total Protein Assays) used to minimize the
effects of interfering substances can also be used to determine the protein content in test
specimens at concentrations below 500 µg/mL. USP42
Standard solutions: Unless otherwise specified in the individual monograph, prepare a solution
of Albumin Human for which the protein content has been previously determined by nitrogen
analysis (using the nitrogen-to-protein conversion factor of 6.25) or of the USP
Prepare the USP42
Reference Standard or reference material for the protein under test in
0.9% USP42
sodium chloride solution. (9 in 1000)
USP42

Dilute portions of this solution with
0.9% USP42
sodium chloride solution (9 in 1000)
USP42

to obtain NLT 3 Standard solutions having concentrations of 0.5–10 mg/mL, the concentrations
being evenly spaced. [Note—Low responses may be observed if the sample under test has a
significantly different level of proline than that of Albumin Human. A different standard protein
may be employed in such cases.]
USP42

Test solution: Prepare a solution of the test protein in
0.9% USP42
sodium chloride solution (9 in 1000)
USP42

having a concentration within the range of the concentrations of the Standard solutions.
Blank: Use
0.9% USP42
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sodium chloride solution. (9 in 1000)
USP42

Biuret reagent: Dissolve about 3.46 g of cupric sulfate in 10 mL of hot water, and allow to
cool (Solution 1). Dissolve about 34.6 g of sodium citrate dihydrate and 20.0 g of sodium
carbonate in 80 mL of hot water, and allow to cool (Solution 2). Mix Solution 1 and Solution 2,
and dilute with water to 200 mL. The Biuret reagent is stable at room temperature for 6
months. Do not use the reagent if it develops turbidity or contains any precipitate.
Procedure: To 1 volume of a solution of
USP42

the Test solution add an equal volume of
6% USP42
sodium hydroxide solution (6 in 100),
USP42

and mix. Immediately add a volume of Biuret reagent equivalent to 0.4 of the volume of the
Test solution, and mix. Allow to stand at a temperature between 15°–25° for NLT 15 min.
Within 90 min after the addition of the Biuret reagent, determine the absorbances
absorbance values USP42
of the Standard solutions and the solution from the Test solution at the wavelength of
maximum absorbance at 545 nm with a suitable spectrophotometer (see 〈857〉), using the Blank
to set
calibrate USP42
the instrument to zero. [Note—Any solution that develops turbidity or a precipitate is not
acceptable for calculation of protein concentration.]
Calculations: Using the least-squares linear regression method, plot the absorbances of the
Standard Solutions versus the protein concentrations, determine the standard curve best fitting
the plotted points, and calculate the correlation coefficient for the line. [Note—Within the
given range of the standards, the relationship of absorbance to protein concentration is
approximately linear.]
Within the given range of the standards, the relationship of absorbance to protein
concentration is approximately linear. Plot the absorbance values of the Standard solutions
versus the protein concentrations and use linear regression to establish the standard curve.
Calculate the correlation coefficient for the line. USP42
A suitable system is one that yields a line having a correlation coefficient of NLT 0.99. From the
standard curve and the absorbance of the Test solution, determine the concentration of
protein in the test specimen, making any necessary correction.
Determine the concentration of protein in the Test solution from the standard curve and the
absorbance of the Test solution. USP42
INTERFERING SUBSTANCES
To minimize the effect of interfering substances, the protein can be precipitated from the
initial test specimen as follows. Add 0.1 volume of 50% trichloroacetic acid to 1 volume of a
solution of the test specimen, withdraw the supernatant layer, and dissolve the precipitate in a
small volume of 0.5 N sodium hydroxide. Use the solution so obtained to prepare the Test
Solution.
COMMENTS
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This test shows minimal difference between equivalent IgG and albumin samples. Addition of
the sodium hydroxide and the Biuret Reagent as a combined reagent, insufficient mixing after
the addition of the sodium hydroxide, or an extended time between the addition of the sodium
hydroxide solution and the addition of the Biuret Reagent will give IgG samples a higher
response than albumin samples. The trichloroacetic acid method used to minimize the effects of
interfering substances can also be used to determine the protein content in test specimens at
concentrations below 500 µg per mL.

USP42

Method 6
This fluorometric method is based on the derivatization of the protein with o-phthalaldehyde
(OPA), which reacts with the primary amines of the protein (i.e., NH2 -terminal amino acid and
the ε-amino group of the lysine residues). The sensitivity of the test can be increased by
hydrolyzing the protein before testing. Hydrolysis makes the α-amino group of the constituent
amino acids of the protein available for reaction with the o-phthalaldehyde reagent. The
method requires very small quantities of the protein.
Primary amines, such as tris(hydroxymethyl)aminomethane and amino acid buffers, react with
o-phthalaldehyde and must be avoided or removed. Ammonia at high concentrations will react
with o-phthalaldehyde as well. The fluorescence obtained when amine reacts with ophthalaldehyde can be unstable. The use of automated procedures to standardize this
procedure
the analysis USP42
may improve the accuracy and precision of the test.
Standard solutions: Unless otherwise specified in the individual monograph, dissolve
prepare USP42
the Reference Standard or reference material for the protein under test in the buffer used to
prepare the Test solution. Dilute portions of this solution with the same buffer to obtain NLT 5
Standard solutions having concentrations of 10–200 µg/mL of protein, the concentrations being
evenly spaced.
Test solution: Dissolve
Solubilize USP42
a suitable quantity of the protein under test in the appropriate buffer to obtain a solution
having a concentration within the range of the concentrations of the Standard solutions.
Blank: Use the buffer used to prepare the Test solution and the Standard solutions.
Reagents
Borate buffer—Dissolve about 61.83 g of boric acid in water, and adjust with potassium
hydroxide to a pH of 10.4. Dilute with water to 1 L, and mix.
Stock OPA reagent—Dissolve about 120 mg of o-phthalaldehyde in 1.5 mL of methanol, add 100
mL of Borate buffer, and mix. Add 0.6 mL of polyoxyethylene (23) lauryl ether, and mix. This
solution is stable at room temperature for at least 3 weeks.
OPA reagent—To 5 mL of Stock OPA reagent add 15 µL of 2-mercaptoethanol. Prepare at least
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30 min prior to use. This reagent is stable for one day.
Procedure: Adjust each of the Standard solutions and the Test solution to a pH between 8
.0 USP42
and 10.5. Mix 10 µL of the Test solution and each of the Standard solutions with 100 µL of OPA
reagent, and allow to stand at room temperature for 15 min. Add 3 mL of 0.5 N sodium
hydroxide, and mix. Using a suitable fluorometer (see Fluorescence Spectroscopy 〈853〉),
determine the fluorescent intensities of solutions from the Standard solutions and the Test
solution at an excitation wavelength of 340 nm and an emission wavelength between 440–455
nm. [Note—The fluorescence of an individual specimen is read only once because irradiation
decreases the fluorescent intensity.]
Calculations: The relationship of fluorescence to protein concentration is linear. Using the
linear regression method, plot the fluorescent intensities of the solutions from the Standard
solutions versus the protein concentrations, and determine the standard curve best fitting the
plotted points. From the standard curve so obtained and the fluorescent intensity of the Test
Solution, determine the concentration of protein in the test specimen.
Determine the concentration of protein in the Test solution from the standard curve and the
fluorescence of the Test solution. USP42
Method 7
This method is based on nitrogen analysis as a means of protein determination. Interference
caused by the presence of other nitrogen-containing substances in the test specimen can
affect the determination of protein by this method
since non-proteinaceous nitrogen will also be detected. USP42
Nitrogen analysis techniques destroy the protein under test and are not limited to protein
presentation in an aqueous environment
stand-alone methods since they quantitate all nitrogen present. If either Procedure 1 or
Procedure 2 below is used to determine protein content, then a suitable orthogonal method
must also be used to verify that no other nitrogen-containing sources are present and
contributing to the apparent total protein content. USP42
Procedure 1: Determine the nitrogen content of the protein under test as directed under
Nitrogen Determination 〈461〉. Commercial instrumentation is available for the Kjeldahl nitrogen
assay.
Procedure 2: Commercial instrumentation is available for nitrogen
(elemental) USP42
analysis. Most nitrogen analysis instruments use pyrolysis (i.e., combustion of the sample in
oxygen at temperatures approaching 1000°), which produces nitric oxide (NO) and similar
oxides of nitrogen (NOx) from the nitrogen present in the test protein. Some instruments
convert the nitric oxides to nitrogen gas, which is quantified with a thermal conductivity
detector. Other instruments mix nitric oxide (NO) with ozone (O3 ) to produce excited nitrogen
dioxide (NO2 ), which emits light when it decays and can be quantified with a
chemiluminescence detector. A protein reference material or reference standard that is
relatively pure and is similar in composition to the test proteins is used to optimize the injection
and pyrolysis parameters and to evaluate consistency in the analysis.
Calculations: The protein concentration is calculated by dividing the nitrogen content of the
sample by the known nitrogen content of the protein. The known nitrogen content of the
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protein can be determined from the chemical composition of the protein or by comparison with
the nitrogen content of the Reference Standard or reference material.

1 Suitable commercial columns are available. For example, PD-10 columns (available from GE Healthcare)
for samples ranging from 1.0–2.5 mL, NAP-10 columns for samples up to 1.0 mL, NAP-5 columns for samples
up to 0.5 mL, or another suitable alternative. USP42
2 Dye purity is important in the reagent preparation. Serva Blue G (C rescent C hemical C ompany, Hauppauge,
Islandia, USP42
NY) is an acceptable grade.
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1. INTRODUCTION
The purpose of this general chapter is to provide general information to assist pharmacists
and support personnel in performing the necessary calculations for compounding and dispensing
medications. This general chapter is not inclusive of all the information necessary for performing
pharmaceutical calculations. For additional information regarding pharmaceutical calculations,
consult a pharmaceutical calculations textbook. For additional information on pharmaceutical
compounding and drug stability, see Pharmaceutical Compounding—Nonsterile Preparations
〈795〉, Pharmaceutical Compounding—Sterile Preparations 〈797〉, Packaging and Storage
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Requirements 〈659〉, Quality Assurance in Pharmaceutical Compounding 〈1163〉, and Stability
Considerations in Dispensing Practice 〈1191〉.
Correct pharmaceutical calculations can be accomplished by using proper conversions from
one measurement system to another and properly placing decimal points (or commas, in
countries where it is customary to use these in the place of decimal points), by understanding
the arithmetical concepts, and by paying close attention to the details of the calculations.
Before proceeding with any calculation, pharmacists should do the following: (a) read the entire
formula or prescription carefully; (b) determine the materials that are needed; and then (c)
select the appropriate methods of preparation and the appropriate calculations.
Logical methods that require as few steps as possible should be selected to ensure that
calculations are done accurately and correctly. A pharmacist should double-check each
calculation or have someone else double-check, e.g., a technician, if another pharmacist is not
available, before proceeding with compounding the preparation. One expedient method of
double-checking is estimation, which consists of convenient rounding (e.g., 0.012 to 0.01, 0.44
to 0.5, 18.3 to 20, and 476 to 500) to approximate the magnitude of answers.
Change to read:
2. CALCULATING
USP42

AMOUNTS OF ACTIVE INGREDIENTS
The pharmacist must be able to calculate the amount or concentration of drug substances in
each unit or dosage portion of a compounded preparation at the time it is prepared and again
at the time it is dispensed. Pharmacists must perform calculations and measurements to obtain,
theoretically, 100% of the amount of each ingredient in compounded formulations. Calculations
must account for the active ingredient, or active moiety, and water content of drug
substances, which includes those in the chemical formulas of hydrates. Official drug substances
and added substances must meet the requirements in general chapter Loss on Drying 〈731〉,
which must be included in the calculations of amounts and concentrations of ingredients. The
pharmacist should consider the effect of ambient humidity on the gain or loss of water from
drugs and added substances in containers subjected to intermittent opening over prolonged
storage. Each container should be opened for the shortest duration necessary and then closed
tightly immediately after use.
The nature of the drug substance to be weighed and used in compounding a prescription
must be known. If the substance is a hydrate, its anhydrous equivalent weight may need to be
calculated. On the other hand, if there is adsorbed moisture present that is either specified on
a Certificate of Analysis (CoA) or that is determined in the pharmacy immediately before the
drug substance is used in the preparation (see 〈731〉), this information must be used when
calculating the amount of drug substance that is to be weighed to determine the exact amount
of anhydrous drug substance required.
There are cases in which the required amount of a dose is specified in terms of a cation
(e.g., Li+), an anion (e.g., F –), or a molecule (e.g., theophylline in aminophylline). In these
instances, the drug substance weighed is a salt or complex, a portion of which represents the
pharmacologically active moiety. Thus, the exact amount of such substances weighed must be
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calculated on the basis of the required quantity of the pharmacological moiety.
The following formula may be used to calculate the theoretical weight of an ingredient in a
compounded preparation:
W = AB/CD
W = actual weighed amount
A = prescribed or pharmacist-determined weight of the active or functional moiety of drug or
added substance
B = molecular weight (MW) of the ingredient, including waters of hydration for hydrous
ingredients
C = MW of the active or functional moiety of a drug or added substance that is provided in
the MW of the weighed ingredient
D = the fraction of dry weight when the percent by weight of adsorbed moisture content is
known from the loss on drying procedure (see 〈731〉) or from the CoA. The CoA should be lot
specific.
2.1 Active Ingredients
2.1.1 CALCULATING DRUGS DOSED AS SALT FORM AND HYDRATE
Examples—Drugs dosed as salt form and hydrate
1. Drugs dosed as salt form and hydrate
Triturate morphine sulfate and lactose to obtain 10 g in which there are 30 mg of morphine
sulfate for each 200 mg of the morphine–lactose mixture. [Note—Morphine is dosed as the
morphine sulfate, which is the pentahydrate.]
W= weight of morphine sulfate (g)
A= weight of morphine sulfate pentahydrate in the prescription, 1.5 g
B= MW of morphine sulfate pentahydrate, 759 g/mol
C= MW of morphine sulfate pentahydrate, 759 g/mol
D= 1.0
To solve the equation:
W = (1.5 g × 759 g/mol)/(759 g/mol × 1) = 1.5 g of morphine sulfate pentahydrate
2. Active drug moiety and correction for moisture
Accurately weigh an amount of aminophylline to obtain 250 mg of anhydrous theophylline.
[Note—In this example, the powdered aminophylline dihydrate weighed contains 0.4% w/w
absorbed moisture as stated in the CoA received by the pharmacy.]
W = AB/CD
W= weight of aminophylline dihydrate (mg)
A= weight of anhydrous theophylline, 250 mg
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B= MW of aminophylline dihydrate, 456 g/mol
C= MW of anhydrous theophylline, 360 g/mol
D= 0.996
[Note—One mol of aminophylline contains 2 mol of theophylline. Theophylline has a MW of
180.]
To solve the equation:
W = (250 mg × 456 g/mol)/(360 g/mol × 0.996) = 318 mg of aminophylline dihydrate
2.2 Hydrates, Salts, and Esters
Frequently, for stability or other reasons such as taste or solubility, the base form of a drug
is administered in another form such as a salt or an ester. This altered form of the drug usually
has a different MW, and at times it may be useful to determine the amount of the base form of
the drug in the altered form.
2.2.1 CALCULATING HYDRATES, SALTS, AND ESTERS
Examples—Hydrates, salts, and esters
1. Hydrates
If a prescription for 100 g of lidocaine hydrochloride 2% gel is to be made, 2 g of anhydrous
lidocaine hydrochloride could be used, or the equivalent amount of lidocaine hydrochloride
monohydrate could be calculated as follows:
W= weight of lidocaine hydrochloride monohydrate (g)
A= weight of anhydrous lidocaine hydrochloride in the prescription, 2 g
B= MW of lidocaine hydrochloride monohydrate, 288.81 g/mol
C= MW of anhydrous lidocaine hydrochloride, 270.80 g/mol
D= 1.0
To solve the equation:
W = (2 g × 288.81 g/mol)/(270.80 g/mol × 1) = 2.133 g of lidocaine hydrochloride monohydrate
2. Salts
A prescription calls for 10 mL of a fentanyl topical gel at a concentration 50 mcg fentanyl/0.1
mL prepared from fentanyl citrate. The amount of fentanyl citrate required for the preparation
could be calculated as follows:
Amount of fentanyl needed for the preparation:
(50 mcg fentanyl/0.1 mL) × 10 mL = 5000 mcg of fentanyl
W= weight of fentanyl citrate in the prescription (mcg)
A= weight of fentanyl in the prescription, 5000 mcg
B= MW of fentanyl citrate, 528.59 g/mol
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C= MW of fentanyl, 336.47 g/mol
D= 1.0
To solve the equation:
W = (5000 mcg × 528.59 g/mol)/(336.47 g/mol × 1) = 7855 mcg of fentanyl citrate
3. Esters
The amount of cefuroxime axetil contained in a single 250-mg cefuroxime tablet can be
calculated as follows:
W= weight of cefuroxime axetil in tablet (mg)
A= weight of cefuroxime in the prescription, 250 mg
B= MW of cefuroxime axetil, 510.47 mg/mmol
C= MW of cefuroxime, 424.39 mg/mmol
D= 1.0
To solve the equation:
W = (250 mg × 510.47 g/mol)/(424.39 g/mol × 1) = 300 mg of cefuroxime axetil
Change to read:
3. DOSAGES CALCULATIONS
BY BODY WEIGHT AND SURFACE AREA

USP42

3.1 Dosing by Weight
Doses are frequently expressed as mg of drug per kg of body weight per a dosing interval.
3.1.1 CALCULATING DOSING BY WEIGHT
Example—Dosing by weight
A physician orders azithromycin for oral suspension at a dose of 15 mg/kg/day, divided every
12 h, for a child that weighs 36 lb. Calculate the volume of oral suspension, in mL, that should
be administered for each dose of a 200-mg/5-mL suspension as follows:
a. Calculate the child's weight in kg:
36 lb × kg/2.2 lb = 16.4 kg
b. Multiply the weight, in kg, by the dosing rate:
16.4 kg × 15 mg/kg/day = 246 mg/day
c. Divide the total daily dose by the number of doses/day:
246 mg/2 doses = 123 mg/dose
d. Calculate the volume of each dose using ratio and proportion:
(123 mg/dose)/(200 mg/5 mL) = 3.1 mL/dose
Some calculations may also be completed using dimensional units analysis (DUA). The DUA
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should begin at the left end with a factor containing the numerator answer units. All units other
than those in the answer should cancel. If using DUA, the preceding equation would be as
follows:

3.2 Dosing by Body Surface Area (Humans)
Some medications, including chemotherapeutic agents, require dosing by body surface area
(BSA). The dose is expressed as amount of drug per meter squared (m2). BSA may be
calculated using the following formulas:

3.2.1 CALCULATING BY BODY SURFACE AREA (HUMAN)
Example—Dosing by BSA (humans)
A physician orders rituximab at a dose of 375 mg/m2 every week for 6 weeks for a patient
who is 6 ft 2 in tall and weighs 183 lb. Calculate the volume, in mL, of 10-mg/mL rituximab
injection needed to make each IV infusion dose as follows:
a. Calculate the patient’s BSA:

b. Multiply the BSA by the dosing rate:
2.08 m2 × 375 mg/m2 = 780 mg/dose
c. Calculate the volume of each dose using ratio and proportion:
(780 mg/dose)/(10 mg/mL) = 78 mL/dose
The preceding calculation may also be completed using DUA as follows:

3.3 Dosing By Body Surface Area (Animals)
BSA for cats and dogs may be calculated using the following formulas. For other animals,
consult an appropriate veterinary medicine reference.
Body surface area for cats:
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BSA (m2) = {10 × [body weight (g)]0.667}/10,000
Body surface area for dogs:
BSA (m2) = {10.1 × [body weight (g)]0.667}/10,000
3.3.1 CALCULATING DOSING BY BODY SURFACE AREA (ANIMALS)
Example—Dosing by BSA (animals)
A veterinarian orders oral cyclophosphamide therapy at a dose of 50 mg/m2 for a cat who
weighs 5.8 kg. Calculate the dose of cyclophosphamide as follows:
a. Calculate the cat’s BSA:
BSA (m2) = [10 × (5800 g)0.667]/10,000 = 0.324 m2
b. Multiply the BSA by the dosing rate:
0.324 m2 × 50 mg/m2 = 16.2 mg
Change to read:
4. USE OF
BIOLOGICAL USP42
POTENCY UNITS
Because some substances cannot be completely characterized by chemical and physical
means, it may be necessary to express quantities of activity in biological units of potency [see
the USP General Notices 5.50.10, Units of Potency (Biological)].
4.1 Calculating by Use of Potency Units
Examples—Use of potency units
1. Potency units-to-milligrams conversion
A dose of penicillin G benzathine for streptococcal infection is 1.2 million units administered
intramuscularly. If a specific product contains 1180 units/mg, calculate the amount, in mg, of
penicillin G benzathine in the dose as follows:
(1,200,000 units)/(1180 units/mg) = 1017 mg of penicillin G benzathine
2. Potency units-to-milligrams conversion
A prescription calls for 60 g of an ointment containing 150,000 units of nystatin per gram.
Calculate the quantity of nystatin with a potency of 4400 units/mg that should be weighed for
the prescription as follows:
60 g × (150,000 units of nystatin/g) = 9,000,000 units
9,000,000 units/(4400 units/mg) = 2045 mg of nystatin
5. VOLUME AND WEIGHT SUMS

PF 44(1): Jan.-Feb. 2018

103

Weights are additive in most mixtures of liquids, semisolids, and solids. Volumes in mixtures of
miscible solutions and pure liquids may or may not be additive, based primarily on the effects of
volume proportions and intermolecular hydrogen bonding. For example, mixtures containing
equal or near-equal volumes of water and ethanol (and other miscible mono-hydroxy alcohols)
will be exothermic and result in a volume contraction of <5%, e.g., 50 mL of water + 50 mL of
ethanol yield 97–98 mL at 20°–25°. Negligible volume contraction occurs between water and
polyhydroxy or polyhydric alcohols, e.g., glycerin and propylene glycol. Volumes are additive
with usually negligible error in aqueous mixtures that contain <10% of mono-hydroxy alcohols,
i.e., there is <0.5% volume contraction.
6. DENSITY AND SPECIFIC GRAVITY
Density is defined as the mass of a substance in air at a specific temperature (typically 25°)
per unit volume of that substance at the same temperature. Density may be calculated with
the following equation:
Density = (mass of substance/volume of substance) at a particular temperature and pressure
Specific gravity (SG) is the unitless ratio of the density of a substance to the density of
water at 4°, or [(g of substance/mL)/1.00 g/mL]. Alternatively, SG can be calculated at a
particular temperature in some common units of density from density of substance per density
of water.
SG may be calculated with the following equation:
SG = (weight of the substance)/(weight of an equal volume of water)
6.1 Calculating Density and Specific Gravity
Examples—Density and specific gravity
1. Density calculation
2.3 g of activated charcoal powder occupies a bulk volume of 5.2 mL at 20° and 1 atm. The
density of activated charcoal powder can be calculated as follows:
Density = 2.3 g/5.2 mL = 0.44 g/mL
2. SG calculation
125 g of glycerin occupies a volume of 99 mL at 25°. [Note—The density of water at 25° is
0.997 g/mL.] The SG of glycerin can be calculated as follows:
SG = (125 g/99 mL)/(0.997 g/mL) = 1.266
3. Concentrated acid calculation
Hydrochloric acid is approximately a 37% w/w solution of hydrochloric acid in water. Calculate
the amount, in g, of hydrochloric acid contained in 75 mL of hydrochloric acid as follows. [Note
—The SG of hydrochloric acid is 1.18.]
37% w/w × 1.18 = 43.7% w/v

PF 44(1): Jan.-Feb. 2018

104

(43.7 g/100 mL) × 75 mL = 32.8 g of hydrochloric acid
7. MILLIEQUIVALENTS AND MILLIMOLES
[Note—This section addresses milliequivalents (mEq) and millimoles (mmol) as they apply to
electrolytes for dosage calculations. See also 8. Concentrations Expressions.]
The quantities of electrolytes administered to patients are usually expressed in terms of mEq.
Weight units such as mg or g are not often used for electrolytes because the electrical
properties of ions are best expressed as mEq. An equivalent (Eq) is the weight of a substance
that supplies 1 unit of charge. An equivalent weight is the weight, in g, of an atom or radical,
divided by the valence of the atom or radical. A mEq is 1/1000th of an Eq. The equivalent
weight of a compound may be determined by dividing its formula or MW in g by the valence of
its largest valence ion.
A mole equals one gram-atomic weight or gram-molecular weight of a substance. A millimole
equals 1/1000th of a mole.
7.1 Calculating Milliequivalents and Millimoles
Examples—Milliequivalents and millimoles
1.Calculate the mEq weight of calcium. [Note—Calcium has a MW of 40.08, and the valence
of calcium is 2+.]
Eq weight = 40.08 g/2 = 20.04 g
mEq weight = 20.04 g/1000 = 0.02004 g = 20.04 mg
2.Calculate the quantity, in mEq, of potassium in a 250-mg Penicillin V Potassium Tablet.
[Note—Penicillin V potassium has a MW of 388.48 g, there is one potassium atom in the
molecule, and the valence of potassium is 1+.]
Eq weight = 388.48 g/1 = 388.48 g
mEq weight = 388.48 g/1000 = 0.38848 g = 388.48 mg
(250 mg/tablet)/(388.48 mg/mEq) = 0.644 mEq of potassium/tablet
3. Calculate the mEq of magnesium and sulfate in a 2-mL dose of 50% Magnesium Sulfate
Injection. [Note—Magnesium sulfate (MgSO4 ·7H2 O) has a MW of 246.47, and the highest
valence ion is magnesium 2+ and sulfate 2−.]
(50 g/100 mL) × (2 mL/dose) = 1 g/dose
Eq weight = 246.47 g/2 = 123.24 g/Eq
(1g/dose)/(123.24 g/Eq) = 0.008114 Eq = 8.114 mEq of both magnesium and sulfate per dose
This problem may also be worked using DUA as follows:
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4.A vial of sodium chloride injection contains 3 mEq/mL of sodium chloride. Calculate the
strength, in % w/v, of the injection. [Note—Sodium chloride has a MW of 58.44.]

(0.1753 g/mL) × 100 mL = 17.53 g in 100 mL = 17.53% w/v
5.Calculate the weight of potassium in mmol. [Note—Potassium has a MW of 39.1.]
The weight of 1 mol is 39.1 g and the weight in mmol is:
39.1 g/1000 = 0.0391 g or 39.1 mg
6.Calculate the mmol of penicillin V potassium in a 250-mg Penicillin V Potassium Tablet. [Note
—Penicillin V potassium has a MW of 388.48.]
The weight of 1 mol is 388.48 g, and the weight of 1 mmol is:
388.48 g/1000 = 0.38848 g or 388.48 mg

8. CONCENTRATION EXPRESSIONS
The concentration expressions in this section refer to homogeneous mixtures of the following
states of matter at a temperature of 20°–30° and pressure of 1 atm (29.92 in Hg, 760 mm Hg,
101.3 kPa, 1013.3 mb): gas in gas, gas in liquid, liquid in liquid, liquid in semisolid, solid in liquid,
solid in semisolid, and solid in solid. Concentration expressions used in pharmacy practice and
pharmaceutical research include, but are not limited to, those listed in Table 1. Common metric
drug strength and clinical concentrations include, for example, mcg/mL, mg/dL, g or mg per L,
and ng/µL (see General Notices 8.240, Weights and Measures).
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Table 1
Title
Mass in
volume
ratios
mEqa per
volume
Molality
Molarity

Abbreviation

Normalitye
Parts per
million
% Volume
in volume
% Weight
in volume
% Weight
in weight

N

None is
standard
mEq/volume
unit
m
M

ppm
% v/v
% w/v
% w/w
1:R
1 in R

Definition
Mass of a dispersed or dissolved ingredient per volume
amount of mixtures containing that ingredient
mEq of an electrolyte or salt per unit of volume of
solutions containing that electrolyte or salt
molb of a solute/kg of a solvent containing that solutec
mol of a solute/L of a solvent containing that soluted
Equivalents (Eqf ) of a solute/L of a solvent containing that
soluteg
Parts of a gas, liquid, or solid per 1 million part of another
gas, liquid, or solid containing the first gas, liquid, or solid
mL of liquid per 100 mL of a solvent containing that liquid
g of a solute per 100 mL of a solvent containing that
solute
g of a solute per 100 g of a mixture containing that solute
1 part of an ingredient per Rh parts of a mixture containing
that ingredient
1 part of an ingredient in Rh parts of a mixture containing
that ingredient
Xh parts of one ingredient per Y h parts of another
ingredient in a mixture

Ratio
strength
X:Y
a 1 mEq = Eq/1000.
b The abbreviation for mole is mol.
c 1 mol of solute per 1 kg of solvent is a 1 molal (1 m) solution.
d 1 mol of solute per 1 L of solution of that solute is a 1 molar (1 M) solution.
e Normality = (Molarity × largest valence ion of a compound), e.g., (18 M H2 SO4 × 2) = 36
N H2 SO4 , where 2 derives from the 2− valence of SO4 .
f Eq of a compound = (1 mol × largest valence ion of a compound), e.g., 1 mol of lithium
citrate = 3 Eq of lithium citrate; 1 mol of Ca(gluconate)2 = 2 Eq of Ca(gluconate)2 ; and 1
mol of KCl = 1 Eq of KCl.
g 1 Eq of solute per 1 L of solution of that solute is a 1 normal (1 N) solution.
h R, X, and Y are whole numbers.
8.1 Calculating Normality
Example—Normality

Calculate the amount of sodium bicarbonate powder needed to prepare 50 mL of a 0.07 N
solution of sodium bicarbonate (NaHCO3 ). [Note—Sodium bicarbonate has a MW of 84.01.]In an
acid or base reaction, because NaHCO3 may act as an acid by giving up one proton, or as a
base by accepting one proton, one Eq of NaHCO3 is contained in each mole of NaHCO3 .
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8.2 Calculating Percentage Concentrations
Percentage concentrations of solutions and other homogeneous mixtures are usually
expressed in one of three common forms in which numerator and denominator quantities are in
g and mL measurement units.
1. Volume percent (% v/v) = (volume of liquid solute/volume of solution or suspension) ×
100
or % v/v = mL of liquid solute in 100 mL of solution or suspension
2. Weight percent (% w/w) = (weight of solute/weight of mixture) × 100
or % w/w = g of ingredient in 100 g of mixture
3. Weight in volume percent (% w/v) = (weight of solute/volume of solution or suspension)
× 100
or % w/v = g of solute in 100 mL of solution or suspension
The preceding three equations may be used to calculate any one of the three values (i.e.,
weights, volumes, or percentages) in a given equation if the other two values are known (see
also General Notices 8.140, Percentage Concentrations).
Examples—Percentage concentrations
1. Weight percent
A prescription order reads as follows (see Table 2):
Table 2
Zinc oxide
Calamine
Starch
White petrolatum

7.5 g
7.5 g
15 g
30 g

Calculate the percentage concentration for each of the four components using the preceding
weight percent equation as follows:
a. The total weight of ointment = 7.5 g + 7.5 g + 15 g + 30 g = 60.0 g
b. The weight percent of zinc oxide = (7.5 g of zinc oxide/60 g of ointment) × 100% =
12.5%
c. The weight percent of calamine = (7.5 g of calamine/60 g of ointment) × 100% =
12.5%
d. The weight percent of starch = (15 g of starch/60 g of ointment) × 100% = 25%
e. The weight percent of white petrolatum = (30 g of white petrolatum/60 g of ointment)
× 100% = 50%
2. Volume percent
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A prescription order reads as follows:
Rx: Eucalyptus Oil 3% v/v in Mineral Oil.
Dispense 30 mL.
Calculate the quantities of ingredients in this prescription using the volume percent equation
as follows:
a. The amount of eucalyptus oil.
3% v/v = (volume of oil in mL/30.0 mL) × 100%
volume in oil = 0.9 mL of eucalyptus oil
b. The amount of mineral oil.
30 mL − 0.9 mL = 29.1 mL of mineral oil
8.3 Conversions of Concentration Expressions
8.3.1 SOLID-IN-LIQUID SOLUTION CONVERSIONS
The calculations used to convert from percent weight in volume, % w/v, to other
concentrations and vice versa, using the same densities and formula or molecular weights, are
illustrated as follows for calcium chloride, magnesium sulfate, and potassium chloride solutions
in water.
8.3.1.1 Calculating solid-in-liquid conversions
Examples—Solid-in-liquid conversions
1. Convert 10% w/v calcium chloride (CaCl2 ·2H2 O) to molality (m). [Note—Calcium chloride
has a MW of 147.01 g; 10% w/v solution has a density of 1.087 g/mL.]
10% w/v = 10 g of calcium/100 mL of solution
Using the density of the solution:
100 mL of solution × 1.087 g/mL = 108.7 g of solution
108.7 g of solution − 10 g of calcium chloride = 98.7 g of water = 0.0987 kg of water
10 g of calcium chloride/(147.01 g of calcium chloride/mol of calcium chloride) = 0.068 mol of
calcium chloride
0.068 mol of calcium chloride/0.0987 kg of water = 0.689 m
2. Convert 50% w/v magnesium sulfate (MgSO4 ·7H2 O) to molarity (M). [Note—Magnesium
sulfate has a MW of 246.47 g.]

3. Convert 10% w/v calcium chloride (CaCl2 ·2H2 O) to normality (N).
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*2 Eq/mol derived from the 2+ valence of calcium
4. Convert 10% w/v calcium chloride (CaCl2 ·2H2 O) to mEq/mL.

5. Convert 0.1% w/v calcium chloride (CaCl2 ·2H2 O) to ppm.
(0.1 g/100 mL) × (1 × 106 ppm) = 1000 ppm
6. Convert 33% w/v potassium chloride (KCl) to 1:R ratio strength.
(1/R) = (33 g/100 mL)
R = 3.03
1:R = 1:3
8.3.2 LIQUID-IN-LIQUID SOLUTION CONVERSIONS
The calculations used to convert from percent weight in weight, % w/w, and volume in
volume, % v/v, to other concentrations and vice versa using the same densities and formula or
MWs, are illustrated for glycerin and isopropyl alcohol in water. Besides liquid-in-semisolid, solidin-semisolid, and solid-in-solid mixtures, % w/w is used for viscous liquids, such as coal tar,
glycerin, and concentrated acids.
8.3.2.1 Converting liquid-in-liquid solutions
Examples—Liquid-in-liquid conversions
1. Convert 50% w/w glycerin to % w/v. [Note—50% w/w glycerin has a density of 1.13
g/mL.]
(50 g/100 g) × (1.13 g/mL) = 0.565 g/mL
56.5 g/100 mL = 56.5% w/v
2.Convert 70% v/v isopropyl alcohol to % w/w. [Note—Isopropyl alcohol has a density of
0.79 g/mL, and 70% v/v isopropyl alcohol has a density of 0.85 g/mL.]
70 mL of isopropyl alcohol × (0.79 g/mL) = 55.3 g of isopropyl alcohol
100 mL of solution × (0.85 g/mL) = 85 g of solution
(55.3 g of isopropyl alcohol/85 g of solution) × 100 = 65.06% w/w
3. Convert 70% v/v isopropyl alcohol to % w/v. The following values are from example 2.
55.3 g of isopropyl alcohol/100 mL of solution = 55.3% w/v
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4.Convert 50% w/w glycerin to molality (m). [Note—Glycerin has a MW of 92.1.]
50 g of glycerin/(92.1 g/mol) = 0.543 mol of glycerin
100 g of solution − 50 g of glycerin = 50 g of water = 0.05 kg of water
(0.543 mol of glycerin/0.05 kg of water) = 10.86 m
5.Convert 70% v/v isopropyl alcohol to molality (m). [Note—Isopropyl alcohol has a density of
0.79 g/mL and a MW of 60.1; 70% v/v isopropyl alcohol has a density of 0.85 g/mL.]
70 mL of isopropyl alcohol × (0.79 g/mL) = 55.3 g of isopropyl alcohol
100 mL of solution × (0.85 g/mL) = 85 g of solution
(85 g of solution − 55.3 g of isopropyl alcohol) = 29.7 g of water = 0.0297 kg of water
55.3 g of isopropyl alcohol/(60.1 g/mol) = 0.92 mol of isopropyl alcohol
(0.92 mol of isopropyl alcohol/0.0297 kg of water) = 30.98 m
6.Convert 50% w/w glycerin to molarity (M). [Note—Glycerin has a MW of 92.1 g.]
From example 1, 50% w/w glycerin = 56.5% w/v glycerin
(56.5 g/100 mL) × (mol/92.1 g) × (1000 mL/L) = 6.13 M
7.Convert 50% w/w glycerin to % v/v. [Note—50% w/w of glycerin has a density of 1.13
g/mL; 100% glycerin has a density of 1.26 g/mL.]
50 g of glycerin/(1.26 g/mL) = 39.7 mL of glycerin
100 g of solution/(1.13 g/mL) = 88.5 mL of solution
(39.7 mL of glycerin/88.5 mL of solution) × 100% = 44.8% v/v
9.Convert 50% w/w glycerin to 1 in R ratio strength.
1/R = (50 g of glycerin/100 g of solution)
R=2
1 in R = 1 in 2
8.3.3 SOLID AND SEMISOLID IN SOLID AND SEMISOLID MIXTURE CONVERSIONS
The calculations used to convert from percent weight in weight (% w/w) to ppm and ratio
strengths are illustrated as follows for fluocinonide and tolnaftate in topical semisolids and
powders.
8.3.3.1 Calculating solid and semisolid in solid and semisolid mixture conversions
Examples—Solid and semisolid in solid and semisolid mixture conversions
1.Convert 0.05% w/w fluocinonide ointment to ppm.
(0.05 g/100 g) × (1 × 106 ppm) = 500 ppm
2.Convert 1.5% w/w tolnaftate powder to 1:R ratio strength.
1/R = (1.5 g of tolnaftate/100 g of powder)
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R = 67
1:R = 1:67
3.Convert 1% w/w tolnaftate in talcum powder to X:Y ratio strength.
100 g of powder − 1 g of tolnaftate = 99 g of talcum
X:Y = 1 g of tolnaftate:99 g of talcum
8.4 Dilution and Concentration
A more concentrated solution can be diluted to a lower concentration to obtain appropriate
strength and precision when compounding preparations. Powders and semisolid mixtures can be
triturated or mixed to achieve lower concentrations. The amount of an ingredient in the diluted
mixture is the same as that in the portion of the more concentrated source used to make the
dilution; thus, the following equation can be applied to dilution problems (Q1)(C1) = (Q2)(C2),
where Q1 and Q2 are the quantity of solutions 1 and 2, respectively, and C1 and C2 are
concentrations of solutions 1 and 2, respectively. Any quantities and concentration terms may
be used but the units of those terms must be the same on both sides of the equation.
8.4.1 CALCULATING DILUTION AND CONCENTRATION
Examples—Dilutions and fortifications
1. Semisolid dilution
Calculate the quantity (Q2), in g, of diluent that must be added to 60 g of a 10% w/w
ointment to make a 5% w/w ointment.
(Q1) = 60 g, (C1) = 10% w/w, and (C2) = 5% w/w
60 g × 10% w/w = (Q2) × 5% w/w
(Q2) = 120 g
120 g − 60 g = 60 g of diluent to be added
2.Solid dilution
Calculate the amount of diluent that should be added to 10 g of a trituration (1 in 100) to
make a mixture that contains 1 mg of drug in each 10 g of the final mixture.
Convert mg to g: 1 mg of drug = 0.001 g of drug
10 g of mixture should contain 0.001 g of drug
(Q1) = 10 g, (C1) = (1 in 100), and (C2) = (0.001 in 10)
10 g × (1/100) = (Q2) × (0.001/10)
(Q2) = 1000 g
Because the final mixture of 1000 g contains 10 g of the trituration, 990 g (or 1000 g − 10 g)
of diluent is required to prepare the mixture at a concentration of 0.001 g of drug in each 10 g.
3. Liquid dilution
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Calculate the percentage strength (C2) of a solution obtained by diluting 400 mL of a 5.0%
w/v solution to 800 mL.
(Q1) = 400 mL, (C1) = 5.0% w/v, and (Q2) = 800 mL
400 mL × 5% w/v = 800 mL × (C2)
(C2) = 2.5% w/v
4. Liquid fortification
Calculate the additional amount, in g, of codeine phosphate that need to be added to 180 mL
of a 12 mg/5 mL elixir of acetaminophen with codeine to have a final concentration of 30 mg/5
mL of codeine phosphate.
Amount to add = Total amount required − Amount present
Total amount required: (30 mg/5 mL) × 180 mL = 1080 mg of codeine phosphate
Amount present = (12 mg of codeine/5 mL) × 180 mL = 432 mg of codeine phosphate
Amount to add: 1080 mg − 432 mg = 648 mg of codeine phosphate
Change to read:
9. ALCOHOL
AND ETHANOL USP42
To achieve compliance with the statements in the General Notices about alcohol and the USP
monograph for Alcohol, some conventions and special calculations are needed. See General
Notices 5.20.20.1 In Compounded Preparations, 8.30 Alcohol Content, and Labeling 〈7〉, Labels
and Labeling for Products and Other Categories, Alcohol for information. The USP monograph for
Alcohol states that it contains 92.3%–93.8% by weight corresponding to 94.9%–96.0% by
volume of alcohol (C2 H5 OH) at 15.56°. The percent concentration for alcohol is generally taken
to be 95% v/v of alcohol (C2 H5 OH) in water.
In summary:
When the word alcohol is written on a prescription order or in a formula, as for example
“alcohol 10 mL” or “dissolve in 5 mL of alcohol”, the compounder should use the Alcohol,
USP [that is 95% alcohol (C2 H5 OH)].
When the word alcohol is written with a percent, for example “alcohol 20%”, this means
20% v/v of alcohol (C2 H5 OH). If this percent is on a label of a commercial product, it
means the product contains 20% v/v alcohol (C2 H5 OH). If this is part of a compounding
formula, it means the compounder must add the equivalent of 20% v/v alcohol
(C2 H5 OH), which may require special calculations.
Labels of products and compounded preparations are to include the content of alcohol
(C2 H5 OH) in % v/v. For compounded preparations, this value must often be calculated
based on the volume(s) of alcohol-containing ingredients added.
For calculations when preparing compounded drug preparations using Alcohol, USP, the first
step is to determine the quantity, in mL, of alcohol needed, and the second step is to
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determine the % v/v of alcohol (C2 H5 OH) in the final preparation so that it can be properly
labeled.
9.1 Calculating Alcohol
Examples—Alcohol
1. Determine the quantity of alcohol needed for the prescription (see Table 3):
Table 3
Clindamycin
1%
Alcohol
15%
Propylene glycol
5%
Purified water, a sufficient quantity to make 60 mL
a. In this prescription order, the alcohol 15% means the preparation contains 15% v/v of
alcohol (C2 H5 OH).
b. Calculate the quantity of alcohol (C2 H5 OH) needed for 60 mL of preparation:
15% v/v × 60 mL = 9 mL of alcohol

x = 9 mL of alcohol

USP42

c. Because the source of alcohol (C2 H5 OH) is Alcohol, USP, calculate the volume, in mL, of
Alcohol, USP needed to give 9 mL of alcohol (C2 H5 OH)
9 mL alcohol/95% v/v Alcohol, USP = 9.5 mL of Alcohol, USP
Therefore, add 9.5 mL of Alcohol, USP to this preparation.
Because alcohol or ethanol content is required in drug labeling, the content in this
preparation would be labeled as either alcohol 15%, or ethanol 14.3%, where 14.3%
results from (15 mL × 0.9545) in which 0.9545 is the mean fraction by volume of
ethanol in Alcohol, USP. USP42
d. Determine the % v/v alcohol content for labeling. Because labeling of alcohol is in % v/v
of alcohol (C2 H5 OH), the alcohol content of this preparation would be labeled: Alcohol
15%.
2. Determine the alcohol content, in % v/v, for the prescription (see Table 4):
Table 4
Castor oil
Acacia
Alcohol
Cherry syrup
Purified water, a sufficient quantity to make

40 mL
As needed
15 mL
20 mL
100 mL
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Because the USP monograph for Alcohol is to be used when alcohol is called for in formulas,
measure 15 mL of Alcohol, USP.
95% Alcohol, USP × 15 mL = 14.25 mL of alcohol
14.25 mL of alcohol/100 mL of preparation = 14.25% alcohol

a. In this formulation, alcohol 15 mL means the preparation contains 15 mL of Alcohol,
USP.
b. In 100 mL of preparation, calculate the % v/v of ethanol: (15 mL × 0.9545) = 14.3 mL
of ethanol, where 0.9545 is the mean fraction by volume of ethanol in Alcohol, USP.
c. Because alcohol or ethanol content is required in drug labeling, the content in this
preparation would be labeled as either alcohol 15% or ethanol 14.3%.
USP42

Change to read:
10. ALLIGATION ALTERNATE AND ALGEBRA METHODS
FOR COMBINING MULTIPLE STRENGTHS OF THE SAME ACTIVE PHARMACEUTICAL
INGREDIENT USP42
10.1 Alligation Alternate
Alligation is a method of determining the proportions in which substances of different
strengths are mixed to yield a desired strength or concentration. Once the proportion is found,
the calculation may be performed to find the exact amounts of substances required.
Set up the problem as follows.
1. Place the desired percentage or concentration in the center.
2. Place the percentage of the substance with the lower strength on the lower left-hand
side.
3. Place the percentage of the substance with the higher strength on the upper left-hand
side.
4. Subtract the lower percentage from the desired percentage, and place the obtained
difference on the upper right-hand side.
5. Subtract the desired percentage from the higher percentage, and place the obtained
difference on the lower right-hand side.
The results on the right side determine how many parts of the two different percentage
strengths should be mixed to produce the desired percentage strength of a drug mixture. The
total parts will equal the final weight or volume of the preparation.
10.1.1 CALCULATING BY USING THE ALLIGATION ALTERNATE
Examples—Alligation alternate
1.Determine the amount of ointment containing 12% drug concentration and the amount of
ointment containing 16% drug concentration must be used to make 1 kg of a preparation
containing a 12.5% drug concentration.
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In a total of 4 parts of 12.5% preparation, 3.5 parts of 12% ointment and 0.5 parts of 16%
ointment are needed.
4 parts correspond to 1 kg or 1000 g.
1 part corresponds to 250 g.
3.5 parts correspond to 3.5 × 250 g or 875 g of 12% ointment.
0.5 parts correspond to 0.5 × 250 g or 125 g of 16% ointment.
2. Determine the volume, in mL, of 20% dextrose in water and 50% dextrose in water needed
to make 750 mL of 35% dextrose in water.

In a total of 30 parts of 35% dextrose in water, 15 parts of 50% dextrose in water and 15
parts of 20% dextrose in water are required.
30 parts correspond to 750 mL.
15 parts correspond to 375 mL.
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Thus, use 375 mL of the 20% solution and 375 mL of the 50% solution to prepare the
preparation.
10.2 Algebra Method
The following algebraic equation may be used instead of alligation to solve problems of mixing
two different strengths of the same ingredient:
(Cs × Qs ) + (Cw × Qw) = (Cf × Qf ), where C is concentration or strength, Q is the quantity;
and the subscript s identifies the strongest strength, w identifies the weakest strength, f
represents the final mixture with a strength less than s and greater than w, (Qs + Qw) = Qf , Qs
= (Qf − Qw), and Qw = (Qf − Qs ).
10.2.1 CALCULATING BY USING THE ALGEBRA METHOD
Examples—Algebra method
1. Determine the amount, in g, of 16% w/w drug ointment and 12% w/w drug ointment
required to prepare 1 kg of 12.5% w/w drug ointment.
(16% × Qs ) + [12% × (1000 g − Qs )] = 12.5% × 1000 g
16% Qs + 120 g − 12% Qs = 125 g
4% Qs = 5 g
Qs = 5 g/4% = 125 g of 16% ointment
Qw = 1000 g − 125 g = 875 g of 12% ointment
2. Determine the volume, in mL, of 10% dextrose injection and 50% dextrose injection needed
to make 750 mL of 35% dextrose injection.
(50% × Cs ) + [10% × (750 mL − Cs )] = 35% × 750 mL
50% Cs + 75 mL − 10% Cs = 262.5 mL
40% Cs = 187.5 mL
Cs = 187.5 mL/40% = 468.75 mL (470 mL practically)
Cw = 750 mL − 468.75 mL = 281.25 mL (280 mL practically)
Change to read:
11. ALIQUOT CALCULATIONS
DILUTIONS USP42
When the quantity of drug desired requires a degree of precision in measurement that is
beyond the capability of the available measuring devices, the pharmacist may use the aliquot
method of measurement. It applies when potent drug substances are compounded, or when the
total amount of the active drug in a single dose or individualized doses is less than the minimum
accurately weighable quantity (MAWQ). Even if the amount of drug needed is greater than the
MAWQ per unit, an aliquot will provide more material per unit, which will aid in handling and
administration. Aliquot means “containing an exact number of times in something else;” the
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aliquot must be a proportional part of the total. Therefore, 5 is an aliquot part of 15, because 5
is contained exactly 3 times in 15. Both the total volume of solution or weight of powder
triturate and the aliquot volume/weight should be easily and accurately measurable. If the
solution or powder triturate is highly concentrated and a small error is made in measuring the
aliquot, a large error can occur in the quantity of drug brought to the final formulation.
Aliquots can be: solid–solid, when the active drug and the diluents are solids; solid–liquids,
when the active drug is solid and is to be incorporated into a liquid preparation, such as a
solution, an emulsion, or a suspension; and liquid–liquid, when the active drug is liquid and the
diluents are liquids. It can be a pure liquid or a concentrated solution of a drug. Aliquots of pure
liquids are relatively uncommon because few drugs are liquid in their pure state. Aliquots
involving concentrated solutions are more common.
There are two general methods to prepare aliquots:
1. Aliquot method 1 is applicable to drugs or substances that have to be within the degree
of accuracy provided by the measuring device. It is the simplest method and can be
applied to solid and liquid aliquots.
2. Aliquot method 2, also known as the dilution factor method, is useful when there is more
flexibility in the amount of drug that may be measured.
Aliquot Method 1
a. The MAWQ amount of drug is measured.
b. The drug is diluted with an arbitrary amount of diluent.
c. The amount of dilution that will give the desired amount of drug is calculated, and the
amount is measured.
Aliquot Method 2
a. The quantity of drug to be measured is determined by multiplying the amount of drug
needed by an appropriately determined factor, called the dilution factor. The dilution
factor must be a whole number more than or equal to the MAWQ divided by the amount
of drug needed.
b. An arbitrary amount of diluent is measured and added. The amount of diluent used can
be determined by different methods, provided the amount of diluent chosen will give an
aliquot greater than or equal to the MAWQ.
c. The amount of aliquot needed is determined by multiplying the weight or volume of the
dilution by the inverse of the dilution factor. Dilution factors are usually chosen to be
whole numbers.
The general calculations can be shown as:
A/B = C/D
A= amount of drug desired
B= amount of drug measured
C= amount of drug in aliquot
D= aliquot total amount

PF 44(1): Jan.-Feb. 2018

118

11.1 Calculating Aliquots
Examples—Aliquots
1. Solid-in-liquid dilution (Aliquot Method 1)
Prepare 100 mL of a solution containing 0.2 mg/mL of clonidine using water as the diluent. To
prepare this solution, 20 mg of clonidine is needed.
a. Select the weight of drug desired (A) to be equal to or greater than the MAWQ. In this
situation, the MAWQ of the balance is 120 mg.
b. Select the aliquot volume (D) in which the desired amount of drug (C) will be contained.
This establishes the concentration of the solution to be prepared. Clonidine solubility is
1 g/13 mL, so if 5 mL is selected as the aliquot volume, the concentration in that
solution will be 20 mg/5 mL. Therefore, solubility will not be a problem in this aqueous
solution.
c. Using the preceding formula, calculate the volume of solution (B) to be prepared.
120 mg of clonidine/B = 20 mg of clonidine/5 mL of aliquot
B = 30 mL
d. Prepare the solution containing 120 mg of clonidine in 30 mL of Purified Water. Transfer
a 5-mL aliquot from this solution to a final container, and add sufficient Purified Water
to bring the formulation to a final volume of 100 mL.
2. Solid-in-solid dilution (Aliquot Method 2)
Prepare an individual dose of codeine phosphate 20 mg.
a. Select a dilution factor that will yield a quantity that is greater than or equal to the
MAWQ, and weigh this amount. In this case, the dilution factor may be greater than or
equal to 6 because 6 × 20 mg = 120 mg. The smallest dilution factor that may be
chosen is 6 if the MAWQ of the balance is 120 mg.
b. Weigh an amount of diluent that will give an aliquot greater than or equal to the MAWQ.
In this example, 600 mg of diluent is weighed.
c. Mix the two powders thoroughly by geometric trituration in a mortar.
d. Calculate the total weight of the dilution: 120 mg codeine phosphate + 600 mg diluent =
720 mg.
e. Calculate the aliquot part of the dilution that contains 20 mg of codeine phosphate by
multiplying the total weight of the dilution by the inverse of the dilution factor: 720 mg
× (1/6) = 120 mg.
f. Weigh this calculated amount of the dilution (120 mg) to get the desired 20 mg of
codeine phosphate per dose.
Change to read:
12. POWDER VOLUME CALCULATIONS
DISPLACEMENT IN LIQUIDS USP42
12.1 Displacement in Suspension
12.1.1 CALCULATING POWDER VOLUME
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Examples—Powder volume
1. Powder displacement in suspension
The directions to reconstitute a 150-mL bottle of an amoxicillin for oral suspension of 250
mg/5 mL require 111 mL of Purified Water. The physician has requested that the product be
reconstituted at a concentration of 500 mg/5 mL. Calculate the amount of Purified Water
required for the higher concentration.
a. Calculate the volume of the suspension occupied by the amoxicillin powder:
150 mL − 111 mL = 39 mL
b. Calculate the quantity of amoxicillin present in the entire bottle:
150 mL × (250 mg/5 mL) = 7500 mg
c. Calculate the total volume of the suspension at the requested concentration (500 mg/5
mL):
7500 mg/(500 mg/5 mL) = 75 mL
d. Calculate the volume of Purified Water needed to reconstitute the powder by
subtracting the powder volume calculated in step a:
75 mL − 39 mL = 36 mL of Purified Water
[Note—Such formulations may be too viscous to flow freely.]
2.Powder volume in drugs for injection
If the powder volume of 250 mg of ceftriaxone for injection is 0.1 mL, calculate the amount of
diluent that should be added to 500 mg of ceftriaxone for injection to make a suspension with a
concentration of 250 mg/mL.
a. Calculate the total volume of injection:
500 mg/(250 mg/mL) = 2 mL
b. Calculate the volume occupied by 500 mg of ceftriaxone for injection:
500 mg/(250 mg/0.1 mL) = 0.2 mL
c. Calculate the volume of the diluent required:
(2 mL of suspension) − (0.2 mL of ceftriaxone for injection) = 1.8 mL of diluent
13. INTRAVENOUS FLOW OR INFUSION RATES
Intravenous (IV) solutions and emulsions may be administered by gravity flow and infusion or
syringe pumps. Gravity-flow IV sets are regulated by an adjustable clamp on the tubing, and
the approximate flow rate is determined by counting the number of drops per 10–15 seconds,
then adjusting that to a per minute rate. Manufactured IV sets are typically calibrated to
deliver from 15 to 60 drops/mL, depending on the particular set.
13.1 Solving by Multiple or Separate Steps
As in previous sections, the following examples may be solved by multiple separate steps, or
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a single-DUA procedure.
13.1.1 CALCULATING INTRAVENOUS FLOW OR INFUSION RATES
Examples—IV or infusion rates
1.An IV infusion of dextrose 5% in water with 20 mEq of potassium chloride is to be
administered to a 6-year-old child at the rate of 12 mL/hour. An IV administration set that
delivers 60 drops/mL is available. Calculate the flow rate in drops per minute:

2.A 63.6-kg patient is admitted to the Emergency Department and requires a dopamine
hydrochloride infusion to maintain an adequate blood pressure. The drug is ordered at an initial
rate of 2 mcg/kg/minute. A 400-mg/250-mL dopamine hydrochloride injection is available.
Calculate the flow rate in mL/hour to be administered by infusion pump:

Change to read:
14. ISOOSMOTIC
OSMOLARITY AND TONICITY OF
SOLUTIONS

USP42

The following discussion and calculations have therapeutic implications in preparations of
dosage forms intended for ophthalmic, subcutaneous, intravenous, and intrathecal
administration as well as for neonatal use.
14.1 Tonicity
Cells of the body, such as erythrocytes, will neither swell nor shrink when placed in a solution
that is isotonic with body fluids. The measurement of tonicity, however, which is a physiological
property, is somewhat difficult. A 0.9% w/v sodium chloride injection, which has a freezing
point (FP) of −0.52°, is both isotonic and isoosmotic with body fluids. In contrast to isotonicity,
FP depression is a physical property. Some solutions that are isoosmotic with body fluids are
not isotonic, because they contain solutes to which cells are freely permeable rather than
semipermeable. Freely permeable solutes (e.g., boric acid and urea) can cause erythrocyte
lysis, i.e., behave as if they were hypotonic in concentrations that are hyperosmotic relative to
body fluids. Nevertheless, many pharmaceutical products are prepared using FP data or related
sodium chloride data to prepare solutions that are isoosmotic with body fluids. A closely related
topic is osmolarity (see Osmolality and Osmolarity 〈785〉).
FP data or sodium chloride equivalents of pharmaceuticals and excipients (see Table 5) may
be used to prepare isoosmotic solutions, as shown in the following examples.
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14.1.1 CALCULATING TONICITY
Example—Tonicity
Determine the amount of sodium chloride (NaCl) required to prepare 60 mL of an isoosmotic
solution of atropine sulfate injection 0.5% using the E values and the FP depression values in
Table 5.
Table 5. Sodium Chloride Equivalents (E) and FP Depressions for a 1% Solution of the
Drug or Excipient
Drug or Excipient
E
FP Depression
Atropine sulfate
0.13
0.075
Sodium chloride
1.00
0.576
Using the E values:
a. The total amount of substances equivalent to a 0.9% sodium chloride injection = (0.9
g/100 mL) × 60 mL = 0.54 g.
b. The amount of atropine sulfate required = (0.5 g/100 mL) × 60 mL = 0.3 g.
c. 1 g of atropine sulfate is equivalent to 0.13 g of sodium chloride.
d. 0.3 g of atropine sulfate is equivalent to 0.3 × 0.13 g = 0.039 g of sodium chloride.
e. Thus, the required amount of sodium chloride is 0.54 g − 0.039 g = 0.501 g or 0.5 g.
Using FP depression values:
a.
b.
c.
d.
e.
f.

The FP depression required is 0.52°.
A 1% solution of atropine sulfate causes an FP depression of 0.075°.
A 0.5% solution of atropine sulfate causes an FP depression of 0.5 × 0.075° = 0.0375°.
The additional FP depression required is 0.52° − 0.0375° = 0.483°.
A 1% solution of sodium chloride causes an FP depression of 0.576°.
Therefore, an FP depression of 1° is caused by a 1%/0.576 = 1.736% solution of sodium
chloride.
g. 1.736% × 0.483 = 0.838% solution of sodium chloride causes an FP depression of
0.482°.
h. The required amount of sodium chloride is (0.838%) × 60 mL = 0.502 g or 0.5 g.
Change to read:
15. PH AND
PH USP42
BUFFERS CALCULATIONS
USP42

15.1 pH Calculations
See Appendix 1 for logarithmic definitions and applications.
pH = −log [H3 O+], and pKa = −log ([H3 O+][A−])/[HA], where [H3 O+] is the hydrodium ion
concentration in an aqueous solution, [A−] is the ionic form of the relevant acid, and Ka is the
ionization constant of either a monoprotic acid or a particular proton from a polyprotic acid in
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aqueous solution. The [H+] = the antilogarithm of (−pH) or 10−pH; and Ka = the antilogarithm
of (−pKa) or 10−pKa .
The pH of an aqueous solution containing a weak acid may be calculated using the
Henderson–Hasselbalch equation:
pH = pKa + log [(base form)/(acid form)]
The buffer equation symbol (↔) represents the equilibrium between conjugate base and acid
forms or pairs of the same molecule. It is called the buffer equation, because small changes in
the ratio of concentrations of the conjugate forms result in a logarithmically smaller change in
pH. The salt form can be an acid or base, depending on structure; thus, its conjugate form is a
base or acid, respectively.
Example 1:
B and BH+ represent a nonionized or “free” base and cationic acid pair, BH+ ↔ B+H+
Example 2:
HA and A− represent a nonionized or “free” acid and anionic base pair, HA ↔ A− + H+
Example 3:
HnA− and Hn−1 A2−, such as H2 PO4 − and HPO4 2−, represent an anionic acid and anionic base
relative to each other; the pKa = 7.2 for H2 PO4 − ↔ HPO4 2− + H+.
15.1.1 CALCULATING PH
Example—pH
A solution contains 0.020 mol/L of sodium acetate and 0.010 mol/L of acetic acid, which has
a pKa value of 4.76. Calculate the pH and the [H+] of the solution as follows:
pH = 4.76 + log (0.020/0.010) = 5.06
[H+] = antilogarithm of (−5.06) = 8.69 × 10−6
15.2 Buffer Solutions
15.2.1 DEFINITION
A buffer solution is an aqueous solution that resists a change in pH when small quantities of
acid or base are added, when diluted with the solvent, or when the temperature changes. Most
buffer solutions are mixtures of a weak acid and one of its salts, or mixtures of a weak base
and one of its salts. Water and solutions of a neutral salt, such as sodium chloride, have very
little ability to resist the change of pH and are not capable of effective buffer action.
15.2.2 PREPARATION, USE, AND STORAGE OF BUFFER SOLUTIONS
Buffer solutions for Pharmacopeial tests should be prepared using freshly boiled and cooled
water (see Reagents, Indicators and Solutions—Solutions, Buffer Solutions). They should be
stored in containers such as Type I glass bottles and used within 3 months of preparation.
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Buffers used in physiological systems are carefully chosen so as to not interfere with the
pharmacological activity of the medicament or the normal function of the organism. Commonly
used buffers in parenteral products, for example, include: the nonionized acid and base salt
pairs of acetic acid and sodium acetate, citric acid and sodium citrate, glutamic acid and
sodium glutamate, and monopotassium or monosodium phosphate and dipotassium or disodium
phosphate; and the acid salt and nonionized base pair tris(hydroxymethyl)aminomethane
hydrochloride and tris(hydroxymethyl)aminomethane. Buffer solutions should be freshly
prepared.
The Henderson–Hasselbalch equation, noted in 15.1 pH Calculations, allows calculation of the
pH and concentrations of conjugate pairs of weak acids and their salts and weak bases and
their salts in buffer solutions when the pKa of the acid form of the buffer pair is known.
Appropriately modified, this equation may be applied to buffer solutions composed of a weak
base and its salt.
15.2.3 BUFFER CAPACITY
The buffer capacity of a solution is the measurement of the ability of that solution to resist a
change in pH upon addition of small quantities of a strong acid or base. An aqueous solution
has a buffer capacity of 1 when 1 L of the buffer solution requires 1 g equivalent of strong acid
or base to change the pH by 1 unit. Therefore, the smaller the pH change upon the addition of
a specified amount of acid or base, the greater the buffer capacity of the buffer solution.
Usually, in analysis, much smaller volumes of buffer are used to determine the buffer capacity.
An approximate formula for calculating the buffer capacity is g equivalents of strong acid or
base added per L of buffer solution per unit of pH change, i.e., (g equivalents/L)/(pH change).
15.2.4 CALCULATING BUFFER CAPACITY
Example—Buffer capacity
The addition of 0.01 g equivalents of sodium hydroxide to 0.25 L of a buffer solution produced
a pH change of 0.50. The buffer capacity of the buffer solution is calculated as follows:
(0.01 Eq/0.25 L)/0.50 pH change = 0.08(Eq/L)/(pH change)
Change to read:
16. TEMPERATURES
The relationship between Celsius or Centigrade (°C) and Fahrenheit (°F) temperature scale is
expressed by the following equations:
°C = (°F − 32) × (5/9)
°F = (°C × 1.8) + 32
16.1 USP Temperatures
According to the General Notices 8.180 Temperatures, temperatures are expressed in
centigrade (Celsius) degrees, and all other measurements are made at 25° unless otherwise
indicated. For instructional purposes, °F is shown in the examples.
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16.1.1 CALCULATING TEMPERATURES
Examples—Temperatures
1.Convert 77°F to Celsius degrees.
°C = (77°F − 32) × (5/9) = 25°C
2.Convert 30°C to Fahrenheit degrees.
°F = (30°C × 1.8) + 32 = 86°F
The relationship between the Kelvin or absolute (K) and the Celsius (°C) scales is expressed
by the equation:
K = °C + 273.1
273.15 USP42
17. ENDOTOXINS
An endotoxin is a lipopolysaccharide that comes from a particular source, where species and
strain number are usually indicated.
17.1 Endotoxin Concentrations
For more information concerning endotoxins, see Bacterial Endotoxins Test 〈85〉.
17.1.1 CALCULATING ENDOTOXINS
Example—Endotoxins
A 71.8-kg patient is to receive an intrathecal infusion of morphine sulfate at a rate of 0.3
mg/hour. The solution will be prepared by diluting preservative-free morphine sulfate injection,
which contains 10 mg/mL of morphine sulfate, with 0.9% sodium chloride injection to produce
an infusion rate of 2 mL/hour.
1. Determine the volume, in mL, of morphine sulfate injection (10 mg/mL) and 0.9% sodium
chloride injection needed to prepare a 24-hour infusion.
0.3 mg of morphine sulfate per hour × 24 hours = 7.2 mg of morphine sulfate
7.2 mg of morphine sulfate/(10 mg/mL) = 0.72 mL of morphine sulfate injection
2 mL of infusion per hour × 24 h = 48 mL of total volume
48 mL total volume − 0.72 mL morphine sulfate injection = 47.28 mL of 0.9% sodium
chloride injection
2. Calculate the maximum potential endotoxin load per hour for this preparation. [Note
—USP monographs specify upper limits of 14.29 USP Endotoxin Units (EU)/mg of
morphine sulfate in injections for intrathecal use, and 0.5 EU/mL for injections
containing 0.5%–0.9% sodium chloride.]
7.2 mg of morphine sulfate injection × 14.29 EU/mg of morphine sulfate = 102.89 EU
from morphine sulfate
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47.28 mL of sodium chloride injection × 0.5 EU/mL = 23.64 EU from 0.9% sodium
chloride injection
Endotoxin load = 102.89 EU + 23.64 EU = 126.53 EU
126.53 EU/24 hour = 5.27 EU/hour
3. Determine if the endotoxin load in step 2 exceeds the allowable USP limit for this
patient. [Note—The maximum endotoxin load by intrathecal administration is 0.2
EU/kg/hour (see 〈85〉).]
Maximum endotoxin load = (0.2 EU/kg/hour) × 71.8 kg-patient = 14.36 EU/hour
The endotoxin load of 5.27 EU/hour does not exceed the allowable limit of 14.36
EU/hour.
Change to read:
18. STABILITY
KINETICS USP42
AND EXPIRATION DATE CALCULATIONS
PREDICTION USP42
18.1 Stability Based on Rate Calculations
Calculation of a predetermined minimum percentage of initial drug strength or other quality
parameter, e.g., in vitro dissolution of active pharmaceutical ingredients (APIs) or active drugs
in solid oral dosage forms, is based on component-specific assays and other validated scientific
testing. The expiration date or time elapsed until such minimum acceptable limits are reached
for a specific manufactured product is exclusive to the specific formulation, packaging, and
environmental conditions, e.g., temperature, humidity, and illumination, to which the item is
subjected. See also 〈659〉, 〈795〉, 〈797〉, 〈1163〉, and 〈1191〉.
The degradation or concentration loss rates or kinetics of most APIs can be accurately
represented or modeled by either zero order (constant) or first order (mono-exponential) rate
equations. Zero order calculations are generally applicable to solids, semisolids, suspensions in
which a majority of the drug strength is present as solid particles, and auto-oxidation in
solutions. First order calculations are generally applicable for drug hydrolysis in solutions.
18.2 Zero Order Rate Calculations
The isothermal zero order or constant rate equation for a particular formulation is C = C0 − kt,
where C is the concentration of API at any time, C0 is the concentration at origination or time
zero, k is the reaction rate constant, and t is any time after origination or zero. The values and
units of the rate, dC/dt, and rate constant, k, are the same for zero order processes, i.e., the
units are concentration/time, such as mg/mL/day.
18.2.1 ZERO ORDER RATE EQUATION DERIVED FROM ORIGINAL DATA
The following examples illustrate calculations of the zero order rate equation from original
concentration assay and time data, and an expiration date using that equation.
18.2.1.1 Calculating zero order rate
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Examples—Zero order rate
1.Calculate the zero order rate equation based on the assay results for a drug suspension at
25° (see Table 6):
Table 6
C (mg/mL)
t (days)
49
3
47.5
8
44.8
17
42.3
26
Linear regression of the C (ordinate) versus t (abscissa) values yields the equation, C = 49.84
− 0.292t with a correlation coefficient of 0.9996.
2. Calculate the time when C = 0.9 × C0, i.e., the expiration date where the concentration
will be 90% of the original concentration (t 90):
C = 49.84 − 0.292t
0.9 × 49.84 = 49.84 − 0.292(t 90)
t 90 = (44.86 − 49.84)/−0.292 = 17.05 days
3.Using the previous linear regression equation, calculate the C of the drug suspension at 25°
when t = 12 days:
C = 49.84 − (0.292 × 12) = 46.34 mg/mL
4. Calculate t when C = 45 mg/mL:
45 = 49.84 − 0.292t
t = (45 − 49.84)/−0.292 = 16.6 days
18.2.2 ZERO ORDER VALUES CALCULATED FROM A RATE EQUATION
The following are examples of expiration dates calculated from a rate equation derived from
original concentration assay and time data.
18.2.2.1 Calculating zero order values from a rate equation
Examples—Zero order from a rate equation
1. Calculate the t 80 expiration date of a drug cream at 25° using the equation, C = 0.05 −
0.0003t, where the C unit is % w/w and the t unit is months. At t 80, C = 0.8C0.
0.8 × 0.05 = 0.05 − 0.0003(t 80)
t 80 = 33.3 months
2. Calculate the t 80 expiration date of the drug cream formulation in example 1, but for which
C0 is 0.1:
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0.8 × 0.1 = 0.1 − 0.0003(t 80)
t 80 = 66.7 months
18.3 First Order Rate Calculations
The isothermal first order rate equation for a particular formulation in exponential form is C =
C0e−kt, and in linear form is ln(C) = ln(C0)−kt, where C is the concentration of an API at any
time, C0 is the concentration at origination or time zero, k is the reaction rate constant, and t
is any time after origination or zero. The constantly changing rate, dC/dt, and rate constant, k,
are not the same for first order processes. The rate units are concentration/time, e.g.,
mg/mL/hour, but the rate constant unit is reciprocal time, time−1, e.g., hour−1.
18.3.1 FIRST ORDER LINEAR RATE EQUATION DERIVED FROM ORIGINAL DATA
The following examples illustrate calculation of the linear first order rate equation from original
concentration assay and time data and calculation of an expiration date using that equation.
18.3.1.1 Calculating first order linear rate equations
Example—First order linear rate
1. Calculate the linear first order rate equation based on the assay results for a drug solution
at 27° (see Table 7):
Table 7
C (mg/mL)
12.3
11.9
11.5
10.6

t (h)
2
6
14
24

Linear regression of the ln(C) (ordinate) versus t (abscissa) values yields the equation, ln(C)
= 2.522 − 0.0065t with a correlation coefficient of 0.992.
2. From the linear regression equation, calculate the time when 95% of the original
concentration is reached, t 95, when C = 0.95C0, which is the predetermined expiration date:
ln(C0) = 2.522; thus, C0 = e2.522 = 12.45 mg/mL
ln(0.95 × 12.45) = 2.522 − 0.0065(t 95)
t 95 = (2.470 − 2.522)/−0.0065 = 8 hours
18.3.2 FIRST ORDER VALUES CALCULATED FROM A LINEAR EQUATION
The following are examples of an expiration date, concentration, and time calculated for the
same drug solution at 22° from the rate equation, ln(C) = 4.382 − 0.076t, where the C units
are mcg/mL and the t unit is days, derived from the original concentration assay and time data.
18.3.2.1 Calculating first order values from a linear rate equation
Examples—First order from a linear rate
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1.Calculate the t 90 expiration date:
ln(C0) = 4.382; thus, C0 = e4.382 = 80
ln(0.9 × 80) = 4.382 − 0.076(t 90)
t 90 = (4.277 − 4.382)/−0.076 = 1.4 days
2.Calculate the time at which C = 75 mcg/mL:
ln(75) = 4.382 − 0.076t
t = (4.317 − 4.382)/−0.076 = 0.86 day
3.Calculate whether C = 70 mcg/mL occurs before or after t 90:
ln(70) = 4.382 − 0.076t
t = (4.248 − 4.382)/−0.076 = 1.8 days
C = 70 mcg/mL occurs at 1.8 days, after a t 90 of 1.4 days
18.3.3 FIRST ORDER EXPIRATION DATE CALCULATED FROM TWO VALUES OF CONCENTRATION
AND TIME
When degradation or other cause of concentration loss is known from experience or reference
information to obey first order kinetics, the rate constant can be accurately estimated from
accurate assays of only two concentrations at their respective times. In this case, the linear
first order rate equation, ln(C) = ln(C0) − kt, may be transformed or integrated as ln(C2) =
ln(C1) − k(t 2 − t 1), which when rearranged is k = ln(C1/C2)/(t 2 − t 1). The following examples
apply these equations to calculate expiration dates, concentrations, and times.
18.3.3.1 Calculating first order expiration date from two values
Examples—First order expiration date from two values
1.At 25°, the concentration of an antibiotic in solution was 89 mg/mL after 3 hours and 74
mg/mL after 8 hours. Calculate the initial concentration at time zero:
k = ln(89/74)/(8 − 3) = 0.037 hour−1
ln(89) = ln(C0) − (0.037 hour−1 × 3 hour)
ln(C0) = 4.489 + 0.111 = 4.6
C0 = e4.6 = 99.5 mg/mL
2.Calculate the t 90 expiration date using the data in example 1. At t 90, C = 0.9C0.
ln(0.9 × 99.5) = ln(99.5) − 0.037(t 90)
t 90 = (4.495 − 4.600)/−0.037 hour−1 = 2.8 hour
3.Calculate the concentration at 6 hours using the data in example 1:
ln(C) = ln(99.5) − (0.037 × 6)
ln(C) = 4.378
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C = e4.378 = 79.7 mg/mL
18.3.4 FIRST ORDER TIMES, T N, FOR 0.N FRACTION OR N% OF REMAINING ORIGINAL
CONCENTRATION
The two most common first order pharmaceutical t n values are the t 50, which is a primary
parameter factor in clinical pharmacokinetics, and the t 90, which is the most common stability
shelf life or expiration date. Values of any t n, where 0 < n < 100, are derived from the linear
first order equation, ln(C) = ln(C0) − kt. The equations for t 50 and t 90 in particular are derived in
the following examples. The value of k by definition is constant for a specific drug chemical in a
specific formulation at a specific temperature; thus, t n values derived from such values of k are
also constant.
18.3.4.1 Calculating first order times for remaining original concentrations
Examples—First order times for remaining original concentrations
1.At t n, C = 0.n × C0.
ln(0.n × C0) = ln(C0) − kt n
t n = [ln(0.n × C0) − ln(C0)]/−k = ln[(0.n × C0)/C0]/−k = ln(0.n)/−k
t n = ln(0.n)/−k
2.At t 50, C = 0.5(C0).
ln(0.5 × C0) = ln(C0) − kt 50
t 50 = [ln(0.5 × C0) − ln(C0)]/−k = ln[(0.5 × C0)/C0]/−k = ln(0.5)/−k = −0.693/−k = 0.693/k
t 50 = 0.693/k
3.At t 90, C = 0.9(C0).
ln(0.9 × C0) = ln(C0) − kt 90
t 90 = [ln(0.9 × C0) − ln(C0)]/−k = ln[(0.9 × C0)/C0]/−k = ln(0.9)/−k = −0.105/−k = 0.105/k
t 90 = 0.105/k
18.4 Stability Prediction Based on Arrhenius Theory
The basis of the Arrhenius theory is that reaction rates and rate constants change
exponentially in the direction of arithmetic temperature change. The pharmaceutical application
of the Arrhenius theory is based on scientifically accurate and statistically valid assay data
obtained at three or more temperatures that are ≥10° warmer than the intended drug storage
temperature and each other. The Arrhenius equation may be expressed in an exponential form,
k = Ae−(Ea/RT), a linear form, ln(k) = ln(A) − (Ea/RT), and an integrated form, ln(k2/k1) = Ea(T 2 −
T 1)/[R(T 2 × T 1)], where k, k1, and k2 are isothermal rate constants, A is a thermodynamic
factor, Ea is energy of activation for the degradation reaction, R is the gas constant (1.987 ×
10−3 kcal mol−1K −1 or 8.314 × 10−3 J K−1 mol−1), and T, T 1, and T 2 are absolute or Kelvin
temperatures.

PF 44(1): Jan.-Feb. 2018

130

18.4.1 ARRHENIUS LINEAR EQUATION DERIVED FROM ORIGINAL DATA
The following examples illustrate derivation of a linear Arrhenius equation from original assay
data and its application to predicting a drug stability expiration date at a cooler or lower
storage temperature.
18.4.1.1 Calculating Arrhenius equations
Examples—Arrhenius equations
1.Calculate the linear Arrhenius equation based on the rate constants and temperatures for a
beta-lactam antibiotic that decomposes in solution at a first order rate (see Table 8):
Table 8
T (°C)

T (K)

1/T (K−1)

k (hour−1)

ln(k)

313

3.195 × 10−3

0.0014

−6.571

50

323

3.096 ×

10−3

0.005

−5.298

60

333

3.003 × 10−3

0.016

−4.135

40

Linear regression of the ln(k) (ordinate) versus 1/T (abscissa) values yields the equation,
ln(k) = 33.977 − (12,689/T) with a correlation coefficient of 0.99997.
2.Calculate the t 90 shelf life expiration date, in days, at 25°C (298 K) using the equation in
example 1:
ln(k25) = 33.977 − (12,689/298) = 33.977 − 42.581 = −8.604
k25 = e−8.604 = 1.834 × 10−4 hour−1 = 4.402 × 10−3 day−1
t 90 = 0.105/k = 0.105/4.402 × 10−3 day−1 = 23.85 days
t 90 at 25°C = 23.85 days
18.4.2 STABILITY PREDICTIONS USING THE INTEGRATED ARRHENIUS EQUATION
The following examples illustrate stability predictions based on one accurately determined
isothermal rate constant and adherence to the same degradation rate order, e.g., first order,
at temperatures at which stability is to be calculated from the equation, ln(k2/k1) = Ea(T 2 −
T 1)/[R(T 2 × T 1)].
18.4.2.1 Calculating stability prediction using integrated Arrhenius equation
Example—Stability using integrated Arrhenius equations
1.Calculate the t 85 stability expiration date at 4°C (277 K) for an ester hydrolysis with an Ea =
15 kcal/mol and k = 0.0045 hour−1 at 23°C (296 K):
ln(k277/0.0045) = 15(277 − 296)/[1.987 × 10−3 (277 × 296)]
ln(k277) − ln(0.0045) = −285/162.92
ln(k277) = −1.749 + ln(0.0045) = −7.153
k277 = e−7.153 = 7.825 × 10−4 hour−1
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t 85 = ln(0.850)/k277 = −0.163/−7.825 × 10−4 hour−1 = 208.3 hours
t 85 at 4°C = 208.3 hours (t 85 at 23°C is 36.2 hours)
18.4.3 ARRHENIUS-BASED Q10 STABILITY ESTIMATION
The temperature coefficient (Q10 ) represents the multiplicative factor by which a chemical
reaction rate constant changes in the same direction as the temperature for each 10°C
change. For drug molecules, Q10 ranges from 2 to 5, corresponding to an Ea range of 10–25
kcal/mol or 42–105 kJ/mol. A Q10 of 3 yields reasonable estimates of drug stability in the

equation, (t n at T 2) = (t n at T 1)/{Q10
}
n
= percentage of remaining C0
T1
= temperature at which t n is known
T2
= temperature at which t n is to be estimated
Calculations using Q10 values of both 2 and 4 may be used to obtain the shortest or most
conservative stability estimate, but Q10 = 3 is applied in the following two examples.
18.4.3.1 Calculating Arrhenius-based Q10 stability estimation
Example—Arrhenius-based Q10 stability
1.Estimate the t 90 expiration date in hours of an antibiotic suspension stored in a closed
automobile at 57° for which the 8° refrigeration t 90 is 14 days.
t 90 at 57° = [14 days × (24 hours/day)]/{3[(57 − 8)/10]} = 336 hours/34.9 = 336 hours/217.7 =
1.54 hours
t 90 at 57° = 1.54 hours
Add the following:

19. MEAN KINETIC TEMPERATURE
19.1 Definition of Terms
Mean kinetic temperature (MKT) is the single calculated temperature at which the total
amount of degradation over a particular period is equal to the sum of the individual
degradations that would occur at various temperatures. MKT may be considered as an
isothermal storage temperature that simulates the non-isothermal effects of storage
temperature variation. It is not a simple arithmetic mean (see Good Storage and Distribution
Practices for Drug Products 〈1079〉).
Controlled room temperature (CRT) is the temperature thermostatically maintained that
encompasses the usual and customary working environment of 20°–25° (68°–77°F). The
following conditions apply to the application of MKT to CRT:
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MKT must not exceed 25°.
Excursions between 15° and 30° (59° and 86°F) that are experienced in pharmacies,
hospitals, and warehouses, and during shipping are allowed.
Provided the MKT does not exceed 25°, transient spikes up to 40° are permitted as long
as they do not exceed 24 h. Spikes above 40° may be permitted only if the
manufacturer provides documentation that such spikes are permitted.
Articles may be labeled for storage at “controlled room temperature” or at “up to 25°,”
or other wording based on the same MKT (see 〈659〉).
19.2 MKT Equation
(See 〈1079〉.)

ΔH =

83.144 kJ/mola

R =

8.3144 × 10-3 kJ/mol·K (universal gas constant)

T1 =
Tn =

value for the temperature recorded during the first time period, e.g., the first week
value for the total number of storage temperatures recorded during the observation
period temperature recorded during the nth time period, e.g., nth week

n =

total number of storage temperatures recorded during the observation period

a ΔH = 83.144 kJ/mol or 19.86 kcal/mol is a typical or approximately average Arrhenius
energy of activation, Ea, for hydrolysis of amide, ester, lactam and peptide bonds from more
than 100 drug stability reports.1,2,3
[Note—All temperatures, T, are absolute temperatures in degrees Kelvin (K).]
19.3 MKT Equation Stepwise Solution
1. Calculate the inverse ln of the negative value of (ΔH/RT) for each of the total n mean
temperatures.
For example, for 27°C or 300.15 K:

2. Sum, Σ, all the step 1 values.
3. Divide the step 2 sum by n.
4. Take ln of the step 3 result.
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5. Divide −ΔH/R (equivalent to −10,000 K) by the step 4 answer.
6. MKT = step 5 answer.
7. Compare step 6 answer with MKT ≤25 °C for determination of whether the temperature
falls within the range for CRT.
19.4. Example Calculations of MKT for CRT Storage Evaluation
Example 1—Calculation of one-month MKT
1. Calculate the 1-month MKT in °C and determine whether it falls within the definition of
CRT from the data in Table 9 in which the far right-hand column comprises the step (1)
calculation in 19.3 MKT Equation Stepwise Solution.

2.
3.
4.
5.
6.
7.

Table 9
Temperatures, T
Highest
(°C)a
Mean (°C)a Mean (K)

Week

Lowest
(°C)a

1

24

28

26

2

23

26

3

19

4

21

ΔH/RT

e−ΔH/RT

299.15

33.428

3.037 × 10−15

25

298.15

33.540

2.715 × 10−15

24

22

295.15

33.881

1.930 × 10−15

26

24

297.15

33.653

2.425 × 10−15

a Rounded to nearest whole °C.
Σ(3.037 × 10−15 + 2.715 × 10−15 + 1.930 × 10−15 + 2.425 × 10−15) = 1.011 × 10−14
(1.011 × 10−14)/4 = 2.528 × 10−15
ln(2.528 × 10−15) = −33.612
−10,000 K/−33.612 = 297.51 K
MKT (°C) = 297.51 K − 273.15 K = 24.36°C
MKT of 24.36°C meets the CRT between 20° and 25°C; thus, the MKT falls within the
CRT range in 〈659〉.

Example 2—Calculation of annual MKT
1. Calculate the annual MKT in °C and determine whether the MKT falls within the range of
CRT from the data in Table 10 in which the far right-hand column comprises the step
(1) calculation in 19.3 MKT Equation Stepwise Solution.
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Lowest
(°C)a

Table 10
Temperatures, T
Highest
Mean
(°C)a
(°C)a

Mean
(K)

ΔH/RT

23

27

25

298.15

33.540

23

28

26

299.15

33.428

22

25

24

297.15

33.653

23

27

25

298.15

33.540
33.206

27

29

28

301.15

24

26

25

298.15

33.540

24

27

26

299.15

33.428

23

26

25

298.15

33.540

23

27

25

298.15

33.540

24

28

26

299.15

33.428

21

24

23

296.15

33.767

May
June
July
August
September
October
November
December
January
February

2.

3.
4.
5.
6.
7.

e−ΔH/RT
2.715 ×
10−15
3.037 ×
10−15
2.425 ×
10−15
2.715 ×
10−15
3.791 ×
10−15
2.715 ×
10−15
3.037 ×
10−15
2.715 ×
10−15
2.715 ×
10−15
3.037 ×
10−15
2.164 ×
10−15
2.715 ×
10−15

March
23
26
25
298.15
33.540
a Rounded to nearest whole °C.
Σ(2.715 × 10−15 + 3.037 × 10−15 + 2.425 × 10−15 + 2.715 × 10−15 + 3.791 × 10−15
+ 2.715 × 10−15 + 3.037 × 10−15 + 2.715 × 10−15 + 2.715 × 10−15 + 3.037 × 10−15 +
2.164 × 10−15 + 2.715 × 10−15) = 3.378 × 10−14
3.378 × 10−14/12 = 2.815 × 10−15
ln(2.815 × 10−15) = −33.504
−10,000 K/−33.504 = 298.473 K
MKT (°C) = 298.473 K − 273.15 K = 25.32°C
25.32°C exceeds the CRT limit of ≤ 25°C for MKT; thus, MKT does not fall within the
CRT range in 〈659〉

Example 3—Calculation of annual MKT
1. Calculate the annual MKT in °C and determine whether the MKT falls within the range of
CRT from the data in Table 11 in which the far right hand column comprises step (1)
calculation in 19.4. Example Calculations of MKT for CRT Storage Evaluation.
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Table 11
Temperature, T
Highest,
Mean,
Mean,
°Ca
°Ca
Kb

Month

Lowest,
°Ca

1

23

27

25

2

22

28

3

18

4

ΔH/RT

e−ΔH/RT

298.15

33.540

2.715 × 10−15

25

298.15

33.540

2.715 × 10−15

22

20

293.15

34.112

1.532 × 10−15

23

27

25

298.15

33.540

2.715 × 10−15

5

23

26

25

298.15

33.540

2.715 × 10−15

6

24

26

25

298.15

33.540

2.715 × 10−15

7

24

26

25

298.15

33.540

2.715 × 10−15

8

27

33

30

303.15

32.987

4.720 × 10−15

9

23

27

298.15

33.540

2.715 × 10−15

10

24

25

25
25

298.15

33.540

2.715 × 10−15

11

21

29

25

298.15

33.540

2.715 × 10−15

12

23

26

25

298.15

33.540

2.715 × 10−15

a Rounded to nearest whole °C.
b K = °C + 273.15
Σ(2.715 × 10−15 + 2.715 × 10−15 + 1.532 + × 10−15 + 2.715 × 10−15 + 2.715 ×
10−15 + 2.715 × 10−15 + 2.715 × 10−15 + 4.720 × 10−15 + 2.715 × 10−15 + 2.715 ×
10−15 + 2.715 × 10−15 + 2.715 × 10−15 = 3.340 × 10−14
3.354 × 10−14/12 = 2.783 × 10−15
ln(2.795 × 10−15) = −33.515
−10,000K/−33.511 = 298.372K
MKT(°C) = 298.410 K − 273.15 K = 25.22°C
25.22°C exceeds the CRT limit of ≤25°C for MKT; thus, MKT does not fall within the CRT
range in 〈659〉

The two months of mean temperatures 20°C and 30°C, which arithmetically yield two months
of mean 25°C, resulted in an MKT of 25.22°C, exceeding the range for CRT. This result confirms
the statement, “...higher temperatures are given greater weight in the calculation...” in 〈1079〉.
However, higher temperatures are not intentionally “given greater weight in the [MKT]
calculation,” but higher temperatures have a greater influence over the MKT result, because of
the logarithmic or exponential increase in reaction rate with arithmetic or linear increase in
temperature. USP42
Change to read:
APPENDIX 1:
COMMON AND NATURAL
LOGARITHMS

USP42
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The logarithm of a number is the exponent or power to which a given base number must be
raised to equal that number. Thus, the logarithm of Y to the base, b, equals X, or logb(Y) = X.
The logarithm of 0 and all negative numbers is undefined or nonexistent. The logarithm of 1 is 0
and of numbers <1 is negative in all systems (see Table 9
Table A-1). USP42
Table 9
A-1 USP42
Common (or Briggsian) and Natural (or Napierian) Logarithms
Antilogarithm
Logarithmic
Abbreviation or
Base
or Inverse
System
Symbol
Number
Format
Logarithm
Common

Log

10

log Y = X

10X = Y

Natural
Ln
e or 2.7183a
ln Y = X
eX = Y
a e is an irrational number derived from an infinite series of reciprocal whole number
factorials, e = 1 + 1/1! + 1/2! + 1/3! + 1/4! ... + 1/n!, where n = infinity. e rounds to
2.7183 when n ≥ 8.
2. The relationships between common and natural logarithms are the following:
a. log Y = ln Y/ln 10 = ln Y/2.303
b. ln Y = ln 10 × log Y = 2.303 × log Y
3. Rules for some common calculations with logarithms are shown in Table 10
Table A-2). USP42
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Subtraction and
quotients

Table 10
A-2 USP42
Rules for Calculating with Logarithms
Formula
Example
ln(0.62) + ln(1.73) = ln(0.62 × 1.73) =
ln(A) + ln(B) = ln(A × B)
ln(1.0726) = 0.070
log(A) + log(B) = log(A ×
log(5.7) + log(0.43) = log (5.7 × 0.43) =
B)
log(2.451) = 0.389
ln(0.5) − ln(4) = ln(0.5/4) = ln(0.125) =
−2.079
ln(A) − ln(B) = ln(A/B)
log(1.57) − log(2.48) = log(1.57/2.48) =
log(A) − log(B) = log(A/B)
log(0.6330645) = −0.199

Simple non-base
exponentials

ln(Y z) = Z × ln(Y)
log(Y z) = Z × log(Y)

13.6−Z = 1.25
ln(1.25) = −Z × ln(13.6)
Z = −ln(1.25)/ln(13.6) = −0.223/2.610 =
−0.085
0.57Z = 2.3
log(2.3) = Z × log(0.57)
Z = log(2.3)/log(0.57) = 0.362/−0.244 =
−1.484

Base
exponentials

ln (a × e±b) = ln(x) ↔
ln(a) ±b = ln(x)
log (a × 10±b) = log(x) ↔
log(a) ±b = log(x)

67 × 10b = 15.1
log(67) + b = log(15.1)
1.826 + b = 1.179
b = 1.179 − 1.826 = −0.647

Additions and
multiplications

1 Kennon L. Use of models in determining chemical pharmaceutical stability. J Pharm Sci. 1964; 53(7):8158.
2 Bailey LC and Medwick T. Mean Kinetic Temperature—A C oncept for Storage of Pharmaceuticals.
Pharmacopeial Forum. 1993; 19:6163–6.
3 Yoshioka S and Stella VJ. Stability of Drugs and Dosage Forms. Kluwer Academic Publishers, New York, NY;
2002:62–5. USP42
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page 1607. The USP Compounding Expert Committee is proposing to revise this chapter to
provide guidance on determining the minimum accurately weighable quantity on an electronic
balance if linearity is unknown. The revision refers users to Weighing on an Analytical Balance
〈1251〉 to determine the minimum weight that may be measured on an electronic balance.
Additionally, minor editorial changes have been made to update this chapter to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C111030
Comment deadline: March 31, 2018

PF 44(1): Jan.-Feb. 2018

138

〈 1176〉 PRESCRIPTION BALANCES AND VOLUMETRIC APPARATUS USED IN COMPOUNDING
1. BALANCES
1.1 Mechanical Prescription Balances
1.2 Electronic Balances
1.3 Minimum Accurately Weighable Quantity on the Balance
2. VOLUMETRIC APPARATUS
2.1 Selection and Use of Graduates
2.2 Medicine Droppers
2.3 Dispensing Bottles
2.4 Syringes
2.5 Pipets
2.6 Volumetric Flasks
2.7 Additional Considerations When Using Volumetric Apparatus
GLOSSARY
Change to read:
1. BALANCES
Pharmacies that perform materials measurements for compounding and dispensing should have
access to a well-maintained National Institute of Standards and Technology (NIST) Class III
torsion prescription balance or superior balance (preferably an electronic balance) to weigh
masses accurately. The pharmacy should have a set of calibration weights, or the balance
should have internal calibration capability to standardize the precision and accuracy of the
balance.
For more information regarding standards for weights and balances, see Balances 〈41〉. The
standards in NIST Handbook 44 called “Specifications, Tolerances, and Other Technical
Requirements for Weighing and Measuring Devices” may also be useful to compounders.1 Some
balances offer digital or direct-reading features and printing capabilities, which may be desirable
for ease of use. All balances should be calibrated or verified and tested frequently using
appropriate test weights.
1.1 Mechanical Prescription Balances
A Class III (formerly Class A) prescription balance is a device designed to accurately weigh
drugs and other substances and materials required in pharmaceutical compounding and
dispensing practice.1 It is constructed to support its full weighing capacity without developing
undue stresses, and its adjustment is not altered by repeated weighing of the capacity load.
The removable pans or weighing vessels should be of equal weight and shape. The balance
should have leveling feet or screws and a built-in means to observe its level. The balance may
feature dial-in weights and also a precision spring and dial instead of a weighbeam. A balance
that has a graduated weighbeam must have a stop that halts the rider or poise at the zero
reading, and the reading edge of the rider must be parallel to the graduations on the
weighbeam. The distance from the face of the index plate to the indicator pointer or pointers
should be NMT 1.0 mm; the points should be sharp; and when there are two pointers, the ends
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should be separated by NMT 1.0 mm when the scale is in balance. The indicating components
and the lever system should be protected against drafts; the balance lid should permit free
movement of the loaded weighing pans when the lid is closed; and the balance must have a
mechanical arresting device.
BALANCE TESTING PROCEDURE
A Class III prescription balance meets the criteria in the following four tests using an
ANSI/ASTM E617 set of Class 6 or better test weights. A typical apothecary weight set
contains weights ranging from 10 mg to 50 g in sizes of 10 mg, 20 mg, 50 mg, 100 mg, 200 mg,
500 mg, 1 g, 2 g, 5 g, 10 g, 20 g, and 50 g.
Four tests are required to evaluate the suitability of a Class III prescription balance. A
balance is acceptable if it passes all four tests. If the balance fails any test, it should not be
used until it has been repaired to meet specifications and retested. The four tests are:
1.
2.
3.
4.

Sensitivity requirement
Arm ratio test
Shift test
Rider and graduated beam

Sensitivity requirement test: The following requirements are based on (1) the NIST standard
that a 6-mg load must displace the pointer 2 mm,1 and (2) the absence of a 6-mg weight in a
typical apothecary weight set.
a. For balances with pointer scale division marks 2 mm apart, a 10-mg weight on one pan
and no weight on the other pan, dial, or rider beam of a leveled balance should displace
the pointer 1.5-scale division marks, or approximately 6.7 mg/mark, as observed
visually. This same 1.5-scale division mark displacement shall be observed with a 10-g
weight on one pan and 10-g plus 10-mg weights on the other pan of a level balance.
b. For balances on which the pointer scale division marks are 1 mm apart, a 10-mg weight
on one pan and no weight on the other pan, dial, or rider beam of a leveled balance
should displace the pointer 3-scale division marks, or approximately 6.7 mg/two marks,
as observed visually. This same 3-scale division marks displacement shall be observed
with a 10-g weight on one pan and 10-g plus 10-mg weights on the other pan of a level
balance.
c. NLT 0.12 g (120 mg) shall be weighed on a Class III prescription to reduce reading
errors of less than one mark and two marks in cases (a) and (b), respectfully, to NMT
5% weighing error.
When a balance has been observed or suspected to have been moved, unleveled,
contaminated, or otherwise damaged, misaligned, or misused, then its sensitivity must be
tested and confirmed to be accurate.
Arm ratio test: The arm ratio test will determine whether both arms of the balance are of
equal length.
1. Level the balance.
2. With the pans empty, adjust the balance until the pointer is in the middle of the marker
plate.
3. Place a 30-g weight in the center of each pan.
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4. When the balance comes to rest, record the rest point.
5. If the rest point has changed from the middle of the marker plate, place a 30-mg weight
on the lighter side.
6. When the balance comes to rest, this new rest point should either return to or go
farther than the middle of the marker plate.
Shift test: The shift test checks the mechanics of the arm and lever components of the
balance.
1. Level the balance.
2. With the pans empty, adjust the balance until the pointer is in the middle of the marker
plate.
3. Place a 10-g weight in the center of the left pan and place another 10-g weight
successively toward the right, left, front, and back side of the right pan, noting the rest
point in each case.
4. In any case where the rest point has changed from the center of the marker plate, add
a 10-mg weight to the lighter side.
5. When the balance comes to rest, this new rest point either should return to or go
farther than the middle of the marker plate.
6. Level the balance and adjust the balance until the pointer is in the middle of the marker
plate.
7. Repeat the procedure with the 10-g weight in the center of the right pan, and vary the
position of the 10-g weight on the left pan.
8. Level the balance and adjust the balance until the pointer is in the middle of the marker
plate. Make several observations in which both 10-g weights are shifted simultaneously
to off-center positions on their pans (i.e., both toward the inside, both toward the
outside, one front and the other back). In any case where the rest point is shifted from
the middle of the marker plate, the addition of a 10-mg weight on the lighter side should
equalize or overcome the shift.
Rider and graduated beam test: The rider and graduated beam test checks the accuracy of
the calibrated dial or rider on the balance.
1. Level the balance.
2. With the pans empty, adjust the balance until the pointer is in the middle of the index
plate.
3. Place a 500-mg weight on the left pan and move the dial or rider to the 500-mg point.
4. When the balance comes to rest, record the rest point.
5. If the rest point has changed from the middle of the index plate, place a 10-mg weight
on the lighter side.
6. When the balance comes to rest, this new rest point should either return to or go
farther than the middle of the index plate.
7. Follow the same procedure using a 1-g weight on the left pan and the dial or rider on
the 1-g point. If the new rest point is shifted from the middle of the index plate, a 10mg weight to the lighter side should equalize or overcome the shift.
1.2 Electronic Balances
A typical electronic prescription balance is an instrument that provides essential readability
for materials weighed within the range of capacities for the balance. The display should have
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prompts to guide users through the balance function, as well as an output port for printing if
necessary. Most balances sold for prescription compounding meet or exceed Class I or II
accuracy requirements according to NIST Handbook 44 and come with certificates issued under
the National Type Evaluation Program (NTEP) of the National Conference on Weights and
Measures.
Calibration/certification of the balance should be performed according to the standard
operating procedures of the facility. Many electronic balances contain internal calibration
programs that automatically calibrate the balance daily. If there is no internal calibration
feature, external calibration may be conducted using a calibration weight, according to the
procedure supplied by the manufacturer. Weights for use in calibrating an electronic balance
should be kept in a special rigid and compartmentalized box and handled with plastic or plastictipped forceps, or gloves that are provided with the weights, to prevent scratching or soiling.
These calibration weights should meet or exceed ASTM Class 1 criteria. In addition, there are
companies that offer calibration services to certify that the balance is performing adequately.
For more information regarding the use of electronic balances, see 〈41〉 and Weighing on an
Analytical Balance 〈1251〉.
1.3 Minimum Accurately Weighable Quantity on the Balance
The minimum accurately weighable quantity (MAWQ) is the smallest weight or mass that will
produce no greater than a predetermined fraction of error on a properly calibrated, situated,
and operated balance. The predetermined weighing error is assigned based on either a
professional standard (such as NMT 0.05 or 5% error in the weight of any prescription
ingredient) or scientific rigor, for example, NMT 0.005 or 0.5% error in the weight of an
ingredient that is in limited supply. The compounder should use professional judgment when
assigning the acceptable error for each process.
The formula for determining MAWQ for a typical Class III torsion balance is:
MAWQ = Sensitivity requirement/Acceptable error
Example: Calculate the MAWQ for a Class III torsion balance with a sensitivity requirement of
6 mg and an acceptable error of 5% or 0.05.
MAWQ = 6 mg/0.05 = 120 mg
For electronic balances, the MAWQ is calculated using the linearity or the absolute error over
the range of the balance. This value is provided by the balance manufacturer. Note that the
balance linearity and the readability of the smallest mass unit may not be the same.
Example: Calculate the MAWQ for an electronic balance with a linearity of 0.002 g and an
acceptable error of 5% or 0.05.
MAWQ = 0.002 g/0.05 = 0.04 g or 40 mg
The MAWQ equation in this section should be used if the linearity of an electronic balance
is known. If the linearity of an electronic balance is not known, the minimum weight of an
analytical balance equation described in Weighing on an Analytical Balance 〈1251〉, Qualification,
Minimum Weight should be used and verified at regular intervals as described in the facility's
standard operating procedures (SOPs) or at least annually and after any repairs. USP42
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2. VOLUMETRIC APPARATUS
An assortment of appropriate volumetric devices should be available to accurately measure
fluids and liquids of different volumes and densities. Pharmaceutical devices approved for
measuring volumes of liquids, including burets, pipets, and cylindrical graduates marked in
metric or metric and apothecary units, are to meet the standard specifications for glass
volumetric apparatus described in “Specifications and Tolerances for Reference Standards and
Field Standard Weights and Measures, 2. Specifications and Tolerances for Field Standard
Measuring Flasks”.2 Conical graduates are to meet the standard specifications described in
NIST Handbook 44.1 There are ASTM standards (ASTM E542) for the calibration of laboratory
volumetric apparatus that may be useful to compounders as well.3
2.1 Selection and Use of Graduates
CAPACITY
The capacity of a cylindrical graduate is the volume at the maximum graduation mark at the
specified temperature. Volumes for prescription compounding and dispensing that are measured
in cylindrical graduates should be adequate to not exceed 5% error.
CYLINDRICAL AND CONICAL GRADUATES
The error in a measured volume caused by a deviation of ±1 mm in reading the lower
meniscus in a graduated cylinder remains constant along the height of the uniform column. The
same deviation of ±1 mm causes a progressively larger error in a conical graduate, the extent
of the error being further dependent upon the angle of the flared sides to the perpendicular of
the upright graduate. A deviation of ±1 mm in the meniscus reading causes an error of
approximately 0.5 mL in the measured volume at any mark on the uniform 100-mL cylinder
graduate. The same deviation of ±1 mm can cause an error of 1.8 mL at the 100-mL mark on
an acceptable conical graduate marked for 125 mL.
A general rule for selection of a graduate for use is to use the graduate with a capacity equal
to or just exceeding the volume to be measured. Measurement of small volumes in large
graduates tends to increase errors, because the larger diameter increases the volume error in a
deviation of ±1 mm from the mark. The relation of the volume error to the internal diameters of
graduated cylinders is based on the equation:
V = r 2h

π

V = volume
r = radius
h = height
An acceptable 10-mL cylinder having an internal diameter of 1.18 cm holds 109 µL in 1 mm of
the column. Reading 4.5 mL in this graduate with a deviation of ±1 mm from the mark causes an
error of about ±2.5%, and the same deviation in a volume of 2.2 mL in the same graduate
causes an error of about ±5%. Table 1 shows the accuracy limits for cylindrical graduates.
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Table 1. Tolerance or Accuracy Limits for Class A Cylindrical Graduatesa
Minimum Volume
Smallest Graduation
Tolerance
for 5% Error
Capacity
Mark Interval
b
(mL)
(mL)
(±mL)
(mL)c
5
0.1
0.05
1.0
10
0.1 or 0.2
0.10
2.0
25
0.2 or 0.5
0.17
3.4
50
1
0.25
5.0
100
1
0.50
10.0
250
2
1.00
20.0
500
5
2.00
40.0
1000
10
3.00
60.0
2000
20
6.00
120.0
4000
50
14.50
290.0
a Adapted from ASTM E1272-02. Standard specification for laboratory glass graduated
cylinders. West Conshohocken, PA: ASTM International; 2012. www.astm.org. Some brands
exceed the ASTM limits; for example, one source of a Class A 10-mL graduate lists the
tolerance as ±0.08 mL.
b The constant volume error in each measurement.
c The minimum volume for N% error = [Tolerance (mL) × 100]/N (%); e.g., for N = 5% for a
10-mL graduate, the minimum volume is 2.0 mL. [The minimum volume for 5% error = (0.1
mL × 100)/5 = 2.0.]
There is an inverse relationship between the temperature and density of liquids. For
compounding and dispensing purposes, deviations will be negligible when volume measurements
are performed at temperatures NMT 5° from that specified on the particular cylindrical
graduate, which is usually 20°. For example, the densities in g/mL of water, ethanol, and
glycerin vary, respectively, from 0.999 to 0.997, 0.791 to 0.785, and 1.265 to 1.262 over the
temperature range of 15°–25°. The accuracy of each cylindrical graduate used in pharmacy
practice is recommended to be verified as follows, at a measuring temperature of 20°–25° with
the assumption that deviations follow a normal or Gaussian distribution:
1. Tare a clean, dry graduate on a properly calibrated balance of adequate capacity,
linearity, and readability for the volumes to be measured.
2. Fill the tared, dry graduate identically five or more times on a level surface to the
smallest, a mid-range, and the maximum capacity graduation marks with Purified Water
or deionized water, precluding and wiping spills and splashes from the exterior and
interior above the target fill line.
3. Record the weight of each filling.
4. Calculate the mean weight of each set of fillings.
5. Calculate the percent deviation of each weight from the theoretical weight as follows:
Percent deviation weight = {[Actual weight − (intended volume × 0.9975)]/(Intended
volume × 0.9975)} × 100%
6. Calculate the percent mean deviation weight as follows:
Percent mean deviation weight = {[Mean actual weight − (intended volume ×
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0.9975)]/(Intended volume × 0.9975)} × 100%
Deviations for cylindrical graduates used in compounding and dispensing should not exceed
5.0% for individual weights or 2.5% for mean weights of the corresponding volumes of Purified
Water. Table 1 and Table 2 show that a wider range of volumes can be measured in Class A
cylindrical graduates compared to Class B. According to ASTM standards, Class A cylindrical
graduates must be marked with the letter “A” to designate compliance with applicable
construction and accuracy requirements. Class B cylindrical graduates are the same basic
design as Class A cylindrical graduates and are considered to be for general purpose use.
However, volumetric tolerances may be up to twice the allowable range for Class A cylindrical
graduates.
Table 2. Tolerance or Accuracy Limits for Class B Cylindrical Graduatesa
Minimum Volume
Smallest Graduation
Tolerance
for 5% Error
Capacity
Mark Interval
b
(mL)
(mL)
(±mL)
(mL)c
5
0.1
0.10
2.0
10
0.1 or 0.2
0.2
4.0
25
0.2 or 0.5
0.34
6.8
50
1
0.50
10.0
100
1
1.00
20.0
250
2
2.00
40.0
500
5
4.00
80.0
1000
10
6.00
120.0
2000
20
12.00
240.0
4000
50
29.00
580.0
a Adapted from ASTM E1272-02. Standard specification for laboratory glass graduated
cylinders. West Conshohocken, PA: ASTM International; 2012. www.astm.org.
b The constant volume error in each measurement.
c The minimum volume for N% error = [Tolerance (mL) × 100]/N (%); e.g. for N = 5% for a
5-mL graduate, the minimum volume is 2.0 mL. [The minimum volume for 5% error = (0.1 mL
× 100)/5 = 2.0.]
2.2 Medicine Droppers
Medicine droppers meet the specifications in Packaging and Storage Requirements 〈659〉.
Medicine droppers should be used only for qualitative purposes, such as pH adjustment with an
acid, alkali, or buffer, and visual identification testing with reagents. Medicine droppers are not
approved for volumetric measurements for compounding. Calibrated medicine droppers have
markings to guide delivery of the prescribed quantity of medication. Their purpose should be
limited to the measurement of a dose for administration.
2.3 Dispensing Bottles
Some dispensing bottles may be supplied by the manufacturer as part of the packaging,
whereas others may be selected and supplied by the pharmacist. These containers are not
necessarily accurately calibrated and should not be used for measurement during compounding
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and dispensing unless they are appropriately calibrated by the compounder.
2.4 Syringes
Syringes are available in a variety of sizes with calibrated increments used for measuring and
may be used to accurately measure and deliver a wide range of liquid volumes. For viscous
liquids, measurements made with syringes are usually more accurate than those made with
cylindrical graduates.
ORAL SYRINGES
Oral syringes are available as a device for accurately providing a dose of liquid medication to
a patient. The performance of the syringes may be user dependent. For this reason, it is
important that suitable operating procedures are documented and followed, and that operators
are specifically trained in the correct use of the instruments. Users should be cautious about
relying on manufacturers’ performance figures. It is more appropriate to perform calibration,
taking into account the variation between different users. Oral syringes provide an improvement
in dosing accuracy for viscous medications, compared with medication droppers.
SYRINGE CALIBRATION
Syringe calibration is based on the gravimetric determination of the quantity of water either
contained or delivered, and the conversion of this value to true volume at the standard
temperature of 20°. At 80% of the nominal syringe volume, 5–10 measurements should be
performed.
Calibration procedure:
1. Aspirate and dispense an exact volume of deionized water that is 80% of the nominal
syringe volume.
2. Determine the mass of the dispensed water.
3. Calculate the volume of the dispensed water using mass and density.
4. Document the measurement values.
5. Calculate the accuracy (R).
Calibration formula:
Accuracy (R) = [(Average value − target value)/Target value] × 100
2.5 Pipets
Pipets are thin glass tubes used to deliver volumes <25 mL. The two types of pipets are the
single-volume pipet and the calibrated pipet. The single-volume pipet is the most accurate and
the simplest to use, but the single-volume pipet is limited to the measurement of a single fixed
volume; it is not capable of partial volume measurements.
The calibrated pipet has graduation marks from a point near the tip of the pipet to the
capacity of the pipet. In addition to delivering its entire contents, the calibrated pipet can be
used to deliver partial volumes with good volumetric precision.
Micropipets generally are used when very small volumes (<1 mL) are required; micropipets are
available in a variety of sizes. Each micropipet can be adjusted, usually by turning a dial, to
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deliver a volume within a limited range. For example, one micropipet may deliver volumes of 0–
20 µL, another delivers 0–100 µL, and yet another delivers 0–1000 µL. The pipet selected
should provide the greatest accuracy for the volume to be measured. Pipets should be
calibrated/certified periodically as specified in the facility's standard operating procedures.
Calibrating micropipets is a very specialized process that requires adequate training and
appropriate equipment. There are companies that offer contract calibration services to certify
that pipets are performing correctly.
2.6 Volumetric Flasks
Volumetric flasks have a slender neck and wide, bulb-like base. They are single-volume
glassware and come in a variety of sizes. Only one calibration mark is etched on the neck of
the flask. When the flask is filled to that mark, the flask contains the volume indicated on the
flask. Volumetric flasks are difficult to use if dissolving solids in liquid because of the narrowness
of the neck. If solids are to be dissolved, the flask should be partially filled with liquid, the solid
material added and completely dissolved, and then the flask should be filled to the calibration
mark.
2.7 Additional Considerations When Using Volumetric Apparatus
The use of volumetric apparatus requires some working knowledge of viscosity, density,
surface tension, and adhesion. Each of these properties may affect measurement accuracy. For
example, higher-viscosity liquids will be drawn into the vessel at a slower rate, and the
operator should allow time for complete filling. Delivery can also be slow, because higherviscosity fluids travel through the orifice at a slower rate. Density can affect filling and
emptying in a manner similar to viscosity. In addition, liquids with very low surface tension may
tend to “crawl up” the vessel wall or leak from the tip of a syringe or pipet. Adhesion can affect
accuracy by resulting in a slow rate of vessel emptying. The operator should confirm that all of
the liquid has been drained from the vessel if performing a quantitative transfer.
Understanding the terms “To Contain (TC)” and “To Deliver (TD)” is important, because they
apply to glassware. TC and TD glassware consists of vessels that range from 1 to about 100
mL and are individually marked to indicate whether they are TC or TD vessels. A TC vessel is
designed to deliver the entire measured content of the operation, and it may require forced air
to expel the final quantity. A TD vessel is designed to deliver the entire measured amount via
gravity flow.
GLOSSARY
Accuracy: The closeness of the displayed weight, as measured by the balance, to the true
weight, as known by the use of a calibration weight or weights.
Balance indicator: A combination of elements, one or both of which will oscillate with respect
to the other, to indicate the equilibrium state of the balance during weighing.
Capacity: Maximum weight, including the weight of tares to be placed on one pan. The nominal
capacity of a prescription scale (Class III prescription balance) is assumed to be one-half
apothecary ounce (15.55 g), unless otherwise marked. [Note—This is applicable only to scales
not marked with an accuracy class. Past and currently available Class III prescription balances
typically have a capacity of either 60 or 120 g and bear a label stating such.]
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Linearity: The ability to maintain the same sensitivity over the entire weighing range of the
balance. This is the constant weighing error in every amount weighed within the capacity range
of the balance. This term is used only with electronic balances. Analogous terms are “absolute
error” or “linear accuracy”. The linearity is determined by the balance manufacturer.
Minimum accurately weighable quantity (MAWQ): The smallest weight or mass that will
produce no greater than a predetermined fraction of error on a properly calibrated, situated,
and operated balance.
Precision: The reproducibility of the weighing measurement as expressed by a standard
deviation. A similar term, “repeatability”, is sometimes used in specifications for electronic
balances.
Readability: The smallest division at which the balance increments.
Repeatability: An instrument’s ability to consistently deliver the same weight reading for a
given object, and to return to a zero reading after each weighing cycle. This is tested by
repeatedly weighing the same test weight.
Rest point: The point on the index plate at which the indicator or pointer stops when the
oscillations of the balance cease, or the index plate position of the indicator or pointer
calculated from recorded consecutive oscillations in both directions past the zero of the index
plate scale. If the balance has a two-pointer indicating mechanism, the position or the
oscillations of only one of the pointers need to be recorded or used to determine the rest point.
Sensitivity requirements (SR): The maximum change in load that will cause a specified
change, such as a particular quantity of pointer scale division marks, of the pointer or
indicating component of the balance.
Tare bar: An auxiliary ungraduated weighbeam bar with a movable poise. It can be used to
correct for variations in weighing glasses or papers.
Weighbeam or Beam: A graduated bar equipped with a movable poise or rider. Metric
graduations are in 0.01-g increments up to a maximum of 1.0 g.
1 NIST Handbook 44 (2015) Specifications, Tolerances, and Other Technical Requirements for Weighing and
Measuring Devices. Section 2.2.0 Scales (http://www.nist.gov/pml/wmd/pubs/h44-11.cfm).
2 Harris GL. Specifications and tolerances for reference standards and field standard weights and measures. 2.
Specifications and tolerances for field standard measuring flasks. 1996. NTIS Order Number: PB96-178926.
National Technical Information Service, Alexandria, Virginia 22312 (http://www.ntis.gov).
3 ASTM E542-01. Standard practice for calibration of laboratory volumetric apparatus. West C onshohocken,
PA: ASTM International; 2012. www.astm.org.

Recent Official Publications:
USP41–NF36 Page 7485
BRIEFING
Aflatoxin B1. It is proposed to add this new reagent used in Articles of Botanical Origin

〈561〉, Test for Aflatoxins.
(HDQ: M. Marques.)
Correspondence Number—C196026
Comment deadline: March 31, 2018
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Add the following:
Aflatoxin B1, C17 H12 O6 —312.3 [1162-65-8]—From Aspergillus flavus. Use a suitable grade
with a content of NLT 98%. USP42
BRIEFING
Aflatoxin B2. It is proposed to add this new reagent used in Articles of Botanical Origin
〈561〉, Test for Aflatoxins.
(HDQ: M. Marques.)
Correspondence Number—C196027
Comment deadline: March 31, 2018
Add the following:
Aflatoxin B2, C17 H14 O6 —314.29 [7220-81-7]—Use a suitable grade with a content of NLT
98%. USP42
BRIEFING
Aflatoxin G1. It is proposed to add this new reagent used in Articles of Botanical Origin

〈561〉, Test for Aflatoxins.
(HDQ: M. Marques.)
Correspondence Number—C196024
Comment deadline: March 31, 2018
Add the following:
Aflatoxin G1, C17 H12 O7 —328.27 [1165-39-5]—From Aspergillus flavus. Use a suitable
grade with a content of NLT 98%. USP42
BRIEFING
Aflatoxin G2. It is proposed to add this new reagent used in Articles of Botanical Origin
〈561〉, Test for Aflatoxins.
(HDQ: M. Marques.)
Correspondence Number—C196025
Comment deadline: March 31, 2018
Add the following:
Aflatoxin G2, C17 H14 O7 —330.29 [7241-98-7]—Use a suitable grade with a content of NLT
98%. USP42
BRIEFING
Clozapine N-Oxide. It is proposed to add this new reagent used in the monographs for
Clozapine and Clozapine Tablets.
(HDQ: M. Marques.)
Correspondence Number—C196749
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Comment deadline: March 31, 2018
Add the following:
Clozapine N-Oxide (8-Chloro-11-(4-methyl-1-piperazinyl)-5H-dibenzo[b,e][1,4]diazepine Noxide), C18 H19 ClN4 O—342.82 [34233-69-7]—Use a suitable grade with a content of NLT
98%. USP42
BRIEFING
Deuterated Ethanol. It is proposed to add this new reagent used in Procedure 3: Limit of
d-His1 Exenatide in the monograph for Exenatide.
(HDQ: M. Marques.)
Correspondence Number—C197051
Comment deadline: March 31, 2018
Add the following:
Deuterated Ethanol, C2 DH5 O—47.07 [925-93-9]—Use a suitable grade with NLT 99.5% of
deuteration. USP42
BRIEFING
Deuterium Chloride Solution. It is proposed to add this new reagent used in Procedure 3;
Limit of d-HIS1-Exenatide in the monograph for Exenatide.
(HDQ: M. Marques.)
Correspondence Number—C197050
Comment deadline: March 31, 2018
Add the following:
Deuterium Chloride Solution (Hydrochloric Acid-d Solution), DCl—37.47 [7698-057]—Use a suitable grade with a concentration of NLT 35 w% in heavy water (D2 O). USP42
BRIEFING
Deuterium Oxide, USP 40 page 2350. It is proposed to add synonyms to this reagent entry.
Additionally, minor editorial changes have been made to update this reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C196115
Comment deadline: March 31, 2018
Change to read:
Deuterium Oxide
(Heavy Water; Deuterated Water), USP42
D2 O—20.032 [7789-20-0]—Use a suitable grade having a minimum isotopic purity of 99.8
atom% of deuterium.
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BRIEFING
Isobutyl Chloroformate. It is proposed to add this new reagent used in the Exenatide
monograph.
(HDQ: M. Marques.)
Correspondence Number—C196218
Comment deadline: March 31, 2018
Add the following:
Isobutyl Chloroformate (Chloroformic Acid Isobutyl Ester; IBCF),
C5 H9 ClO2 —136.58 [543-27-1]—Use a suitable grade with a content of NLT 98%.

USP42

BRIEFING
Polyethylene Glycol 400. It is proposed to add this new reagent.
(HDQ: M. Marques.)
Correspondence Number—C197153
Comment deadline: March 31, 2018
Add the following:
Polyethylene Glycol 400 [25322-68-3]—Molecular weight range: 380–420. Use
Polyethylene Glycol (NF monograph). USP42
BRIEFING
Polyethylene Glycol 4000. It is proposed to add this new reagent.
(HDQ: M. Marques.)
Correspondence Number—C197159
Comment deadline: March 31, 2018
Add the following:
Polyethylene Glycol 4000—Molecular weight range: 3600–4400
Polyethylene Glycol (NF monograph). USP42

[25322-68-3]—Use

BRIEFING
Pyridine, Anhydrous. It is proposed to add this new reagent used in the Almond Oil
monograph.
(HDQ: M. Marques.)
Correspondence Number—C196219
Comment deadline: March 31, 2018
Add the following:
Pyridine, Anhydrous, C5 H5 N—79.1 [110-86-1]—Use a suitable grade with a content of
NLT 99% and a water content of NMT 0.003% (see Water Determination 〈921〉, Method I).
USP42
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BRIEFING
Trifluoroacetic Acid Ethyl Ester. It is proposed to add this new reagent used in the
Exenatide monograph.
(HDQ: M. Marques.)
Correspondence Number—C196119
Comment deadline: March 31, 2018
Add the following:
Trifluoroacetic Acid Ethyl Ester (Ethyl Trifluoroacetate), C4 H5 F 3 O2 —142.08 [383-631]—Use a suitable grade with a content of NLT 99%. USP42
BRIEFING
Citric Acid TS. It is proposed to add this new test solution used in the Assay and the test
for Organic Impurities in the monograph for Desvenlafaxine Extended-Release Tablets.
(HDQ: M. Marques.)
Correspondence Number—C162427
Comment deadline: March 31, 2018
Add the following:
Citric Acid TS—100 g/L of anhydrous citric acid in water

USP42

BRIEFING
Sodium Chloride TS. It is proposed to add this new test solution used in the Assay and the
test for Organic Impurities in the monograph for Desvenlafaxine Extended-Release Tablets.
(HDQ: M. Marques.)
Correspondence Number—C162427
Comment deadline: March 31, 2018
Add the following:
Sodium Chloride TS—9 g/L of sodium chloride in water

USP42

BRIEFING
0.2 N Alcoholic Potassium Hydroxide VS. It is proposed to add this new volumetric
solution used in the Almond Oil monograph.
(HDQ: M. Marques.)
Correspondence Number—C196220
Comment deadline: March 31, 2018
Add the following:
0.2 N Alcoholic Potassium Hydroxide VS
KOH 56.11
11.22 g in 1000 mL
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Dissolve about 14 g of potassium hydroxide in 20 mL of water, and add aldehyde-free alcohol
to make 1000 mL. Allow the solution to stand in a tightly stoppered bottle for 24 h. Then
quickly decant the clear supernatant into a suitable, tight container. Store in tightly
stoppered bottles, protected from light.
Standardization: Accurately measure 10 mL of 0.5 N hydrochloric acid VS. Dilute with 50 mL
of water, add 2 drops of phenolphthalein TS, and titrate with the alcoholic potassium hydroxide
solution until a permanent pale pink color is produced.

[Note—If this volumetric solution is used in a qualitative application such as pH adjustment,
dissolution medium, or diluent, its standardization is not necessary.] USP42
BRIEFING
0.002 M Edetate Disodium VS. It is proposed to add this new volumetric solution used in
the monograph for Gadoterate Meglumine Injection.
(HDQ: M. Marques.)
Correspondence Number—C197169
Comment deadline: March 31, 2018
Add the following:
0.002 M Edetate Disodium VS
C10 H14 N2 Na2 O8 ·2H2 O 372.24
0.0744 g in 1000 mL
Transfer 20 mL of 0.1 M edetate disodium VS to a 1000-mL volumetric flask. Dilute with
water to volume. USP42
BRIEFING
0.01 M Edetate Disodium VS. It is proposed to add this new volumetric solution used in
the monograph for Gadoterate Meglumine Injection.
(HDQ: M. Marques.)
Correspondence Number—C197168
Comment deadline: March 31, 2018
Add the following:
0.01 M Edetate Disodium VS,
C10 H14 N2 Na2 O8 ·2H2 O 372.24
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3.722 g in 1000 mL
Transfer 100 mL of 0.1 M edetate disodium VS to a 1000-mL volumetric flask. Dilute with
water to volume.
Standardization: Accurately weigh about 40 mg of chelometric standard calcium carbonate,
previously dried at 100° for 2 h and cooled in a desiccator, or dried according to the label
instructions, transfer to a 400-mL beaker, add 10 mL of water, and swirl to form a slurry. Cover
the beaker with a watch glass, and introduce 4 mL of diluted hydrochloric acid from a pipet
inserted between the lip of the beaker and the edge of the watch glass. Wash down the sides
of the beaker, the outer surface of the pipet, and the watch glass with water, and dilute with
water to about 200 mL. While stirring the solution, preferably with a magnetic stirrer, add about
30 mL of the edetate disodium solution from a 50-mL buret. Adjust the solution with sodium
hydroxide TS to a pH of 12–13, add 300 mg of hydroxy naphthol blue, and continue the
titration with edetate disodium solution to a blue endpoint.

[Note—If this volumetric solution is used in a qualitative application such as pH adjustment,
dissolution medium, or diluent, its standardization is not required.] USP42
CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, USP 41 page 5781.
(HDQ.)
Correspondence Number—C97026; C97341; C102822; C110724; C162427; C168547; C177740;
C179172; C182508
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in
the United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and
light-resistant (LR) specifications applicable to containers in which the drug that is
repackaged should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
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Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
Add the following:
Cefixime Capsules

T

USP42

Add the following:
Desvenlafaxine Extended-Release Tablets

T

USP42

Add the following:
Famciclovir Tablets

T

USP42

Add the following:
Pramipexole Dihydrochloride Tablets

T

USP42

BRIEFING
Description and Relative Solubility of USP and NF Articles, USP 41 page 5791.
(HDQ.)
Correspondence Number—C197393
Add the following:
Guanidine Hydrochloride: White, crystalline powder. Freely soluble in water and in alcohol.
Aqueous solution is neutral. NF category: Chaotropic agent. USP42
BRIEFING
Albuterol Inhalation Aerosol. Because there is no existing USP monograph for this dosage
form, the following monograph is proposed.
1. The isocratic liquid chromatographic procedure used in the Assay, the test for
Aerodynamic Size Distribution, and the tests for Delivered-Dose Uniformity is based on
validations performed with the Supelcosil LC-18 brand of column with L1 packing. The
typical retention time for albuterol is about 4 min.
2. The equipment used in the test for Aerodynamic Size Distribution and the tests for
Delivered-Dose Uniformity contain modified apparatus that are not used in Inhalation
and Nasal Drug Products: Aerosols, Sprays, and Powders—Performance Quality Tests
〈601〉. The details of the modification and the engineering diagrams have been included
in the proposal to facilitate evaluation. Interested parties are invited to submit
comments.
3. The capillary gas chromatographic procedure used in the Alcohol Content test is based
on validations performed with Supelco SPB-5 brand of column with phase G27. Restek
RTX-5 is also a suitable column. Typical retention times for alcohol and n-propanol are
about 1.6 and 2.6 min respectively.
4. The gradient elution liquid chromatographic procedure used in the test for Organic
Impurities is based on validations performed with the Supelco LC-18 brand of column
with L1 packing. The typical retention time for albuterol is about 12 min.
(CHM4: R. Ravichandran.)
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Correspondence Number—C160223
Comment deadline: March 31, 2018
Add the following:
Albuterol Inhalation Aerosol
DEFINITION
Albuterol Inhalation Aerosol is a suspension of Albuterol Sulfate with a suitable propellant and
excipients in a pressurized container. The mean content per actuation contains albuterol
sulfate (C13 H21 NO3 )2 equivalent to NLT 85% and NMT 115% of the labeled amount of
albuterol (C13 H21 NO3 ).
IDENTIFICATION
• A. Infrared Absorption 〈197K〉 or 〈197A〉
Spectral range: Between 4000 cm−1 and 400 cm−1
Sample: Chill the aerosol unit. Pass the contents through a nylon membrane filter of
0.45-µm pore size on a vacuum filtration apparatus. Rinse the filter with absolute alcohol
and dry the filtrate.
Acceptance criteria: Meets the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: Dissolve 1.4 g of sodium dodecyl sulfate in 980 mL of water. Add 6.8 mL of
phosphoric acid. Adjust with triethylamine to a pH of 2.5.
Solution A: 0.1% (v/v) phosphoric acid
Mobile phase: Methanol and Buffer (45:55)
Diluent: Methanol and Solution A (45:55)
Standard solution: 0.33 mg/mL of USP Albuterol Sulfate RS in Diluent
Sample solution: Weigh the aerosol unit to obtain the gross sample weight (W1). Chill the
aerosol unit and remove the valve assembly. Pour the contents into a chilled 100-mL
volumetric flask. Allow the propellant to evaporate. Rinse the interior of the aerosol unit
and the valve components with Diluent. Sonicate, if necessary, to dissolve the contents.
Collect all rinse solutions in the 100-mL volumetric flask. Allow to cool to room
temperature and dilute with Diluent to volume. Dry the empty aerosol unit and valve
components. Weigh the aerosol unit and valve components (W2).
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 278 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 2.0 mL/min
Injection volume: 20 µL
Run time: NLT 1.5 times the retention time of albuterol
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of albuterol in the Inhalation Aerosol:
Result = [(rU/rS) × CS] × V/(W1 − W2) × M × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Albuterol Sulfate RS in the Standard solution (mg/mL)
V = total volume of the Sample solution, 100 mL
W1 = gross sample weight of the Inhalation Aerosol, mg
W2 = dried weight of the aerosol unit and valve components (mg)
M = number of moles of albuterol per mole of albuterol sulfate, 2
Mr1 = molecular weight of albuterol, 239.31
Mr2 = molecular weight of albuterol sulfate, 576.70
Acceptance criteria: 85%–115%
OTHER COMPONENTS
• Alcohol Content
[Note—Perform this test if alcohol is a component in the formulation.]
Internal standard solution: 0.1% (v/v) n-propanol in N,N dimethyl formamide
Standard solution: 0.8 mg/mL of alcohol from USP Alcohol Determination–Alcohol RS in
Internal standard solution prepared as follows. Transfer 2.5 mL of USP Alcohol
Determination–Alcohol RS to a suitable flask. Transfer 50 mL of Internal standard solution
to the flask.
Calculate the concentration of alcohol, CS, in this solution:
CS = (VS/VIS) × P × (1/100)d
VS = volume of USP Alcohol Determination–Alcohol RS, 2.5 mL
VIS = volume of the Internal standard solution, 50 mL
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P = label value from USP Alcohol Determination–Alcohol RS (% v/v)
d = density of ethyl alcohol, 790 mg/mL
Sample solution: Prime the valve by discharging a predetermined number of actuations to
waste, shaking the aerosol unit before each discharge. Weigh the aerosol unit accurately
to obtain the gross sample weight (W1). Discharge the aerosol unit 5 times into a suitable
container with 25.0 mL of Internal standard solution. Weigh the aerosol unit (W2).
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 30-m × 0.32-mm fused-silica capillary; bonded with a 3-µm layer of phase G27
Temperatures
Injection port: 200°
Detector: 240°
Column: See Table 1.
Table 1
Initial
Temperature
(°)
35
35
75

Temperature
Ramp
(°/min)
0
20
35

Final
Temperature
(°)
35
75
220

Hold Time at
Final
Temperature
(min)
1.0
1.0
2.0

Flow rate: 4.5 mL/min
Carrier gas: Helium or hydrogen
Injection volume: 0.5 µL
Injection type: Split ratio, 15:1
System suitability
Sample: Standard solution
[Note—The relative retention times for alcohol and n-propanol are 1.0 and 1.6,
respectively.]
Suitability requirements
Tailing factor: NMT 1.5 for alcohol and n-propanol
Relative standard deviation: NMT 1.5% for the ratio of alcohol to n-propanol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of alcohol in the portion of Inhalation Aerosol taken:
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Result = [(RU/RS) × CS] × V/(W1 − W2) × 100
RU = peak response ratio of alcohol to n-propanol from the Sample solution
RS = peak response ratio of alcohol to n-propanol from the Standard solution
CS = concentration of alcohol in the Standard solution (mg/mL)
V = total volume of the Sample solution, 25 mL
W1 = gross sample weight of the Inhalation Aerosol unit before discharge (mg)
W2 = weight of the Inhalation Aerosol unit after discharge (mg)
Acceptance criteria: 12.3%–16.6%
PERFORMANCE TESTS
• Inhalation and Nasal Drug Products: Aerosols, Sprays, and Powders—Performance
Quality Tests 〈601〉, C. Aerodynamic Size Distribution—Inhalation Aerosols, Sprays, and
Powders
Sampling apparatus: Use Apparatus 1 in 〈601〉 with a modified induction port (Figure A).

Figure A.
Buffer, Solution A, Mobile phase, and Diluent: Prepare as directed in the Assay.
Standard solution: 2.2 µg/mL of USP Albuterol Sulfate RS in Diluent
Sample solution: Nominally 0.11–6.5 µg/mL of albuterol sulfate from Inhalation Aerosol
(equivalent to 0.09–5.4 µg/mL of albuterol) prepared as follows. Prime the valve by
discharging a predetermined number of actuations to waste, shaking the aerosol unit
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before each discharge. Discharge the aerosol unit 5 times into the sampling apparatus,
shaking the aerosol unit before each discharge, and detach the aerosol unit. Rinse each
piece of the apparatus with Diluent into a suitable container. The final concentration of
the expected albuterol sulfate should be in the range of 0.11–6.5 µg/mL. Repeat these
steps on 4 additional aerosol units for a total of 5 sets of Sample solutions.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 150-mm; 5-µm packing L1
Flow rate: 2.0 mL/min
Injection volume: 40 µL
Run time: NLT 1.5 times the retention time of albuterol
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the amount of albuterol sulfate, in µg/actuation, for each Sample solution:
Result = [(rU/rS) × CS] × (V/N)
rU = peak response from the Sample solution
rS = peak response of albuterol from the Standard solution
CS = concentration of USP Albuterol Sulfate RS in the Standard solution (µg/mL)
V = total volume of the Sample solution
N = number of actuations used to prepare the Sample solution
Acceptance criteria
Tier 1
The mass of albuterol sulfate deposited, in µg/actuation, in each grouping of the
Sampling apparatus is given in Table 2.
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Table 2
Individual Unit (µg/actuation)
Apparatus
Component
Sum of induction port,
jet,
Plate 0, Plate 1, and
Plate 2
Sum of Plates 3, 4, and 5
Sum of Plates 6, 7, and
filter

Mean
(µg/actuation)

NMT 1 of 5
outside

0 of 5
outside

NMT 56
32–46

NMT 59
30–50

NMT 62
29–54

3.4–6.2

3.2–6.6

3.1–7.0

If the Acceptance criteria in Table 2 are not met, proceed to Tier 2.
Tier 2
Test an additional 5 units. Use the results from 10 units (5 from Tier 1 and 5 from Tier
2). The results meet the Acceptance criteria in Table 3.
Table 3
Individual Unit (µg/actuation)
Apparatus
Component
Sum of induction port,
jet,
Plate 0, Plate 1, and
Plate 2
Sum of Plates 3, 4, and
5
Sum of Plates 6, 7, and
filter

Mean
(µg/actuation)

NMT 2 of 10
outside

NMT 56

NMT 59

32–46

30–50

3.4–6.2

3.2–6.6

0 of 10
outside

NMT 62
29–54
3.1–7.0

• Delivered-Dose Uniformity (Between Units)
Sampling apparatus: Use the apparatus (Figure B) with glass wool plug. Adjust the
vacuum source to a set point of 12 L/min.
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Figure B.
Buffer, Solution A, Mobile phase, and Diluent: Prepare as directed in the Assay.
Standard solution: 4.3 µg/mL of USP Albuterol Sulfate RS in Diluent
Sample solution: Prime the valve by discharging a predetermined number of actuations to
waste, shaking the aerosol unit before each discharge. Discharge two actuations into the
sampling apparatus, shaking the aerosol unit before each discharge, and detach the
aerosol unit. Rinse the apparatus with Diluent into a 50-mL volumetric flask. Repeat these
steps on 9 additional aerosol units for a total of 10 Sample solutions.
Chromatographic system and System suitability: Proceed as directed in the Assay,
except use a Detector at UV 225 nm.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of albuterol (C13 H21 NO3 ) delivered in each
actuation:
Result = [(rU/rS) × CS] × M × (Mr1/Mr2) × (V/N) × (1/L) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Albuterol Sulfate RS in the Standard solution (µg/mL)
M = number of moles of albuterol per mole of albuterol sulfate, 2
Mr1 = molecular weight of albuterol, 239.31
Mr2 = molecular weight of albuterol sulfate, 576.70
V = total volume of the Sample solution
N = number of actuations per sample collection
L = label claim of albuterol (µg/actuation)
Acceptance criteria
Tier 1
Mean: Mean of 10 results is 85%–115% of label claim.
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Individuals: NMT 1 of 10 results are outside of 80%–120% of label claim and none are
outside of 75%–125% of label claim.
If mean is 85%–115% of label claim and NMT 2 of 10 results are outside 80%–120% of label
claim and none are outside 75%–125% of label claim, proceed to Tier 2.
Tier 2
Test an additional 20 units. Evaluate the 30 results from Tier 1 (10 results) and Tier 2
(20 results).
Mean: Mean of the 30 results is 85%–115% of label claim.
Individuals: NMT 3 of 30 results are outside 80%–120% of label claim and none are
outside 75%–125% of label claim.
• Delivered-Dose Uniformity (Within Unit)
Sampling apparatus: Use the apparatus (Figure B) with glass wool plug. Adjust the
vacuum source to a set point of 12 L/min.
Buffer, Solution A, Mobile phase, and Diluent: Prepare as directed in the Assay.
Standard solution: 4.3 µg/mL of USP Albuterol Sulfate RS in Diluent
Sample solution: Prime the valve by discharging a predetermined number of actuations to
waste, shaking the aerosol unit before each discharge. Discharge two actuations at the
beginning of use (BOU) into the sampling apparatus, shaking the aerosol unit before each
discharge, and detach the aerosol unit. Rinse the apparatus with Diluent into a 50-mL
volumetric flask. Discharge the aerosol unit to waste, shaking the aerosol unit before each
discharge, until the aerosol unit is at an actuation reflective of the middle of use.
Discharge two actuations at the middle of use (MOU) into the sampling apparatus, shaking
the aerosol unit before each discharge, and detach the aerosol unit. Rinse the apparatus
with Diluent into a 50-mL volumetric flask. Discharge the requisite number of actuations to
waste, shaking the aerosol unit before each discharge, until the last recommended dose
remains. Discharge two actuations at end of use (EOU) into the sampling apparatus,
shaking the aerosol unit before each discharge, and detach the aerosol unit. Rinse the
apparatus with Diluent into a 50-mL volumetric flask. Repeat these steps on 2 additional
aerosol units for a total of 9 Sample solutions.
Chromatographic system and System suitability: Proceed as directed in the Assay,
except use a Detector at UV 225 nm.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of albuterol (C13 H21 NO3 ) delivered in each
actuation:
Result = [(rU/rS) × CS] × M × (Mr1/Mr2) × (V/N) × (1/L) × 100
rU
rS
CS
M

= peak response from the Sample solution
= peak response from the Standard solution
= concentration of USP Albuterol Sulfate RS in the Standard solution (µg/mL)
= number of moles of albuterol per mole of albuterol sulfate, 2
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Mr1 = molecular weight of albuterol, 239.31
Mr2 = molecular weight of albuterol sulfate, 576.70
V = total volume of the Sample solution
N = number of actuations per sample collection
L = label claim of albuterol (µg/actuation)
Acceptance criteria
Tier 1
Mean: 85%–115% of label claim
Individuals: NMT 1 of 9 results are outside of 80%–120% of label claim and 0 of 9
results are outside of 75%–125% of label claim.
If mean is 85%–115% of label claim and NMT 2 of 9 are outside 80%–120% of label claim
and none are outside 75–125% of label claim, proceed to Tier 2.
Tier 2
Test an additional 7 units. Evaluate the results from Tier 1 (9 results) and Tier 2 (21
results).
Mean: Mean of 30 results is 85%–115% of label claim.
Individuals: NMT 3 of 30 results are outside 80%–120% of label claim and none are
outside of 75%–125% of label claim.
IMPURITIES
• Organic Impurities
Solution A: Dissolve 1.5 g of sodium dodecyl sulfate in 800 mL of water. Add 6.25 mL of
phosphoric acid and 5 mL of ammonium hydroxide, and mix. Adjust with phosphoric acid or
ammonium hydroxide to a pH of 2.6 ± 0.1. Add 200 mL of acetonitrile.
Solution B: Dissolve 1.5 g of sodium dodecyl sulfate in 600 mL of water. Add 6.25 mL of
phosphoric acid and 5 mL of ammonium hydroxide, and mix. Adjust with phosphoric acid or
ammonium hydroxide to a pH of 2.6 ± 0.1. Add 400 mL of acetonitrile.
Mobile phase: See Table 4.
Time
(min)
0
35
45
45.1
55

Table 4
Solution A
(%)
90
45
45
90
90

Solution B
(%)
10
55
55
10
10

Diluent: 0.1% (v/v) phosphoric acid and acetonitrile (80:20)
System suitability solution: 0.3 mg/mL of USP Albuterol Sulfate RS and 0.05 mg/mL each
of USP Albuterol Related Compound A RS, USP Albuterol Related Compound F RS, and USP
Levalbuterol Related Compound D RS in Diluent
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Sensitivity solution: 0.3 µg/mL of USP Albuterol Sulfate RS in Diluent
Sample solution: Chill the aerosol unit and remove the valve assembly. Pour the contents
into a chilled 100-mL volumetric flask. Carefully allow the propellant to evaporate. Rinse
the interior of the aerosol unit and valve assembly with Diluent and collect the rinses in
the 100-mL volumetric flask. If necessary, sonicate the flask to dissolve the drug
substance.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—The relative retention times of all the related compounds are given in Table 5.]
Suitability requirements
Resolution: NLT 1.5 between albuterol related compound F and albuterol related
compound A, System suitability solution
Tailing factor: NMT 2.0 for albuterol, System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each degradation product in the Inhalation Aerosol:
Result = (rU/rS) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of albuterol from the Sample solution
Acceptance criteria: See Table 5. The reporting threshold is 0.05%.
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Table 5

Name
Albuterol
Levalbuterol related compound Ha,b

Relative
Retention
Time
1.0
1.42

Acceptance
Criteria,
NMT (%)
—
—

Levalbuterol related compound Ca,c
1.87
Albuterol related compound F
2.17
Albuterol related compound Aa
2.34
2.86
Levalbuterol related compound Ed
Levalbuterol related compound Da
3.20
Any individual unspecified degradation
—
product
Total degradation products
—
a Process impurity; controlled in the drug substance.
b 4-[2-(tert-Butylamino)-1-methoxyethyl]-2-(hydroxymethyl)phenol.
c 4-[2-(tert-Butylamino)-1-hydroxyethyl]-2-(methoxymethyl)phenol.
d 4-[2-(tert-Butylamino)-1-hydroxyethyl]-2-(ethoxymethyl)phenol.

—
0.20
—
0.35
—
0.10
1.0

SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 101 cfu/g of formulation, and the total combined
molds and yeasts count does not exceed 101 cfu/g of formulation. It meets the
requirements of the tests for absence of Staphylococcus aureus, Pseudomonas
aeruginosa, and bile-tolerant gram-negative bacteria.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in nonreactive, light-resistant aerosol containers with
metered valves provided with aerosol inhalation actuators. Store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Albuterol Sulfate RS
USP Alcohol Determination–Alcohol RS
USP Albuterol Related Compound A RS
4-{2-[(1,1-Dimethylethyl)amino]-1-hydroxyethyl}-2-methylphenol sulfate.
C13 H21 NO2 ·H2 SO4
544.70
USP Albuterol Related Compound F RS
4-[2-(tert-Butylamino)-1-ethoxyethyl]-2-(hydroxymethyl)phenol.
C15 H25 NO3
267.37
USP Levalbuterol Related Compound D RS
5-{2-[(1,1-Dimethylethyl)amino]-1-hydroxyethyl}-2-hydroxy-benzaldehyde.
C13 H19 NO3
237.29
USP42
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BRIEFING
Ampicillin and Sulbactam for Injection, USP 40 page 2813. As part of USP monograph
modernization efforts, it is proposed to make the following changes:
1. Add a test for Organic Impurities based on validated methods of analysis. The liquid
chromatographic procedure in the test for Organic Impurities is based on the analyses
performed with the Hypersil BDS C8 brand of column with L7 packing. The typical
retention times for sulbactam and ampicillin are about 3 and 11 min, respectively.
2. Revise the column dimensions in the Assay based on the validation data.
3. Add clarity to the Notes for preparation of various solutions in the Assay.
4. Delete the Column efficiency requirement from the Assay because the remaining criteria
are adequate to evaluate the system suitability.
5. Update Acceptance criteria 1 in the Assay to match the Definition.
6. Update the Sterility Tests to allow flexibility.
7. The USP Reference Standards section is updated to include the new Reference
Standards supporting the addition of the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R. Prasad.)
Correspondence Number—C106506
Comment deadline: March 31, 2018
Ampicillin and Sulbactam for Injection
DEFINITION
Ampicillin and Sulbactam for Injection is a sterile, dry mixture of Ampicillin Sodium and
Sulbactam Sodium. It contains the equivalent of NLT 90.0% and NMT 115.0% of the labeled
amounts of ampicillin (C16 H19 N3 O4 S) and sulbactam (C8 H11 NO5 S), the labeled amounts
representing proportions of ampicillin to sulbactam of 2:1. It contains NLT 563 µg/mg of
ampicillin and 280 µg/mg of sulbactam, calculated on the anhydrous basis.
IDENTIFICATION
• A. The retention time of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: Dilute 6.6 mL of a 40% solution of tetrabutylammonium hydroxide with water to
obtain 1800 mL of solution. Adjust with 1 M phosphoric acid to a pH of 5.0 ± 0.1, and
dilute with water to 2000 mL.
Mobile phase: Acetonitrile and Buffer (7:33)
System suitability stock solution: Prepare a 0.3 mg/mL solution of USP Sulbactam RS in
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0.01 N sodium hydroxide, and allow to stand for 30 min. Adjust with phosphoric acid to a
pH of 5.0 ± 0.1. Transfer 5 mL of the solution to a 25-mL volumetric flask, add 4.25 mL of
acetonitrile, and dilute with Buffer to volume.
System suitability solution: Transfer 1 mL of System suitability stock solution to a 25-mL
volumetric flask, add 15 mg of USP Ampicillin RS, and dilute with Mobile phase to volume.
[Note—Inject this solution promptly.
Prepare the solution fresh on the day of use. USP42
]
Standard solution: 0.6 mg/mL of USP Ampicillin RS and 0.3 mg/mL of USP Sulbactam RS in
Mobile phase. [Note—Inject this solution promptly.
Prepare the solution fresh on the day of use. USP42
]
Sample solution 1: Mix the contents of a container of Ampicillin and Sulbactam for
Injection. Quantitatively dissolve a portion of the powder in Mobile phase to obtain a
solution having a concentration of 1 mg/mL of the powder. [Note—Inject this solution
promptly.
Prepare the solution fresh on the day of use. USP42
]
Sample solution 2 (where it is represented as being in a single-dose container): Nominally
0.6 mg/mL of ampicillin and 0.3 mg/mL of sulbactam prepared as follows. Constitute a
container of Ampicillin and Sulbactam for Injection with a volume of water corresponding
to the volume of solvent specified in the labeling. Withdraw the total withdrawable
contents from the container, using a suitable hypodermic needle and syringe, and dilute
quantitatively, and stepwise if necessary, with Mobile phase. [Note—Inject this solution
promptly.
Prepare the solution fresh on the day of use. USP42
]
Sample solution 3 (where the label states the quantities of ampicillin and sulbactam in a
given volume of constituted solution): Nominally 0.6 mg/mL of ampicillin and 0.3 mg/mL of
sulbactam prepared as follows. Constitute a container of Ampicillin and Sulbactam for
Injection with a volume of water corresponding to the volume of solvent specified in the
labeling. Dilute a volume of the constituted solution quantitatively, and stepwise if
necessary, with Mobile phase. [Note—Inject this solution promptly.
Prepare the solution fresh on the day of use. USP42
]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4-mm
3.9-mm USP42
× 30-cm;
10-µm USP42
packing L1
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Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for ampicillin and sulbactam alkaline degradation
product are 0.7 and 1.0, respectively, System suitability solution; the relative retention
times for ampicillin and sulbactam are 0.35 and 1.0, respectively, Standard solution.]
Suitability requirements
Resolution: NLT 4.0 between ampicillin and sulbactam alkaline degradation product,
System suitability solution
Column efficiency: NLT 3500 theoretical plates, from the sulbactam peak, Standard
solution
USP42

Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution, Sample solution 1, and Sample solution 2 or Sample solution
3
Calculation 1: For Sample solution 1
Calculate the labeled amount of ampicillin (C16 H19 N3 O4 S) in the portion of Ampicillin and
Sulbactam for Injection taken:
Result = (rU/rS) × (CS/CU) × P
rU = peak area of ampicillin from Sample solution 1
rS = peak area of ampicillin from the Standard solution
CS = concentration of USP Ampicillin RS in the Standard solution (mg/mL)
CU = nominal concentration of ampicillin in Sample solution 1 (mg/mL)
P = potency of USP Ampicillin RS (µg/mg)
Calculate the labeled amount of sulbactam (C8 H11 NO5 S) in the portion of Ampicillin and
Sulbactam for Injection taken:
Result = (rU/rS) × (CS/CU) × P × 1000
rU = peak area of sulbactam from Sample solution 1
rS = peak area of sulbactam from the Standard solution
CS = concentration of USP Sulbactam RS in the Standard solution (mg/mL)
CU = nominal concentration of sulbactam in Sample solution 1 (mg/mL)
P = potency of USP Sulbactam RS (mg/mg)
Acceptance criteria 1: NLT 563 µg/mg of ampicillin and NLT 280 µg/mg of sulbactam
, on the anhydrous basis USP42
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Calculation 2: For Sample solution 2 or Sample solution 3
Calculate the percentage of the labeled amount of ampicillin (C16 H19 N3 O4 S) withdrawn
from the container, or in the volume of constituted solution taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak area of ampicillin from Sample solution 2 or Sample solution 3
rS = peak area ampicillin from the Standard solution
CS = concentration of USP Ampicillin RS in the Standard solution (mg/mL)
CU = nominal concentration of ampicillin in Sample solution 2 or Sample solution 3
(mg/mL)
P = potency of USP Ampicillin RS (µg/mg)
F = unit conversion factor, 0.001 mg/µg
Calculate the percentage of the labeled amount of sulbactam (C8 H11 NO5 S) withdrawn
from the container, or in the volume of constituted solution taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak area of sulbactam from Sample solution 2 or Sample solution 3
rS = peak area of sulbactam from the Standard solution
CS = concentration of USP Sulbactam RS in the Standard solution (mg/mL)
CU = nominal concentration of sulbactam in Sample solution 2 or Sample solution 3
(mg/mL)
P = potency of the appropriate USP Reference Standard (mg/mg)
Acceptance criteria 2: 90.0%–115.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements
IMPURITIES
Add the following:
• Organic Impurities
[Note—Prepare the Standard solution and Sample solution fresh on the day of use.]
Solution A: 4 g/L of monobasic sodium phosphate dihydrate in water. Adjust with 1 N
sodium hydroxide to a pH of 5.0. Pass through a suitable filter.
Solution B: Acetonitrile
Mobile phase: See Table 1.

PF 44(1): Jan.-Feb. 2018

170

Time
(min)
0
20
40
50
55
60
62
70

Table 1
Solution A
(%)
98
90
85
80
75
75
98
98

Solution B
(%)
2
10
15
20
25
25
2
2

Diluent: Acetonitrile and Solution A (2:98)
System suitability solution: 1.5 mg/mL of USP Ampicillin System Suitability Mixture RS in
Diluent
Standard stock solution: 1.4 mg/mL of USP Ampicillin RS and 0.7 mg/mL of USP Sulbactam
RS in Diluent
Standard solution: 14 µg/mL of USP Ampicillin RS and 7 µg/mL of USP Sulbactam RS in
Diluent
Sample solution: Nominally 1.4 mg/mL of ampicillin and 0.7 mg/mL of sulbactam in Diluent
prepared as follows. Transfer a portion of mixed contents of Ampicillin and Sulbactam for
Injection (from NLT 10 containers) containing nominally 70 mg of ampicillin and 35 mg of
sulbactam to a 50-mL volumetric flask. Add 30 mL of Diluent and sonicate to dissolve.
Dilute with Diluent to volume. Pass through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between the pivaloyl phenylglycine and diphenyldiketopiperazine
peaks, System suitability solution
Relative standard deviation: NMT 5.0% for both ampicillin and sulbactam peaks,
Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of each ampicillin related degradation product in the portion of
Ampicillin and Sulbactam for Injection taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of each ampicillin related degradation product from the Sample
solution
rS = peak response of ampicillin from the Standard solution
CS = concentration of USP Ampicillin RS in the Standard solution (mg/mL)
CU = nominal concentration of ampicillin in the Sample solution (mg/mL)
P = potency of ampicillin in USP Ampicillin RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Calculate the percentage of each sulbactam related degradation product in the portion of
Ampicillin and Sulbactam for Injection taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of each sulbactam related degradation product from the Sample
solution
rS = peak response of sulbactam from the Standard solution
CS = concentration of USP Sulbactam RS in the Standard solution (mg/mL)
CU = nominal concentration of sulbactam in the Sample solution (mg/mL)
P = potency of sulbactam in USP Sulbactam RS (mg/mg)
Calculate the percentage of any unspecified impurity in the portion of Ampicillin and
Sulbactam for Injection taken:
Result = (rU/rT) × 100
rU = peak response of each unspecified individual impurity from the Sample solution
rT = sum of all the peak responses from the Sample solution
Acceptance criteria: See Table 2.
Table 2

Name
Sulbactam related compound Aa
d-Phenylglycineb
Amoxicillin related compound Ac (6-aminopenicillanic
acid)
Sulbactam
Ampicilloic acidd,e
Sulbactam related compound Cf
l-Ampicilling
Ampicillin

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

0.12
0.15

0.50
1.0

0.22
0.24
0.39
0.56
0.53
0.63
1.0

1.0
—
1.0
0.20
1.0
—
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acidd,h

Ampicillin rearrangement product d,i
Sulbactam related compound Dj
Sulbactam related compound Ek
Phenylpyrazinoll
Pivaloyl phenylglycinem
Diphenyldiketopiperazinen
Ampicillin oligomer 2o
d-Phenylglycylampicillinp
Pivaloyl aminopenicillanic acidq
Sulbactam related compound F r

Open ring dimers,t
Ampicillin oligomer 1 (dimer)u
Ampicillinyl-d-phenylglycinev
Ampicillin oligomer 1 (trimer)w
Any individual unspecified impurity
Total impurities
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1.17
1.42
1.27
1.51
1.39
1.57
1.79
1.90
2.01
2.18
2.33
2.61
2.79
3.07
3.16
3.24
3.31
4.08
4.52
—
—

1.0
1.0
0.10
0.20
1.0
1.0
1.0
1.0
1.0
1.0
0.10

0.45
2.5
1.0
1.0
0.10
5.0
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a (2S)-2-Amino-3-methyl-3-sulfinobutanoic acid.
b (R)-2-Amino-2-phenylacetic acid.
c (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
d The system resolves the two isomers. The sum of the two isomers is reported.
e (4S)-2-{[(R)-2-Amino-2-phenylacetamido](carboxy)methyl}-5,5dimethylthiazolidine-4-carboxylic acid.
f (2S,5R,6R)-6-Bromo-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3,2,0]heptane-2carboxylic acid 4,4-dioxide.
g (2S,5R,6R)-6-[(S)-2-Amino-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
h (4S)-2-{[(R)-2-Amino-2-phenylacetamido]methyl}-5,5-dimethylthiazolidine-4carboxylic acid.
i (4S)-2-(3,6-Dioxo-5-phenylpiperazin-2-yl)-5,5-dimethylthiazolidine-4-carboxylic
acid.
j (2S,5R,6R)-6-Bromo-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3,2,0]heptane-2carboxylic acid.
k (2S,5R)-6,6-Dibromo-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3,2,0]heptane-2carboxylic acid 4,4-dioxide.
l 3-Phenylpyrazin-2-ol.
m (R)-2-Phenyl-2-pivalamidoacetic acid.
n 3,6-Diphenylpiperazine-2,5-dione.
o (4S)-2-{1-[(R)-2-Amino-2-phenylacetamido]-2-[(1R)-2-{carboxy[(4S)-4-carboxy5,5-dimethylthiazolidin-2-yl]methylamino}-2-oxo-1-phenylethylamino]-2-oxoethyl}5,5-dimethylthiazolidine-4-carboxylic acid.
p (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-phenylacetamido]-2-phenylacetamido}-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
q (2S,5R,6R)-3,3-Dimethyl-7-oxo-6-pivalamido-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
r (2S,5R)-6,6-Dibromo-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3,2,0]heptane-2carboxylic acid.
s The system may resolve the three isomers of open ring dimer. The sum of the three
isomers is reported.
t (4S)-2-{1-[(R)-2-Amino-2-phenylacetamido]-2-[(1R)-2-{[(4S)-4-carboxy-5,5dimethylthiazolidin-2-yl]methylamino}-2-oxo-1-phenylethylamino]-2-oxoethyl}-5,5dimethylthiazolidine-4-carboxylic acid.
u (2S,5R,6R)-6-[(2R)-2-{2-[(R)-2-Amino-2-phenylacetamido]-2-[(4S)-4-carboxy-5,5dimethylthiazolidin-2-yl]acetamido}-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
v (R)-2-{(2S,5R,6R)-6-[(R)-2-Amino-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia1-azabicyclo[3.2.0]heptane-2-carboxamido}-2-phenylacetic acid.
w (4S,4′S)-2,2′-{(1R,7R,13R)-1-Amino-14-[(2S,5R,6R)-2-carboxy-3,3-dimethyl-7oxo-4-thia-1-azabicyclo[3.2.0]heptan-6-ylamino]-2,5,8,11,14-pentaoxo-1,7,13triphenyl-3,6,9,12-tetraazatetradecane-4,10-diyl}bis(5,5-dimethylthiazolidine-4carboxylic acid).
USP42
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SPECIFIC TESTS
Change to read:
• Sterility Tests 〈71〉: It meets the requirements when tested as directed for Test for Sterility
of the Product to Be Examined, Membrane Filtration.
Meets the requirements USP42
• pH 〈791〉
Sample solution: 10 mg/mL of ampicillin and 5 mg/mL of sulbactam
Acceptance criteria: 8.0–10.0
• Water Determination 〈921〉, Method I: NMT 2.0%
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• Bacterial Endotoxins Test 〈85〉: It contains NMT 0.17 USP Endotoxin Units in a portion
equivalent to 1 mg of a mixture of ampicillin and sulbactam (0.67 and 0.33 mg,
respectively).
• Constituted Solution: At the time of use, it meets the requirements for Injections and
Implanted Drug Products 〈1〉, Product Quality Tests Common to Parenteral Dosage Forms,
Specific Tests, Completeness and Clarity of Solutions.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve as described in Packaging and Storage Requirements
〈659〉, Injection Packaging, Packaging for Constitution. (CN 1-May-2017)
• Labeling 〈7〉, Labels and Labeling for Injectable Products: Meets the requirements
Change to read:
• USP Reference Standards 〈11〉
USP Ampicillin RS
USP Ampicillin System Suitability Mixture RS
This is a mixture of ampicillin, other related compounds, and the following:
Pivaloyl phenylglycine;
(R)-2-Phenyl-2-pivalamidoacetic acid.
C13 H17 NO3
235.28
Diphenyldiketopiperazine;
3,6-Diphenylpiperazine-2,5-dione.
C16 H14 N2 O2
266.29
USP42

USP Endotoxin RS
(CN 1-May-2018)

USP Sulbactam RS
Recent Official Publications:
USP41–NF36 Page 305
BRIEFING
Atomoxetine Capsules, USP 40 page 2893. It is proposed to revise the monograph as
follows:
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1. Revise Identification A to accommodate other drug products.
2. Revise the Sensitivity solution and System suitability requirements to accommodate the
addition of a reporting threshold to the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C164663
Comment deadline: March 31, 2018
Atomoxetine Capsules
DEFINITION
Atomoxetine Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of
atomoxetine (C17 H21 NO).
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉 or 〈197A〉
Standard: 6 mg/mL of USP Atomoxetine Hydrochloride RS in methanol. Dry the solution to a
dry powder under an air or nitrogen purge for a minimum of 3 h.
Sample: Shake the contents of a sufficient number of Capsules, equivalent to about 60 mg
of atomoxetine, with 10 mL of methanol. Centrifuge at 4000 rpm for 5 min. Evaporate the
solution to a dry powder with the aid of a current of air or stream of nitrogen.
Centrifuge and evaporate the supernatant to dryness with the aid of a current of air or
stream of nitrogen. [Note—A centrifuge speed of 4000 rpm for 5 min may be suitable.]
USP42

Acceptance criteria: The IR spectrum exhibits main bands at (±2) wavenumbers (cm−1)
2955, 2855,
USP42

1599–1604, 1492, 1048, 1023, and 1010.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 5.8 g/L of monobasic potassium phosphate in water. To each liter of this solution
add 3.0 mL of triethylamine, and adjust with phosphoric acid to a pH of 2.5.
Mobile phase: Acetonitrile and Buffer (38:62)
System suitability solution: 0.1 mg/mL of atomoxetine (free base) from USP Atomoxetine
Hydrochloride RS
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0.11 mg/mL of USP Atomoxetine Hydrochloride RS (equivalent to 0.1 mg/mL of
atomoxetine) USP42
and 0.02 mg/mL of o-cresol in Mobile phase. Sonicate to aid in dissolution.
Standard solution: 0.1 mg/mL of atomoxetine (free base) from USP Atomoxetine
Hydrochloride RS
0.11 mg/mL of USP Atomoxetine Hydrochloride RS (equivalent to 0.1 mg/mL of
atomoxetine) USP42
in Mobile phase. Sonicate to aid in dissolution.
Sample stock solution: From NLT 10 Capsules (including shells) prepared as follows. Add
the intact Capsules to a suitable volumetric flask. Add Mobile phase to fill 65% of the final
volume. Allow to stand for at least 10 min, then shake for 20 min. Dilute with Mobile phase
to volume.
Sample solution: Nominally 0.1 mg/mL of atomoxetine, prepared by diluting a suitable
volume of Sample stock solution with Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 7.5-cm; 3.5-µm packing L7
Column temperature: 35°
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time:
NLT USP42
1.7 times the retention time of atomoxetine
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for atomoxetine and o-cresol are 1.0 and 1.3,
respectively.]
Suitability requirements
Resolution: NLT 3.5 between atomoxetine and o-cresol, System suitability solution
Tailing factor: NMT 2.0 for atomoxetine, System suitability solution
Relative standard deviation: NMT 1.0% for atomoxetine, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of atomoxetine (C17 H21 NO) in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) ×
(Mr1/Mr2) × USP42
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100
rU
rS
CS
CU

= peak response from the Sample solution
= peak response from the Standard solution
= concentration of atomoxetine
USP Atomoxetine Hydrochloride RS USP42
in the Standard solution (mg/mL)
= nominal concentration of atomoxetine in the Sample solution (mg/mL)
= molecular weight of atomoxetine, 255.35

Mr1
Mr2 = molecular weight of atomoxetine hydrochloride, 291.82

USP42

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: 0.1 N hydrochloric acid;
0.1 N hydrochloric acid VS; USP42
1000 mL, deaerated
Apparatus 2: 50 rpm, with three-prong sinker
Time: 30 min
Buffer, Mobile phase,
and Chromatographic system: USP42
Prepare
Proceed USP42
as directed in the Assay.
Standard stock solution: 0.1 mg/mL of atomoxetine (free base) from USP Atomoxetine
Hydrochloride RS
0.11 mg/mL of USP Atomoxetine Hydrochloride RS (equivalent to 0.1 mg/mL of
atomoxetine) USP42
in Medium. Sonicate to aid in dissolution.
Standard solution: Dilute the Standard stock solution with Medium to obtain a final
concentration of
USP42

(L/1000) mg/mL
of atomoxetine from USP Atomoxetine Hydrochloride RS in the Standard stock solution in
Medium, USP42
where L is the label claim in mg/Capsule
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system: Proceed as directed in the Assay.
USP42

System suitability
Sample: Standard solution
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Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.4%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of atomoxetine (C17 H21 NO) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
Result = (rU/rS) × CS × (Mr1/Mr2) × V × (1/L) × 100
rU
rS
CS

USP42

= peak response from the Sample solution
= peak response from the Standard solution
= concentration of atomoxetine
USP Atomoxetine Hydrochloride RS USP42
in the Standard solution (mg/mL)
= molecular weight of atomoxetine, 255.35

Mr1
Mr2 = molecular weight of atomoxetine hydrochloride, 291.82
V
= volume of Medium (mL)
L
= label claim (mg/Capsule)

USP42

Tolerances: NLT 80% (Q) of the labeled amount of atomoxetine (C17 H21 NO) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Buffer: Dissolve 4.9 g of sodium 1-decanesulfonate and 6.9 g of monobasic potassium
phosphate in 1 L of water. Adjust with phosphoric acid to a pH of 3.1.
Mobile phase: Acetonitrile and Buffer (41:59)
Sensitivity solution: 0.1 µg/mL of atomoxetine
0.0011 mg/mL of USP Atomoxetine Hydrochloride RS (equivalent to 0.001 mg/mL of
atomoxetine) USP42
in Mobile phase
System suitability solution: 1 mg/mL of atomoxetine containing atomoxetine N-amide
prepared as follows. Weigh equal amounts of USP Atomoxetine Hydrochloride RS and urea,
and place in a volumetric flask. Add water to fill 10% of the final volume. Sonicate for 3
min. Place the flask in an 85° oven for 40 min. Allow the solution to cool to room
temperature. Dilute with Mobile phase to volume. [Note—The oven temperature and time
in the oven can be adjusted to give a suitable level of atomoxetine N-amide peak.]
Sample solution: 1 mg/mL of atomoxetine in Mobile phase,
Nominally 1 mg/mL of atomoxetine USP42
from the contents of NLT 5 Capsules prepared as follows. Transfer the Capsule contents
to a suitable volumetric flask. Fill 50% of the final volume with Mobile phase.
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Add 50% of the flask volume of Mobile phase. USP42
Swirl, and let stand for 15 min. Dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time:
NLT USP42
2.3 times the retention time of atomoxetine
System suitability
Samples: Sensitivity solution and System suitability solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.6 between atomoxetine and atomoxetine N-amide, System suitability
solution
Relative standard deviation: NMT 5%, Sensitivity solution
Signal-to-noise ratio: NLT 10, Sensitivity solution USP42
Analysis
Sample: Sample solution
Calculate the percentage of each individual impurity in the portion of Capsules taken:
Result = (rU/rT) × 100
rU = peak response of each individual impurity from the Sample solution
rT = sum of all the peak responses from the Sample solution
Acceptance criteria: See Table 1.
The reporting threshold is 0.10%.

USP42
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Table 1

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Desmethyl atomoxetinea
0.76
Atomoxetine
1.0
Atomoxetine
N-amideb
1.2
Any individual
—
unspecified degradation product
Total impurities
—
a (R)-N-Methyl-3-phenoxy-3-phenylpropan-1-amine.
b (R)-1-Methyl-1-[3-phenyl-3-(o-tolyloxy)propyl]urea.

0.3
—
0.2
0.2
1.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Atomoxetine Hydrochloride RS
Recent Official Publications:
USP41–NF36 Page 390
BRIEFING
Bendroflumethiazide, USP 40 page 2963. As part of USP monograph modernization efforts,
the following revisions are proposed:
1. Identification A is revised to provide flexibility in performing the procedure using either
Infrared Absorption 〈197A〉 or 〈197K〉.
2. Replace Identification B with the retention time agreement of the major peak from the
Sample solution and that from the Standard solution, as described in the newly
proposed Assay.
3. Delete the nonspecific chemical test for Identification C as the remaining two
identification tests can adequately establish the identity of the drug substance.
4. Replace the titration-based Assay procedure with a stability-indicating HPLC procedure
similar to the existing procedure in the test for Limit of 2,4-Disulfamyl-5trifluoromethylaniline. The liquid chromatographic procedure is based on analyses
performed with the Prodigy PH-3 brand of column with L11 packing. The typical
retention time for bendroflumethiazide is about 7.7 min.
5. Add the chemical name for USP 2,4-Disulfamyl-5-trifluoromethylaniline RS in the USP
Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: S. Ramakrishna.)
Correspondence Number—C133615
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Comment deadline: March 31, 2018
Bendroflumethiazide

C15 H14 F 3 N3 O4 S2

421.41

2H-1,2,4-Benzothiadiazine-7-sulfonamide, 3,4-dihydro-3-(phenylmethyl)-6-(trifluoromethyl)-,
1,1-dioxide, (±)-;
(±)-3-Benzyl-3,4-dihydro-6-(trifluoromethyl)-2H-1,2,4-benzothiadiazine-7-sulfonamide 1,1dioxide
[73-48-3].
DEFINITION
Bendroflumethiazide contains NLT 98.0% and NMT 102.0% of bendroflumethiazide
(C15 H14 F 3 N3 O4 S2 ), calculated on the anhydrous basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
〈197〉 USP42
:
Sample: Previously dried over silica gel for 4 h
Acceptance criteria: Meets the requirements
[Note—Methods described in 〈197K〉 or 〈197A〉 may be used.]

USP42

Change to read:
• B. Ultraviolet Absorption 〈197U〉
Analytical wavelength: 271 nm
Sample solution: 10 µg/mL in methanol
Acceptance criteria: Absorptivities, calculated on the anhydrous basis, do not differ by
more than 4.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
Delete the following:
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• C.
Sample solution: Mix 5 mL of dilute hydrochloric acid (50% v/v) with 20 mg of
Bendroflumethiazide, boil gently for 1 min, and cool in an ice bath.
Analysis: To the Sample solution add, in succession, 0.5 mL of sodium nitrite solution (1
mg/mL), 0.5 mL of ammonium sulfamate solution (5 mg/mL), and 0.5 mL of N-(1naphthyl)ethylenediamine dihydrochloride solution (1 mg/mL).
Acceptance criteria: A deep red color is produced. USP42
ASSAY
Change to read:
• Procedure
Sample: 190 mg of Bendroflumethiazide
Analysis: Dissolve the Sample in 80 mL of pyridine in a tall-form, 250-mL beaker in a wellventilated hood. Add 3 drops of a saturated solution of azo violet in methanol, cover the
beaker, and gently bubble nitrogen through the solution for 5 min, being careful to avoid
any contact between the solution and the cover. Raise the nitrogen delivery tube above
the solution surface and, maintaining a gentle flushing with nitrogen and stirring with a
magnetic or mechanical stirring device, add 0.1 N sodium methoxide VS from a 10-mL
buret inserted through an opening in the cover. Titrate to a blue endpoint, approaching
the endpoint at a rate of 1 or 2 drop/s. Perform a blank determination, and make any
necessary correction (see Titrimetry 〈541〉). Each mL of 0.1 N sodium methoxide is
equivalent to 21.07 mg of C15 H14 F 3 N3 O4 S2 .
Use low-actinic glassware for the Standard solution and the Sample solution, and use the
solutions within 30 min of preparation.
Diluent: Methanol and water (80:20)
Mobile phase: Dissolve 5.62 g of sodium chloride and 1.97 g of anhydrous sodium sulfate in
1000 mL of water in a 2-L volumetric flask. Add 4.0 mL of glacial acetic acid and 800 mL
of methanol, and dilute with water to volume.
Standard solution: 0.05 mg/mL of USP Bendroflumethiazide RS in Diluent
Sample solution: 0.05 mg/mL of Bendroflumethiazide in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 15-cm; 5-µm packing L11
Column temperature: 35°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of bendroflumethiazide
System suitability
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Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of bendroflumethiazide (C15 H14 F 3 N3 O4 S2 ) in the portion of
Bendroflumethiazide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of bendroflumethiazide from the Sample solution
rS = peak response of bendroflumethiazide from the Standard solution
CS = concentration of USP Bendroflumethiazide RS in the Standard solution (mg/mL)
CU = concentration of Bendroflumethiazide in the Sample solution (mg/mL)
USP42

Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%
Delete the following:
• Heavy Metals, Method II〈231〉: 20 ppm (O fficial 1-Jan-2018)
• Selenium 〈291〉
Sample: 100 mg of Bendroflumethiazide and 100 mg of magnesium oxide
Acceptance criteria: The absorbance from the Test Solution is NMT one-half that from the
Standard solution (NMT 30 ppm).
• Limit of 2,4-Disulfamyl-5-trifluoromethylaniline
Use low-actinic glassware for the Standard solution and the Sample solution.
Mobile phase: Dissolve 5.62 g of sodium chloride and 1.97 g of anhydrous sodium sulfate in
1000 mL of water in a 2-L volumetric flask. Add 4.0 mL of glacial acetic acid and 800 mL
of methanol, and dilute with water to volume.
Standard solution: 0.75 µg/mL of USP 2,4-Disulfamyl-5-trifluoromethylaniline RS in
methanol
Sample solution: 50 µg/mL of Bendroflumethiazide in methanol
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 30-cm; packing L11
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Column temperature: 35°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.4 between the methanol and 2,4-disulfamyl-5-trifluoromethylaniline
peaks
Relative standard deviation: NMT 3.0% for 5 replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 2,4-disulfamyl-5-trifluoromethylaniline in the portion of
Bendroflumethiazide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of 2,4-disulfamyl-5-trifluoromethylaniline from the Sample solution
rS = peak response of 2,4-disulfamyl-5-trifluoromethylaniline from the Standard solution
CS = concentration of USP 2,4-Disulfamyl-5-trifluoromethylaniline RS in the Standard
solution (µg/mL)
CU = concentration of Bendroflumethiazide in the Sample solution (µg/mL)
Acceptance criteria: NMT 1.5%
SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 〈11〉
USP Bendroflumethiazide RS
USP 2,4-Disulfamyl-5-trifluoromethylaniline RS
4-Amino-6-(trifluoromethyl)-benzene-1,3-disulfonamide.

USP42

C7 H8 F 3 N3 O4 S2
319.29
Recent Official Publications:
USP41–NF36 Page 464
BRIEFING
Benzonatate, USP 40 page 2986. As part of the USP monograph modernization efforts, the
following revisions are proposed:
1. Update the chemical information of Benzonatate.
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2. Replace the UV absorption procedure in Identification B with the retention time
agreement as obtained in the proposed Assay.
3. Replace the titration procedure in the Assay with a stability-indicating HPLC procedure
based on analyses performed with the Nova-Pak Phenyl brand of column with L11
packing manufactured by Waters. The typical retention time for benzonatate is about
10 min.
4. Add the Organic Impurities test that uses an HPLC procedure which has the same
chromatographic conditions as in the proposed Assay.
5. Add USP Tetracaine Related Compound B RS to the USP References Standards section
to support the proposed test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: W. Yang.)
Correspondence Number—C187269
Comment deadline: March 31, 2018
Benzonatate
Change to read:

C30 H53 NO11 (av.)

603.00 (av.)

Benzoic acid, 4-(butylamino)-, 2,5,8,11,14,17,20,23,26-nonaoxaoctacos-28-yl ester;
2,5,8,11,14,17,20,23,26-Nonaoxaoctacosan-28-ylp-(butylamino)benzoate [104-31-4].

C12 H17 NO2 (C2 H4 O)n

603.74 (ave. n=9)
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USP42

DEFINITION
Change to read:
Benzonatate contains NLT 95.0% and NMT 105.0% of benzonatate (C30 H53 NO11 ).
[C12 H17 NO2 (C2 H4 O)n]. USP42
IDENTIFICATION
• A. Infrared Absorption 〈197F 〉
Change to read:
• B. Ultraviolet Absorption 〈197U〉
Sample solution: 15 µg/mL
Acceptance criteria: Meets the requirements
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Sample: 5 g of Benzonatate
Titrimetric system
(See Titrimetry 〈541〉, Residual Titrations.)
Mode: Residual titration
Titrant: 0.5 N sodium hydroxide VS
Back-titrant: 0.5 N hydrochloric acid VS
Endpoint detection: Visual
Analysis: Reflux the Sample with 25.0 mL of the Titrant for 1 h. Cool, add 25 mL of water
and 10 drops of bromothymol blue TS, and titrate the excess alkali with the Back-titrant.
Perform a blank determination. Each mL of the Titrant is equivalent to 301.5 mg of
C30 H53 NO11 .
Acceptance criteria: 95.0%–105.0%
Solution A: 22 mM phosphate buffer prepared as follows. Dissolve 3 g of monobasic
potassium phosphate in 1000 mL of water. Adjust with phosphoric acid to a pH of 3.0.
Solution B: Acetonitrile
Solution C: Tetrahydrofuran
Mobile phase: See Table 1.
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Time
(min)
0
16
25
30
30.1
35

Table 1
Solution A
Solution B
(%)
(%)
70
20
70
20
40
50
40
50
70
20
70
20

Solution C
(%)
10
10
10
10
10
10

Diluent: Acetonitrile and water (50:50)
Standard solution: 0.2 mg/mL of USP Benzonatate RS in Diluent
Sample solution: 0.2 mg/mL of Benzonatate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 310 nm
Column: 3.9-mm × 15-cm; 4-µm packing L11
Temperatures
Autosampler: 10°
Column: 35°
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0%
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of benzonatate [C12 H17 NO2 (C2 H4 O)n] in the portion of
Benzonatate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of benzonatate from the Sample solution
rS = peak response of benzonatate from the Standard solution
CS = concentration of USP Benzonatate RS in the Standard solution (mg/mL)
CU = concentration of Benzonatate in the Sample solution (mg/mL)
USP42

Acceptance criteria: 95.0%–105.0%
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IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
• Chloride and Sulfate 〈221〉, Chloride
Standard solution: Add 1 mL of 0.1 N silver nitrate VS to 0.10 mL of 0.020 N hydrochloric
acid. Dilute with water to 50 mL, mix, and allow to stand protected from light for 10 min.
Sample solution: Dissolve a suitable quantity of Benzonatate in water to obtain a 100mg/mL solution. Mix 20 mL of this solution with 20 mL of water and 1 mL of nitric acid,
shake for 1 h, and allow to stand for 1 h. Pass through a filter of 0.2-µm pore size, and to
the filtrate add 1 mL of 0.1 N silver nitrate VS. Dilute with water to 50 mL, mix, and allow
to stand protected from light for 10 min.
Acceptance criteria: The turbidity of the Sample solution does not exceed the turbidity of
the Standard solution (NMT 35 ppm).
• Chloride and Sulfate 〈221〉, Sulfate
Standard solution: Add 1 mL of barium chloride TS to 0.10 mL of 0.020 N sulfuric acid.
Mix, and allow to stand for 10 min.
Sample solution: Dissolve a suitable quantity of Benzonatate in water to obtain a 50mg/mL solution. Mix 5 mL of this solution with 5 mL of water and 1 mL of 3 N hydrochloric
acid, shake for 1 h, and allow to stand for 1 h. Pass through a filter of 0.2-µm pore size,
and to the filtrate add 1 mL of barium chloride TS. Mix, and allow to stand for 10 min.
Acceptance criteria: The turbidity of the Sample solution does not exceed the turbidity of
the Standard solution (NMT 400 ppm).
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 10 ppm

(O fficial 1-Jan-2018)

Add the following:
• Organic Impurities
Solution A, Solution B, Solution C, Mobile phase, Diluent, and Chromatographic
system: Proceed as directed in the Assay.
System suitability solution: 2 mg/mL of USP Benzonatate RS and 2 µg/mL of USP
Tetracaine Related Compound B RS in Diluent
Sensitivity solution: 0.2 µg/mL of USP Benzonatate RS in Diluent
Standard solution: 0.02 mg/mL of USP Benzonatate RS in Diluent
Sample solution: 2 mg/mL of Benzonatate in Diluent
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 3 between tetracaine related compound B and benzonatate, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10 for benzonatate, Sensitivity solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Benzonatate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of benzonatate from the Standard solution
CS = concentration of USP Benzonatate RS in the Standard solution (mg/mL)
CU = concentration of Benzonatate in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.10%.

Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Desmethyl benzonatate homologsa
0.6
Tetracaine related compound B
0.8
Benzonatate
1.0
b
Tetracaine related compound C
1.6
Ethyl 4-(butylamino)benzoate
2.1
Benzonatate diester analogc
2.6
Any unspecified impurity
—
Total impurities
—
a p-N-Butylaminobenzoic acid polyethyleneglycol ester.
b Methyl 4-(butylamino)benzoate.
c Polyethyleneglycol-bis-p-N-butylaminobenzoate.

1.0
2.7
—
2.9
2.7
1.6
1.0
—

USP42

SPECIFIC TESTS
• Refractive Index 〈831〉: 1.509–1.511 at 20°
• Water Determination 〈921〉, Method I: NMT 0.3%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 〈11〉
USP Benzonatate RS
USP Tetracaine Related Compound B RS
4-(Butylamino)benzoic acid.
C11 H15 NO2
193.24
USP42

Recent Official Publications:

Acceptance
Criteria,
NMT (%)
0.45
0.15
—
0.10
0.15
0.45
0.10
1.0
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USP41–NF36 Page 488
BRIEFING
Betamethasone, USP 40 page 2998 and PF 43(2) [Mar.–Apr. 2017]. On the basis of
comments received, the previous proposal is canceled and an additional change is being
proposed. Tighten the limit for Any individual unspecified impurity in the Organic Impurities test
to align with International Council for Harmonisation Q3A guidelines. Manufacturers are
encouraged to submit their approved specifications to USP if they are different from those
proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: C. Chisolm, G. Hsu.)
Correspondence Number—C115549; C193173
Comment deadline: March 31, 2018
Betamethasone

C22 H29 FO5

392.46

Pregna-1,4-diene-3,20-dione, 9-fluoro-11,17,21-trihydroxy-16-methyl-, (11β,16β)-;
9-Fluoro-11β,17,21-trihydroxy-16β-methylpregna-1,4-diene-3,20-dione
[378-44-9].
DEFINITION
Betamethasone contains NLT 97.0% and NMT 103.0% of betamethasone (C22 H29 FO5 ),
calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197M〉
Change to read:
• B. Thin-Layer Chromatographic Identification Test 〈201〉
Sample solution: 0.5 mg/mL Betamethasone in dehydrated alcohol
Developing solvent system: Chloroform and diethylamine (2:1)
Analysis: Proceed as directed in the chapter, except locate the spots by lightly spraying
with dilute sulfuric acid (1 in 2) and heating on a hot plate or under a lamp until spots
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appear.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and water (37:63)
Internal standard solution: 0.25 mg/mL propylparaben in alcohol
Standard stock solution: 0.2 mg/mL of USP Betamethasone RS in alcohol
Standard solution: Internal standard solution and Standard stock solution (1:1)
Sample stock solution: 0.2 mg/mL of Betamethasone in alcohol
Sample solution: Internal standard solution and Sample stock solution (1:1)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for betamethasone and propylparaben are 1.0 and
1.4, respectively.]
Suitability requirements
Resolution: NLT 3.0 between betamethasone and propylparaben
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of betamethasone (C22 H29 FO5 ) in the portion of Betamethasone
taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak height ratio of the betamethasone peak to the internal standard peak in the
Sample solution
RS = peak height ratio of the betamethasone peak to the internal standard peak in the
Standard solution
CS = concentration of USP Betamethasone RS in the Standard solution (mg/mL)
CU = concentration of Betamethasone in the Sample solution (mg/mL)
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Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0.0
12.0
15.0
20.0
25.0
25.1
30.0

Table 1
Solution A
(%)
70
70
45
45
10
70
70

Solution B
(%)
30
30
55
55
90
30
30

Diluent: Dilute 560 mL of acetonitrile with water to 1 L.
System suitability solution: 0.5 mg/mL of USP Betamethasone RS and 0.05 mg/mL of USP
Dexamethasone RS in Diluent
Standard solution: 0.5 mg/mL of USP Betamethasone RS in Diluent
Sample solution: 0.5 mg/mL of Betamethasone in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 1.8-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between betamethasone and dexamethasone, System suitability
solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of betamethasone (C22 H29 FO5 ) in the portion of Betamethasone
taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Betamethasone RS in the Standard solution (mg/mL)
CU = concentration of Betamethasone in the Sample solution (mg/mL)
USP42

Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%, a platinum crucible being used
Delete the following:
• Ordinary Impurities 〈466〉
Standard solution and Test solution: Methanol
Application volume: 10 µL
Eluant: Toluene, acetone, methyl ethyl ketone, and formic acid (55:20:20:5), in a
nonequilibrated chamber
Visualization: 5 USP42
Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, System suitability solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.005 mg/mL each of USP Betamethasone RS, USP Dexamethasone RS,
USP Clobetasol RS, USP Betamethasone Related Compound C RS, and USP Betamethasone
Related Compound E RS in Diluent
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between betamethasone and dexamethasone, System suitability
solution
Relative standard deviation: NMT 2% for all standard peaks, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified impurity in the portion of Betamethasone taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each specified impurity from the Sample solution
rS = peak response of the corresponding USP Reference Standard from the Standard
solution
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CS = concentration of the corresponding USP Reference Standard in the Standard
solution (mg/mL)
CU = concentration of Betamethasone in the Sample solution (mg/mL)
Calculate the percentage of each unspecified impurity in the portion of Betamethasone
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of betamethasone from the Standard solution
CS = concentration of USP Betamethasone RS in the Standard solution (mg/mL)
CU = concentration of Betamethasone in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2

Name
Betamethasone
Dexamethasone
Betamethasone related compound E
Betamethasone related compound C
Clobetasol

Relative
Retention
Time
1.00
1.1
1.3
1.4
1.6

Any individual unspecified impurity
Total impurities

—
—

Acceptance
Criteria,
NMT (%)
—
1.0
1.0
1.0
1.0
1.0
0.10 USP42
2.0

USP42

SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 5 mg/mL in methanol
Acceptance criteria: +118° to +126° on the dried basis
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store between 2° and 30°.
Change to read:
• USP Reference Standards 〈11〉
USP Betamethasone RS
USP Betamethasone Related Compound C RS
17,21-Dihydroxy-16β-methylpregna-1,4,9(11)-triene-3,20-dione.

PF 44(1): Jan.-Feb. 2018

195

C22 H28 O4
356.46
USP Betamethasone Related Compound E RS
9,11β-Epoxy-17,21-dihydroxy-16β-methylpregna-1,4-diene-3,20-dione.
C22 H28 O5
372.45
USP Clobetasol RS
21-Chloro-9-fluoro-11β,17-dihydroxy-16β-methylpregna-1,4-diene-3,20-dione.
C22 H28 ClFO4
410.91
USP Dexamethasone RS
USP42

Recent Official Publications:
USP41–NF36 Page 501
BRIEFING
Bisacodyl, USP 40 page 3031. As part of USP monograph modernization, the following
revisions are proposed:
1. Identification A is revised to eliminate the use of chloroform and provide flexibility to use
either Infrared Absorption 〈197A〉 or 〈197K〉.
2. Revise the titration-based Assay to an HPLC-based procedure, is validated using a YMCPack ODS-A brand of column with L1 packing. The typical retention time for bisacodyl is
about 13.3 min.
3. The acceptance criteria in the Definition is revised to be consistent with the proposed
Assay.
4. Revise Identification B to include the retention time agreement as described in the
Assay.
5. Revise the Organic Impurities test to include a Sensitivity solution and add a Signal-tonoise ratio requirement under System suitability.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: S. Ramakrishna.)
Correspondence Number—C189555
Comment deadline: March 31, 2018
Bisacodyl

C22 H19 NO4

361.39
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Phenol, 4,4′-(2-pyridinylmethylene)bis-, diacetate (ester);
4,4′-(2-Pyridylmethylene)diphenol diacetate (ester);
4,4′-(Pyridin-2-ylmethylene)diphenyl diacetate
[603-50-9].
DEFINITION
Change to read:
Bisacodyl contains NLT 98.0% and NMT 101.0%
102.0% USP42
of bisacodyl (C22 H19 NO4 ), calculated on the dried basis. [Caution—Avoid inhalation and
contact with the eyes, skin, and mucous membranes.]
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197S〉
〈197〉 USP42
:
Cell: 1.0 mm
Sample solution: 5 mg/mL in chloroform, previously dried
Meets the requirements. [Note—Methods described in 〈197A〉 or 〈197K〉 may be used.]
USP42

Change to read:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard stock solution
Standard solution, USP42
as obtained in Organic Impurities
the Assay. USP42
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 300 mg of Bisacodyl in 60 mL of glacial acetic acid. Titrate with
0.1 N perchloric acid VS, determining the endpoint potentiometrically. Perform a blank
determination, and make any necessary correction (see Titrimetry 〈541〉). Each mL of 0.1
N perchloric acid is equivalent to 36.14 mg of C22 H19 NO4 .
Acceptance criteria: 98.0%–101.0% on the dried basis
Buffer: 1.58 g/L of ammonium formate in water; adjusted with formic acid to a pH of 5.0
Mobile phase: Acetonitrile and Buffer (45:55)
Diluent: Acetonitrile, acetic acid, and water (30:4:66)
Standard solution: 0.5 mg/mL of USP Bisacodyl RS in Diluent
Sample solution: 0.5 mg/mL of Bisacodyl in Diluent
Chromatographic system
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of bisacodyl
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of bisacodyl (C22 H19 NO4 ) in the portion of Bisacodyl taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of bisacodyl from the Sample solution
rS = peak response of bisacodyl from the Standard solution
CS = concentration of USP Bisacodyl RS in the Standard solution (mg/mL)
CU = concentration of Bisacodyl in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

USP42

IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals 〈231〉, Method II: NMT 10 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Buffer: 1.58 g/L of ammonium formate in water; adjusted with formic acid to a pH of 5.0
Mobile phase: Acetonitrile and Buffer (45:55)
Diluent: Acetonitrile and water (35:5)
System suitability solution: 0.8 mg/mL of USP Bisacodyl RS, 2 µg/mL each of USP
Bisacodyl Related Compound A RS, USP Bisacodyl Related Compound C RS, and USP
Bisacodyl Related Compound E RS, and 4 µg/mL of USP Bisacodyl Related Compound B RS
in Diluent
Sensitivity solution: 0.0003 mg/mL of USP Bisacodyl RS in Diluent USP42
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Standard stock solution: 1.0 mg/mL of USP Bisacodyl RS in Diluent
Standard solution: 1.0 µg/mL of USP Bisacodyl RS in Diluent
Sample solution: 1.0 mg/mL of Bisacodyl in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 4- or 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 3.5 times the retention time of bisacodyl
System suitability
Samples: System suitability solution,
Sensitivity solution, USP42
and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between the bisacodyl related compound E and bisacodyl peaks,
System suitability solution
Tailing factor: NMT 2.0 for the bisacodyl peak, System suitability solution
Relative standard deviation: NMT 5.0% for the bisacodyl peak, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution USP42
Analysis
Samples: Standard stock solution,
USP42

Standard solution, and Sample solution
[Note—Chromatograph the Standard stock solution to perform Identification B.]

USP42

Calculate the percentage of each individual impurity in the portion of Bisacodyl taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of bisacodyl from the Standard solution
CS = concentration of the Standard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL)
F = relative response factor (see Table 1)
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Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
Table 1
Relative
Retention
Time

Name

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Bisacodyl related compound Aa
USP42

Bisacodyl related compound

0.20

1.7

0.15

0.40

1.5

0.15

0.45
0.85

1.3
1.0

0.50
0.20

0.90
1.0
2.6
—
—

1.0
—
1.0
1.0
—

0.50
—
0.30
0.10
1.0

Bb

USP42

Bisacodyl related compound Cc
USP42

Specified unidentified impurity 1
Bisacodyl related compound Ed
USP42

Bisacodyl
Specified unidentified impurity 2
Any individual unspecified impurity
Total impurities
a 4,4′-Diphenol impurity.
b 2,4′-Diphenol impurity.
c Monoacetyl bisacodyl.
d 2,4′Bisacodyl analog.
USP42

SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light. Store at
room temperature.
• USP Reference Standards 〈11〉
USP Bisacodyl RS
USP Bisacodyl Related Compound A RS
4,4′-(Pyridin-2-ylmethylene)diphenol.
C18 H15 NO2
277.32
USP Bisacodyl Related Compound B RS
2,4′-(Pyridin-2-ylmethylene)diphenol.
C18 H15 NO2
277.32
USP Bisacodyl Related Compound C RS
4-[(4-Hydroxyphenyl)(pyridin-2-yl)methyl]phenyl acetate.
C20 H17 NO3
319.35
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USP Bisacodyl Related Compound E RS
2-[(4-Acetoxyphenyl)(pyridin-2-yl)methyl]phenyl acetate.
C22 H19 NO4
361.39
Recent Official Publications:
USP41–NF36 Page 530
BRIEFING
Bumetanide, USP 40 page 3063. As a part of USP monograph modernization efforts, the
following revisions are proposed:
1. Revise Identification A to include Infrared Absorption 〈197A〉 and allow the flexibility of
using either 〈197M〉 or 〈197A〉 for this test.
2. Replace the titration-based Assay with an HPLC-based procedure. The liquid
chromatographic procedure was validated using the Zorbax Eclipse Plus C18 brand of
column with L1 packing. The typical retention time for bumetanide is about 10.6 min.
3. Replace the UV-based Identification B with the retention time agreement for bumetanide
as described in the proposed Assay.
4. Delete Identification C as Identification A and Identification B can adequately establish
the identity of the drug substance.
5. Replace the TLC-based Organic Impurities procedure with the same HPLC procedure
described in the proposed Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: S. Ramakrishna.)
Correspondence Number—C127961
Comment deadline: March 31, 2018
Bumetanide

C17 H20 N2 O5 S

364.42

Benzoic acid, 3-(aminosulfonyl)-5-(butylamino)-4-phenoxy-;
3-(Butylamino)-4-phenoxy-5-sulfamoylbenzoic acid
[28395-03-1].
DEFINITION
Bumetanide contains NLT 98.0% and NMT 102.0% of bumetanide (C17 H20 N2 O5 S), calculated
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on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197M〉
〈197〉: [Note—Methods described in 〈197A〉 or 〈197M〉 may be used.]

USP42

Change to read:
• B. Ultraviolet Absorption 〈197U〉
Sample solution: 50 µg/mL in isopropyl alcohol
Acceptance criteria: Meets the requirements
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in Assay. USP42
Delete the following:
• C. The principal spot of the Sample solution exhibits an RF value corresponding to that of
Standard solution A, as obtained in the test for Organic Impurities. USP42
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 1 g of Bumetanide in 150 mL of alcohol, and add phenol red TS.
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N sodium hydroxide VS
Analysis: Perform a blank determination, and make any necessary correction (see
Titrimetry 〈541〉). Each mL of 0.1 N sodium hydroxide is equivalent to 36.44 mg of
bumetanide (C17 H20 N2 O5 S.)
Solution A: 0.5% (v/v) formic acid in water
Solution B: Methanol
Mobile phase: See Table 1.
Time
(min)
0
2
10
15
15.1
20
Diluent: Methanol and water (40:60)

Table 1
Solution A
(%)
60
60
20
20
60
60

Solution B
(%)
40
40
80
80
40
40
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Standard stock solution: 0.25 mg/mL of USP Bumetanide RS in methanol
Standard solution: 0.1 mg/mL of USP Bumetanide RS in water from Standard stock
solution
Sample stock solution: 0.25 mg/mL of Bumetanide in methanol
Sample solution: 0.1 mg/mL of Bumetanide in water from Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of bumetanide (C17 H20 N2 O5 S) in the portion of Bumetanide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of bumetanide from the Sample solution
rS = peak response of bumetanide from the Standard solution
CS = concentration of USP Bumetanide RS in the Standard solution (mg/mL)
CU = concentration of Bumetanide in the Sample solution (mg/mL)
USP42

Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%, on a 1-g specimen
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Standard solution A: 25 mg/mL of USP Bumetanide RS in methanol
Standard solution B: 50 µg/mL of USP Bumetanide RS from Standard solution A in
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methanol
Standard solution C: 50 µg/mL of USP Bumetanide Related Compound B RS in methanol
Standard solution D: 25 µg/mL of USP Bumetanide Related Compound A RS in methanol
Standard solution E: 25 µg/mL of USP Butyl 3-(butylamino)-4-phenoxy-5sulfamoylbenzoate RS in methanol
Sample solution: 25 mg/mL of Bumetanide in methanol
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Developing solvent system: Chloroform, cyclohexane, glacial acetic acid, and methanol
(160:20:20:5)
Application volume: 20 µL
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, Standard
solution D, Standard solution E, and Sample solution
Proceed as directed in Chromatography 〈621〉. After drying the application spots, place
the plate in an unlined and unsaturated chromatographic chamber. Examine the plate
under short-wavelength UV light.
Acceptance criteria: See Table 1. Any secondary spots from the Sample solution are not
larger or more intense than the corresponding principal spots from the corresponding
standard solution identified in Table 1.
Table 1

Name
Bumetanide related compound Aa
Bumetanide related compound Ba
Butyl 3-(butylamino)-4-phenoxy-5sulfamoylbenzoate

Corresponding
Standard
Solution
Standard solution
D
Standard solution
C
Standard solution
E
Standard solution
B
—

Acceptance
Criteria,
NMT (%)
0.1
0.2
0.1

Other individual impurities
0.2
Sum of other individual impuritiesa
0.4
a Excluding bumetanide related compound A, bumetanide related compound B, and butyl
3-(butylamino)-4-phenoxy-5-sulfamoylbenzoate.
Solution A, Solution B, Mobile phase, and Diluent: Prepare as directed in the Assay.
Standard stock solutions: 0.1 mg/mL each of USP Bumetanide RS, USP Bumetanide
Related Compound A RS, USP Bumetanide Related Compound B RS, and 0.05 mg/mL of USP
Butyl 3-(butylamino)-4-phenoxy-5-sulfamoylbenzoate RS individually prepared as follows.
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Transfer suitable amounts each of USP Bumetanide RS, USP Bumetanide Related
Compound A RS, USP Bumetanide Related Compound B RS, and USP Butyl 3-(butylamino)4-phenoxy-5-sulfamoylbenzoate RS to separate suitable volumetric flasks. Add methanol
to about 40% of the total volume of each flask to dissolve the solids. Dilute with water to
volume.
Standard solution: 0.25 µg/mL of USP Bumetanide RS, USP Bumetanide Related Compound
A RS, USP Bumetanide Related Compound B RS, and USP Butyl 3-(butylamino)-4-phenoxy5-sulfamoylbenzoate RS in Diluent from the corresponding Standard stock solutions
Sensitivity solution: 0.125 µg/mL of USP Bumetanide RS, USP Bumetanide Related
Compound A RS, USP Bumetanide Related Compound B RS, and USP Butyl 3-(butylamino)4-phenoxy-5-sulfamoylbenzoate RS in Diluent from the corresponding Standard stock
solutions
Sample solution: 0.25 mg/mL of Bumetanide prepared as follows. To a suitable amount of
Bumetanide in a suitable volumetric flask, add methanol to about 40% of the total volume,
to dissolve the solids, and dilute with water to volume.
Chromatographic system: Proceed as directed in the Assay, except for the Injection
volume.
Injection volume: 50 µL
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Resolution: NLT 25 between bumetanide related compound A and bumetanide related
compound B, Standard solution
Relative standard deviation: NMT 5.0% for each peak, Standard solution
Signal-to-noise ratio: NLT 10 for each peak, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Bumetanide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of bumetanide or the corresponding bumetanide related compound
from the Standard solution
CS = concentration of USP Bumetanide RS or the corresponding bumetanide related
compound Reference Standard in the Standard solution (mg/mL)
CU = concentration of Bumetanide in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
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Table 2
Relative
Retention
Time
0.3
0.7
1.0

Name
Bumetanide related compound A
Bumetanide related compound B
Bumetanide
Butyl 3-(butylamino)-4-phenoxy-5sulfamoylbenzoate
Any unspecified impurity
Total unspecified impurities

1.4
—
—

Acceptance
Criteria,
NMT (%)
0.1
0.2
—
0.1
0.10
0.4

USP42

SPECIFIC TESTS
• Loss on Drying 〈731〉
Sample: Dry at 105° for 4 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Bumetanide RS
USP Bumetanide Related Compound A RS
3-Amino-4-phenoxy-5-sulfamoylbenzoic acid.
C13 H12 N2 O5 S
308.31
USP Bumetanide Related Compound B RS
3-Nitro-4-phenoxy-5-sulfamoylbenzoic acid.
C13 H10 N2 O7 S
338.29
USP Butyl 3-(butylamino)-4-phenoxy-5-sulfamoylbenzoate RS
C21 H28 N2 O5 S
420.53
420.52 USP42
Recent Official Publications:
USP41–NF36 Page 562
BRIEFING
Bumetanide Injection, USP 40 page 3063. As a part of USP monograph modernization
efforts, the following revisions are proposed:
1. Replace the current Assay procedure with an HPLC-based procedure that is similar to
the proposed Organic Impurities procedure and to eliminate the use of an internal
standard. The proposed liquid chromatographic procedure was validated using the
Zorbax Eclipse Plus C18 brand of column with L1 packing. The typical retention time for
bumetanide is about 10.6 min.
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2. Replace Identification A with the retention time agreement for bumetanide as described
in the proposed Assay.
3. Replace the TLC-based Identification B procedure with the UV spectrum match of the
bumetanide peak as described in the proposed Assay.
4. Replace the TLC-based Organic Impurities procedure with a similar HPLC procedure as
described in the proposed Assay.
5. Include the required Reference Standards in the USP Reference Standards section to
support the proposed Organic Impurities procedure.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: S. Ramakrishna.)
Correspondence Number—C174318
Comment deadline: March 31, 2018
Bumetanide Injection
DEFINITION
Bumetanide Injection is a sterile solution of Bumetanide in Water for Injection, prepared with
the aid of Sodium Hydroxide. It contains NLT 90.0% and NMT 110.0% of the labeled amount
of bumetanide (C17 H20 N2 O5 S).
IDENTIFICATION
Change to read:
• A. The relative retention time of the major peak in the Sample solution corresponds to that
in the Standard solution, both relative to the internal standard, as obtained in the Assay.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
Change to read:
• B. The principal spot of the Sample solutionexhibits an R F value corresponding to that of the
Identification solution, as obtained in the Procedure for Organic impurities.
The UV spectrum of the bumetanide peak of the Sample solution exhibits maxima and
minima at the same wavelengths as those of the corresponding peak of the Standard
solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol, tetrahydrofuran, glacial acetic acid, and water (50:5:2:45)
Internal standard stock solution: 0.5 mg/mL of 4-ethylbenzaldehyde in methanol
Internal standard solution: Add 10 mL of Internal standard stock solution, 10 mL of
tetrahydrofuran, and 4.0 mL of glacial acetic acid to a 100-mL volumetric flask, and dilute
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with methanol to volume.
Standard stock solution: 250 µg/mL of USP Bumetanide RS in Internal standard solution
Standard solution: 125 µg/mL from Standard stock solution in water
Sample solution: Transfer a volume equivalent to 250 µg of bumetanide to a flask. Add an
equal volume of Internal standard solution, and mix well.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times of 4-ethylbenzaldehyde and bumetanide are 0.7 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between the analyte and internal standard peaks
Tailing factor: NMT 1.4
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C17 H20 N2 O5 S in each mL of the Injection:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio from the Sample solution
RS = peak response ratio from the Standard solution
CS = concentration of USP Bumetanide RS in the Standard solution (mg/mL)
CU = nominal concentration of the Sample solution (mg/mL)
Solution A: 0.5% formic acid in water
Solution B: Methanol
Mobile phase: See Table 1.
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Time
(min)
0
2
10
15
15.1
20

Table 1
Solution A
(%)
60
60
20
20
60
60

Solution B
(%)
40
40
80
80
40
40

Standard stock solution: 0.25 mg/mL of USP Bumetanide RS in methanol
Standard solution: 0.1 mg/mL of USP Bumetanide RS in water from Standard stock
solution
Sample solution: Nominally 0.1 mg/mL of bumetanide prepared as follows. Transfer a
suitable amount of Injection to a suitable volumetric flask. Add methanol to about 40% of
the total volume and dilute with water to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm. For Identification B, use a diode array detector in the range of
200–350 nm.
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of bumetanide (C17 H20 N2 O5 S) in the portion
of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of bumetanide from the Sample solution
rS = peak response of bumetanide from the Standard solution
CS = concentration of USP Bumetanide RS in the Standard solution (mg/mL)
CU = nominal concentration of bumetanide in the Sample solution (mg/mL)
USP42
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Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Organic Impurities
Identification solution: 10 mg/mL of USP Bumetanide RS in methanol
Standard solution A: 80 µg/mL of USP Bumetanide RS from Identification solution, in
methanol
Standard solution B: 60 µg/mL of USP Bumetanide RS from Standard solution A, in
methanol
Standard solution C: 40 µg/mL of USP Bumetanide RS from Standard solution A, in
methanol
Standard solution D: 20 µg/mL of USP Bumetanide RS from Standard solution A, in
methanol
Standard solution E: 10 µg/mL of USP Bumetanide RS from Standard solution A, in
methanol
Standard solution F: 20 µg/mL of USP Bumetanide Related Compound A RS, in methanol
Sample solution: Pipet a volume of Injection, nominally equivalent to 5 mg of bumetanide,
into a 125-mL separator, and adjust with 0.1 N sodium hydroxide to a pH of 12. Extract
with two 20-mL portions of ethyl ether, discard the ethyl ether extracts, and adjust the
aqueous layer with 1 N acetic acid to a pH of 4. Extract with two 20-mL portions of ethyl
ether, passing the extracts through anhydrous sodium sulfate. Wash the sodium sulfate
with about 5 mL of ethyl ether. Evaporate the combined ethyl ether extracts with the aid
of a stream of nitrogen to dryness, and dissolve the residue in 0.5 mL of methanol.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 50 µL
Visualization: Short-wavelength UV light
Developing solvent system: Chloroform, cyclohexane, glacial acetic acid, and methanol
(160:20:20:5)
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, Standard
solution D, Standard solution E, Standard solution F, and Sample solution
Proceed as directed for Chromatography 〈621〉, Thin-Layer Chromatography.
Acceptance criteria: Any secondary spots from the Sample solution are not larger or more
intense than the corresponding principal spots from the corresponding standard solution
identified in Impurity Table 1.
Individual impurities: See Impurity Table 1.
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Sum of all other impurities: See Impurity Table 1.
Impurity Table 1
Corresponding
Standard
Name
Solution
Bumetanide related compound A
Standard solution F
Any other individual impurity
Standard solutions A–E
—
Sum of all other individual impurities*

Acceptance
Criteria,
NMT (%)
0.2
0.2
0.8

* Excluding bumetanide related compound A
Solution A, Solution B, and Mobile phase: Prepare as directed in the Assay.
Diluent: Methanol and water (40:60)
Standard stock solutions: 0.1 mg/mL each of USP Bumetanide RS, USP Bumetanide
Related Compound A RS, USP Bumetanide Related Compound B RS, and 0.05 mg/mL of USP
Butyl 3-(butylamino)-4-phenoxy-5-sulfamoylbenzoate RS individually prepared as follows.
Transfer suitable amounts each of USP Bumetanide RS, USP Bumetanide Related
Compound A RS, USP Bumetanide Related Compound B RS, and USP Butyl 3-(butylamino)4-phenoxy-5-sulfamoylbenzoate RS to separate suitable volumetric flasks. Add methanol
to about 40% of the total volume of each flask to dissolve the solids. Dilute with water to
volume.
Standard solution: 0.25 µg/mL of USP Bumetanide RS and USP Bumetanide Related
Compound A RS in Diluent from the corresponding Standard stock solutions
System suitability solution: 0.25 µg/mL of USP Bumetanide RS, USP Bumetanide Related
Compound A RS, USP Bumetanide Related Compound B RS, and USP Butyl 3-(butylamino)4-phenoxy-5-sulfamoylbenzoate RS in Diluent from the corresponding Standard stock
solutions
Sensitivity solution: 0.125 µg/mL of USP Bumetanide RS and USP Bumetanide Related
Compound A RS in Diluent from the Standard solution
Sample solution: Use Injection as is. It contains about 0.25 mg/mL of Bumetanide.
Chromatographic system: Proceed as directed in the Assay, except for the Injection
volume.
Injection volume: 50 µL
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 25 between bumetanide related compound A and bumetanide related
compound B, System suitability solution
Relative standard deviation: NMT 5.0% for each peak, Standard solution
Signal-to-noise ratio: NLT 10 for each peak, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of bumetanide related compound A in the portion of Injection
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taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of bumetanide related compound A from the Sample solution
rS = peak response of bumetanide related compound A from the Standard solution
CS = concentration of USP Bumetanide Related Compound A RS in the Standard solution
(mg/mL)
CU = nominal concentration of bumetanide in the Sample solution (mg/mL)
Calculate the percentage of each unspecified impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified impurity from the Sample solution
rS = peak response of bumetanide from the Standard solution
CS = concentration of USP Bumetanide RS in the Standard solution (mg/mL)
CU = nominal concentration of bumetanide in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time
0.3
0.7
1.0

Acceptance
Criteria,
NMT (%)
0.2
—
—

Name
Bumetanide related compound A
Bumetanide related compound Ba
Bumetanide
Butyl 3-(butylamino)-4-phenoxy-5—
sulfamoylbenzoatea
1.4
Any unspecified impurity
—
0.2
Total impurities
—
0.8
a This is a process-related impurity and is monitored in the drug substance.
USP42

SPECIFIC TESTS
• Bacterial Endotoxins Test 〈85〉: NMT 350 USP Endotoxin Units/mg of bumetanide
• pH 〈791〉: 6.8–7.8
• Other Requirements: Meets the requirements in Injections and Implanted Drug Products 〈1〉
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, protected from light.
Change to read:
• USP Reference Standards 〈11〉
USP Bumetanide RS

PF 44(1): Jan.-Feb. 2018

212

USP Bumetanide Related Compound A RS
3-Amino-4-phenoxy-5-sulfamoylbenzoic acid.
C13 H12 N2 O5 S
308.31
USP Bumetanide Related Compound B RS
3-Nitro-4-phenoxy-5-sulfamoylbenzoic acid.
C13 H10 N2 O7 S
338.29
USP Butyl 3-(butylamino)-4-phenoxy-5-sulfamoylbenzoate RS
C21 H28 N2 O5 S
420.52
USP42

USP Endotoxin RS
(CN 1-May-2018)

Recent Official Publications:
USP41–NF36 Page 563
BRIEFING
Carbidopa and Levodopa Orally Disintegrating Tablets, USP 40 page 3196. It is proposed
to revise the monograph as follows:
1. Add Identification B using the photodiode array detection in the Assay as a second
Identification test to strengthen the public standard.
2. Revise the Assay by adding the information needed to support the proposed
Identification B, adding a Run time requirement, and updating the Tailing factor and
Relative standard deviation requirements.
3. Revise the test for Dissolution by adding a Run time requirement and updating the
Tailing factor and Relative standard deviation requirements.
4. Revise the test for Organic Impurities by adding a Sensitivity solution, a Signal-to-noise
ratio requirement, and reporting threshold.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C184933
Comment deadline: March 31, 2018
Carbidopa and Levodopa Orally Disintegrating Tablets
DEFINITION
Carbidopa and Levodopa Orally Disintegrating Tablets contain NLT 90.0% and NMT 110.0% of
the labeled amounts of carbidopa (C10 H14 N2 O4 ) and levodopa (C9 H11 NO4 ).
IDENTIFICATION
• A. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectra of the major peaks of the Sample solution correspond to those of the
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ASSAY
Change to read:
• Procedure
Protect the volumetric solutions from light.
Buffer: 6.6 g/L of monobasic sodium phosphate in water; adjusted with phosphoric acid to
a pH of 2.2
Mobile phase: Alcohol and Buffer (5:95)
Standard solution: 0.025 mg/mL of USP Carbidopa RS and 0.25 mg/mL of USP Levodopa
RS in Mobile phase
Sample stock solution: Transfer NLT 10 Tablets to a 1-L volumetric flask. Add 750 mL of
Mobile phase, sonicate for 20 min, and then stir for 20 min. Dilute with Mobile phase to
volume.
Sample solution: Dilute the Sample stock solution with Mobile phase to obtain a nominal
concentration of carbidopa of between 0.025 and 0.07 mg/mL and a nominal
concentration of levodopa of 0.25 mg/mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm.
For Identification B, use a diode array detector in the range of 190–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Autosampler temperature: 6°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 1.5 times the retention time of carbidopa USP42
System suitability
Sample: Standard solution

USP42

[Note—The relative retention times for levodopa and carbidopa are 0.42 and 1.0,
respectively.]
Suitability requirements
Tailing factor: NMT 2.4 for both the levodopa and carbidopa peaks
NMT 1.5 for levodopa and carbidopa USP42
Relative standard deviation: NMT 2.0%
NMT 1.0% USP42
for both carbidopa and levodopa
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amounts of carbidopa (C10 H14 N2 O4 ) and levodopa
(C9 H11 NO4 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of carbidopa or levodopa from the Sample solution
rS = peak response of carbidopa or levodopa from the Standard solution
CS = concentration of USP Carbidopa RS or USP Levodopa RS in the Standard solution
(mg/mL)
CU = nominal concentration of carbidopa or levodopa in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% each of the labeled amounts of carbidopa and
levodopa
PERFORMANCE TESTS
• Disintegration 〈701〉: NMT 60 s
Change to read:
• Dissolution 〈711〉
Medium: 0.1 N hydrochloric acid; 750 mL
Apparatus 2: 50 rpm
Time: 10 min
Solution A: 0.24 g/L of sodium 1-decanesulfonate in water
Mobile phase: Dissolve 11.0 g of monobasic sodium phosphate monohydrate
USP42

in 1 L of water. Add 1.3 mL of Solution A, and adjust with phosphoric acid to a pH of 2.8.
Standard solution: (L/800) mg/mL each of USP Carbidopa RS and USP Levodopa RS in
Medium, where L is the label claim in mg/Tablet of carbidopa or levodopa
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size, and discard the first 3 mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L1
Autosampler temperature: 4°
Flow rate: 2 mL/min
Injection volume: 20 µL
Run time: NLT 1.5 times the retention time of carbidopa
System suitability
Sample: Standard solution

USP42
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[Note—The relative retention times for levodopa and carbidopa are 0.4 and 1.0,
respectively.]
Suitability requirements
Tailing factor: NMT 2.0 for both
NMT 1.5 for USP42
levodopa and carbidopa
Relative standard deviation: NMT 2.0% for both
NMT 1.0% each for USP42
levodopa and carbidopa
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amounts of carbidopa (C10 H14 N2 O4 ) and levodopa
(C9 H11 NO4 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response of carbidopa or levodopa from the Sample solution
rS = peak response of carbidopa or levodopa from the Standard solution
CS = concentration of USP Carbidopa RS or USP Levodopa RS in the Standard solution
(mg/mL)
V = volume of the Medium, 750 mL
L = label claim for carbidopa or levodopa (mg/Tablet)
Tolerances: NLT 75% (Q) of the labeled amount of carbidopa (C10 H14 N2 O4 ) is dissolved,
and NLT 75% (Q) of the labeled amount of levodopa (C9 H11 NO4 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Protect all analytical solutions from light, and maintain them at 2°–8° until they are
injected.
Diluent: Methanol and 0.1 N hydrochloric acid
0.1 N hydrochloric acid VS USP42
(30:70)
Mobile phase: 13.8 g/L of monobasic sodium phosphate monohydrate
USP42

in water; adjusted with phosphoric acid to a pH of 2.7
System suitability solution: 0.025 mg/mL each of USP Carbidopa RS, USP Levodopa RS,
USP Levodopa Related Compound A RS, USP Levodopa Related Compound B RS, and USP
Methyldopa RS in Diluent
Standard solution: 0.025 mg/mL of USP Levodopa RS in Diluent
Sensitivity solution: 0.00125 mg/mL of USP Levodopa RS from Standard solution in
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Sensitivity solution: 0.00125 mg/mL of USP Levodopa RS from Standard solution in
Diluent USP42
Sample solution: Transfer a weighed quantity of powder equivalent to 250 mg of levodopa
from NLT 20 finely powdered Tablets to a 100-mL volumetric flask. Add 80 mL of Diluent,
sonicate for 10 min, and then stir for 30 min. Dilute with Diluent to volume. Centrifuge,
and inject the supernatant within 2 h.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Autosampler temperature: 4°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time:
NLT USP42
6 times the retention time of carbidopa
System suitability
Samples: System suitability solution, Standard solution,
and Sensitivity solution USP42
[Note—For the relative retention times, see Table 1. If peak fronting for levodopa related
compound A is observed, lowering the column temperature to 15° is recommended to
eliminate this problem.]
Suitability requirements
Resolution: NLT 1.5 between levodopa related compound A and levodopa; NLT 2.0
between carbidopa and levodopa related compound B; and NLT 1.5 between
methyldopa and carbidopa, System suitability solution
Relative standard deviation: NMT 5.0% for levodopa, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution USP42
Analysis
Samples: Standard solution and Sample solution

Calculate the percentage of methyldopa and 3,4-dihydroxyphenylacetone based on the label
claim of carbidopa in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of methyldopa or 3,4-dihydroxyphenylacetone from the Sample
solution
rS = peak response of levodopa from the Standard solution
CS = concentration of USP Levodopa RS in the Standard solution
CU = nominal concentration of carbidopa in the Sample solution
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F = relative response factor (see Table 1)
Calculate the percentage of all impurities and any unspecified degradation product other
than methyldopa and 3,4-dihydroxyphenylacetone,
levodopa related compound A and all other impurities USP42
based on the label claim of levodopa in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of levodopa related compound A or any unspecified degradation
product
other impurities USP42
from the Sample solution
rS = peak response of levodopa from the Standard solution
CS = concentration of USP Levodopa RS in the Standard solution (mg/mL)
CU = nominal concentration of levodopa in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1.
The reporting threshold is 0.05%.

Name

USP42

Table 1
Relative
Retention
Time

Levodopa related compound Aa
Levodopa
Methyldopab
Carbidopa
Levodopa related compound Bc

0.45
0.52
0.84
1.0
1.2

3-O-Methyl carbidopac,d

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

3.1

0.80
—
1.0
—
—
—

0.2
—
0.5
—
—
—

3.9

1.0

1.0

1.0
—

0.2
1.0

3,4-Dihydroxyphenylacetoneb,d
USP42

Any individual unspecified degradation
product
other impurity USP42
a

—

—
Total impuritiese
a Individual impurity based on the label claim of levodopa.
b Individual impurity based on the label claim of carbidopa.
c Process-related impurities, included for identification only; not to be included in
total impurities.
d (S)-2-Hydrazinyl-3-(4-hydroxy-3-methoxyphenyl)-2-methylpropanoic acid.
e Excluding all process impurities and 3,4-dihydroxyphenylacetone.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers, and store at
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controlled room temperature.
• USP Reference Standards 〈11〉
USP Carbidopa RS
USP Levodopa RS
USP Levodopa Related Compound A RS
3-(3,4,6-Trihydroxyphenyl)alanine.
C9 H11 NO5
213.19
USP Levodopa Related Compound B RS
3-Methoxytyrosine.
C10 H13 NO4
211.21
USP Methyldopa RS
Recent Official Publications:
USP41–NF36 Page 701
BRIEFING
Cefixime, USP 40 page 3265. As part of the USP monograph modernization efforts, the
following changes are proposed:
1. Add Identification B based on UV spectra match as obtained in the Assay.
2. In the Assay, update the column diameter to reflect the actual column used and delete
the Column efficiency requirement as the other system suitability requirements are
sufficient.
3. Replace the Organic Impurities test with a liquid chromatographic method which can
separate all specified impurities. This method is based on analyses using the Inertsil ODS
3V brand of column with L1 packing. The typical retention time for cefixime is about 20
min. The limits are proposed based on the FDA-approved acceptance criteria.
4. In the test for Optical Rotation clarify the Diluent preparation.
5. Add the section for Microbial Enumeration Tests and Tests for Specified
Microorganisms.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: S. Shane.)
Correspondence Number—C179678
Comment deadline: March 31, 2018
Cefixime
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C16 H15 N5 O7 S2 ·3H2 O
507.50
C16 H15 N5 O7 S2 (anhydrous)
453.46
5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[[(2-amino-4-thiazolyl)
[(carboxymethoxy)imino]acetyl]amino]-3-ethenyl-8-oxo-, trihydrate, [6R-[6α,7β(Z)]]-;
(6R,7R)-7-[2-(2-Amino-4-thiazolyl)glyoxylamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct2-ene-2-carboxylic acid, 72-(Z)-[O-(carboxymethyl)oxime]trihydrate
[125110-14-7].
Anhydrous
[79350-37-1].
DEFINITION
Cefixime contains the equivalent of NLT 950 µg/mg and NMT 1030 µg/mg of cefixime
(C16 H15 N5 O7 S2 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Sample: Dissolve 5 mg by trituration in 2 mL of methanol, and evaporate with the aid of
gentle heat to dryness.
Acceptance criteria: Meets the requirements
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Solution A: 25 mL of 0.4 M tetrabutylammonium hydroxide solution diluted with water to
1000 mL, and adjusted with 1.5 M phosphoric acid TS to a pH of 6.5
Solution B: 13.6 g/L of monobasic potassium phosphate in water
Solution C: 14.2 g/L of dibasic sodium phosphate anhydrous in water
Buffer: Adjust an aliquot of Solution C with Solution B to a pH of 7.0.
Mobile phase: Acetonitrile and Solution A (1:3)
System suitability solution: 1 mg/mL of USP Cefixime RS in water. Heat this solution at
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95° in an
a water or USP42
oil bath for 45 min. Cool, and use promptly.
Standard solution: 0.2 mg/mL of cefixime from USP Cefixime RS in Buffer. Use this solution
promptly.
Sample solution: 0.22 mg/mL of Cefixime in Buffer. Use this solution promptly.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm
4-mm USP42
× 12.5-cm; 4-µm packing L1
Column temperature: 40°
Flow rate: Adjusted so that the retention time of cefixime is 10 min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for cefixime (E)-isomer and cefixime are about 0.9
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between cefixime and cefixime (E)-isomer, System suitability
solution
Column efficiency: NLT 4000 theoretical plates, Standard solution
Calculate as follows:
Result = 5.545(t/Wh/2)2
t
= retention time
Wh/2 = peak width at half height

USP42

Tailing factor: 0.9–2.0, Standard solution
Calculate as follows:
Result = W0.1/2f
W0.1 = width of peak of 10% height
f
= distance from the peak maximum to the leading edge of the peak measured at
10% of the peak height
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Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of cefixime (C16 H15 N5 O7 S2 ) in the portion of Cefixime
taken:
Result = (rU/rS) × (CS/CU) × P × F
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Cefixime RS in the Standard solution (mg/mL)
CU = concentration of Cefixime in the Sample solution (mg/mL)
P = potency of cefixime in USP Cefixime RS (mg/mg)
F = conversion factor, 1000 µg/mg
Acceptance criteria: 950–1030 µg/mg on the anhydrous basis
IMPURITIES
Change to read:
• Organic Impurities
Solution A, Solution B, Solution C, Buffer, Mobile phase, System suitability solution,
Standard solution, Sample solution, Chromatographic system, System suitability:
Proceed as directed in the Assay.
Analysis
Samples: Sample solution
Calculate the percentage of each impurity in the portion of Cefixime taken:
Result = (rU/rS) × P × F × 100
rU = peak area for each impurity
rS = cefixime peak area
P = potency of cefixime calculated in the Assay (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria
Individual impurities: NMT 1.0% of any individual impurity is found.
Total impurities: NMT 2.0%
Solution A: 3.85 g/L of ammonium acetate in water
Solution B: 9.08 g/L of monobasic potassium phosphate in water
Solution C: 23.8 g/L of dibasic sodium phosphate anhydrous in water
Diluent: Solution B and Solution C (39:61)
Mobile phase A: Methanol and Solution A (5:95). Adjust with phosphoric acid to a pH of
4.2. See Table 1.
Mobile phase B: Methanol and Solution A (50:50). Adjust with phosphoric acid to a pH of
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Mobile phase B: Methanol and Solution A (50:50). Adjust with phosphoric acid to a pH of
4.2. See Table 1.
Time
(min)
0
5
10
20
30
40
50
60
65

Table 1
Mobile phase A
(%)
100
95
85
70
50
25
0
0
100
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Mobile phase B
(%)
0
5
15
30
50
75
100
100
0

System suitability solution: 0.5 mg/mL of USP Cefixime RS in water. Heat this solution at
95° in a water or oil bath for 45 min. Cool, and dilute to volume.
Standard solution: 0.005 mg/mL of cefixime from USP Cefixime RS in Diluent. Sonicate if
necessary in cold water.
Sample solution: 1.0 mg/mL of Cefixime in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 8.0 between cefixime and cefixime (E)-isomer, System suitability
solution
Tailing factor: NMT 1.5 for the cefixime peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Cefixime taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of each impurity from the Sample solution
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rS = peak response of cefixime from the Standard solution
CS = concentration of USP Cefixime RS in the Standard solution (mg/mL)
CU = concentration of Cefixime in the Sample solution (mg/mL)
P = potency of cefixime in USP Cefixime RS (mg/mg)
Acceptance criteria: See Table 2.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Cefixime cefazoloic acid isomer A1a
0.74
0.40
Cefixime cefazoloic acid isomer A2a
0.79
0.20
b
Cefixime 3-methyl analog
0.81
0.20
Cefixime cefazoloic acid isomer A3a
0.90
0.20
a
Cefixime cefazoloic acid isomer A4
0.93
0.20
Cefixime
1.00
—
Cefixime 7-epimerc
1.16
0.20
d
E-Cefixime
1.28
0.20
Cefixime cefazolinic acid analog B1e
1.37
0.20
e
Cefixime cefazolinic acid analog B2
1.39
0.20
Cefixime cefazolinic acid analog B3e
1.44
0.10
e
Cefixime cefazolinic acid analog B4
1.45
0.10
Cefixime ethyl esterf
2.00
0.25
g
Cefixime tert-butyl ester
2.42
0.20
Any unspecified impurity
—
0.20
Total impurities
—
2.00
a (2R)-2-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-2{(2R)-5-methyl-7-oxo-1,2,5,7-tetrahydro-4H-furo[3,4-d][1,3]thiazin-2-yl}acetic acid.
b (6R,7R)-7-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-3methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
c (6R,7S)-7-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-8oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d (6R,7R)-7-{(E)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-8oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid; Cefixime-(E)isomer.
e 2-((((Z)-1-(2-Aminothiazol-4-yl)-2-((((2R)-5-methyl-7-oxo-1,2,5,7-tetrahydro-4Hfuro[3,4-d][1,3]thiazin-2-yl)methyl)amino)-2-oxoethylidene)amino)oxy)acetic acid.
f (6R,7R)-7-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(2-ethoxy-2oxoethoxy)imino]acetamido}-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2carboxylic acid.
g (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-{[2-(tert-butoxy)-2oxoethoxy]imino}acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2carboxylic acid.
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USP42

SPECIFIC TESTS
Add the following:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The
total aerobic count is NMT 103 cfu/g. The total combined molds and yeasts count is NMT
102 cfu/g. It meets the requirements of the test for the absence of Escherichia coli. USP42
Change to read:
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Diluent: 20-mg/mL solution of sodium bicarbonate
in water USP42
Sample solution: 10 mg/mL in Diluent
Acceptance criteria: −75° to −88°
• Crystallinity 〈695〉: Meets the requirements
• pH 〈791〉
Sample solution: 0.7 mg/mL of Cefixime
Acceptance criteria: 2.6–4.1
• Water Determination 〈921〉, Method I: 9.0%–12.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label to indicate that it is the trihydrate form. Where the quantity of Cefixime is
indicated in the labeling of any preparation containing Cefixime, this shall be understood to
be in terms of anhydrous cefixime (C16 H15 N5 O7 S2 ).
• USP Reference Standards 〈11〉
USP Cefixime RS
Recent Official Publications:
USP41–NF36 Page 774
BRIEFING
Cefixime Capsules. Because there is no existing USP monograph for this drug product, a
new monograph based on validated methods of analysis is being proposed. The liquid
chromatographic procedures for the Assay and the test for Organic Impurities are based on
analyses performed with the Inertsil ODS 3V brand of column with L1 packing. The typical
retention time for cefixime is about 19 min for the Assay and the test for Organic Impurities.
(CHM1: S. Shane.)
Correspondence Number—C177740
Comment deadline: March 31, 2018
Add the following:
Cefixime Capsules
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DEFINITION
Cefixime Capsules contain the equivalent of NLT 90.0% and NMT 110.0% of the labeled
amount of cefixime (C16 H15 N5 O7 S2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. Ultraviolet Absorption 〈197U〉
[Note—Alternatively, the UV spectra of the major peaks of the Sample solution and the
Standard solution, as obtained in the Assay, may be used to meet the Acceptance
criteria.]
Diluent: pH 7.2 phosphate buffer (see Reagents, Indicators, and Solutions—Solutions,
Buffer Solutions)
Standard stock solution: 0.2 mg/mL of cefixime from USP Cefixime RS prepared as follows.
Transfer a suitable amount of USP Cefixime RS to a suitable volumetric flask and add
methanol to about 2% of the flask volume. Dilute with Diluent to volume.
Standard solution: 0.02 mg/mL of cefixime from USP Cefixime RS in Diluent from Standard
stock solution
Sample stock solution: Nominally 0.2 mg/mL of cefixime in Diluent. Weigh and transfer the
contents of Capsules equivalent to 50 mg of cefixime to a 250-mL volumetric flask. Add
about 150 mL of Diluent, and sonicate for 10 min with constant swirling in cold water.
Dilute with Diluent to volume. Pass through a suitable filter.1
Sample solution: Nominally 0.02 mg/mL of cefixime in Diluent prepared from Sample stock
solution
Wavelength range: 250–350 nm
Blank: Diluent
Acceptance criteria: Meet the requirement
ASSAY
• Procedure
Solution A: 41 mL/L of 20% tetrabutylammonium hydroxide in water, adjusted with 1.5 M
phosphoric acid to a pH of 6.5
Solution B: 6.8 mL/L phosphoric acid in water, adjusted with 10 N sodium hydroxide to a
pH of 7.0
Mobile phase: Acetonitrile and Solution A (25:75)
System suitability solution: 1 mg/mL of USP Cefixime RS in water. Heat this solution at
95° in a water or oil bath for 45 min.
Standard solution: 0.4 mg/mL of cefixime from USP Cefixime RS in Solution B. Sonicate, if
needed, in cold water.
Sample stock solution: Nominally 2 mg/mL of cefixime in Solution B prepared as follows.
Remove and combine the contents of NLT 20 Capsules, weigh and calculate the average

PF 44(1): Jan.-Feb. 2018

226

weight of the Capsule powder. Weigh and transfer a portion of the Capsule powder
equivalent to about 400 mg of cefixime, transfer to a 200-mL volumetric flask and add 150
mL of Solution B. Sonicate for a minimum of 10 min in cold water with constant swirling.
Dilute with Solution B to volume. Pass through a suitable filter,1 and discard the first few
milliliters.
Sample solution: Nominally 0.2 mg/mL of cefixime from Sample stock solution in Solution B.
Pass through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: 25 min
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for cefixime (E)-isomer and cefixime are about 0.9
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between cefixime E-isomer and cefixime, System suitability
solution
Tailing factor: NMT 1.8, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cefixime (C16 H15 N5 O7 S2 ) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Cefixime RS in the Standard solution (mg/mL)
CU = nominal concentration of cefixime in the Sample solution (mg/mL)
P = potency of cefixime in USP Cefixime RS (mg/mg)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
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• Dissolution 〈711〉
Medium: pH 7.2 phosphate buffer (see Reagents, Indicators, and Solutions—Solutions,
Buffer Solutions); 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Detector: UV 288 nm
Standard solution: USP Cefixime RS in Medium. An amount of methanol not to exceed
0.8% of the total volume of the Standard solution may be used to bring the USP Cefixime
RS into solution before dilution with Medium, and the solution may be sonicated to ensure
complete dissolution of the USP Cefixime RS.
Sample solution: Pass a portion of the solution under test through a suitable filter,1
discarding the first few milliliters of the filtrate. Dilute with Medium to a concentration
similar to that of the Standard solution.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cefixime (C16 H15 N5 O7 S2 ) dissolved:
Result = (AU/AS) × CS × V × (1/L) × 100
AU = absorbance from the Sample solution
AS = absorbance from the Standard solution
CS = concentration of USP Cefixime RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Capsule)
Tolerances: NLT 80% (Q) of the labeled amount of cefixime (C16 H15 N5 O7 S2 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Solution A: 3.85 g/L of ammonium acetate in water
Solution B: 9.08 g/L of monobasic potassium phosphate in water
Solution C: 23.8 g/L of dibasic sodium phosphate anhydrous in water
Diluent: Solution B and Solution C (39:61)
Mobile phase A: Methanol and Solution A (5:95). Adjust with phosphoric acid to a pH of
4.2 ± 0.05. See Table 1.
Mobile phase B: Methanol and Solution A (50:50). Adjust with phosphoric acid to a pH of
3.75 ± 0.05. See Table 1.
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Time
(min)
0
5
10
20
30
40
50
60
65

Table 1
Mobile phase A
(%)
100
95
85
70
50
25
0
0
100

Mobile phase B
(%)
0
5
15
30
50
75
100
100
0

System suitability solution: 0.5 mg/mL of USP Cefixime RS in water. Heat this solution at
95° in a water or oil bath for 45 min. Cool, and dilute to volume.
Standard solution: 0.005 mg/mL of cefixime from USP Cefixime RS in Diluent. Sonicate if
necessary with shaking in cold water.
Sample solution: Nominally 0.5 mg/mL of cefixime in Diluent prepared as follows. Remove
and combine the contents of NLT 20 Capsules, weigh and calculate the average weight of
the Capsule powder. Weigh and transfer a portion of the Capsule powder equivalent to
about 100 mg of cefixime, transfer to a 200-mL volumetric flask and add 150 mL of
Diluent. Sonicate for a minimum of 5 min in cold water with constant swirling. Dilute with
Diluent to volume. Pass through a suitable 0.45-µm membrane filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 8.0 between cefixime (E)-isomer and cefixime, System suitability
solution
Tailing factor: NMT 1.5 for the cefixime peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of each impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of cefixime from the Standard solution
CS = concentration of USP Cefixime RS in the Standard solution (mg/mL)
CU = nominal concentration of the Sample solution (mg/mL)
P = potency of cefixime in USP Cefixime RS (mg/mg)
Acceptance criteria: See Table 2.
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Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Cefixime cefazoloic acid isomer A1a
0.74
2.00
a
Cefixime cefazoloic acid isomer A2
0.79
1.00
Cefixime 3-methyl analogb
0.81
0.20c
Cefixime cefazoloic acid isomer A3c
0.90
0.50
Cefixime cefazoloic acid isomer A4a
0.93
1.00
Cefixime
1.00
—
Cefixime 7-cpimerd
1.16
0.20
E-Cefiximee
1.28
0.20
Cefixime cefazolinic acid analog B1f
1.37
0.75
Cefixime cefazolinic acid analog B2f
1.39
0.75
Cefixime cefazolinic acid analog B3f
1.44
0.75
Cefixime cefazolinic acid analog B4f
1.45
0.75
Cefixime ethyl esterg
2.00
0.75
Cefixime tert-butyl esterh
2.42
0.20c
Any unspecified impurity
—
0.20
Total impurities
—
4.00
a (2R)-2-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-2{(2R)-5-methyl-7-oxo-1,2,5,7-tetrahydro-4H-furo[3,4-d][1,3]thiazin-2-yl}acetic acid.
b (6R,7R)-7-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-3methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
c Process impurity. Percent value is included in the sum of the total impurities.
d (6R,7S)-7-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-8oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
e (6R,7R)-7-{(E)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-8oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid; Cefixime-(E)isomer.
f 2-((((Z)-1-(2-Aminothiazol-4-yl)-2-((((2R)-5-methyl-7-oxo-1,2,5,7-tetrahydro-4Hfuro[3,4-d][1,3]thiazin-2-yl)methyl)amino)-2-oxoethylidene)amino)oxy)acetic acid.
g (6R,7R)-7-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(2-ethoxy-2oxoethoxy)imino]acetamido}-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2carboxylic acid.
h (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-{[2-(tert-butoxy)-2oxoethoxy]imino}acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2carboxylic acid.
SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic count is NMT 103 cfu/g. The total combined molds and yeasts count is NMT 102
cfu/g. It meets the requirements of the tests for the absence of Escherichia coli.
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• Labeling: Label the Capsules to indicate that the cefixime contained therein is in the
trihydrate form.
• USP Reference Standards 〈11〉
USP Cefixime RS
USP42

1 A suitable filter is the Whatman filter paper no. 1.

BRIEFING
Cefixime for Oral Suspension, USP 40 page 3266. As part of the USP monograph
modernization efforts, the following changes are proposed:
1. Add Identification B based on UV spectra match as obtained in the Assay. The existing
identification test is renamed as Identification A.
2. In the Assay provide clarification that Solution B and Solution C are prepared in water,
separate the preparation of Solution C and Buffer to match the layout of the other
monographs in the family, update the column diameter to reflect the actual column
used, and delete the Column efficiency requirement as the other System suitability
requirements are sufficient.
3. Add the Organic Impurities test with a liquid chromatographic method which is based on
analyses using the Inertsil ODS 3V brand of column with L1 packing. The typical
retention time for cefixime is about 20 min. The limits are proposed based on the FDAapproved acceptance criteria.
4. Add the Dissolution test.
5. Add the section for Microbial Enumeration Tests and Tests for Specified
Microorganisms.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: S. Shane.)
Correspondence Number—C177810
Comment deadline: March 31, 2018
Cefixime for Oral Suspension
DEFINITION
Cefixime for Oral Suspension is a dry mixture of Cefixime and one or more suitable diluents,
flavors, preservatives, and suspending agents. It contains the equivalent of NLT 90.0% and
NMT 120.0% of the labeled amount of cefixime (C16 H15 N5 O7 S2 ) per milliliter when
constituted as directed in the labeling.
IDENTIFICATION
Change to read:
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•
A. USP42
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Solution A: 25 mL of 0.4 M tetrabutylammonium hydroxide solution diluted with water to
1000 mL, and adjusted with 1.5 M phosphoric acid TS to a pH of 6.5
Solution B: 13.6 g/L of monobasic potassium phosphate
in water USP42
Solution C: 14.2 mg/mL of dibasic sodium phosphate anhydrous. Adjust a volume of this
solution with a sufficient volume of Solution B to a pH of 7.0.
in water.
Buffer: Adjust an aliquot of Solution C with Solution B to a pH of 7.0. USP42
Mobile phase: Acetonitrile and Solution A (1:3)
System suitability solution: 1 mg/mL of USP Cefixime RS in water. Heat this solution at
95° in an
a water or USP42
oil bath for 45 min. Cool, and use promptly.
Standard solution: 0.2 mg/mL of USP Cefixime RS in Solution C. [Note—Use this solution
promptly.]
cefixime from USP Cefixime RS in Buffer. Use this solution promptly. USP42
Sample solution: Constitute Cefixime for Oral Suspension as directed in the labeling.
Quantitatively dilute a suitable aliquot of the suspension, freshly mixed and free from air
bubbles, with Solution C
Buffer USP42
to obtain a solution having a nominal concentration of 0.2 mg/mL of cefixime.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm
4-mm USP42
× 12.5-cm; 4-µm packing L1
Column temperature: 40°
Flow rate: Adjust flow rate so that the retention time of cefexime is about 10 min.
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Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for cefixime (E)-isomer and cefixime are about 0.9
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between cefixime and cefixime (E)-isomer, System suitability
solution
Column efficiency: NLT 4000 theoretical plates, Standard solution
Calculate as follows:
Result = 5.545(t/Wh/2)2
t
= retention time
Wh/2 = peak width at half height

USP42

Tailing factor: 0.9–2.0, Standard solution
Calculate as follows:
Result = W0.1/2f
W0.1 = width of peak at 10% height
= distance from the peak maximum to the leading edge of the peak measured at
f 10% of the peak height USP42
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C16 H15 N5 O7 S2 in the constituted suspension prepared from
Cefixime for Oral Suspension:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of cefixime from the Sample solution
rS = peak response of cefixime from the Standard solution
CS = concentration of USP Cefixime RS in the Standard solution (mg/mL)
CU = nominal concentration of cefixime in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–120.0%
PERFORMANCE TESTS
Add the following:
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• Dissolution 〈711〉
Medium: pH 7.2 phosphate buffer (see Reagents, Indicators, and Solutions—Solutions,
Buffer Solutions); 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Detector: UV 288 nm
Standard solution: USP Cefixime RS in Medium. An amount of methanol not to exceed
0.8% of the total volume of the Standard solution may be used to bring the USP Cefixime
RS into solution before dilution with Medium, and the solution may be sonicated to ensure
complete dissolution of the USP Cefixime RS.
Sample solution: Pass a portion of the solution under test through a suitable filter,1
discarding the first few milliliters of the filtrate. Dilute with Medium to a concentration
similar to that of the Standard solution.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cefixime (C16 H15 N5 O7 S2 ) dissolved:
Result = (AU/AS) × CS × V × (1/L) × 100
AU = absorbance from the Sample solution
AS = absorbance from the Standard solution
CS = concentration of USP Cefixime RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/mL)
Tolerances: NLT 80% (Q) of the labeled amount of cefixime (C16 H15 N5 O7 S2 ) is dissolved.
USP42

• Uniformity of Dosage Units 〈905〉
For solids packaged in single-unit containers: Meets the requirements
• Deliverable Volume 〈698〉: Meets the requirements
IMPURITIES
Add the following:
• Organic Impurities
Solution A: 3.85 g/L of ammonium acetate in water
Solution B: 9.08 g/L of monobasic potassium phosphate in water
Solution C: 23.8 g/L of dibasic sodium phosphate anhydrous in water
Diluent: Solution B and Solution C (39:61)
Mobile phase A: Methanol and Solution A (5:95). Adjust with phosphoric acid to a pH of
4.2. See Table 1.
Mobile phase B: Methanol and Solution A (50:50). Adjust with phosphoric acid to a pH of
4.2. See Table 1.
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Table 1
Mobile phase A
(%)
100
95
85
70
50
25
0
0
100

Mobile phase B
(%)
0
5
15
30
50
75
100
100
0

System suitability solution: 0.5 mg/mL of USP Cefixime RS in water. Heat this solution at
95° in a water or oil bath for 45 min. Cool, and dilute with water to volume. Pass through
a suitable filter.
Standard solution: 0.005 mg/mL of cefixime from USP Cefixime RS in Diluent. Sonicate if
necessary in cold water. Pass through a suitable filter.
Sample solution: Constitute Cefixime for Oral Suspension as directed in the labeling.
Quantitatively dilute a suitable aliquot of the suspension, freshly mixed and free from air
bubbles, with Solution C to obtain a solution having a nominal concentration of 0.5 mg/mL.
Sonicate, if needed in a cool water bath. Pass through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 8.0 between cefixime and cefixime (E)-isomer, System suitability
solution
Tailing factor: NMT 1.5 for the cefixime peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Cefixime for Oral Suspension
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taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of cefixime from the Standard solution
CS = concentration of USP Cefixime RS in the Standard solution (mg/mL)
CU = nominal concentration of cefixime in the Sample solution (mg/mL)
P = potency of cefixime in USP Cefixime RS (mg/mg)
Acceptance criteria: See Table 2.
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Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Cefixime cefazoloic acid isomer A1a
0.74
2.00
a
Cefixime cefazoloic acid isomer A2
0.79
1.00
Cefixime 3-methyl analogb
0.81
0.20c
Cefixime cefazoloic acid isomer A3a
0.90
0.50
Cefixime cefazoloic acid isomer A4a
0.93
1.00
Cefixime
1.00
—
Cefixime 7-cpimerd
1.16
0.20
E-Cefiximee
1.28
0.90
Cefixime cefazolinic acid analog B1f
1.37
0.75
Cefixime cefazolinic acid analog B2f
1.39
0.75
Cefixime cefazolinic acid analog B3f
1.44
0.75
Cefixime cefazolinic acid analog B4f
1.45
0.75
Cefixime cthyl esterg
1.98
0.75
Cefixime tert-butyl esterh
2.42
0.20c
Any unspecified impurity
—
0.20
Total impurities
—
5.50
a (2R)-2-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-2{(2R)-5-methyl-7-oxo-1,2,5,7-tetrahydro-4H-furo[3,4-d][1,3]thiazin-2-yl}acetic acid.
b (6R,7R)-7-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-3methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
c Process impurity. Percent value is included in the sum of the total impurities.
d (6R,7S)-7-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-8oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
e (6R,7R)-7-{(E)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-8oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid; Cefixime-(E)isomer.
f 2-((((Z)-1-(2-Aminothiazol-4-yl)-2-((((2R)-5-methyl-7-oxo-1,2,5,7-tetrahydro-4Hfuro[3,4-d][1,3]thiazin-2-yl)methyl)amino)-2-oxoethylidene)amino)oxy)acetic acid.
g (6R,7R)-7-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(2-ethoxy-2oxoethoxy)imino]acetamido}-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2carboxylic acid.
h (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-{[2-(tert-butoxy)-2oxoethoxy]imino}acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2carboxylic acid.
USP42

SPECIFIC TESTS
Add the following:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The
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total aerobic count is NMT 102 cfu/g. The total combined molds and yeasts count is NMT
101 cfu/g. It meets the requirements of the tests for the absence of Escherichia coli.
USP42

• pH 〈791〉: 2.5–4.5, in the suspension constituted as directed in the labeling
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label it to indicate that the cefixime contained therein is in the trihydrate form.
• USP Reference Standards 〈11〉
USP Cefixime RS
1 A suitable filter is the Whatman filter paper no. 41.

USP42

Recent Official Publications:
USP41–NF36 Page 775
BRIEFING
Cefixime Tablets, USP 40 page 3267. As part of the USP monograph modernization efforts,
the following changes are proposed:
1. Add Identification B based on UV spectra match as obtained in the Assay.
2. In the Assay update the column diameter to reflect the actual column used and delete
the Column efficiency requirement as the other System suitability requirements are
sufficient.
3. Add the Organic Impurities test procedure with a liquid chromatographic method which
is based on analyses using the Inertsil ODS 3V brand of column with L1 packing. The
typical retention time for cefixime is about 20 min. The limits are proposed based on the
FDA-approved acceptance criteria.
4. In the test for Dissolution replace the Medium preparation with a buffer solution, and
add a calculation for the test to determine the percentage of the labeled amount of
cefixime dissolved. Update the Sample solution and Tolerances per current USP style.
5. Specify temperature storage conditions in the Packaging and Storage section.
6. Remove the Water Determination test as it is formulation specific.
7. Add the section for Microbial Enumeration Tests and Tests for Specified
Microorganisms.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: S. Shane.)
Correspondence Number—C177742
Comment deadline: March 31, 2018
Cefixime Tablets
DEFINITION
Cefixime Tablets contain the equivalent of NLT 90.0% and NMT 110.0% of the labeled
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Cefixime Tablets contain the equivalent of NLT 90.0% and NMT 110.0% of the labeled
amount of cefixime (C16 H15 N5 O7 S2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Solution A: 25 mL of 0.4 M tetrabutylammonium hydroxide solution, diluted with water to
1000 mL, and adjusted with 1.5 M phosphoric acid TS to a pH of 6.5
Solution B: 13.6 g/L of monobasic potassium phosphate in water
Solution C: 14.2 g/L of dibasic sodium phosphate anhydrous in water
Buffer: Adjust an aliquot of Solution C with Solution B to a pH of 7.0.
Mobile phase: Acetonitrile and Solution A (1:3)
System suitability solution: 1 mg/mL of USP Cefixime RS in water. Heat this solution at
95° in an
a water or USP42
oil bath for 45 min. Cool, and use promptly.
Standard solution: 0.2 mg/mL of USP Cefixime RS in Buffer. Use this solution promptly.
Sample stock solution: Nominally 4 mg/mL of cefixime in Buffer from finely powdered
Tablets (NLT 20). Sonicate as needed, and centrifuge.
Sample solution: Nominally 0.2 mg/mL of cefixime from Sample stock solution in Buffer
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm
4-mm USP42
× 12.5-cm; 4-µm packing L1
Column temperature: 40°
Flow rate: Adjusted so that the retention time of cefixime is about 10 min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for cefixime (E)-isomer and cefixime are about 0.9
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and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between cefixime and cefixime (E)-isomer, System suitability
solution
Column efficiency: NLT 4000 theoretical plates, Standard solution
Calculate as follows:
Result = 5.545(t/Wh/2)2
t
= retention time
Wh/2 = peak width at half height

USP42

Tailing factor: NLT 0.9 and NMT 2.0, for the analyte peak
Standard solution USP42
Calculate as follows:
Result = W0.1/2f
W0.1 = width of peak of 10% height
f
= distance from the peak maximum to the leading edge of the peak measured at
10% of the peak height
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cefixime (C16 H15 N5 O7 S2 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Cefixime RS in the Standard solution (mg/mL)
CU = nominal concentration of cefixime in the Sample solution (mg/mL)
P = potency of cefixime in USP Cefixime RS (mg/mg)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: 6.8 g/L of monobasic potassium phosphate in water, adjusted with 1 N sodium
hydroxide to a pH of 7.2
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pH 7.2 phosphate buffer (see Reagents, Indicators, and Solutions—Solutions, Buffer
Solutions); USP42
900 mL
Apparatus 1: 100 rpm
Time: 45 min
Detector: UV 288 nm
Standard solution: USP Cefixime RS in Medium. An amount of methanol not to exceed
0.1% of the total volume of the Standard solution may be used to bring the USP Cefixime
RS into solution before dilution with Medium, and the solution may be sonicated to ensure
complete dissolution of the USP Cefixime RS.
Sample solution: Sample per Dissolution 〈711〉.
Pass a portion of the solution under test through a suitable filter,1 discarding the first
few milliliters of the filtrate. USP42
Dilute with Medium to a concentration similar to that of the Standard solution.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cefixime (C16 H15 N5 O7 S2 ) dissolved:
Result = (AU/AS) × CS × V × (1/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Cefixime RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
USP42

Tolerances: NLT 75% (Q)
of the labeled amount of cefixime (C16 H15 N5 O7 S2 ) is dissolved.

USP42

• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Solution A: 3.85 g/L of ammonium acetate in water
Solution B: 9.08 g/L of monobasic potassium phosphate in water
Solution C: 23.8 g/L of dibasic sodium phosphate anhydrous in water
Diluent: Solution B and Solution C (39:61)
Mobile phase A: Methanol and Solution A (5:95). Adjust with phosphoric acid to a pH of
4.2. See Table 1.
Mobile phase B: Methanol and Solution A (50:50). Adjust with phosphoric acid to a pH of
4.2. See Table 1.

PF 44(1): Jan.-Feb. 2018

242

Time
(min)
0
5
10
20
30
40
50
60
65

Table 1
Mobile phase A
(%)
100
95
85
70
50
25
0
0
100

Mobile phase B
(%)
0
5
15
30
50
75
100
100
0

System suitability solution: 0.5 mg/mL of USP Cefixime RS in water. Heat this solution at
95° in a water or oil bath for 45 min. Cool, and and dilute with water to volume. Pass
through a suitable filter.
Standard solution: 0.005 mg/mL of cefixime from USP Cefixime RS in Diluent. Sonicate, if
necessary, in cold water. Pass through a suitable filter.
Sample solution: Nominally 0.5 mg/mL of cefixime in Diluent prepared as follows. Finely
grind NLT 20 Tablets. Weigh and transfer a portion of the ground Tablets equivalent to
about 100 mg of cefixime and transfer to a 200-mL volumetric flask. Sonicate with
constant swirling, in cold water. Pass through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 8.0 between cefixime and cefixime (E)-isomer, System suitability
solution
Tailing factor: NMT 1.5 for the cefixime peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of cefixime from the Standard solution
CS = concentration of USP Cefixime RS in the Standard solution (mg/mL)
CU = nominal concentration of cefixime in the Sample solution (mg/mL)
P = potency of cefixime in USP Cefixime RS (mg/mg)
Acceptance criteria: See Table 2.

PF 44(1): Jan.-Feb. 2018

244

Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Cefixime cefazoloic acid isomer A1a
0.74
2.00
a
Cefixime cefazoloic acid isomer A2
0.79
1.00
Cefixime 3-methyl analogb
0.81
0.20c
Cefixime cefazoloic acid isomer A3a
0.90
0.50
Cefixime cefazoloic acid isomer A4a
0.93
1.00
Cefixime
1.00
—
Cefixime 7-epimerd
1.16
0.20
E-Cefiximee
1.28
0.20
Cefixime cefazolinic acid analog B1f
1.37
0.75
Cefixime cefazolinic acid analog B2f
1.39
0.75
Cefixime cefazolinic acid analog B3f
1.44
0.75
Cefixime cefazolinic acid analog B4f
1.45
0.75
Cefixime ethyl esterg
1.98
0.75
Cefixime tert-butyl esterh
2.42
0.20c
Any unspecified impurity
—
0.20
Total impurities
—
5.00
a (2R)-2-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-2{(2R)-5-methyl-7-oxo-1,2,5,7-tetrahydro-4H-furo[3,4-d][1,3]thiazin-2-yl}acetic acid.
b (6R,7R)-7-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-3methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
c Process impurity. Percent value is included in the sum of the total impurities.
d (6R,7S)-7-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-8oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
e (6R,7R)-7-{(E)-2-(2-Aminothiazol-4-yl)-2-[(carboxymethoxy)imino]acetamido}-8oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid; Cefixime-(E)isomer.
f 2-((((Z)-1-(2-aminothiazol-4-yl)-2-((((2R)-5-methyl-7-oxo-1,2,5,7-tetrahydro-4Hfuro[3,4-d][1,3]thiazin-2-yl)methyl)amino)-2-oxoethylidene)amino)oxy)acetic acid.
g (6R,7R)-7-{(Z)-2-(2-Aminothiazol-4-yl)-2-[(2-ethoxy-2oxoethoxy)imino]acetamido}-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2carboxylic acid.
h (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-{[2-(tert-butoxy)-2oxoethoxy]imino}acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2carboxylic acid.
USP42

SPECIFIC TESTS
Delete the following:
• Water Determination, Method I〈921〉: NMT 10.0%

USP42
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Add the following:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The
total aerobic count is NMT 103 cfu/g. The total combined molds and yeasts count is NMT
102 cfu/g. It meets the requirements of the test for the absence of Escherichia coli. USP42
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. USP42
• Labeling: Label the Tablets to indicate that the cefixime contained therein is in the
trihydrate form.
• USP Reference Standards 〈11〉
USP Cefixime RS
1 A suitable filter is the Whatman filter paper no. 41.

USP42

Recent Official Publications:
USP41–NF36 Page 775
BRIEFING
Chromium Cr 51 Edetate Injection, USP 40 page 3407. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Chromium Cr 51 Edetate Injection are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193471
Comment deadline: March 31, 2018
Delete the following:
Chromium Cr 51 Edetate Injection
Glycine, N,N′-1,2-ethanediylbis[N-(carboxymethyl)]-, chromium-51 complex.
(Ethylenedinitrilo)tetraacetic acid, chromium-51 complex [27849-89-4].

» Chromium Cr 51 Edetate Injection is a sterile solution containing
radioactive chromium (51Cr) in the form of a complex of chromium (III) with
edetic acid, present in excess. It is made isotonic by the addition of Sodium
Chloride. It contains not less than 90.0 percent and not more than 110.0
percent of the labeled amount of 51Cr as edetate complex expressed in
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megabecquerels (or microcuries or millicuries) per mL at the time indicated
in the labeling. Other chemical forms of radioactivity do not exceed 5.0
percent of the total radioactivity. It may contain a suitable preservative. It
contains not more than 1 mg of chromium (Cr) per mL.
Packaging and storage—Preserve in single-dose or multiple-dose containers, at a temperature
between 2° and 8°.
Labeling—Label it to include the following, in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
51Cr as edetate complex expressed as total MBq (or mCi) and as MBq (or mCi) per mL at the
time of calibration; the expiration date; and the statement “Caution—Radioactive Material.” The
labeling indicates that in making dosage calculations, correction is to be made for radioactive
decay and the quantity of chromium, and also indicates that the radioactive half-life of 51Cr is
27.8 days.
USP Reference standards 〈11〉—
USP Endotoxin RS
Radionuclide identification (see Radioactivity 〈821〉)—Its gamma-ray spectrum is identical to
that of a specimen of 51Cr of known purity that exhibits a photopeak having an energy of 0.320
MeV.
Bacterial Endotoxins Test 〈85〉: not more than 175/V USP Endotoxin Unit per mL of the
Injection, in which V is the maximum recommended total dose, in mL, at the expiration date or
time.
pH 〈791〉: between 3.5 and 6.5.
Radiochemical purity—
Electrolyte solution— Dissolve 0.2 g of barbital sodium and 10 g of sodium nitrate in water to
make 1000 mL.
Procedure —Soak a 2.5-cm × 17.0-cm × 0.22-mm cellulose strip in 100 mL of Electrolyte
solution for 10 to 60 minutes. Remove the strip with forceps, and blot to remove excess
solution. Attach the strip to the support bridge of an electrophoresis chamber containing
Electrolyte solution. Apply to the strip about 10 µL of Injection as a 3-mm band at a position
10 cm from the cathode. Attach the chamber cover, and perform the electrophoresis at 30 V
per cm, using a stabilized current. Remove the strip from the chamber, and blot the ends. Using
a suitable scanner and counting assembly, determine the radioactivity distribution: chromium
51Cr edetate moves about 5 cm towards the anode; and 51Cr chromic ion moves about 7 cm
towards the cathode. The radioactivity of the chromium 51Cr edetate band is not less than
95% of the total radioactivity.
Change to read:
Radionuclidic purity (seeRadioactivity 〈821〉) (CN 1-May-2017) —Using a suitable gamma-ray
spectrometer
(CN 1-May-2017) , determine the radioactivity of each radionuclidic impurity
observed in the gamma-ray spectrum: not more than 0.1% of any individual impurity is found;
and not more than 0.3% of total impurities is found.
Chemical purity—Using a validated limit test and a known analytical technique, demonstrate
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the absence of any ingredients and reagents employed in the synthetic process.
Limit of free chromium—
Standard solution— Dissolve 0.96 g of chromium potassium sulfate dodecahydrate and 2.87 g of
edetate disodium in 50 mL of water, boil for 10 minutes, cool, adjust with 0.2 M sodium
hydroxide to a pH between 3.5 and 6.5, and dilute with water to 100.0 mL to obtain a solution
having a known concentration of about 1 mg of chromium per mL.
Test solution— Use the Injection.
Procedure— Concomitantly determine the absorbances of the Standard solution and the Test
solution at the wavelength of maximum absorbance at about 560 nm, with a suitable
spectrophotometer, using water as the blank: the absorbance of the Test solution is not more
than that of the Standard solution.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉, except that it is not subject to the recommendation on Container Content.
Change to read:
Assay for radioactivity (see Radioactivity〈821〉) (CN 1-May-2017) —Using a suitable counting
assembly
(CN 1-May-2017) , determine the radioactivity, in MBq (or µCi) per mL, of Injection
by use of a calibrated system. USP42
Recent Official Publications:
USP41–NF36 Page 922
BRIEFING
Desvenlafaxine Extended-Release Tablets. Because there is no existing USP monograph
for this drug product, a new monograph based on validated methods of analysis is proposed.
1. The liquid chromatographic procedure used in the proposed Assay procedure, For
products labeled to contain desvenlafaxine, is based on analyses performed with the
Inertsil Ph-3 brand of column with L11 packing manufactured by GL Sciences. The
typical retention time for desvenlafaxine is about 4 min.
2. The liquid chromatographic procedure used in the proposed Assay procedure, For
products labeled to contain desvenlafaxine succinate equivalent to desvenlafaxine, is
based on analyses performed with the Inertsil ODS-3V brand of column with L1 packing
manufactured by GL Sciences. The typical retention time for desvenlafaxine is about 4
min.
3. The liquid chromatographic procedure used in the proposed Dissolution test, For
products labeled to contain desvenlafaxine succinate equivalent to desvenlafaxine, is
based on analyses performed with the Inertsil ODS-3V brand of column with L1 packing
manufactured by GL Sciences. The typical retention time for desvenlafaxine is about 2.6
min.
4. The liquid chromatographic procedure used in the proposed test for Organic Impurities,
For products labeled to contain desvenlafaxine, is based on analyses performed with
the Inertsil ODS-3V brand of column with L1 packing manufactured by GL Sciences. The
typical retention time for desvenlafaxine is about 8 min.
5. The liquid chromatographic procedure used in the proposed test for Organic Impurities,
For products labeled to contain desvenlafaxine succinate equivalent to desvenlafaxine,
is based on analyses performed with the Zorbax SB-CN brand of column with L10
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packing manufactured by Agilent. The typical retention time for desvenlafaxine is about
26.0 min.
(CHM4: H. Joyce.)
Correspondence Number—C162427; C168547
Comment deadline: March 31, 2018
Add the following:
Desvenlafaxine Extended-Release Tablets
DEFINITION
Desvenlafaxine Extended-Release Tablets contain desvenlafaxine (C16 H25 NO2 ) or
desvenlafaxine succinate (C16 H25 NO2 ·C4 H6 O4 ) equivalent to NLT 90.0% and NMT 110.0% of
the labeled amount of desvenlafaxine (C16 H25 NO2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the desvenlafaxine peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
For products labeled to contain desvenlafaxine
Buffer: 8.9 g/L of dibasic sodium phosphate dihydrate and 2.5 g/L of octanesulfonic acid
sodium salt prepared as follows. Transfer suitable amounts of dibasic sodium phosphate
dihydrate and octanesulfonic acid sodium salt to an appropriate volumetric flask. Add
90% of the total container flask of water and adjust with phosphoric acid to a pH of 3.0.
Dilute with water to volume.
Mobile phase: Acetonitrile and Buffer (30:70)
Standard solution: 0.5 mg/mL of USP Desvenlafaxine RS prepared as follows. Transfer
125.0 mg of USP Desvenlafaxine RS to a 250-mL volumetric flask. Add 10 mL of citric
acid TS and 50 mL of acetonitrile, and sonicate to promote dissolution. Dilute with
sodium chloride TS to volume. Pass through a filter of 0.45-µm pore size, discard NLT 2
mL, and use the filtrate.
Sample solution: Nominally 0.5 mg/mL of desvenlafaxine from Tablets prepared as
follows. Transfer a portion of powder from NLT 20 Tablets, equivalent to 250.0 mg of
desvenlafaxine, to a 500-mL volumetric flask. Add 100 mL of acetonitrile and sonicate
for about 5 min. Add 20 mL of citric acid TS and sonicate for about 5 min more with
occasional shaking. Add 250 mL of sodium chloride TS and sonicate for about 20 min
with intermittent shaking. Dilute with sodium chloride TS to volume. Pass through a filter
of 0.45-µm pore size, discard NLT 2 mL, and use the filtrate.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 275 nm. For Identification B, use a diode array detector in the range of
200–300 nm.
Column: 4.6-mm × 25.0-cm; 5-µm packing L11
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of desvenlafaxine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of desvenlafaxine (C16 H25 NO2 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Desvenlafaxine RS in the Standard solution (mg/mL)
CU = nominal concentration of desvenlafaxine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amount of desvenlafaxine
(C16 H25 NO2 )
For products labeled to contain desvenlafaxine succinate equivalent to
desvenlafaxine
Mobile phase: Acetonitrile and water (25:75). To each liter, add 4 mL of triethylamine
and adjust with phosphoric acid to a pH of 3.0.
Standard stock solution: 0.72 mg/mL of USP Desvenlafaxine Succinate RS (equivalent to
0.5 mg/mL of desvenlafaxine) prepared as follows. Transfer a suitable quantity of USP
Desvenlafaxine Succinate RS to an appropriate volumetric flask and add 70% of the flask
volume of methanol. Sonicate to dissolve using a cold water bath with intermittent
shaking. Add 2% of the flask volume of 0.1 N sodium hydroxide VS and dilute with
sodium chloride TS to volume.
Standard solution: 0.36 mg/mL of USP Desvenlafaxine Succinate RS (equivalent to 0.25
mg/mL of desvenlafaxine) from Standard stock solution in sodium chloride TS
Sample stock solution: Nominally 0.5 mg/mL of desvenlafaxine from Tablets prepared as
follows. Transfer a portion of powder, equivalent to 500 mg of desvenlafaxine, to a 1-L
volumetric flask. Add 2% of the flask volume of 0.1 N sodium hydroxide VS and sonicate
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for about 2 min with vigorous shaking. Add 70% of the flask volume of methanol and
sonicate for about 5 min. Stir the resulting solution for 10 min and add 10% of the flask
volume of sodium chloride TS and stir until the Tablets are completely disintegrated. Add
15% of the flask volume of sodium chloride TS. Sonicate for about 10 min. Allow the
solution to cool to room temperature and dilute with sodium chloride TS to volume.
Centrifuge the resulting solution and use the supernatant. [Note—The use of a
centrifuge speed of 5000 rpm for NLT 5 min may be suitable.]
Sample solution: Nominally 0.25 mg/mL of desvenlafaxine from Sample stock solution in
sodium chloride TS passed through a suitable filter
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm. For Identification B, use a diode array detector in the range of
200–300 nm.
Column: 4.6-mm × 25.0-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 3.5 times the retention time of desvenlafaxine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of desvenlafaxine (C16 H25 NO2 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Desvenlafaxine Succinate RS in the Standard solution
(mg/mL)
CU = nominal concentration of desvenlafaxine in the Sample solution (mg/mL)
Mr1 = molecular weight of desvenlafaxine, 263.38
Mr2 = molecular weight of desvenlafaxine succinate, 381.47
Acceptance criteria: 90.0%–110.0% of the labeled amount of desvenlafaxine
(C16 H25 NO2 )
PERFORMANCE TESTS
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• Dissolution 〈711〉
For products labeled to contain desvenlafaxine
Medium: Sodium chloride TS; 900 mL
Apparatus 1: 100 rpm
Times: 1, 4, 8, and 20 h
Buffer: 8.9 g/L of dibasic sodium phosphate dihydrate in water; adjusted with phosphoric
acid to a pH of 3.0
Diluent: Acetonitrile and Buffer (30:70)
Standard stock solution: 1.1 mg/mL of USP Desvenlafaxine RS in Diluent
Standard solution: (L/900) mg/mL of USP Desvenlafaxine RS from Standard stock
solution in Medium where L is the label claim in mg/Tablet
Sample solution: Use a portion of the solution under test. Replace the portion of
solution withdrawn with an equal volume of Medium.
Instrumental conditions
Mode: UV-Vis
Wavelength: 225 nm
Cells
For Tablets labeled to contain 100 mg: 2.0 mm
For Tablets labeled to contain 50 mg: 5.0 mm
Blank: Medium
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the concentration (Ci) of desvenlafaxine (C16 H25 NO2 ) in the sample withdrawn
from the vessel at each time point (i):
Result = (AU/AS) × CS
AU = absorbance of desvenlafaxine from the Sample solution
AS = absorbance of desvenlafaxine from the Standard solution
CS = concentration of USP Desvenlafaxine RS in the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of desvenlafaxine (C16 H25 NO2 ) dissolved
at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = [(C2 × V) + (C1 × VS)] × (1/L) × 100
Result 3 = {(C3 × V) + [(C2 + C1) × VS]} × (1/L) × 100
Result 4 = {(C4 × V) + [(C3 + C2 + C1) × VS]} × (1/L) × 100
Ci = concentration of desvenlafaxine in the portion of the sample withdrawn at the
specified time point, i (mg/mL)
V = volume of Medium, 900 mL
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L = label claim (mg/Tablet)
VS = volume of the Sample solution withdrawn at each time point and replaced with
Medium (mL)
Tolerances: See Table 1.
Table 1
Time Point
(i)
1
2
3
4

Time
(h)
1
4
8
20

Amount
Dissolved
(%)
10–30
35–55
58–78
NLT 80

The percentages of the labeled amount of desvenlafaxine dissolved at the times specified
conform to Dissolution 〈711〉, Acceptance Table 2.
For products labeled to contain desvenlafaxine succinate equivalent to
desvenlafaxine
Medium: Sodium chloride TS; 900 mL
Apparatus 1: 100 rpm
Times: 1, 4, 12, and 20 h
Mobile phase: Acetonitrile and water (25:75). To each liter, add 4 mL of triethylamine
and adjust with phosphoric acid to a pH of 3.0.
Standard stock solution: 0.8 mg/mL of USP Desvenlafaxine Succinate RS (equivalent to
0.55 mg/mL of desvenlafaxine) prepared as follows. Transfer a suitable quantity of USP
Desvenlafaxine Succinate RS to an appropriate volumetric flask. Dissolve in 20% of the
flask volume of methanol, and sonicate to promote dissolution. Add 50% of the flask
volume of Medium and sonicate for about 3 min. Allow to cool to room temperature and
dilute with Medium to volume.
Standard solution: (L/900) mg/mL of desvenlafaxine from USP Desvenlafaxine Succinate
RS in the Standard stock solution in Medium, where L is the label claim in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 1.5 times the retention time of desvenlafaxine
System suitability
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Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of desvenlafaxine (C16 H25 NO2 ) in the sample withdrawn
from the vessel at each time point (i):
Result = (rU/rS) × CS × (Mr1/Mr2)
rU = peak response of desvenlafaxine from the Sample solution
rS = peak response of desvenlafaxine from the Standard solution
CS = concentration of USP Desvenlafaxine Succinate RS in the Standard solution
(mg/mL)
Mr1 = molecular weight of desvenlafaxine, 263.38
Mr2 = molecular weight of desvenlafaxine succinate, 381.47
Calculate the percentage of the labeled amount of desvenlafaxine (C16 H25 NO2 ) dissolved
at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Result 4 = ({C4 × [V − (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of desvenlafaxine in the portion of sample withdrawn at the
specified time point, i (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of Sample solution withdrawn at each time point, i (mL)
Tolerances: See Table 2.
Table 2
Time Point
(i)
1
2
3
4

Time
(h)
1
4
12
20

Amount
Dissolved
(%)
NMT 25
32–50
65–85
NLT 80

The percentages of the labeled amount of desvenlafaxine dissolved at the times specified
conform to Dissolution〈711〉, Acceptance Table 2.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
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IMPURITIES
• Organic Impurities
For products labeled to contain desvenlafaxine
Buffer: 5.6 g/L of sodium perchlorate in water
Solution A: Acetonitrile and Buffer (10:90)
Solution B: Acetonitrile
Mobile phase: See Table 3.
Time
(min)
0
5
35
40
42
50

Table 3
Solution A
(%)
80
80
60
20
80
80

Solution B
(%)
20
20
40
80
20
20

Diluent: Acetonitrile and water (90:10)
System suitability stock solution: 0.25 mg/mL of USP Venlafaxine Hydrochloride RS and
0.1 mg/mL of USP Desvenlafaxine Related Compound A RS prepared as follows. Transfer
suitable amounts of USP Venlafaxine Hydrochloride RS and USP Desvenlafaxine Related
Compound A RS to an appropriate volumetric flask and add 65% of the total flask volume
of Diluent. Dilute with Diluent to volume.
System suitability solution: 500 µg/mL of USP Desvenlafaxine RS, 2.5 µg/mL of USP
Venlafaxine Hydrochloride RS, and 1 µg/mL of USP Desvenlafaxine Related Compound A
RS prepared as follows. Transfer 50 mg of USP Desvenlafaxine RS to a 100-mL
volumetric flask. Add 4 mL of citric acid TS and 20 mL of acetonitrile. Sonicate to
dissolve and then add 30 mL of sodium chloride TS and sonicate for another 5 min. Then
add 1 mL of System suitability stock solution and dilute with sodium chloride TS to
volume.
Standard stock solution: 0.2 mg/mL of USP Desvenlafaxine RS prepared as follows.
Transfer 50.0 mg of USP Desvenlafaxine RS to a 250-mL volumetric flask. Add 10 mL of
citric acid TS and 50 mL of acetonitrile, and sonicate to promote dissolution. Add 125 mL
of sodium chloride TS and sonicate for another 5 min. Dilute with sodium chloride TS to
volume.
Standard solution: 1 µg/mL of USP Desvenlafaxine RS from Standard stock solution in
sodium chloride TS passed through a suitable filter of NLT 0.45-µm pore size. Discard
NLT 2 mL and use the filtrate.
Sensitivity solution: 0.25 µg/mL of USP Desvenlafaxine RS from Standard solution in
sodium chloride TS passed through a suitable filter of NLT 0.45-µm pore size. Discard
NLT 2 mL and use the filtrate.
Sample solution: Nominally 500 µg/mL of desvenlafaxine from Tablets prepared as
follows. Transfer a portion of powder from NLT 20 Tablets, equivalent to 125.0 mg of
desvenlafaxine, to a 250-mL volumetric flask. Add 50 mL of acetonitrile and sonicate for
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about 5 min. Add 10 mL of citric acid TS and sonicate for about 5 min more with
occasional shaking. Add 100 mL of sodium chloride TS and sonicate for about 20 min
with intermittent shaking. Dilute with sodium chloride TS to volume. Pass through a filter
of 0.45-µm pore size, discard NLT 2 mL, and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 226 nm
Column: 4.6-mm × 25.0-cm; 5-µm packing L1
Temperatures
Autosampler: 20°
Column: 35°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 4 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between desvenlafaxine related compound A and venlafaxine,
System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of desvenlafaxine from the Standard solution
CS = concentration of USP Desvenlafaxine RS in the Standard solution (µg/mL)
CU = nominal concentration of desvenlafaxine in the Sample solution (µg/mL)
Acceptance criteria: See Table 4. The reporting threshold is 0.05%.
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Table 4

Name
Desvenlafaxine
Desvenlafaxine related compound A
Venlafaxine
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
1.0
2.0
2.2
—
—

Acceptance
Criteria,
NMT (%)
—
0.2
0.2
0.2
2.0

For products labeled to contain desvenlafaxine succinate equivalent to
desvenlafaxine
Solution A: 1.4 g/L of monobasic potassium phosphate in water. To each liter, add 0.5 g
of sodium 1-heptanesulfonate and adjust with phosphoric acid to a pH of 3.5.
Solution B: Acetonitrile, methanol, and Solution A (60:20:20)
Mobile phase: See Table 5.
Time
(min)
0
5
55
57
65

Table 5
Solution A
(%)
95
95
65
95
95

Solution B
(%)
5
5
35
5
5

Diluent: Acetonitrile and Solution A (10:90)
System suitability solution: 700 µg/mL of USP Desvenlafaxine Succinate RS (equivalent
to 0.5 mg of desvenlafaxine) and 1 µg/mL each of USP Desvenlafaxine Related
Compound A RS, USP Desvenlafaxine Related Compound B RS, and USP Venlafaxine
Hydrochloride RS in Diluent
Standard solution: 7.2 µg/mL of USP Desvenlafaxine Succinate RS (equivalent to 5
µg/mL of desvenlafaxine) in Diluent
Sensitivity solution: 0.36 µg/mL of USP Desvenlafaxine Succinate RS (equivalent to 0.25
µg/mL of desvenlafaxine) from Standard solution in Diluent
Sample solution: Nominally 500 µg/mL of desvenlafaxine from Tablets prepared as
follows. Transfer a portion of powder, equivalent to 50 mg of desvenlafaxine, to a 100mL volumetric flask. Add 10% of the flask volume of acetonitrile and sonicate for about 5
min with intermittent shaking. Add 70% of the flask volume of Diluent and sonicate for
about 10 min. Dilute with Diluent to volume. Centrifuge the resulting solution and pass
the supernatant through a suitable filter. [Note—The use of a centrifuge speed of 5000
rpm for 5 min may be suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 225 nm
Column: 4.6-mm × 15.0-cm; 3.5-µm packing L10
Temperatures
Autosampler: 10°
Column: 30°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 6 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.2 between desvenlafaxine related compound B and desvenlafaxine;
NLT 1.2 between venlafaxine and desvenlafaxine related compound A, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of desvenlafaxine from the Standard solution
CS = concentration of USP Desvenlafaxine Succinate RS in the Standard solution
(µg/mL)
CU = equivalent concentration of desvenlafaxine in the Sample solution (µg/mL)
Mr1 = molecular weight of desvenlafaxine, 263.38
Mr2 = molecular weight of desvenlafaxine succinate, 381.47
Acceptance criteria: See Table 6. The reporting threshold is 0.05%.
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Table 6
Relative
Retention
Time

Name
Succinic acida

0.08

4-(Dimethylaminoethyl)phenolb,c

0.32

Acceptance
Criteria,
NMT (%)
—
—

desvenlafaxineb,d

—
Didesmethyl
0.89
—
Desvenlafaxine related compound Bb
0.96
Desvenlafaxine
1.0
—
e
Desvenlafaxine N-oxide
1.2
0.20
—
Venlafaxineb
1.5
Desvenlafaxine related compound A
1.6
0.20
Any individual unspecified impurity
—
0.20
Total impurities
—
0.80
a Salt counter ion is included in the table for identification purposes only.
b Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance, and are not to be reported or included in the total
impurities for the drug product.
c 4-[2-(Dimethylamino)ethyl]phenol.
d 4-[2-Amino-1-(1-hydroxycyclohexyl)ethyl]phenol.
e 2-(1-Hydroxycyclohexyl)-2-(4-hydroxyphenyl)-N,N-dimethylethan-1-amine oxide.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• Labeling: The labeling states whether the product contains desvenlafaxine or desvenlafaxine
succinate equivalent to desvenlafaxine.
• USP Reference Standards 〈11〉
USP Desvenlafaxine RS
USP Desvenlafaxine Related Compound A RS
4-[1-(Cyclohex-1-en-1-yl)-2-(dimethylamino)ethyl]phenol.
C16 H23 NO
245.37
USP Desvenlafaxine Related Compound B RS
4-[1-(1-Hydroxycyclohexyl)-2-(methylamino)ethyl]phenol.
C15 H23 NO2
249.35
USP Desvenlafaxine Succinate RS
USP Venlafaxine Hydrochloride RS
USP42

BRIEFING
Diclofenac Sodium Topical Solution. Because there is no existing USP monograph for this
drug product, a new monograph based on validated methods of analysis is proposed. The liquid
chromatographic procedure in the Assay is based on analyses performed with the Hypersil BDS
C8 brand of column with L7 packing. The typical retention time for diclofenac is about 8 min.
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The liquid chromatographic procedure in the Organic Impurities test is based on analyses
performed with the Kromasil C18 brand of column with L1 packing. The typical retention time for
diclofenac is about 24 min. The gas chromatographic procedure in the Content of Dimethyl
Sulfoxide test is based on analyses performed with the DB-624 brand of column with phase G43.
The typical retention time for dimethyl sulfoxide is about 4 min. The gas chromatographic
procedure in the Content of Ethanol test is based on analyses performed with the DB-624 brand
of column with phase G43. The typical retention time for ethanol is about 4 min.
(CHM2: W. Yang.)
Correspondence Number—C185742
Comment deadline: March 31, 2018
Add the following:
Diclofenac Sodium Topical Solution
DEFINITION
Diclofenac Sodium Topical Solution is a solution of Diclofenac Sodium in a suitable vehicle. It
contains NLT 90.0% and NMT 110.0% of the labeled amount of diclofenac sodium
(C14 H10 Cl2 NNaO2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Phosphoric acid and water (0.62: 1000)
Solution B: 1.86 g of monobasic sodium phosphate dihydrate in 1000 mL of water
Solution C: Solution A and Solution B (50:50)
Mobile phase: Methanol and Solution C (70:30)
Diluent: Methanol and water (70:30)
Standard stock solution: 0.6 mg/mL of USP Diclofenac Sodium RS prepared as follows.
Transfer a quantity of USP Diclofenac Sodium RS to a suitable volumetric flask, add 20%
of the flask volume of methanol, sonicate to dissolve, and dilute with Diluent to volume.
Standard solution: 0.06 mg/mL of USP Diclofenac Sodium RS in Diluent from Standard
stock solution
Sample solution: Nominally 0.06 mg/mL of diclofenac sodium prepared as follows. Transfer
a quantity of Topical Solution to a suitable volumetric flask, add 20% of the flask volume
of methanol, sonicate for about 10 min, and dilute with Diluent to volume. Pass a portion
of the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of diclofenac
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diclofenac sodium (C14 H10 Cl2 NNaO2 ) in
the portion of Topical Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of diclofenac from the Sample solution
rS = peak response of diclofenac from the Standard solution
CS = concentration of USP Diclofenac Sodium RS in the Standard solution (mg/mL)
CU = nominal concentration of diclofenac sodium in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
OTHER COMPONENTS
• Content of Dimethyl Sulfoxide (if present)
Standard stock solution: 45 mg/mL of dimethyl sulfoxide in methanol
Internal standard stock solution: 45 mg/mL of dimethylformamide in methanol
Standard solution: 4.5 mg/mL each of dimethyl sulfoxide and dimethylformamide in
methanol from Standard stock solution and Internal standard stock solution
Sample solution: Nominally 4.5 mg/mL of dimethyl sulfoxide and 4.5 mg/mL of
dimethylformamide in methanol from a suitable quantity of Topical Solution and Internal
standard stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
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Detector: Flame ionization
Column: 0.53-mm × 30-m; 3.0-µm phase G43
Temperatures
Injection port: 240°
Detector: 250°
Column: See Table 1.
Table 1
Initial
Temperature
(°)
100
160

Temperature
Ramp
(°/min)
10
45

Final
Temperature
(°)
160
250

Hold Time at
Final
Temperature
(min)
0
12

Carrier gas: Nitrogen
Pressure: 4.0 psi
Injection volume: 1 µL
Injection type: Split ratio, 1:20
System suitability
Sample: Standard solution
[Note—The relative retention times for dimethylformamide and dimethyl sulfoxide are
about 0.8 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0% for the peak response ratio of dimethyl
sulfoxide to dimethylformamide
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dimethyl sulfoxide (w/w) in the portion of Topical Solution
taken:
Result = (RU/RS) × CS × V × (1/W) × 100
RU = peak response ratio of dimethyl sulfoxide to dimethylformamide from the Sample
solution
RS = peak response ratio of dimethyl sulfoxide to dimethylformamide from the Standard
solution
CS = concentration of dimethyl sulfoxide in the Standard solution (mg/mL)
V = volume of the Sample solution (mL)
W = weight of the portion of Topical Solution used in preparation of the Sample solution
(mg)
Acceptance criteria: 41.0%–48.0% (w/w)
• Content of Ethanol (if present)
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Standard stock solution: 11 mg/mL of ethanol in dimethyl sulfoxide
Internal standard stock solution: 11 mg/mL of n-propanol in dimethyl sulfoxide
Standard solution: 1.1 mg/mL each of ethanol and n-propanol in dimethyl sulfoxide from
Standard stock solution and Internal standard stock solution
Sample solution: Nominally 1.1 mg/mL of ethanol and 1.1 mg/mL of n-propanol in dimethyl
sulfoxide from a suitable quantity of Topical Solution and Internal standard stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m; 3.0-µm phase G43
Temperatures
Injection port: 220°
Detector: 250°
Column: See Table 2.
Table 2
Initial
Temperature
(°)
35
35

Temperature
Ramp
(°/min)
0
20

Final
Temperature
(°)
35
220

Hold Time at
Final
Temperature
(min)
5
5

Carrier gas: Nitrogen
Pressure: 3.0 psi
Injection volume: 1 µL
Injection type: Split ratio, 1:2 or 1:5
System suitability
Sample: Standard solution
[Note—The relative retention times for ethanol and n-propanol are about 1.0 and 1.8,
respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0% for the peak response ratio of ethanol to npropanol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage (w/v) of ethanol in the portion of Topical Solution taken:
Result = (RU/RS) × CS × V × (1/W) × D × 100
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RU = peak response ratio of ethanol to n-propanol from the Sample solution
RS = peak response ratio of ethanol to n-propanol from the Standard solution
CS = concentration of ethanol in the Standard solution (mg/mL)
V = volume of the Sample solution (mL)
W = weight of the portion of Topical Solution used in preparation of the Sample solution
(mg)
D = density of Topical Solution (g/mL)
Acceptance criteria: 10.0%–13.0% (w/v)
IMPURITIES
• Organic Impurities
Solution A, Solution B, Solution C, and Diluent: Prepare as directed in the Assay.
Mobile phase A: Use Solution C.
Mobile phase B: Methanol and acetonitrile (90:10)
Mobile phase: See Table 3.
Time
(min)
0
30
48
60
62
70

Table 3
Mobile phase A
(%)
40
40
25
25
40
40

Mobile phase B
(%)
60
60
75
75
60
60

Standard stock solution: 0.3 mg/mL of USP Diclofenac Sodium RS prepared as follows.
Transfer a quantity of USP Diclofenac Sodium RS to a suitable volumetric flask, add 20%
of the flask volume of methanol, sonicate to dissolve, and dilute with Diluent to volume.
Standard solution: 0.003 mg/mL of USP Diclofenac Sodium RS in Diluent from Standard
stock solution
Sensitivity solution: 0.3 µg/mL of USP Diclofenac Sodium RS in Diluent from Standard
solution
Sample solution: Nominally 0.6 mg/mL of diclofenac sodium prepared as follows. Transfer a
suitable quantity of the Topical Solution to a suitable volumetric flask, add 20% of the
flask volume of methanol, and sonicate to disperse. Add 50% of the flask volume of
Diluent, sonicate for about 15 min, and dilute with Diluent to volume. Pass a portion of the
solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
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Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 45°
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified and any unspecified degradation product in the
portion of Topical Solution taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each specified or unspecified degradation product from the Sample
solution
rS = peak response of diclofenac from the Standard solution
CS = concentration of USP Diclofenac Sodium RS in the Standard solution (mg/mL)
CU = nominal concentration of diclofenac sodium in the Sample solution (mg/mL)
F = relative response factor (see Table 4)
Acceptance criteria: See Table 4.

Name

Table 4
Relative
Retention
Time

Relative
Response
Factor

Diclofenac keto analoga
0.3
Diclofenac lactam (diclofenac related
compound A)b
0.5
Diclofenac
1.0
Unidentified degradation product A
2.2
Any unspecified degradation product
—
Total degradation products
—
a 2-[(2,6-Dichlorophenyl)amino]phenyl-2-oxoacetic acid.
b 1-(2,6-Dichlorophenyl)indolin-2-one.

Acceptance
Criteria,
NMT (%)

1.7

0.2

1.4
—
1.3
1.0
—

0.5
—
0.2
0.2
1.0

SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count is NMT 102 cfu/mL; and the total combined yeasts and molds count
is NMT 101 cfu/mL. It meets the requirements of the tests for absence of Staphylococcus
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aureus and Pseudomonas aeruginosa.
• pH 〈791〉: 8.5–10.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature.
• USP Reference Standards 〈11〉
USP Diclofenac Sodium RS
USP42

BRIEFING
Ertapenem Sodium. Because there is no existing USP monograph for this drug substance, a
new monograph based on validated methods of analysis is proposed.
1. The liquid chromatographic procedure used in the Assay is based on analyses performed
with the YMC Basic brand of column with L7 packing. The typical retention time for
ertapenem is about 4 min.
2. The liquid chromatographic procedure used in the test for Organic Impurities is based
on analyses performed with the Inertsil Phenyl brand of column with L11 packing. The
typical retention time for ertapenem is about 15 min.
(CHM1: R.S. Prasad.)
Correspondence Number—C181814
Comment deadline: March 31, 2018
Add the following:
Ertapenem Sodium

C22 H24 N3 NaO7 S

497.50

1-Azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, 3-[[5-[[(3-carboxyphenyl)amino]carbonyl]3-pyrrolidinyl]thio]-6-(1-hydroxyethyl)-4-methyl-7-oxo-, monosodium salt, [4R-[3(3S*,5S*),
4α,5β,6β(R*)]]-;
(4R,5S,6S)-3-[[(3S,5S)-5-[(m-Carboxyphenyl)carbamoyl]-3-pyrrolidinyl]thio]-6-[(1R)-1hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, monosodium
salt
[153773-82-1].
DEFINITION
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Ertapenem Sodium contains NLT 96.0% and NMT 101.5% of ertapenem sodium
(C22 H24 N3 NaO7 S), calculated on the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 〈197〉: [Note—Methods described under 〈197M〉 or 〈197A〉 may be
used.]
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C.
Sample solution: 10 mg/mL in water
Acceptance criteria: The Sample solution imparts an intense yellow color to a nonluminous
flame.
ASSAY
• Procedure
Solution A: Pipet 1.0 mL of phosphoric acid into 1 L of water.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A
Solution B
(min)
(%)
(%)
0
85
15
5
85
15
14
50
50
15
85
15
Return to original conditions and re-equilibrate the system.
Diluent: Dissolve 2.0 g of 4-morpholine propanesulfonic acid in 1 L of water. Adjust with 5
N sodium hydroxide to a pH of 7.0.
Standard solution: 0.3 mg/mL of USP Ertapenem Sodium RS in Diluent. Store the solutions
containing ertapenem sodium at 5° for NMT 16 h.
Sample solution: 0.3 mg/mL of Ertapenem Sodium in Diluent. Store the solutions
containing ertapenem sodium at 5° for NMT 16 h.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 307 nm
Column: 4.6-mm × 10-cm; 5-µm packing L7
Autosampler temperature: 5°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
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System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ertapenem sodium (C22 H24 N3 NaO7 S) in the portion of
Ertapenem Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Ertapenem Sodium RS in the Standard solution (mg/mL)
CU = concentration of Ertapenem Sodium in the Sample solution (mg/mL)
Acceptance criteria: 96.0%–101.5%, on the anhydrous and solvent-free basis
IMPURITIES
• Organic Impurities
Solution A: Pipet 1.0 mL of phosphoric acid into 1 L of water. Adjust with 50% sodium
hydroxide to a pH of 8.0.
Solution B: Acetonitrile
Mobile phase: See Table 2.
Table 2
Time
Solution A
Solution B
(min)
(%)
(%)
0
98
2
3
95
5
25
85
15
35
75
25
45
75
25
60
98
2
Return to original conditions and re-equilibrate the system.
Sensitivity solution: 0.1 µg/mL of USP Ertapenem Sodium RS in water
Sample solution: 0.2 mg/mL of Ertapenem Sodium in water. Prepare the solution prior to
injection.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L11
Autosampler temperature: 5°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: Sensitivity solution and Sample solution
Suitability requirements
Resolution: NLT 2.0 between the ertapenem and dimer II peaks, Sample solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Sample: Sample solution
Identify the impurities in the Sample solution on the basis of the relative retention times
shown in Table 3.
Table 3
Name

Relative Retention Time

Ertapenem oxazinone analog I and IIa
0.27 and 0.28
b
(S)-Hydroxyprolinylaminobenzoic acid
0.44
Ertapenem open ringc
0.50
d
(R)-Hydroxyprolinylaminobenzoic acid
0.56
Prolinylaminobenzoic acide
0.65
f
Dimer I
0.85
Dimer IIg
0.90
h
(4R)-Ertapenem open-ring methyl ester
0.97
Ertapenem
1.0
i
Dimer VI
1.10
Dimer IIIj
1.15
k
(4S)-Ertapenem open-ring methyl ester
1.18
Ertapenem open-ring prolinamidel
1.45
m
Dimer IV
1.55
Dimer Vn
1.65
o
4-Aminobenzylertapenem
1.79
Disulfide analogp
1.82
q
Ertapenem dimethylamide
2.04
Mercaptoprolinamide derivativer
2.29
a (3R,4S,4aS,5R)-6-(((3S,5S)-5-((3-Carboxyphenyl)carbamoyl)pyrrolidin-3-yl)thio)3,5-dimethyl-1-oxo-3,4,4a,5-tetrahydro-1H-pyrrolo[1,2-c][1,3]oxazine-4,7dicarboxylic acid.
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b 3-((2S,4S)-4-Hydroxypyrrolidine-2-carboxamido)benzoic acid.
c (2S,3R)-2-((1S,2R)-1-Carboxy-2-hydroxypropyl)-4-(((3S,5S)-5-((3carboxyphenyl)carbamoyl)pyrrolidin-3-yl)thio)-3-methyl-3,4-dihydro-2H-pyrrole-5carboxylic acid.
d 3-((2S,4R)-4-Hydroxypyrrolidine-2-carboxamido)benzoic acid.
e (S)-3-(Pyrrolidine-2-carboxamido)benzoic acid.
f (4R,5S,6S)-3-(((3S,5S)-1-((2S,3R)-2-((2S,3R)-5-Carboxy-4-(((3S,5S)-5-((3carboxyphenyl)carbamoyl)pyrrolidin-3-yl)thio)-3-methyl-3,4-dihydro-2H-pyrrol-2-yl)-3hydroxybutanoyl)-5-((3-carboxyphenyl)carbamoyl)pyrrolidin-3-yl)thio)-6-((R)-1hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid.
g (4R,5S,6S)-3-(((3S,5S)-1-((2S,3R)-2-((2S,3R)-5-Carboxy-4-(((3S,5S)-5-((3carboxyphenyl)carbamoyl)pyrrolidin-3-yl)thio)-3-methyl-2,3-dihydro-1H-pyrrol-2-yl)-3hydroxybutanoyl)-5-((3-carboxyphenyl)carbamoyl)pyrrolidin-3-yl)thio)-6-((R)-1hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid.
h (2S,3R,4R)-4-(((3S,5S)-5-((3-Carboxyphenyl)carbamoyl)pyrrolidin-3-yl)thio)-2((3R)-3-hydroxy-1-methoxy-1-oxobutan-2-yl)-3-methyl-3,4-dihydro-2H-pyrrole-5carboxylic acid.
i (4R,5S,6S)-3-(((3S,5R)-5-((3-Carboxyphenyl)carbamoyl)-1-((4R,5S,6S)-3-(((3S,5R)5-((3-carboxyphenyl)carbamoyl)pyrrolidin-3-yl)thio)-6-((R)-1-hydroxyethyl)-4-methyl7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carbonyl)pyrrolidin-3-yl)thio)-6-((R)-1hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid.
j (4R,5S,6S)-3-(((3S,5R)-5-((3-((2S,3R)-5-Carboxy-4-(((3S,5S)-5-((3carboxyphenyl)carbamoyl)pyrrolidin-3-yl)thio)-2-((3R)-3-hydroxy-1-methoxy-1oxobutan-2-yl)-3-methyl-2,3-dihydro-1H-pyrrole-1carbonyl)phenyl)carbamoyl)pyrrolidin-3-yl)thio)-6-((R)-1-hydroxyethyl)-4-methyl-7oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid.
k (2S,3R,4S)-4-(((3S,5S)-5-((3-Carboxyphenyl)carbamoyl)pyrrolidin-3-yl)thio)-2((3R)-3-hydroxy-1-methoxy-1-oxobutan-2-yl)-3-methyl-3,4-dihydro-2H-pyrrole-5carboxylic acid.
l (2S,3R)-2-((2S,3R)-1-((2S,4S)-2-((3-Carboxyphenyl)carbamoyl)-4mercaptopyrrolidin-1-yl)-3-hydroxy-1-oxobutan-2-yl)-4-(((3S,5S)-5-((3carboxyphenyl)carbamoyl)pyrrolidin-3-yl)thio)-3-methyl-3,4-dihydro-2H-pyrrole-5carboxylic acid.
m (4R,5S,6S)-3-(((3S,5R)-5-((3-((2R,4S)-4-(((4R,5S,6S)-2-Carboxy-6-((R)-1hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-en-3-yl)thio)-2-((3carboxyphenyl)carbamoyl)pyrrolidine-1-carbonyl)phenyl)carbamoyl)pyrrolidin-3yl)thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2carboxylic acid.
n (4R,5S,6S)-3-(((3S,5R)-5-((3-(((R)-1-((4R,5S,6S)-2-Carboxy-3-(((3S,5R)-5-((3carboxyphenyl)carbamoyl)pyrrolidin-3-yl)thio)-4-methyl-7-oxo-1azabicyclo[3.2.0]hept-2-en-6-yl)ethoxy)carbonyl)phenyl)carbamoyl)pyrrolidin-3yl)thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2carboxylic acid.
o (4R,5S,6S)-3-(((3S,5S)-1-(4-Aminobenzyl)-5-((3carboxyphenyl)carbamoyl)pyrrolidin-3-yl)thio)-6-((R)-1-hydroxyethyl)-4-methyl-7oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid.
p 3,3'-(((2S,2'S,4S,4'S)-4,4'-Disulfanediylbis(pyrrolidine-4,2-diyl-2carbonyl))bis(azanediyl))dibenzoic acid.
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q (4R,5S,6S)-3-(((3S,5S)-5-((3-(Dimethylcarbamoyl)phenyl)carbamoyl)pyrrolidin-3yl)thio)-6-((R)-1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2carboxylic acid.
r 3-((2S,4S)-4-((4-Aminobenzyl)thio)pyrrolidine-2-carboxamido)benzoic acid.
Calculate the percentage of each individual impurity in the portion of Ertapenem Sodium
taken:
Result = (rU/rT) × 100
rU = peak response of each impurity from the Sample solution
rT = sum of all the peak responses from the Sample solution
Acceptance criteria: See Table 4. The reporting threshold is 0.05%.
Table 4
Acceptance Criteria,
NMT (%)

Name

Ertapenem oxazinone analog I and IIa
0.2
Ertapenem open ring
1.4
Prolinylaminobenzoic acid
0.6
Total dimers (I–VI)
1.3
Any other individual impurity
0.1
Total impurities
3.1
a The oxazinone analog is observed on some chromatographic systems as a single
peak or two peaks; if two peaks are observed, the impurities are totaled for
determination of the level of the ertapenem oxazinone analog.
SPECIFIC TESTS
• Water Determination 〈921〉, Method I, Method Ia: 15.5%–19.0%
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 10 mg/mL in water
Acceptance criteria: +216.0° to +238.0°, at 405 nm
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in a tight containers. Store in a freezer.
• USP Reference Standards 〈11〉
USP Ertapenem Sodium RS
USP42

BRIEFING
Ethosuximide, USP 40 page 4105. As part of the USP monograph modernization efforts, it is
proposed make the following changes:
1. The Identification section is revised to add Identification B, based on the retention time
agreement from the Assay.
2. The Assay procedure is revised to add the Run time and column packing particle size.
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The typical retention time for ethosuximide is about 14–15 min. It is proposed to delete
the Column efficiency requirement from the Assay because the other system suitability
requirements can adequately establish the suitability of the instrument performance.
3. The test for Limit of 2-Ethyl-2-Methylsuccinic Acid and Other Impurities was changed
to the test for Organic Impurities, with the impurity limits retained from the previous
version.
4. The Melting Range or Temperature test is deleted. The remaining tests adequately
ensure the purity of the material.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: C. Chisolm.)
Correspondence Number—C193747
Comment deadline: March 31, 2018
Ethosuximide

C7 H11 NO2

141.17

2,5-Pyrrolidinedione, 3-ethyl-3-methyl-, (±)-;
(±)-2-Ethyl-2-methylsuccinimide
[77-67-8].
DEFINITION
Ethosuximide contains NLT 98.0% and NMT 101.0% of ethosuximide (C7 H11 NO2 ), calculated
on the anhydrous basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197S〉
Standard solution: 66.7 mg/mL of USP Ethosuximide RS in chloroform
Sample solution: 1 in 15 solution
66.7 mg/mL of Ethosuximide in chloroform USP42
Acceptance criteria: Meets the requirements
Add the following:
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• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Buffer: Add 4.1 mL of phosphoric acid to 1000 mL of water, and adjust with sodium
hydroxide TS to a pH of 3.0.
Mobile phase: Acetonitrile and Buffer (10:90)
System suitability solution: 2 mg/mL of 2-ethyl-2-methylsuccinic acid and 10 mg/mL of
USP Ethosuximide RS in Mobile phase
Standard solution: 10.0 mg/mL of USP Ethosuximide RS in Mobile phase
Sample solution: 10.0 mg/mL of Ethosuximide in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.9-mm × 30.0-cm;
10-µm USP42
packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of ethosuximide
System suitability
Sample: System suitability solution

USP42

[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 6.6 between 2-ethyl-2-methylsuccinic acid and ethosuximide
Column efficiency: NLT 2900 theoretical plates
USP42

Tailing factor: NMT 2.0 for ethosuximide
Relative standard deviation: NMT 0.4% for ethosuximide
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ethosuximide (C7 H11 NO2 ) in the portion of Ethosuximide taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Ethosuximide RS in the Standard solution (mg/mL)
CU = concentration of Ethosuximide in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–101.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.5%
Change to read:
• Limit of 2-Ethyl-2-Methylsuccinic Acid and Other Impurities
Organic Impurities USP42
Buffer, Mobile phase, System suitability solution, Chromatographic system, and
System suitability: Proceed as directed in the Assay.
Standard solution: 0.1 mg/mL each of USP Ethosuximide RS and 2-ethyl-2-methylsuccinic
acid in Mobile phase
Sample solution: 100 mg/mL of Ethosuximide in Mobile phase. Sonicate as needed.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 2-ethyl-2-methylsuccinic acid in the portion of Ethosuximide
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of 2-ethyl-2-methylsuccinic acid from the Sample solution
rS = peak response of 2-ethyl-2-methylsuccinic acid from the Standard solution
CS = concentration of 2-ethyl-2-methylsuccinic acid in the Standard solution (mg/mL)
CU = concentration of Ethosuximide in the Sample solution (mg/mL)
Calculate the percentage of any other impurity in the portion of Ethosuximide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each impurity, other than 2-ethyl-2-methylsuccinic acid, from the
Sample solution
rS = peak response of ethosuximide from the Standard solution
CS = concentration of USP Ethosuximide RS in the Standard solution (mg/mL)
CU = concentration of Ethosuximide in the Sample solution (mg/mL)
Acceptance criteria:
Measure the responses for all the peaks with an area greater than 0.1% of the total area,
except the ethosuximide peak.
2-Ethyl-2-methylsuccinic acid: NMT 0.1%
Any individual unspecified impurity: NMT 0.1%
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Total impurities: NMT 0.5%
See Table 1. The reporting threshold for impurities is 0.1%.
Table 1
Relative
Retention
Time
1.0
1.5
—
—

Name
Ethosuximide
2-Ethyl-2-methylsuccinic acid
Any individual unspecified impurity
Total impurities

Acceptance
Criteria,
NMT (%)
—
0.1
0.1
0.5

USP42

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature 〈741〉: 47°–52°
• Water Determination 〈921〉, Method I: NMT 0.5%

USP42

Change to read:
• Limit of Cyanide
Sample solution: 100 mg/mL in alcohol
Analysis: To 10 mL of Sample solution, add 3 drops of ferrous sulfate TS, 1 mL of 1 N
sodium hydroxide
VS USP42
, and a few drops of ferric chloride TS. Warm gently, and acidify with 2 N sulfuric acid
TS USP42
.
Acceptance criteria: No blue precipitate or blue color is formed within 15 min.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 〈11〉
USP Ethosuximide RS
Recent Official Publications:
USP41–NF36 Page 1643
BRIEFING
Ethosuximide Capsules, USP 40 page 4105. As part of the USP monograph modernization
efforts, it is proposed to make the following changes:
1. The Identification section is revised to add Identification B, based on the retention time
agreement from the Assay. A reference to Infrared Absorption 〈197S〉 was added to
Identification A to strengthen the standard.
2. The Assay procedure is revised to add the Run time and column packing particle size,
and to update the Relative standard deviation requirement for ethosuximide. The typical
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retention time for ethosuximide is about 4.2 min.
3. An equation has been added to Dissolution, Test 1 for consistency with current USP
style. Dissolution, Test 2 has been added based on a validated procedure. The proposed
liquid chromatographic procedure used is based on analyses performed with the Waters
Symmetry C18 brand of column with L1 packing. The typical retention time for
ethosuximide is about 5.5 min. A Labeling section has also been added to support this
revision.
4. The storage temperature is added to the Packaging and Storage section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: C. Chisolm.)
Correspondence Number—C193157
Comment deadline: March 31, 2018
Ethosuximide Capsules
DEFINITION
Ethosuximide Capsules contain NLT 93.0% and NMT 107.0% of the labeled amount of
ethosuximide (C7 H11 NO2 ), present in the form of a solution of Ethosuximide in Polyethylene
Glycol 400 or other suitable solvent.
IDENTIFICATION
Change to read:
• A.
Infrared Absorption 〈197S〉 USP42
Standard solution: 1 in 15 solution
66.7 mg/mL USP42
of USP Ethosuximide RS in chloroform
Sample solution: Nominally 60 mg/mL of ethosuximide in chloroform prepared as follows.
Transfer the equivalent of about 300 mg of ethosuximide from Capsules, to a separator
containing 50 mL of ethyl ether. Shake with three 10-mL portions of water, discarding the
aqueous extracts. Add about 5 g of anhydrous sodium sulfate, swirl for 3 min, and filter
through a small pledget of cotton that previously has been washed with ethyl ether into a
small flask. Evaporate the ethyl ether solution at room temperature in a current of air to
dryness, and dissolve the residue in 5 mL of chloroform.
Wavelength range: 3000–1650 cm−1
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: Meet the requirements
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
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USP42

ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and water (12.5: 87.5). To each liter, add 1.0 mL of glacial
acetic acid.
System suitability solution: 0.062 mg/mL of USP Ethosuximide RS and 0.064 mg/mL of 2ethyl-2-methylsuccinic acid in Mobile phase
Standard solution: 0.062 mg/mL of USP Ethosuximide RS in Mobile phase
Sample solution: Nominally 0.062 mg/mL of ethosuximide from Capsules in Mobile phase
prepared as follows. Transfer 20 Capsules into a 2-L volumetric flask, dissolve in 1800 mL
of Mobile phase, and dilute with Mobile phase to volume. Transfer 5.0 mL of the resulting
solution to a 200-mL volumetric flask and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 3.9-mm × 15-cm;
4-µm USP42
packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of ethosuximide
System suitability
Sample: System suitability solution

USP42

[Note—The relative retention times for ethosuximide and 2-ethyl-2-methylsuccinic acid
are 1.0 and 1.3, respectively.] USP42
Suitability requirements
Resolution: NLT 3.5 between ethosuximide and 2-ethyl-2-methylsuccinic acid
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
1.0% USP42
for ethosuximide and NMT 5.0% for 2-ethyl-2-methylsuccinic acid
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ethosuximide (C7 H11 NO2 ) in the portion
of Capsules taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Ethosuximide RS in the Standard solution (mg/mL)
CU = nominal concentration of ethosuximide in the Sample solution (mg/mL)
Acceptance criteria: 93.0%–107.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1: Use Dissolution 〈711〉, Procedure, Apparatus 1 and Apparatus 2, ImmediateRelease Dosage Forms, Procedure for a pooled sample. USP42
Medium: pH 6.8 phosphate buffer; 900 mL
Apparatus 1: 50 rpm
Time: 30 min
Mobile phase: Acetonitrile and water (20:80)
Standard solution: USP Ethosuximide RS in Medium
Sample solution: Prepare as indicated in Dissolution 〈711〉, Procedure, Apparatus 1 and
Apparatus 2, Immediate-Release Dosage Forms, Procedure for a pooled sample. Dilute
with Medium to a concentration that is similar to that of the Standard solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Determine the amount of ethosuximide ( C7 H11 NO2 ) dissolved by comparison with a
Standard solution.
Calculate the percentage of the labeled amount of ethosuximide (C7 H11 NO2 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
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rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Ethosuximide RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Capsule) USP42
Tolerances: NLT 80% (Q) of the labeled amount of ethosuximide (C7 H11 NO2 ) is dissolved.
Test 2
Medium: pH 6.8 phosphate buffer (prepared by adding 0.9 g sodium hydroxide per liter of
6.8 g/L monobasic potassium phosphate in water. Adjust with sodium hydroxide to a pH
of 6.8, if necessary. Sonicate for about 15 min.); 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Mobile phase: Acetonitrile and water (12.5: 87.5). To each liter, add 1.0 mL of glacial
acetic acid.
Standard solution: (L/900) mg/mL of USP Ethosuximide RS prepared as follows, where L
is the label claim in mg/Capsule. Transfer a suitable portion of USP Ethosuximide RS to
an appropriate volumetric flask. Add 80% of the total flask volume of Medium and
sonicate for NLT 5 min or until the solids are dissolved. Allow the resulting solution to
cool to room temperature, and dilute with Medium.
Sample solution: Centrifuge a 10-mL aliquot of the solution under test for about 15 min.
Use the supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
Run time: NLT 4 times the retention time of ethosuximide
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ethosuximide (C7 H11 NO2 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
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rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Ethosuximide RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Capsule)
Tolerances: NLT 80% (Q) of the labeled amount of ethosuximide (C7 H11 NO2 ) is dissolved.
USP42

• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Limit of 2-Ethyl-2-Methylsuccinic Acid
Mobile phase, System suitability solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
Standard solution: 0.026 mg/mL of 2-ethyl-2-methylsuccinc acid in Mobile phase
Sample solution: Nominally 2.5 mg/mL of ethosuximide from Capsules in Mobile phase
prepared as follows. Transfer 20 Capsules into a 2-L volumetric flask, dissolve in 1800 mL
of Mobile phase, dilute with Mobile phase to volume, and mix.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 2-ethyl-2-methylsuccinic acid in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of 2-ethyl-2-methylsuccinic acid from the Sample solution
rS = peak response of 2-ethyl-2-methylsuccinic acid from the Standard solution
CS = concentration of 2-ethyl-2-methylsuccinic acid in the Standard solution (mg/mL)
CU = nominal concentration of ethosuximide in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. USP42
Add the following:
• Labeling: The labeling states the Dissolution test used only if Test 1 is not used.
• USP Reference Standards 〈11〉
USP Ethosuximide RS
Recent Official Publications:
USP41–NF36 Page 1644
BRIEFING

USP42
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Ethosuximide Oral Solution, USP 40 page 4106. As part of the USP monograph
modernization effort, it is proposed to make the following changes:
1. The Assay is revised to add the Run time and column packing particle size, and to
update the Relative standard deviation requirement for ethosuximide. The typical
retention time for ethosuximide is about 4.2 min.
2. Storage conditions are added to the Packaging and Storage section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: C. Chisolm.)
Correspondence Number—C193747
Comment deadline: March 31, 2018
Ethosuximide Oral Solution
DEFINITION
Ethosuximide Oral Solution contains NLT 90.0% and NMT 105.0% of the labeled amount of
ethosuximide (C7 H11 NO2 ).
IDENTIFICATION
• A. Infrared Absorption 〈197S〉
Standard solution: 30.0 mg/mL of USP Ethosuximide RS in chloroform
Sample solution: Nominally 30 mg/mL of ethosuximide in chloroform prepared as follows.
Transfer the equivalent of about 150 mg of ethosuximide from Oral Solution to a 125-mL
separatory funnel, add 50 mL of ether, and shake well. Allow the layers to separate, and
retain the ether layer. Wash the ether layer with three 10-mL portions of water. Transfer
the ether layer to a suitable beaker, add 5 g of anhydrous sodium sulfate, and swirl. Filter
the mixture into a 50-mL volumetric flask through a small pledget of cotton that has been
previously washed with ether. Evaporate to dryness. Dissolve the residue in 5 mL of
chloroform.
Wavelength range: 3000–1650 cm−1
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: Meets the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and water (12.5: 87.5). To each liter, add 1.0 mL of glacial
acetic acid.
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System suitability solution: 0.062 mg/mL of USP Ethosuximide RS and 0.064 mg/mL of 2ethyl-2-methylsuccinic acid in Mobile phase
Standard solution: 0.062 mg/mL of USP Ethosuximide RS in Mobile phase
Sample solution: Nominally 0.062 mg/mL of ethosuximide from Oral Solution in Mobile
phase prepared as follows. Transfer a volume of Oral Solution, equivalent to 250 mg of
ethosuximide, to a 100-mL volumetric flask. Dilute with Mobile phase to volume. Transfer
5.0 mL of this solution to a 200-mL volumetric flask and dilute with Mobile phase to
volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 3.9-mm × 15-cm;
4-µm USP42
packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of ethosuximide
System suitability
Sample: System suitability solution

USP42

[Note—The relative retention times for ethosuximide and 2-ethyl-2-methylsuccinic acid
are 1.0 and 1.3, respectively.] USP42
Suitability requirements
Resolution: NLT 3.5 between ethosuximide and 2-ethyl-2-methylsuccinic acid
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
1.0% USP42
for ethosuximide and NMT 5.0% for 2-ethyl-2-methylsuccinic acid
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ethosuximide (C7 H11 NO2 ) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Ethosuximide RS in the Standard solution (mg/mL)
CU = nominal concentration of ethosuximide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–105.0%
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IMPURITIES
• Limit of 2-Ethyl-2-Methylsuccinic Acid
Mobile phase, System suitability solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
Standard solution: 0.05 mg/mL of 2-ethyl-2-methylsuccinc acid in Mobile phase
Sample solution: Nominally 2.5 mg/mL of ethosuximide from Oral Solution in Mobile phase
prepared as follows. Using a “to contain” pipet, transfer a volume of Oral Solution,
equivalent to 250 mg of ethosuximide, to a 100-mL volumetric flask. Rinse the pipet
several times with Mobile phase, and dilute with Mobile phase to volume.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 2-ethyl-2-methylsuccinic acid in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of 2-ethyl-2-methylsuccinic acid from the Sample solution
rS = peak response of 2-ethyl-2-methylsuccinic acid from the Standard solution
CS = concentration of 2-ethyl-2-methylsuccinic acid in the Standard solution (mg/mL)
CU = nominal concentration of ethosuximide in the Sample solution (mg/mL)
Acceptance criteria: NMT 2.0%
SPECIFIC TESTS
• pH 〈791〉: 4.5–5.8
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. Protect from freezing and light.
• USP Reference Standards 〈11〉
USP Ethosuximide RS
Recent Official Publications:
USP41–NF36 Page 1645

USP42

BRIEFING
Famciclovir Tablets, PF 42(4) [July–Aug. 2016]. On the basis of comments received, the
previous proposal for a new monograph has been canceled and is replaced with the following
new proposal.
1. The liquid chromatographic procedure in the Assay is based on analyses performed with
the Nucleodur 100 C18 ec or Nucleodur C18 Gravity brand of column with L1 packing.
The typical retention time for famciclovir is about 6 min.
2. The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Hypersil BDS C8 brand of column with L7 packing. The
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typical retention time for famciclovir is about 27 min.
3. The liquid chromatographic procedure in Dissolution Test 1 is based on analyses
performed with the Hypersil BDS C18 brand of column with L1 packing. The typical
retention time for famciclovir is about 4.4 min.
(CHM1: S. Shivaprasad.)
Correspondence Number—C102822; C110724; C182508
Comment deadline: March 31, 2018
Add the following:
Famciclovir Tablets
DEFINITION
Famciclovir Tablets contain Famciclovir Hydrochloride equivalent to NLT 90.0% and NMT
110.0% of the labeled amount of famciclovir (C14 H19 N5 O4 ).
IDENTIFICATION
• A.Infrared Absorption 〈197K〉
Sample: Transfer a portion of finely powdered Tablets, equivalent to 1000 mg of
famciclovir, to a 250-mL volumetric flask, and add 100 mL of acetonitrile. Sonicate for 5
min and centrifuge for 10 min. Pass a portion through a filter of 0.45-µm or finer pore size
into a 250-mL evaporating flask. Evaporate the solution to dryness at low heat (about
70°).
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer A: 13.8 g/L of monobasic sodium phosphate in water. Adjust with 1 M sodium
hydroxide or phosphoric acid to a pH of 4.5 ± 0.05.
Buffer B: 13.8 g/L of monobasic sodium phosphate in water. Adjust with 1 M sodium
hydroxide to a pH of 7.0 ± 0.05.
Mobile phase: Methanol and Buffer B (30:70)
Standard solution: 0.1 mg/mL of USP Famciclovir RS in Buffer A
Sample stock solution: Nominally 1 mg/mL of famciclovir prepared as follows. Transfer an
amount equivalent to 500 mg of famciclovir, from NLT 20 finely powdered Tablets, to an
appropriate volumetric flask. Add about 50% of the flask volume of Buffer A and sonicate
for about 15 min with intermittent shaking. Dilute with Buffer A to volume.
Sample solution: Nominally 0.1 mg/mL of famciclovir from Sample stock solution in Buffer
A. Pass through a suitable filter of 0.45-µm or finer pore size.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of famciclovir
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of famciclovir (C14 H19 N5 O4 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Famciclovir RS in the Standard solution (mg/mL)
CU = nominal concentration of famciclovir in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Test 1
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 3.0. Pass through a suitable filter of 0.45-µm pore size.
Mobile phase: Methanol and Buffer (30:70)
Standard stock solution: 0.55 mg/mL of USP Famciclovir RS prepared as follows.
Transfer 55 mg of USP Famciclovir RS to a 100-mL volumetric flask, dissolve in about 50
mL of Medium, and dilute with Buffer to volume.
Standard solution: 0.055 mg/mL of USP Famciclovir RS in Buffer from Standard stock
solution
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Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size, and dilute with Buffer, if necessary, to obtain a concentration similar
to that of the Standard solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 310 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 35°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of famciclovir (C14 H19 N5 O4 ) dissolved:
Result = (rU/rS) × CS × V × D × (1/L) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Famciclovir RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
D = dilution factor for the Sample solution, if applicable
L = label claim (mg/Tablet)
Tolerances: NLT 75% (Q) of the labeled amount of famciclovir is dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Standard solution: 0.55 mg/mL of USP Famciclovir RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter and
dilute with Medium, if necessary.
Instrumental conditions
Mode: UV
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Analytical wavelength: 262 nm
Cell: 5 mm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of famciclovir (C14 H19 N5 O4 ) dissolved:
Result = (AU/AS) × CS × V × D × (1/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Famciclovir RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
D = dilution factor for the Sample solution, if applicable
L = label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of famciclovir is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Solution A: 2.72 g/L of monobasic potassium phosphate in water. Adjust with 1 M
phosphoric acid to a pH of 4.0 ± 0.05.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
50
60
65
75

Table 1
Solution A
(%)
95
75
75
95
95

Solution B
(%)
5
25
25
5
5

Peak identification solution: 4 µg/mL of USP Famciclovir Related Compound A RS and 10
µg/mL of USP Famciclovir Related Compound B RS in Solution A
System suitability solution: 0.5 mg/mL of USP Famciclovir System Suitability Mixture RS
in Solution A
Standard solution: 1 µg/mL of USP Famciclovir RS in Solution A
Sample solution: Nominally 1 mg/mL of famciclovir in Solution A prepared as follows.
Transfer an amount equivalent to 250 mg of famciclovir, from NLT 10 finely powdered
Tablets, to a 250-mL volumetric flask. Add about 125 mL of Solution A, and sonicate for
30 min with intermittent shaking. Dilute with Solution A to volume.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Temperatures
Autosampler: 6°
Column: 50°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.2 between propionyl famciclovir and 6-chloro famciclovir, System
suitability solution
Relative standard deviation: NMT 5.0% for famciclovir, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of famciclovir from the Standard solution
CS = concentration of USP Famciclovir RS in the Standard solution (mg/mL)
CU = nominal concentration of famciclovir in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
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Table 2
Relative
Retention
Time
0.2
0.5
1.0

Name
Famciclovir related compound A
Famciclovir related compound B
Famciclovir
6-Chloro famciclovira,b

1.32

Acceptance
Criteria,
NMT (%)
0.2
1.0
—
—

—
Propionyl famciclovirb,c
1.35
Any unspecified individual impurity
—
0.2
Total impurities
—
1.5
a 2-[2-(2-Amino-6-chloro-9H-purin-9-yl)ethyl]propane-1,3-diyl diacetate.
b This is a process impurity, which is controlled in the drug substance and is included
in the table for identification only.
c 2-(Acetoxymethyl)-4-(2-amino-9H-purin-9-yl)butyl propionate.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 〈11〉
USP Famciclovir RS
USP Famciclovir Related Compound A RS
[2-[2-(2-Amino-9H-purin-9-yl)ethyl]propane-1,3-diol] hydrochloride.
C10 H15 N5 O2 ·HCl
273.72
USP Famciclovir Related Compound B RS
4-(2-Amino-9H-purin-9-yl)-2-(hydroxymethyl)butyl acetate.
C12 H17 N5 O3
279.30
USP Famciclovir System Suitability Mixture RS
Mixture of famciclovir, propionyl famciclovir, and 6-chloro famciclovir. (Other impurities
may also be present.)
USP42

BRIEFING
Fentanyl, USP 40 page 4164. On the basis of comments received, it is proposed to make
the following revisions:
1. Revise Identification A to allow flexibility for the use of either Infrared Absorption 〈197K〉
or 〈197A〉.
2. Delete the phrase "the labeled amount" from the Definition and the Analysis in the Assay
because it does not apply to API monographs.
3. Remove the use of USP Fentanyl Related Compound A RS, USP Fentanyl Related
Compound B RS, USP Fentanyl Related Compound D RS, and USP Fentanyl Related
Compound G RS in the preparation of the System suitability stock solution and the
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System suitability solution in the Assay.
Update the preparation of the Sample solution in the Assay to be consistent with
current USP style.
Revise the System suitability requirements for Tailing factor and Relative standard
deviation in the Assay.
Replace the postponed Organic Impurities test with a new validated HPLC test based
on FDA-approved applications. The proposed HPLC procedure is specific to the
impurities listed in both the proposed test and the postponed test. The liquid
chromatographic procedure was validated with the XBridge C18 brand of column with L1
packing. The typical retention time for fentanyl is about 28 min.
Delete USP Fentanyl Related Compound A RS, USP Fentanyl Related Compound B RS,
and USP Fentanyl Related Compound D RS; and add the chemical information for USP
Fentanyl Related Compound E RS and USP Fentanyl Related Compound G RS in the USP
Reference Standards section.

Additionally, minor editorial changes have been made to update the monograph to the current
USP style.
(CHM2: H. Cai.)
Correspondence Number—C170474
Comment deadline: March 31, 2018
Fentanyl

C22 H28 N2 O

336.47

Propanamide, N-phenyl-N-[1-(2-phenylethyl)-4-piperidinyl];
N-(1-Phenethylpiperidin-4-yl)-N-phenylpropionamide
[437-38-7].
DEFINITION
Change to read:
Fentanyl contains NLT 98.0% and NMT 102.0% of the labeled amount of
USP42

fentanyl (C22 H28 N2 O), calculated on the dried basis.
[Caution—Great care should be taken to prevent inhaling particles of Fentanyl and skin
exposure.]
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IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
〈197〉: [Note—Methods described in 〈197K〉 or 〈197A〉 may be used.] USP42
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: Add 3 mL of triethylamine to about 950 mL of water in a 1000-mL volumetric
flask. Adjust with perchloric acid to a pH of 2.62 ± 0.02, and dilute with water to volume.
Solution B: Acetonitrile
Diluent: Solution A and Solution B (9:1)
Mobile phase: See Table 1.
Time
(min)
0
2
3.5
5.1
7.6
11.5
15
19
20
25

Table 1
Solution A
(%)
90
90
85
82
72
63
40
40
90
90

Solution B
(%)
10
10
15
18
28
37
60
60
10
10

System suitability stock solution: 0.4 mg/mL of USP Fentanyl Related Compound A RS,
and about 0.1 mg/mL each of USP Fentanyl Related Compound B RS, USP Fentanyl Related
Compound D RS, USP Fentanyl Related Compound E RS, and USP Fentanyl Related
Compound G RS, prepared by dissolving in a suitable volumetric flask 50% filled with
acetonitrile and diluting with water to volume
0.1 mg/mL of USP Fentanyl Related Compound E RS prepared as follows. Transfer a
suitable amount of USP Fentanyl Related Compound E RS to an adequate volumetric flask
and dissolve in 50% of the final volume using acetonitrile. Dilute with water to volume.
USP42

Standard stock solution: 1 mg/mL of USP Fentanyl RS prepared by dissolving in a suitable
volumetric flask 40% filled with acetonitrile and diluting with water to volume
Standard solution: 0.1 mg/mL of USP Fentanyl RS from the Standard stock solution in
Diluent
System suitability solution: 0.3 µg/mL each of USP Fentanyl Related Compound B RS,
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USP Fentanyl Related Compound D RS, USP Fentanyl Related Compound G RS, and USP
Fentanyl Related Compound E RS; 1.3 µg/mL of USP Fentanyl Related Compound A RS;
and 100 µg/mL of USP Fentanyl RS, prepared by diluting an appropriate amount of System
suitability stock solution and Standard stock solution in Diluent
0.3 µg/mL of USP Fentanyl Related Compound E RS and 0.1 mg/mL of USP Fentanyl RS
prepared by diluting System suitability stock solution and Standard stock solution with
Diluent USP42
Sample stock solution: Transfer 100 mg of Fentanyl to a 100-mL volumetric flask. Add 25
mL of acetonitrile, dissolve by shaking, and dilute with Diluent to volume.
1 mg/mL of Fentanyl prepared as follows. Transfer a suitable amount of Fentanyl to an
adequate volumetric flask. Add 25% of final volume of acetonitrile, dissolve by shaking,
and dilute with Diluent to volume. USP42
Sample solution: 0.1 mg/mL of Fentanyl from the Sample stock solution in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 206 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Column temperature: 35°
Flow rate: 1 mL/min
Injection volume: 30 µL
System suitability
Samples: System suitability solution
and Standard solution USP42
Suitability requirements
Resolution: NLT 1.2 between fentanyl and fentanyl related compound E peaks,
System suitability solution USP42
Tailing factor: 0.5–2.0, for fentanyl and all fentanyl related compound peaks
Standard solution USP42
Relative standard deviation: NMT 0.7% for fentanyl and NMT 10% for all fentanyl
related compounds
0.73%, Standard solution USP42
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of
USP42

fentanyl (C22 H28 N2 O) in the portion of Fentanyl taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fentanyl from the Sample solution
rS = peak response of fentanyl from the Standard solution
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CS = concentration of fentanyl
USP Fentanyl RS USP42
in the Standard solution (mg/mL)
CU = concentration of Fentanyl in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.5%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Solution A, Solution B, Diluent, System suitability solution, Sample stock solution,
and Chromatographic system: Proceed as directed in the Assay.
Standard stock solution: 1.2 µg/mL in Diluent prepared by dissolving 0.1 mg/mL of USP
Fentanyl Related Compound E RS in a suitable volumetric flask 50% filled with acetonitrile
and then diluting with water to volume. Dilute an aliquot of this solution with Diluent to
achieve the desired concentration.
Standard solution: 0.024 µg/mL of USP Fentanyl Related Compound E RS from the
Standard stock solution in Diluent
Sample solution: 250 µg/mL of Fentanyl from the Sample stock solution in Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Fentanyl taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of fentanyl related compound E from the Standard solution
CS = concentration of USP Fentanyl Related Compound E RS in the Standard solution
(µg/mL)
CU = concentration of Fentanyl in the Sample solution (µg/mL)
F = relative response factor of the fentanyl related compounds (see Table 2)
Acceptance criteria: See Table 2.
[Note—Identify fentanyl related compound C and fentanyl related compound F by using the
relative retention times provided in Table 2. Identify the other impurity peaks in the
sample by comparing them to those in the System suitability solution.]
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Table 2
Relative
Retention
Timea

Relative
Response
Factorb

Acceptance Criteria,
Name
NMT (%)
Fentanyl related compound
Bc
0.28
0.67
0.015
Fentanyl related compound
Cd
0.56
0.67
0.25
Fentanyl related compound
De
0.86
0.97
0.015
Fentanyl related compound
Gf
0.89
0.82
0.25
Fentanyl related compound
Fg
0.92
0.75
0.25
Fentanyl related compound
Eh
0.98
1.0
0.015
Fentanyl
1.00
—
—
Fentanyl related compound
Ai
1.26
0.55
0.25
Individual
unspecified
—
—
impurities
0.10
Total impurities
—
—
0.5
a The relative retention time is calculated based on fentanyl.
b The relative response factor (RRF) is calculated based on fentanyl related compound
E.
c 4-Anilinopiperidine.
d N-Phenyl-N-(4-piperidinyl)propanamide.
e N-Phenyl-1-(phenylmethyl)-4-piperidinamine.
f N-(1-Phenethylpiperidin-4-yl)-N-phenylacetamide.
g N-(1-Benzyl-4-piperidinyl)propionanilide.
h N-Phenyl-1-(2-phenylethyl)-4-piperidinamine.
i (2-Bromoethyl)benzene.
(Organic Impurities postponed indefinitely)
[Note—The use of high-purity (such as HPLC-grade) ammonium formate and ultratrace
ammonium hydroxide is recommended.]
Solution A: Acetonitrile and 10 mM ammonium formate (5:95). Adjust with ammonium
hydroxide to a pH of 9.5.
Solution B: Acetonitrile and 10 mM ammonium formate (95:5). Adjust with ammonium
hydroxide to a pH of 9.5.
Mobile phase: See Table 2.
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Time
(min)
0
9
33
38
38.1
45

Table 2
Solution A
(%)
85
65
50
50
85
85

Solution B
(%)
15
35
50
50
15
15

Diluent: 0.025% trifluoroacetic acid in a mixture of acetonitrile and water (5:95)
Sensitivity solution: 0.5 µg/mL of USP Fentanyl RS prepared as follows. Transfer a
suitable amount of USP Fentanyl RS to an adequate volumetric flask. Dissolve in 10% of
final volume using acetonitrile. Sonicate to dissolve, if necessary. Dilute with Diluent to
volume.
Standard solution: 2.0 µg/mL each of USP Fentanyl Related Compound E RS and USP
Fentanyl Related Compound G RS prepared as follows. Transfer suitable amounts of USP
Fentanyl Related Compound E RS and USP Fentanyl Related Compound G RS to an
adequate volumetric flask. Dissolve in 10% of final volume using acetonitrile. Sonicate to
dissolve, if necessary. Dilute with Diluent to volume.
Sample solution: 1.0 mg/mL of Fentanyl prepared as follows. Transfer a suitable amount
of Fentanyl to an adequate volumetric flask. Dissolve in 10% of final volume using
acetonitrile. Sonicate to dissolve, if necessary. Dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 45°
Flow rate: 1.0 mL/min
Injection volume: 40 µL
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fentanyl related compound E in the portion of Fentanyl taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response of fentanyl related compound E from the Sample solution
rS = peak response of fentanyl related compound E from the Standard solution
CS = concentration of USP Fentanyl Related Compound E RS in the Standard solution
(mg/mL)
CU = concentration of Fentanyl in the Sample solution (mg/mL)
Calculate the percentage of each other impurity in the portion of Fentanyl taken:
Result = (rU/rS) × (CS/CU) × (1/F)× 100
rU = peak response of each other impurity from the Sample solution
rS = peak response of fentanyl related compound G from the Standard solution
CS = concentration of USP Fentanyl Related Compound G RS in the Standard solution
(mg/mL)
CU = concentration of Fentanyl in the Sample solution (mg/mL)
F = relative response factor (see Table 3)
Acceptance criteria: See Table 3. The reporting threshold is 0.05%.
Table 3

Name

Relative
Retention
Time

Relative
Response
Factora

Acceptance
Criteria,
NMT (%)

Fentanyl N-oxideb
0.26
0.69
0.15
Fentanyl related compound G
0.78
1.0
0.15
c
Fentanyl pyruvyl analog
0.92
3.0
0.15
Fentanyl
1.00
—
—
Fentanyl related compound E
1.14
—
0.15
Fentanyl butyryl analogd
1.21
1.5
0.15
Individual unspecified impurity
—
1.0
0.10
Total impurities
—
—
0.50
a The relative response factor is calculated against fentanyl related compound G.
b 1-Phenethyl-4-(N-phenylpropionamido)piperidine 1-oxide.
c 2-Oxo-N-(1-phenethylpiperidin-4-yl)-N-phenylpropanamide.
d N-(1-Phenethylpiperidin-4-yl)-N-phenylbutyramide.
USP42

SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry under vacuum at 60° for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tightly closed, light-resistant containers. Store at 25°,
excursions permitted between 15° and 30°.
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Change to read:
• USP Reference Standards 〈11〉
USP Fentanyl RS
USP Fentanyl Related Compound A RS
USP Fentanyl Related Compound B RS
USP Fentanyl Related Compound D RS
USP42

USP Fentanyl Related Compound E RS
1-Phenethyl-N-phenylpiperidin-4-amine.
C19 H24 N2
280.41 USP42
USP Fentanyl Related Compound G RS
N-(1-Phenethylpiperidin-4-yl)-N-phenylacetamide.
C21 H26 N2 O
322.44 USP42
Recent Official Publications:
USP41–NF36 Page 1707
BRIEFING
Fentanyl Citrate Compounded Injection, PF 42(5) [Sept.–Oct. 2016]. On the basis of
public comments received on the proposal for this monograph in PF 42(5), the USP
Compounding Expert Committee revised the monograph proposal. The Assay is revised based on
a validated stability-indicating method used to establish a beyond-use date. The liquid
chromatographic procedure in the Assay is based on analyses using the Kinetex C18 brand of
column with L1 packing. The typical retention time for fentanyl is about 24.6 min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C194291
Comment deadline: March 31, 2018
Add the following:
Fentanyl Citrate Compounded Injection
DEFINITION
Fentanyl Citrate Compounded Injection contains NLT 90.0% and NMT 110.0% of the labeled
amount of fentanyl (C22 H28 N2 O). It contains no bacteriostat or other preservative.
Prepare Fentanyl Citrate Compounded Injection, 50 mcg/mL, as follows (see Pharmaceutical
Compounding—Sterile Preparations 〈797〉).
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Fentanyl (as fentanyl citrate)
Sodium hydroxide solution or Hydrochloric acid solution
Sodium Chloride for Injection (0.9%), a sufficient quantity to make

5000 mcg (7870 mcg)
To adjust pH
100 mL

Dissolve Fentanyl Citrate in sufficient Sodium Chloride for Injection (0.9%) to bring to final
volume. Adjust with Sodium hydroxide solution or Hydrochloric acid solution to a pH of
4–7.5. Pass the solution through a suitable sterile filter of 0.22-µm pore size into
appropriate sterile syringes or container(s). [Note—Do not use a cellulose ester filter
membrane for sterilization due to potential for adsorption.]
ASSAY
• Procedure
Solution A: Add 2.72 g of dibasic potassium phosphate to 800 mL of water. Adjust with
phosphoric acid to a pH of 5.8. Add 200 mL of methanol and mix well.
Mobile phase: See Table 1.
Time
(min)
0.0
3.0
28.0
28.5
34.0
34.5
40

Table 1
Methanol
(%)
20
20
50
55
55
20
20

Solution A
(%)
80
80
50
45
45
80
80

Standard solution: 0.002 mg/mL of fentanyl prepared from USP Fentanyl Citrate RS in
water
Sample solution: Transfer 1 mL of Injection into a 25-mL volumetric flask, and dilute with
water to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L1
Column temperature: 40°
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for fentanyl is about 24.6 min.]
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Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fentanyl (C22 H28 N2 O) in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fentanyl from the Sample solution
rS = peak response of fentanyl from the Standard solution
CS = concentration of fentanyl in the Standard solution (mg/mL)
CU = nominal concentration of fentanyl in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 4.0–7.5
• Sterility Tests 〈71〉, Test for Sterility of the Product to be Examined, Membrane Filtration:
Meets the requirements
• Bacterial Endotoxins Test 〈85〉: NMT 50.0 USP Endotoxin Units/mg of fentanyl
• Particulate Matter in Injections 〈788〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in a light-resistant single dose container. Store at
controlled room temperature or in a refrigerator.
• Beyond-Use Date: In the absence of passing a sterility and endotoxin test, the storage
conditions for High-Risk Level CSPs apply (see Pharmaceutical Compounding—Sterile
Preparations 〈797〉, CSP Microbial Contamination Risk Levels, High-Risk Level CSPs). After
successful completion of sterility and endotoxin testing, NMT 90 days after the date on
which it was compounded when stored at controlled room temperature or in a refrigerator.
• Labeling: Label it to indicate that it is for use in a single patient only, and to state the
Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Fentanyl Citrate RS
USP42

BRIEFING
Fentanyl Citrate and Bupivacaine Hydrochloride Compounded Injection, PF 42(5)
[Sept.–Oct. 2016]. On the basis of public comments received on the proposal for this
monograph in PF 42(5), the USP Compounding Expert Committee revised the monograph
proposal. The Assay is revised based on a validated stability-indicating method used to
establish a beyond-use date. The liquid chromatographic procedure in the Assay is based on
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analyses using the Kinetex C18 brand of column with L1 packing. The typical retention times for
bupivacaine hydrochloride and fentanyl are about 21.5 and 24.6 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C194291
Comment deadline: March 31, 2018
Add the following:
Fentanyl Citrate and Bupivacaine Hydrochloride Compounded Injection
DEFINITION
Fentanyl Citrate and Bupivacaine Hydrochloride Compounded Injection contains NLT 90.0%
and NMT 110.0% of the labeled amount of fentanyl (C22 H28 N2 O) and bupivacaine
hydrochloride (C18 H28 N2 O·HCl). It contains no bacteriostat or other preservative.
Prepare Fentanyl Citrate and Bupivacaine Hydrochloride Compounded Injection containing
2000 mcg/mL of fentanyl and 10 mg/mL of bupivacaine hydrochloride as follows (see
Pharmaceutical Compounding—Sterile Preparations 〈797〉).
Fentanyl (as fentanyl citrate)
Bupivacaine Hydrochloride
Sodium Chloride
Sterile Water for Injection, a sufficient quantity to make

200 mg (314.6 mg)
1000 mg
695.5 mg
100 mL

Dissolve Fentanyl Citrate, Bupivacaine Hydrochloride, and Sodium Chloride in Sterile Water
for Injection. Pass the solution through a suitable sterile filter of 0.22-µm pore size into
appropriate sterile container(s).
[Note—Do not use a cellulose ester filter membrane for sterilization due to potential for
adsorption.]
ASSAY
• Procedure
Solution A: Add 2.72 g of dibasic potassium phosphate to 800 mL of water. Adjust with
phosphoric acid to a pH of 5.8. Add 200 mL of methanol and mix well.
Mobile phase: See Table 1.
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Time
(min)
0.0
3.0
28.0
28.5
34.0
34.5
40

Table 1
Methanol
(%)
20
20
50
55
55
20
20

Solution A
(%)
80
80
50
45
45
80
80

Standard solution: 0.002 mg/mL of fentanyl and 0.075 mg/mL of bupivacaine hydrochloride
prepared from USP Fentanyl Citrate RS and USP Bupivacaine Hydrochloride RS in water
Bupivacaine hydrochloride sample solution: Transfer 0.75 mL of Injection into a 100-mL
volumetric flask, and dilute with water to volume.
Fentanyl sample solution: Transfer 0.1 mL of Injection into a 100-mL volumetric flask,
and dilute with water to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L1
Column temperature: 40°
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention times for bupivacaine hydrochloride and fentanyl are about 21.5 and
24.6 min, respectively.]
Suitability requirements
Tailing factor: NMT 2.0 for both fentanyl and bupivacaine hydrochloride
Relative standard deviation: NMT 2.0% for both fentanyl and bupivacaine
hydrochloride from replicate injections
Analysis
Samples: Standard solution and sample solution
Calculate the percentage of the labeled amount of fentanyl (C22 H28 N2 O) and bupivacaine
hydrochloride (C18 H28 N2 O·HCl) in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response of fentanyl or bupivacaine hydrochloride from the sample solution
rS = peak response of fentanyl or bupivacaine hydrochloride from the Standard solution
CS = concentration of fentanyl or bupivacaine hydrochloride in the Standard solution
(mcg/mL or mg/mL)
CU = nominal concentration of fentanyl or bupivacaine hydrochloride in the sample
solution (mcg/mL or mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 3.1–4.1
• Sterility Tests 〈71〉, Test for Sterility of the Product to be Examined, Membrane Filtration:
Meets the requirements
• Bacterial Endotoxins Test 〈85〉: It contains NMT 50.0 USP Endotoxin Units/mg of fentanyl
and NMT 2.5 USP Endotoxin Units/mg of bupivacaine hydrochloride.
• Particulate Matter in Injections 〈788〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in a light-resistant, single-dose container. Store at
controlled room temperature or in a refrigerator.
• Beyond-Use Date: In the absence of passing a sterility and endotoxin test, the storage
conditions for High-Risk Level CSPs apply (see Pharmaceutical Compounding—Sterile
Preparations 〈797〉, CSP Microbial Contamination Risk Levels, High-Risk Level CSPs). After
successful completion of sterility and endotoxin testing, NMT 90 days after the date on
which it was compounded when stored at controlled room temperature or in a refrigerator.
• Labeling: The label bears a warning that this is a very high-strength injection. [Note—This
is a high-strength injection.]Label it to indicate that it is for use in a single patient only,
and to state the Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Bupivacaine Hydrochloride RS
USP Fentanyl Citrate RS
USP42

BRIEFING
Fentanyl Citrate and Ropivacaine Hydrochloride Compounded Injection, PF 42(5)
[Sept.–Oct. 2016]. On the basis of public comments received on the proposal for this
monograph in PF 42(5), the USP Compounding Expert Committee revised the monograph
proposal. The Assay is revised based on a validated stability-indicating method used to
establish a beyond-use date. The liquid chromatographic procedure in the Assay is based on
analyses using the Kinetex C18 brand of column with L1 packing. The typical retention times for
ropivacaine hydrochloride and fentanyl are about 14.4 and 24.6 min, respectively. The proposed
liquid chromatographic procedure in the test for Enantiomeric Purity is validated using the
Chiralpak AGP brand of column with L41 packing.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C194291
Comment deadline: March 31, 2018
Add the following:
Fentanyl Citrate and Ropivacaine Hydrochloride Compounded Injection
DEFINITION
Fentanyl Citrate and Ropivacaine Hydrochloride Compounded Injection contains NLT 90.0%
and NMT 110.0% of the labeled amount of fentanyl (C22 H28 N2 O) and ropivacaine
hydrochloride (C17 H26 N2 O·HCl).
Prepare Fentanyl Citrate and Ropivacaine Hydrochloride Compounded Injection containing 2
mcg/mL of fentanyl and 1 mg/mL of ropivacaine hydrochloride as follows (see
Pharmaceutical Compounding—Sterile Preparations 〈797〉).
200 mcg of fentanyl
Fentanyl (as fentanyl citrate injectiona), equivalent to
Ropivacaine Hydrochloride (as ropivacaine hydrochloride
100 mg of ropivacaine
b
hydrochloride
injection ), equivalent to
Sodium Chloride for Injection (0.9%), a sufficient quantity to
100 mL
make
a Fentanyl Citrate 50-mcg/mL Injection, Hospira, Lake Forest, IL.
b Ropivacaine Hydrochloride 0.5% (5 mg/mL) Injection, Fresenius Kabi, Lake Zurich, IL.
Aseptically withdraw and combine 4 mL of the Fentanyl Citrate Injection (50 mcg/mL)
(equivalent to 200 mcg of fentanyl) and 20 mL of Ropivacaine Hydrochloride Injection 0.5%
(5 mg/mL) (equivalent to 100 mg of ropivacaine hydrochloride) into an appropriate sterile
container. Bring the preparation to a final volume of 100 mL with Sodium Chloride for
Injection (0.9%). Pass through a sterile filter of 0.22-µm pore size.
[Note—Do not use a cellulose ester filter membrane for sterilization due to potential for
adsorption.]
ASSAY
• Procedure
Solution A: Add 2.72 g of dibasic potassium phosphate to 800 mL of water. Adjust with
phosphoric acid to a pH of 5.8. Add 200 mL of methanol and mix well.
Mobile phase: See Table 1.
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Time
(min)
0.0
3.0
28.0
28.5
34.0
34.5
40

Table 1
Methanol
(%)
20
20
50
55
55
20
20

Solution A
(%)
80
80
50
45
45
80
80

Standard solution: 0.002 mg/mL of fentanyl and 0.075 mg/mL of ropivacaine hydrochloride
prepared from USP Fentanyl Citrate RS and USP Ropivacaine Hydrochloride RS in water
Ropivacaine hydrochloride sample solution: Transfer 0.75 mL of Injection into a 10-mL
volumetric flask, and dilute with water to volume.
Fentanyl sample solution: 2 µg/mL of fentanyl from Injection
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L1
Column temperature: 40°
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention times for ropivacaine hydrochloride and fentanyl are about 14.4 and
24.6 min, respectively.]
Suitability requirements
Tailing factor: NMT 2.0 for both fentanyl and ropivacaine hydrochloride
Relative standard deviation: NMT 2.0% for both fentanyl and ropivacaine
hydrochloride from replicate injections
Analysis
Samples: Standard solution and sample solution
Calculate the percentage of the labeled amounts of fentanyl (C22 H28 N2 O) and ropivacaine
hydrochloride (C17 H26 N2 O·HCl) in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fentanyl or ropivacaine hydrochloride from the sample solution
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rS = peak response of fentanyl or ropivacaine hydrochloride from the Standard solution
CS = concentration of fentanyl or ropivacaine hydrochloride in the Standard solution
(mcg/mL or mg/mL)
CU = nominal concentration of fentanyl or ropivacaine hydrochloride in the sample solution
(mcg/mL or mg/mL)
Acceptance criteria: 90.0%–110.0%
• Enantiomeric Purity
Mobile phase: Add 0.418 g of monobasic sodium phosphate and 0.941 g of dibasic sodium
phosphate to 465 mL of water. Adjust with sodium hydroxide to a pH of 7.2 and add 35 mL
of isopropanol. Mix well.
System suitability solution: Dissolve suitable quantities of USP Ropivacaine Hydrochloride
RS and USP Ropivacaine Related Compound B RS in water. Dilute quantitatively, and
stepwise, with water to obtain a solution containing about 75 µg/mL and 0.75 µg/mL,
respectively.
Sample solution: Transfer 0.75 mL of Injection into a 10-mL volumetric flask, and dilute
with water to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4-mm × 10-cm; packing L41
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for ropivacaine related compound B and ropivacaine
hydrochloride are about 0.75 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between ropivacaine related compound B (R-enantiomer) and
ropivacaine (S-enantiomer)
Analysis
Sample: Sample solution
Calculate the percentage of ropivacaine related compound B (R-enantiomer) in the portion
of Injection taken:
Result = (rU/rT) × 100
rU = peak response of ropivacaine related compound B (R-enantiomer)
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rT = sum of the peak responses of ropivacaine (S-enantiomer) and ropivacaine related
compound B (R-enantiomer)
Acceptance criteria: NMT 2.0%
SPECIFIC TESTS
• pH 〈791〉: 5.1–6.1
• Sterility Tests 〈71〉, Test for Sterility of the Product to be Examined, Membrane Filtration:
Meets the requirements
• Bacterial Endotoxins Test 〈85〉: NMT 50.0 USP Endotoxin Units/mg of fentanyl and NMT 2.5
USP Endotoxin Units/mg of ropivacaine hydrochloride
• Particulate Matter in Injections 〈788〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in a light-resistant, single-dose container. Store at
controlled room temperature or in a refrigerator.
• Beyond-Use Date: In the absence of passing a sterility and endotoxin test, the storage
conditions for High-Risk Level CSPs apply (see Pharmaceutical Compounding—Sterile
Preparations 〈797〉, CSP Microbial Contamination Risk Levels, High-Risk Level CSPs). After
successful completion of sterility and endotoxin testing, NMT 90 days after the date on
which it was compounded when stored at controlled room temperature or in a refrigerator.
• Labeling: Label it to indicate that it is for use in a single patient only, and to state the
Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Fentanyl Citrate RS
USP Ropivacaine Hydrochloride RS
USP Ropivacaine Related Compound B RS
USP42

BRIEFING
Heparin Lock Flush Solution, USP 40 page 4474. A revision to the Labeling section is
proposed to align with proposed revisions in Labeling 〈7〉.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO3: K. Carrick.)
Correspondence Number—C198570
Comment deadline: March 31, 2018
Heparin Lock Flush Solution
DEFINITION
Heparin Lock Flush Solution is a sterile preparation of Heparin Sodium Injection with sufficient
Sodium Chloride to make it isotonic with blood. Heparin sodium used in the manufacture of
Heparin Lock Flush Solution complies with the compendial requirements stated in the
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Heparin Sodium monograph. The potency of Heparin Lock Flush Solution is NLT 90.0% and
NMT 120.0% of the potency stated on the label in terms of USP Heparin Units. It contains
NMT 1.00% of sodium chloride (NaCl). It may contain a suitable preservative.
ASSAY
• Anti-Factor IIa Potency
(See Anti-Factor Xa and Anti-Factor IIa Assays for Unfractionated and Low Molecular
Weight Heparins 〈208〉, Anti-Factor IIa Activity for Unfractionated Heparin.)
Acceptance criteria: 90.0%–120.0%
• Sodium Chloride
Sample solution: Pipet 10 mL of Solution into a suitable container, dilute with water to
about 150 mL, and add 1.5 mL of potassium chromate TS.
Analysis: Titrate with 0.1 N silver nitrate. Each mL of 0.1 N silver nitrate is equivalent to
5.844 mg of sodium chloride (NaCl).
Acceptance criteria: NMT 1.00%
SPECIFIC TESTS
• Bacterial Endotoxins Test 〈85〉: NMT 0.5 USP Endotoxin Units/mL
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• pH 〈791〉: 5.0–7.5
• Other Requirements: It meets the requirements for Injections and Implanted Drug Products
〈1〉.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose, prefilled syringes or containers; in
multiple-dose containers, preferably of Type I glass; or in suitable plastic containers.
Change to read:
• Labeling 〈7〉, Labels and Labeling for Injectable Products, Strength and Total Volume for
Single- and Multiple-Dose Injectable Drug Products
Quantity and Total Volume for Injectable Drug Products Packaged in Single- and
Multiple-Dose Containers USP42
: For single-dose and multiple-dose injectable drug products, the strength per total volume
should be the primary and prominent expression on the principal display panel of the label,
followed in close proximity by strength per mL enclosed by parentheses. For containers
holding a volume of less than 1 mL, the strength per fraction of an mL should be the only
expression of strength. Strength per single mL should be expressed as mg/mL, not mg/1
mL.
For injectable drug products greater than 1 mL, whether packaged in single- or multipledose containers, the quantity per total volume should be the primary and prominent
expression on the principal display panel of the label, followed in close proximity by
quantity per milliliter enclosed by parentheses. For containers that hold a volume of less
than 1 mL, the quantity per fraction of a milliliter should be the only expression of strength.
For containers that hold a volume equal to 1 mL, the strength should be expressed as
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quantity/mL, not quantity/1 mL. USP42
For further information, see the entirety of Injections and Implanted Drug Products 〈1〉.
Label it to indicate the organ and species from which the heparin sodium is derived. The
label also states that the Solution is intended for maintenance of patency of intravenous
injection devices only, and that it is not to be used for anticoagulant therapy. The label
also states that in the case of the Solution having a concentration of 10 USP Heparin
Units/mL it may alter, and that in the case of higher concentrations it will alter, the results
of the blood coagulation tests.
Change to read:
• USP Reference Standards 〈11〉
USP Endotoxin RS
(CN 1-May-2018)

USP Heparin Sodium for Assays RS
Recent Official Publications:
USP41–NF36 Page 2025
BRIEFING
Heparin Sodium Injection, USP 40 page 4480. A revision to the Labeling section is
proposed to align with proposed revisions in Labeling 〈7〉.
Additionally, minor editorial changes have been made to update the monograph to current USP
style
(BIO3: K. Carrick.)
Correspondence Number—C198570
Comment deadline: March 31, 2018
Heparin Sodium Injection
DEFINITION
Heparin Sodium Injection is a sterile solution of Heparin Sodium in Water for Injection. Heparin
sodium used in the manufacture of Heparin Sodium Injection complies with the compendial
requirements stated in the Heparin Sodium monograph. Heparin Sodium Injection exhibits
NLT 90.0% and NMT 110.0% of the potency stated on the label in terms of USP Heparin
Units per milliliter.
ASSAY
• Anti-Factor IIa Potency
(See Anti-Factor Xa and Anti-Factor IIa Assays for Unfractionated and Low Molecular
Weight Heparins 〈208〉, Anti-Factor IIa Activity for Unfractionated Heparin.)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• Bacterial Endotoxins Test 〈85〉: NMT 0.03 USP Endotoxin Units/USP Heparin Unit
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• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• pH 〈791〉: 5.0–7.5
• Other Requirements: Meets the requirements for Injections and Implanted Drug Products
〈1〉
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, and store between 20° and 25° at controlled room temperature.
Change to read:
• Labeling 〈7〉, Labels and Labeling for Injectable Products, Strength and Total Volume for
Single- and Multiple-Dose Injectable Drug Products
Quantity and Total Volume for Injectable Drug Products Packaged in Single- and
Multiple-Dose Containers USP42
: For single-dose and multiple-dose injectable drug products, the strength per total volume
should be the primary and prominent expression on the principal display panel of the label,
followed in close proximity by strength per mL enclosed by parentheses. For containers
holding a volume of less than 1 mL, the strength per fraction of an mL should be the only
expression of strength. Strength per single mL should be expressed as mg/mL, not mg/1
mL.
For injectable drug products greater than 1 mL, whether packaged in single- or multipledose containers, the quantity per total volume should be the primary and prominent
expression on the principal display panel of the label, followed in close proximity by
quantity per milliliter enclosed by parentheses. For containers that hold a volume of less
than 1 mL, the quantity per fraction of a milliliter should be the only expression of strength.
For containers that hold a volume equal to 1 mL, the strength should be expressed as
quantity/mL, not quantity/1 mL. USP42
For further information, see the entirety of Injections and Implanted Drug Products 〈1〉.
Label it to indicate the tissue and the animal species from which it is derived.
Change to read:
• USP Reference Standards 〈11〉
USP Endotoxin RS
(CN 1-May-2018)

USP Heparin Sodium for Assays RS
Recent Official Publications:
USP41–NF36 Page 2031
BRIEFING
Hydrochlorothiazide Capsules, USP 40 page 4497. As part of USP monograph
modernization efforts, it is proposed to revise the monograph as follows:
1. Add Identification B based on the UV spectrum agreement of the major peak of the
Sample solution and of the Standard solution, as obtained in the Assay.
2. Clarify the preparations of the Mobile phase, Standard stock solution, Standard solution,
and Sample stock solution in the Assay.
3. Revise the Chromatographic system section in the Assay to include the Detector
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information and Run time to support the proposed Identification B.
Add the relative retention times for chlorothiazide and hydrochlorothiazide to the Assay.
Delete the Column efficiency requirement from the Assay and from the test for Organic
Impurities because the rest of the requirements are adequate to evaluate the system
suitability.
Clarify the definition of the variable, CS, for the calculations in the Assay and in the
tests for Dissolution and Organic Impurities.
Revise the tests for Dissolution for added clarity and to align with current USP style.
Revise the test for Organic Impurities to clarify the preparation of the Standard stock
solution, the Analysis procedure, and the process-related impurity. Also include the Run
time and chemical information for the specified impurities, and change the term of
"degradant" to "impurity".
Revise the statement "disregard any peak less than 0.05%" to "reporting threshold is
0.05%" in the test for Organic Impurities to be consistent with International Council for
Harmonisation (ICH) Q3B terminology.
Remove the chemical information for USP Chlorothiazide RS from the USP Reference
Standards section because this information is already in the monograph.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: E. Chang, S. Ramakrishna.)
Correspondence Number—C185044
Comment deadline: March 31, 2018
Hydrochlorothiazide Capsules
DEFINITION
Hydrochlorothiazide Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Buffer: 13.8 g/L of monobasic sodium phosphate
Mobile phase: Acetonitrile and Buffer (10:90). Adjust with 10% (v/v) phosphoric acid to a
pH of 3.0. ± 0.1. Pass through a filter of 0.45-µm pore size.
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USP42

System suitability solution: 0.15 mg/mL each of USP Hydrochlorothiazide RS and USP
Chlorothiazide RS in Mobile phase. Sonicate to completely dissolve.
Standard stock solution: 0.50 mg/mL solution
of USP Hydrochlorothiazide RS USP42
prepared as follows. Dissolve a quantity of USP Hydrochlorothiazide RS in acetonitrile (10%
of the volume of the flask), and dilute with Mobile phase. Sonicate to completely dissolve.
To a suitable amount of USP Hydrochlorothiazide RS in a suitable volumetric flask add
acetonitrile to 10% of the final volume and sonicate to dissolve. Dilute with Buffer to
volume. USP42
Standard solution: 50 µg/mL solution
of USP Hydrochlorothiazide RS USP42
in Mobile phase from the Standard stock solution. Sonicate to completely dissolve.
USP42

Sample stock solution:
Nominally USP42
0.25 mg/mL of hydrochlorothiazide prepared as follows. Transfer a number of
NLT 10 USP42
Capsules into a suitable volumetric flask. Add water to 10% of the final volume, and
sonicate for 10 min with vigorous shaking. Add Buffer to 20% of the final volume, and
again sonicate for 10 min. Add acetonitrile up to 40% of the final volume, and sonicate for
30 min. Dilute with Buffer to volume, and pass through a suitable filter of 0.45-µm pore
size.
Sample solution: 50 µg/mL of hydrochlorothiazide in Mobile phase from the Sample stock
solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 272 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 2.0 mL/min
2 mL/min USP42
Injection volume: 20 µL
Run time: NLT 1.5 times the retention time of hydrochlorothiazide USP42
System suitability
Samples: System suitability solution and Standard solution

USP42

[Note—Relative retention times for chlorothiazide and hydrochlorothiazide are 0.80 and
1.0, respectively.] USP42
Suitability requirements
Resolution: NLT 2.0 between chlorothiazide and hydrochlorothiazide, System suitability
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solution
Tailing factor: NMT 2.0, Standard solution
Column efficiency: NLT 4000 theoretical plates, Standard solution
USP42

Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) in
the portion of Capsules taken:
Result = (r U/r S) × (C S/C U) × 100
r U = peak response of hydrochlorothiazide from the Sample solution
r S = peak response of hydrochlorothiazide from the Standard solution
C S = concentration of hydrochlorothiazide
USP Hydrochlorothiazide RS USP42
in the Standard solution (µg/mL)
C U = nominal concentration of hydrochlorothiazide in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Standard solution: 6.75 µg/mL solution
of USP Hydrochlorothiazide RS USP42
prepared as follows. Dissolve a quantity of USP Hydrochlorothiazide RS in 10% of the
flask volume of acetonitrile, and dilute with Medium. Sonicate to completely dissolve.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Dilute with Medium to a concentration similar to that of the Standard
solution.
Instrumental conditions
Mode: UV
Analytical wavelength: 272 nm
Cell: 1 cm
Blank: Medium
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of hydrochlorothiazide (C7 H8 ClN3 O4 S2 )
dissolved:
Result = (A U/A S) × (C S/L) × D × V × 100
A U = absorbance of the Sample solution
A S = absorbance of the Standard solution
C S = concentration of hydrochlorothiazide
USP Hydrochlorothiazide RS USP42
in the Standard solution (mg/mL)
L = label claim (mg/Capsule)
D = dilution factor for the Sample solution
V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) is
dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.01 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Standard stock solution: 0.35 mg/mL of USP Hydrochlorothiazide RS in Medium. An
amount of acetonitrile, not exceeding 25% of the final volume, may be used to help
solubilize hydrochlorothiazide.
Standard solution: (L/900) mg/mL of hydrochlorothiazide
USP Hydrochlorothiazide RS USP42
in Medium, from the Standard stock solution, where L is the label claim in mg/Capsule
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Empty capsules solution: Place 10 Capsules into a 900-mL volumetric flask. Slowly add
800 mL of Medium pre-heated to 37°, and stir until dissolved. Cool to room temperature,
and dilute with Medium to volume.
Instrumental conditions
Mode: UV
Analytical wavelength: 272 nm
Cell: 1 cm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of hydrochlorothiazide (C7 H8 ClN3 O4 S2 )
dissolved:
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Result = [(A U − A EC)/A S] × (C S/L) × V × 100
A U = absorbance of the Sample solution
A EC = absorbance of the Empty capsules solution
A S = absorbance of the Standard solution
C S = concentration of hydrochlorothiazide
USP Hydrochlorothiazide RS USP42
in the Standard solution (mg/mL)
L = label claim (mg/Capsule)
V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Buffer, Mobile phase, Chromatographic system,
USP42

and System suitability solution: Proceed as directed in the Assay.
Standard stock solution: 0.25 mg/mL solution
of USP Hydrochlorothiazide RS USP42
prepared as follows. Dissolve a quantity of USP Hydrochlorothiazide RS in acetonitrile (10%
of the volume of the flask), and dilute with Mobile phase.
To a suitable amount of USP Hydrochlorothiazide RS in a suitable volumetric flask add
acetonitrile to 10% of the final volume, and sonicate to dissolve. Dilute with Buffer to
volume. USP42
Standard solution: 0.25 µg/mL of USP Hydrochlorothiazide RS in Mobile phase from the
Standard stock solution
Sample solution: Use the Sample stock solution as prepared in the Assay.
Chromatographic system: Proceed as directed in the Assay except for the Run time.
Run time: NLT 4 times the retention time of hydrochlorothiazide USP42
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times for chlorothiazide and
hydrochlorothiazide.]
Suitability requirements
Resolution: NLT 2.0 between chlorothiazide and hydrochlorothiazide, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Column efficiency: NLT 4000 theoretical plates, Standard solution

PF 44(1): Jan.-Feb. 2018

314

USP42

Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity
benzothiadiazine related compound A and any unspecified impurity
in the portion of Capsules taken:

USP42

Result = (r U/r S) × (C S/C U) × (1/F) × 100
r

= peak response of each individual impurity
benzothiadiazine related compound A or any unspecified impurity USP42
from the Sample solution
r S = peak response of hydrochlorothiazide from the Standard solution
C S = concentration of hydrochlorothiazide
USP Hydrochlorothiazide RS USP42
in the Standard solution (µg/mL)
C U = nominal concentration of hydrochlorothiazide in the Sample solution (µg/mL)
F = relative response factor (see Table 1)
U

Acceptance criteria:
Individual impurities:
USP42

See Table 1.
The reporting threshold is 0.05%.

USP42

PF 44(1): Jan.-Feb. 2018

Name
Benzothiadiazine related compound
A
a

USP42
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Table 1
Relative
Retention
Time

0.65

Chlorothiazide
b

USP42

Hydrochlorothiazide
5-Chlorohydrochlorothiazide
b,c

USP42

Any other individual unspecified
degradant
unspecified impurity USP42
Total impuritiesb
d

0.80
1.0
2.88

Relative
Response
Factor

0.61
—

Acceptance
Criteria,
NMT (%)

1.0
—a
USP42

1.0
—

—
—a
USP42

—
1.0
—

0.2

—

1.5
a Process related impurity. The relative retention time is given for identification.
USP42

a 4-Amino-6-chloro-1,3-benzenedisulfonamide.
b Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
impurities for the drug product.
c 5,6-Dichloro-3,4-dihydro-2H-benzothiadiazine-7-sulfonamide 1,1-dioxide USP42
d Total impurities include benzothiadiazine related compound A and all unknown
degradation impurities.
unspecified impurities. USP42
Disregard any peak less than 0.05%.
USP42

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
Change to read:
• Labeling: When more than one Dissolution test is given,
USP42

The labeling states the Dissolution test used only if Test 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Chlorothiazide RS
2H-1,2,4-Benzothiadiazine-7-sulfonamide, 6-chloro-, 1,1-dioxide.
C7 H6 ClN3 O4 S2
295.72
USP42

USP Hydrochlorothiazide RS

PF 44(1): Jan.-Feb. 2018

316

Recent Official Publications:
USP41–NF36 Page 2049
BRIEFING
Hydromorphone Hydrochloride, USP 40 page 4525. On the basis of comments received, it
is proposed to make the following changes:
1. Update the Definition by deleting the drying condition, as it is listed in the test for Loss
on Drying, and adding the statement “calculated on the dried basis” to be consistent
with current FDA approvals.
2. Revise the acceptance criteria in the Definition and the Assay from 98.0%–101.0% to
98.0%–102.0%, which is typical for a chromatographic assay.
3. Revise Identification A to allow flexibility for the use of either Infrared Absorption 〈197K〉
or 〈197A〉.
4. Replace Identification B based on UV spectroscopic analysis with an HPLC retention time
agreement based on the proposed chromatographic procedure in the Assay.
5. Replace the titration procedure in the Assay with an HPLC procedure using the same
Mobile phase and Chromatographic system as in Organic Impurities, Procedure 1. The
proposed liquid chromatographic procedure is based on analyses performed with the
Symmetry C18 brand of column with L1 packing. The typical retention time for
hydromorphone is about 20 min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: H. Cai.)
Correspondence Number—C179765
Comment deadline: March 31, 2018
Hydromorphone Hydrochloride

C17 H19 NO3 ·HCl

321.80

Morphinan-6-one, 4,5-epoxy-3-hydroxy-17-methyl-, hydrochloride, (5α)-;
4,5α-Epoxy-3-hydroxy-17-methylmorphinan-6-one hydrochloride
[71-68-1].
DEFINITION
Change to read:
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Hydromorphone Hydrochloride, dried at 105° for 2 h,
USP42

contains NLT 98.0% and NMT 101.0%
102.0% USP42
of hydromorphone hydrochloride (C17 H19 NO3 ·HCl)
, calculated on the dried basis.

USP42

IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
〈197〉: [Note—Methods described in 〈197K〉 or 〈197A〉 may be used.]

USP42

Change to read:
• B. Ultraviolet Absorption 〈197U〉
Sample solution: 100 µg/mL
Analytical wavelength: 280 nm
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride
Sample solution: 1 in 20
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Sample: 225 mg of Hydromorphone Hydrochloride, previously dried
Titrimetric system
(see Titrimetry 〈541〉)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint:
Visual
Analysis: Transfer the Sample to a 250-mL conical flask. Dissolve in 80 mL of glacial acetic
acid, warming, if necessary. Cool, and add 5 mL of acetic anhydride and 10 mL of mercuric
acetate TS. Add 1 drop of crystal violet TS, and titrate with Titrant to a blue endpoint.
Perform a blank determination, and make any necessary correction. Each mL of 0.1 N
perchloric acid is equivalent to 32.18 mg of hydromorphone hydrochloride
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(C17 H19 NO3 ·HCl).
Acceptance criteria: 98.0%–101.0%, dried at 105° for 2 h
Solution A: 1.0 mg/mL of sodium 1-heptanesulfonate monohydrate in 1000 mL of
methanol and water (1:9). Add 1.0 mL of triethylamine and adjust with phosphoric acid to
a pH of 2.5 ± 0.1.
Solution B: 1.0 mg/mL of sodium 1-heptanesulfonate monohydrate in 1000 mL of methanol
and water (1:1). Add 1.0 mL of triethylamine and adjust with phosphoric acid to a pH of
2.5 ± 0.1.
Mobile phase: See Table 1.
Time
(min)
0
25
30
32
32.1
35

Table 1
Solution A
(%)
94
94
0
0
94
94

Solution B
(%)
6
6
100
100
6
6

Diluent: Phosphoric acid and water (1:1000)
Standard solution: 0.4 mg/mL of USP Hydromorphone Hydrochloride RS in Diluent
Sample solution: 0.4 mg/mL of Hydromorphone Hydrochloride in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
Column temperature: 45°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Sample: Standard solution and Sample solution
Calculate the percentage of hydromorphone hydrochloride (C17 H19 NO3 ·HCl) in the portion of
Hydromorphone Hydrochloride taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak response of hydromorphone from the Sample solution
rS = peak response of hydromorphone from the Standard solution
CS = concentration of USP Hydromorphone Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Hydromorphone Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

USP42

IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.3%
Change to read:
If (5α)-7-[(5α)-3,6-dihydroxy-17-methyl-4,5-epoxymorphinan-6-yl]-3-hydroxy-17-methyl-4,5epoxymorphinan-6-one (hydromorphone aldol dimer) or (5α)-3-hydroxy-8-[(5α)-3-hydroxy-17methyl-6-oxo-4,5-epoxymorphinan-7-yl]-17-methyl-4,5-epoxymorphinan-6-one (7,8'bishydromorphone) are potential impurities, Procedure 2 is recommended.
[Note—On the basis of the synthetic route, perform either Organic Impurities, Procedure 1 or
Organic Impurities, Procedure 2. Organic Impurities, Procedure 2 is recommended when
hydromorphone aldol dimer and 7,8′-bishydromorphone may be present.] USP42
Change to read:
• Organic Impurities, Procedure 1
Solution A: 1.0 mg/mL of sodium 1-heptanesulfonate monohydrate in 1000 mL of methanol
and water (1:9). Add 1.0 mL of triethylamine and adjust with phosphoric acid to a pH of
2.5 ± 0.1.
Solution B: 1.0 mg/mL of sodium 1-heptanesulfonate monohydrate in 1000 mL of methanol
and water (1:1). Add 1.0 mL of triethylamine and adjust with phosphoric acid to a pH of
2.5 ± 0.1.
Solution A, Solution B, Diluent, and Chromatographic system: Proceed as directed in
the Assay. USP42
Mobile phase: See Table 2.
Time
(min)
0
25
40
70
75
90

Table 2
Solution A
(%)
94
94
20
20
94
94

Diluent: Phosphoric acid and water (1:1000)

Solution B
(%)
6
6
80
80
6
6
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USP42

System suitability solution: 0.8 mg/mL each of USP Hydromorphone Hydrochloride RS and
USP Hydromorphone Related Compound A RS in Diluent. The solution should be kept in a
cool place protected from light.
Standard solution: 4 µg/mL of USP Hydromorphone Hydrochloride RS in Diluent
Sample solution: 0.8 mg/mL of Hydromorphone Hydrochloride in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
Column temperature: 45°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
USP42

System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.0 between the hydromorphone related compound A and
hydromorphone peaks, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Diluent, Standard solution, and Sample solution
Calculate the percentage of any specified or unspecified impurity in the portion of
Hydromorphone Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each degradation product
individual specified or unspecified impurity USP42
from the Sample solution
rS = peak response of hydromorphone from the Standard solution
CS = concentration of USP Hydromorphone Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Hydromorphone Hydrochloride in the Sample solution (mg/mL)
F = relative response factor (see Table 3)
Acceptance criteria: See Table 3. Disregard peaks corresponding to those obtained from
the Diluent.
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Table 3
Relative
Retention
Time

Name

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

8-Hydroxyhydromorphonea
0.50
1.0
0.15
b
Dihydromorphine (DHM)
0.61
1.0
0.5
Morphinec
0.65
1.8
0.15
Hydromorphone
N-oxided
0.79
1.0
0.15
Hydromorphone
related compound Ae
0.93
1.4
0.1
Hydromorphone
1.0
—
—
8,14-Dihydrooripavinef
1.66
1.0
0.15
6β-Tetrahydrooripavinef
1.71
1.0
0.15
2,2′-Bishydromorphoneg
2.02
1.7
0.15
Individual unspecified impurities
—
1.0
0.1
Total impurities
—
—
1.0
a 4,5α-Epoxy-17-methylmorphinan-3,8-diol-6-one.
b 4,5α-Epoxy-17-methylmorphinan-3,6α-diol.
c 7,8-Didehydro-4,5α-epoxy-17-methylmorphinan-3,6α-diol.
d 4,5α-Epoxy-3-hydroxy-17-methylmorphinan-6-one N-oxide.
e 7,8-Didehydro-4,5α-epoxy-3-hydroxy-17-methylmorphinan-6-one.
f 8,14-Dihydrooripavine and 6β-tetrahydrooripavine are process impurities from
another process and are controlled only if present.
g (5β)-3-Hydroxy-2-[(5α)-3-hydroxy-17-methyl-6-oxo-4,5-epoxymorphinan-2-yl]-17methyl-4,5-epoxymorphinan-6-one.
• Organic Impurities, Procedure 2
Diluent: Phosphoric acid and water (1:100)
Solution A: Mix 3520 mL of water, 18.40 g of monobasic ammonium phosphate, and 4.32 g
of sodium 1-octanesulfonate. Add 4.0 mL of triethylamine, adjust with phosphoric acid to
a pH of 2.90, and add 480 mL of acetonitrile.
Solution B: Acetonitrile and water (160:40)
Mobile phase: See Table 4.
Time
(min)
0
20
21
30

Table 4
Solution A
(%)
100
80
100
100

Solution B
(%)
0
20
0
0

System suitability solution: 0.15 mg/mL of USP Hydromorphone Hydrochloride RS and 0.1
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mg/mL of USP Morphine Sulfate RS in Diluent. The solution should be kept in a cool place
protected from light.
Standard solution: 15 µg/mL of USP Hydromorphone Hydrochloride RS in Diluent
Sample solution: 3 mg/mL of Hydromorphone Hydrochloride in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 15-cm; 5-µm packing L7
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: 30 min
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 4.0 between the morphine and hydromorphone peaks, System
suitability solution
Tailing factor: NMT 1.5 for the hydromorphone peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Diluent, Standard solution, and Sample solution
Calculate the percentage of any specified or unspecified impurity in the portion of
Hydromorphone Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each individual specified or unspecified impurity from the Sample
solution
rS = peak response of hydromorphone from the Standard solution
CS = concentration of USP Hydromorphone Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Hydromorphone Hydrochloride in the Sample solution (mg/mL)
F = relative response factor (see Table 5)
Acceptance criteria: See Table 5. Disregard peaks corresponding to those obtained from
the Diluent.
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Name

Table 5
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Dihydromorphine (DHM)a
0.63
1.0
0.5
b
Morphine
0.70
1.0
0.5
Hydromorphone
1.0
—
—
2,2′-Bishydromorphonec
1.82
2.0
0.5
Hydromorphone
hydrochloride aldol dimerd
2.12
1.0
0.5
7,8′-Bishydromorphonee
2.32
1.0
0.5
Individual unspecified impurities
—
1.0
0.10
Total impurities
—
—
2.0
a 4,5α-Epoxy-17-methylmorphinan-3,6α-diol.
b 7,8-Didehydro-4,5α-epoxy-17-methylmorphinan-3,6α-diol.
c (5β)-3-Hydroxy-2-[(5α)-3-hydroxy-17-methyl-6-oxo-4,5-epoxymorphinan-2-yl]-17methyl-4,5-epoxymorphinan-6-one.
d (5α)-7-[(5α)-3,6-Dihydroxy-17-methyl-4,5-epoxymorphinan-6-yl]-3-hydroxy-17methyl-4,5-epoxymorphinan-6-one.
e (5α)-3-Hydroxy-8-[(5α)-3-hydroxy-17-methyl-6-oxo-4,5-epoxymorphinan-7-yl]-17methyl-4,5-epoxymorphinan-6-one.
SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 50 mg/mL
Acceptance criteria: Between −136° and −139°
• Acidity
Sample: 300 mg
Analysis: Dissolve the Sample in 10 mL of water, add 1 drop of methyl red TS, and titrate
with 0.020 N sodium hydroxide VS.
Acceptance criteria: NMT 0.30 mL is required to produce a yellow color.
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 1.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at 25°,
excursions permitted between 15° and 30°.
• Labeling: The labeling states with which Organic Impurities procedure the article complies,
if other than Procedure 1.
• USP Reference Standards 〈11〉
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USP Hydromorphone Hydrochloride RS
USP Hydromorphone Related Compound A RS
7,8-Didehydro-4,5α-epoxy-3-hydroxy-17-methylmorphinan-6-one hydrochloride.
C17 H17 NO3 ·HCl
319.78
USP Morphine Sulfate RS
Recent Official Publications:
USP41–NF36 Page 2077
BRIEFING
Hypromellose Capsule Shell, PF 42(4) [July–Aug. 2016]. On the basis of comments
received, it is proposed to make the following revisions:
1.
2.
3.
4.
5.
6.

Change the title to Hard Hypromellose Capsule Shell.
In Identification A, revise the instructions.
In Identification B, include the temperature of the water bath.
In the test for Loss on Drying, change the Acceptance criteria to 1.0%–10.0%.
In the test for Disintegration, change the Acceptance criteria to NMT 30 min.
Update the requirements for Microbial Enumeration Tests and Tests for Specified
Microorganisms to current USP standards.
7. In the Packaging and Storage section, change the relative humidity range to 35%–70%.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(GCDF: M. Marques.)
Correspondence Number—C182562
Comment deadline: March 31, 2018
Add the following:

Change to read:
Hard USP42
Hypromellose Capsule Shell
DEFINITION
Change to read:
Hard USP42
Hypromellose Capsule Shell consists of two overlapping pieces (cap and body). One end of
each piece is rounded and closed while the other end is open. The cap overlaps the body
and maintains a tight closure.
Hard USP42
Hypromellose Capsule Shells are composed of USP Hypromellose and water, and may also
contain additives such as plasticizers, surfactants, gelling agents, dispersing agents,
flavoring agents, antimicrobial agents, and sweeteners. They may contain opacifiers,
colorants, and/or processing aids. They may be externally coated. They may be imprinted.
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IDENTIFICATION
Change to read:
• A.
Sample: A quantity of empty capsules equivalent to about 1 g.
Analysis: Add the Sample to 100 mL of hot water (about 90°), and stir the mixture using a
magnetic stirrer. In cases where the color of the capsules may interfere with Identification
B, decant the aqueous part of the solution
slurry USP42
and wash again with 100 mL of hot water. Repeat this washing procedure until the
aqueous layer does not have more than a faint color.
Acceptance criteria: A slurry is formed, but the material does not dissolve. Cool the slurry
to 10
± 2°, USP42
and stir using a magnetic stirrer: the resulting liquid is clear or a slightly turbid viscous
solution.
Change to read:
• B.
Solution A: Sulfuric acid and water (9 in 10)
Sample solution: 0.1 mL of the solution prepared for Identification A
Analysis: To the Sample solution add 9 mL of Solution A and shake. Heat in a water bath
at 65 ± 2° USP42
for exactly 3 min, immediately cool in an ice bath, and carefully add 0.6 mL of ninhydrin
TS. Shake, and allow to stand at 25°.
Acceptance criteria: A red color develops at first that changes to purple within 100 min.
SPECIFIC TESTS
Change to read:
• Loss on Drying 〈731〉
Sample: 1.5 ± 0.5 g
Analysis: Dry the Sample in an oven at 105 ± 2° to constant weight.
Acceptance criteria: 1.0%–13.0%
10.0% USP42
Change to read:
• Disintegration 〈701〉
Medium: Water
Analysis: Fill each Capsule Shell body to capacity with lactose or other suitable material.
Place the cap onto the body and press the cap and body together to lock. Place the
Capsule Shell in the basket and add disks.
For capsules larger than 18 mm: Use the apparatus described in Disintegration and
Dissolution 〈2040〉.
Acceptance criteria:
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Change to read:
• Microbial Enumeration Tests 〈61〉
and Tests for Specified Microorganisms 〈62〉: USP42
The total aerobic bacteria count does not exceed 103 cfu/g, and the total combined
yeasts and molds count does not exceed 102 cfu/g.
Meets the requirements of the test for absence of Escherichia coli. USP42
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Store in tight, light-resistant containers at 15°–25° and at a
relative humidity of 40%–65%
35%–70%, USP42
unless moisture impermeable containers are used. USP42
BRIEFING
Inamrinone Injection, USP 40 page 4583. As part of the USP monograph modernization
efforts, the following changes are proposed:
1. Change the name of Identification B to Identification C. Add Identification B based on
the PDA-UV spectrum agreement obtained in the Assay.
2. Revise the Detector in the Chromatographic system of the Assay to support the
proposed Identification B.
3. Add a Blank to the Lactic Acid Content test, and revise the Titrant from 0.1 N sodium
hydroxide to 0.1 N sodium hydroxide VS. Correct the calculation in the Analysis of this
test by using an equation that is consistent with residual titration.
4. Revise the Assay and the Organic Impurities test to require all inamrinone-containing
solutions to be freshly prepared before use.
5. Add particle size to the Column in the Assay and the Organic Impurities test, and
update the column dimensions for the Organic Impurities test.
6. Update the chemical information of USP Inamrinone Related Compound B RS and USP
Inamrinone Related Compound C RS in the USP Reference Standards section.
Additionally, editorial changes have been made to update the monograph to current USP style.
(CHM2: W. Yang, S. Ramakrishna.)
Correspondence Number—C185049
Comment deadline: March 31, 2018
Inamrinone Injection
DEFINITION
Inamrinone Injection is a sterile solution of Inamrinone in Water for Injection, prepared with
the aid of Lactic Acid. It contains NLT 90.0% and NMT 110.0% of the labeled amount of
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inamrinone (C10 H9 N3 O).
[Caution—Inamrinone is a cardiotonic agent.]
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution exhibits maxima and minima
at the same wavelengths as that of the Standard solution, as obtained in the Assay. USP42
Change to read:
• B.
C. USP42
Indicator solution: Freshly prepare. Dissolve 250 mg of sodium nitroferricyanide in
sufficient water to make 9 mL and mix with 1 mL of morpholine.
Sample solution: Transfer a volume of Injection, equivalent to about 50 mg of inamrinone,
to a glass-stoppered container. Add about 2 g of 50–100 mesh sulfonic acid cationexchange resin, and shake for about 2 min or until the supernatant becomes essentially
colorless. Filter, and collect the filtrate in an arsine generator flask (see Arsenic 〈211〉,
Procedures, Apparatus).
Analysis: Add 5 mL of diluted sulfuric acid to the Sample solution, and boil gently on a hot
plate for 5–10 min. Cool to room temperature. Add 10 mL of potassium permanganate TS
0.1 N potassium permanganate VS, USP42
attach the scrubber unit and absorber tube, and place the apparatus on a warm hot
plate. Add 1 mL of Indicator solution to the absorber tube. Heat gently, allowing the
vapors to bubble through the indicator solution.
Acceptance criteria: The indicator solution turns blue within 5 min (presence of lactate).
ASSAY
Change to read:
• Procedure
[Note—Prepare all inamrinone-containing solutions immediately before injection into the
chromatograph.]
Freshly prepare all inamrinone-containing solutions before injection. USP42
Solution A: 0.5 M of borate buffer prepared as follows. Transfer 31 g of boric acid to a
beaker containing approximately 800 mL of water. Slowly add sodium hydroxide solution (1
in 5)
5 N sodium hydroxide USP42
in small quantities, stirring well after each addition, until all the boric acid is dissolved and
the pH is constant at 7.0 ± 0.3. Transfer this solution to a 1000-mL volumetric flask, and
dilute with water to volume.
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Mobile phase: Methanol, Solution A, and water (48:2:50)
System suitability solution: 50 µg/mL each of USP Inamrinone RS and USP Inamrinone
Related Compound C RS in Mobile phase
Standard solution: 50 µg/mL of USP Inamrinone RS in Mobile phase
Sample solution: Nominally 50 µg/mL of inamrinone prepared as follows. Transfer a volume
of Injection, equivalent to about 5 mg of inamrinone, to a 100-mL volumetric flask, and
dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 3.9-mm × 30-cm;
10-µm USP42
packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution and Standard solution

USP42

[Note—The relative retention times for inamrinone related compound C and inamrinone are
about 0.6 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 3 between inamrinone related compound C and inamrinone, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of inamrinone (C10 H9 N3 O) in the portion of
the Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of inamrinone from the Sample solution
rS = peak response of inamrinone from the Standard solution
CS = concentration of USP Inamrinone RS in the Standard solution (µg/mL)
CU = nominal concentration of inamrinone in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
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Change to read:
• Lactic Acid Content
Ion–exchange column: Place a small pledget of glass wool at the bottom of a 100- × 6mm glass column equipped with a stopcock and a 25-mL reservoir. Soak a suitable
quantity of 50- to 100-mesh sulfonic acid cation-exchange resin in 6 N hydrochloric acid
for several min. Wash with water until the wash is neutral to wide-range pH indicator
paper. Fill the column with the prepared resin to the base of the reservoir. Wash the
column with 50 mL of water in several portions, draining each wash to the top of the resin
before adding the next portion. Discard the washes.
Sample solution: Place a 125-mL conical flask below the ion-exchange column. Pipet a
volume of Injection equivalent to about 50 mg of inamrinone onto the column. Allow the
specimen to pass through the column at the rate of about 0.5–1 mL/min, draining the
specimen to the top of the column and collecting the eluate in the flask. Wash the column
with five 5-mL portions of water, collecting the washings in the flask. Add several small
glass beads to the solution in the flask, and boil on a hot plate for 10 min.
Blank: Proceed as in Sample solution, substituting the volume of Injection used with the
same volume of water. USP42
Titrimetric system
See Titrimetry 〈541〉, Residual Titrations.
Mode: Residual titration
Titrant: 0.1 N sodium hydroxide
0.1 N sodium hydroxide VS USP42
Back-titrant: 0.1 N hydrochloric acid VS
Endpoint detection: Visual
Analysis: Add 10.0 mL of the Titrant to the Sample solution, and boil for 20 min. Add
phenolphthalein TS, and titrate the warm solution with the Back-titrant. Perform a blank
determination with the Blank. Each mL of 0.1 N hydrochloric acid is equivalent to 9.008 mg
of lactic acid (C3 H6 O3 ).
Calculate the content of lactic acid (C3 H6 O3 ) in the portion of the Injection taken:
Result = (VB − VS) × M × F × (1/V)
VB = volume of the Back-titrant consumed by the Blank (mL)
VS = volume of the Back-titrant consumed by the Sample solution (mL)
M = actual molarity of the Back-titrant (mM/mL)
F = equivalency factor, 90.08 mg/mM
V = volume of Injection taken from the Sample solution (mL) USP42
Acceptance criteria: 5.0–7.5 mg/mL of Injection
Change to read:
• Organic Impurities
Freshly prepare all inamrinone-containing solutions before injection.

USP42
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Solution A: Phosphoric acid and water (11.4: 978.6)
Mobile phase: Acetonitrile and Solution A (1:99)
Lactic acid solution: 11.8 mg/mL of lactic acid in water
Standard stock solution: 0.1 mg/mL of USP Inamrinone RS and 0.25 mg/mL of USP
Inamrinone Related Compound B RS, prepared as follows. Transfer suitable quantities of
USP Inamrinone RS and USP Inamrinone Related Compound B RS to a suitable volumetric
flask. Add 60% of the flask volume of Lactic acid solution, and sonicate for 2 min to effect
solution. Cool, and dilute with Lactic acid solution to volume.
Standard solution: 4 µg/mL of USP Inamrinone RS and 10 µg/mL of USP Inamrinone
Related Compound B RS, prepared as follows. Pipet 10.0 mL
Transfer a volume USP42
of Standard stock solution into a 250-mL
suitable USP42
volumetric flask. Dilute with Mobile phase to volume.
Sample solution:
Nominally 2 mg/mL of inamrinone prepared as follows. USP42
Transfer a volume of Injection, equivalent to about 100 mg of inamrinone into a 50-mL
volumetric flask, and dilute with Mobile phase to volume. [Note—Prepare immediately
before use.]
USP42

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 313 nm
Column: 4-mm × 15-cm; base-deactivated packing L7
4.6-mm × 15-cm; 5-µm base-deactivated packing L7 USP42
Column temperature: 30–35°
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 10 between inamrinone and inamrinone related compound B
Relative standard deviation: NMT 10% for inamrinone related compound B
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of inamrinone related compound B and any unspecified impurity in
the volume of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response for inamrinone related compound B or any unspecified impurity from
the Sample solution
rS = peak response for inamrinone related compound B RS from the Standard solution
CS = concentration of USP Inamrinone Related Compound B RS in the Standard solution
(µg/mL)
CU = nominal concentration of inamrinone in the Sample solution (µg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Inamrinone
Inamrinone related compound B
Any unspecified impurity
Total impurities

Relative
Retention
Time
1.0
3.7
—
—

Acceptance
Criteria,
NMT (%)
—
2.0
0.5
3.0

SPECIFIC TESTS
• Bacterial Endotoxins Test 〈85〉: NMT 0.5 USP Endotoxin Unit/mg of inamrinone
• pH 〈791〉: 3.2–4.0
• Other Requirements: Meets the requirements under Injections and Implanted Drug
Products 〈1〉
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass,
protected from light. Store at room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Inamrinone RS
USP Inamrinone Related Compound B RS
N-(1,6-Dihydro-6-oxo-(3,4'-bipyridine)-5-yl)-2-hydroxypropanamide
2-Hydroxy-N-(6-oxo-1,6-dihydro-[3,4'-bipyridin]-5-yl)propanamide.
C13 H13 N3 O3
259.27
USP Inamrinone Related Compound C RS
1,6-Dihydro-6-oxo-(3,4'-bipyridine)-5-carbonitrile
6-Oxo-1,6-dihydro-[3,4'-bipyridine]-5-carbonitrile. USP42
C11 H7 N3 O
197.20
Recent Official Publications:
USP41–NF36 Page 2137

USP42

BRIEFING
Indium In 111 Ibritumomab Tiuxetan Injection, USP 40 page 4591. It is proposed to omit
this monograph for the following reasons:
1. No drug products formulated as defined under Indium In 111 Ibritumomab Tiuxetan
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Injection are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193473
Comment deadline: March 31, 2018
Delete the following:
Indium In 111 Ibritumomab Tiuxetan Injection

» Ibritumomab Tiuxetan is the immunoconjugate resulting from a stable
thiourea covalent bond between the monoclonal antibody Ibritumomab and
the linker-chelator tiuxetan [N-[2-bis(carboxymethyl)amino]-3-(pisothiocyanatophenyl)propyl]-[N-[2-bis(carboxymethyl)amino]-2(methyl)ethyl)glycine. This chelate provides a high-affinity, conformationally
restricted chelation site for Y ttrium-90 and Indium-111. The approximate
molecular weight of Ibritumomab Tiuxetan is 148 kD.
Ibritumomab is a murine IgG 1 kappa monoclonal antibody directed against
the CD20 antigen, which is found on the surface of normal and malignant B
lymphocytes. Ibritumomab is produced in Chinese hamster ovary cells and is
composed of two murine gamma 1 heavy chains of 445 amino acids each and
two kappa light chains of 213 amino acids each.
Indium In 111 Ibritumomab Tiuxetan Injection is a sterile, nonpyrogenic
preparation of the immunoconjugate of ibritumomab and tiuxetan that is
labeled with 111In and is suitable for intravenous administration. It contains
not less than 90.0 percent and not more than 110.0 percent of the labeled
amount of 111In as the ibritumomab complex, expressed in megabecquerels
(or millicuries) per mL at the time indicated in the labeling. It may contain
buffers and stabilizers. It contains no antimicrobial agents. Other chemical
forms of radioactivity do not exceed 5 percent of the total radioactivity. The
immunoreactive fraction, as determined by a validated method, is not less
than 90 percent.
Packaging and storage—Preserve in single-dose containers, and store in a refrigerator for not
more than 12 hours. [Note—Translucent protein particles may develop, which are removed by
filtration prior to administration using a 0.22 micron low-protein-binding filter.]
Labeling—Label it to include the following in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
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111In

Ibritumomab Tiuxetan as total MBq (or mCi) and concentration of MBq (or mCi) per mL at
the time of calibration; the expiration date and time; the storage temperature; and the
statement, “Caution—Radioactive Material.” The labeling indicates that, in making dosage
calculations, correction is to be made for radioactive decay, and also indicates that the
radioactive half-life of 111In is 67.3 hours.
USP Reference standards 〈11〉—
USP Endotoxin RS
Bacterial Endotoxins Test 〈85〉—The limit of endotoxin content is not more than 175/V USP
Endotoxin Units per mL of the Injection, when compared with the USP Endotoxin RS, in which V
is the maximum recommended total dose, in mL, at the expiration date or time.
pH 〈791〉: between 5.5 and 7.5.
Radiochemical purity—
Absorbent: 1- × 8-cm instant silica gel strip.
Test solution: the Injection.
Application volume: 10 µL.
Developing solvent system: 0.9% sodium chloride solution.
Procedure— Proceed as directed for Thin-Layer Chromatography under Chromatography 〈621〉
by ascending chromatography. Determine the distribution of radioactivity on the chromatogram
by scanning with a suitable collimated radiochromatogram strip scanner, and determine the
percentage of radiochemical purity of the test specimen. Not less than 95% of the In 111
activity is present as a band between the RF values of 0 and 0.1.
Other requirements—It meets the requirements for Radionuclide identification and
Radionuclidic purity under Indium In 111 Chloride Solution. It meets also the requirements under
Injections and Implanted Drug Products 〈1〉, except that the radioactive component may be
distributed or dispensed prior to completion of the test for Sterility, the latter test being
started on the date of manufacture.
Change to read:
Assay for radioactivity (see Radioactivity〈821〉) (CN 1-May-2017) —Using a suitable counting
assembly
(CN 1-May-2017) , determine the total radioactivity, in MBq (or µCi) of the
unshielded Injection by use of a calibrated system. USP42
Recent Official Publications:
USP41–NF36 Page 2145
BRIEFING
Indium In 111 Satumomab Pendetide Injection, USP 40 page 4593. It is proposed to
omit this monograph for the following reasons:
1. No drug products formulated as defined under Indium In 111 Satumomab Pendetide
Injection are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
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(CHM4: M. Puderbaugh.)
Correspondence Number—C193474
Comment deadline: March 31, 2018
Delete the following:
Indium In 111 Satumomab Pendetide Injection

» Indium In 111 Satumomab Pendetide Injection is a sterile, nonpyrogenic,
virus-free preparation of monoclonal antibody B72.3 that is labeled with
111In. Satumomab pendetide is prepared by site-specific conjugation of the
linker-chelator, glycyl-tyrosyl-(N,E-diethylene triamine pentaacetic acid)lysine hydrochloride to the oxidized oligosaccharide component of the
monoclonal antibody B72.3. Satumomab pendetide is radiolabeled by the
addition of a sterile, nonpyrogenic solution of a buffered Indium In 111
Chloride solution. [Note—Other chemical forms of indium are not to be used
in the radiolabeling.] It contains not less than 90.0 percent and not more
than 110.0 percent of the labeled amount of 111In as labeled satumomab
pendetide expressed in megabecquerels (or in millicuries) per mL at the time
indicated in the labeling. Other chemical forms of radioactivity do not exceed
10.0 percent of the total radioactivity. It may contain buffers and stabilizers.
The immunoreactive fraction, as determined by a validated method, is not
less than 60 percent.
Packaging and storage—Preserve in adequately shielded single-dose containers, at controlled
room temperature.
Labeling—Label it to include the following, in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
111In as labeled satumomab pendetide expressed as total megabecquerels (or millicuries) and
concentration as megabecquerels (or millicuries) per mL at the time of calibration; the
expiration date; and the statement, “Caution—Radioactive Material.” The labeling indicates
that, in making dosage calculations, correction is to be made for radioactive decay and also
indicates that the radioactive half-life of 111In is 67.3 hours.
USP Reference standards 〈11〉—
USP Endotoxin RS
Bacterial Endotoxins Test 〈85〉—It contains not more than 175/V USP Endotoxin Units per mL
of the Injection, when compared with USP Endotoxin RS, in which V is the maximum
recommended total dose, in mL, at the expiration date or time.
pH 〈791〉: between 5.5 and 6.5.
Radiochemical purity—Mix equal parts of Injection with 0.05 M diethylenetriamine pentaacetic
acid in a clean glass vial. Apply a drop of this solution 1 cm from the bottom of a 1-cm × 8-cm
instant thin-layer chromatographic silica gel strip. Allow the spot to air-dry, and develop the
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strip by ascending chromatography, using 0.9% sodium chloride solution as the solvent. Allow
the solvent front to migrate 6 cm from the origin. Remove the strip from the solvent, and airdry. Determine the distribution of radioactivity on the chromatogram by scanning with a
suitable collimated radiochromatogram strip scanner, or cut the strip 1.6 cm from the bottom
and determine the radioactivity of each piece in a suitable detector. Not less than 90% of the
In-111 activity must be present as a band between RF = 0 and 0.1.
Other requirements—It meets the requirements of the tests for Radionuclide identification
and Radionuclidic purity under Indium In 111 Chloride Solution. It meets also the requirements
under Injections and Implanted Drug Products 〈1〉, except that it may be distributed or
dispensed prior to completion of the test for Sterility, the latter test being started on the day
of final manufacture, and except that it is not subject to the recommendation on Container
content.
Change to read:
Assay for radioactivity—Using a suitable counting assembly
(CN 1-May-2017) , determine
the radioactivity, in MBq (or µCi) per mL, of the Injection by use of a calibrated system, as
directed under Radioactivity 〈821〉. USP42
Recent Official Publications:
USP41–NF36 Page 2148
BRIEFING
Insulin, USP 40 page 4605. On the basis of comments received, it is proposed to revise the
monograph as follows:
1. Move portions of the Definition to the Proinsulin Content test and revise the rest of the
Definition for clarity.
2. Move the Bioidentity Test from the Specific Tests section to the Identification section
as Identification C.
3. Move the Zinc Determination test from the Specific Tests section to the Other
Components section.
4. In Identification B, replace the Peptide Mapping test with Physicochemical Analytical
Procedures for Insulins 〈121.1〉. Instructions and specifications for the Mobile phase and
System suitability that differ from 〈121.1〉 are provided.
5. Replace the Limit of High Molecular Weight Proteins test with Physicochemical Analytical
Procedures for Insulins 〈121.1〉, retaining the Acceptance criteria.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: M. Metta.)
Correspondence Number—C173900
Comment deadline: March 31, 2018
Insulin
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Insulin (pig)

5777.54

[12584-58-6].

C254 H377 N65 O75 S6
Insulin (ox)
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5733.49

[11070-73-8].

DEFINITION
Change to read:
Insulin is a protein that affects the metabolism of glucose.
Insulin is a two-chain peptide hormone consisting of 51 amino acids, and its structure
corresponds to native insulin produced in vivo by the beta cells of the pancreas. The A-chain is
composed of 21 amino acids, and the B-chain is composed of 30 amino acids. USP42
It is obtained from the pancreas of healthy bovine or porcine animals, or both, used for food by
humans. Its potency is NLT 26.5 USP Insulin Units/mg, calculated on the dried basis; Insulin
labeled as purified contains NLT 27.0 USP Insulin Units/mg, calculated on the dried basis. The
proinsulin content is NMT 10 ppm, determined by a validated method.
USP42

[Note—One USP Insulin Unit is equivalent to 0.0342 mg of pure Insulin derived from beef or
0.0345 mg of pure Insulin derived from pork.]
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
appropriate species of the Identification solution, as obtained in the Assay.
[Note—It may be necessary to inject a mixture of Sample solution and Identification
solution.]
Delete the following:
• B. Peptide Mapping
Sulfate buffer: 2.0 M ammonium sulfate and 0.5 M sulfuric acid (1:1)
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Enzyme solution: 500 units/mL of Staphylococcus aureus V-8 protease activity in water
HEPES buffer: 0.1 M HEPES (N-2-hydroxyethylpiperazine-N′-2-ethanesulfonic acid). Adjust
with 5 M sodium hydroxide to a pH of 7.5 before diluting with water to a final volume.
Solution A: Acetonitrile, water, and Sulfate buffer (100:700:200)
Solution B: Acetonitrile, water, and Sulfate buffer (400:400:200)
Mobile phase: See Table 1.
Time
(min)
0
60
65
70
71
86

Table 1
Solution A
(%)
90
30
0
0
90
90

Solution B
(%)
10
70
100
100
10
10

Standard digest solution: 2 mg/mL of USP Insulin RS of the appropriate species in 0.01 N
hydrochloric acid. Transfer 500 µL of the resulting solution to a clean vial. Add 2.0 mL of
HEPES buffer and 400 µL of Enzyme solution, and incubate at 25° for 6 h. Quench the
digestion by adding 2.9 mL of Sulfate buffer.
Sample digest solution: 2 mg/mL of Insulin in 0.01 N hydrochloric acid, mix to dissolve.
Transfer 500 µL of the resulting solution to a clean vial. Add 2.0 mL of HEPES buffer and
400 µL of Enzyme solution, and incubate at 25° for 6 h. Quench the digestion by adding
2.9 mL of Sulfate buffer.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 10-cm; packing L1
Column temperature: 40°
Flow rate: 1 mL/min
System suitability
Sample: Standard digest solution
Suitability requirements
Chromatogram comparability: The chromatogram of the Standard digest solution
corresponds to that of the reference chromatogram provided with USP Insulin RS of
the appropriate species.
Resolution: NLT 1.9 between digest fragments II and III.
[Note—Fragment I elutes at the same time in insulin derived from pork and Insulin
Human; Fragment II elutes at the same time in Insulin Human and insulin derived from
beef and pork; and Fragment III elutes at the same time in insulin derived from beef
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and pork.]
Tailing factor: NMT 1.5
Analysis
Samples: Standard digest solution and Sample digest solution
Using the gradient program, run a blank. Separately inject equal volumes of the Standard
digest solution and the Sample digest solution, and record the responses of each peak.
Acceptance criteria: The chromatographic profile of the Sample digest solution
corresponds to that of the Standard digest solution. USP42
Add the following:
• B. Physicochemical Analytical Procedures for Insulins 〈121.1〉, Peptide Mapping:
Proceed as directed in the chapter, except use the following Mobile phase and System
suitability.
Mobile phase: See Table 1.
Time
(min)
0
60
65
70
71
86

Table 1
Solution A
(%)
90
30
0
0
90
90

Solution B
(%)
10
70
100
100
10
10

System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.9 between digest fragments II and III
[Note—Fragment I elutes at the same time in insulin derived from pork and Insulin
Human; Fragment II elutes at the same time in Insulin Human and insulin derived from
beef and pork; and Fragment III elutes at the same time in insulin derived from beef
and pork.]
Tailing factor: NMT 1.5 for digest fragments II and III.
Chromatogram comparability: The chromatogram of the Standard solution
corresponds to that of the reference chromatogram provided with insulin of the
appropriate species.
Acceptance criteria: Meets the requirements USP42
Add the following:
• C. Insulin Assays 〈121〉, Assay, Bioidentity Test: Meets the requirements
ASSAY

USP42
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• Procedure
Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
of phosphoric acid into the solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Mobile phase: Acetonitrile and Solution A (26:74). [Note—The acetonitrile is warmed to a
temperature of NLT 20° to avoid precipitation.]
System suitability solution: 1.5 mg/mL of Insulin in 0.01 N hydrochloric acid. Allow to
stand at room temperature for NLT 3 days to obtain a solution containing NLT 5% of A-21
desamido insulin.
[Note—The Identification solution, Standard solution, and Sample solution may be stored at
room temperature for up to 12 h or in a refrigerator for up to 48 h.]
Identification solution: 0.6 mg/mL each of USP Insulin Pork RS and USP Insulin Beef RS in
0.01 N hydrochloric acid
Standard solution: 1.5 mg/mL of insulin of the appropriate species, either USP Insulin Beef
RS or USP Insulin Pork RS, in 0.01 N hydrochloric acid. For insulin of mixed species prepare
a solution containing 1.3 mg/mL of USP Insulin Beef RS and 0.25 mg/mL of USP Insulin Pork
RS in 0.01 N hydrochloric acid.
Sample solution: 1.5 mg/mL of Insulin in 0.01 N hydrochloric acid
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between insulin and A-21 desamido insulin, System suitability
solution
Tailing factor: NMT 1.8 for the insulin peak, System suitability solution
Relative standard deviation: NMT 1.6%, Standard solution
Analysis
Samples: Identification solution, Standard solution, and Sample solution
Measure the peak responses for insulin and A-21 desamido insulin, using the chromatogram
of the Identification solution to identify the insulin peaks.
For Insulin derived from a single species, calculate the potency on the undried basis, in USP
Insulin Units/mg, of Insulin in the Sample solution:
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Result = (ΣrU/ΣrS) × (CS/CU)
ΣrU = sum of the peak responses of insulin and A-21 desamido insulin from the Sample
solution
ΣrS = sum of the peak responses of insulin and A-21 desamido insulin from the Standard
solution
CS = concentration of insulin of the appropriate species, either USP Insulin Beef RS or
USP Insulin Pork RS, in the Standard solution (USP Insulin Units/mL)
CU = concentration of Insulin in the Sample solution (mg/mL)
For Insulin derived from a mixture of beef insulin and pork insulin, calculate the total
potency as the sum of the potencies of the beef-derived insulin and pork-derived insulin,
determined separately.
Acceptance criteria: NLT 26.5 USP Insulin Units/mg on the dried basis; Insulin labeled as
purified contains NLT 27.0 USP Insulin Units/mg on the dried basis.
OTHER COMPONENTS
Add the following:
• Zinc Determination 〈591〉, Procedure, Dithizone Method
Sample: 10 mg
Acceptance criteria: NMT 1.0% on the dried basis USP42
PRODUCT-RELATED SUBSTANCES AND IMPURITIES
Change to read:
• Organic Impurities
Product-Related Substances USP42
Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
of phosphoric acid into the solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Solution B: Acetonitrile and Solution A (18:82)
Solution C: Acetonitrile and Solution A (50:50)
Mobile phase: See Table 2.
Time
(min)
0
60
85
91
92

Table 2
Solution B
(%)
81
81
36
36
81

Solution C
(%)
19
19
64
64
19

System suitability solution: 1.5 mg/mL of Insulin in 0.01 N hydrochloric acid. Allow to
stand at room temperature for NLT 3 days to obtain a solution containing NLT 5% of A-21
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desamido insulin.
[Note—The three Standard solutions may be stored at room temperature for up to 12 h and
in a refrigerator for up to 48 h.]
Standard solution A: 3.75 mg/mL of insulin of the appropriate species, either USP Insulin
Beef RS or USP Insulin Pork RS, in 0.01 N hydrochloric acid. For insulin of mixed species
prepare a solution containing 3.2 mg/mL of USP Insulin Beef RS and 0.6 mg/mL of USP
Insulin Pork RS in 0.01 N hydrochloric acid.
Standard solution B: 0.375 mg/mL of insulin of the appropriate species, either USP Insulin
Beef RS or USP Insulin Pork RS, in 0.01 N hydrochloric acid prepared as follows. Pipet 1 mL
of Standard solution A into a 10-mL volumetric flask, dilute with 0.01 N hydrochloric acid
to volume, and mix.
Standard solution C: 0.0375 mg/mL of insulin of the appropriate species, either USP Insulin
Beef RS or USP Insulin Pork RS, in 0.01 N hydrochloric acid prepared as follows. Pipet 1 mL
of Standard solution B into a 10-mL volumetric flask, dilute with 0.01 N hydrochloric acid
to volume, and mix.
Sample solution: 3.75 mg/mL of Insulin in 0.01 N hydrochloric acid. Prepare the solution in
a capped vial, cap the vial, and shake gently to dissolve. Store the solution for NMT 2 h
at room temperature or for NMT 12 h in a refrigerator.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution A, Standard solution B, and
Standard solution C
[Note—Adjust the Mobile phase composition and the duration of the isocratic elution to
obtain a retention time of about 31 min for insulin, with the A-21 desamido insulin
eluting just prior to the start of the gradient elution phase.]
Suitability requirements for the System suitability solution
Resolution: NLT 2.0 between insulin and A-21 desamido insulin
Tailing factor: NMT 1.8 for the insulin peak
Suitability requirements for the Standard solutions
Calculate the factor X1:
X1 = (rB/rA) × D
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rB = peak response from Standard solution B
rA = peak response from Standard solution A
D = dilution factor, 10
Result: Between 0.91 and 1.09
Calculate the factor X2:
X2 = (rC/rA) × D
rC = peak response from Standard solution C
rA = peak response from Standard solution A
D = dilution factor, 100
Result: Between 0.7 and 1.3
Analysis
Sample: Sample solution
Calculate the percentage of insulin, A-21 desamido insulin, and other impurities
insulin-related substances USP42
in the portion of Insulin taken:
Calculate the percentage of Insulin (%I):
Result = (rI /rT) × 100
rI = peak response of insulin from the Sample solution
rT = sum of the responses of all the peaks from the Sample solution
Calculate the percentage of A-21 desamido insulin (%D):
Result = (rD/rT) × 100
rD = peak response of A-21 desamido insulin from the Sample solution
rT = sum of the responses of all the peaks from the Sample solution
Calculate the percentage of other insulin-related compounds
substances: USP42
Result = 100 − (%I + %D)
Acceptance criteria: NMT 10.0% of A-21 desamido insulin, and NMT 5.0% of other insulinrelated compounds
substances USP42
For Insulin derived from a single species, measure the responses of any peaks corresponding
to beef insulin or pork insulin, and calculate the concentration as a percentage of rT. The
amount of cross-contamination is NMT 1.0%.
Change to read:
• Limit of High Molecular Weight Proteins
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Physicochemical Analytical Procedures for Insulins 〈121.1〉, Limit of High Molecular
Weight Proteins: USP42
Meets the requirements USP42
Solution A: 1 mg/mL of l-arginine
Mobile phase: Solution A, acetonitrile, and glacial acetic acid (65:20:15)
Resolution solution: 4 mg/mL of Insulin containing NLT 0.4% high molecular weight
proteins in 0.01 N hydrochloric acid. Store in a refrigerator, and use within 7 days.
[Note—Insulin containing NLT 0.4% high molecular weight proteins may be prepared by
allowing Insulin to stand at room temperature for about 5 days.]
Sample solution: 4 mg/mL of Insulin in 0.01 N hydrochloric acid. Store in a refrigerator,
and use within 7 days.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 7.8-mm × 30-cm; packing L20
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Resolution solution
Suitability requirements
Retention times: Between 13 and 17 min for the polymeric insulin complexes, about
17.5 min for the covalent insulin dimer, and between 18 and 22 min for the insulin
monomer, with salts eluting after the insulin monomer
Peak-to-valley ratio: The ratio of the height of the covalent insulin dimer peak to the
height of the valley between the covalent insulin dimer peak and the insulin monomer
peak is NLT 2.0.
Analysis
Sample: Sample solution
Disregard any peaks having retention times greater than that of the insulin monomer.
Calculate the percentage of high molecular weight proteins in the portion of Insulin taken:
Result = 100 × ΣrH/(ΣrH + rM)
ΣrH = sum of the responses of all peaks having retention times less than that of the
insulin monomer
rM = peak response of the insulin monomer

USP42
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Acceptance criteria: NMT 1.0%
PROCESS-RELATED IMPURITIES
Add the following:
• Proinsulin Content: NMT 10 ng/mg, determined by a validated method

USP42

SPECIFIC TESTS
Delete the following:
• Insulin Assays 〈121〉, Assay, Bioidentity Test: Meets the requirements
• Loss on Drying 〈731〉
Sample: 200 mg
Analysis: Dry the Sample at 105° for 16 h.
Acceptance criteria: NMT 10.0%

USP42

Delete the following:
•
Zinc Determination 〈591〉, Procedure, Dithizone Method (CN 1-May-2018)
Sample: 10 mg
Acceptance criteria: NMT 1.0% on the dried basis USP42
• Bacterial Endotoxins Test 〈85〉: NMT 10 USP Endotoxin Units/mg of insulin
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
bacterial count does not exceed 3 × 102 cfu/g, the test being performed on a portion of
about 0.2 g, accurately weighed.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store, protected from light, in a
freezer.
• Labeling: Label it to indicate the one or more animal species to which it is related, as pork,
beef, or a mixture of pork and beef. If the Insulin is purified, label it as such.
Change to read:
• USP Reference Standards 〈11〉
USP Insulin Beef RS
USP Insulin Pork RS
Recent Official Publications:
USP41–NF36 Page 2161

(CN 1-May-2018)

BRIEFING
Iobenguane I 131 Injection, USP 40 page 4633. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Iobenguane I 131 Injection are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
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(CHM4: M. Puderbaugh.)
Correspondence Number—C193475
Comment deadline: March 31, 2018
Delete the following:
Iobenguane I 131 Injection

(C8 H10 131IN3 )2 ·H2 SO4
[[3-(Iodo- 131I)-phenyl]methyl]guanidine sulfate (2:1).
[(m-Iodo- 131I)-benzyl]guanidine sulfate (2:1).

» Iobenguane I 131 Injection is a sterile solution containing iobenguane
sulfate in which a portion of the molecules contain radioactive iodine (131I)
in the molecular structure. Iobenguane I 131 Injection contains not less than
90.0 percent and not more than 110.0 percent of the labeled amount of 131I
as iobenguane sulfate expressed in megabecquerels (or in millicuries) per
mL at the time indicated in the labeling. It may contain preservatives or
stabilizers.
Packaging and storage—Preserve in single-dose or in multiple-dose containers that are
adequately shielded. Store in a freezer.
Labeling—Label it to include the following: the date of calibration; the amount of 131I as
iobenguane sulfate expressed as total megabecquerels (or millicuries) per mL at the time of
calibration; the name and quantity of any added preservative or stabilizer; the expiration date;
and the statement, “Caution—Radioactive Material.” The labeling indicates that, in making
dosage calculations, correction is to be made for radioactive decay, and also indicates that the
radioactive half-life of 131I is 8.04 days.
USP Reference standards 〈11〉—
USP Endotoxin RS
Radionuclidic identification (see Radioactivity 〈821〉)—Its gamma-ray spectrum is identical to
that of a specimen of 131I of known purity that exhibits a major photopeak having an energy of
0.364 MeV.
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Bacterial Endotoxins Test 〈85〉—It contains not more than 175/V USP Endotoxin Unit per mL of
the Injection, when compared with USP Endotoxin RS, in which V is the maximum recommended
total dose, in mL, at the expiration date or time.
pH 〈791〉: between 4.5 and 7.5.
Change to read:
Radionuclidic purity (seeRadioactivity〈821〉) (CN 1-May-2017) —Using a suitable counting
assembly
(CN 1-May-2017) , determine the radionuclidic purity of the Injection: not less than
99% of the total radioactivity is present as 131I.
Radiochemical purity—
Mobile phase— Prepare a filtered and degassed mixture of water and acetonitrile (900:100).
Add 3.04 g of triethylamine per liter, and adjust with phosphoric acid to a pH of 4.0 ± 0.4. Make
adjustments if necessary (see System Suitability under Chromatography 〈621〉).
Standard preparation— Dissolve an accurately weighed quantity of iobenguane sulfate in water
to obtain a solution having a known concentration of about 1 mg per mL.
Test preparation— Use Iobenguane I 131 Injection.
Chromatographic system (see Chromatography 〈621〉)—The liquid chromatograph is equipped
with a 229-nm detector, a collimated radiation detector (see Radioactivity 〈821〉), and a 3.9mm × 30-cm column that contains 10-µm packing L1. The flow rate is about 1.5 mL per minute.
Chromatograph the Standard preparation, and record the peak responses as directed under
Procedure: the column efficiency is not less than 1000 theoretical plates, the tailing factor is
not more than 1.2, and the relative standard deviation for replicate injections is not more than
1.5%.
Procedure— Inject a volume (about 20 µL) of Injection, equivalent to between 1.6 and 2.7 MBq
(or between 44 and 64 µCi) into the chromatograph, record the chromatograms, and measure
the areas for the major peaks. The radioactivity of the iobenguane 131I peak is not less than
90% of the total radioactivity measured, and its retention time is within 10% of that of the
Standard preparation, similarly chromatographed. The retention time of the iobenguane 131I
peak obtained from the Injection is also within 10% of that obtained from the Standard
preparation.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉, except that the Injection may be distributed or dispensed prior to the completion
of the test for Sterility Tests 〈71〉, the latter test being started on the day of final
manufacture, and except that it is not subject to the recommendation for Container Content.
Change to read:
Assay for radioactivity—Using a counting assembly
(CN 1-May-2017) , determine the
radioactivity, in MBq (or µCi), per mL, of Injection by use of a calibrated system as directed
under Radioactivity 〈821〉. USP42
Recent Official Publications:
USP41–NF36 Page 2190
BRIEFING
Iodohippurate Sodium I 123 Injection, USP 40 page 4634. It is proposed to omit this
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monograph for the following reasons:
1. No drug products formulated as defined under Iodohippurate Sodium I 123 Injection are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193611
Comment deadline: March 31, 2018
Delete the following:
Iodohippurate Sodium I 123 Injection

C9 H7 123INNaO3
Glycine, N-[2-(iodo- 123I)benzoyl]-, monosodium salt.
Sodium o-iodo- 123I-hippurate [56254-07-0].

» Iodohippurate Sodium I 123 Injection is a sterile, aqueous solution
containing o-iodohippurate sodium in which a portion of the molecules
contain radioactive iodine (123I) in the molecular structure. It may contain a
preservative or stabilizer.
Iodohippurate Sodium I 123 Injection contains not less than 90.0 percent
and not more than 110.0 percent of the labeled amount of I 123 as
iodohippurate sodium expressed in megabecquerels (microcuries or
millicuries) per mL at the time indicated in the labeling. It contains not less
than 90.0 percent and not more than 110.0 percent of the labeled amount of
o-iodohippuric acid. Other chemical forms of radioactivity do not exceed 3.0
percent of total radioactivity.
Packaging and storage—Preserve in single-dose or in multiple-dose containers that are
adequately shielded.
Labeling—Label it to include the following, in addition to the information specified for Labeling
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〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
I 123 as iodohippurate sodium expressed as total megabecquerels (microcuries or millicuries) per
mL at the time of calibration; the name and quantity of any added preservative or stabilizer;
the expiration time; and the statement “Caution—Radioactive Material.” The labeling indicates
that in making dosage calculations, correction is to be made for radioactive decay, and also
indicates that the radioactive half-life of I 123 is 13.2 hours.
USP Reference standards 〈11〉—
USP Endotoxin RS
USP o-Iodohippuric Acid RS
C9 H8 INO3
305.07
Radionuclidic identification (see Radioactivity 〈821〉)—Its gamma-ray spectrum is identical to
that of a specimen of I 123 of known purity that exhibits a major photopeak having an energy
of 159 keV.
Bacterial Endotoxins Test 〈85〉—The limit of endotoxin content is not more than 175/V USP
Endotoxin Unit per mL of the Injection, when compared with the USP Endotoxin RS, in which V
is the maximum recommended total dose, in mL, at the expiration time.
pH 〈791〉: between 7.0 and 8.5.
Change to read:
Radionuclidic purity (seeRadioactivity〈821〉) (CN 1-May-2017) —Using a suitable counting
assembly
(CN 1-May-2017) , determine the radionuclidic purity of the Injection: not less than
85% of the total radioactivity is present as I 123.
Radiochemical purity—
Mobile phase, Standard preparation, and Chromatographic system— Proceed as directed in the
Assay for o-iodohippuric acid, except to provide that the liquid chromatograph is also equipped
with a radioactivity detector (see Radioactivity 〈821〉).
Procedure— Inject about 50 µL equivalent to 1.8 to 3.7 MBq (50 to 100 µCi) of Injection into
the chromatograph, record the chromatogram, and measure the area of all radioactivity peaks.
The radioactivity under the o-iodohippuric acid I 123 peak is not less than 97.0% of the total
area of all peaks observed, and its retention time is within ±10% of the value obtained for USP
o-Iodohippuric Acid RS.
Biological distribution—Inject intravenously between 0.75 and 22 MBq (20 and 600 µCi) of
the Injection, in a volume of 0.10 mL to 0.15 mL, into the caudal vein of each of three 125-g to
225-g anesthetized rats. Clamp the opening of the urethra with a hemostat. Sacrifice the
animals 1 hour after administration, and carefully remove the intact bladder and contents and
thyroid by dissection. Place each organ and remaining carcass (excluding the tail) in separate,
suitable counting containers, and determine the radioactivity, in counts per minute, in each
container with an appropriate detector using the same counting geometry. Determine the
percentage of radioactivity in each organ: not less than 75% of the administered dose is found
in the bladder, and not more than 3% of the administered dose is found in the thyroid in two of
the rats.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉, except that the Injection may be distributed or dispensed prior to the completion
of the test for Sterility, the latter test being started on the day of final manufacture, and
except that it is not subject to the recommendation on Container Content.
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Assay for o-iodohippuric acid—
Mobile phase— Prepare a filtered and degassed mixture of water, methanol, and glacial acetic
acid (75:25:1). Make adjustments if necessary (see System Suitability under Chromatography
〈621〉).
Standard preparation— Using an accurately weighed quantity of USP o-Iodohippuric Acid RS,
prepare a solution in water having a known concentration of about 2 mg per mL.
Assay preparation— Use Iodohippurate Sodium I 123 Injection.
Chromatographic system (see Chromatography 〈621〉)— The liquid chromatograph is equipped
with a 265-nm detector and an 8-mm × 10-cm column that contains packing L11. The flow
rate is about 5 mL per minute. Chromatograph the Standard preparation, and record the peak
responses as directed under Procedure: the column efficiency determined from the analyte
peak is not less than 500 theoretical plates, the tailing factor for the analyte peak is not more
than 1.5, and the relative standard deviation for replicate injections is not more than 1.5%.
Procedure— Separately inject equal volumes (about 50 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatogram, and measure the
responses for the major peaks. Calculate the quantity, in mg, of o-iodohippuric acid in each mL
of Injection taken by the formula:
C(rU / rS)
in which C is the concentration, in mg per mL, of USP o-Iodohippuric Acid RS in the Standard
preparation; and rU and rS are the o-iodohippuric acid peak responses obtained from the Assay
preparation and the Standard preparation, respectively.
Change to read:
Assay for radioactivity—Using a suitable counting assembly
(CN 1-May-2017) , determine
the radioactivity in MBq (µCi or mCi) per mL of Injection by use of a calibrated system as
directed under Radioactivity 〈821〉. USP42
Recent Official Publications:
USP41–NF36 Page 2191
BRIEFING
Iodohippurate Sodium I 131 Injection, USP 40 page 4638. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Iodohippurate Sodium I 131 Injection are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193612
Comment deadline: March 31, 2018
Delete the following:
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Iodohippurate Sodium I 131 Injection

C9 H7 131INNaO3
Glycine, N-[2-(iodo- 131I-benzoyl)-, monosodium salt.
Monosodium o-iodo- 131I-hippurate [881-17-4].

» Iodohippurate Sodium I 131 Injection is a sterile solution containing oiodohippurate sodium in which a portion of the molecules contain radioactive
iodine (131I) in the molecular structure.
Iodohippurate Sodium I 131 Injection contains not less than 90.0 percent
and not more than 110.0 percent of the labeled amount of 131I as
iodohippurate sodium expressed in megabecquerels (microcuries or
millicuries) per mL at the time indicated in the labeling. Other chemical
forms of radioactivity do not exceed 3.0 percent of the total radioactivity.
Packaging and storage—Preserve in single-dose or in multiple-dose containers.
Labeling—Label it to include the following, in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
131I as iodohippurate sodium expressed as total megabecquerels (microcuries or millicuries) and
as megabecquerels (microcuries or millicuries) per mL at the time of calibration; the expiration
date; and the statement “Caution—Radioactive Material.” The labeling indicates that in making
dosage calculations, correction is to be made for radioactive decay, and also indicates that the
radioactive half-life of 131I is 8.08 days.
USP Reference standards 〈11〉—
USP Endotoxin RS
Radionuclide identification (see Radioactivity 〈821〉)—Its gamma-ray spectrum is identical to
that of a specimen of iodine-131 of known purity that exhibits a major photopeak having an
energy of 0.364 MeV.
Bacterial Endotoxins Test 〈85〉 —The limit of endotoxin content is not more than 175/V USP
Endotoxin Unit per mL of the Injection, when compared with the USP Endotoxin RS, in which V
is the maximum recommended total dose, in mL, at the expiration date or time.
pH 〈791〉: between 7.0 and 8.5.
Radiochemical purity—Place 1 drop of a solution containing 0.2 percent potassium iodide, 1.0
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percent sodium bicarbonate, and 1.0 percent sodium thiosulfate, about 45 mm from one end of
each of two 25- × 300-mm strips of chromatographic paper (see Chromatography 〈621〉), and
allow to dry. Superimpose on one of the spots a measured volume of Injection, appropriately
diluted, such that it provides a count rate of about 20,000 counts per minute, on this point of
application, and allow to air-dry. Superimpose on the second spot 100 µL of a solution prepared
by dissolving 50 mg of non-radioactive iodohippurate sodium in 10 mL of alcohol, and allow to
air-dry. Develop the chromatogram over a period of about 2½ hours by descending
chromatography, using the upper layer obtained by shaking together 2 volumes of benzene, 2
volumes of glacial acetic acid, and 1 volume of water. Use the aqueous layer to equilibrate the
apparatus prior to the start of development. Dry the chromatogram in air, and determine the
radioactivity distribution by scanning the chromatogram with a suitable collimated radiation
detector. Locate the position of the non-radioactive spot by viewing the chromatogram under
short-wavelength UV light. The radioactivity under the iodohippuric acid band is not less than
97.0% of the total radioactivity, and its RF value is within ±10% of that of the non-radioactive
spot.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉, except that the Injection may be distributed or dispensed prior to the completion
of the test for Sterility, the latter test being started on the day of final manufacture, and
except that it is not subject to the recommendation on Container Content.
Change to read:
Assay for radioactivity—Using a suitable counting assembly
(CN 1-May-2017) , determine
the radioactivity, in MBq (µCi) per mL, of Injection by use of a calibrated system as directed
under Radioactivity 〈821〉. USP42
Recent Official Publications:
USP41–NF36 Page 2195
BRIEFING
Rose Bengal Sodium I 131 Injection, USP 40 page 4639. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Rose Bengal Sodium I 131 Injection are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193162
Comment deadline: March 31, 2018
Delete the following:
Rose Bengal Sodium I 131 Injection
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C20 H2 Cl4 131I4 Na2 O5
Spiro[isobenzofuran-1(3H),9′-[9H]-xanthene]-3-one, 4,5,6,7-tetrachloro-3′,6′-dihydroxy2′,4′,5′,7′-tetraiodo-, disodium salt, labeled with iodine-131.
4,5,6,7-Tetrachloro-2′,4′,5′,7′-tetraiodofluorescein disodium salt- 131I [24916-55-0; 5029121-9; 15251-14-6].

» Rose Bengal Sodium I 131 Injection is a sterile solution containing rose
bengal sodium in which a portion of the molecules contain radioactive iodine
(131I) in the molecular structure. It may contain a suitable buffer.
Rose Bengal Sodium I 131 Injection contains not less than 90.0 percent and
not more than 110.0 percent of the labeled amount of 131I as rose bengal
sodium expressed in megabecquerels (microcuries or in millicuries) per mL at
the time indicated in the labeling. The rose bengal sodium content is not
less than 90.0 percent and not more than 110.0 percent of the labeled
amount. Other chemical forms of radioactivity do not exceed 10.0 percent of
the total radioactivity.
Packaging and storage—Preserve in single-dose or in multiple-dose containers.
Labeling—Label it to include the following, in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
131I as rose bengal sodium expressed as total megabecquerels (microcuries or millicuries) and
as megabecquerels (microcuries or millicuries) per mL on the date of calibration; the expiration
date; and the statement “Caution—Radioactive Material.” The labeling indicates that in making
dosage calculations, correction is to be made for radioactive decay, and also indicates that the
radioactive half-life of 131I is 8.08 days.
USP Reference standards 〈11〉—
USP Endotoxin RS
Radionuclide identification (see Radioactivity 〈821〉)—Its gamma-ray spectrum is identical to
that of a specimen of 131I of known purity that exhibits a major photopeak having an energy of
0.364 MeV.
Bacterial Endotoxins Test 〈85〉 —The limit of endotoxin content is not more than 175/V USP
Endotoxin Unit per mL of the Injection, when compared with the USP Endotoxin RS, in which V
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is the maximum recommended total dose, in mL, at the expiration date or time.
pH 〈791〉: between 7.0 and 8.5.
Radiochemical purity—Place a measured volume of a solution containing 100 mg of potassium
iodide, 200 mg of potassium iodate, and 1 g of sodium bicarbonate in each 100 mL about 25 mm
from one end of a 25- × 300-mm strip of chromatographic paper (see Chromatography 〈621〉),
and allow to dry. To the same area add a similar volume of appropriately diluted Injection such
that it provides a count rate of about 20,000 counts per minute, and allow to dry. Develop the
chromatogram over a period of about 2 hours by ascending chromatography, using 1 N acetic
acid. Dry the chromatogram in air, and determine the radioactivity distribution by scanning the
chromatogram with a suitable collimated radiation detector. The radioactivity under the rose
bengal band is not less than 90.0% of the total radioactivity. The rose bengal band is at the
point of application.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉, except that the Injection may be distributed or dispensed prior to the completion
of the test for Sterility, the latter test being started on the day of final manufacture, and
except that it is not subject to the recommendation on Container Content.
Assay for rose bengal sodium—Determine the absorbance of Injection, appropriately diluted,
in a 1-cm cell at 550 nm, with a suitable spectrophotometer, using a sodium bicarbonate
solution adjusted to a pH of 8.0 as the blank. Calculate the quantity, in mg, of rose bengal
sodium per mL of the Injection taken by the formula:
0.004D(AU / AS)
in which D is the dilution factor; AU is the absorbance of the solution; and AS is the absorbance,
similarly determined, of a solution of rose bengal sodium adjusted to a pH of 8.0 by the addition
of sodium bicarbonate and containing 4 µg of rose bengal sodium per mL.
Change to read:
Assay for radioactivity—Using a suitable counting assembly
(CN 1-May-2017) , determine
the radioactivity, in MBq (µCi) per mL, of Injection by use of a calibrated system as directed
under Radioactivity 〈821〉. USP42
Recent Official Publications:
USP41–NF36 Page 2196
BRIEFING
Levalbuterol Inhalation Solution, USP 40 page 4801. On the basis of comments received,
it is proposed to revise the monograph as follows:
1. Revise Identification A to use the test for Limit of S-Albuterol instead of Assay because
it is more selective.
2. Add Identification B with UV spectral match based on the test for Limit of S-Albuterol.
3. Update the Assay as follows:
a. Remove unnecessary sample handling instructions. The step for mixing and
filtration in the Assay is not needed in the public standard because this is a
standard laboratory practice.
b. Remove the Column efficiency requirement as the monograph contains sufficient
system suitability requirements.
c. Revise the Relative standard deviation from NMT 2.0% to NMT 1.0% based on
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supporting data.
Update the test for Enantiomeric Purity as follows:
a. Change the name of the test to Limit of S-Albuterol to reflect the intended use
of the test.
b. Revise the Diluent so the solvent used to prepare the System suitability solution
is similar to the Sample solution.
c. Add the use of a diode array detector to support the proposed Identification B.
d. Clarify the appropriate Injection volume.
e. Update the Run time to provide flexibility.
f. Remove the Relative standard deviation requirement because the other System
suitability requirements are sufficient.
Revise the test for Organic Impurities to remove the use of several Reference
Standards that are not required to meet the System suitability requirement or are not
used in the calculations. Additionally, replace the Note in the Analysis with a reporting
threshold for consistency with International Council for Harmonisation (ICH) Q3B
terminology.
Delete USP Levalbuterol Related Compound D RS, USP Levalbuterol Related Compound E
RS, and USP Levalbuterol Related Compound F RS from the USP Reference Standards
section to support the proposed revision to the test for Organic Impurities.
Revise the Labeling section.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: R. Ravichandran.)
Correspondence Number—C162746
Comment deadline: March 31, 2018
Levalbuterol Inhalation Solution
DEFINITION
Levalbuterol Inhalation Solution is a sterile, aqueous solution of Levalbuterol Hydrochloride,
prepared with Sodium Chloride. It contains NLT 90.0% and NMT 110.0% of the labeled
amount of levalbuterol (C13 H21 NO3 ).
IDENTIFICATION
Change to read:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay
System suitability solution, as obtained in the test for Limit of S-Albuterol. USP42
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
major peak of the System suitability solution, as obtained in the test for Limit of SAlbuterol. USP42
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ASSAY
Change to read:
• Procedure
Solution A: Phosphoric acid in water (1 in 1000)
Dilute 1 mL of phosphoric acid with water to 1 L. USP42
Solution B: Acetonitrile, methanol, water, and phosphoric acid (350:350:300:1)
Acetonitrile, methanol, and water (35:35:30). To each liter of the solution add 1 mL of
phosphoric acid. USP42
Mobile phase: See Table 1.
Time
(min)
0
15
15.01
20
20.01
30

Table 1
Solution A
(%)
91.5
91.5
0
0
91.5
91.5

Solution B
(%)
8.5
8.5
100
100
8.5
8.5

Diluent: Dissolve 9.0 g of sodium chloride in 950 mL of water. Adjust with dilute sulfuric
acid to a pH of 4.0, and dilute with water to 1000 mL. Mix, and pass through a filter of
0.45-µm pore size.
USP42

Standard solution: 0.1 mg/mL of USP Levalbuterol Hydrochloride RS in Diluent
Sample solution: Nominally 0.1 mg/mL of levalbuterol hydrochloride (equivalent to 0.087
mg/mL of levalbuterol free base) in Diluent from an appropriately diluted volume of
Inhalation Solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 35°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 5500 theoretical plates
USP42
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Tailing factor: NMT 2.3
Relative standard deviation: NMT 2.0%
NMT 1.0% USP42
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of levalbuterol (C13 H21 NO3 ) in the portion
of Inhalation Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of levalbuterol hydrochloride
USP42

rS

from the Sample solution
= peak response of levalbuterol hydrochloride
USP42

from the Standard solution
CS = concentration of USP Levalbuterol Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of levalbuterol in the Sample solution (mg/mL)
Mr1 = molecular weight of levalbuterol (free base), 239.31
Mr2 = molecular weight of levalbuterol hydrochloride, 275.77
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements
IMPURITIES
Change to read:
• Enantiomeric Purity
Limit of S-Albuterol USP42
Mobile phase: Acetonitrile, methanol, acetic acid, and triethylamine (500:500:3:1)
Acetonitrile, methanol, and acetic acid (50:50). To each liter of the solution add 3 mL
of acetic acid and 1 mL of triethylamine. USP42
Diluent: Mobile phase
Prepare as directed in the Assay. USP42
System suitability solution: 0.10 mg/mL of USP Levalbuterol Hydrochloride RS and 0.04
mg/mL of USP Albuterol RS in Diluent
Sample solution: Inhalation Solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm.
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For Identification B use a diode array detector in the range of 200–400 nm. USP42
Column: 4.6-mm × 25-cm; 5-µm packing L63
Flow rate: 1 mL/min
Injection volume: 10 µL of the System suitability solution and a suitable volume of
Sample solution to obtain 4.2 µg of levalbuterol injected on the column
40 µL USP42
Run time: NLT 30 min
NLT than 1.5 times the retention time of levalbuterol USP42
System suitability
Sample: System suitability solution
[Note—The relative retention times of levalbuterol and (S)-albuterol are 1.0 and 1.16,
respectively.]
Suitability requirements
Resolution: NLT 3.0 between levalbuterol and (S)-albuterol
Tailing factor: NMT 1.6 for levalbuterol and NMT 2.0 for (S)-albuterol
Relative standard deviation: NMT 20% for (S)-albuterol, for three injections
USP42

Analysis
Sample: Sample solution
Calculate the percentage of (S)-albuterol in the portion of Inhalation Solution taken:
Result = (rU/rT) × 100
rU = peak response of (S)-albuterol from the Sample solution
rT = sum of the peak responses of levalbuterol and (S)-albuterol from the Sample solution
Acceptance criteria: NMT 2.50% of (S)-albuterol in the Sample solution
Change to read:
• Organic Impurities
Solution A, Solution B, Diluent, and Sample solution: Prepare as directed in the Assay.
Mobile phase: See Table 2.
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Time
(min)
0
30
50
50.01
55
55.01
70

Table 2
Solution A
(%)
100
70
28
0
0
100
100

Solution B
(%)
0
30
72
100
100
0
0

System suitability solution: Prepare a solution containing the following in Diluent.
USP Levalbuterol Hydrochloride RS, 100 µg/mL
USP Levalbuterol Related Compound A RS, 0.05 µg/mL
USP Levalbuterol Related Compound B RS, 0.05 µg/mL
USP Levalbuterol Related Compound C RS, 0.05 µg/mL
USP Levalbuterol Related Compound D RS, 0.05 µg/mL
USP Levalbuterol Related Compound E RS, 0.05 µg/mL
USP Levalbuterol Related Compound F RS, 0.05 µg/mL
Sensitivity solution: 0.05 µg/mL of USP Levalbuterol Hydrochloride RS in Diluent
Chromatographic system

USP42

(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 45°
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution
and Sensitivity solution USP42
Suitability requirements
Resolution: NLT 4.9 between levalbuterol and levalbuterol related compound A; NLT 1.5
between levalbuterol related compound B and levalbuterol related compound C,
System suitability solution USP42
Tailing factor: NMT 4.0 for the levalbuterol peak,
System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution USP42
Analysis
Sample: Sample solution

PF 44(1): Jan.-Feb. 2018

359

[Note—Integrate all peaks with an area greater than 0.05% of the area corresponding to
the levalbuterol peak.]

USP42

Calculate the percentage of each impurity in the portion of Inhalation Solution taken:
Result = (rU/rT) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rT = sum of the responses of all the peaks from the Sample solution
F = relative response factor for each impurity (see Table 3)
Acceptance criteria: See Table 3.
The reporting threshold is 0.05%.

USP42
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Table 3
Relative
Retention
Time

Name
5-Hydroxyalbuterola
Levalbuterol
Levalbuterol related compound Ab
Levalbuterol related
Levalbuterol related
Levalbuterol related
Levalbuterol related
d

compound
compound
compound
compound

1.3
1.5
1.6
1.7

USP42

Levalbuterol related compound
e

Hb,c
Bb
Cb
D

0.90
—
1.2

Eb,

USP42

2.1

Levalbuterol related compound F b,
f

USP42

3.5

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

1.0
—
—
—

0.10
—
—
—

—
—

—
—

3.0

0.08

—

—

—

—

Any individual unspecified degradation
product
—
—
impurity USP42
0.10
Total impurities
—
—
0.70
a 5-[2-(tert-Butylamino)-1-hydroxyethyl]-3-(hydroxymethyl)benzene-1,2-diol.
b Process impurity, included for identification purposes only. Not to be included in the
Total impurities.
Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance, and are not to be reported or included in the total
impurities for the drug product. USP42
c 4-[2-(tert-Butylamino)-1-methoxyethyl]-2-(hydroxymethyl)phenol.
d 5-[2-{(1,1-Dimethylethyl)amino}-1-hydroxyethyl]-2-hydroxy-benzaldehyde; also
known as 5-[2-{(1,1-Dimethylethyl)amino}methyl]-4-hydroxy-3-(methoxymethyl)benzenemethanol.
e α[{(1,1-Dimethylethyl)amino}methyl]-3-(ethoxymethyl)-4-hydroxybenzenemethanol.
f α[{(1,1-Dimethylethyl)amino}methyl]-4-(phenylmethoxy)-1,3-benzenedimethanol.
USP42

SPECIFIC TESTS
• Sterility Tests 〈71〉: Meets the requirements
• pH 〈791〉: 3.3–4.5
• Particulate Matter in Injections 〈788〉: See Table 4.
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Table 4
Particle Size
(µm)
≥10
≥25
≥100
≥300

Limit NMT
(particles/container)
250
25
2
1

• Osmolality and Osmolarity 〈785〉, Osmolality: 280–320 mOsmol/kg
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in low-density polyethylene single-use ampuls, with a
multilayer foil overwrap. Store at controlled room temperature.
Change to read:
• Labeling: The outer label indicates the dose and that the ampuls
that the vial USP42
should be discarded if the solution is not colorless.
Change to read:
• USP Reference Standards 〈11〉
USP Albuterol RS
USP Levalbuterol Hydrochloride RS
USP Levalbuterol Related Compound A RS
4-(2-tert-Butylamino-ethyl)-2-hydroxymethyl-phenol.
C13 H21 NO2
223.31
USP Levalbuterol Related Compound B RS
α[{(1,1-Dimethylethyl)amino}methyl]-4-hydroxy-3-methyl-benzenemethanol.
C13 H21 NO2
223.31
USP Levalbuterol Related Compound C RS
α[{(1,1-Dimethylethyl)amino}methyl]-4-hydroxy-3-(methoxymethyl)benzenemethanol.
C14 H23 NO3
253.34
USP Levalbuterol Related Compound D RS
5-[2-{(1,1-Dimethylethyl)amino}-1-hydroxyethyl]-2-hydroxy-benzaldehyde;
Also known as 5-[2-{(1,1-Dimethylethyl)amino}methyl]-4-hydroxy-3-(methoxymethyl)benzenemethanol.
C13 H19 NO3
237.29
[Note—This Reference Standard is available as the benzenesulfonic acid salt.]
USP Levalbuterol Related Compound E RS
α[{(1,1-Dimethylethyl)amino}methyl]-3-(ethoxymethyl)-4-hydroxy-benzenemethanol.
C15 H25 NO3
267.36
USP Levalbuterol Related Compound F RS
α[{(1,1-Dimethylethyl)amino}methyl]-4-(phenylmethoxy)-1,3-benzenedimethanol.
C20 H27 NO3
329.43
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USP42

Recent Official Publications:
USP41–NF36 Page 2365
BRIEFING
Levalbuterol Hydrochloride, USP 40 page 4803. On the basis of comments received, it is
proposed to revise the monograph as follows:
1. Update the Assay as follows:
a. Remove the Column efficiency requirement as the monograph contains sufficient
system suitability requirements.
b. Revise the Relative standard deviation from NMT 2.0% to NMT 0.73% based on
supporting data.
2. Update the test for Enantiomeric Purity as follows:
a. Change the name of the test to Limit of S-Albuterol to reflect the intended use
of the test.
b. Add the Run time to provide flexibility.
c. Remove the Relative standard deviation requirement because the other System
suitability requirements are sufficient.
3. Revise the test for Organic Impurities to remove the use of several reference standards
that are not required to meet the System suitability requirement or are not used in the
calculations. Additionally, replace the Note in the Analysis with a Sensitivity solution,
Signal-to-noise ratio requirement, and a reporting threshold for consistency with
International Council for Harmonisation (ICH) Q3B terminology.
4. Delete USP Levalbuterol Related Compound D RS, USP Levalbuterol Related Compound E
RS, USP Levalbuterol Related Compound F RS, and USP Levalbuterol Related Compound
H RS from the USP Reference Standards section to support the proposed revisions in the
test for Organic Impurities.
5. Delete the Microbial Enumeration Tests and the Tests for Specified Microorganisms.
The dosage form monograph Levalbuterol Inhalation Solution revision proposal, published
elsewhere this issue of PF, has only a sterility requirement.
Additionally, minor editorial changes have been made to update the monograph to current
USP style.
(CHM4: R. Ravichandran.)
Correspondence Number—C195478
Comment deadline: March 31, 2018
Levalbuterol Hydrochloride
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275.77

(R)- α1-[(tert-Butylamino)methyl]-4-hydroxy-m-xylene- α,α′-diol hydrochloride

[50293-90-8].

DEFINITION
Levalbuterol Hydrochloride contains NLT 98.0% and NMT 102.0% of levalbuterol hydrochloride
(C13 H21 NO3 ·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Change to read:
• B. The retention time of the major peak of the Diluted sample solution corresponds to that
of the levalbuterol peak of the System suitability solution, as obtained in the test for
Enantiomeric Purity
Limit of S-Albuterol. USP42
ASSAY
Change to read:
• Procedure
Solution A: Phosphoric acid in water (1 in 1000)
Dilute 1 mL of phosphoric acid with water to 1 L. USP42
Solution B: Acetonitrile, methanol, phosphoric acid, and water (350:350:1:300)
Acetonitrile, methanol, and water (35:35:30). To each liter of the solution add 1 mL of
phosphoric acid. USP42
Mobile phase: See Table 1.
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Time
(min)
0
15
15.01
20
20.01
30

Table 1
Solution A
(%)
91.5
91.5
0
0
91.5
91.5

Solution B
(%)
8.5
8.5
100
100
8.5
8.5

Diluent: Solution A
Standard solution: 100 µg/mL of USP Levalbuterol Hydrochloride RS in Diluent
Sample solution: 100 µg/mL of Levalbuterol Hydrochloride in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 35°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 5500 theoretical plates
USP42

Tailing factor: NMT 2.3
Relative standard deviation: NMT 2.0%
NMT 0.73% USP42
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levalbuterol hydrochloride (C13 H21 NO3 ·HCl) in the portion of
Levalbuterol Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Levalbuterol Hydrochloride RS in the Standard solution (µg/mL)
CU = concentration of the Sample solution (µg/mL)
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Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method I〈231〉: NMT 10 ppm

(O fficial 1-Jan-2018)

Change to read:
• Enantiomeric Purity
Limit of S-Albuterol USP42
Mobile phase: Acetonitrile, methanol, acetic acid, and triethylamine (500:500:3:1)
Acetonitrile and methanol (50:50). To each liter of the solution add 3 mL of acetic acid
and 1 mL of triethylamine. USP42
Diluent: Mobile phase
System suitability solution: 0.10 mg/mL of USP Levalbuterol Hydrochloride RS and 0.04
mg/mL of USP Albuterol RS in Diluent
Sample solution: 0.8 mg/mL of Levalbuterol Hydrochloride in Diluent
Diluted sample solution: 0.1 mg/mL from the Sample solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L63
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 1.5 times the retention time of levalbuterol
System suitability
Sample: System suitability solution

USP42

[Note—The relative retention times of levalbuterol and (S)-albuterol are 1.0 and 1.16,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between levalbuterol and (S)-albuterol
Tailing factor: NMT 2.2 for levalbuterol and (S)-albuterol
Relative standard deviation: NMT 20% for (S)-albuterol for three injections
USP42

Analysis
Samples: Sample solution and Diluted sample solution
Calculate the percentage of (S)-albuterol in the portion of Levalbuterol Hydrochloride taken:
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Result = (rU/rT) × 100
rU = peak response of (S)-albuterol from the Sample solution
rT = sum of the peak responses for levalbuterol and (S)-albuterol from the Sample
solution
Acceptance criteria: NMT 0.2% of (S)-albuterol
Change to read:
• Organic Impurities
Solution A, Solution B, Diluent, and Sample solution: Prepare as directed in the Assay.
Mobile phase: See Table 2.
Time
(min)
0
30
50
50.01
55
55.01
70

Table 2
Solution A
(%)
100
70
28
0
0
100
100

Solution B
(%)
0
30
72
100
100
0
0

System suitability solution: Prepare a solution containing the following in Diluent:
USP Levalbuterol Hydrochloride RS, 100 µg/mL
USP Levalbuterol Related Compound A RS, 0.05 µg/mL
USP Levalbuterol Related Compound B RS, 0.05 µg/mL
USP Levalbuterol Related Compound C RS, 0.05 µg/mL
USP Levalbuterol Related Compound D RS, 0.05 µg/mL
USP Levalbuterol Related Compound E RS, 0.05 µg/mL
USP Levalbuterol Related Compound F RS, 0.05 µg/mL
USP Levalbuterol Related Compound H RS, 0.05 µg/mL
Sensitivity solution: 0.03 µg/mL of USP Levalbuterol Hydrochloride RS in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 45°
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability

USP42
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Samples: System suitability solution
and Sensitivity solution USP42
Suitability requirements
Resolution: NLT 4.9 between levalbuterol and levalbuterol related compound A; NLT 1.5
between levalbuterol related compound B and levalbuterol related compound C,
System suitability solution USP42
Tailing factor: NMT 4.0 for levalbuterol,
System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution USP42
Analysis
Sample: Sample solution
[Note—Integrate all peaks with an area greater than 0.05% of the area corresponding to
the levalbuterol peak.]

USP42

Calculate the percentage of each impurity in the portion of Levalbuterol Hydrochloride
taken:
Result = (rU/rT) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rT = sum of all the peak responses from the Sample solution
F = relative response factor for each impurity (see Table 3)
Acceptance criteria: See Table 3.
The reporting threshold is 0.03%.

USP42
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Name
Levalbuterol
Levalbuterol related compound A
Levalbuterol related compound H
a

USP42

Levalbuterol related compound B
Levalbuterol related compound C
Levalbuterol related compound D
b

USP42

Table 3
Relative
Retention
Time
1.0
1.2

Relative
Response
Factor
—
1.0

Acceptance
Criteria,
NMT (%)
—
0.1

1.3
1.5
1.6

1.0
1.0
1.0

0.15
0.10
0.15

1.7

3.0

0.05

2.1

1.0

0.1

3.5

1.2

0.10

—

—

—

—

0.10
0.5

Levalbuterol related compound E
c

USP42

Levalbuterol related compound F
d

USP42

Any individual
unspecified impurity
Total impurities

a 4-[2-(tert-Butylamino)-1-methoxyethyl]-2-(hydroxymethyl)phenol acetate.
b 5-{2-[(1,1-Dimethylethyl)amino]-1-hydroxyethyl}-2-hydroxy-benzaldehyde.
c α-{[(1,1-Dimethylethyl)amino]methyl}-3-(ethoxymethyl)-4-hydroxybenzenemethanol.
d α-{[(1,1-Dimethylethyl)amino]methyl}-4-(phenylmethoxy)-1,3-benzenedimethanol.
USP42

SPECIFIC TESTS
Delete the following:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The
total aerobic bacterial count is less than 101 cfu/g. The total combined molds and yeasts
count is less than 101 cfu/g. It meets the requirements of the tests for the absence of
Salmonella species, Staphylococcus aureus, Escherichia coli, and Pseudomonas
aeruginosa. USP42
• pH 〈791〉: 4.5–5.5, in a 10-mg/mL solution
• Water Determination 〈921〉, Method I, Method Ic : NMT 0.3%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
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USP Albuterol RS
USP Levalbuterol Hydrochloride RS
USP Levalbuterol Related Compound A RS
4-(2-tert-Butylamino-ethyl)-2-hydroxymethyl-phenol.
C13 H21 NO2
223.31
USP Levalbuterol Related Compound B RS
α-{[(1,1-Dimethylethyl)amino]methyl}-4-hydroxy-3-methyl-benzenemethanol.
C13 H21 NO2
223.31
USP Levalbuterol Related Compound C RS
α-{[(1,1-Dimethylethyl)amino]methyl}-4-hydroxy-3-(methoxymethyl)benzenemethanol.
C14 H23 NO3
253.34
USP Levalbuterol Related Compound D RS
5-{2-[(1,1-Dimethylethyl)amino]-1-hydroxyethyl}-2-hydroxy-benzaldehyde. This may
be available as the sulfate salt(2:1)
C13 H19 NO3
237.29
USP Levalbuterol Related Compound E RS
α-{[(1,1-Dimethylethyl)amino]methyl}-3-(ethoxymethyl)-4-hydroxy-benzenemethanol.
C15 H25 NO3
267.36
USP Levalbuterol Related Compound F RS
α-{[(1,1-Dimethylethyl)amino]methyl}-4-(phenylmethoxy)-1,3-benzenedimethanol.
C20 H27 NO3
329.43
USP Levalbuterol Related Compound H RS
4-[2-(tert-Butylamino)-1-methoxyethyl]-2-(hydroxymethyl)phenol acetate.
C14 H23 NO3 ·C2 H4 O2
313.39
USP42

Recent Official Publications:
USP41–NF36 Page 2367
BRIEFING
Lovastatin Tablets, USP 40 page 4919. As part of USP monograph modernization efforts, it
is proposed to make the following changes:
1. Revise the Assay to include the photo diode detection to support the revision of
Identification A, the column particle size, and the Run time.
2. Remove the Column efficiency requirement in the System suitability in the Assay as it is
redundant.
3. Replace Identification A, which uses thin-layer chromatography, with the UV spectrum
agreement obtained in the proposed Assay.
4. Add a liquid chromatographic procedure and Acceptance criteria in the test for Organic
Impurities. The HPLC procedure in the test is based on analyses performed with the
Luna C18 brand of column with L1 packing manufactured by Phenomenex. The typical
retention time for lovastatin is about 9.3 min.
5. Add USP Mevastatin RS to the USP Reference Standards section to support the
proposed Organic Impurities test.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: D. Min.)
Correspondence Number—C188674
Comment deadline: March 31, 2018
Lovastatin Tablets
DEFINITION
Lovastatin Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of lovastatin
(C24 H36 O5 ).
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: 8 mg/mL of USP Lovastatin RS in acetonitrile
Sample solution
For tablets containing 10 mg of lovastatin: Transfer 1 Tablet to a centrifuge tube, and
add 0.4 mL of water and 1.6 mL of acetonitrile. Mix on a vortex mixer until the tablet
disintegrates, and sonicate for 4 min. Centrifuge for 4 min, and use the clear
supernatant.
For tablets containing 20 or 40 mg of lovastatin: Transfer 1 Tablet to a centrifuge
tube, and add 1 mL of water and 4.0 mL of acetonitrile. Mix on a vortex mixer until the
tablet disintegrates, and sonicate for 4 min. Centrifuge for 4 min, and use the clear
supernatant.
Application volume: 5 µL of the Sample solution, 3 µL of the Standard solution for 10and 20-mg Tablets, 5 µL of the Standard solution for 40-mg Tablets
Developing solvent system: Cyclohexane, chloroform, and isopropyl alcohol (5:2:1)
The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: Dissolve 3.45 g of monobasic sodium phosphate in 900 mL of water. Adjust with
phosphoric acid to a pH of 4.0, and dilute with water to 1000 mL.
Mobile phase: Acetonitrile, methanol, and Buffer (50:10:30)
Solution A: Mix 3.0 mL of glacial acetic acid with 900 mL of water in a 1-L beaker, and

PF 44(1): Jan.-Feb. 2018

371

adjust with 20% sodium hydroxide solution to a pH of 4.0. Transfer the contents of the
beaker to a 1000-mL volumetric flask, and dilute with water to volume.
Diluent: Acetonitrile and Solution A (80:20)
Standard solution: 40 µg/mL of USP Lovastatin RS in Diluent
Sample stock solution:
Nominally 0.2 mg/mL of lovastatin prepared as follows. USP42
Weigh and finely powder NLT 20 Tablets. Transfer a portion of the powder, equivalent to
40 mg of lovastatin, to a 200-mL volumetric flask. Add 150 mL of Diluent, and sonicate for
20 min. Cool to room temperature, and allow the solution to stand for 30 min. Dilute with
Diluent to volume. Centrifuge a portion of this solution, and use the supernatant.
Sample solution: Nominally 40 µg/mL of lovastatin in Diluent from Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm.
For Identification A, use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 25-cm;
5 µm USP42
packing L1
Column temperature: 45°
Flow rate: 1.5 mL/min
Injection volume: 50 µL
Run time: NLT 2.5 times the retention time of lovastatin USP42
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 3000 theoretical plates

USP42

USP42

Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lovastatin (C24 H36 O5 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response
of lovastatin USP42
from the Sample solution
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rS = peak response
of lovastatin USP42
from the Standard solution
CS = concentration of USP Lovastatin RS in the Standard solution (µg/mL)
CU = nominal concentration of lovastatin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: 1.38 g of monobasic sodium phosphate and 20 g of sodium lauryl sulfate in 900
mL of water. Adjust with 1 N sodium hydroxide to a pH of 7.0, and dilute with water to
1000 mL; 900 mL.
Apparatus 2: 50 rpm
Time: 30 min
Mobile phase: Processed as directed in the Assay
Standard solution: Weigh 44 mg of USP Lovastatin RS into a 500-mL volumetric flask, and
dissolve in NMT 20 mL of methanol. Dilute with Medium to volume. Further dilute this
solution with Medium to obtain a final concentration of L/900 mg/mL, where L is the label
claim in mg/Tablet.
Sample solution: Pass the solution under test through a suitable filter of 0.45-µm pore
size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 5-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Capacity factor, k′: NLT 2.0
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lovastatin (C24 H36 O5 ) dissolved:
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Result = (rU/rS) × (CS × V) × (100/L)
rU = peak response
of lovastatin USP42
from the Sample solution
rS = peak response
of lovastatin USP42
from the Standard solution
CS = concentration of USP Lovastatin RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim of
of lovastatin USP42
(mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of lovastatin (C24 H36 O5 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Buffer, Mobile phase, Solution A, Diluent, Standard solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
System suitability solution: 4 µg/mL of USP Mevastatin RS and 4 µg/mL of USP
Lovastatin RS in Diluent
Sensitivity solution: 0.08 µg/mL of USP Lovastatin RS in Diluent from the Standard
solution
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 2.0, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of lovastatin acid and any unspecified degradation product in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU =peak response of lovastatin acid or any unspecified degradation product from the
Sample solution
rS =peak response of lovastatin from Standard solution
CS =concentration of USP Lovastatin RS in the Standard solution (µg/mL)
CU =nominal concentration of lovastatin in the Sample solution (µg/mL)
F =relative response factor (see Table 1)
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Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Name
Criteria, NMT (%)
Butylated
—
—
hydroxyanisolea
0.45
Lovastatin acidb
0.61
0.91
0.75
—
—
Mevastatinc
0.78
Lovastatin
1.00
—
—
Any unspecified
—
degradation product
1.0
0.2
Total degradation
—
—
productsd
1.0
a Preservative in the formulation, if present, not included in the calculation.
b (3R,5R)-7-[(1S,2S,6R,8S,8aR)-2,6-dimethyl-8-{[(S)-2-methylbutanoyl]oxy}1,2,6,7,8,8a-hexahydronaphthalen-1-yl]-3,5-dihydroxyheptanoic acid.
c For resolution measurement only.
d Total degradation products is the sum of all related compounds except lovastatin
acid.
USP42

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers. Protect from
light, and store either in a cool place or at controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Lovastatin RS
USP Mevastatin RS
(1S,7S,8S,8aR)-8-{2-[(2R,4R)-4-Hydroxy-6-oxotetrahydro-2H-pyran-2-yl]ethyl}-7methyl-1,2,3,7,8,8a-hexahydronaphthalen-1-yl (S)-2-methylbutanoate.
C23 H34 O5
390.52
USP42

Recent Official Publications:
USP41–NF36 Page 2485
BRIEFING
Magnesium Hydroxide, USP 40 page 4943. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1. In the Definition section, revise the acceptance criteria from NLT 95.0% and NMT
100.5% to NLT 98.0% and NMT 102.0% to reflect the change in the Assay.
2. Add Identification B with the retention time agreement of magnesium ions from the
proposed ion chromatographic procedure in the Assay to strengthen the monograph.
3. Replace the Assay titration procedure with an ion chromatographic procedure, which is
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validated with the Dionex IonPac CS16 brand of column with L84 packing. The typical
retention time for the magnesium peak is about 8 min.
Replace the atomic absorption procedure in the Limit of Calcium test with an ion
chromatographic procedure similar to that proposed in the Assay. The typical retention
time for the calcium peak is about 11 min.
In the test for Soluble Salts, add "2.0%" in Acceptance criteria 2 for clarification and
consistency with the USP monograph Magnesium Oxide.
In the test for Limit of Lead:
For consistency with current style, replace "When water is specified as a
diluent, use deionized ultra-filtered water." with "Use water with a resistivity of
NLT 18 megohm-cm to prepare the solutions."
Add "NIST-traceable" into the "commercially available standard solution" for the
Internal standard solution and Standard stock solution to strengthen the
monograph.
Use the sum of responses from all three lead isotopes (206, 207, and 208 amu)
for quantitation to encompass variation in natural abundance and isotopic
composition of lead.
Add USP Calcium Carbonate RS and USP Magnesium Hydroxide RS to the USP Reference
Standards section to support the proposed Assay and Limit of Calcium test.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: M. Chang.)
Correspondence Number—C166297
Comment deadline: March 31, 2018
Magnesium Hydroxide
Mg(OH)2
58.32
Magnesium hydroxide

[1309-42-8].

DEFINITION
Change to read:
Magnesium Hydroxide contains NLT 95.0% and NMT 100.5%
NLT 98.0% and NMT 102.0% USP42
of magnesium hydroxide [Mg(OH)2 ], calculated on the dried basis.
IDENTIFICATION
• A. Identification Tests—General 〈191〉, Chemical Identification Tests, Magnesium
Sample solution: 50 mg/mL in 3 N hydrochloric acid
Acceptance criteria: Meets the requirements
Add the following:
• B. The retention time of the magnesium peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. USP42
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ASSAY
Change to read:
• Procedure
Sample: 75 mg, previously dried
Analysis: Transfer the Sample to a conical flask. Add 2 mL of 3 N hydrochloric acid, and
swirl to dissolve. Add 100 mL of water, adjust the reaction of the solution to a pH of 7
(using pH indicator paper; see Indicator and Test Papers under Reagents in the section
Reagents, Indicators, and Solutions) with 1 N sodium hydroxide, and add 5 mL of
ammonia–ammonium chloride buffer TS and 0.15 mL of eriochrome black TS, and titrate
with 0.05 M edetate disodium VS to a blue endpoint. Each mL of 0.05 M edetate disodium
is equivalent to 2.916 mg of Mg(OH)2 .
Acceptance criteria: 95.0%–100.5% on the dried basis
Use water with a resistivity of NLT 18 megohm-cm to prepare the solutions.
Mobile phase: 48 mM methanesulfonic acid
[Note—It is recommended to use suitable cation trapping techniques to ensure the Mobile
phase is free of all cationic impurities.]
Diluent: 0.02 N hydrochloric acid
System suitability solution: 48 µg/mL of USP Magnesium Hydroxide RS and 5 µg/mL of
USP Calcium Carbonate RS in Diluent
Standard stock solution: 4.8 mg/mL of USP Magnesium Hydroxide RS prepared as follows.
Transfer an appropriate portion of USP Magnesium Hydroxide RS to a suitable volumetric
flask. Add about 20% of the final volume of 6 N hydrochloric acid, and dissolve. Dilute with
water to volume.
Standard solution: 48 µg/mL of USP Magnesium Hydroxide RS in water from the Standard
stock solution
Sample stock solution: Prepare 4.8 mg/mL of Magnesium Hydroxide from the previously
dried Magnesium Hydroxide as directed in the Standard stock solution.
Sample solution: 48 µg/mL of Magnesium Hydroxide in water from the Sample stock
solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity with suppression
Columns
Guard: 5-mm × 5-cm; 5.5-µm packing L84
Analytical: 5-mm × 25-cm; 5.5-µm packing L84
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
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Run time: NLT 2 times the retention time of magnesium
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the magnesium and calcium ions are 1.0 and 1.3,
respectively.]
Suitability requirements
Resolution: NLT 3.0 between the magnesium and calcium ions, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of magnesium hydroxide [Mg(OH)2 ] in the portion of Magnesium
Hydroxide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of magnesium from the Sample solution
rS = peak response of magnesium from the Standard solution
CS = concentration of USP Magnesium Hydroxide RS in the Standard solution (µg/mL)
CU = concentration of Magnesium Hydroxide in the Sample solution (µg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

USP42

IMPURITIES
Change to read:
• Soluble Salts
Sample solution: Boil 2.0 g with 100 mL of water for 5 min in a covered beaker, and filter
while hot. Allow to cool, and dilute with water to 100 mL.
Analysis 1: To 50 mL of the Sample solution add methyl red TS and titrate with 0.10 N
sulfuric acid.
Acceptance criteria 1: NMT 2.0 mL of the acid is consumed.
Analysis 2: Evaporate 25 mL of the Sample solution to dryness, and dry at 105° for 3 h.
Acceptance criteria 2: NMT 10 mg
(2.0%) USP42
of residue remains.
• Carbonate
Sample: 0.10 g
Analysis: Boil the Sample with 5 mL of water, cool, and add 5 mL of 6 N acetic acid.
Acceptance criteria: NMT a slight effervescence is observed.
Change to read:
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• Limit of Calcium
[Note—A commercially available atomic absorption standard solution for calcium may be
used where preparation of a calcium standard stock solution is described below.
Concentrations of the Standard solutions and the Sample solution may be modified to fit
the linear or working range of the instrument.]
Dilute hydrochloric acid: Dilute 100 mL of hydrochloric acid with water to 1000 mL.
Lanthanum solution: To 58.65 g of lanthanum oxide add 400 mL of water, and add,
gradually with stirring, 250 mL of hydrochloric acid. Stir until dissolved, and dilute with
water to 1000 mL.
Standard solutions: Transfer 249.7 mg of calcium carbonate, previously dried at 300° for
3 h and cooled in a desiccator for 2 h, to a 100-mL volumetric flask. Dissolve in a minimum
amount of hydrochloric acid, and dilute with water to volume. Transfer 1.0, 5.0, 10.0, and
15.0 mL of this stock solution to separate 1000-mL volumetric flasks, each containing 20
mL of the Lanthanum solution and 40 mL of Dilute hydrochloric acid, and dilute with water
to volume. These Standard solutions contain 1.0, 5.0, 10.0, and 15.0 µg/mL of calcium,
respectively.
Blank solution: Transfer 4 mL of the Lanthanum solution and 10 mL of Dilute hydrochloric
acid to a 200-mL volumetric flask, and dilute with water to volume.
Sample solution: Transfer 250 mg of Magnesium Hydroxide, previously dried, to a beaker,
add 30 mL of Dilute hydrochloric acid, and stir until dissolved, heating if necessary.
Transfer the solution so obtained to a 200-mL volumetric flask containing 4 mL of
Lanthanum solution, dilute with water to volume, and mix.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow–cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line at 422.7 nm
Analysis
Samples: Standard solutions, Blank solution, and Sample solution
Using the Blank solution as blank, determine the concentration, C, in µg/mL, of calcium in
the Sample solution using the calibration graph.
Calculate the percentage of calcium in the portion of Magnesium Hydroxide taken:
Result = [(V/W) × C × F] × 100
V = volume of the Sample solution (mL)
W = weight of Magnesium Hydroxide taken (mg)
C = as defined above
F = conversion from µg/mL to mg/mL, 0.001
Acceptance criteria: NMT 1.5%
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Mobile phase, Diluent, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 1.8 µg/mL of USP Calcium Carbonate RS in Diluent
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the magnesium and calcium ions are 1.0 and 1.3,
respectively.]
Suitability requirements
Resolution: NLT 3.0 between the magnesium and calcium ions, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5%, Standard solution
Analysis
Samples: Sample solution and Standard solution
Measure the response for the calcium peak.
Acceptance criteria: NMT 1.5%; the peak response of calcium from the Sample solution
does not exceed that of the Standard solution. USP42
Delete the following:
• Heavy Metals 〈231〉
Test preparation: Dissolve 1.0 g in 15 mL of 3 N hydrochloric acid, and evaporate the
solution on a steam bath to dryness. Toward the end of the evaporation, stir the residue
frequently, disintegrate it so that finally a dry powder is obtained, dissolve the residue in
20 mL of water, and filter. To the filtrate, which should be neutral to litmus, add 2 mL of 1
N acetic acid, and dilute with water to 25 mL.
Acceptance criteria: NMT 20 µg/g (O fficial 1-Jan-2018)
Change to read:
• Limit of Lead
[Note—When water is specified as a diluent, use deionized ultra-filtered water.
Use water with a resistivity of NLT 18 megohm-cm to prepare the solutions.
]

USP42

Internal standard solution: 20 µg/L of thallium in water (from commercially available,
NIST-traceable USP42
standard solution for thallium)
[Note—Use the Internal standard solution only if an inductively coupled plasma–mass
spectrometry (ICP–MS) instrument is used. The Internal standard solution is added inline
via a mixing block between the sample probe and the spray chamber.]
Blank solution: 6.0% (v/v) nitric acid in water
Diluent: 2.0% (v/v) nitric acid in water
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Standard stock solution: 100 µg/L of lead in Diluent (from commercially available,
NIST-traceable USP42
standard solution for lead)
[Note—Prepare the Standard stock solution fresh every 2 months.]
Standard solution A: 10 µg/L of lead in Blank solution from Standard stock solution
Standard solution B: 1.0 µg/L of lead in Blank solution from Standard solution A
[Note—Prepare Standard solution A and Standard solution B fresh weekly.]
Sample solution: Accurately weigh about 0.25 g of Magnesium Hydroxide. Cautiously add
3.0 mL of nitric acid, and mix until the sample is dissolved. Accurately transfer this
solution to a 50-mL volumetric flask, and dilute with water to volume.
[Note—The concentrations specified in Standard solution A, Standard solution B, and the
Sample solution are recommended if an ICP–MS instrument is used. If an inductively
coupled plasma–optical emission spectroscopy (ICP–OES) instrument is used, the
concentrations may be modified to adapt to the working range of the instrument.]
Instrumental conditions
(See Plasma Spectrochemistry 〈730〉.)
Mode: Quadrupole ICP–MS or ICP–OES
ICP–MS analytical isotopes: 208 amu for lead; 205 amu for thallium–internal standard.
[Note—The instrument should read all isotopes for lead (206, 207, and 208 amu) and the
thallium internal standard (205 amu), and should report the total lead content using the
most naturally abundant isotope at 208 amu.]
206, 207, and 208 amu for lead; 205 amu for thallium internal standard. [Note—The
instrument should read all isotopes for lead (206, 207, and 208 amu) and the thallium
internal standard (205 amu), and should report the total lead content using the sum of
all three isotopes.] USP42
ICP–OES analytical wavelength: 220.353 nm. [Note—To minimize matrix interference
when using ICP-OES, it is recommended that the method of standard additions be used.]
System suitability
[Note—Instrument performance must be verified to conform to the manufacturer's
specifications for resolution and sensitivity. Before analyzing samples, the instrument
must pass a suitable performance check (see Plasma Spectrochemistry 〈730〉,
Qualification of Plasma Spectrophotometers, Performance Qualification.)]
Samples: Blank solution, Standard solution A, and Standard solution B
Suitability requirements
Linearity: Construct a linear calibration curve using the responses from the Blank
solution, Standard solution A, and Standard solution B. The correlation coefficient is
NLT 0.999.
Analysis: Aspirate the Sample solution, at least in duplicate, and calculate the amount of
lead using the calibration curve obtained from the System suitability. Report the average
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reading as the lead content of the sample. Calculate the content of lead in the portion of
Magnesium Hydroxide taken.
Acceptance criteria: NMT 0.00015% (1.5 ppm)
SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: It meets
the requirements of the test for absence of Escherichia coli.
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 2.0%
• Loss on Ignition 〈733〉
Analysis: Ignite at 800°, increasing the heat gradually, to constant weight.
Acceptance criteria: 30.0%–33.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Add the following:
• USP Reference Standards 〈11〉
USP Calcium Carbonate RS
USP Magnesium Hydroxide RS
USP42

Recent Official Publications:
USP41–NF36 Page 2510
BRIEFING
Metaraminol Bitartrate, USP 40 page 5043. On the basis of comments received, the
following changes are proposed to modernize the monograph.
1. The titration-based Assay procedure is replaced with a liquid chromatographic
procedure, which is validated using the Hypersil Gold brand of column with L1 packing.
The typical retention time for metaraminol under the conditions specified is about 9 min.
2. The acceptance criteria in the Definition and Assay are revised from NLT 99.0% and
NMT 100.5% to NLT 98.0% and NMT 102.0%.
3. Identification A is revised to provide the flexibility to use either Infrared Absorption
〈197K〉 or 〈197A〉.
4. Identification B is replaced with a retention time agreement based on the proposed
Assay.
5. A liquid chromatographic procedure in the test for Organic Impurities is added. The
proposed procedure is validated using the Hypersil Gold brand of column with L1
packing. The typical retention time for metaraminol under the conditions specified is
about 9 min.
6. A liquid chromatographic procedure in the test for Limit of Metaraminol Related
Compound B is added. The proposed procedure is validated using the Inertsil ODS 3V
brand of column with L1 packing. The typical retention time for metaraminol related
compound B under the conditions specified is about 14.6 min.
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7. A liquid chromatographic procedure in the test for Enantiomeric Purity is added. The
proposed procedure is validated using the Chiral Pak AD-3 brand of column with L51
packing. The typical retention time for metaraminol under the conditions specified is
about 14 min.
8. A test for Content of Tartaric Acid is added.
9. Identification C, the Optical Rotation test, and the Melting Range or Temperature test
are deleted as the other tests adequately establish the identity and quality of the drug
substance.
10. The storage temperature in the Packaging and Storage section is revised to be
consistent with USP terminology.
11. New Reference Standards are added to USP Reference Standards section in support of
the proposed revisions.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: S. Ramakrishna.)
Correspondence Number—C117639
Comment deadline: March 31, 2018
Metaraminol Bitartrate

C9 H13 NO2 ·C4 H6 O6

317.29

Benzenemethanol, α-(1-aminoethyl)-3-hydroxy-, [R-(R*,S*)]-, [R-(R*,R*)]-2,3dihydroxybutanedioate (1:1) (salt);
(−)- α-(1-Aminoethyl)-m-hydroxybenzyl alcohol tartrate (1:1) (salt)
[33402-03-8].
DEFINITION
Change to read:
Metaraminol Bitartrate contains NLT 99.0% and NMT 100.5%
NLT 98.0% and NMT 102.0% USP42
of metaraminol bitartrate (C9 H13 NO2 ·C4 H6 O6 ), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
〈197〉: [Note—Methods described in 〈197K〉 or 〈197A〉 may be used.]

USP42
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Change to read:
• B.
Sample solution: 0.5 mg/mL
Analysis: To 0.5 mL of the Sample solution, add 1 mL of Folin-Ciocalteu phenol TS, then
add 5 mL of sodium carbonate solution (1 in 10), and allow to stand for 5 min.
Acceptance criteria: An intense blue color appears (presence of a phenol).
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
Delete the following:
• C.
Sample solution: 0.5 mg/mL
Analysis: To 4 mL of the Sample solution, add 5 mL of pH 9.6 Alkaline Borate Buffer (see
Reagents, Indicators, and Solutions—Buffer Solutions), then add 5 mg of βnaphthoquinone-4-sodium sulfonate, mix until dissolved, and allow to stand for 5 min. Add
0.2 mL of benzalkonium chloride solution (1 in 100), mix, add 5 mL of toluene, and shake
the solution.
Acceptance criteria: The toluene layer turns purple immediately (distinction from
phenylephrine). USP42
ASSAY
Change to read:
• Procedure
Sample: 600 mg
Analysis: Dissolve the Sample in 20 mL of glacial acetic acid, warming slightly to dissolve.
Cool the solution to room temperature and add 2 drops of crystal violet TS. Titrate with
0.1 N perchloric acid VS to an emerald-green color. Perform a blank determination, and
make any necessary correction (see Titrimetry 〈541〉). Each mL of 0.1 N perchloric acid is
equivalent to 31.73 mg of C9 H13 NO2 ·C4 H6 O6 .
Acceptance criteria: 99.0%–100.5% on the dried basis
Solution A: Dissolve 3.24 g of anhydrous octanesulphonic acid sodium salt in 1 L of
water.
Solution B: Acetonitrile and water (90:10)
Diluent: Acetonitrile and water (20:80)
Mobile phase: See Table 1.
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Time
(min)
0
5
20
30
30.1
40

Table 1
Solution A
(%)
80
80
5
5
80
80

Solution B
(%)
20
20
95
95
20
20

Standard solution: 0.75 mg/mL of USP Metaraminol Bitartrate RS in Diluent
Sample solution: 0.75 mg/mL of Metaraminol Bitartrate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 35°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of metaraminol bitartrate (C9 H13 NO2 ·C4 H6 O6 ) in the portion of
Metaraminol Bitartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of metaraminol from the Sample solution
rS = peak response of metaraminol from the Standard solution
CS = concentration of USP Metaraminol Bitartrate RS in the Standard solution (mg/mL)
CU = concentration of Metaraminol Bitartrate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%

USP42
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Delete the following:
• Heavy Metals 〈231〉, Method I: 0.002%

(O fficial 1-Jan-2018)

Add the following:
• Organic Impurities
Solution A, Solution B, Diluent, Mobile phase, Standard solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Peak identification solution: 0.1 mg/mL each of USP Metaraminol Bitartrate RS, USP
Metaraminol Related Compound A RS, and USP Metaraminol Related Compound B RS in
Diluent
Sensitivity solution: 0.76 µg/mL of USP Metaraminol Bitartrate RS in Diluent from the
Standard solution
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Signal-to-noise ratio: NLT 15, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of metaraminol related compound A and any unspecified impurity
in the portion of Metaraminol Bitartrate taken:
Result = (rU/rT) × 100
rU = peak response of metaraminol related compound A or any unspecified impurity from
the Sample solution
rT = sum of all the peak responses from the Sample solution
Acceptance criteria: See Table 2. Disregard peaks due to tartaric acid and metaraminol
related compound B.
Table 2

Name
Tartaric acid
Metaraminol
Metaraminol related compound B
Metaraminol related compound A
Any unspecified impurity
Total impurities
USP42

Add the following:
• Limit of Metaraminol Related Compound B

Relative
Retention
Time
0.13 and 0.14
1.00
1.52
1.82
—
—

Acceptance
Criteria,
NMT (%)
—
—
—
0.15
0.10
1.0
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Solution A: Dissolve 1.88 g of anhydrous 1-hexane sulfonic acid sodium salt and 1.36 g of
monobasic potassium phosphate in 1 L of water. Adjust with dilute phosphoric acid to a pH
of 2.6.
Solution B: Acetonitrile and water (85:15)
Diluent: Acetonitrile and water (20:80)
Mobile phase: See Table 3.
Time
(min)
0
5
10
15
18
21
30
31
35

Table 3
Solution A
(%)
70
70
55
50
50
10
10
70
70

Solution B
(%)
30
30
45
50
50
90
90
30
30

Standard solution: 0.0012 mg/mL of USP Metaraminol Related Compound B RS in Diluent
Sample solution: 0.75 mg/mL of Metaraminol Bitartrate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability:
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 15.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of metaraminol related compound B in the portion of Metaraminol
Bitartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of metaraminol related compound B from the Sample solution
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rS = peak response of metaraminol related compound B from the Standard solution
CS = concentration of USP Metaraminol Related Compound B RS in the Standard solution
(mg/mL)
CU = concentration of Metaraminol Bitartrate in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.15%

USP42

Add the following:
• Enantiomeric Purity
Mobile phase: Heptane, methanol, isopropyl alcohol, and methane sulfonic acid (80: 10:
10: 0.2)
Metaraminol enantiomer stock solution: 0.05 mg/mL of USP Metaraminol Enantiomer RS
in Mobile phase
System suitability solution: 1 mg/mL of USP Metaraminol Bitartrate RS and 0.005 mg/mL
of USP Metaraminol Enantiomer RS from Metaraminol enantiomer stock solution in Mobile
phase
Sensitivity solution: 1 µg/mL of USP Metaraminol Bitartrate RS in Mobile phase
Sample solution: 1 mg/mL of Metaraminol Bitartrate in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 3-µm packing L51
Column temperature: 40°
Flow rate: 0.5 mL/min
Injection volume: 10 µL
Run time: NLT 3 times the retention time of metaraminol
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—The relative retention times for metaraminol and the metaraminol enantiomer are
about 1.0 and 1.1, respectively.]
Suitability requirements
Resolution: NLT 1.5 between the metaraminol and the metaraminol enantiomer peaks,
System suitability solution
Signal-to-noise ratio: NLT 15, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of metaraminol enantiomer in the portion of Metaraminol Bitartrate
taken:
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Result = (rU/rT) × 100
rU = peak response of metaraminol enantiomer from the Sample solution
rT = sum of all the peak responses from the Sample solution
Acceptance criteria: NMT 0.15%

USP42

SPECIFIC TESTS
Add the following:
• Content of Tartaric Acid
Sample solution: To 0.1 g of Metaraminol Bitartrate, add 60 mL of dimethylformamide, and
sonicate for 2 min.
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N tetrabutylammonium hydroxide VS
Endpoint detection: Potentiometric
Blank: Dimethylformamide
Analysis: Titrate with Titrant potentiometrically using a suitable electrode. [Note—A
suitable electrode may be 6.0229.100, 0–14 pH, 70°, lithium chloride saturated in
alcohol.]Perform a blank determination, and make any necessary correction.
Calculate the percentage of tartaric acid in the portion of Metaraminol Bitartrate taken:
Result = {[(VS−VB) × N × F]/2 × W} × 100
VS = Titrant volume consumed by the Sample solution (mL)
VB = Titrant volume consumed by the Blank (mL)
N = actual normality of the Titrant (mEq/mL)
F = equivalency factor, 150.09 mg/mEq
W = weight of Metaraminol Bitartrate in the Sample solution (mg)
Acceptance criteria: 44.9%–49.7% on the dried basis
Delete the following:
• Melting Range or Temperature 〈741〉: 171°–175°

USP42

USP42

Delete the following:
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 100 mg/mL in 0.5 N hydrochloric acid
Analysis: Proceed as directed, λ = 405 nm.
Acceptance criteria: Between −31.5° and −33.5° USP42
• pH 〈791〉
Sample solution: 50 mg/mL of Metaraminol Bitartrate in water
Acceptance criteria: 3.2–3.5
• Loss on Drying 〈731〉
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Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers. Store at 25°, excursions
permitted between 15° and 30°
controlled room temperature. USP42
Change to read:
• USP Reference Standards 〈11〉
USP Metaraminol Bitartrate RS
USP Metaraminol Related Compound A RS
(E)-1-[3-(Benzyloxy)phenyl]-2-(hydroxyimino)propan-1-one.
C16 H15 NO3
269.30
USP Metaraminol Related Compound B RS
2-Amino-1-[3-(benzyloxy)phenyl]propan-1-ol.
C16 H19 NO2
257.33
USP Metaraminol Enantiomer RS
3-[(1S,2R)-2-Amino-1-hydroxypropyl]phenol.
C9 H13 NO2
167.21
USP42

Recent Official Publications:
USP41–NF36 Page 2610
BRIEFING
Mitoxantrone Injection, USP 40 page 5197. As part of USP monograph modernization
efforts, it is proposed to make the following changes:
1. Identification A is revised to include a reference to Ultraviolet Absorption 〈197U〉 and the
Acceptance criteria is updated.
2. Identification B is added based on a liquid chromatography retention time comparison
using the Assay.
3. The Relative standard deviation requirement in the Assay is changed from NMT 2.0% to
NMT 1.0% to reflect the current System suitability standard for drug product
monographs.
4. The full chemical and respective trivial names for mitoxantrone related compound A are
updated based on current naming conventions.
5. The Sterility Tests section is revised to add flexibility by removing the reference to Test
for Sterility of the Product to be Examined, Membrane Filtration.
6. The Bacterial Endotoxins Test section is updated to delete the numerical limit and refer
to Bacterial Endotoxins Test 〈85〉 for calculation of limits.
7. The Packaging and Storage section is revised to reflect the labels of approved drug
products.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(CHM3: A. Carney, F. Mao.)
Correspondence Number—C183868
Comment deadline: March 31, 2018
Mitoxantrone Injection
DEFINITION
Mitoxantrone Injection is a sterile solution of Mitoxantrone Hydrochloride in Water for
Injection. It contains the equivalent of NLT 90.0% and NMT 105.0% of the labeled amount
of mitoxantrone (C22 H28 N4 O6 ).
IDENTIFICATION
Change to read:
•
A. Ultraviolet Absorption 〈197U〉 USP42
Standard solution: 0.01 mg/mL of USP Mitoxantrone Hydrochloride RS (equivalent to 0.01
mg/mL of mitoxantrone) prepared as follows. Transfer a suitable amount of USP
Mitoxantrone Hydrochloride RS to an appropriate volumetric flask. Add 50% of the flask
volume of water and 10% of the flask volume of 1 N hydrochloric acid VS. Dilute with
water to volume.
Sample solution: Nominally 0.01 mg/mL of mitoxantrone from Injection prepared as follows.
Transfer a volume of Injection equivalent to 2 mg of mitoxantrone to a 200-mL volumetric
flask containing about 50% of the flask volume of water and 10% of the flask volume of 1
N hydrochloric acid VS. Dilute with water to volume.
Acceptance criteria: The UV absorption spectrum of the Sample solution exhibits maxima
and minima at the same wavelengths as that of a similar solution of USP Mitoxantrone
Hydrochloride RS.
Meets the requirements USP42
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Solution A: 0.09 mg/mL of sodium 1-heptanesulfonate prepared as follows. Dissolve 22.0 g
of sodium 1-heptanesulfonate in 150 mL of water. Pass through a filter of NMT 0.5-µm
pore size and transfer the filtrate to a 250-mL volumetric flask. Wash the filter with 50 mL
of water and add the filtrate
washings USP42
to the flask. Add 32.0 mL of glacial acetic acid to the flask, and dilute with water to
volume.
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Mobile phase: Acetonitrile, Solution A, and water (250:25:750)
(10:1:30) USP42
System suitability solution: 0.2 mg/mL of 8-amino-1,4-dihydroxy-5[[2-[(2-hydroxyethyl)
amino]ethyl]amino]-9,10-anthracenedione hydrochloride
monoalkyl mitoxantrone hydrochloride USP42
and 0.1 mg/mL of mitoxantrone hydrochloride from USP Mitoxantrone System Suitability
Mixture RS in Mobile phase
Standard solution: 0.46 mg/mL of USP Mitoxantrone Hydrochloride RS (equivalent to 0.4
mg/mL of mitoxantrone) prepared as follows. Transfer a suitable amount of USP
Mitoxantrone Hydrochloride RS to an appropriate volumetric flask. Add 80% of the flask
volume of Mobile phase. Sonicate for about 5 min to dissolve. Cool to room temperature
and dilute with Mobile phase to volume.
Sample solution: Nominally 0.4 mg/mL of mitoxantrone from Injection, in Mobile phase
Chromatographic system
Chromatography 〈621〉, System suitability
Mode: LC
Detector: UV 254 nm
Column: 3.9 mm × 30 cm;
10-µm USP42
packing L11
[Note—After use, wash the column with a mixture of acetonitrile and water (50:50), and
store in this mixture.]
Flow rate: 3 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for mitoxantrone and mitoxantrone related compound
A
monoalkyl mitoxantrone hydrochloride USP42
are about 0.7 and 1.0,
1.0 and 1.4, USP42
respectively.]
Suitability requirements
Resolution: NLT 3.0 between mitoxantrone and 8-amino-1,4-dihydroxy-5[[2-[(2hydroxyethyl)amino]ethyl]amino]-9,10-anthracenedione hydrochloride (mitoxantrone
related compound A)
monoalkyl mitoxantrone hydrochloride, USP42
System suitability solution
Tailing factor: NMT 2.0 for mitoxantrone, System suitability solution
Capacity factor, k′: NLT 3.5 for mitoxantrone, Standard solution

PF 44(1): Jan.-Feb. 2018

392

Relative standard deviation: NMT 2.0%,
1.0%, USP42
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of mitoxantrone (C22 H28 N4 O6 ) in the
portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak area of mitoxantrone from the Sample solution
rS = peak area of mitoxantrone from the Standard solution
CS = concentration of USP Mitoxantrone Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of mitoxantrone in the Sample solution (mg/mL)
Mr1 = molecular weight of mitoxantrone, 444.49
Mr2 = molecular weight of mitoxantrone hydrochloride, 517.40
Acceptance criteria: 90.0%–105.0%
IMPURITIES
• Organic Impurities
Analysis: Using the chromatogram of the Sample solution obtained as directed in the
Assay, calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rT) × 100
rU = peak response of each impurity
rT = sum of all peak responses
Acceptance criteria
Individual impurities: NMT 1.5%
Total impurities: NMT 3.0%
SPECIFIC TESTS
• pH 〈791〉: 3.0–4.5
Change to read:
• Bacterial Endotoxins Test 〈85〉: It contains NMT 5 Endotoxin Units/mg of mitoxantrone.
Meets the requirements USP42
Change to read:
• Sterility Tests 〈71〉: Meets the requirements when tested as directed for Test for Sterility of
the Product to Be Examined, Membrane Filtration, the entire contents of each container
being used.
USP42

• Other Requirements: It meets the requirements under Injections and Implanted Drug
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Products 〈1〉.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass.
Do not freeze. Store at controlled room temperature. USP42
• Labeling: Label Injection to state both the content of the active moiety and the name of
the salt used in formulating the article. Label Injection to indicate that it is to be diluted to
appropriate strength with water or other suitable fluid before administration.
Change to read:
• USP Reference Standards 〈11〉
USP Mitoxantrone Hydrochloride RS
USP Mitoxantrone System Suitability Mixture RS
A mixture of 9,10-anthracenedione, 8-amino-1,4-dihydroxy-5[[2-[(2hydroxyethyl)amino]ethyl]amino]-, hydrochloride (C18 H19 N3 O5 · HCl 393.83) and USP
Mitoxantrone Hydrochloride RS
0.2 mg of 1-Amino-5,8-dihydroxy-4-({2-[(2hydroxyethyl)amino]ethyl}amino)anthracene-9,10-dione hydrochloride [monoalkyl
mitoxantrone hydrochloride (C18 H19 N3 O5 ·HCl, 393.82)] and 0.1 mg of USP Mitoxantrone
Hydrochloride RS USP42
Recent Official Publications:
USP41–NF36 Page 2774
BRIEFING
Mitoxantrone Hydrochloride, USP 40 page 5197. As part of USP monograph modernization
efforts, it is proposed to make the following changes:
1. Identification A is revised to allow the flexibility of using either Infrared Absorption
〈197K〉 or 〈197A〉.
2. Identification B is added based on an LC retention time comparison using the Assay.
3. The requirement for Relative standard deviation in the Assay is changed from NMT 2.0%
to NMT 0.73% to be consistent with that stated in Chromatography 〈621〉, System
Suitability.
4. The test for Limit of Alcohol is revised to remove the packed column GC procedure and
add a reference to Residual Solvents 〈467〉, giving users increased flexibility. This is in
accordance with General Notices and Requirements, 5.60.20 Residual Solvents in USP
and NF Articles. The Acceptance criteria for the test will remain in the monograph.
5. The chemical name for mitoxantrone related compound A is updated to reflect the
current USP style.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(CHM3: A. Carney, F. Mao.)
Correspondence Number—C183867
Comment deadline: March 31, 2018
Mitoxantrone Hydrochloride

C22 H28 N4 O6 ·2HCl

517.40

9,10-Anthracenedione, 1,4-dihydroxy-5,8-bis[[2-[(2-hydroxyethyl)amino]ethyl]amino]-,
dihydrochloride;
1,4-Dihydroxy-5,8-bis[[2-[(2-hydroxyethyl)amino]ethyl]amino]anthraquinone dihydrochloride
[70476-82-3].
DEFINITION
Mitoxantrone Hydrochloride contains NLT 97.0% and NMT 102.0% of mitoxantrone
hydrochloride (C22 H28 N4 O6 ·2HCl), calculated on the anhydrous basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
〈197〉:
[Note—Methods described in 〈197K〉 or 〈197A〉 may be used.]

USP42

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Solution A: 0.09 g/mL of sodium 1-heptanesulfonate prepared as follows. Dissolve 22.0 g of
sodium 1-heptanesulfonate in 150 mL of water. Pass through a filter of NMT 0.5-µm pore
size and transfer the filtrate to a 250-mL volumetric flask. Wash the filter with 50 mL of
water and add the filtrate
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washings USP42
to the flask. Add 32.0 mL of glacial acetic acid to the flask, and dilute with water to
volume.
Mobile phase: Acetonitrile, Solution A, and water (250:25:750)
(10:1:30) USP42
System suitability solution: 0.2 mg/mL of 8-amino-1,4-dihydroxy-5[[2-[(2-hydroxyethyl)
amino]ethyl]amino]-9,10-anthracenedione hydrochloride
monoalkyl mitoxantrone hydrochloride USP42
and 0.1 mg/mL of mitoxantrone hydrochloride from USP Mitoxantrone System Suitability
Mixture RS in Mobile phase
Standard solution: 0.4 mg/mL of USP Mitoxantrone Hydrochloride RS prepared as follows.
Transfer a suitable amount of USP Mitoxantrone Hydrochloride RS to an appropriate
volumetric flask. Add 80% of the flask volume of Mobile phase. Sonicate for about 5 min to
dissolve. Cool to room temperature and dilute with Mobile phase to volume.
Sample solution: 0.4 mg/mL of Mitoxantrone Hydrochloride prepared as follows. Transfer a
suitable amount of Mitoxantrone Hydrochloride to an appropriate volumetric flask. Add
80% of the flask volume of Mobile phase. Sonicate for about 5 min to dissolve. Cool to
room temperature and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm;
10-µm USP42
packing L11
[Note—After use, wash the column with a mixture of acetonitrile and water (50:50), and
store in this mixture.]
Flow rate: 3 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution.
[Note—The relative retention times for mitoxantrone and 8-amino-1,4-dihydroxy-5[[2[(2-hydroxyethyl)amino]ethyl]amino]-9,10-anthracenedione hydrochloride
(mitoxantrone related compound A)
monoalkyl mitoxantrone hydrochloride USP42
are about 0.7 and 1.0,
1.0 and 1.4, USP42
respectively.]
Suitability requirements
Resolution: NLT 3.0 between mitoxantrone and 8-amino-1,4-dihydroxy-5[[2-[(2hydroxyethyl)amino]ethyl]amino]-9,10-anthracenedione hydrochloride (mitoxantrone
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related compound A)
monoalkyl mitoxantrone hydrochloride, USP42
System suitability solution
Tailing factor: NMT 2.0 for mitoxantrone, System suitability solution
Capacity factor, k′: NLT 3.5 for mitoxantrone, Standard solution
Relative standard deviation: NMT 2.0%
0.73%, USP42
Standard solution
Analysis
Samples: Standard solution and Sample solution.
Calculate the percentage of mitoxantrone dihydrochloride (C22 H28 N4 O6 ·2HCl) in the portion
of Mitoxantrone Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of mitoxantrone from the Sample solution
rS = peak area of mitoxantrone from the Standard solution
CS = concentration of USP Mitoxantrone Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Mitoxantrone Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% on the anhydrous basis
IMPURITIES
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm
Analysis: Proceed as directed under Method II, except in the Procedure, filter the final
solutions through a suitable acid-resistant membrane filter of 0.22 µm or finer porosity,
instead of viewing them over a dark surface: the precipitate on the filter from the Sample
solution is not darker than that from the Standard solution. (O fficial 1-Jan-2018)
• Organic Impurities
Analysis: Using the chromatogram of the Sample solution obtained as directed in the
Assay, calculate the percentage of each impurity in the portion of Mitoxantrone
Hydrochloride taken:
Result = (rU/rT) × 100
rU = peak response of each impurity
rT = sum of all peak responses
Acceptance criteria
Individual impurities: NMT 1.0%
Total impurities: NMT 2.0%
Change to read:
• Limit of Alcohol
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Standard stock solution: Transfer 5.0 mL of dehydrated alcohol to a 250-mL volumetric
flask, dilute with water to volume.
Internal standard stock solution: Transfer 5.0 mL of n-propyl alcohol to a 250-mL
volumetric flask, dilute with water to volume.
Standard solution: 0.06 mg/mL of dehydrated alcohol and n-propyl alcohol prepared as
follows. Transfer 10.0 mL of each of both Standard stock solution and Internal standard
stock solution to a suitable volumetric flask. Dilute with water to volume.
Sample solution: 20 mg/mL of mitoxantrone hydrochloride prepared as follows. Dissolve a
suitable amount of Mitoxantrone Hydrochloride in a 5-mL flask. Add 2.0 mL of Internal
standard stock solution and dilute with water to volume. Sonicate for 2 min and shake for
2 min, repeating these actions until the specimen is completely dissolved.
Chromatographic system:
(See Chromatography 〈621〉, System Suitability
Mode: GC
Detector: Flame ionization
Column: 2-mm x 3-m; packing 20% phase G1 and 0.1% phase G39 on silanized support
S1A
Temperatures
Injector: 200°
Column: See Table 1
Table 1
Initial
Temperature
(°)
50
50

R2amp
(°/min)
—
30

Final
Temperature
(°)
50
140

Hold Time
of Final
Temperature
(min)
5
20

Detector: 250°
Carrier gas: Helium
Flow rate: 15 mL/min
Injection volume: 1 µL
System suitability:
Sample: Standard solution
Suitability requirements:
Resolution: NLT 6.0 between alcohol and n-propyl alcohol
Tailing factor: NMT 2.0 each for alcohol and n-propyl alcohol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of alcohol (C2 H5 OH) in the portion of Mitoxantrone Hydrochloride
taken:
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Result = (RU/RS) × (CS/CU) × 100
RU = peak area response of alcohol to the internal standard Sample solution
RS = peak area response of alcohol to the internal standard Standard solution
CS = concentration of alcohol in the Standard solution (mg/mL)
CU = concentration of Mitoxantrone Hydrochloride in the Sample solution (mg/mL)
Proceed as directed in Residual Solvents 〈467〉.
Acceptance criteria: NMT 1.5%

USP42

SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 6.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 〈11〉
USP Mitoxantrone Hydrochloride RS
USP Mitoxantrone System Suitability Mixture RS
A mixture of 9,10-anthracenedione, 8-amino-1,4-dihydroxy-5[[2-[(2hydroxyethyl)amino]ethyl]amino]-hydrochloride (C18 H19 N3 O5 ·HCl, 393.83) and USP
Mitoxantrone Hydrochloride RS
0.2 mg of 1-Amino-5,8-dihydroxy-4-({2-[(2hydroxyethyl)amino]ethyl}amino)anthracene-9,10-dione hydrochloride [monoalkyl
mitoxantrone hydrochloride (C18 H19 N3 O5 ·HCl, 393.82)] and 0.1 mg of USP Mitoxantrone
Hydrochloride RS USP42
Recent Official Publications:
USP41–NF36 Page 2774
BRIEFING
Nicotine Polacrilex, USP 40 page 5347 and the Revision Bulletin posted on the USP website
with an official date of May 1, 2017. On the basis of comments received, the revision that was
proposed in PF 42(1) [Jan.–Feb. 2016] to replace the Water Determination test with the Loss
on Drying test, which would have become official in USP 40, has been postponed indefinitely
through the Revision Bulletin. The Revision Bulletin also stated that a revision to use a flexible
monograph approach with different procedures for determining water content for glycerincontaining and glycerin-free Nicotine Polacrilex would be considered in the future. This proposal
fulfills that purpose by introducing the flexible monograph approach to accommodate the
composition variation in Nicotine Polacrilex. Specifically, the monograph is being revised as
follows:
1. Revise the Definition to accommodate both glycerin-free and glycerin-containing
Nicotine Polacrilex.
2. Tighten the Relative standard deviation requirement in the Assay from 2.0% to 1.0%
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based on supporting data.
Revise the Acceptance criteria in the Assay to be consistent with the Definition.
Add the test for Nicotine Release in the Performance Tests category.
Replace the disregard limit with a reporting threshold to be consistent with ICH Q3B
guidelines.
Reintroduce the test for Water Determination to allow its use for glycerin-containing
Nicotine Polacrilex.
Add the test for Loss on Drying as a flexible procedure to accommodate glycerin-free
Nicotine Polacrilex.
Add a Labeling requirement to allow the use of the flexible monograph approach.

Additionally, minor editorial changes have been made to update the monograph to current
USP style.
(CHM4: G. Hsu.)
Correspondence Number—C185192
Comment deadline: March 31, 2018
Nicotine Polacrilex

[(C4 H6 O2 )x(C10 H10 )y](C10 H14 N2 )
2-Propenoic acid, 2-methyl-, polymer with diethenylbenzene, complex with (S)-3-(1-methyl-2pyrrolidinyl)pyridine;
Methacrylic acid polymer with divinylbenzene, complex with nicotine
[96055-45-7].
DEFINITION
Change to read:
Nicotine Polacrilex is a weak carboxylic cation-exchange resin prepared from methacrylic acid
and divinylbenzene, in complex with nicotine. It contains NLT 95.0% and NMT 115.0% of the
labeled amount of nicotine (C10 H14 N2 ), calculated on the
anhydrous (RB 1-May-2017)
basis. It may contain glycerin. Glycerin-free Nicotine Polacrilex contains NLT 95.0% and NMT
115.0% of the labeled amount of nicotine (C10 H14 N2 ), calculated on the dried basis. Glycerincontaining Nicotine Polacrilex contains NLT 95.0% and NMT 115.0% of the labeled amount of
nicotine (C10 H14 N2 ), calculated on the anhydrous basis. USP42
[Note—Nicotine Polacrilex is also known as Nicotine Resinate.]
USP40
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IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197〉 for Nicotine: [Note—Methods described in 〈197K〉 or 〈197A〉
may be used.] USP40
Sample: Transfer an amount of Nicotine Polacrilex equivalent to 100 mg of nicotine to a
100-mL glass-stoppered tube. Add 20 mL of 1 M ammonium hydroxide, 5 mL of 10 M
sodium hydroxide, and 20 mL of n-hexane. Shake for 5 min, and allow the phases to
separate. Transfer the upper hexane phase to an evaporating dish, and evaporate on a
steam bath.
Standard: Use USP Nicotine Bitartrate Dihydrate RS, and prepare as directed for the
Sample.
Acceptance criteria: Meets the requirements
Change to read:
• B. Infrared Absorption 〈197〉 for Polacrilex: [Note—Methods described in 〈197K〉 or 〈197A〉
may be used.] USP40
Standard: Transfer a portion of USP Polacrilex Resin RS, equivalent to the amount of
Nicotine Polacrilex used to prepare the Sample solution in the Assay, to a glass-stoppered
tube. Add 10 mL of 1 M ammonium hydroxide, shake for 10 min, and then centrifuge.
Decant the ammonia solution from the residue, and wash the residue by shaking it with
three 10-mL volumes of water, decanting the water phase after each shaking. Wash with
10 mL of 0.1 N hydrochloric acid, decant the liquid, and dry the residue at 105°.
Sample: Use the residue obtained from the Sample solution in the Assay. Decant the
ammonia solution remaining from the residue, and wash the residue by shaking it with
three 10-mL volumes of water, decanting the water phase after each shaking. Wash with
10 mL of 0.1 N hydrochloric acid, decant the liquid, and dry the residue at 105°.
Acceptance criteria: Meets the requirements
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: Add 25 mL of 1 M acetic acid to 900 mL of water, and then add 6 mL of
ammonium hydroxide. Adjust with either 2 M acetic acid or 2 M ammonium hydroxide to a
pH of 10.0, and dilute with water to 1000 mL.
Solution B: Acetonitrile
Mobile phase: See Table 1. [Note—Re-equilibration time may be adjusted, if necessary.]
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Time
(min)
0
3
3.01
28
32
33
35

Table 1
Solution A
(%)
100
100
95
74
60
100
100

Solution B
(%)
0
0
5
26
40
0
0

USP40

System suitability solution: 1.5 mg/mL of USP Nicotine Bitartrate Dihydrate RS and 6
µg/mL of USP Nicotine Related Compound G RS in water
Standard solution: 1.8 mg/mL of USP Nicotine Bitartrate Dihydrate RS in water
Sample solution: Nominally 0.6 mg/mL of nicotine prepared as follows. Transfer an amount
of Nicotine Polacrilex equivalent to 30 mg of nicotine to a glass-stoppered tube. Add 10.0
mL of 1 M ammonium hydroxide, shake vigorously for 10 min, and then centrifuge. Transfer
5.0 mL of the clear solution to a 25-mL volumetric flask, add 5 mL of 1 M acetic acid, and
dilute with water to volume. Retain the residue from centrifugation for use in Identification
B.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.5 between nicotine and nicotine related compound G, System
suitability solution
Tailing factor: NMT 2.0 for nicotine, System suitability solution
Relative standard deviation: NMT 2.0%,
1.0%, USP42
Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of nicotine (C10 H14 N2 ) in the portion of
Nicotine Polacrilex taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of nicotine from the Sample solution
rS = peak response of nicotine from the Standard solution
CS = concentration of USP Nicotine Bitartrate Dihydrate RS on the anhydrous basis in the
Standard solution (mg/mL)
CU = nominal concentration of nicotine in the Sample solution (mg/mL)
Mr1 = molecular weight of nicotine, 162.23
Mr2 = molecular weight of anhydrous nicotine bitartrate, 462.41
Acceptance criteria: 95.0%–115.0% on the
anhydrous (RB 1-May-2017)
basis
Glycerin free: 95.0%–115.0% on the dried basis
Glycerin containing: 95.0%–115.0% on the anhydrous basis

USP42

PERFORMANCE TESTS
Change to read:
• Nicotine Release
Solution A: 9 mg/mL of sodium chloride in water
Sample stock solution: Transfer an amount of Nicotine Polacrilex equivalent to 4 mg of
nicotine to a glass-stoppered tube, add 10.0 mL of Solution A that has been warmed to
37°, and shake by mechanical means for 10 min. Immediately pass the liquid through a dry
filter paper, discarding the first milliliter of the filtrate.
Sample solution: Transfer 1.0 mL of the Sample stock solution to a 25-mL volumetric
flask, and dilute with 0.1 N hydrochloric acid to volume.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)

USP40

Mode: UV
Analytical wavelengths: 236, 259, and 282 nm
Blank: 1.0 mL of Solution A diluted with 0.1 N hydrochloric acid to 25 mL
Analysis
Samples: Sample solution and Blank
Calculate the percentage of nicotine released:
Result = (A259 − 0.5A236 − 0.5A282) × (V/E) × (F/W) × (1/P) × 100
A259 = absorbance of the Sample solution, corrected for the Blank absorbance, at a
wavelength of 259 nm
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A236 = absorbance of the Sample solution, corrected for the Blank absorbance, at a
wavelength of 236 nm
A282 = absorbance of the Sample solution, corrected for the Blank absorbance, at a
wavelength of 282 nm
V = dilution volume, 250 mL
E = specific absorbance of nicotine at a wavelength of 259 nm, 323 mL g–1
cm–1 USP40
F = unit conversion factor, 1000 mg/g
W = weight of Nicotine Polacrilex (mg)
P = percentage of nicotine in Nicotine Polacrilex determined in the Assay
Acceptance criteria: NLT 70% in 10 min
IMPURITIES
Change to read:
• Organic Impurities
Solution A, Solution B, Mobile phase, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
System suitability solution: 1.5 mg/mL of USP Nicotine Bitartrate Dihydrate RS and 6
µg/mL each of USP Nicotine Related Compound A RS, USP Nicotine Related Compound B
RS, USP Nicotine Related Compound C RS, USP Nicotine Related Compound D RS, USP
Nicotine Related Compound E RS, USP Nicotine Related Compound F RS, and USP Nicotine
Related Compound G RS in water. [Note—The concentration of each related compound is
in terms of the free base.]
Standard solution: 1.8 µg/mL of USP Nicotine Bitartrate Dihydrate RS in water
Sensitivity solution: 0.9 µg/mL of USP Nicotine Bitartrate Dihydrate RS in water from the
Standard solution
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.5 between nicotine and nicotine related compound G, System
suitability solution
Tailing factor: NMT 2.0 for nicotine, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each impurity in the portion of Nicotine Polacrilex taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
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rU = peak response of each impurity from the Sample solution
rS = peak response of nicotine from the Standard solution
CS = concentration of USP Nicotine Bitartrate Dihydrate RS on the anhydrous basis in the
Standard solution (mg/mL)
CU = nominal concentration of nicotine in the Sample solution (mg/mL)
Mr1 = molecular weight of nicotine, 162.23
Mr2 = molecular weight of anhydrous nicotine bitartrate, 462.41
Acceptance criteria: See Table 2. Disregard peaks that are less than 0.05% of the
nicotine peak.
The reporting threshold is 0.05%. USP42
Table 2

Name
related compound
related compound
related compound
related compound
related compound
related compound

Nicotine
E
Nicotine
C
Nicotine
F
Nicotine
A
Nicotine
D
Nicotine
G
Nicotine
Nicotine related compound B
Any other unspecified impurity
Total impurities

Relative
Retention
Time
0.3
0.55
0.7
0.8
0.86
0.9
1.00
1.6
—
—

Acceptance
Criteria,
NMT (%)
0.3
0.3
0.3
0.3
0.3
0.3
—
0.3
0.10
0.8

SPECIFIC TESTS
Change to read:
• Water Determination 〈921〉, Method I
Sample solution: Transfer about 1.0 g of Nicotine Polacrilex to a 50-mL glass-stoppered
test tube, and add 20.0 mL of methanol. Shake for 30 min, and allow to stand for 30 min.
Use a 10-mL portion of the methanol layer for the titration.
Acceptance criteria: NMT 5.0%
(Deletion of the Water Determination test is postponed indefinitely.) (RB 1-May-2017)
Change to read:
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 7.0%
(Postponed indefinitely) (RB 1-May-2017)
Add the following:
• Labeling: Label to indicate if the article contains glycerin.

USP42
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ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers,

protected from light.

USP40

Change to read:
• USP Reference Standards 〈11〉
USP Nicotine Bitartrate Dihydrate RS
USP Nicotine Related Compound A RS
Anatabine;
1,2,3,6-Tetrahydro-2,3'-bipyridine.
C10 H12 N2
160.22
USP Nicotine Related Compound B RS
Nicotyrine;
3-(1-Methyl-1H-pyrrol-2-yl)pyridine; also known as nicotyrine. USP42
C10 H10 N2
158.20
USP Nicotine Related Compound C RS
Cotinine;
(S)-1-Methyl-5-(pyridin-3-yl)pyrrolidin-2-one; also known as cotinine. USP42
C10 H12 N2 O
176.22
USP Nicotine Related Compound D RS
Myosmine;
3-(4,5-Dihydro-3H-pyrrol-2-yl)pyridine fumarate; also known as myosamine. USP42
C9 H10 N2 ·C4 H4 O4
262.26
USP Nicotine Related Compound E RS
Nicotine N-oxide;
(1RS,2S)-1-Methyl-2-(pyridin-3-yl)pyrrolidine 1-oxide oxalate; also known as nicotine
N-oxide. USP42
C10 H14 N2 O·C2 H2 O4
268.27
USP Nicotine Related Compound F RS
Nornicotine;
3-(Pyrrolidin-2-yl)pyridine; also known as nornicotine. USP42
C9 H12 N2
148.20
USP Nicotine Related Compound G RS
Anabasine;
(S)-3-(Piperidin-2-yl)pyridine; also known as anabasine. USP42
C10 H14 N2
162.23
USP Polacrilex Resin RS (ERR 1-Jun-2016)
Recent Official Publications:
USP41–NF36 Page 2932
BRIEFING
Orphenadrine Citrate Injection, USP 40 page 5459. As part of the USP monograph
modernization initiative, it is proposed to add Identification C based on the IR spectrum
agreement.
Additionally, minor editorial changes have been made to update the monograph to current USP
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style.
(CHM4: G. Hsu.)
Correspondence Number—C162751
Comment deadline: March 31, 2018
Orphenadrine Citrate Injection
DEFINITION
Orphenadrine Citrate Injection is a sterile solution of Orphenadrine Citrate in Water for
Injection, prepared with the aid of Sodium Hydroxide. It contains NLT 93.0% and NMT
107.0% of the labeled amount of orphenadrine citrate (C18 H23 NO·C6 H8 O7 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. Identification Tests—General 〈191〉, Chemical Identification Tests, Citrate: Meets the
requirements
Add the following:
• C. Infrared Absorption 〈197A〉
Standard solution: Dissolve 40 mg of USP Orphenadrine Citrate RS in 10 mL of water and
transfer the solution to a separatory funnel. Add sodium hydroxide TS until the solution is
alkaline, and extract with 25 mL of ethyl acetate. Filter the ethyl acetate layer through
anhydrous sodium sulfate.
Sample solution: Transfer 10 mL of Injection to a separatory funnel. Add sodium hydroxide
TS until the solution is alkaline, and extract with 25 mL of ethyl acetate. Filter the ethyl
acetate layer through anhydrous sodium sulfate.
Analysis
Samples: Standard solution and Sample solution
Examine the spectra in the range between 3800 cm−1 and 650 cm−1.
Acceptance criteria: The maxima of the IR spectrum from the Sample solution correspond
to those from the Standard solution. USP42
ASSAY
Change to read:
• Procedure
Buffer: 5.8 g/L of monobasic ammonium phosphate in water. Adjust with ammonium
hydroxide or phosphoric acid to a pH of 7.9 ± 0.05.
Mobile phase: Methanol, acetonitrile, and Buffer (45:15:40)
System suitability solution: 0.01 mg/mL each of USP Orphenadrine Related Compound B
RS, USP Orphenadrine Related Compound C RS, USP Methylbenzhydrol RS, and 0.9 mg/mL
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of USP Orphenadrine Citrate RS in Mobile phase
Standard solution: 0.9 mg/mL of USP Orphenadrine Citrate RS in Mobile phase
Sample solution: Nominally 0.9 mg/mL of orphenadrine citrate from a known volume of
Injection containing NLT 90 mg of orphenadrine citrate in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 2.5 times the retention time of orphenadrine
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.0 between orphenadrine related compound B and orphenadrine
related compound C; NLT 3.0 between orphenadrine related compound C and
methylbenzhydrol,
System suitability solution USP42
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of orphenadrine citrate (C18 H23 NO·C6 H8 O7 )
in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Orphenadrine Citrate RS in the Standard solution (mg/mL)
CU = nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 93.0%–107.0%
IMPURITIES
Change to read:
• Organic Impurities
Buffer, Mobile phase, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
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Standard solution: 0.002 mg/mL of USP Orphenadrine Citrate RS in Mobile phase
Sensitivity solution: 0.001 mg/mL of USP Orphenadrine Citrate RS from the Standard
solution in Mobile phase
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 3.0 between orphenadrine related compound B and orphenadrine
related compound C; NLT 3.0 between orphenadrine related compound C and
methylbenzhydrol,
System suitability solution USP42
Tailing factor: NMT 2, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of orphenadrine from the Standard solution
CS = concentration of USP Orphenadrine Citrate RS in the Standard solution (mg/mL)
CU = nominal concentration of the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1.
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Name

Table 1
Relative
Relative
Retention
Response
Time
Factor

Acceptance
Criteria,
NMT (%, w/w)

—
—
Citric acida
0.14
Orphenadrine
related
compound B
0.25
1.3
0.2
Orphenadrine
related
compound C
0.39
1.0
0.2
Methylbenzhydrol
0.51
2.4
0.2
Orphenadrine
1.0
—
—
Methyl orphenadrineb
1.54
1.9
0.2
Any individual
unspecified
—
degradation
product
1.0
0.20
Total degradation
—
—
products
4.0
a Counterion peak; not to be reported; not to be included in total impurities.
b 2-(Di-o-tolylmethoxy)-N,N-dimethylethan-1-amine.
SPECIFIC TESTS
• pH 〈791〉: 5.0–6.0
• Bacterial Endotoxins Test 〈85〉: NMT 5.8 USP Endotoxin Units/mg of orphenadrine citrate
• Other Requirements: It meets the requirements in Injections and Implanted Drug Products
〈1〉.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, protected from light. Store at controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Methylbenzhydrol RS
2-Methylbenzhydrol;
Also known as phenyl(o-tolyl)methanol.
C14 H14 O
198.26
USP Orphenadrine Citrate RS
USP Orphenadrine Related Compound B RS
N-Ethyl-N,N-dimethyl [2-2(methylbenzhydryloxy)ethyl]ammonium chloride;
Also known as N-ethyl-N,N-dimethyl-2-[phenyl(o-tolyl)methoxy]ethanaminium
chloride.
C20 H28 ClNO
333.90
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USP Orphenadrine Related Compound C RS
N-Methyl [2-(2-methylbenzhydryloxy)ethyl]amine hydrochloride;
Also known as N-methyl-2-[phenyl(o-tolyl)methoxy]ethanamine hydrochloride.
C17 H21 NO·HCl
291.82
Recent Official Publications:
USP41–NF36 Page 3049
BRIEFING
Orphenadrine Citrate Extended-Release Tablets, page 8368 of the First Supplement to
USP 40. As part of the USP monograph modernization initiative, it is proposed to add
Identification B based on the IR spectrum agreement.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: G. Hsu.)
Correspondence Number—C162750
Comment deadline: March 31, 2018
Orphenadrine Citrate Extended-Release Tablets
DEFINITION
Orphenadrine Citrate Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amount of orphenadrine citrate (C18 H23 NO·C6 H8 O7 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. Infrared Absorption 〈197A〉
Standard: USP Orphenadrine Citrate RS
Sample: Powder a Tablet and use a portion to prepare a specimen.
Analysis
Samples: Standard and Sample
Examine the spectra in the range between 3800 cm−1 and 650 cm−1.
Acceptance criteria: The maxima of the IR spectrum from the Sample correspond to those
from the Standard. USP42
ASSAY
Change to read:
• Procedure
Buffer: 5.8 g/L of monobasic ammonium phosphate. Adjust with phosphoric acid to a pH of
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3.2.
Mobile phase: Acetonitrile and Buffer (40:60)
System suitability solution: 0.1 mg/mL of USP Orphenadrine Citrate RS and 0.01 mg/mL
each of USP Orphenadrine Related Compound B RS and USP Orphenadrine Related
Compound C RS, in Mobile phase
Standard solution: 0.1 mg/mL of USP Orphenadrine Citrate RS
Sample stock solution: Nominally 0.5 mg/mL of orphenadrine citrate prepared as follows.
Transfer a quantity of powder equivalent to NLT 100 mg of orphenadrine citrate, from
finely powdered Tablets (NLT 20), to a suitable volumetric flask. Add 50% of the flask
volume of Mobile phase. Sonicate for 5 min and shake for 15 min. Dilute with Mobile phase
to volume. Pass through a suitable filter.
Sample solution: Nominally 0.1 mg/mL of orphenadrine citrate in Mobile phase from the
Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 3.9-mm × 30-cm; 10-µm L1 packing
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and (RB 1-Aug-2016) Standard solution
Suitability requirements
Resolution: NLT 1.2 between orphenadrine and orphenadrine related compound C; NLT
2.0 between orphenadrine citrate and orphenadrine related compound B, System
suitability solution (RB 1-Aug-2016)
Tailing factor: NMT 2.0, Standard solution (RB 1-Aug-2016)
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of orphenadrine citrate (C18 H23 NO·C6 H8 O7 )
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Orphenadrine Citrate RS in the Standard solution (mg/mL)
CU = nominal concentration of orphenadrine citrate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
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PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1
Medium: Water; 900 mL, deaerated
Apparatus 2: 50 rpm
Times: 1, 2, 6, and 12 h
Buffer: 5.8 g/L of monobasic ammonium phosphate in water
Mobile phase: Acetonitrile and Buffer (40:60). Adjust with phosphoric acid to a pH of 3.2
± 0.1.
Standard stock solution: 1 mg/mL of USP Orphenadrine Citrate RS in Mobile phase.
Sonication may be used to promote dissolution.
Standard solution 0.1 mg/mL of USP Orphenadrine Citrate RS in Medium from a suitable
volume of Standard stock solution and Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size and discard the first few milliliters of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis:
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of orphenadrine citrate (C18 H23 NO·C6 H8 O7 ) dissolved in
the portion of the sample withdrawn at each time point (i) (mg/mL):
Ci = (rU/rS) × CS
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of orphenadrine citrate
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(C18 H23 NO·C6 H8 O7 ) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = {C3 × [V − (2 × VS)] + [(C2 + C1) × VS]} × (1/L) × 100
Result 4 = {C4 × [V − (3 × VS)] + [(C3 + C2 + C1) × VS]} × (1/L) × 100
Ci = concentration of orphenadrine citrate in the portion of the sample withdrawn at
time point (i) (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of the Sample solution withdrawn at each time point (mL)
Tolerances: See Table 1.
Table 1
Time Point
(i)
1
2
3
4

Time
(h)
1
2
6
12

Amount
Dissolved
(%)
10–40
30–50
50–80
NLT 80

The percentages of the labeled amount of orphenadrine citrate (C18 H23 NO·C6 H8 O7 )
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
(RB 1-Aug-2016)

Test 2: If the product complies with this test, the labeling indicates that the product meets
USP Dissolution Test 2.
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Times: 1, 4, and 12 h
Standard solution: 0.02 mg/mL of USP Orphenadrine Citrate RS in Medium
Sample solution: Withdraw 10 mL of the solution under test from each vessel at each
specified time point. Replace 10 mL of Medium in each vessel. Pass a portion of the
solution under test through a suitable filter of 0.45-µm pore size. Transfer 1.0 mL of the
filtrate to a 50-mL volumetric flask, and dilute with Medium to volume.
Blank: Medium
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 210 nm
Analysis

(RB 1-Aug-2016)
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Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of orphenadrine citrate (C18 H23 NO·C6 H8 O7 ) in the sample
withdrawn from the vessel at each time point (i):
Ci = (AU/AS) × CS
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (mg/mL)
(RB 1-Aug-2016)

Calculate the percentage of the labeled amounts (Qi) of orphenadrine citrate
(C18 H23 NO·C6 H8 O7 ) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = [(C2 × V) + (C1 × VS)] × (1/L) × 100
Result 3 = {(C3 × V) + [(C2 + C1) × VS]} × (1/L) × 100
Ci = concentration of orphenadrine citrate in the portion of the sample withdrawn at
time point (i) (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of the Sample solution withdrawn at each time point (mL)
Tolerances: See Table 2.
Table 2
Time Point
(i)
1
2
3

Time
(h)
1
4
12

Amount
Dissolved
(%)
10–40
40–70
NLT 80

The percentages of the labeled amount of orphenadrine citrate (C18 H23 NO·C6 H8 O7 )
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 3: If the product complies with this test, the labeling indicates that the product meets
USP Dissolution Test 3.
Solution A: 0.45 M monobasic potassium phosphate prepared as follows. Mix 6.12 g of
monobasic potassium phosphate and 12 mL of 10 N sodium hydroxide. Dilute with water
to 100 mL.
Acid stage medium: 0.1 N hydrochloric acid; 800 mL
Buffer stage medium: pH 7.5 phosphate buffer (add 100 mL of Solution A to the Acid
stage medium after 1 h); 900 mL
Apparatus 2: 50 rpm
Times: 1 h in Acid stage medium; 4 and 10 h in Buffer stage medium. The time in the
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Buffer stage medium includes the time in the Acid stage medium.
Standard solution: 0.11 mg/mL of USP Orphenadrine Citrate RS in Acid stage medium
Sample solution: Pass a portion of the solution under test through a suitable filter.
Blank: Acid stage medium
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 232 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of orphenadrine citrate (C18 H23 NO·C6 H8 O7 ) in the sample
withdrawn from the vessel at each time point (i):
Ci = (AU/AS) × CS
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (mg/mL)
Calculate the percentage of the labeled amounts (Qi) of orphenadrine citrate
(C18 H23 NO·C6 H8 O7 ) dissolved at each time point (i):
Result 1 = C1 × VA × (1/L) × 100
Result 2 = {[C2 × (VB − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [VB − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of orphenadrine citrate in the portion of the sample withdrawn at
time point (i) (mg/mL)
VA = volume of Acid stage medium, 800 mL
L = label claim (mg/Tablet)
VB = volume of Buffer stage medium, 900 mL
VS = volume of the Sample solution withdrawn at each time point (mL)
Tolerances: See Table 3.
Table 3
Time Point
(i)
1
2
3

Time
(h)
1
4
10

Amount
Dissolved
(%)
40–55
50–70
NLT 70
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The percentages of the labeled amount of orphenadrine citrate (C18 H23 NO·C6 H8 O7 )
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
(RB 1-Aug-2016)

• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Buffer, Mobile phase, System suitability solution, Sample solution, Chromatographic
system, and System suitability: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each degradation product in the portion of Tablets taken:
Result = (rU/rS) × (1/F) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of orphenadrine from the Sample solution
F = relative response factor for each degradation product (see Table 4)
Acceptance criteria: See Table 4.
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Table 4
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

—
—
Citric acida
0.4
Orphenadrine
related
compound C
0.9
1.5
0.5
Orphenadrine
—
—
citrate
1
Orphenadrine
related
compound B
1.3
1.3
0.5
2-Methylbenzhydrolb
2.1
2.1
0.5
c
2-Methylbenzophenone
4
1.0
0.5
Any individual
unspecified
—
degradation
product
1.0
0.2 (RB 1-Aug-2016)
Total degradation products
—
—
1.5
a The peak is due to counter ion and is not to be reported or included in total
degradation products.
b Also known as Phenyl(o-tolyl)methanol.
c Also known as Phenyl(o-tolyl)methanone.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, tight, light-resistant containers, and store
at controlled room temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 〈11〉
USP Orphenadrine Citrate RS
USP Orphenadrine Related Compound B RS
N-Ethyl-N,N-dimethyl [2-2(methylbenzhydryloxy)ethyl]ammonium chloride;
Also known as N-Ethyl-N,N-dimethyl-2-[phenyl(o-tolyl)methoxy]ethanaminium
chloride.
C20 H28 ClNO
333.90
USP Orphenadrine Related Compound C RS
N-Methyl [2-(2-methylbenzhydryloxy)ethyl]amine hydrochloride;
Also known as N-Methyl-2-[phenyl(o-tolyl)methoxy]ethanamine hydrochloride.
C17 H22 ClNO
291.82
Recent Official Publications:
USP41–NF36 Page 3050
BRIEFING
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Oxazepam, USP 40 page 5487. As part of the USP monograph modernization initiative, it is
proposed to make the following changes:
1. Replace the UV procedure in Identification B with a test based on the retention time
agreement in the proposed Assay.
2. Replace the titration procedure in the Assay with a new HPLC procedure similar to the
Organic Impurities test. The chromatographic procedure is based on analyses performed
with the Agilent ZORBAX Extend C18 brand of column with L1 packing. The typical
retention time for oxazepam is about 14 min.
3. Clarify the instruction in the Assay and Organic Impurities test by revising it from
"Prepare the solutions immediately before use" to "Prepare the System suitability
solution, Standard solution, and Sample solution immediately before use."
4. Replace “Disregard any peak representing less than 0.05% of the area of the main
peak.” with “The reporting threshold is 0.05%.” in the Organic Impurities test to be
consistent with the current practice.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: G. Hsu.)
Correspondence Number—C183910
Comment deadline: March 31, 2018
Oxazepam

C15 H11 ClN2 O2

286.71

2H-1,4-Benzodiazepin-2-one, 7-chloro-1,3-dihydro-3-hydroxy-5-phenyl-, (±)-;
(±)-7-Chloro-1,3-dihydro-3-hydroxy-5-phenyl-2H-1,4-benzodiazepin-2-one
[604-75-1].
DEFINITION
Oxazepam contains NLT 98.0% and NMT 102.0% of oxazepam (C15 H11 ClN2 O2 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Change to read:
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• B. Ultraviolet Absorption 〈197U〉
Sample solution: 4 µg/mL in alcohol
Analytical wavelength: 229 nm
Acceptance criteria: Absorptivities, calculated on the dried basis, differ by NMT 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Sample solution: Transfer about 400 mg of Oxazepam, accurately weighed, to a beaker,
and dissolve in 100 mL of dimethylformamide.
Analysis: Titrate the Sample solution with 0.1 N tetrabutylammonium hydroxide VS.
Determine the endpoint potentiometrically, using a calomel–glass electrode system and
taking precautions against absorption of atmospheric carbon dioxide. Perform a blank
determination, and make any necessary correction. Each mL of 0.1 N tetrabutylammonium
hydroxide is equivalent to 28.67 mg of oxazepam (C15 H11 ClN2 O2 ).
Prepare the System suitability solution, Standard solution, and Sample solution immediately
before use.
Solution A: Dissolve 3.5 g of dibasic potassium phosphate in 900 mL of water. Adjust with
1 N sodium hydroxide to a pH of 10.5, and dilute with water to 1 L.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
4
19
20
25
26
30

Table 1
Solution A
(%)
75
75
50
25
25
75
75

Solution B
(%)
25
25
50
75
75
25
25

Diluent: Acetonitrile and water (50:50)
System suitability solution: 1.6 µg/mL each of USP Oxazepam Related Compound A RS
and USP Chlordiazepoxide Related Compound A RS, and 0.8 mg/mL of USP Oxazepam RS in
Diluent
Standard solution: 0.08 mg/mL of USP Oxazepam RS in Diluent
Sample solution: 0.08 mg/mL of Oxazepam in Diluent
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between chlordiazepoxide related compound A and oxazepam
related compound A, System suitability solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxazepam (C15 H11 ClN2 O2 ) in the portion of Oxazepam taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Oxazepam RS in the Standard solution (mg/mL)
CU = concentration of Oxazepam in the Sample solution (mg/mL)
USP42

Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.3%
Change to read:
• Organic Impurities
Prepare the solutions
System suitability solution, Standard solution, and Sample solution
immediately before use.

USP42

Solution A, Solution B, Diluent, System suitability solution, and Chromatographic
system: Proceed as directed in the Assay.
Mobile phase: See Table 2.
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Time
(min)
0
4
34
45
50
60

Table 2
Solution A
(%)
75
75
25
25
75
75

Solution B
(%)
25
25
75
75
25
25

Standard solution: 1.6 µg/mL of USP Oxazepam RS in Diluent
Sample solution: 0.8 mg/mL of Oxazepam in Diluent
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between chlordiazepoxide related compound A and oxazepam
related compound A, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Oxazepam taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak area of any impurity from the Sample solution
rS = peak area of oxazepam from the Standard solution
CS = concentration of USP Oxazepam RS in the Standard solution (mg/mL)
CU = concentration of Oxazepam in the Sample solution (mg/mL)
F = relative response factor (see Table 3)
Acceptance criteria: See Table 3. Disregard any peak representing less than 0.05% of the
area of the main peak.
The reporting threshold is 0.05%. USP42
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Table 3
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Chlordiazepoxide related compound A
0.7
1.0
0.2
Oxazepam related compound A
0.8
0.25
0.2
Oxazepam
1.0
—
—
a
Oxazepam related compound B
1.2
0.90
0.2
Oxazepam related compound Cb
1.4
1.0
0.2
c
Oxazepam related compound D
2.0
1.0
0.2
Any individual unknown impurity
—
—
0.10
Total impurities
—
—
1.0
a 7-Chloro-2-oxo-5-phenyl-2,3-dihydro-1H-benzodiazepin-3-yl acetate.
b 6-Chloro-4-phenylquinazoline-2-carbaldehyde.
c 5-Chloro-2-aminobenzophenone.
SPECIFIC TESTS
• pH 〈791〉
Sample: A suspension of 1 g of Oxazepam in 50 mL of water
Acceptance criteria: 4.8–7.0
• Loss on Drying 〈731〉
Analysis: Dry at a pressure not exceeding 5 mm of mercury at 105° for 3 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Chlordiazepoxide Related Compound A RS
7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one 4-oxide.
C15 H11 ClN2 O2
286.71
USP Oxazepam RS
USP Oxazepam Related Compound A RS
7-Chloro-5-phenyl-4,5-dihydro-1H-benzodiazepine-2,3-dione.
C15 H11 ClN2 O2
286.71
Recent Official Publications:
USP41–NF36 Page 3077
BRIEFING
Phenylephrine Hydrochloride Nasal Solution, USP 40 page 5684. As part of USP
monograph modernization efforts, the following changes are proposed:
1. Replace the TLC test in Identification A with a retention time agreement test, as
obtained in the Assay.
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2. Add Identification B based on UV spectrum match as obtained in the Assay.
3. Update the Detector in the Assay to support the addition of Identification B.
4. Add USP Epinephrine Bitartrate RS, used in the Assay, to the USP Reference Standards
section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: Y. Yang, H. Cai.)
Correspondence Number—C194206
Comment deadline: March 31, 2018
Phenylephrine Hydrochloride Nasal Solution
DEFINITION
Phenylephrine Hydrochloride Nasal Solution contains NLT 90.0% and NMT 115.0% of the
labeled amount of phenylephrine hydrochloride (C9 H13 NO2 ·HCl).
IDENTIFICATION
Change to read:
• A.
Standard solution: 10 mg/mL of USP Phenylephrine Hydrochloride RS in water
Sample solution: Nominally 10 mg/mL of phenylephrine hydrochloride from a suitable
volume of Nasal solution. Concentrate or dilute if necessary
Chromatographic system: See Chromatography 〈621〉
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 2 µL
Developing solvent system: Methanol, ammonium hydroxide, and water (72:3:25)
Spray reagent A: Alcoholic potassium hydroxide TS
Spray reagent B: p-nitroaniline TS
Analysis
Samples: Standard solution and Sample solution
Apply the Standard solution and the Sample solution at points about 2.5 cm from the
bottom edge of a suitable thin-layer chromatographic plate. Dry the spots in a current
of warm air, and develop the chromatogram in a suitable chromatographic chamber with
the Developing solvent system until the solvent front has moved about 12 cm. Dry the
plate in warm air, and spray it with Spray reagent A. Dry at 60° for 15 min, and spray
the plate with Spray reagent B.
Acceptance criteria: The reddish orange spot from the Sample solution corresponds in
color, size, and intensity to that from the Standard solution.
The retention time of the major peak of the Sample solution corresponds to that of the
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Standard solution, as obtained in the Assay.

USP42

Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Mobile phase: 1.1 g/L of sodium 1-octane sulfonate in a mixture of methanol and water
(50:50). Adjust with phosphoric acid to a pH of 3.0.
Diluent: Methanol and water (50:50). Adjust with phosphoric acid to a pH of 3.0.
System suitability solution: 0.1 mg/mL of USP Phenylephrine Hydrochloride RS and 0.1
mg/mL of USP Epinephrine Bitartrate RS in Diluent
Standard stock solution: 2 mg/mL of USP Phenylephrine Hydrochloride RS in Diluent
Standard solution: 0.1 mg/mL of USP Phenylephrine Hydrochloride RS in Diluent from the
Standard stock solution
Sample solution: Nominally 0.1 mg/mL of phenylephrine hydrochloride in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm.
For Identification B, use a diode array detector in the range of 200–400 nm. USP42
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between phenylephrine and epinephrine, System suitability solution
Tailing factor: NMT 2.0 for the phenylephrine peak, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phenylephrine hydrochloride
(C9 H13 NO2 ·HCl) in the portion of Nasal Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
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rS = peak response from the Standard solution
CS = concentration of USP Phenylephrine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of phenylephrine hydrochloride in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–115.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 〈11〉
USP Epinephrine Bitartrate RS USP42
USP Phenylephrine Hydrochloride RS
Recent Official Publications:
USP41–NF36 Page 3280
BRIEFING
Phenylephrine Hydrochloride Ophthalmic Solution, USP 40 page 5684. As part of USP
monograph modernization efforts, the following changes are proposed:
1. Replace the TLC test in Identification A with a retention time agreement test, as
obtained in the Assay.
2. Add Identification B based on UV spectrum match, as obtained in the Assay.
3. Update the Detector in the Assay to support the addition of Identification B.
4. Add USP Epinephrine Bitartrate RS, used in the Assay, to the USP Reference Standards
section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: Y. Yang, H. Cai.)
Correspondence Number—C194202
Comment deadline: March 31, 2018
Phenylephrine Hydrochloride Ophthalmic Solution
DEFINITION
Phenylephrine Hydrochloride Ophthalmic Solution is a sterile, aqueous solution of
Phenylephrine Hydrochloride. It contains NLT 90.0% and NMT 115.0% of the labeled amount
of phenylephrine hydrochloride (C9 H13 NO2 ·HCl). It may contain a suitable antimicrobial
agent and buffer and may contain suitable antioxidants.
IDENTIFICATION
Change to read:

PF 44(1): Jan.-Feb. 2018

426

• A.
Standard solution: 10 mg/mL of USP Phenylephrine Hydrochloride RS in water
Sample solution: Nominally 10 mg/mL from a suitable volume of Ophthalmic Solution.
Concentrate or dilute if neeessary.
Chromatographic system: See Chromatography 〈621〉
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 2 µL
Developing solvent system: Methanol, ammonium hydroxide, and water (72:3:25)
Spray reagent A: Alcoholic potassium hydroxide TS
Spray reagent B: p-nitroaniline TS
Analysis
Samples: Standard solution and Sample solution
Apply the Standard solution and the Sample solution at points about 2.5 cm from the
bottom edge of a suitable thin-layer chromatographic plate. Dry the spots in a current
of warm air, and develop the chromatogram in a suitable chromatographic chamber with
the Developing solvent system until the solvent front has moved about 12 cm. Dry the
plate in warm air, and spray it with Spray reagent A. Dry at 60° for 15 min, and spray
the plate with Spray reagent B.
Acceptance criteria: The reddish orange spot from the Sample solution corresponds in
color, size, and intensity to that from the Standard solution.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Mobile phase: 1.1 g/L of sodium 1-octane sulfonate in a mixture of methanol and water
(50:50). Adjust with phosphoric acid to a pH of 3.0.
Diluent: Methanol and water (50:50). Adjust with phosphoric acid to a pH of 3.0.
System suitability solution: 0.1 mg/mL of USP Phenylephrine Hydrochloride RS and 0.1
mg/mL of USP Epinephrine Bitartrate RS in Diluent
Standard stock solution: 2 mg/mL of USP Phenylephrine Hydrochloride RS in Diluent
Standard solution: 0.1 mg/mL of USP Phenylephrine Hydrochloride RS in Diluent from the
Standard stock solution
Sample solution: Nominally 0.1 mg/mL of phenylephrine hydrochloride in Diluent
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm.
For Identification B, use a diode array detector in the range of 200–400 nm. USP42
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between phenylephrine and epinephrine, System suitability solution
Tailing factor: NMT 2.0 for the phenylephrine peak, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phenylephrine hydrochloride
(C9 H13 NO2 ·HCl) in the portion of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Phenylephrine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of phenylephrine hydrochloride in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–115.0%
SPECIFIC TESTS
• Sterility Tests 〈71〉: It meets the requirements.
• pH 〈791〉: 4.0–7.5 for buffered Ophthalmic Solution and 3.0–4.5 for unbuffered Ophthalmic
Solution
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers of NMT 15-mL size.
Change to read:
• USP Reference Standards 〈11〉
USP Epinephrine Bitartrate RS USP42
USP Phenylephrine Hydrochloride RS
Recent Official Publications:
USP41–NF36 Page 3281
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BRIEFING
Chromic Phosphate P 32 Suspension, USP 40 page 5698. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Chromic Phosphate P 32 Suspension are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193472
Comment deadline: March 31, 2018
Delete the following:
Chromic Phosphate P 32 Suspension

» Chromic Phosphate P 32 Suspension is a sterile, aqueous suspension of
radioactive chromic phosphate P 32 in a 30 percent Dextrose solution
suitable for intraperitoneal, intrapleural, or interstitial administration. It
contains not less than 90.0 percent and not more than 110.0 percent of the
labeled amount of 32P as chromic phosphate expressed in megabecquerels
(millicuries) per mL at the time indicated in the labeling. It may contain a
preservative or a stabilizer. Other chemical forms of radioactivity do not
exceed 5.0 percent of the total radioactivity.
Packaging and storage—Preserve in single-dose or multiple-dose containers.
Labeling—Label it to include the following, in addition to the information specified Labeling 〈7〉,
Labels and Labeling for Injectable Products: the time and date of calibration; the amount of 32P
as labeled chromic phosphate expressed as total megabecquerels (millicuries) and concentration
as megabecquerels (millicuries) per mL at the time of calibration; the expiration date; and the
statements, “Caution—Radioactive Material,” and “For intracavitary use only.” The labeling
indicates that in making dosage calculations, correction is to be made for radioactive decay,
and also indicates that the radioactive half-life of 32P is 14.3 days.
USP Reference standards 〈11〉—
USP Endotoxin RS
Radionuclide identification—
A: The beta radiation of the Suspension, measured according to the procedure set forth under
Radioactivity 〈821〉, shows a mass absorption coefficient within ±5% of the value found for a
specimen of a known standard of the same radionuclide when determined under identical
counting conditions and geometry.
B: Its beta-ray spectrum is identical to that of a specimen of 32P of known purity showing no
distinct photopeaks and no energies greater than 1.710 MeV.
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Bacterial Endotoxins Test 〈85〉 —It contains not more than 175/V USP Endotoxin Unit per mL
of the Injection, when compared with the USP Endotoxin RS, in which V is the maximum
recommended total dose, in mL, at the expiration date or time.
pH 〈791〉: between 3.0 and 5.0.
Radiochemical purity—Place a measured volume of Suspension, to provide a count rate of
about 20,000 counts per minute, about 2.5 cm from one end of a 25-mm × 300-mm strip of
chromatographic paper (see Chromatography 〈621〉), and allow to dry. Develop the
chromatogram by ascending chromatography, using water as the solvent, and air-dry: the
radioactivity in the chromic phosphate is not less than 95.0% of the total radioactivity when
measured at the origin.
Other requirements—It meets the requirements underInjections and Implanted Drug Products
〈1〉, except that the Suspension may be distributed or dispensed prior to the completion of the
test for Sterility, the latter test being started on the day of final manufacture, and except that
it is not subject to the recommendations on Container Content.
Assay for dextrose—
Periodic acid reagent solution— Dissolve 8.5 g of sodium metaperiodate in 80 mL of 1 N sulfuric
acid, dilute with water to 100 mL, and mix.
Assay preparation— Decant the supernatant from sterile Suspension into a disposable
centrifuge tube, and centrifuge. Pipet 1.0 mL of the clear supernatant into a 25-mL volumetric
flask, dilute with water to volume, and mix.
Procedure— Pipet 50 mL of Periodic acid reagent solution into a 250-mL conical flask, add 3.0
mL of the Assay preparation, swirl, cover the flask, and allow to stand at room temperature for
2 hours. Add, in the order named and with rapid stirring, 50 mL of a saturated solution of
sodium bicarbonate, 50.0 mL of 0.1 N potassium arsenite VS, 4 mL of potassium iodide solution
(1 in 5), and 20 g of sodium bicarbonate. Stir the solution at room temperature for 15 minutes.
Titrate with 0.1 N iodine VS, using 3 mL of starch TS as the indicator. Perform a blank
determination, and make any necessary correction. Each mL of 0.1 N iodine is equivalent to
1.802 mg of dextrose (C6 H12 O6 ). Not less than 27.0% and not more than 33.0% is found.
Change to read:
Assay for radioactivity—Using a suitable counting assembly
(CN 1-May-2017) , determine
the radioactivity, in MBq (mCi) per mL, of Sterile Suspension by use of a calibrated system as
directed under Radioactivity 〈821〉. USP42
Recent Official Publications:
USP41–NF36 Page 3295
BRIEFING
Sodium Phosphate P 32 Solution, USP 40 page 5699. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Sodium Phosphate P 32 Solution are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
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(CHM4: M. Puderbaugh.)
Correspondence Number—C193222
Comment deadline: March 31, 2018
Delete the following:
Sodium Phosphate P 32 Solution
Phosphoric- 32P acid, disodium salt.
Dibasic sodium phosphate- 32P [7635-46-3].

» Sodium Phosphate P 32 Solution is a solution suitable for either oral or
intravenous administration, containing radioactive phosphorus (32P)
processed in the form of Dibasic Sodium Phosphate from the neutron
bombardment of elemental sulfur. Nonradioactive Dibasic Sodium Phosphate
may be added during the processing.
Sodium Phosphate P 32 Solution contains not less than 90.0 percent and not
more than 110.0 percent of the labeled amount of 32P as phosphate
expressed in megabecquerels (microcuries or millicuries) per mL at the time
indicated in the labeling. Other chemical forms of radioactivity are absent.
Packaging and storage—Preserve in single-dose or multiple-dose containers that previously
have been treated to prevent adsorption.
Labeling—Label it to include the following: the time and date of calibration; the amount of 32P
as phosphate expressed in total megabecquerels (microcuries or millicuries) and in
megabecquerels (microcuries or in millicuries) per mL at the time of calibration; the name and
quantity of any added preservative or stabilizer; a statement of the intended use, whether oral
or intravenous; a statement of whether the contents are intended for diagnostic or therapeutic
use; the expiration date; and the statements “Caution—Radioactive Material,” and “Not for
intracavitary use.” The labeling indicates that in making dosage calculations, correction is to be
made for radioactive decay, and also indicates that the radioactive half-life of 32P is 14.3 days.
USP Reference standards 〈11〉—
USP Endotoxin RS
Radionuclide identification—
A: The beta radiation of the Solution, measured according to the procedure set forth under
Radioactivity 〈821〉, shows a mass absorption coefficient within ±5% of the value found for a
specimen of a known standard of the same radionuclide when determined under identical
counting conditions and geometry.
B: Its beta-ray and/or bremsstrahlung spectrum is identical to that of a specimen of 32P of
known purity showing no distinct photopeaks and no energies greater than 1.710 MeV.
Bacterial Endotoxins Test 〈85〉—It contains not more than 175/V USP Endotoxin Unit per mL of
the Injection, when compared with the USP Endotoxin RS, in which V is the maximum
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recommended total dose, in mL, at the expiration date or time.
pH 〈791〉: between 5.0 and 6.0.
Radiochemical purity—Place a measured volume, appropriately diluted with phosphoric acid
solution (1 in 20) such that it provides a count rate of about 20,000 counts per minute, about
45 mm from the end of a 25- × 300-mm strip of chromatographic paper (see Chromatography
〈621〉), and allow to dry. Develop the chromatogram by descending chromatography, using a
mixture of tertiary butyl alcohol, water, and formic acid (40:20:5). Allow to dry, and determine
the position of the phosphoric acid by spraying the paper with a solution prepared by dissolving
5 g of ammonium molybdate in 100 mL of water and pouring, with constant stirring, into a
mixture of 12 mL of nitric acid and 24 mL of water. Determine the position of the radioactivity
distribution by scanning with a collimated radiation detector. The radioactivity appears in one
band only, corresponding in RF value to the phosphoric acid.
Other requirements—Solution intended for intravenous use meets the requirements under
Injections and Implanted Drug Products 〈1〉, except that the Solution may be distributed or
dispensed prior to completion of the test for Sterility, the latter test being started on the day
of final manufacture, and except that it is not subject to the recommendation on Container
Content.
Change to read:
Assay for radioactivity—Using a suitable counting assembly
(CN 1-May-2017) , determine
the radioactivity, in MBq (mCi) per mL, of Solution by use of a calibrated system as directed
under Radioactivity 〈821〉). USP42
Recent Official Publications:
USP41–NF36 Page 3295
BRIEFING
Pramipexole Dihydrochloride Tablets. Because there is no existing USP monograph for this
drug product, a new monograph based on validated methods of analysis is proposed.
1. The liquid chromatographic procedures for the Assay and Dissolution test are based on
analyses performed with the Hypersil BDS C18 brand of column with L1 packing
manufactured by Thermo Scientific. The typical retention time for pramipexole is about
3.5 min.
2. The liquid chromatographic procedure in the test for Organic Impurities, Procedure 1 is
based on analyses performed with the Betasil C18 brand of column with L1 packing
manufactured by Thermo Scientific. The typical retention time for pramipexole in is
about 7 min.
3. The liquid chromatographic procedure in the test for Organic Impurities, Procedure 2 is
based on analyses performed with the Kromasil C18 brand of column with L1 packing
manufactured by Kromasil. The typical retention time for pramipexole is about 35 min.
(CHM4: K.K. Seela, R. Ravichandran.)
Correspondence Number—C97026; C97341
Comment deadline: March 31, 2018
Add the following:
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Pramipexole Dihydrochloride Tablets
DEFINITION
Pramipexole Dihydrochloride Tablets contain an amount of pramipexole dihydrochloride
monohydrate equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of
pramipexole dihydrochloride (C10 H19 Cl2 N3 S).
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Standard: Add 10 mL of water to 3 mg of USP Pramipexole Dihydrochloride Monohydrate
RS. Sonicate for 10 min. Adjust with 25% ammonium hydroxide to a pH of 11.5. Transfer
the resulting suspension to a separatory funnel. Extract the pramipexole free base with
two 10-mL aliquots of methylene chloride. Combine the organic phases, and extract with a
10-mL aliquot of pH 11.5 water. Filter the organic phase through anhydrous sodium
sulfate. Add 250 mg of potassium bromide to the filtrate and evaporate to dryness. Dry
the residue in a vacuum oven for 6 h at 50°.
Sample: Take a quantity of finely powdered Tablets, nominally equivalent to 3 mg of
pramipexole dihydrochloride, and combine with 10 mL of water. Sonicate for 10 min. Adjust
with 25% ammonium hydroxide to a pH of 11.5. Transfer the resulting suspension to a
separatory funnel. Extract the pramipexole free base with two 10-mL aliquots of
methylene chloride. Combine the organic phases, extract with 10-mL of pH 11.5 water.
Filter the organic phase through anhydrous sodium sulfate. Add 250 mg of potassium
bromide to the filtrate and evaporate to dryness. Dry the residue in a vacuum oven for 6 h
at 50°.
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Dissolve 2 g of sodium 1-heptanesulfonate and 2 g of sodium acetate in 1 L of
water. Adjust with glacial acetic acid to a pH of 6.0.
Solution B: Acetonitrile and water (80:20)
Mobile phase: Solution A and Solution B (70:30)
Standard solution: 10 µg/mL of USP Pramipexole Dihydrochloride Monohydrate RS in Mobile
phase
Sample solution: Nominally 10 µg/mL of pramipexole dihydrochloride from NLT 10 Tablets in
Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 262 nm
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Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of pramipexole
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pramipexole dihydrochloride
(C10 H19 Cl2 N3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Pramipexole Dihydrochloride Monohydrate RS in the Standard
solution (µg/mL)
CU = nominal concentration of pramipexole dihydrochloride in the Sample solution (µg/mL)
Mr1 = molecular weight of pramipexole dihydrochloride monohydrate, 302.26
Mr2 = molecular weight of pramipexole dihydrochloride, 284.25
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: pH 6.8 buffer prepared as follows. Dissolve 4.8 g of citric acid and 22 g of
anhydrous disodium hydrogen phosphate in 1 L of water; 500 mL.
Apparatus 2: 50 rpm
Time: 30 min
Buffer: Dissolve 2 g of sodium 1-heptanesulfonate and 2 g of sodium acetate in 1 L water.
Adjust with glacial acetic acid to a pH of 6.0.
Mobile phase: Acetonitrile and Buffer (15:85)
Standard stock solution: 0.3 mg/mL of USP Pramipexole Dihydrochloride Monohydrate RS
in Mobile phase
Standard solution: 3 µg/mL of USP Pramipexole Dihydrochloride Monohydrate RS in
Medium, from Standard stock solution
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 262 nm
Column: 4.0-mm × 10-cm column; 3 µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 100 µL
Run time: NLT 2 times the retention time of pramipexole
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pramipexole (C10 H19 Cl2 N3 S) dissolved:
Result = (rU/rS) × (CS/L) × V × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Pramipexole Dihydrochloride Monohydrate RS in the Standard
solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 500 mL
Mr1 = molecular weight of pramipexole dihydrochloride monohydrate, 302.27
Mr2 = molecular weight of pramipexole dihydrochloride, 284.25
Tolerances: NLT 80% (Q) of the labeled amount of pramipexole (C10 H19 Cl2 N3 S) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities, Procedure 1
Procedure 1 is recommended if pramipexole related compound F, pramipexole related
compound G, and/or ketopramipexole are potential degradation products.
Protect all Standard solutions and Sample solutions from sunlight.
Solution A: 31.5 g/L of ammonium formate in water. Adjust with formic acid to a pH of 5.0.
Solution B: Methanol
Mobile phase: See Table 1.
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Time
(min)
0
5
35
40
45

Table 1
Solution A
(%)
100
100
43
100
100

Solution B
(%)
0
0
57
0
0

System suitability solution: 0.2 mg/mL of USP Pramipexole Dihydrochloride Monohydrate
RS and 0.001 mg/mL each of USP Pramipexole Related Compound F RS and USP
Pramipexole Related Compound G RS in Solution A
Standard stock solution: 0.02 mg/mL of USP Pramipexole Dihydrochloride Monohydrate RS
prepared as follows. Dissolve first in methanol using 4% of final volume and dilute with
water to volume.
Standard solution: 1 µg/mL of USP Pramipexole Dihydrochloride Monohydrate RS from
Standard stock solution in Solution A
Sensitivity solution: 0.2 µg/mL of USP Pramipexole Dihydrochloride Monohydrate RS from
Standard stock solution in Solution A
Sample solution: Nominally 200 µg/mL of pramipexole in Solution A, prepared as follows.
Transfer an amount equivalent to 1 mg of pramipexole from powdered Tablets (NLT 10) to
a centrifuge tube, and add 5 mL of Solution A. Shake for 2 h and sonicate for 15 min.
Centrifuge the suspension and use the clear supernatant solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240, 262, and 326 nm. [Note—A diode array detector is recommended to
allow the monitoring of multiple wavelengths.]
Column: 4.6-mm × 10-cm; 5-µm packing L1
Column temperature: 35°
Flow rate: 1 mL/min
Injection volume: 200 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements:
Resolution: NLT 1.5 between pramipexole related compound F and pramipexole related
compound G; NLT 1.5 between pramipexole related compound G and pramipexole,
System suitability solution
Relative standard deviation: NMT 10% at 240 nm and NMT 5% at 262 nm, Standard
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100
rU =peak response of each individual degradation product at the wavelength specified
(see Table 2) from the Sample solution
rS = peak response of pramipexole at the corresponding wavelength specified (see Table
2) from the Standard solution
CS =concentration of USP Pramipexole Dihydrochloride RS in the Standard solution
(µg/mL)
CU = nominal concentration of pramipexole dihydrochloride in the Sample solution (µg/mL)
F = relative response factor for the corresponding degradation product (see Table 2)
Mr1 = molecular weight of pramipexole dihydrochloride monohydrate, 302.26
Mr2 = molecular weight of pramipexole dihydrochloride, 284.25
Acceptance criteria: See Table 2. The reporting threshold is 0.10%.

PF 44(1): Jan.-Feb. 2018

Name

437

Relative
Retention
Time

Table 2
Relative
Response
Factor

Wavelength
(nm)

Acceptance
Criteria,
NMT (%)

Pramipexole RSbenzimidazolethione
analoga
0.44
1.0
240
2.0
Pramipexole SRbenzimidazolethione
analogb
0.56
1.0
240
1.0
Pramipexole related
—
—
compound F c
0.88
262
Pramipexole related
1.4
compound G
0.93
262
0.5
Pramipexole
1.0
—
240, 262, 326
—
7-Ketopramipexoled
1.2
1.0
326
0.5
Pramipexole (7R)-Ndimere
1.74
1.5
262
0.5
Any individual
—
unspecified impurity
1.0
240
0.3
Total impurities
—
—
—
4.0
a (3aR,5S,7aS)-3a,7a-Dihydroxy-5-(propylamino)hexahydro-1H-benzimidazole-2(3H)thione.
b (3aS,5S,7aR)-3a,7a-Dihydroxy-5-(propylamino)hexahydro-1H-benzimidazole-2(3H)thione.
c Process impurity; not to be included in the total degradation products.
d (S)-2-Amino-6-(propylamino)-5,6-dihydrobenzothiazol-7(4H)-one.
e (6S,7R)-N6-Propyl-N7-[(S)-6-(propylamino)-4,5,6,7-tetrahydrobenzothiazol-2-yl]4,5,6,7-tetrahydrobenzothiazole-2,6,7-triamine.
• Organic Impurities, Procedure 2
Procedure 2 is recommended if N6-propyl pramipexole and N2-propyl pramipexole, are
potential degradation products.
Solution A: Dissolve 2 g of sodium 1-octanesulfonate and 6.8 g of monobasic potassium
phosphate in 1 L of water. Add 2 mL of triethylamine. Adjust with phosphoric acid or
triethylamine to a pH of 6.4.
Solution B: Acetonitrile and water (80:20)
Diluent: Solution A and Solution B (80:20)
Mobile phase: See Table 3.
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Time
(min)
0
60
75
80
90

Table 3
Solution A
(%)
90
70
70
90
90

Solution B
(%)
10
30
30
10
10

Standard stock solution: 300 µg/mL of USP Pramipexole Dihydrochloride Monohydrate RS
in Diluent
Standard solution: 0.9 µg/mL of USP Pramipexole Dihydrochloride Monohydrate RS in
Diluent, from Standard stock solution
Sensitivity solution: 0.15 µg/mL of USP Pramipexole Dihydrochloride Monohydrate RS in
Diluent, from Standard stock solution
Sample solution: Nominally 300 µg/mL of pramipexole dihydrochloride from a portion of
powdered Tablets, in Diluent. Sonicate to aid in dissolution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 262 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 80 µL
System suitability
Samples: Standard stock solution, Standard solution, and Sensitivity solution
Suitability requirements:
Tailing factor: NMT 2.0, Standard stock solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of pramipexole from the Standard solution
CS = concentration of USP Pramipexole Dihydrochloride Monohydrate RS in the Standard
solution (µg/mL)
CU = nominal concentration of pramipexole dihydrochloride monohydrate in the Sample
solution (µg/mL)
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F = relative response factor for the corresponding degradation product (see Table 4)
Mr1 = molecular weight of pramipexole dihydrochloride monohydrate, 302.27
Mr2 = molecular weight of pramipexole dihydrochloride, 284.25
Acceptance criteria: See Table 4. The reporting threshold is 0.05%.

Name

Table 4
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Pramipexole related compound Aa
Pramipexole

0.36
1.0

1.6
—

0.15
—

N6-Propyl pramipexoleb

1.5

1.0

0.15

N2-Propyl pramipexolec
2.0
1.0
0.15
Any individual unspecified impurity
—
1.0
0.30
Total impurities
—
—
0.90
a (S)-4,5,6,7-Tetrahydrobenzothiazole-2,6-diamine; also known as (6S)-4,5,6,7tetrahydro-1,3-benzothiazole-2,6-diamine.
b (S)-N6,N6-Dipropyl-4,5,6,7-tetrahydrobenzothiazole-2,6-diamine.
c (S)-2,6-Di(propylamino)-4,5,6,7-tetrahydrobenzothiazole.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• Labeling: The label states with which Organic Impurities procedure the article complies with
if Organic Impurities, Procedure 1 is not used.
• USP Reference Standards 〈11〉
USP Pramipexole Dihydrochloride Monohydrate RS
USP Pramipexole Related Compound F RS
(6S,7R)-2-Amino-6-(propylamino)-4,5,6,7-tetrahydrobenzothiazol-7-ol.
C10 H17 N3 OS
284.25
USP Pramipexole Related Compound G RS
(6S,7S)-2-Amino-6-(propylamino)-4,5,6,7-tetrahydrobenzothiazol-7-ol.
C10 H17 N3 OS
284.25
USP42

BRIEFING
Primidone Tablets, USP 40 page 5833. As part of the USP monograph modernization efforts,
the following revisions are proposed:
1. Add Identification B with the UV spectrum agreement from the Assay.
2. Revise the Chromatographic system in the Assay to support the proposed Identification
B.
3. Delete the Column efficiency requirement in the Assay as the other System suitability
criteria are sufficient.
4. Add Run time in the Assay and Organic Impurities test to strengthen the public
standard.
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5. Add an equation to the Dissolution test for consistency with current USP style.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: K.K. Seela.)
Correspondence Number—C189985
Comment deadline: March 31, 2018
Primidone Tablets
DEFINITION
Primidone Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of primidone
(C12 H14 N2 O2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Buffer: 6.8 g/L of monobasic potassium phosphate
Mobile phase: Methanol, tetrahydrofuran, and Buffer (35: 0.5: 65)
Diluent: Methanol and water (35:65)
Standard stock solution: 0.5 mg/mL of USP Primidone RS in methanol
Standard solution: 0.05 mg/mL of USP Primidone RS in Diluent, from the Standard stock
solution
Sample stock solution: Transfer an equivalent of about 250 mg of primidone, from finely
powdered Tablets (NLT 20), based on the label claim, to a 250-mL volumetric flask. Add
about 125 mL of methanol, sonicate for about 15 min, and shake by mechanical means
until all the solid is dispersed (usually 20 min). Allow the solution to cool to room
temperature, and dilute with methanol to volume. Pass a portion of this solution through a
PTFE (or equivalent) filter of 0.45-µm pore size, and discard the first 5 mL of filtrate.
Nominally 1 mg/mL of primidone prepared as follows. Finely powder NLT 20 Tablets and
transfer a portion of the powder to an appropriate volumetric flask. Add methanol to about
50% of the flask volume, sonicate, and shake by mechanical means until all of the solid is
dispersed. Allow the solution to cool to room temperature, and dilute with methanol to
volume. Pass a portion of the solution through a suitable filter of 0.45-µm pore size and
discard the first 5 mL of the filtrate. USP42
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Sample solution: 0.05 mg/mL of primidone in Diluent, from the Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 10-cm; 3-µm packing L1
Column temperature: 35°
Flow rate: 1.3 mL/min
Injection volume: 20 µL
Run time: NLT 2.5 times the retention time of primidone USP42
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 3000 theoretical plates

USP42

USP42

Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of primidone (C12 H14 N2 O2 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Primidone RS in the Standard solution (mg/mL)
CU = nominal concentration of primidone in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 60 min
Standard solution: USP Primidone RS in Medium
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Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
with Medium, if necessary, to obtain a concentration that is similar to that of the
Standard solution.
Instrumental conditions
Mode: UV
Analytical wavelength: 257 nm
[Note—Perform baseline corrections, if necessary, in determining the absorbance by
extrapolating the baseline through the absorbance minima at 300 and 280 nm and
beyond 257 nm.]
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of primidone (C12 H14 N2 O2 ) dissolved:
Result = (AU/AS) × CS × D × V × (1/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
D = dilution factor for the Sample solution, if needed
V = volume of Medium, 900 mL
L = label claim (mg/Tablet) USP42
Tolerances: NLT 75% (Q) of the labeled amount of primidone (C12 H14 N2 O2 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Buffer, Mobile phase, and Diluent: Chromatographic system
USP42

Prepare as directed in the Assay.
Primidone related compound A stock solution: 200 µg/mL of USP Primidone Related
Compound A RS in methanol
Primidone related compound A solution: 20 µg/mL of USP Primidone Related Compound A
RS in Diluent, from Primidone related compound A stock solution
Standard stock solution: 0.05 mg/mL of USP Primidone RS in methanol
System suitability solution: 1 µg/mL of USP Primidone Related Compound A RS and 2
µg/mL of USP Primidone RS in Diluent, from the Primidone related compound A solution and
the Standard stock solution, respectively
Standard solution: 2 µg/mL of USP Primidone RS in Diluent, from the Standard stock
solution
Sample solution: Transfer an equivalent of about 250 mg of primidone, from finely
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powdered Tablets (NLT 20), based on the label claim, to a 250-mL volumetric flask. Add
about 125 mL of methanol, sonicate for about 15 min, and shake by mechanical means
until all the solid is dispersed (usually 20 min). Allow the solution to cool to room
temperature, and dilute with methanol to volume. Pass a portion of this solution through a
PTFE (or equivalent) filter of 0.45-µm pore size, and discard the first 5 mL of filtrate.
Nominally 1000 µg/mL of primidone prepared as directed for the Sample stock solution in
the Assay. USP42
Chromatographic system:
Proceed as directed in the Assay except for the Run time.
Run time: NLT 15 times the retention time of primidone USP42
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for primidone related compound A and primidone are
0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between primidone related compound A and primidone, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual degradation product in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity
degradation product USP42
from the Sample solution
rS = peak response
of primidone USP42
from the Standard solution
CS = concentration of USP Primidone RS in the Standard solution (µg/mL)
CU = nominal concentration of primidone in the Sample solution (µg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1.
[Note—Disregard impurity peaks that are less than 0.05%.
Reporting threshold is 0.05% USP42
]
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Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Primidone related compound Aa
0.5
0.76
0.1
Primidone
1.0
—
—
Phenobarbital
1.6
1.4
0.1
Primidone related compound Cb
1.9
0.92
0.1
c
—
—
2-Cyano-2-phenylbutyramide
2.2
2-Phenylbutyric acid
4.1
0.91
0.1
—
—
Phenylpropylprimidonec
11.4
Any individual unspecified degradation
—
product
1.0
0.1
Total impurities
—
—
degradation products USP42
0.5
a 2-Ethyl-2-phenylmalonamide.
b 2-Phenylbutyramide.
c Process impurities controlled in the drug substance. Included for identification
purposes only. Not reported for the drug product and not included in Total impurities.
Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance, and are not to be reported or included in the total
degradation products for the drug product. USP42
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• Labeling: Tablets intended solely for veterinary use are so labeled.
• USP Reference Standards 〈11〉
USP Primidone RS
USP Primidone Related Compound A RS
2-Ethyl-2-phenylmalonamide.
C11 H14 N2 O2
206.24
Recent Official Publications:
USP41–NF36 Page 3434
BRIEFING
Propranolol Hydrochloride Injection, USP 40 page 5894. As part of USP monograph
modernization efforts, it is proposed to revise the monograph as follows:
1. Add an orthogonal Identification B based on the UV spectrum agreement as proposed in
the Assay.
2. Add a stability-indicating HPLC test for Organic Impurities. The proposed HPLC
procedure is based on the test for Related Substances from the Propranolol
Hydrochloride monograph in European Pharmacopoeia 9.0 and is validated with the
Agilent Zorbax Eclipse XDB-C18 brand of column with L1 packing. The typical retention
time for propranolol is about 3.1 min.
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3. Replace the current HPLC procedure in the Assay with an HPLC procedure using the
same chromatographic parameters as those in the proposed Organic Impurities test.
4. Revise the acceptance criteria in the Bacterial Endotoxins Test to remove the numerical
limit and to refer to Bacterial Endotoxins Test 〈85〉 for the calculation of limits.
5. Revise the requirements in the Packaging and Storage section based on the approved
drug package insert.
6. Add a new USP Propranolol Related Compound A RS to the USP Reference Standards
section in support of the proposed test for Organic Impurities.
The proposed limits in the Organic Impurities test are based on the monograph from the British
Pharmacopoeia. Manufacturers are encouraged to submit their FDA-approved specifications to
USP if they are different from those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: D. Min.)
Correspondence Number—C176431
Comment deadline: March 31, 2018
Propranolol Hydrochloride Injection
DEFINITION
Propranolol Hydrochloride Injection is a sterile solution of Propranolol Hydrochloride in Water
for Injection. It contains NLT 90.0% and NMT 110.0% of the labeled amount of propranolol
hydrochloride (C16 H21 NO2 ·HCl).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Diluted sample solution corresponds to that
of the Diluted standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Mobile phase: Dissolve 0.5 g of sodium dodecyl sulfatein 18 mL of 0.15 M phosphoric acid.
Add 90 mL of acetonitrile and 90 mL of methanol, dilute with water to make 250 mL, and
pass through a filter of 0.5-µm pore size.
Standard stock solution: 1 mg/mL of USP Propranolol Hydrochloride RS in methanol
Standard solution: 0.2 mg/mL of USP Propranolol Hydrochloride RS in methanol from
Standard stock solution. Pass through a suitable filter of 0.7-µm or finer pore size.
System suitability stock solution: 0.25 mg/mL of procainamide hydrochloride in methanol
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System suitability solution: Dilute with methanol, 5 mL each of System suitability stock
solution and Standard stock solution in a nominally 25-mL volumetric flask, to volume.
Sample solution: Equivalent to 0.2 mg/mL of propranolol hydrochloride from a volume of
Injection diluted with methanol
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for procainamide and propranolol are 0.6 and 1.0,
respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 2.0 between procainamide and propranolol, System suitability solution
Tailing factor: NMT 3.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of propranolol hydrochloride
(C16 H21 NO2 ·HCl) in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of propranolol from the Sample solution
rS = peak response of propranolol from the Standard solution
CS = concentration of USP Propranolol Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of propranolol hydrochloride in the Sample solution (mg/mL)
Mobile phase: Dissolve 1.6 g of sodium dodecyl sulfate and 0.31 g of
tetrabutylammonium phosphate in a mixture consisting of 1 mL of sulfuric acid, 450 mL of
water, and 550 mL of acetonitrile. Adjust with 2 N sodium hydroxide solution to a pH of
3.3.
Standard solution: 0.1 mg/mL of USP Propranolol Hydrochloride RS in Mobile phase.
Sonication may be needed to aid dissolution.
Diluted standard solution: 0.02 mg/mL of USP Propranolol Hydrochloride RS in Mobile
phase from Standard solution
Sample solution: Nominally 0.1 mg/mL of propranolol hydrochloride in Mobile phase
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prepared as follows. Transfer a suitable volume of Injection to a suitable volumetric flask,
and dilute with Mobile phase to volume.
Diluted sample solution: Nominally 0.02 mg/mL of propranolol hydrochloride in Mobile
phase from Sample solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 292 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.8 mL/min
Injection volume: 50 µL
Run time: NLT 9 times the retention time of propranolol
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution, Diluted standard solution, Sample solution, and Diluted
sample solution
[Note—The Diluted standard solution and Diluted sample solution are used for
Identification B.]
Calculate the percentage of the labeled amount of propranolol hydrochloride
(C16 H21 NO2 ·HCl) in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of propranolol from the Sample solution
rS = peak response of propranolol from the Standard solution
CS = concentration of USP Propranolol Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of propranolol hydrochloride in the Sample solution (mg/mL)
USP42

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
System suitability solution: 1 µg/mL of USP Propranolol Related Compound A RS and 500
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µg/mL of USP Propranolol Hydrochloride RS in Mobile phase
Standard solution: 1 µg/mL of USP Propranolol Hydrochloride RS in Mobile phase
Sensitivity solution: 0.5 µg/mL of USP Propranolol Hydrochloride RS in Mobile phase from
Standard solution
Sample solution: Nominally 500 µg/mL of propranolol hydrochloride in Mobile phase
prepared as follows. Transfer a suitable volume of Injection to a suitable volumetric flask,
and dilute with Mobile phase to volume.
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—The relative retention times for propranolol related compound A and propranolol
are 0.6 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 3.0 between propranolol and propranolol related compound A, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any unspecified degradation product in the portion of Injection
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified degradation product from the Sample solution
rS = peak response of propranolol from the Standard solution
CS = concentration of USP Propranolol Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of propranolol hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Propranolol related compound Aa
Propranolol
Any unspecified degradation product
Total degradation products
a For resolution measurement only.
USP42

SPECIFIC TESTS
Change to read:

Relative
Retention
Time
0.6
1.0
—
—

Acceptance
Criteria,
NMT (%)
—
—
0.2
0.8
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• Bacterial Endotoxins Test 〈85〉: NMT 55.6 USP Endotoxin Units/mg of propranolol
hydrochloride
Meets the requirements USP42
• pH 〈791〉: 2.8–4.0
• Other Requirements: It meets the requirements in Injections and Implanted Drug Products
〈1〉.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose, light-resistant containers, preferably of
Type I glass.
Store at controlled room temperature. Protect from freezing or excessive heat. USP42
Change to read:
• USP Reference Standards 〈11〉
USP Endotoxin RS
(CN 1-May-2018)

USP Propranolol Hydrochloride RS
USP Propranolol Related Compound A RS
3-(Naphthalen-1-yloxy)propane-1,2-diol.
C13 H14 O3
218.25
USP42

Recent Official Publications:
USP41–NF36 Page 3495
BRIEFING
Pyridostigmine Bromide, USP 40 page 5922. As part of USP monograph modernization
efforts, it is proposed to make the following changes:
1. Revise Identification A to allow for more flexibility in performing the analysis.
2. Replace the nonspecific UV test in Identification B with a test based on a UV spectrum
agreement using the proposed Assay.
3. Delete Identification C, which is a nonspecific and non-value added test.
4. Replace the titration-based Assay procedure with an HPLC procedure. The proposed
liquid chromatographic procedure is based on analyses performed with the Prodigy
ODS(3) brand of column with L1 packing manufactured by Phenomenex. The typical
retention time for pyridostigmine is about 16 min. The Inertsil ODS-3V brand of column
manufactured by GL Sciences is a suitable alternative for this procedure.
5. Revise the acceptance criteria in the Definition and the Assay from NLT 98.5%–NMT
100.5% to NLT 98.0%–NMT 102.0%, which is typical for chromatographic procedures.
6. Replace the test for Ordinary Impurities with a test for Organic Impurities that uses a
liquid chromatographic procedure similar to the Assay.
7. Delete the nonspecific Melting Range or Temperature test because the remaining tests
provide adequate information for the drug substance quality.
8. Add USP Pyridostigmine Related Compound A RS and USP Pyridostigmine Related
Compound B RS to the USP Reference Standards section to support the proposed Assay

PF 44(1): Jan.-Feb. 2018

and Organic Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: K.K. Seela.)
Correspondence Number—C181953
Comment deadline: March 31, 2018
Pyridostigmine Bromide

C9 H13 BrN2 O2

261.12

Pyridinium, 3-[[(dimethylamino)carbonyl]oxy]-1-methyl-, bromide;
3-Hydroxy-1-methylpyridinium bromide dimethylcarbamate
[101-26-8].
DEFINITION
Change to read:
Pyridostigmine Bromide contains NLT 98.5% and NMT 100.5%
NLT 98.0% and NMT 102.0% USP42
of pyridostigmine bromide (C9 H13 BrN2 O2 ), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
〈197A〉 or 〈197K〉 USP42
Change to read:
• B. Ultraviolet Absorption 〈197U〉
Sample solution: 35 µg/mL in 0.1 N hydrochloric acid
Analytical wavelength: 269 nm
Acceptance criteria: Absorptivities do not differ by more than 3.0%, calculated on the
dried basis.
The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42

450
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Delete the following:
• C.
Sample: 100 mg
Analysis: Transfer the Sample to a test tube and add 0.6 mL of 1 N sodium hydroxide.
Acceptance criteria: An orange color develops. When the mixture is heated, the color
changes to yellow, and a strip of moistened red litmus paper held over the top of the test
tube turns blue. USP42
Change to read:
• D.
C. USP42
Identification Tests—General 〈191〉, Chemical Identification Tests, Bromide
Sample solution: 20 mg/mL of Pyridostigmine Bromide
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 850 mg of Pyridostigmine Bromide in 80 mL of glacial acetic acid.
Add 25 mL of mercuric acetate TS, and 2 drops of quinaldine red TS.
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid in dioxane VS
Endpoint detection: Visual
Analysis:
Sample: Sample solution
Titrate with Titrant to a colorless end point. Perform a blank determination and make any
necessary correction. Each mL of 0.1 N perchloric acid is equivalent to 26.11 mg of
pyridostigmine bromide (C9 H13 BrN2 O2 ).
Acceptance criteria: 98.5%–100.5% on the dried basis
Buffer: 4.3 g/L of sodium dodecyl sulfate in water. Adjust with phosphoric acid to a pH
of 2.0.
Mobile phase: Acetonitrile and Buffer (32:68)
System suitability solution: 2 µg/mL each of USP Pyridostigmine Bromide RS, USP
Pyridostigmine Related Compound A RS, and USP Pyridostigmine Related Compound B RS in
Mobile phase
Standard solution: 0.3 mg/mL of USP Pyridostigmine Bromide RS in Mobile phase
Sample solution: 0.3 mg/mL of Pyridostigmine Bromide in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 220 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2.6 times the retention time of pyridostigmine
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between pyridostigmine related compound A and pyridostigmine,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of pyridostigmine bromide (C9 H13 BrN2 O2 ) in the portion of
Pyridostigmine Bromide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Pyridostigmine Bromide RS in the Standard solution (mg/mL)
CU = concentration of Pyridostigmine Bromide in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

USP42

IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Ordinary Impurities 〈466〉
Standard solution: Methanol
Sample solution: Methanol
Eluant: Methanol and water (1:1)
The thin-layer chromatographic plate coating material is cellulose with a fluorescent
indicator.
Visualization: 1

USP42

Add the following:
• Organic Impurities
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Mobile phase and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.2 µg/mL of USP Pyridostigmine Bromide RS in Mobile phase
Standard solution: 0.6 µg/mL each of USP Pyridostigmine Bromide RS, USP Pyridostigmine
Related Compound A RS, and USP Pyridostigmine Related Compound B RS in Mobile phase
Sample solution: 1000 µg/mL of Pyridostigmine Bromide in Mobile phase
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between pyridostigmine related compound A and pyridostigmine,
Standard solution
Relative standard deviation: NMT 5.0% for all the three peaks, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of pyridostigmine related compound A and pyridostigmine related
compound B in the portion of Pyridostigmine Bromide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of pyridostigmine related compound A or pyridostigmine related
compound B from the Sample solution
rS = peak response of pyridostigmine related compound A or pyridostigmine related
compound B from the Standard solution
CS = concentration of USP Pyridostigmine Related Compound A RS or USP Pyridostigmine
Related Compound B RS in the Standard solution (µg/mL)
CU = concentration of Pyridostigmine Bromide in the Sample solution (µg/mL)
Calculate the percentage of each unspecified impurity in the portion of Pyridostigmine
Bromide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of pyridostigmine from the Standard solution
CS = concentration of USP Pyridostigmine Bromide RS in the Standard solution (µg/mL)
CU = concentration of Pyridostigmine Bromide in the Sample solution (µg/mL)
Acceptance criteria: See Table 1. The reporting threshold is 0.02%.
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Table 1

Name
Pyridostigmine related compound B
Pyridostigmine related compound A
Pyridostigmine
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
0.78
0.92
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.06
0.06
—
0.06
0.5

USP42

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature 〈741〉: 154°–157°, the Sample having been dried
previously USP42
• Loss on Drying 〈731〉
Analysis: Dry at 100° for 4 h in a suitable vacuum drying tube, using phosphorus pentoxide
as the desiccant.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 〈11〉
USP Pyridostigmine Bromide RS
USP Pyridostigmine Related Compound A RS
Pyridin-3-yl dimethylcarbamate.
C8 H10 N2 O2
166.18
USP Pyridostigmine Related Compound B RS
3-Hydroxy-1-methylpyridin-1-ium bromide.
C6 H8 BrNO
190.04
USP42

Recent Official Publications:
USP41–NF36 Page 3523
BRIEFING
Risperidone Orally Disintegrating Tablets, USP 40 page 6041. On the basis of comments
and supporting data received, the following revisions are proposed:
1. Add Identification B in which the UV spectrum of the major peak of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay. The existing ID
test is named as Identification A, accordingly.
2. Revise the Chromatographic system in the Assay to support the proposed Identification
B.
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3. Delete the Procedure for content uniformity in the test for Uniformity of Dosage Units
to allow flexibility.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: K.K. Seela.)
Correspondence Number—C194129
Comment deadline: March 31, 2018
Risperidone Orally Disintegrating Tablets
DEFINITION
Risperidone Orally Disintegrating Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of risperidone (C23 H27 FN4 O2 ).
IDENTIFICATION
Change to read:
•
A. USP42
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, trifluoroacetic acid, and water (200: 1.5: 800). Adjust with
ammonium hydroxide to a pH of 3.0.
Diluent: Methanol and 0.1 N hydrochloric acid (40:60)
System suitability solution: 0.1 mg/mL of USP Risperidone Related Compounds Mixture RS
prepared as follows. Dissolve first
Transfer a suitable quantity of USP Risperidone Related Compounds Mixture RS to a
suitable volumetric flask and dissolve USP42
in 20% of the flask volume of methanol. Dilute with Diluent to volume.
Standard solution: 0.1 mg/mL of USP Risperidone RS in Diluent
Sample solution:
Nominally USP42
0.1 mg/mL of risperidone in Diluent from NLT 13 Tablets. [Note—Sonicate for 30 min.]
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 275 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 3.0-mm × 15-cm; 3.5-µm packing L1
Flow rate: 0.8 mL/min
Injection volume: 10 µL
Run time: 2.2
NLT 2.2 USP42
times the retention time of risperidone
System suitability
Samples: System suitability solution and Standard solution

USP42

[Note—For relative retention times, see Impurity Table 1 under Organic Impurities
Table 1. USP42
]
Suitability requirements
Resolution: NLT 1.8 between Z-oxime and bicyclorisperidone, System suitability
solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
the labeled amount of risperidone USP42
(C23 H27 FN4 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of risperidone from the Sample solution
rS = peak response of risperidone from the Standard solution
CS = concentration of USP Risperidone RS in the Standard solution (mg/mL)
CU = nominal concentration of risperidone in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration 〈701〉
Test 1: NMT 30 s
Test 2: NMT 60 s. [Note—If the product complies with this test, the labeling indicates that
the product meets USP Disintegration Test 2.]
Change to read:
• Dissolution 〈711〉
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Medium: 0.1 N hydrochloric acid; 500 mL
Apparatus 2: 50 rpm
Time: 10 min
Buffer: 8.7 g/L of dibasic potassium phosphate in water. Adjust with phosphoric acid to a
pH of 7.8.
Mobile phase: Acetonitrile and Buffer (45:55)
Standard solution: (L/500) mg/mL of USP Risperidone RS in Medium, where L is the label
claim in mg/Tablet
Sample solution: Pass 10 mL of the solution under test through a suitable nylon
USP42

filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 10-cm; 5-µm packing L1
Column temperature: 28 ± 3°
Flow rate: 2 mL/min
Injection volume: 20 µL. [Note—Use 40 µL for Tablets labeled to contain 0.5 mg of
risperidone.]
Run time:
NLT USP42
2 times the retention time of risperidone
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
the labeled amount of risperidone
(C23 H27 FN4 O2 ) dissolved:

USP42

Result = (rU/rS) × (CS/L) × V × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of the Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 500 mL
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Tolerances: NLT 80% (Q) of the labeled amount of risperidone is dissolved.
Change to read:
• Uniformity of Dosage Units 〈905〉: Meet the requirements
Procedure for content uniformity
Mobile phase: Proceed as directed in the Dissolution test.
Standard solution: (L/100) mg/mL of USP Risperidone RS in 0.1 N HCl, where L is the
Tablet label claim in mg
Sample solution: Transfer 1 Tablet to a 100-mL volumetric flask, and dilute with 0.1 N
HCl to volume to obtain a nominal concentration of (L/100) mg/mL of risperidone, where
L is the label claim in mg/Tablet. Sonicate for 30 min at 40°.
Chromatographic system: Proceed as directed in the Dissolution test.
Injection size: 20 µL
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C23 H27 FN4 O2 in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU
rS
CS
CU

= peak response of risperidone from the Sample solution
= peak response of risperidone from the Standard solution
= concentration of USP Risperidone RS in the Standard solution (mg/mL)
= nominal concentration of risperidone in the Sample solution (mg/mL)

USP42

IMPURITIES
Change to read:
• Organic Impurities
Mobile phase, Diluent, System suitability solution, Standard solution, Sample
solution, Chromatographic system, and System suitability: Proceed as directed in
the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of any individual impurity in the portion of Tablets taken:
Result = (rU1/rU2) × (1/F) × 100
rU1 = peak response of any individual impurity from the Sample solution
rU2 = peak response of risperidone from the Sample solution
F = relative response factor (see Impurity
USP42

Table 1)
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Acceptance criteria:
Individual impurities: See Impurity Table 1.
Total impurities NMT 1.0%
See Table 1.

USP42

Impurity
USP42

Name
Z-Oximea,b
Bicyclorisperidonec
Risperidone
Risperidone cis-N-oxided
Any unspecified degradation product
Total impurities

Table 1
Relative
Retention
Time

Relative
Response
Factor

0.59
0.66
1.0
1.7
—

1.0
0.86
1.0
0.97
1.0

—

—

Acceptance
Criteria,
NMT (%)
—
0.3
—
0.5
0.2
1.0

USP42

a Process impurity; it is used to establish system suitability only.
b (Z)-3-[2-[4-(2,4-Difluorophenyl)(hydroxyimino)methyl]-1-piperidinyl]ethyl]-6,7,8,9tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one.
c 3-(4-Fluoro-2-hydroxyphenyl)-1-[2-(6,7,8,9-tetrahydro-2-methyl-4-oxo-4H-pyrido[1,2-a]pyrimidin-3-yl)ethyl]-2-aza-1-azoniabicyclo[2.2.2]oct-2-ene.
d cis-3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)-1-piperidinyl]ethyl]-6,7,8,9tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one,N-oxide.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at
controlled room temperature.
• Labeling: When more than one Disintegration test is given, the labeling states the
Disintegration test used only if Test 1 is not used.
• USP Reference Standards 〈11〉
USP Risperidone RS
4H-Pyrido[1,2-a]pyrimidin-4-one, 3-[2-[4-(6-fluoro-1,2-benzisoxazol-3-yl)-1piperidinyl]ethyl]-6,7,8,9-tetrahydro-2-methyl-.
3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)piperidino]ethyl]-6,7,8,9-tetrahydro-2-methyl4H-pyrido[1,2-a]pyrimidin-4-one.
C23 H27 FN4 O2
410.48
USP Risperidone Related Compounds Mixture RS
Contains a mixture of the following four compounds:
Risperidone.
Risperidone cis-N-oxide: cis-3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)-1piperidinyl]ethyl]-6,7,8,9-tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one, Noxide.
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Bicyclorisperidone: 3-(4-Fluoro-2-hydroxyphenyl)-1-[2-(6,7,8,9-tetrahydro-2-methyl4-oxo-4H-pyrido-[1,2-a]pyrimidin-3-yl)ethyl]-2-aza-1-azoniabicyclo[2.2.2]oct-2-ene
iodide.
Z-Oxime: (Z)-3-[2-[4-(2,4-Difluorophenyl)(hydroxyimino)methyl]-1-piperidinyl]ethyl6,7,8,9-tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one.
Recent Official Publications:
USP41–NF36 Page 3642
BRIEFING
Salicylic Acid Gel, USP 40 page 6095. On the basis of comments received, the proposal that
was previously published in PF 40(4) [July–Aug. 2014], has been canceled and replaced with a
revised submission. As part of the USP monograph modernization efforts, the following changes
are proposed:
1. Replace the wet chemistry-based Identification A with the retention time agreement for
salicylic acid from the proposed HPLC Assay procedure.
2. Add Identification B based on the UV spectral match of the main peak from the
proposed HPLC Assay procedure.
3. Replace the current titration procedure in the Assay with a specific HPLC procedure.
The liquid chromatographic procedure is performed using the Waters BEH-C18, 1.7-µm
column containing L1 packing. The typical retention time of salicylic acid is about 3.7
min.
4. Add a stability-indicating HPLC procedure in the test for Organic Impurities using the
same chromatographic system as the Assay.
5. Add a USP Reference Standards section with USP Phenol RS, USP Salicylic Acid RS, USP
Salicylic Acid Related Compound A RS, and USP Salicylic Acid Related Compound B RS to
support the proposed procedures.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: C. Anthony.)
Correspondence Number—C197055
Comment deadline: March 31, 2018
Salicylic Acid Gel
DEFINITION
Salicylic Acid Gel is Salicylic Acid in a suitable viscous hydrophilic vehicle. It contains NLT
90.0% and NMT 110.0% of the labeled amount of salicylic acid (C7 H6 O3 ). It may contain
alcohol.
IDENTIFICATION
Delete the following:
• A. Procedure
Sample solution: Filter 5 mL of the solution obtained by titration in the Assay. Use the
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filtrate for analysis.
Analysis 1: Add 1 mL of ferric chloride TS to Sample solution.
Acceptance criteria 1: A violet color is produced.
Analysis 2: Add 1 mL of 6 N acetic acid to the solution after Analysis 1.
Acceptance criteria 2: The violet color does not change.
Analysis 3: Add 1 mL of 6 N hydrochloric acid to the solution after Analysis 2.
Acceptance criteria 3: The violet color is discharged. A small amount of white precipitate
may appear. USP42
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Sample: 5.0 g of Gel
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Visual
Analysis: Add 1 drop of phenolphthalein TS and sufficient 0.1 N sodium hydroxide to 25 mL
of diluted alcohol to produce a faint pink color. Add the Sample to the solution and stir.
Titrate the dispersion with Titrant until a pink color is produced. Reserve this solution for
Identification test A. Each mL of Titrant is equivalent to 13.81 mg of salicylic acid
(C7 H6 O3 ).
Solution A: 0.17% trifluoroacetic acid in water (v/v)
Mobile phase: Methanol, trifluoroacetic acid, and water (40: 0.1: 60)
Standard solution: 0.04 mg/mL of USP Salicylic Acid RS in Mobile phase
Sample solution: Nominally 0.04 mg/mL of salicylic acid, prepared as follows. Transfer 4
mg of salicylic acid from a portion of Gel into a 100-mL volumetric flask and dissolve it in
40 mL of methanol. Sonicate to dissolve as needed and dilute with Solution A to volume.
Pass through a suitable filter of 0.45-µm pore size, discarding the first 2–3 mL of filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 212 nm. For Identification B, use a diode array detector in the range of
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200–400 nm, UV-Vis.
Column: 2.1-mm × 5-cm; 1.7-µm packing L1
Column temperature: 30°
Flow rate: 0.2 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–1.8
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount salicylic acid (C7 H6 O3 ) in the portion of
Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of salicylic acid from the Sample solution
rS = peak response of salicylic acid from the Standard solution
CS = concentration of USP Salicylic Acid RS in the Standard solution (mg/mL)
CU = nominal concentration of salicylic acid in the Sample solution (mg/mL)
USP42

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
Solution A: 0.15% trifluoroacetic acid in water (v/v)
Diluent: Methanol and Solution A (30:70)
Standard stock solution: 0.5 mg/mL of USP Salicylic Acid RS, 0.25 mg/mL of USP Salicylic
Acid Related Compound A RS, 0.125 mg/mL of USP Salicylic Acid Related Compound B RS,
and 0.05 mg/mL of USP Phenol RS in Diluent
Standard solution: 5 µg/mL of USP Salicylic Acid RS, 2.5 µg/mL of USP Salicylic Acid
Related Compound A RS, 1.25 µg/mL of USP Salicylic Acid Related Compound B RS, and 0.5
µg/mL of USP Phenol RS in Diluent, from Standard stock solution.
Sample solution: Nominally 2.5 mg/mL of salicylic acid, prepared as follows. Transfer a
portion of Gel equivalent to 62.5 mg of salicylic acid into a 25-mL volumetric flask and
dissolve it in 8 mL of methanol. Sonicate to dissolve as needed and dilute with Solution A
to volume. Pass through a suitable filter of 0.45-µm pore size, discarding the first 2–3 mL
of filtrate.
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System suitability
Sample: Standard solution
[Note—See Table 1 for the relative retention times of salicylic acid related compound A,
phenol, salicylic acid related compound B, and salicylic acid]
Suitability requirements:
Resolution: NLT 1.5 between any two adjacent peaks
Relative standard deviation: NMT 2% for each peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any unspecified impurity in the portion of Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified impurity from the Sample solution
rS = peak response of the salicylic acid from the Standard solution
CS = concentration of the USP Salicylic Acid RS in the Standard solution (mg/mL)
CU = nominal concentration of salicylic acid in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

—
Salicylic acid related compound Aa
0.3
a
—
Phenol
0.5
—
Salicylic acid related compound Ba
0.6
Salicylic acid
1.0
—
Any unspecified impurity
—
0.10
Total impurities
—
0.2
a These are process impurities that are included in the table for identification only and
are controlled in the drug substance. They are not to be reported for the drug product
and should not be included in the total impurities.
USP42

OTHER COMPONENTS
• Alcohol Determination 〈611〉, Procedures, Method II: If present, 90.0%–110.0% of the
labeled amount of alcohol (C2 H5 OH)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in collapsible tubes or in tight containers, preferably at
controlled room temperature.
Add the following:
• USP Reference Standards 〈11〉
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USP Phenol RS
USP Salicylic Acid RS
USP Salicylic Acid Related Compound A RS
4-Hydroxybenzoic acid.
C7 H6 O3
138.12
USP Salicylic Acid Related Compound B RS
4-Hydroxyisophthalic acid.
C8 H6 O5
182.13
USP42

Recent Official Publications:
USP41–NF36 Page 3696
BRIEFING
Sertraline Hydrochloride Tablets, USP 40 page 6150. As part of USP monograph
modernization efforts, it is proposed to make the following changes:
1. Change Identification A to Identification B and add a new Identification A with an
infrared spectroscopic procedure.
2. Revise the Resolution criteria from 1.5 to 1.2 in the Organic Impurities test, and add a
Sensitivity solution and Signal-to-noise ratio.
3. Add a Run time in the Dissolution and Organic Impurities tests to strengthen the public
standard.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: K.K. Seela.)
Correspondence Number—C183546
Comment deadline: March 31, 2018
Sertraline Hydrochloride Tablets
DEFINITION
Sertraline Hydrochloride Tablets contain an amount of sertraline hydrochloride equivalent to
NLT 90.0% and NMT 110.0% of the labeled amount of sertraline free base (C17 H17 Cl2 N).
IDENTIFICATION
Add the following:
• A. Infrared Absorption 〈197A〉 or 〈197K〉: The Sample solution exhibits bands at about
1469, 1403, 1136, 1060, 825 and 674 cm−1, similar to the Standard solution. USP42
Change to read:
• A.
B. USP42
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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ASSAY
Change to read:
• Procedure
Mobile phase: Methanol and 0.1% (v/v) phosphoric acid (1:1)
Standard solution: 0.05 mg/mL of USP Sertraline Hydrochloride RS in Mobile phase
Sample stock solution: 0.5 mg/mL of sertraline free base prepared as follows. Transfer
NLT 10 Tablets to a suitable volumetric flask. Dissolve in 0.1% phosphoric acid equivalent
to 50% of the flask volume. Sonicate for 15 min with intermittent shaking to disperse the
Tablets. Add an amount of methanol equivalent to 40% of the flask volume, and continue
to sonicate for an additional 10 min. Cool the solution, and dilute with methanol to volume.
Sample solution: Nominally 0.05 mg/mL of sertraline free base in Mobile phase from the
Sample stock solution. Pass a portion of this solution through a nylon filter of 0.45-µm or
finer pore size, discard the first few milliliters, and collect the rest of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L10
Column temperature: 30°
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: Twice
NLT 2 times USP42
the retention time of sertraline
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sertraline free base (C17 H17 Cl2 N) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU
rS
CS
CU

= peak response from the Sample solution
= peak response from the Standard solution
= concentration of USP Sertraline Hydrochloride RS in the Standard solution (mg/mL)
= nominal concentration of sertraline free base in the Sample solution (mg/mL)
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Mr1 = molecular weight of sertraline, 306.23
Mr2 = molecular weight of sertraline hydrochloride, 342.69
Acceptance criteria: 90.0%–110.0% of sertraline free base
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1
Medium: Acetate buffer (3.0 g/L of sodium acetate trihydrate and 1.6 mL/L of glacial
acetic acid; adjust with glacial acetic acid to a pH of 4.5); 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Standard stock solution: 0.56 mg/mL of USP Sertraline Hydrochloride RS in Medium. A
small volume of methanol, not exceeding 5% of the final volume, may be used to help
solubilize sertraline.
Standard solution
For Tablets labeled to contain 50, 100, 150, or 200 mg: 0.056 mg/mL of USP
Sertraline Hydrochloride RS in Medium from the Standard stock solution
For Tablets labeled to contain 25 mg: 0.028 mg/mL of USP Sertraline Hydrochloride
RS in Medium from the Standard stock solution
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Dilute with Medium, if necessary.
Mobile phase: Acetonitrile and 0.1% (v/v) phosphoric acid (1:3)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L10
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume
For Tablets labeled to contain 50, 100, 150, or 200 mg: 10 µL
For Tablets labeled to contain 25 mg: 20 µL
Run time: NLT 1.6 times the retention time of sertraline USP42
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0

466
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Relative standard deviation: NMT 2.0%
NMT 1.0% USP42
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sertraline free base (C17 H17 Cl2 N)
dissolved:
Result = (rU/rS) × (CS/L) × (Mr1/Mr2) × D × V × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Sertraline Hydrochloride RS in the Standard solution
(mg/mL)
L = label claim (mg/Tablet)
Mr1 = molecular weight of sertraline, 306.23
Mr2 = molecular weight of sertraline hydrochloride, 342.69
D = dilution factor for the Sample solution
V = volume of the Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of sertraline free base (C17 H17 Cl2 N) is
dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: pH 4.5 acetate buffer (6.8 g/L of sodium acetate trihydrate and 32 mL/L of 2 N
acetic acid; adjust with 2 N acetic acid to a pH of 4.5); 900 mL
Apparatus 2: 75 rpm
Time: 45 min
Buffer: 3 mL/L of glacial acetic acid and 7 mL/L of triethylamine in water
Mobile phase: Acetonitrile, methanol, and Buffer (10:4:8)
Standard solution: (L/800) mg/mL of USP Sertraline Hydrochloride RS in Medium, where
L is the label claim in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 273 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Column temperature: 30°
Flow rate: 1.0
1 USP42
mL/min
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Injection volume: 20 µL
Run time: NLT 1.7 times the retention time of sertraline
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
NMT 1.0% USP42
Analysis
Samples: Standard solution and Sample solution

USP42

Calculate the percentage of the labeled amount of sertraline free base (C17 H17 Cl2 N)
dissolved:
Result = (rU/rS) × (CS/L) × (Mr1/Mr2) × D × V × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Sertraline Hydrochloride RS in the Standard solution
(mg/mL)
L = label claim (mg/Tablet)
Mr1 = molecular weight of sertraline, 306.23
Mr2 = molecular weight of sertraline hydrochloride, 342.69
D = dilution factor for the Sample solution
V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of sertraline free base (C17 H17 Cl2 N) is
dissolved.
Test 3: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Medium: pH 4.5 acetate buffer (6.8 g/L of sodium acetate trihydrate; adjust with 2 N
acetic acid to a pH of 4.5); 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Buffer: Dissolve 0.8 g/L of ammonium acetate in water and add 10 mL of triethylamine.
Adjust with phosphoric acid to a pH of 5.0. ± 0.05
USP42

Mobile phase: Acetonitrile and Buffer (35:65)
Standard stock solution: 0.6 mg/mL of USP Sertraline Hydrochloride RS in Medium,
prepared as follows. Place an appropriate amount of USP Sertraline Hydrochloride RS into
a suitable volumetric flask and add 70% of the final flask volume of Medium. Sonicate to
dissolve and dilute with Medium to volume. Pass through a suitable filter of 0.45-µm
pore size.
Standard solution: (L/800) mg/mL of USP Sertraline Hydrochloride RS in Medium from
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Standard stock solution, where L is the label claim in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 50°
Flow rate: 2.0 mL/min
2 mL/min USP42
Injection volume: 20 µL
Run time: NLT 1.8 times the retention time of sertraline
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution

USP42

Calculate the percentage of the labeled amount of sertraline free base (C17 H17 Cl2 N)
dissolved:
Result = (rU/rS) × (CS/L) × (Mr1/Mr2) × V × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Sertraline Hydrochloride RS in the Standard solution
(mg/mL)
L = label claim (mg/Tablet)
Mr1 = molecular weight of sertraline, 306.23
Mr2 = molecular weight of sertraline hydrochloride, 342.69
V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of sertraline free base (C17 H17 Cl2 N) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
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[Note—Use freshly prepared samples.]
Buffer: 2.72 g/L
2.7 g/L USP42
of monobasic potassium phosphate. Adjust with triethylamine to a pH of 7.0.
Mobile phase: Methanol, acetonitrile, and Buffer (6:3:11). Adjust with triethylamine to a
pH of 8.0.
System suitability solution: 5 µg/mL of USP Sertraline Hydrochloride Racemic Mixture RS
and 0.5 mg/mL of USP Sertraline Hydrochloride RS in Mobile phase
Sensitivity solution: 0.5 µg/mL of USP Sertraline Hydrochloride RS in Mobile phase
USP42

Standard solution: 2.5 µg/mL of USP Sertraline Hydrochloride RS in Mobile phase
Sample solution: [Note—Sonicate for about 10 min with shaking to disperse the Tablets.]
Prepare a solution of 0.5 mg/mL of sertraline in Mobile phase from NLT 20 powdered
Tablets. Pass a portion of this solution through a nylon filter of 0.45-µm or finer pore size,
discard the first few mL, and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.0-mm × 25-cm; 5-µm packing L45
Flow rate: 0.7 mL/min
Injection volume: 20 µL
Run time: NLT 2.2 times the retention time of sertraline
System suitability
Samples: System suitability solution,
Sensitivity solution, USP42
and Standard solution

USP42

[Note—The relative retention times for the 1R,4R-cis-isomer of sertraline and sertraline
are 0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5
1.2 USP42
between sertraline and the 1R,4R-cis-isomer of sertraline, System suitability solution
Relative standard deviation: NMT 5%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution USP42
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual degradation product in the portion of Tablets
taken:
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Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of each individual degradation product from the Sample solution
rS = peak response of sertraline from the Standard solution
CS = concentration of USP Sertraline Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of sertraline in the Sample solution (mg/mL)
Mr1 = molecular weight of sertraline, 306.23
Mr2 = molecular weight of sertraline hydrochloride, 342.69
Acceptance criteria: Disregard any peak below 0.1%. Disregard the peak due to the
process impurity 1R,4R-cis-isomer of sertraline.
The reporting threshold is 0.1%. The 1R,4R-cis-isomer of sertraline is a process impurity
and is not to be reported or included in the total degradation products. USP42
Any individual degradation product: NMT 0.2%
Total degradation products: NMT 2.0%, excluding the 1R,4R-cis-isomer of sertraline
USP42

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 〈11〉
USP Sertraline Hydrochloride RS
USP Sertraline Hydrochloride Racemic Mixture RS
(1RS,4RS)-4-(3,4-Dichlorophenyl)-N-methyl-1,2,3,4-tetrahydro-1-naphthylamine
hydrochloride.
C17 H17 Cl2 N·HCl
342.69
Recent Official Publications:
USP41–NF36 Page 3749
BRIEFING
Suprofen, USP 40 page 6295. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Suprofen are currently marketed in the United States.
2. Drug products containing Suprofen are currently not used in veterinary medicine in the
United States.
(CHM2: Y.Yang, H.Cai.)
Correspondence Number—C191066
Comment deadline: March 31, 2018
Delete the following:
Suprofen

PF 44(1): Jan.-Feb. 2018

C14 H12 O3 S

472

260.31

Benzeneacetic acid, α-methyl-4-(2-thienylcarbonyl)-;
p-2-Thenoylhydratropic acid
[40828-46-4].
DEFINITION
Suprofen contains NLT 98.0% and NMT 102.0% of suprofen (C14 H12 O3 S), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. Ultraviolet Absorption 〈197U〉
Analytical wavelengths: 267 and 297 nm
Sample solution: 10 µg/mL
Medium: 0.1 N hydrochloric acid in isopropyl alcohol (10 in 100)
Acceptance criteria: The absorptivities, calculated on the dried basis, do not differ by
more than 3.0%. The ratio of A267 /A297 is 0.97–1.03.
ASSAY
• Procedure
Solution A: Dissolve 7.1 g of anhydrous dibasic sodium phosphate in 800 mL of water, and
adjust with phosphoric acid to a pH of 6.0 ± 0.1. Dilute with water to 1 L.
Mobile phase: Methanol and Solution A (40:60)
Standard stock solution: 1 mg/mL of USP Suprofen RS in methanol
Standard solution: 0.016 mg/mL of USP Suprofen RS from Standard stock solution in
Solution A
Sample stock solution: 1 mg/mL of Suprofen in methanol
Sample solution: 0.016 mg/mL of Suprofen from Sample stock solution in Solution A
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
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Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 500 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of suprofen (C14 H12 O3 S) in the portion taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area from the Sample solution
rS = peak area from the Standard solution
CS = concentration of USP Suprofen RS in the Standard solution (mg/mL)
CU = concentration of Suprofen in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉
Sample: 500 mg
Analysis: Add 1 mL of sulfuric acid to the Sample in a crucible, heat gently to char the
substance, and ignite.
Acceptance criteria: NMT 0.2%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm (O fficial 1-Jan-2018)
• Ordinary Impurities 〈466〉
Standard solution: Chloroform
Sample solution: Chloroform
Eluant: Chloroform, methyl ethyl ketone, and methanol (40:30:30)
Visualization: 1
Acceptance criteria: Meets the requirements
SPECIFIC TESTS
• Melting Range or Temperature 〈741〉: 118°–125°, within a range of less than 4°
• Loss on Drying 〈731〉
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Analysis: Dry a sample under vacuum at 70° for 4 h.
Acceptance criteria: NMT 0.5%
• Clarity of Solution
Sample: 50 mg
Analysis: Dissolve the Sample in 10 mL of 0.1 N sodium hydroxide.
Acceptance criteria: The solution is clear and free of undissolved solid.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Suprofen RS
USP42

Recent Official Publications:
USP41–NF36 Page 3900
BRIEFING
Suprofen Ophthalmic Solution, USP 40 page 6295. It is proposed to omit this monograph
for the following reasons:
1. No drug products formulated as defined under Suprofen Ophthalmic Solution are
currently marketed in the United States.
2. The drug product is currently not used in veterinary medicine in the United States.
(CHM2: Y. Yang, H. Cai.)
Correspondence Number—C191067
Comment deadline: March 31, 2018
Delete the following:
Suprofen Ophthalmic Solution
DEFINITION
Suprofen Ophthalmic Solution is a sterile, buffered, aqueous solution of Suprofen adjusted to a
suitable tonicity. It contains a suitable antimicrobial preservative. It contains NLT 90.0% and
NMT 115.0% of the labeled quantity of suprofen (C14 H12 O3 S).
IDENTIFICATION
A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Dissolve 7.1 g of anhydrous dibasic sodium phosphate in 800 mL of water.
Adjust with phosphoric acid to a pH of 6.0 ± 0.1, and dilute with water to 1 L.
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Mobile phase: Methanol and Solution A (40:60)
Standard stock solution: 1 mg/mL of USP Suprofen RS in methanol
Standard solution: 0.016 mg/mL of USP Suprofen RS from Standard stock solution in
Solution A
Sample stock solution: 0.2 mg/mL of suprofen from a volume of Ophthalmic Solution in
Solution A
Sample solution: 0.016 mg/mL of suprofen from Sample stock solution in Solution A
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 500 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of suprofen (C14 H12 O3 S) in the portion of
Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Suprofen RS in the Standard solution (mg/mL)
CU = nominal concentration of suprofen in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–115.0%
SPECIFIC TESTS
• Sterility Tests 〈71〉: Meets the requirements when tested as directed for Test for Sterility of
the Product to Be Examined, Membrane Filtration
• pH 〈791〉: 6.5–8.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.

PF 44(1): Jan.-Feb. 2018

476

• USP Reference Standards 〈11〉
USP Suprofen RS
USP42

Recent Official Publications:
USP41–NF36 Page 3900
BRIEFING
Technetium Tc 99m Albumin Injection, USP 40 page 6331. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Technetium Tc 99m Albumin Injection are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193218
Comment deadline: March 31, 2018
Delete the following:
Technetium Tc 99m Albumin Injection

» Technetium Tc 99m Albumin Injection is a sterile, aqueous solution,
suitable for intravenous administration, of Albumin Human that is labeled
with 99mTc.
It contains not less than 90.0 percent and not more than 110.0 percent of
the labeled amount of 99mTc as albumin expressed in megabecquerels
(microcuries or millicuries) per mL at the time indicated in the labeling. It
may contain antimicrobial agents, buffers, reducing agents, and stabilizers.
Other chemical forms of radioactivity do not exceed 10.0 percent of the total
radioactivity. Its production and distribution are subject to federal
regulations (see Biologics 〈1041 〉 and Radioactivity 〈821 〉).
Packaging and storage—Preserve in single-dose or in multiple-dose containers, at a
temperature between 2° and 8°.
Labeling—Label it to include the following in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
99m Tc as albumin expressed as total megabecquerels (microcuries or millicuries) and
concentration as megabecquerels (microcuries or millicuries) per mL at the time of calibration;
the expiration date; and the statement “Caution—Radioactive Material.” The labeling indicates
that in making dosage calculations, correction is to be made for radioactive decay, and also
indicates that the radioactive half-life of 99m Tc is 6.0 hours.
USP Reference standards 〈11〉—
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USP Endotoxin RS
Bacterial Endotoxins Test 〈85〉—The limit of endotoxin content is not more than 175/V USP
Endotoxin Unit per mL of the Injection, when compared with the USP Endotoxin RS, in which V
is the maximum recommended total dose, in mL, at the expiration date or time.
pH 〈791〉: between 2.5 and 5.0.
Radiochemical purity—Not more than 10.0% of unbound Tc 99m (free pertechnetate) and
reduced Tc 99m is present, determined as follows.
System A— Place a measured volume of Injection, such that it provides a count rate of about
100,000 counts per minute, about 3 cm from the end of a 2- × 17-cm thin-layer
chromatographic strip impregnated with silica gel (see Chromatography 〈621〉), and allow to
dry. Develop the chromatogram over a suitable period (approximately 30 minutes) by ascending
chromatography, using acetone, and air-dry. Determine the radioactivity distribution by
scanning the chromatograph with a suitable collimated radiation detector. Reduced Tc 99m and
Tc 99m labeled albumin are located at the origin (RF 0 to 0.1). Not more than 5.0% of the total
radioactivity is found as unbound Tc 99m (free pertechnetate) at the solvent front (RF 0.9 to
1.0).
System B— Prepare a 4- × 30-cm strip of chromatographic paper by immersing in 1% human
serum albumin for 30 minutes and air-drying for 2 to 4 hours. Place a measured volume of
Injection (about 3 µL) on the strip, mark the origin, and allow to dry. Develop the
chromatogram by descending chromatography (see Chromatography 〈621〉), using nitrogenpurged saline TS until the solvent front has moved approximately 15 cm from the origin, mark
the solvent front, and air-dry. Determine the radioactivity distribution by scanning the
chromatogram with a suitable collimated radiation detector. Unbound Tc 99m and Tc 99m
labeled albumin are at the solvent front (RF 0.7 to 1.0). Not more than 5.0% of the total
radioactivity is found as reduced Tc 99m at the origin (RF 0 to 0.1).
Biological distribution—Inject intravenously between 0.075 MBq and 185 MBq (2 µCi and 5
mCi) of the Injection in a volume not exceeding 0.2 mL into the caudal vein of each of two 20to 25-g mice. Approximately 30 minutes after the injection, sacrifice the animals, and drain the
blood into a suitable container. Dissect the animals, and place the liver, stomach, and a 1-g
specimen of blood, accurately weighed, in separate, suitable counting containers, and discard
the tail cut above the injection site. Determine the radioactivity, in counts per minute, in each
container with an appropriate detector, using the same counting geometry. Determine the
percentage of radioactivity in the liver and stomach taken by the formula:
100(Ai / A)
in which Ai is the net radioactivity, in counts per minute, in the organ, and A is the total
radioactivity, in counts per minute, in the liver, stomach, blood, and carcass. Determine the
percentage of radioactivity in the blood taken by the formula:
[100(B / WS)0.078(WR)] / A
in which B is the net radioactivity, in counts per minute, in the specimen of blood, WS is the
weight, in g, of the blood specimen, WR is the weight, in g, of the mouse, and 0.078 is the
assumption that the total blood weight of the mouse is 7.8% of the total body weight. Not
more than 15.0% of the radioactivity is found in the liver, and not more than 1.0% of the
radioactivity is found in the stomach. Not less than 30.0% of the radioactivity is found in the
blood.
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Other requirements—It meets the requirements of the tests for Radionuclide identification
and Radionuclidic purity under Sodium Pertechnetate Tc 99m Injection. It meets also the
requirements under Injections and Implanted Drug Products 〈1〉, except that it may be
distributed or dispensed prior to completion of the test for Sterility, the latter test being
started on the day of final manufacture, and except that it is not subject to the
recommendation on Container Content.
Change to read:
Assay for radioactivity (see Radioactivity〈821〉) (CN 1-May-2017) —Using a suitable counting
assembly
(CN 1-May-2017) , determine the radioactivity, in MBq (µCi) per mL, of Technetium
Tc 99m Albumin Injection by use of a calibrated system. USP42
Recent Official Publications:
USP41–NF36 Page 3936
BRIEFING
Technetium Tc 99m Albumin Colloid Injection, USP 40 page 6333. It is proposed to omit
this monograph for the following reasons:
1. No drug products formulated as defined under Technetium Tc 99m Albumin Colloid
Injection are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193433
Comment deadline: March 31, 2018
Delete the following:
Technetium Tc 99m Albumin Colloid Injection

» Technetium Tc 99m Albumin Colloid Injection is a sterile, pyrogen-free,
aqueous suspension of Albumin Human that has been denatured to produce
colloids of controlled particle size and that are labeled with 99mTc. It
contains not less than 90.0 percent and not more than 110.0 percent of the
labeled amount of 99mTc as albumin colloid complex, expressed in
megabecquerels (millicuries) per mL at the time indicated on the labeling.
Other chemical forms of radioactivity do not exceed 10.0 percent of the total
radioactivity. It may contain suitable reducing agents, buffers, stabilizers,
and nonaggregated albumin human. The vials are sealed under a suitable
inert atmosphere. Its production and distribution are subject to federal
regulations (see Biologics 〈1041 〉 and Radioactivity 〈821 〉).
Packaging and storage—Preserve in single-dose or in multiple-dose containers, at a
temperature between 2° and 8°.
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Labeling—Label it to include the following, in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
99m Tc expressed as total megabecquerels (millicuries) and concentration as megabecquerels
(millicuries) per mL at the time of calibration; the expiration date and time and a statement
“Caution—Radioactive Material.” The labeling indicates that in making dosage calculations,
correction is to be made for radioactive decay, and also indicates that the radioactive half-life
of 99m Tc is 6.0 hours. In addition, the labeling states that it is not to be used if clumping of
the albumin is observed, and directs that the container be agitated before the contents are
withdrawn into a syringe.
USP Reference standards 〈11〉—
USP Endotoxin RS
Bacterial Endotoxins Test 〈85〉—The limit of endotoxin content is not more than 175/V USP
Endotoxin Unit per mL of the Injection, when compared with the USP Endotoxin RS, in which V
is the maximum recommended total dose, in mL, at the expiration date or time.
pH 〈791〉: between 7.5 and 8.5.
Radiochemical purity—
A: Unbound pertechnetate—Apply a measured volume of Injection, appropriately diluted, such
that it provides a count rate of about 20,000 counts per minute, about 10 mm from one end of
a thin-layer chromatographic strip impregnated with silica gel (see Chromatography 〈621〉).
Immediately develop the chromatogram over a suitable period by ascending chromatography,
using methyl ethyl ketone as the solvent. Allow the chromatogram to dry. Determine the
radioactivity distribution of the chromatogram by scanning with a suitable radiation detector.
Not more than 10.0% of the total radioactivity is found at the solvent front as unbound
pertechnetate.
B: Soluble 99m Tc species—
Acetate buffer— Transfer 20.0 mL of 0.2 M acetic acid and 30.0 mL of 0.2 M sodium acetate to
a 100-mL volumetric flask, dilute with water to volume, and mix.
Procedure— Transfer 1 mL of the Injection containing about 925 to 1110 MBq (25 to 30 mCi) to
a 12-mL centrifuge tube, and add 4 mL of Acetate buffer. Determine the radioactivity with a
suitable counting assembly. Centrifuge at a force of 34,600 g (gravity) for 15 minutes.
Separate the supernatant, and determine its radioactivity. Correct both measurements for
decay to the same reference time. Calculate the percentage of soluble 99m Tc species taken by
the formula:
100(S/I)
in which S is the radioactivity of the supernatant, and I is the radioactivity of the specimen
before centrifuging. Not more than 10.0% of the total radioactivity is found in the supernatant.
Particle size distribution—
Albumin reagent— Transfer 3.3 g of Poloxamer 188, 56.6 g of dibasic sodium phosphate, and
about 800 mL of Water for Injection to a 1-liter volumetric flask, and mix. Add 120 mL of 25%
Albumin Human, dilute with Water for Injection to volume, and mix. The pH of the resulting
solution is 8.2 ± 0.7. Store at 2° to 8°. Just prior to use, transfer 6.2 mL of this solution,
measured at room temperature, to a 100-mL volumetric flask. Dilute with Sodium Chloride
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Injection to volume, and mix.
Procedure— Inject 0.5 mL of Injection into a 25-mL evacuated or nitrogen-filled vial. Inject 4.5
mL of Albumin reagent, and shake. Using a syringe, remove 0.2 mL of the resulting mixture, and
attach the syringe by means of a locking-type connection to the top of a 25-mm filter housing
assembly consisting of a 5.0-µm polycarbonate membrane filter on top followed by a distance
of 3 cm by a 0.1-µm polycarbonate membrane filter. Pass the mixture through the filters,
collecting the filtrate in a suitable container. Wash the filters by passing 12 mL of Albumin
reagent through the filter housing assembly, adding the washing to the first filtrate. Using a
suitable ionization chamber, measure the radioactivity in the filtrate and on each filter.
Calculate the percentage of radioactivity retained on the 5.0-µm filter taken by the formula:
100F/T
in which F is the radioactivity on the filter, and T is the total radioactivity of each filter and
filtrate: not more than 7.5% of the total radioactivity is retained on the 5.0-µm filter. Calculate
the percentage of radioactivity retained on the 0.1-µm filter by the same formula: not less than
82.5% of the total radioactivity is retained, and not more than 10.0% of the total radioactivity
passes through the 0.1-µm membrane.
Biological distribution—Inject intravenously between 55.5 and 111 MBq (1.5 and 3.0 mCi) of
Injection, in a volume of 0.1 mL, into the caudal vein of each of three 20-g to 40-g mice.
Fifteen minutes after injection, sacrifice the animals, and remove the tails, and discard.
Carefully remove the liver and lungs of each. Place each organ and the remaining carcass in
separate, suitable counting containers, and determine the radioactivity, in MBq (mCi), in each
container in a calibrated ionization chamber, using the same counting geometry. Determine the
percentage of radioactivity in the liver and the lungs taken by the formula:
100(A/B)
in which A is the radioactivity, in MBq (mCi), in the organ, and B is the total radioactivity, in
MBq (mCi), in the lungs, liver, and carcass. Not less than 80% of the radioactivity is found in
the liver and not more than 5% of the radioactivity is found in the lungs, in not less than two
of the three mice.
Albumin content—Each container, prior to constitution with Sodium Pertechnetate Tc 99m
Injection, contains not less than 0.8 mg and not more than 1.2 mg of aggregated (insoluble)
albumin and not less than 8 mg and not more than 12 mg of nonaggregated (soluble) albumin.
Procedure—
Acetate buffer— Transfer 20.0 mL of 0.2 M acetic acid and 30.0 mL of 0.2 M sodium acetate to
a 100-mL volumetric flask, dilute with water to volume, and mix. Adjust by the addition, if
necessary, of 0.2 M acetic acid or 0.2 M sodium acetate to a pH of 4.9 ± 0.1.
Basic acetate buffer— Transfer 50 mL of 1 N sodium hydroxide to a 500-mL volumetric flask.
Dilute with Acetate buffer to volume, and mix.
Standard preparation— Using a “To contain” pipet, transfer 2.0 mL of 7 Percent Bovine Serum
Albumin Certified Standard (see under Reagents in the section Reagents, Indicators, and
Solutions), to a 250-mL volumetric flask. Rinse the pipet with Basic acetate buffer collecting
the rinse in the volumetric flask. Dilute with Basic acetate buffer to volume, and mix.
Standard solutions— Into 5 separate graduated test tubes pipet 1, 2, 3, 4, and 5 mL of the
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Standard preparation. Dilute the first four with Basic acetate buffer to a final volume of 5.0 mL.
Pipet 5 mL of Biuret Reagent TS into each tube, and mix. Incubate each at 37 ± 1° for 30
minutes. Allow to cool to room temperature. Determine the absorbances of the solutions in 1cm cells at the wavelength of maximum absorbance at about 555 nm using a mixture of Basic
acetate buffer and Biuret Reagent TS (1:1) as the blank. Plot the concentration, in mg per mL,
versus the absorbance of each Standard solution and draw the best straight line through the
points to obtain the standard curve.
Test preparation— Constitute the contents of each of 2 containers with 2.0 mL of Acetate
buffer and allow to stand for 30 minutes. Transfer the contents of both containers to a
centrifuge tube rinsing the containers with four 1-mL portions of Acetate buffer. Collect all the
washings in the same centrifuge tube. Centrifuge the tube for 15 minutes at 4° at a force of
86,400 g (gravity). Quantitatively transfer the supernatant to a 50-mL volumetric flask. Add
5.0 mL of 1 N sodium hydroxide, dilute with Acetate buffer to volume, and mix. Pipet 5 mL of
this solution into a test tube to obtain the Soluble albumin test solution. Dissolve the residue
from the centrifugation in 5.0 mL of Basic acetate buffer to obtain the Insoluble albumin test
solution. Treat each solution in the same manner as described under Standard solutions,
beginning with “Pipet 5 mL of Biuret Reagent TS” and determine the absorbance of each
solution as directed for Standard solutions. From the observed absorbance of each Test
preparation, determine the concentration of total albumin from the standard curve. Multiply the
concentration obtained for the Soluble albumin test solution by 25 to obtain the mg of soluble
albumin per container. Multiply the concentration obtained for the Insoluble albumin test
solution by 2.5 to obtain the mg of insoluble albumin per container.
Other requirements—It meets the requirements of the tests for Radionuclide identification
and Radionuclidic purity under Sodium Pertechnetate Tc 99m Injection. It meets also the
requirements under Injections and Implanted Drug Products 〈1〉, except that it may be
distributed or dispensed prior to completion of the test for Sterility, the latter test being
started on the date of manufacture, and except that it is not subject to the recommendation
on Container Content.
Change to read:
Assay for radioactivity (see Radioactivity〈821〉) (CN 1-May-2017) —Using a suitable counting
assembly
(CN 1-May-2017) , determine the radioactivity, in MBq (mCi) per mL, of Technetium
Tc 99m Albumin Colloid by the use of a calibrated system. USP42
Recent Official Publications:
USP41–NF36 Page 3938
BRIEFING
Technetium Tc 99m Apcitide Injection, USP 40 page 6335. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Technetium Tc 99m Apcitide Injection are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193220
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Comment deadline: March 31, 2018
Delete the following:
Technetium Tc 99m Apcitide Injection

» Technetium Tc 99m Apcitide Injection is a sterile aqueous solution for
intravenous injection that contains 99mTc in the form of an apcitide complex.
It contains not less than 90.0 percent and not more than 110.0 percent of
the labeled amount of 99mTc as the apcitide complex expressed in
megabecquerels per mL (or in millicuries per mL) at the time indicated in the
labeling. Other chemical forms of radioactivity do not exceed 10.0 percent of
the total radioactivity. It may contain reducing agents, stabilizing agents,
and buffers. It contains no antimicrobial agents.
Packaging and storage—Preserve in single-dose containers at controlled room temperature.
Labeling—Label it to include the following, in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
99m Tc as labeled apcitide complex expressed as total megabecquerels per mL (or millicuries per
mL) at the time of calibration; the expiration date and time; the storage temperature; and the
statement “Caution—Radioactive Material”. The labeling indicates that in making dosage
calculations, correction is to be made for radioactive decay, and also indicates that the
radioactive half-life of 99m Tc is 6.0 hours.
USP Reference standards 〈11〉—
USP Endotoxin RS
Bacterial Endotoxins Test 〈85〉: not more than 175/V USP Endotoxin Unit per mL of the
Injection, in which V is the maximum recommended total dose, in mL, at the expiration date or
time.
pH 〈791〉: between 6.0 and 8.0.
Radiochemical purity—Separately apply equal volumes (about 10 µL) of Injection, accurately
measured, about 1.0 cm from the bottom of each of two 2-cm × 10-cm instant
chromatographic silica gel strips. (Do not allow to dry.) Immediately develop the chromatograms
by ascending chromatography (see Chromatography 〈621〉), until the solvents reach the top of
the strips, using saturated sodium chloride solution as the developing solvent for one strip
(Strip 1) and water for the other strip (Strip 2). Remove the strips, and allow to air-dry. Cut
Strip 1 at an RF value of about 0.75, and separately record the counts for each portion in a
dose calibrator. Calculate the percentage of Tc 99m pertechnetate and Tc 99m glucoheptonate
(hydrophilic impurities) in the portion of Injection taken by the formula:
100CS / (CS + PS)
in which CS is the count obtained from the top portion of Strip 1; and PS is the count obtained
from the bottom portion of Strip 1. Cut Strip 2 at an RF value of about 0.25, and separately
record the counts for each portion in a dose calibrator. Calculate the percentage of Tc 99m
immobile impurities in the portion of Injection taken by the formula:
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100PW / (CW + PW)
in which PW is the count obtained from the bottom portion of Strip 2; and CW is the count
obtained from the top portion of Strip 2: the sum of hydrophilic and immobile impurities is not
more than 10%.
Other requirements—It meets the requirements for Radionuclide identification and
Radionuclidic purity under Sodium Pertechnetate Tc 99m Injection. It also meets the
requirements under Injections and Implanted Drug Products 〈1〉, except that it is not subject to
the recommendation on Container Content and that it may be distributed or dispensed prior to
completion of the test for Sterility, the latter test being started on the date of manufacture.
Change to read:
Assay for radioactivity (see Radioactivity〈821〉) (CN 1-May-2017) —Using a suitable counting
assembly
(CN 1-May-2017) , determine the radioactivity, in MBq (or µCi) per mL, of Injection
by use of a calibrated system. USP42
Recent Official Publications:
USP41–NF36 Page 3940
BRIEFING
Technetium Tc 99m Arcitumomab Injection, USP 40 page 6335. It is proposed to omit
this monograph for the following reasons:
1. No drug products formulated as defined under Technetium Tc 99m Arcitumomab
Injection are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193221
Comment deadline: March 31, 2018
Delete the following:
Technetium Tc 99m Arcitumomab Injection

» Technetium Tc 99m Arcitumomab Injection is a sterile, nonpyrogenic
preparation of the 50,000-dalton Fab′ fragment generated from the murine
IgG monoclonal antibody Immu-4, suitable for intravenous administration
that is labeled with 99mTc. It contains not less than 90.0 percent and not
more than 110.0 percent of the labeled amount of 99mTc as an arcitumomab
complex, expressed in MBq (or mCi) per mL at the time indicated in the
labeling. Other chemical forms of radioactivity do not exceed 10.0 percent of
the total radioactivity. The immunoreactive fraction determined by a
validated method is not less than 75%. The Fab′ fragment content is not
less than 90 percent as determined by size-exclusion HPLC.
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Packaging and storage—Preserve as described in Packaging and Storage Requirements 〈659〉,
Injection Packaging; containers that are adequately shielded, and store at controlled room
temperature.
Labeling—Label it to include the following, in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
99m Tc as labeled arcitumomab expressed as total MBq (or mCi) per mL, at the time of
calibration; the expiration date and time; the storage temperature; and the statement
“Caution—Radioactive Material”. The labeling indicates that, in making dosage calculations,
correction is to be made for radioactive decay, and also indicates that the radioactive half-life
of 99m Tc is 6.0 hours. The labeling also states that it should be used within 4 hours following
constitution.
USP Reference standards 〈11〉—
USP Endotoxin RS
Bacterial Endotoxins Test 〈85〉—The limit of endotoxin content is not more than 175/V USP
Endotoxin Unit per mL of the Injection, when compared with the USP Endotoxin RS, in which V
is the maximum recommended total dose, in mL, at the expiration date and time.
pH 〈791〉: between 5.0 and 7.0.
Radiochemical purity—To determine the amount of free technetium, apply 1 µL of the
Injection about 2.7 cm from the bottom of a 1-cm × 9-cm instant thin-layer chromatographic
silica gel strip (see Chromatography 〈621〉). Immediately develop the chromatogram over a
period of 4 minutes by ascending chromatography using acetone as the solvent. Allow the
chromatogram to air-dry. Determine the radioactivity distribution of the chromatogram by
scanning with a suitable radiation detector: not more than 5.0% of the total radioactivity is
found at the solvent front as unbound pertechnetate.
Other requirements—It meets the requirements for Radionuclide identification and
Radionuclidic purity under Sodium Pertechnetate Tc 99m Injection. It meets also the
requirements under Injections and Implanted Drug Products 〈1〉, except that it may be
distributed or dispensed prior to completion of the test for Sterility, the latter test being
started on the date of manufacture.
Change to read:
Assay for radioactivity (see Radioactivity〈821〉) (CN 1-May-2017) —Using a suitable counting
assembly
(CN 1-May-2017) , determine the radioactivity, in MBq (or mCi) per mL, of Injection
by use of a calibrated system. USP42
Recent Official Publications:
USP41–NF36 Page 3940
BRIEFING
Technetium Tc 99m Depreotide Injection, USP 40 page 6337. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Technetium Tc 99m Depreotide Injection
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
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(CHM4: M. Puderbaugh.)
Correspondence Number—C193223
Comment deadline: March 31, 2018
Delete the following:
Technetium Tc 99m Depreotide Injection

» Technetium Tc 99m Depreotide Injection is a sterile, aqueous solution
suitable for intravenous injection that contains 99mTc in the form of a
depreotide complex. It contains not less than 90.0 percent and not more
than 110.0 percent of the labeled amount of 99mTc as the depreotide
complex expressed in megabecquerels (or in millicuries) per mL at the time
indicated in the labeling. It may contain reducing agents, stabilizing agents,
and buffers. It contains no antimicrobial agents. Other chemical forms of
radioactivity do not exceed 10.0 percent of the total radioactivity.
Packaging and storage—Preserve in single-dose containers, at controlled room temperature.
Labeling—Label it to include the following, in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
99m Tc as labeled depreotide complex expressed as total MBq (or mCi) per mL at the time of
calibration; the expiration date and time; the storage temperature; and the statement
“Caution—Radioactive Material”. The labeling indicates that, in making dosage calculations,
correction is to be made for radioactive decay, and also indicates that the radioactive half-life
of 99m Tc is 6.0 hours.
USP Reference standards 〈11〉—
USP Endotoxin RS
Bacterial Endotoxins Test 〈85〉: not more than 175/V USP Endotoxin Unit per mL of the
Injection, in which V is the maximum recommended total dose, in mL, at the expiration date or
time.
pH 〈791〉: between 6.0 and 8.0.
Radiochemical purity—Separately apply equal volumes (about 10 µL) of Injection, accurately
measured, about 1.0 cm from the bottom of each of two 1.5-cm × 10-cm instant
chromatographic silica gel strips. Do not allow the plates to dry. Immediately develop the
chromatograms by ascending chromatography (see Chromatography 〈621〉), until the solvents
reach the top of the strips, using saturated sodium chloride solution as the developing solvent
for one strip (Strip 1), and a mixture of methanol and 1 M ammonium acetate (1:1) for the
other strip (Strip 2). Remove the strips, and allow to air-dry. Cut Strip 1 at an RF value of
about 0.75, and cut Strip 2 at an RF value of about 0.40. Separately record the counts for
each portion in a dose calibrator. Calculate the percentage of nonmobile impurities in the
portion of Injection taken by the formula:
100CM / (CM + PM)
in which CM is the count obtained from the bottom portion of Strip 2; and PM is the count
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obtained from the top portion of Strip 2. Calculate the percentage of Tc 99m pertechnetate,
Tc 99m glucoheptonate, and Tc 99m edetate in the portion of Injection taken by the formula:
100PS / (CS + PS)
in which PS is the count obtained from the top portion of Strip 1; and CS is the count obtained
from the bottom portion of Strip 1: not more than 10% of total impurities is found.
Other requirements—It meets the requirements for Radionuclide identification and
Radionuclidic purity under Sodium Pertechnetate Tc 99m Injection. It also meets the
requirements under Injections and Implanted Drug Products 〈1〉, except that the Injection is not
subject to the recommendation on Container Content, and except that it may be distributed or
dispensed prior to completion of the test for Sterility, the latter test being started on the date
of manufacture.
Assay for radioactivity 〈821〉—Using a suitable counting assembly, determine the radioactivity,
in MBq (or mCi) per mL, of Injection by use of a calibrated system. USP42
Recent Official Publications:
USP41–NF36 Page 3941
BRIEFING
Technetium Tc 99m Etidronate Injection, USP 40 page 6338. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Technetium Tc 99m Etidronate Injection
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193224
Comment deadline: March 31, 2018
Delete the following:
Technetium Tc 99m Etidronate Injection

» Technetium Tc 99m Etidronate Injection is a sterile, clear, colorless
solution, suitable for intravenous administration, of radioactive technetium
(99mTc) in the form of a chelate of etidronate sodium. It contains not less
than 90.0 percent and not more than 110.0 percent of the labeled amount of
99mTc as chelate expressed in megabecquerels (microcuries or millicuries)
per mL at the time indicated in the labeling. It may contain buffers,
preservatives, reducing agents, and stabilizers. Other chemical forms of
radioactivity do not exceed 10.0 percent of the total radioactivity.
Packaging and storage—Preserve in single-dose or multiple-dose containers.
Labeling—Label it to include the following, in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of

PF 44(1): Jan.-Feb. 2018

487

99m Tc

as labeled etidronate expressed as total megabecquerels (microcuries or millicuries) and
concentration as megabecquerels (microcuries or millicuries) per mL at the time of calibration;
the expiration date and time; and the statement “Caution—Radioactive Material.” The labeling
indicates that in making dosage calculations, correction is to be made for radioactive decay,
and also indicates that the radioactive half-life of 99m Tc is 6.0 hours.
USP Reference standards 〈11〉—
USP Endotoxin RS
pH 〈791〉: between 2.5 and 7.0.
Other requirements—It meets the requirements for Bacterial endotoxins, Radiochemical
purity, Biological distribution, Other requirements, and Assay for radioactivity under
Technetium Tc 99m Pyrophosphate Injection. USP42
Recent Official Publications:
USP41–NF36 Page 3943
BRIEFING
Technetium 99m Tc Fanolesomab Injection, USP 40 page 6339. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Technetium 99m Tc Fanolesomab Injection
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193225
Comment deadline: March 31, 2018
Delete the following:
Technetium 99m Tc Fanolesomab Injection

» Technetium 99mTc Fanolesomab Injection is a sterile, nonpyrogenic
preparation of anti-CD15 antibody, a partially reduced murine IgM
monoclonal antibody that is labeled with 99mTc and is suitable for
intravenous administration. It may contain reducing agents, buffers, and
stabilizers. It contains no antimicrobial agents. Other chemical forms of
radioactivity do not exceed 10 percent of the total radioactivity.
[C AUTION—Components of the commercial kit that are used to prepare the
Injection are not to be administered directly to the patient.]
Packaging and storage—Preserve in single-dose containers. Store in a refrigerator.
[Note—After radiolabeling, the Technetium Tc 99m Fanolesomab Injection can be kept at room
temperature.]
Labeling—Label it to include the following, in addition to the information specified for Labeling
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under Labeling 〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration;
the amount of 99m Tc as labeled fanolesomab expressed in MBq (or mCi) per mL at the time of
calibration; the expiration date and time; the storage temperature; and the statement
“Caution—Radioactive Material”. The labeling indicates that the radioactive half-life of 99m Tc is
6.0 hours and that, in making dosage calculations, correction is to be made for radioactive
decay. The labeling also states that the Injection is to be used within 6 hours following
constitution.
USP Reference standards 〈11〉—
USP Endotoxin RS
Bacterial Endotoxins Test 〈85〉 : not more than 0.1 Endotoxin Unit per µg of fanolesomeb in
the prepared Injection.
pH 〈791〉: between 5.8 and 6.6.
Particulate matter 〈788〉—It meets the requirements for particulate matter specified for smallvolume injections.
Radiochemical purity—
system 1 (Free pertechnetate 99m Tc)—
Adsorbent: instant thin-layer chromatography (ITLC) strips,1heat-treated at 110° for 30
minutes.
Test solution— Use the Injection.
Application volume— Apply 3 µL of the Test solution to the origin.
Developing solvent system: methyl ethyl ketone (MEK).
Procedure— Apply the Test solution about 2 cm from the bottom of the Adsorbent strip.
Immediately develop by ascending chromatography (see Thin-Layer Chromatography under
Chromatography 〈621〉) until the solvent front has moved about 7.5 cm from the origin. The
radiochemical impurity, free pertechnetate 99m Tc, migrates to the top section, while colloidal
99m Tc and technetium 99m Tc fanolesomab remains near the origin on the bottom section. Allow
the chromatogram to air-dry. Determine the distribution of radioactivity on the chromatogram
by cutting the developed strip at 4 cm from the bottom and then separately measuring and
recording the net radioactivity in the top and bottom sections using a suitable radiation
detector. Calculate the percentage of free pertechnetate 99m Tc in the Injection by the
formula:
100 AT / (AT + AB)
in which AT is the radioactivity measured on the top section; and AB is the radioactivity
measured on the bottom section.
system 2 (Colloidal 99m Tc)—
Adsorbent— Use affinity thin-layer chromatography (ATLC) strips2that have been soaked in a
solution of 50% newborn calf serum (NBCS)3 in water and allowed to air-dry overnight.
Test solution— Use the Injection.
Developing solvent system: 4% alcohol in 0.3 M sodium chloride.
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Application volume— Prespot the point of origin with 3 µL of Developing solvent system
followed immediately by 3 µL of the Test solution.
Procedure— Apply the Test solution about 2 cm from the bottom of the Adsorbent strip.
Immediately develop the strip by ascending chromatography (see Thin-Layer Chromatography
under Chromatography 〈621〉) until the solvent front has moved about 7.5 cm above the origin.
The radiochemical impurity, colloidal 99m Tc, will remain at the origin, while free pertechnetate
99m Tc and technetium 99m Tc fanolesomab migrate close to the solvent front. Remove the
strip, and allow to air-dry. Cut the strip 4 cm from the bottom, and separately measure and
record the background-corrected radioactivity found in the top and bottom sections, using a
suitable radiation detector. Calculate the percentage of colloidal 99m Tc by the formula:
100 AB / (AB + AT)
in which AB is the radioactivity measured in the bottom section; and AT is the radioactivity
measured in the top section. The sum of the result for free pertechnetate 99m Tc in System 1
and for colloidal 99m Tc measured in System 2 is not more than 10%.
Immunoreactivity—
Adsorbent— Use affinity thin-layer chromatography (ATLC) strips2 that have been soaked in a
solution of 50% newborn calf serum (NBCS)3 in water and allowed to air-dry overnight.
Diluent— Prepare a mixture of NBCS and pH 7.4 phosphate-buffered saline (PBS) (1:1).
Test solution— Use the Injection diluted with Diluent (1 in 4).
reference materials—
Positive control: CD15 positive HL-60 (ATCC No. CCL240) formalin fixed-cell suspension (12 ×
106 cells per mL).
Negative control: CD15 negative Raji (ATCC No. CCL86) formalin fixed-cell suspension (12 ×
106 cells per mL).
Application volume— Thaw, and mix the HL-60 and Raji cell stock suspensions. Dispense 90-µL
aliquots into individual incubation tubes. Add 3 µL of the Test solution to each incubation tube,
and mix on a vortex mixer for 5 seconds. Incubate for 30 minutes with gentle rocking at 37 ±
2°.
Developing solvent system— Prepare a solution containing 0.05% sodium azide and 4% alcohol
in 10 mM phosphate-buffered saline, pH 7.4 (PBS). Pass through a filter having a 0.22-µm
porosity.
Procedure— Mix each incubation tube on a vortex mixer. Immediately remove, and apply 10 µL
of sample to the origin of the Adsorbent ATLC strip (2 cm from bottom). Allow the sample to
adsorb onto the strip, and immediately develop the strip by ascending chromatography (see
Thin-Layer Chromatography under Chromatography 〈621〉) until the solvent front has moved
about 7.5 cm from the origin. Remove the strips, and allow to air-dry. Cut both strips 4 cm
above the origin. Separately measure and record the background-corrected radioactivity found
on the top and bottom sections of each strip, using a suitable radiation detector.
Immunoreactive technetium 99m Tc fanolesomab, bound to the HL-60 cells, remains at the
origin, while nonbound forms of 99m Tc migrate away from the origin. Nonspecific binding is
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measured using the Raji negative control cells. Calculate the specific immunoreactive binding by
the formula:
[100AB(HL-60) /(AB(HL-60) + AT(HL-60))] – [100AB(Raji) /(AB(Raji) + AT(Raji))]
in which AB(HL-60) and AB(Raji) are the radioactivity of the HL-60 positive control cells and Raji
negative control cells, respectively, measured on the bottom section of each strip; and AT(HL-60)
and AT(Raji) are the radioactivity of the HL-60 positive control cells and Raji negative control
cells measured on the top section of each strip. A minimum specific immunoreactive binding of
40% is required for the CD15-positive HL-60 cells.
Other requirements—It meets the requirements for Radionuclide identification and
Radionuclidic purity under Sodium Pertechnetate Tc 99m Injection. It also meets the
requirements under Injections and Implanted Drug Products 〈1〉, except that it may be
distributed or dispensed prior to completion of the test for Sterility, the latter test being
started on the date of manufacture.
Change to read:
Assay for radioactivity (see Radioactivity〈821〉) (CN 1-May-2017) —Using a suitable counting
assembly
(CN 1-May-2017) , determine the radioactivity, in MBq (or mCi) per mL, of Injection
by use of a calibrated system. USP42
1 ITLC strips for free pertechnetate 99mTc may be obtained from Sunset Scientific Strips LLC (product number
10503), P.O. Box: 3895, Albuquerque, NM 87190-3895.
2 ATLC strips for colloidal 99mTc may be obtained from Sunset Scientific Strips LLC (product number 10506),
P.O. Box: 3895, Albuquerque, NM 87190-3895.
3 NBC S (heat inactivated) may be obtained from GIBC O/Invitrogen C orp. (catalog number 26010-074), 1600
Faraday Avenue, P.O. Box 6482, C arlsbad, C A 92008

Recent Official Publications:
USP41–NF36 Page 3944
BRIEFING
Technetium Tc 99m Gluceptate Injection, USP 40 page 6340. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Technetium Tc 99m Gluceptate Injection
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193226
Comment deadline: March 31, 2018
Delete the following:
Technetium Tc 99m Gluceptate Injection
d-glycero-d-gulo-Heptonic acid, technetium- 99m Tc complex.
Technetium- 99m Tc d-glycero-d-gulo-heptonate complex.
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» Technetium Tc 99m Gluceptate Injection is a sterile, aqueous solution,
suitable for intravenous administration, of sodium gluceptate and stannous
chloride that is labeled with 99mTc. It contains not less than 90.0 percent
and not more than 110.0 percent of the labeled amount of 99mTc as
stannous gluceptate complex expressed in megabecquerels (microcuries or
millicuries) per mL at the time indicated in the labeling. It may contain
antimicrobial agents and buffers. Other chemical forms of radioactivity do
not exceed 10.0 percent of the total radioactivity.
Packaging and storage—Preserve in single-dose or in multiple-dose containers, at a
temperature between 2° and 8°.
Labeling—Label it to include the following, in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
99m Tc as labeled stannous gluceptate expressed as total megabecquerels (microcuries or
millicuries) and concentration as megabecquerels (microcuries or millicuries) per mL at the time
of calibration; the expiration date and time; and the statement “Caution—Radioactive Material.”
The labeling indicates that in making dosage calculations, correction is to be made for
radioactive decay, and also indicates that the radioactive half-life of 99m Tc is 6.0 hours.
USP Reference standards 〈11〉—
USP Endotoxin RS
Bacterial Endotoxins Test 〈85〉 —The limit of endotoxin content is not more than 175/V USP
Endotoxin Unit per mL of the Injection, when compared with the USP Endotoxin RS, in which V
is the maximum recommended total dose, in mL, at the expiration date or time.
pH 〈791〉: between 4.0 and 8.0.
Radiochemical purity—Place a measured volume of Injection, appropriately diluted, such that
it provides a count rate of about 20,000 counts per minute, about 25 mm from one end of a
25- × 300-mm strip of chromatographic paper (see Chromatography 〈621〉), and allow to airdry. With no delay, develop the chromatogram over a suitable period of time by ascending
chromatography, using acetone that has been purged with oxygen-free nitrogen for not less
than 10 minutes. Allow the chromatogram to dry, and determine the radioactivity distribution by
scanning with a suitable collimated radiation detector. Not less than 90.0% of the total
radioactivity is found as stannous gluceptate (at the point of application).
Biological distribution—Constitute 1 vial of Injection with 5 mL to 10 mL of Sodium
Pertechnetate Tc 99m Injection. Inject intravenously 0.25 mL of the resulting undiluted
Injection into the caudal vein of each of three 150- to 250-g rats. Discard any injections in
which extravasation occurs. Approximately 1 hour after the injection, anesthetize the animals
and exsanguinate, collecting the blood into a suitable container. Dissect the animals, and place
the kidneys, liver, gastrointestinal tract, and a specimen of blood, accurately weighed, in
separate, suitable counting containers, and determine the radioactivity, in counts per minute,
in each container with an appropriate detector using the same counting geometry. Determine
the percentage of radioactivity in the kidneys, liver, and gastrointestinal tract taken by the
formula:
100Ai / A
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in which Ai is the net radioactivity in the organ, and A is the total radioactivity, in MBq (µCi),
injected, both corrected to injection time. Determine the percentage of radioactivity in the
blood taken by the formula:
[100(B/WS)0.07(WR)]/A
in which B is the net radioactivity in the specimen of blood, and A is the total radioactivity,
injected, both corrected to injection time, WS is the weight, in g, of the blood specimen, WR is
the weight, in g, of the rat, and 0.07 is the assumption that the total blood weight of the rat is
7% of the total body weight. Not less than 15.0% of the radioactivity is found in the kidneys,
not more than 5.0% of the radioactivity is found in the blood, not more than 15.0% of the
radioactivity is found in the entire gastrointestinal tract and not more than 5.0% of the
radioactivity is found in the liver, in not fewer than 2 of the rats.
Other requirements—It meets the requirements for Radionuclide identification and
Radionuclidic purity under Sodium Pertechnetate Tc 99m Injection. It meets also the
requirements under Injections and Implanted Drug Products 〈1〉, except that it may be
distributed or dispensed prior to completion of the test for Sterility, the latter test being
started on the date of manufacture, and except that it is not subject to the recommendation
on Container Content.
Change to read:
Assay for radioactivity (see Radioactivity〈821〉) (CN 1-May-2017) —Using a suitable counting
assembly
(CN 1-May-2017) , determine the radioactivity, in MBq (µCi) per mL, of Technetium
Tc 99m Gluceptate Injection by use of a calibrated system. USP42
Recent Official Publications:
USP41–NF36 Page 3945
BRIEFING
Technetium Tc 99m Lidofenin Injection, USP 40 page 6341. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Technetium Tc 99m Lidofenin Injection
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193227
Comment deadline: March 31, 2018
Delete the following:
Technetium Tc 99m Lidofenin Injection

» Technetium Tc 99m Lidofenin Injection is a sterile, clear, colorless solution
of lidofenin complexed to radioactive technetium (99mTc) in the form of a
chelate. It is suitable for intravenous injection and may contain buffers. It
contains not less than 90.0 percent and not more than 110.0 percent of the
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labeled amount of 99mTc as the lidofenin chelate expressed in
megabecquerels (millicuries) per mL at the time indicated in the labeling.
Other chemical forms of radioactivity do not exceed 10.0 percent of the total
radioactivity.
Packaging and storage—Preserve in single-dose or multiple-dose containers at a temperature
between 2° and 8°.
Labeling—Label it to include the following, in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
99m Tc as labeled lidofenin expressed as total megabecquerels (millicuries) per mL at the time of
calibration; the expiration date and time; the storage temperature and the statement
“Caution—Radioactive Material.” The labeling indicates that, in making dosage calculations,
correction is to be made for radioactive decay, and also indicates that the radioactive half-life
of 99m Tc is 6.0 hours.
USP Reference standards 〈11〉—
USP Endotoxin RS
Bacterial Endotoxins Test 〈85〉 —The limit of endotoxin content is not more than 175/V
Endotoxin Units per mL of Injection, in which V is the maximum recommended total dose, in mL,
at the expiration date or time.
pH 〈791〉: between 3.5 and 5.0.
Radiochemical purity—Not more than 10.0 percent of the total radioactivity is found as free
99m Tc pertechnetate (TcO ), hydrolysed 99m Tc and 99m Tc technetium tin colloid. The
4
presence of these impurities is determined as follows:
Unbound pertechnetate— Apply a measured volume of Injection such that it provides a count
rate of about 50,000 counts per minute, about 15 mm from the end of a 100-mm × 10-mm strip
of silicic-acid impregnated fiberglass paper. Dry the spot using a gentle stream of nitrogen and
develop immediately using a nitrogen-purged saturated solution of sodium chloride until the
solvent front has moved four-fifths of the length of the strip. Determine the distribution of
radioactivity on the strip by the use of a strip-scanner or other suitable method. Unbound
pertechnetate is found at an RF value between 0.5 and 1.0. Technetium Lidofenin, hydrolysed
and colloidal 99m Tc technetium remain at the origin.
Hydrolysed and reduced 99m Tc technetium—Apply a measured volume of Injection such that it
provides a count rate of about 50,000 counts per minute, about 15 mm from the end of a 100mm × 10-mm strip of silica gel impregnated fiberglass paper. Dry the spot using a gentle stream
of nitrogen and develop immediately using a solution consisting of a mixture of acetonitrile and
water (3:1) until the solvent front has moved four-fifths of the length of the strip. Determine
the distribution of radioactivity on the strip by the use of a strip-scanner or other suitable
method. Unbound pertechnetate and Technetium Lidofenin are found at an RF value between
0.5 and 1.0. Hydrolysed and colloidal 99m Tc technetium remain at the origin.
Biological distribution—Inject intravenously between 0.75 and 1.85 MBq (20 µCi and 50 µCi)
of the Injection into the lateral tail vein of each of three 20-g to 25-g mice. Maintain the
injected animals in clean cages with free access to food and water for 1 hour. Sacrifice the
animals by carbon dioxide or ether asphyxiation and withdraw approximately 1 mL of blood.
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Dissect the animals and remove the liver, gallbladder, and small and large intestines. Remove
the tail. Weigh the blood sample. Place the blood sample, organs, and tail in separate counting
tubes and determine the activity in each. Correct for decay to the time of injection. Determine
the percentage of radioactivity in each organ and blood using the formula:
100B/A
in which B is the net radioactivity in the organ, and A is the total radioactivity injected. Assume
that the total blood weight is 7.0% of total body weight. If more than 5% of the injected dose
is found in the tail, disregard the results from that animal. If more than one animal is rejected
on this basis, repeat the entire test with three more animals. Not less than 65% of the total
radioactivity is found in the gallbladder and intestines, not more than 10% of the total
radioactivity is found in the liver and not more than 2% of the total radioactivity is found in the
blood in two out of three mice.
Other requirements—It meets the requirements of the tests for Radionuclide identification
and Radionuclide purity under Sodium Pertechnetate Tc 99m Injection. It meets the
requirements under Injections and Implanted Drug Products 〈1〉, except that it may be
distributed or dispensed prior to completion of the test for Sterility, the latter test being
started on the day of manufacture, and except that it is not subject to the recommendation on
Container Content.
Change to read:
Assay for radioactivity (see Radioactivity〈821〉) (CN 1-May-2017) —Using a suitable counting
assembly
(CN 1-May-2017) , determine the radioactivity in MBq(µCi) per mL, of Injection by
use of a calibrated system. USP42
Recent Official Publications:
USP41–NF36 Page 3946
BRIEFING
Technetium Tc 99m Nofetumomab Merpentan Injection, USP 40 page 6345. It is
proposed to omit this monograph for the following reasons:
1. No drug products formulated as defined under Technetium Tc 99m Nofetumomab
Merpentan Injection are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193228
Comment deadline: March 31, 2018
Delete the following:
Technetium Tc 99m Nofetumomab Merpentan Injection

» Technetium Tc 99m Nofetumomab Merpentan Injection is a sterile,
nonpyrogenic preparation of the Fab fragment of IgG2b murine monoclonal
antibody NR-LU-10 that is labeled with 99mTc and is suitable for intravenous
administration. It contains not less than 90.0 percent and not more than
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110.0 percent of the labeled amount of 99mTc as the nofetumomab complex,
expressed in megabecquerels (or millicuries) per mL at the time indicated in
the labeling. It may contain reducing agents, buffers, and stabilizers. It
contains no antimicrobial agents. Other chemical forms of radioactivity do
not exceed 10 percent of the total radioactivity. The immunoreactive
fraction, as determined by a validated method, is not less than 85 percent.
[C AUTION—Components of the commercial kit that are used to prepare the
Injection are not to be administered directly to the patient.]
Packaging and storage—Preserve in single-dose containers.
Labeling—Label it to include the following, in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
99m Tc as labeled nofetumomab merpentan expressed in MBq (or mCi) per mL at the time of
calibration; the expiration date and time; the storage temperature; and the statement
“Caution—Radioactive Material”. The labeling indicates that the radioactive half-life of 99m Tc is
6.0 hours and that, in making dosage calculations, correction is to be made for radioactive
decay. The labeling also states that the Injection is to be used within 6 hours following
constitution.
USP Reference standards 〈11〉—
USP Endotoxin RS
Bacterial Endotoxins Test 〈85〉: not more than 175/V USP Endotoxin Unit per mL of the
Injection, in which V is the maximum recommended total dose, in mL, at the expiration date or
time.
pH 〈791〉: between 7.0 and 8.0.
Radiochemical purity—
Adsorbent: 1- × 10-cm instant silica gel strip.
Test solution— Use the Injection.
Application volume: 2 to 5 µL.
Developing solvent system: 0.73 N trichloroacetic acid.
Procedure— Apply the Test solution about 1.2 cm from the bottom of the silica gel strip.
Immediately develop the chromatogram by ascending chromatography (see Chromatography
〈621〉) until the solvent front has moved 8 cm from the origin. Allow the chromatogram to airdry. Determine the distribution of radioactivity on the chromatogram by scanning with a
suitable collimated radiation detector. Technetium Tc 99m nofetumomab merpentan remains at
the origin, and nonprotein bound Tc 99m labeled material travels with the solvent front. Not
more than 5.0% of the total radioactivity is present as a band between RF values of 0.4 and
0.7; and not less than 85% of the total radioactivity is found as 99m Tc at the origin.
Other requirements—It meets the requirements for Radionuclide identification and
Radionuclidic purity under Sodium Pertechnetate Tc 99m Injection. It also meets the
requirements under Injections and Implanted Drug Products 〈1〉, except that it may be
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distributed or dispensed prior to completion of the test for Sterility, the latter test being
started on the date of manufacture.
Change to read:
Assay for radioactivity (see Radioactivity〈821〉) (CN 1-May-2017) —Using a suitable counting
assembly
(CN 1-May-2017) , determine the radioactivity, in MBq (or µCi) per mL, of Injection
by use of a calibrated system. USP42
Recent Official Publications:
USP41–NF36 Page 3950
BRIEFING
Terbutaline Sulfate, USP 40 page 6374. As part of the USP monograph modernization
initiative and based on supporting data received, the following revisions are proposed:
1. Revise the test method in Identification A to allow flexibility for the test.
2. Add Identification C to test for the counter ion.
3. Revise the Assay to delete the system suitability requirement for Column efficiency. The
requirement for Relative standard deviation is revised based on the data received. The
remaining criteria are sufficient to establish system suitability. A Run time requirement is
also added to the chromatographic system.
4. Revise the chromatographic conditions and add specifications for individual impurities in
the test for Organic Impurities. The chromatographic procedure is performed using the
Hypersil BDS brand of column with L1 packing. The typical retention time of terbutaline
is about 9 min.
5. Update the chemical information of USP Terbutaline Related Compound A RS and add
USP Terbutaline Related Compound D RS in the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.-H. Yeh.)
Correspondence Number—C150120
Comment deadline: March 31, 2018
Terbutaline Sulfate

(C12 H19 NO3 )2 ·H2 SO4

548.65

1,3-Benzenediol, 5-[2-[(1,1-dimethylethyl)amino]-1-hydroxyethyl]-,sulfate (2:1) (salt);

PF 44(1): Jan.-Feb. 2018

497

(±)- α-[(tert-Butylamino)methyl]-3,5-dihydroxybenzyl alcohol sulfate (2:1) (salt)
5].

[23031-32-

DEFINITION
Terbutaline Sulfate contains NLT 98.0% and NMT 101.0% of terbutaline sulfate
[(C12 H19 NO3 )2 ·H2 SO4 ], calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
or 〈197A〉 USP42
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Sulfate: Meets the
requirements USP42
ASSAY
Change to read:
• Procedure
Buffer: 3.15 g/L of ammonium formate and 5.49 g/L of sodium 1-hexanesulfonate in water
prepared as follows. Transfer 3.15 g of ammonium formate to a 1000-mL volumetric flask,
dissolve in 900 mL of water, adjust the solution with formic acid to a pH of 3.0, add 5.49 g
of sodium 1-hexanesulfonate, and dilute with water to volume.
Mobile phase: Methanol and Buffer (23:77)
System suitability solution: 1.0 mg/mL of USP Terbutaline Sulfate RS and 0.4 mg/mL of
USP Terbutaline Related Compound A RS in Mobile phase
Standard solution: 1.0 mg/mL of USP Terbutaline Sulfate RS in Mobile phase
Sample solution: 1.0 mg/mL of Terbutaline Sulfate in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 1.6 times the retention time of terbutaline
System suitability
Sample: System suitability solution

USP42
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[Note—The relative retention times for terbutaline related compound A and terbutaline
are 0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between terbutaline related compound A and terbutaline
Column efficiency: NLT 1500 theoretical plates
USP42

Tailing factor: NMT 2.0 for the terbutaline peak
Relative standard deviation: NMT 2.0%
1.0% USP42
for the terbutaline peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of terbutaline sulfate [(C12 H19 NO3 )2 ·H2 SO4 ] in the portion of
Terbutaline Sulfate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Terbutaline Sulfate RS in the Standard solution (mg/mL)
CU = concentration of Terbutaline Sulfate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 0.0025%

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Solution A, Mobile phase, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 3 µg/mL of USP Terbutaline Sulfate RS in Mobile phase
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Terbutaline Sulfate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of terbutaline from the Standard solution
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CS = concentration of USP Terbutaline Sulfate RS in the Standard solution (mg/mL)
CU = concentration of Terbutaline Sulfate in the Sample solution (mg/mL)
Acceptance criteria
Total impurities: NMT 1.0%
Buffer: 3.15 g/L of ammonium formate and 5.49 g/L of sodium 1-hexanesulfonate in
water prepared as follows. Transfer 3.15 g of ammonium formate to a 1000-mL volumetric
flask, dissolve in 900 mL of water, adjust the solution with formic acid to a pH of 3.0, add
5.49 g of sodium 1-hexanesulfonate, and dilute with water to volume.
Solution A: Methanol and Buffer (23:77)
Solution B: Methanol
Mobile phase: See Table 1.
Time
(min)
0
15
35
40
42
45

Table 1
Solution A
(%)
100
100
80
80
100
100

Solution B
(%)
0
0
20
20
0
0

System suitability solution: 1.0 mg/mL of USP Terbutaline Sulfate RS and 0.4 mg/mL of
USP Terbutaline Related Compound A RS in Solution A
Sensitivity solution: 0.6 µg/mL of USP Terbutaline Sulfate RS in Solution A
Standard solution: 0.003 mg/mL each of USP Terbutaline Sulfate RS, USP Terbutaline
Related Compound A RS, and USP Terbutaline Related Compound D RS in Solution A
Sample solution: 1.5 mg/mL of Terbutaline Sulfate in Solution A
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between terbutaline related compound A and terbutaline, System
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suitability solution
Tailing factor: NMT 2.0 for the terbutaline peak, System suitability solution
Relative standard deviation: NMT 5.0% for the terbutaline peak, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of terbutaline related compound A and terbutaline related
compound D in the portion of Terbutaline Sulfate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of terbutaline related compound A or terbutaline related compound D
from the Sample solution
rS = peak response of the corresponding Reference Standard from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(mg/mL)
CU = concentration of Terbutaline Sulfate in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Terbutaline
Sulfate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each individual unspecified impurity from the Sample solution
rS = peak response of terbutaline from the Standard solution
CS = concentration of USP Terbutaline Sulfate RS in the Standard solution (mg/mL)
CU = concentration of Terbutaline Sulfate in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold for impurities is 0.05%.
Table 2
Relative
Retention
Time
0.86
1.0
3.4
—
—

Name
Terbutaline related compound A
Terbutaline
Terbutaline related compound D
Any individual unspecified impurity
Total impuritiesa
a Excluding terbutaline related compound A.

Acceptance
Criteria,
NMT (%)
0.2
—
0.2
0.10
0.4

USP42

SPECIFIC TESTS
• Acidity
Sample solution: 20 mg/mL in carbon dioxide-free water
Analysis: Titrate 10 mL of the Sample solution with 0.020 N sodium hydroxide from a
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microburet to a pH of 6, determining the endpoint potentiometrically, using a calomel–
glass electrode system.
Acceptance criteria: NMT 0.50 mL of 0.020 N sodium hydroxide is required (0.3% as acetic
acid).
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at
controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Terbutaline Sulfate RS
USP Terbutaline Related Compound A RS
3,5-Dihydroxy-ω-t-butylaminoacetophenone sulfate.
2-(tert-Butylamino)-1-(3,5-dihydroxyphenyl)ethan-1-one sulfate.
C12 H17 NO3 ·H2 SO4
321.34
USP Terbutaline Related Compound D RS
2-[Benzyl(tert-butyl)amino]-1-(3,5-dihydroxyphenyl)ethan-1-one sulfate.
(C19 H23 NO3 )2 ·H2 SO4
724.87
USP42

Recent Official Publications:
USP41–NF36 Page 3985
BRIEFING
Terbutaline Sulfate Injection, USP 40 page 6376. As part of the USP monograph
modernization initiative and on the basis of supporting data received, the following revisions are
proposed:
1. Replace the TLC method in Identification A with the UV spectrum agreement from the
Assay.
2. Revise the Chromatographic system in the Assay to support the proposed Identification
A.
3. Revise the Assay to delete the system suitability requirement for Column efficiency. The
requirement for Relative standard deviation is revised based on the data received. The
remaining criteria are sufficient to establish system suitability. A Run time requirement is
added to the chromatographic system.
4. Add the test for Organic Impurities based on a validated method of analysis. The
chromatographic procedure is performed using the Hypersil BDS brand of column with L1
packing. The typical retention time of terbutaline is about 9 min.
5. Remove the numerical limit requirement in the Bacterial Endotoxins Test and refer to the
general test chapter Bacterial Endotoxins Test 〈85〉 for calculation of limits. The USP
Endotoxin RS in the USP Reference Standards section is deleted as well because it is
already cited in the chapter.

PF 44(1): Jan.-Feb. 2018

502

6. Add the requirement for Sterility Tests.
7. Update the chemical information of USP Terbutaline Related Compound A RS in the USP
Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.-H. Yeh.)
Correspondence Number—C184221
Comment deadline: March 31, 2018
Terbutaline Sulfate Injection
DEFINITION
Terbutaline Sulfate Injection is a sterile solution of Terbutaline Sulfate in Water for Injection.
It contains NLT 90.0% and NMT 110.0% of the labeled amount of terbutaline sulfate
[(C12 H19 NO3 )2 ·H2 SO4 ].
[Note—Do not use the Injection if it is discolored.]
IDENTIFICATION
Delete the following:
• A. Thin Layer Chromatography
Standard solution: 1 mg/mL of USP Terbutaline Sulfate RS in sodium chloride solution (0.9
in 100)
Sample solution: Use a volume of Injection.
Chromatographic system
(See Chromatography 〈621〉, Thin Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 2 µL
Developing solvent system: Isopropyl alcohol, cyclohexane, and formic acid (13:5:1)
Spray reagent 1: 20 mg/mL of 4-aminoantipyrine in methanol
Spray reagent 2: 80 mg/mL of potassium ferricyanide in a mixture of ammonium
hydroxide and water (4:1)
Analysis: Develop the chromatogram in Developing solvent system, until the solvent front
has moved about three-fourths of the length of the plate. Remove the plate from the
developing chamber, mark the solvent front, and dry with a current of air. Spray the plate
with Spray reagent 1, allow to air-dry, and spray with Spray reagent 2.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution. USP42
Add the following:
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• A. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 3.15 g/L of ammonium formate and 5.49 g/L of sodium 1-hexanesulfonate in water
prepared as follows. Transfer 3.15 g of ammonium formate to a 1000-mL volumetric flask,
dissolve in 900 mL of water, adjust the solution with formic acid to a pH of 3.0, add 5.49 g
of sodium 1-hexanesulfonate, and dilute with water to volume.
Mobile phase: Methanol and Buffer (23:77)
System suitability solution: 1.0 mg/mL of USP Terbutaline Sulfate RS and 0.4 mg/mL of
USP Terbutaline Related Compound A RS in Mobile phase
Standard solution: 1.0 mg/mL of USP Terbutaline Sulfate RS in Mobile phase
Sample solution: Nominally 1 mg/mL from a volume of Injection. If necessary, dilute with
water.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 276 nm.
For Identification A, use a diode array detector in the range of 240–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 1.6 times the retention time of terbutaline USP42
System suitability
Sample: System suitability solution

USP42

[Note—The relative retention times for terbutaline related compound A and terbutaline
are 0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between terbutaline related compound A and terbutaline
Column efficiency: NLT 1500 theoretical plates
USP42

Tailing factor: NMT 2.0 for the terbutaline peak
Relative standard deviation: NMT 2.0%
1.0% USP42
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for the terbutaline peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of terbutaline sulfate
[(C12 H19 NO3 )2 ·H2 SO4 ] in the portion of the Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of terbutaline from the Sample solution
rS = peak response of terbutaline from the Standard solution
CS = concentration of USP Terbutaline Sulfate RS in the Standard solution (mg/mL)
CU = nominal concentration of terbutaline sulfate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Buffer: 3.15 g/L of ammonium formate and 5.49 g/L of sodium 1-hexanesulfonate in water
prepared as follows. Transfer 3.15 g of ammonium formate to a 1000-mL volumetric flask,
dissolve in 900 mL of water, adjust the solution with formic acid to a pH of 3.0, add 5.49 g
of sodium 1-hexanesulfonate, and dilute with water to volume.
Solution A: Methanol and Buffer (23:77)
Solution B: Methanol
Mobile phase: See Table 1.
Time
(min)
0
15
35
40
42
45

Table 1
Solution A
(%)
100
100
80
80
100
100

Solution B
(%)
0
0
20
20
0
0

System suitability solution: 0.2 mg/mL of USP Terbutaline Sulfate RS and 0.08 mg/mL of
USP Terbutaline Related Compound A RS in Solution A
Sensitivity solution: 0.0003 mg/mL of USP Terbutaline Sulfate RS in Solution A
Standard solution: 0.0006 mg/mL each of USP Terbutaline Sulfate RS and USP Terbutaline
Related Compound A RS in Solution A
Sample solution: Nominally 0.3 mg/mL of terbutaline sulfate, from the pooled content of
the Injection from NLT 5 vials, in Solution A
Chromatographic system

PF 44(1): Jan.-Feb. 2018

505

(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between terbutaline related compound A and terbutaline, System
suitability solution
Relative standard deviation: NMT 5.0% from the terbutaline and terbutaline related
compound A peaks, Standard solution
Signal-to-noise ratio: NLT 10 for the terbutaline peak, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of terbutaline related compound A in the portion of Injection
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of terbutaline related compound A from the Sample solution
rS = peak response of terbutaline related compound A from the Standard solution
CS = concentration of USP Terbutaline Related Compound A RS in the Standard solution
(mg/mL)
CU = nominal concentration of terbutaline sulfate in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified degradation product in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each individual unspecified degradation product from the Sample
solution
rS = peak response of terbutaline from the Standard solution
CS = concentration of USP Terbutaline Sulfate RS in the Standard solution (mg/mL)
CU = nominal concentration of terbutaline sulfate in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold for impurities is 0.1%.
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Table 2

Name
Terbutaline related compound A
Terbutaline
Any individual unspecified degradation product
Total degradation products

Relative
Retention
Time
0.86
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.2
—
0.2
0.4

USP42

SPECIFIC TESTS
Change to read:
• Bacterial Endotoxins Test 〈85〉: It contains NMT 1250.0 USP Endotoxin Units/mg of
terbutaline sulfate.
Meets the requirements USP42
Add the following:
• Sterility Tests 〈71〉: Meets the requirements USP42
• pH 〈791〉: 3.0–5.0
• Other Requirements: It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass,
protected from light, at controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Endotoxin RS
(CN 1-May-2018)

USP Terbutaline Sulfate RS
USP Terbutaline Related Compound A RS
3,5-Dihydroxy-ω-t-butylaminoacetophenone sulfate
2-(tert-Butylamino)-1-(3,5-dihydroxyphenyl)ethan-1-one sulfate.
C12 H17 NO3 ·H2 SO4
321.34 USP42
Recent Official Publications:
USP41–NF36 Page 3987
BRIEFING
Terbutaline Sulfate Tablets, USP 40 page 6377. As part of the USP monograph
modernization initiative and on the basis of supporting data received, the following revisions are
proposed:
1. Add Identification A with the UV spectrum agreement from the Assay. The existing
identification test is named as Identification B accordingly.
2. Revise the Chromatographic system in the Assay to support the proposed Identification
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5.

6.
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A.
Revise the Assay to delete the system suitability requirement for Column efficiency. The
remaining criteria are sufficient to establish system suitability. A Run time requirement is
added to the Chromatographic system.
Add an equation to the Dissolution test for consistency with current USP style.
Add the test for Organic Impurities based on a validated method of analysis. The
chromatographic procedure is performed using the Hypersil BDS brand of column with L1
packing. The typical retention time of terbutaline is about 9 min.
Update the chemical information of USP Terbutaline Related Compound A RS in the USP
Reference Standards section.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.-H. Yeh.)
Correspondence Number—C184221
Comment deadline: March 31, 2018
Terbutaline Sulfate Tablets
DEFINITION
Terbutaline Sulfate Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
terbutaline sulfate [(C12 H19 NO3 )2 ·H2 SO4 ].
IDENTIFICATION
Add the following:
• A. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
Change to read:
•
B. USP42
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 3.15 g/L of ammonium formate and 5.49 g/L of sodium 1-hexanesulfonate in water
prepared as follows. Transfer 3.15 g of ammonium formate to a 1000-mL volumetric flask,
dissolve in 900 mL of water, adjust the solution with formic acid to a pH of 3.0, add 5.49 g
of sodium 1-hexanesulfonate, and dilute with water to volume.
Mobile phase: Methanol and Buffer (23:77)
System suitability solution: 1.0 mg/mL of USP Terbutaline Sulfate RS and 0.4 mg/mL of
USP Terbutaline Related Compound A RS in Mobile phase
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Standard stock solution: 1 mg/mL of USP Terbutaline Sulfate RS in Mobile phase
Standard solution: 0.1 mg/mL of USP Terbutaline Sulfate RS, prepared as follows. Transfer
10.0 mL of the Standard stock solution to a 100-mL volumetric flask and add 10 mL of
0.05 N sulfuric acid. Dilute with water to volume.
Sample solution: Nominally 0.1 mg/mL of terbutaline sulfate, prepared as follows. Transfer
a quantity equivalent to 10 mg of terbutaline sulfate from NLT 20 finely powdered Tablets
into a 100-mL volumetric flask. Add 10 mL of 0.05 N sulfuric acid and 20 mL of water, and
shake for 15 min. Dilute with water to volume and filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 276 nm.
For Identification A, use a diode array detector in the range of 240–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 1.6 times the retention time of terbutaline USP42
System suitability
Sample: System suitability solution

USP42

[Note—The relative retention times for terbutaline related compound A and terbutaline
are 0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between terbutaline related compound A and terbutaline
Column efficiency: NLT 1500 theoretical plates
USP42

Tailing factor: NMT 2.0 for the terbutaline peak
Relative standard deviation: NMT 2.0% for the terbutaline peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of terbutaline sulfate
[(C12 H19 NO3 )2 ·H2 SO4 ] in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of terbutaline from the Sample solution
rS = peak response of terbutaline from the Standard solution
CS = concentration of USP Terbutaline Sulfate RS in the Standard solution (mg/mL)
CU = nominal concentration of terbutaline sulfate in the Sample solution (mg/mL)
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Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉, Procedure, Apparatus 1 and Apparatus 2, Immediate-Release Dosage
Forms, Procedure for a pooled sample
Medium: Water; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
Standard solution: Prepare a solution having a known concentration of USP Terbutaline
Sulfate RS in Medium.
Sample solution: A filtered portion of the solution under test USP42
Analysis
Samples: Standard solution and Sample solution USP42
Calculate the percentage of the labeled amount of terbutaline sulfate
[(C12 H19 NO3 )2 ·H2 SO4 ] dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Terbutaline Sulfate RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet) USP42
Tolerances: NLT 75% (Q) of the labeled amount of terbutaline sulfate
[(C12 H19 NO3 )2 ·H2 SO4 ] is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Buffer: 3.15 g/L of ammonium formate and 5.49 g/L of sodium 1-hexanesulfonate in water
prepared as follows. Transfer 3.15 g of ammonium formate to a 1000-mL volumetric flask,
dissolve in 900 mL of water, adjust the solution with formic acid to a pH of 3.0, add 5.49 g
of sodium 1-hexanesulfonate, and dilute with water to volume.
Solution A: Methanol and Buffer (23:77)
Solution B: Methanol
Mobile phase: See Table 1.
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Time
(min)
0
15
35
40
42
45

Table 1
Solution A
(%)
100
100
80
80
100
100

Solution B
(%)
0
0
20
20
0
0

Diluent: 0.005 N sulfuric acid
System suitability solution: 0.2 mg/mL of USP Terbutaline Sulfate RS and 0.08 mg/mL of
USP Terbutaline Related Compound A RS in Diluent
Sensitivity solution: 0.0003 mg/mL of USP Terbutaline Sulfate RS in Diluent
Standard solution: 0.0006 mg/mL of USP Terbutaline Sulfate RS and USP Terbutaline
Related Compound A RS in Diluent
Sample solution: Nominally 0.3 mg/mL of terbutaline sulfate in Diluent prepared as follows.
Transfer a quantity equivalent to 3 mg of terbutaline sulfate from NLT 20 finely powdered
Tablets into a 10-mL volumetric flask. Add 8 mL of Diluent and sonicate for 5 min. Cool
and dilute with Diluent to volume. Pass through a suitable filter of 0.2-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between terbutaline related compound A and terbutaline, System
suitability solution
Relative standard deviation: NMT 5.0% from the terbutaline and terbutaline related
compound A peaks, Standard solution
Signal-to-noise ratio: NLT 10 for the terbutaline peak, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of terbutaline related compound A in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak response of terbutaline related compound A from the Sample solution
rS = peak response of terbutaline related compound A from the Standard solution
CS = concentration of USP Terbutaline Related Compound A RS in the Standard solution
(mg/mL)
CU = nominal concentration of terbutaline sulfate in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified degradation product in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each individual unspecified degradation product from the Sample
solution
rS = peak response of terbutaline from the Standard solution
CS = concentration of USP Terbutaline Sulfate RS in the Standard solution (mg/mL)
CU = nominal concentration of terbutaline sulfate in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold for impurities is 0.1%.
Table 2

Name
Terbutaline related compound A
Terbutaline
Any individual unspecified degradation product
Total degradation products

Relative
Retention
Time
0.86
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.2
—
0.2
0.4

USP42

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, at controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Terbutaline Sulfate RS
USP Terbutaline Related Compound A RS
3,5-Dihydroxy-ω-t-butylaminoacetophenone sulfate.
2-(tert-Butylamino)-1-(3,5-dihydroxyphenyl)ethan-1-one sulfate.
C12 H17 NO3 ·H2 SO4
321.34 USP42
Recent Official Publications:
USP41–NF36 Page 3989
BRIEFING
Triamcinolone Acetonide Nasal Spray, USP 40 page 6561. On the basis of comments
received, it is proposed to revise the monograph as follows:
1. Revise the System suitability solution in the test for Content of Benzalkonium Chloride
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to be less prescriptive and allow the use of a lower concentration of USP Benzalkonium
Chloride RS.
2. Revise the Acceptance criteria in the test for Delivered Dose Uniformity (Within
Container).
3. Delete the test for Osmolality and Osmolarity because it is a manufacturing process
parameter that does not impact the quality of the finished dosage form.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: R. Ravichandran.)
Correspondence Number—C195917
Comment deadline: March 31, 2018
Triamcinolone Acetonide Nasal Spray
DEFINITION
Triamcinolone Acetonide Nasal Spray is an aqueous suspension of Triamcinolone Acetonide. It
is supplied in a form suitable for nasal administration. It contains NLT 90.0% and NMT
110.0% of the labeled amount of triamcinolone acetonide (C24 H31 FO6 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer A: 3.4 g/L of monobasic potassium phosphate prepared as follows. Dissolve 3.4 g of
monobasic potassium phosphate in 900 mL of water, adjust with 5 M sodium hydroxide to
a pH of 7.0, and dilute with water to 1000 mL.
Buffer B: 3.4 g/L of monobasic potassium phosphate prepared as follows. Dissolve 3.4 g of
monobasic potassium phosphate in 900 mL of water, adjust with phosphoric acid to a pH
of 3.0, and dilute with water to 1000 mL.
Solution A: Acetonitrile and Buffer A (27.5: 72.5)
Solution B: Acetonitrile and Buffer A (60:40)
Mobile phase: See Table 1.
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Time
(min)
0
30
30.1
44
44.1
52

Table 1
Solution A
(%)
100
60
0
0
100
100

Solution B
(%)
0
40
100
100
0
0

Diluent: Acetonitrile and Buffer B (27.5: 72.5)
Standard stock solution: 0.4 mg/mL of USP Triamcinolone Acetonide RS in acetonitrile.
Sonication for 15 min may be used to aid in dissolution.
Standard solution: 40 µg/mL of USP Triamcinolone Acetonide RS from Standard stock
solution in Diluent
System suitability stock solution: 0.04 mg/mL of USP Triamcinolone Acetonide Related
Compound B RS and USP Triamcinolone Acetonide Related Compound C RS in Diluent
System suitability solution: 40 µg/mL of USP Triamcinolone Acetonide RS and 0.8 µg/mL
each of USP Triamcinolone Acetonide Related Compound B RS and USP Triamcinolone
Acetonide Related Compound C RS in suitable volumes of Standard stock solution and
System suitability stock solution in Diluent
Sample solution: Nominally 40 µg/mL of triamcinolone acetonide prepared as follows.
Transfer a portion of the Nasal Spray, equivalent to 4 mg of triamcinolone acetonide, to a
100-mL volumetric flask. Dissolve in 28 mL of acetonitrile with the aid of sonication. Allow
to cool to room temperature and dilute with Buffer B to volume. Centrifuge and use the
clear supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 239 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 0.75 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—See Table 4 for the relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between triamcinolone acetonide related compound C and
triamcinolone acetonide related compound B; NLT 3.0 between triamcinolone acetonide
related compound B and triamcinolone acetonide, System suitability solution
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Tailing factor: NMT 1.3 for triamcinolone acetonide, System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of triamcinolone acetonide (C24 H31 FO6 ) in
the portion of Nasal Spray taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (µg/mL)
CU = nominal concentration of triamcinolone acetonide in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
OTHER COMPONENTS
• Content of Edetate Disodium
Perform this test if edetate disodium is a known component in the Nasal Spray.
Buffer: Add 990 mL of water into a 1000-mL beaker, followed by 10.0 mL of 1.0 M
tetrabutylammonium hydroxide in methanol. Adjust with phosphoric acid to a pH of 7.0.
Mobile phase: Acetonitrile and Buffer (15:85)
Solution A: 40 g/L of sodium chloride and 2 g/L of sodium acetate. Adjust with glacial
acetic acid to a pH of 5.5.
Solution B: 1.0 g/L of cupric sulfate in water
Diluent: Acetonitrile and water(50:50)
Standard stock solution: 0.5 mg/mL of edetate disodium in water. Sonication may be used
to aid in dissolution.
Standard solution: 0.05 mg/mL of edetate disodium. Transfer 5.0 mL of Standard stock
solution to a 50-mL volumetric flask. Next add 10 mL of Solution A and then add 5.0 mL of
acetonitrile. Mix the resulting solution and then add 20.0 mL of Solution B, dilute with
Diluent to volume, and mix.
Sample solution: Combine the contents of NLT 5 bottles of Nasal Spray and mix the
contents to obtain a composite suspension. Transfer a 5.0-g portion of the Nasal Spray to
a 50-mL volumetric flask. Add 10 mL of Solution A and 5.0 mL of acetonitrile. Mix and
sonicate for 10 min and allow the solution to equilibrate to room temperature. Add 20.0 mL
of Solution B, and sonicate for 10 min. Allow the sample to equilibrate to room temperature
and dilute with Diluent to volume. Centrifuge a portion for 15 min, and use the
supernatant. [Note—Centrifuging at 4000 rpm for 15 min may be suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 265 nm
Column: 4.1-mm × 15-cm; 5-µm packing L21
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of edetate disodium (C10 H14 N2 Na2 O8 ) in the portion of Nasal
Spray taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of edetate disodium in the Standard solution (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Nasal Spray in the Sample solution (mg)
Acceptance criteria: 0.045%–0.055%
Change to read:
• Content of Benzalkonium Chloride
Perform this test if benzalkonium chloride is a known component in the Nasal Spray.
Buffer: Dissolve 10.8 g of monobasic sodium phosphate dihydrate in 90 mL of water, and
adjust with phosphoric acid a pH of 2.5. Dilute with water to 100 mL.
Solution A: Mix 50 mL of Buffer, 750 mL of water, and 200 mL of methanol. Add 5 mL of
triethylamine. Mix and adjust with phosphoric acid to a pH of 2.5.
Solution B: Methanol and phosphoric acid prepared as follows. Mix 1 L of methanol with 50
mL of phosphoric acid.
Mobile phase: See Table 2.
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Time
(min)
0
3.0
3.2
5.0

Table 2
Solution A
(%)
55
5
55
55

Solution B
(%)
45
95
45
45

Diluent: 1% (v/v) hydrochloric acid in methanol
System suitability solution: 0.05 mg/mL of USP Benzalkonium Chloride RS prepared as
follows. Transfer 50 µL of USP Benzalkonium Chloride RS to a 100-mL volumetric flask, and
add 30 mL of water. Dilute with Diluent to volume.
0.04 mg/mL of USP Benzalkonium Chloride RS in Diluent prepared as follows. Transfer a
suitable volume of USP Benzalkonium Chloride RS to a suitable volumetric flask and dilute
with Diluent to volume. USP42
Standard stock solution: 0.2 mg/mL of USP Benzalkonium Bromide RS in water. [Note—A
few drops of methanol may be used to resolve the formation of foam prior to dilution.]
Standard solution: 0.04 mg/mL of USP Benzalkonium Bromide RS. Transfer an aliquot of
Standard stock solution to a suitable volumetric flask, and add water equal to 30% of the
flask volume. Dilute with Diluent to volume.
Sample solution: Combine the contents of NLT 5 bottles of Nasal Spray and mix the
contents to obtain a composite suspension. Transfer a 5.0-g portion of the Nasal Spray to
a 10-mL volumetric flask. Dilute with Diluent to volume. Centrifuge and use the
supernatant. [Note—Centrifuging at 4000 rpm for 15 min may be suitable. Supernatant
may be passed through a suitable filter of NMT 0.2-µm pore size.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 3.0-cm; 2.6-µm packing L1
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 3 for the relative retention times. The peak due to the C10 analog may
not be visible due to its low concentration in the System suitability solution.
The Standard solution may contain only one peak as it is predominantly the C12
analog. USP42
]
Suitability requirements
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Resolution: NLT 2.5 between the pairs of C12 and C14 homologs and C14 and C16
homologs of benzalkonium, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the sum of each corrected benzalkonium peak response (rU) as follows:
Result = Σ(rU) × (1/F)
rU = peak response of each benzalkonium homolog from the Sample solution
F = relative response factor of the corresponding benzalkonium homolog relative to
benzalkonium bromide (see Table 3)

Benzalkonium
Chloride
Analog
C10
C12
C14
C16

Table 3
Relative
Retention
Time
0.65
1.0
1.35
1.59

Relative
Response
Factor
1.3
1.2
1.0
0.98

Calculate the percentage of benzalkonium chloride in the portion of Nasal Spray taken:
Result = (ΣrU/rS) × CS × (V/W) × 100
ΣrU = sum of the corrected peak responses of the benzalkonium homologs from the
Sample solution
rS = peak response of benzalkonium from the Standard solution
CS = concentration of USP Benzalkonium Bromide RS in the Standard solution (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Nasal Spray in the Sample solution (mg)
Acceptance criteria: 0.0135%–0.0165%
PERFORMANCE TESTS
Change to read:
• Delivered Dose Uniformity (Between Containers)
Buffer: 7.0 g/L of sodium perchlorate prepared as follows. Dissolve 7.0 g of sodium
perchlorate in 900 mL of water, adjust with perchloric acid to a pH of 3.0, and dilute with
water to 1000 mL.
Mobile phase: Acetonitrile and Buffer (50:50)
Standard solution: 40 µg/mL of USP Triamcinolone Acetonide RS in Mobile phase
Sample solution: Nominally 40 µg/mL of triamcinolone acetonide prepared as follows.
Transfer a portion of Nasal Spray, equivalent to 4.0 mg of triamcinolone acetonide, to a
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suitable volumetric flask. Add Mobile phase to 80% of the flask volume. Sonicate for 15
min. Allow to equilibrate to room temperature. Dilute with Mobile phase to volume.
Centrifuge and pass the supernatant through a filter of 0.45-µm pore size. [Note
—Centrifuging at 4000 rpm for 45 min may be suitable.]
Repeat this procedure with 9 additional units
containers. USP42
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 239 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2
Relative standard deviation: NMT 2%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
the labeled amount of USP42
triamcinolone acetonide (C24 H31 FO6 ) in the portion of Nasal Spray taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (µg/mL)
CU = nominal concentration of triamcinolone acetonide in the Sample solution (µg/mL)
Acceptance criteria
Tier 1: The content of each of the 10 units
containers USP42
is within 90.0%–110.0% of the labeled amount of triamcinolone acetonide (C24 H31 FO6 ).
If the criterion in Tier 1 cannot be met, proceed to Tier 2.
Tier 2: If the content of 1 unit
container USP42
is outside 90.0%–110.0% of the labeled amount of triamcinolone acetonide (C24 H31 FO6 )
and the content of none of the units
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containers USP42
is outside 85.0%–115.0% of the labeled amount of triamcinolone acetonide (C24 H31 FO6 ),
test an additional 20 units.
containers. USP42
All the 30 results (including the results from Tier 1) meet the following acceptance
criteria.
1. The content of each of 29 out of 30 units
containers USP42
is within 90.0%–110.0% of the labeled amount of triamcinolone acetonide
(C24 H31 FO6 ).
2. The content of each of the 30 units
containers USP42
is within 85.0%–115.0% of the labeled amount of triamcinolone acetonide
(C24 H31 FO6 ).
Change to read:
• Delivered Dose Uniformity (Within Container)
Buffer: 7.0 g/L of sodium perchlorate prepared as follows. Dissolve 7.0 g of sodium
perchlorate in 900 mL of water, adjust with perchloric acid to a pH of 3.0, and dilute with
water to 1000 mL.
Mobile phase: Acetonitrile and Buffer (60:40)
(50:50) USP42
Standard solution: 4.8 µg/mL of USP Triamcinolone Acetonide RS in Mobile phase
Beginning sample solution (BOU): Hold the pump upright, actuate 5 times, and wipe the
nosepiece dry. Hold a 25-mL volumetric flask in an inverted position and actuate the
pump. Quickly turn the flask upright, wait 10 s, and repeat the process. Add 15 mL of
Mobile phase while rinsing the neck of the flask and sonicate for 15 min. Allow the flask to
equilibrate to room temperature, and dilute with Mobile phase to volume. Centrifuge and
use the clear supernatant. [Note—Centrifuging at 4000 rpm for 15 min may be suitable.]
Middle sample solution (MOU): Using the same pump as above, discharge an appropriate
number of actuations to arrive at 50% of the labeled number of actuations to waste and
wipe the nosepiece dry. Hold a 25-mL volumetric flask in an inverted position and actuate
the pump to collect the next actuation. Quickly turn the flask upright, wait 10 s, and
repeat the process to collect the next actuation. Add 15 mL of Mobile phase while rinsing
the neck of the flask and sonicate for 15 min. Allow the flask to equilibrate to room
temperature, and dilute with Mobile phase to volume. Centrifuge and use the clear
supernatant. This is the MOU sample. [Note—Centrifuging at 4000 rpm for 15 min may be
suitable.]
End sample solution (EOU): Using the same pump as above, discharge the next
appropriate number of actuations to arrive at 100% of the labeled number of actuations to
waste, and wipe the nosepiece dry. Hold a 25-mL volumetric flask in an inverted position
and actuate the pump to collect the next actuation. Quickly turn the flask upright, wait
10 s, and repeat the process to collect the next actuation. Add 15 mL of Mobile phase
while rinsing the neck of the flask and sonicate for 15 min. Allow the flask to equilibrate to
room temperature, and dilute with Mobile phase to volume. Centrifuge and use the clear
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supernatant. This is the EOU sample. [Note—Centrifuging at 4000 rpm for 15 min may be
suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 239 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution, Beginning sample solution, Middle sample solution, and End
sample solution
Calculate the percentage of the labeled amount of the triamcinolone acetonide (C24 H31 FO6 )
delivered dose:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the appropriate Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (µg/mL)
CU = nominal concentration of triamcinolone acetonide in the appropriate Sample solution
(µg/mL)
Acceptance criteria
Calculate the mean delivered dose from the BOU results from all 10 containers.
Calculate the mean delivered dose from the MOU results from all 10 containers.
Calculate the mean delivered dose from the EOU results from all 10 containers.
Calculate the mean dose delivered
container delivery mean USP42
from the BOU, MOU, and EOU results from each of the 10 containers.
Tier 1
1. Mean delivered dose of BOU samples from all 10 units
containers USP42
is within 85.0%–115.0% of the labeled amount of triamcinolone acetonide
(C24 H31 FO6 ).
2. Mean delivered dose of MOU samples from all 10 units
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containers USP42
is within 85.0%–115.0% of the labeled amount of triamcinolone acetonide
(C24 H31 FO6 ).
3. Mean delivered dose of EOU samples from all 10 units
containers USP42
is within 85.0%–115.0% of the labeled amount of triamcinolone acetonide
(C24 H31 FO6 ).
4. NMT 1 of 10 mean delivered doses
container delivery mean from the 10 containers USP42
is outside 80.0%–120.0% of the labeled amount of triamcinolone acetonide
(C24 H31 FO6 ).
5. None of the 10 mean delivered doses
container delivery means from the 10 containers USP42
is outside 75.0%–125.0% of the labeled amount of triamcinolone acetonide
(C24 H31 FO6 ).
If the criteria in Tier 1 cannot be met, proceed to Tier 2
Tier 1 criteria 1–3 must be met. If criterion 4 or 5 cannot be met, proceed to Tier 2.
USP42

Tier 2: If NMT 3 of 10 mean of BOU, MOU, and EOU delivered doses for each unit are
outside 80.0%–120.0% of the labeled amount of triamcinolone acetonide (C24 H31 FO6 )
and none of the mean delivered doses is outside 75.0%–125.0% of the labeled amount
of triamcinolone acetonide (C24 H31 FO6 ), test an additional 20 units. All 30 results
(including the results from Tier 1) meet the following acceptance criteria.
If NMT 3 container delivery means are outside 80.0%–120.0% of the labeled amount
of triamcinolone acetonide (C24 H31 FO6 ) and none of the container delivery means is
outside 75.0%–125.0% of the labeled amount of triamcinolone acetonide (C24 H31 FO6 ),
test an additional 20 containers. All 30 container delivery means (including the results
from Tier 1) meet the following acceptance criteria. USP42
1. NMT 3 of 30 mean delivered doses
container delivery means USP42
are outside 80.0%–120.0% of the labeled amount of triamcinolone acetonide
(C24 H31 FO6 ).
2. None of the 30 mean delivered doses
container delivery means USP42
is outside 75.0%–125.0% of the labeled amount of triamcinolone acetonide
(C24 H31 FO6 ).
IMPURITIES
• Organic Impurities
Buffer A, Buffer B, Solution A, Solution B, Mobile phase, Diluent, Standard solution,
System suitability solution, Sample solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
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Calculate the percentage of each degradation product in the portion of Nasal Spray taken:
Result = (rI /rU) × 100
rI = peak response of each degradation product from the Sample solution
rU = peak response of triamcinolone acetonide from the Sample solution
Acceptance criteria: See Table 4. Disregard any peak below 0.05%.
Table 4

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Triamcinolone acetonide ketoacid derivativea
0.4
0.2
Triamcinolone acetonide related compound C
0.83
2.0
Triamcinolone acetonide related compound B
0.91
0.4
Triamcinolone acetonide
1.0
—
Any other individual degradation product
—
0.1
Total degradation products
—
2.5
a 9-Fluoro-11-hydroxy-16,17-[(1-methylethylidene)bis(oxy)]-(11β,16α)-3,20dioxopregna-1,4-diene-21-oic acid.
SPECIFIC TESTS
• pH 〈791〉: 4.5–6.0
Delete the following:
• Osmolality and Osmolarity 〈785〉: 280–380 mOsmol/kg USP42
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: It meets
the requirements of the tests for absence of Staphylococcus aureus, Escherichia coli,
Salmonella species, and Pseudomonas aeruginosa. The total aerobic microbial count is NMT
101 cfu/mL and the total combined molds and yeasts count is NMT 101 cfu/mL.
• Particle Size
Analysis: Shake the Nasal Spray and prime the pump by spraying 3–4 times. Actuate the
spray and collect the sample on a glass microscope slide held above the nozzle, and
repeat to prepare a second slide. Using light microscopy, determine the dimension of NLT
200 particles of triamcinolone acetonide by measuring NLT 100 particles from 20 random
fields of view for each slide prepared. Repeat the procedure using a second container of
Nasal Spray.
Acceptance criteria: See Table 5.
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Table 5
Particle Size
(µm)
<1
1–6
>9

Acceptance
Criteria
(%)
NMT 3
70–95
NMT 4

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in a tight, light-resistant container, and store at
controlled room temperature.
• USP Reference Standards 〈11〉
USP Benzalkonium Bromide RS
USP Benzalkonium Chloride RS
USP Triamcinolone Acetonide RS
USP Triamcinolone Acetonide Related Compound B RS
9-Fluoro-11,21-dihydroxy-16,17-[(1-methylethylidene)bis(oxy)]-(11β,16α)-pregna-1,4,
14-triene-3,20-dione.
C24 H29 FO6
432.48
USP Triamcinolone Acetonide Related Compound C RS
9-Fluoro-11,21,21-trihydroxy-16,17-[(1-methylethylidene)bis(oxy)]-(11β,16α)-pregna1,4-diene-3,20-dione.
C24 H31 FO7
450.50
Recent Official Publications:
USP41–NF36 Page 4188
BRIEFING
Valproic Acid Oral Solution, USP 40 page 6646. As part of USP monograph modernization
efforts, the following revisions are proposed:
1. Replace the precipitation procedure in Identification B with an identification test based
on spectral comparison of the peaks using photo-diode array detection (200–400 nm) in
the Assay.
2. Add the instrumental conditions of Identification B to the Chromatographic system in
the Assay.
3. Add a Run time to the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: S. Ramachandran.)
Correspondence Number—C195896
Comment deadline: March 31, 2018
Valproic Acid Oral Solution
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DEFINITION
Valproic Acid Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of
valproic acid (C8 H16 O2 ). It is prepared with the aid of Sodium Hydroxide.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Change to read:
• B.
Sample: Volume of Oral Solution equivalent to 250 mg of valproic acid
Analysis: Place the Sample into a separator, add 40 mL of water and 2 mL of hydrochloric
acid, mix, and extract with 40 mL of n-heptane. Filter the n-heptane layer through glass
wool into a beaker, and evaporate the solvent completely on a steam bath with the aid of
a current of air. Transfer 2 drops of the residue to a test tube containing 0.5 mL each of
potassium iodide solution (1 in 50) and potassium iodate solution (1 in 25).
Acceptance criteria: A yellow color is produced.
The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Buffer: 3.5 g/L of monobasic sodium phosphate in water. Adjust with phosphoric acid to a
pH of 3.5.
Mobile phase: Acetonitrile and Buffer (45:55)
Diluent: Acetonitrile and water (45:55)
System suitability solution: 0.5 mg/mL of USP Valproic Acid RS and 50 µg/mL of USP
Valproic Acid Related Compound B RS in Diluent
Standard solution: 0.5 mg/mL of USP Valproic Acid RS in Diluent
Sample solution: Nominally 0.5 mg/mL of valproic acid in Diluent from a suitable volume of
Oral Solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 15.0-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL

USP42
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Run time: NLT 2 times the retention of valproic acid USP42
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for valproic acid related compound B and valproic acid
are 0.90 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between valproic acid related compound B and valproic acid,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of valproic acid (C8 H16 O2 ) in the portion of
Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Valproic Acid RS in the Standard solution (mg/mL)
CU = nominal concentration of valproic acid in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 7.0–8.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 〈11〉
USP Valproic Acid RS
USP Valproic Acid Related Compound B RS
(2RS)-2-(1-Methylethyl)pentanoic acid.
C8 H16 O2
144.21
Recent Official Publications:
USP41–NF36 Page 4273
BRIEFING
Xenon Xe 127, USP 40 page 6722. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated as defined under Xenon Xe 127 are currently marketed in
the United States.
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2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number— C193158
Comment deadline: March 31, 2018
Delete the following:
Xenon Xe 127

» Xenon Xe 127 is a gas suitable for inhalation in diagnostic studies. Xenon
127 is a radioactive nuclide that may be prepared from the bombardment of
a cesium 133 target with high-energy protons. It contains not less than 85.0
percent and not more than 115.0 percent of the labeled amount of 127Xe at
the calibration date indicated on the labeling.
Packaging and storage—Preserve in single-dose vials having leak-proof stoppers, at room
temperature. The vials are enclosed in appropriate lead radiation shields. The vial content may
be diluted with air and is packaged at atmospheric pressure.
Labeling—Label it to include the following: the name of the preparation; the container volume,
MBq (mCi) of 127Xe per container; the amount of 127Xe expressed as megabecquerels
(millicuries) per mL; the intended route of administration; recommended storage conditions; the
date of calibration; the expiration date; the name, address, and batch number of the
manufacturer; the statement “Caution—Radioactive Material”; and a radioactive symbol. The
labeling contains a statement of radionuclide purity, identifies probable radionuclidic impurities,
and indicates permissible quantities of each impurity. The labeling indicates that in making
dosage calculations, correction is to be made for radioactive decay, and also indicates that the
radioactive half-life of 127Xe is 36.41 days.
Radionuclide identification (see Radioactivity 〈821〉)—Its gamma-ray spectrum is identical to
that of a known specimen of xenon 127 that exhibits major photopeaks at 202.8 keV, and 172.1
keV, and 375.0 keV. Minor photopeaks from other xenon radioisotopes, namely Xe 129m (197
keV) and Xe 131m (164 keV) may also be present.
Change to read:
Radionuclidic purity—Using a suitable counting assembly
(CN 1-May-2017) , determine the
radioactivity of the Xe 127 in the gas by use of a calibrated system as directed under
Radioactivity 〈821〉. Using the gamma-ray spectrum, determine the energy of each gamma
photopeak. Identify each radionuclide present, and using the established detector efficiency
and known gamma abundance, calculate the quantity of each radionuclide present in the
specimen in MBq (mCi). The amount of Xe 127 present in the specimen is not less than 80%;
the quantity of either Xe 131m or Xe 129m does not exceed 10%, and no other radioisotope
exceeds 1%.
Change to read:
Assay for radioactivity—Using a suitable counting assembly

(CN 1-May-2017)

, determine
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the radioactivity, in MBq (mCi), of Xe 127 in each container by use of a calibrated system as
directed under Radioactivity 〈821〉. USP42
Recent Official Publications:
USP41–NF36 Page 4351
BRIEFING
Xenon Xe 133 Injection, USP 40 page 6722. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Xenon Xe 133 Injection are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193229
Comment deadline: March 31, 2018
Delete the following:
Xenon Xe 133 Injection

» Xenon Xe 133 Injection is a sterile, isotonic solution of Xenon 133 in
Sodium Chloride Injection suitable for intravenous administration. Xenon 133
is a radioactive nuclide prepared from the fission of uranium 235. It contains
not less than 90.0 percent and not more than 110.0 percent of the labeled
amount of Xenon 133 at the date and time stated on the label.
Packaging and storage—Preserve in single-dose containers that are totally filled, so that any
air present occupies not more than 0.5% of the total volume of the container. Store at a
temperature between 2° and 8°. If there is free space above the solution, a significant amount
of the xenon 133 is present in the gaseous phase. Glass containers may darken under the
effects of radiation.
Labeling—Label it to include the following, in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
xenon 133 expressed as total megabecquerels (microcuries or millicuries), and concentration as
megabecquerels (microcuries or millicuries), per mL at the time of calibration; the expiration
date; the name and amount of any added bacteriostatic agent; and the statement
“Caution—Radioactive Material.” The labeling indicates that in making dosage calculations,
correction is to be made for radioactive decay, and also indicates that the radioactive half-life
of 133Xe is 5.24 days.
USP Reference standards 〈11〉—
USP Endotoxin RS
Radionuclide identification (see Radioactivity 〈821〉)—Its gamma-ray and X-ray spectra are
identical to those of a known specimen of xenon 133 that exhibits two major photopeaks having
energies of 0.081 MeV and 0.031 MeV (X-ray peak).
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Bacterial Endotoxins Test 〈85〉—It contains not more than 175/V USP Endotoxin Unit per mL of
the Injection, when compared with the USP Endotoxin RS, in which V is the maximum
recommended total dose, in mL, at the expiration date or time.
pH 〈791〉: between 4.5 and 8.0.
Change to read:
Radionuclidic purity—Using a suitable counting assembly
(CN 1-May-2017) , determine the
radioactivity of Xe 133 in the Injection by use of a calibrated system as directed under
Radioactivity 〈821〉. The radioactivity exhibited at 0.081 MeV and 0.031 MeV is not less than
95.0% of the total radioactivity of the specimen.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉, except that the Injection may be distributed or dispensed prior to the completion
of the test for Sterility, the latter test being started on the day of manufacture, and except
that it is not subject to the recommendation on Container Content.
Change to read:
Assay for radioactivity—Using a suitable counting assembly
(CN 1-May-2017) , determine
the radioactivity, in MBq (mCi) per mL, of Injection by use of a calibrated system as directed
under Radioactivity 〈821〉. USP42
Recent Official Publications:
USP41–NF36 Page 4351
BRIEFING
Ashwagandha Root, USP 40 page 6800; and PF 42(2) [Mar.–Apr. 2016]. This monograph is
reproposed from PF 42(2) [Mar.–Apr. 2016] with no additional modifications. Minor revisions are
made in the test for Content of Withanolides to specify the column packing particle size in the
Chromatographic system and to correct the name of one analyte in Table 2 and in the
Analysis.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BDSHM: A. Bzhelyansky.)
Correspondence Number—C162480; C197395
Comment deadline: March 31, 2018
Ashwagandha Root
DEFINITION
Ashwagandha Root is the dried mature root of Withania somnifera (L.) Dunal (Fam.
Solanaceae). It contains NLT 0.3% of withanolides, calculated on the dried basis as the
sum of withanolide aglycones, calculated as withanolide A, and withanolide glycosides,
calculated as withanoside IV.
IDENTIFICATION
Change to read:
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• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.2 mg/mL each of USP β-Sitosterol RS and USP Withanolide A RS in
methanol
Standard solution B: 20 mg/mL of USP Powdered Ashwagandha Root Extract RS in
methanol. Sonicate for 10 min, centrifuge, and use the supernatant. [Note—Retain the
supernatant for use in the test for Content of Withanolides.]
Sample solution: Suspend about 1 g of Ashwagandha Root, finely powdered, in 10 mL of
methanol, and sonicate for 15 min. Centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plate)1
Application volume: 2 µL each of Standard solution A and Standard solution B, and 10
µL of the Sample solution, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of 33%.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Toluene, ethyl acetate, and glacial acetic acid (55:45:3)
Developing distance: 6 cm
Derivatization reagent: 20 mL of sulfuric acid combined with 180 mL of ice-cold
methanol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber and dry in air.
Treat the plate with the Derivatization reagent, heat at 100° for 5 min, and examine
under UV light at 365 nm and under white light.
System suitability: Under UV light at 365 nm, the derivatized chromatogram of Standard
solution A displays in its lower third a blue band due to withanolide A and in its middle third
a grayish-blue band due to β-sitosterol. The chromatogram of Standard solution B displays
a light gray to whitish band due to withanone below the withanolide A band, and a faint
light gray band above the β-sitosterol band; there is also a light gray band close to the
solvent front. A reddish band slightly above the application line is due to withaferin A.
Under white light, the bands due to β-sitosterol and withanolide A appear violet–gray.
Additional faint bands may appear.
Acceptance criteria: Under UV light at 365 nm and under white light, the chromatogram of
the Sample solution displays the bands similar in position and color to those seen in
Standard solution B. Additional bands may be observed, in particular a band just above
that due to withanolide A (light brown under UV light at 365 nm, dark brown under white
light), and a thin band below that due to β-sitosterol (light blue under UV light at 365 nm,
violet–gray under white light). Bands vary in intensity, and some of those seen in the
chromatogram of Standard solution B may be very faint or absent from the Sample
solution. USP40
Change to read:
• B. HPLC
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Analysis: Proceed as directed in the test for Content of Withanolides.
Acceptance criteria: The Sample solution shows main peaks at retention times
corresponding to those of withanolide A and withanoside IV in Standard solution A.
Sample solution shows some of the withanolides listed in Table 2. USP40

The

COMPOSITION
Change to read:
• Content of Withanolides
Solution A: Dissolve 0.14 g of potassium dihydrogen phosphate in 900 mL of water, add 0.5
mL of phosphoric acid, dilute with water to 1000 mL, and mix.
Solution B: Acetonitrile, filtered and degassed
Mobile phase: See Table 1.
Time
(min)
0
18
25
28
30
40

Table 1
Solution A
(%)
95
55
20
20
95
95

Solution B
(%)
5
45
80
80
5
5

Standard solution A: A composite solution containing 0.1 mg/mL of USP Withanolide A
RS and 0.1 mg/mL of USP Withanoside IV RS in methanol, accurately calculated. Use
gentle heat to aid dissolution.
Standard solution B: Dilute a portion of Standard solution B from Identification A with
methanol (1:1), and mix well. Before injection, pass through a
polyethersulfone USP42
membrane filter of 0.45-µm or finer pore size. USP40
Sample solution: Transfer about 5.00 g of Ashwagandha Root, finely powdered and
accurately weighed, to a 250-mL round-bottom flask fitted with a reflux condenser. Add
50 mL of methanol, reflux on a water bath for 15 min, cool to room temperature, decant,
and retain the solvent. Repeat until the solvent is colorless. Combine the retained
solvents, filter, concentrate under vacuum to about 40 mL, transfer to a 50-mL volumetric
flask, and adjust with methanol to volume. Before injection, pass through a
polyethersulfone USP42
filter of 0.45-µm or finer pore size, discarding the first few milliliters of the filtrate. USP40
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 227 nm
Column: 4.6-mm × 25-cm, end-capped;
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5-µm USP42
packing L1
Column temperature: 27°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 1.0 between the withanolide A and withanone peaks, and NLT 3.0
between the withaferin A peak and the peak corresponding to coeluting withanoside V
and withanoside VI, Standard solution B
Tailing factor: NMT 1.5 for the withanolide A peak, Standard solution A
Relative standard deviation: NMT 2.0% for the withanolide A peak in replicate
injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Powdered Ashwagandha Root
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatogram of Standard solution B and the reference chromatogram provided
with the lot of USP Powdered Ashwagandha Root Extract RS being used, identify the
retention times of the peaks corresponding to withanolide aglycones and glycosides. The
approximate relative retention times are provided in Table 2.
Table 2
Analyte
Withanoside IV
Physagulin D
27-Hydroxywithanone
Withanoside V
Withanoside VI
Withaferin A
Withastramonolide
12-Deoxywithastramonolide
Withanolide A
Withanone
Withanolide B

Relative
Retention Time
0.70
0.75
0.80
0.89
0.89
0.92
USP42

0.96
1.00
1.01
1.14

Calculate the percentage of withanolide aglycones in the portion of Ashwagandha Root
taken:
Result = (rU/rS) × CS × (V/W) × 100
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rU = sum of the peak areas of withaferin A, withastramonolide
12-deoxywithastramonolide, USP42
withanolide A, withanone, and withanolide B from the Sample solution
rS = peak area of withanolide A from Standard solution A
CS = concentration of USP Withanolide A RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Ashwagandha Root taken to prepare the Sample solution (mg)
Calculate the percentage of withanolide glycosides in the portion of Ashwagandha Root
taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = sum of the peak areas of withanoside IV, withanoside V, and withanoside VI from
the Sample solution
rS = peak area of withanoside IV from Standard solution A
CS = concentration of USP Withanoside IV RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Ashwagandha Root taken to prepare the Sample solution (mg)
USP40

Add the percentages of withanolide aglycones and withanolide glycosides.
Acceptance criteria: NLT 0.3% on the dried basis. [Note—Because of inherent variation,
some of the withanolides mentioned in this test may be present in minor quantities or may
be totally absent. The sample will be deemed compliant if the sum of the withanolides is
NLT 0.3%.]
IMPURITIES
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 2.0%
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Primary roots are not branched and are straight, conical, or finger-like in
shape and variable in thickness with age; some carry a crown, consisting of a number of
remains of stem base; the outer surface is buff to grayish yellow with longitudinal
wrinkles; fracture is short and uneven; secondary roots are thin and fibrous.
Microscopic: Transverse section of root shows a narrow band of yellowish crumpled cork,
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moderate-size cortex, and a wide wood. The cork cells are rectangular, radially flattened,
nonlignified, and filled with starch grains and reddish-brown content; cork cambium is 2–4
diffused rows of cells; secondary cortex is formed of 20–25 rows of thin-walled
parenchymatous cells, filled with starch grains, and shows occasional microsphenoidal
crystals of calcium oxalate; phloem consists of sieve tubes, companion cells, and phloem
parenchyma; vascular cambium consists of tangentially elongated parenchymatous cells;
vessels and tracheids are in radial rows toward the periphery of the wood; medullary rays
are uniseriate to 2- to 3-seriate, and are filled with starch grains; scattered vessels in
groups are embedded in the parenchyma; vessels have pitted and scalariform thickenings,
and generally the end walls are perforated; a few fibers with thick lignified walls are also
found scattered in the wood.
Loss on Drying 〈731〉
Sample: 1.0 g of finely powdered Ashwagandha Root
Analysis: Dry the Sample at 105° for 3 h.
Acceptance criteria: NMT 12.0%
Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash
Sample: 1.0 g of finely powdered Ashwagandha Root
Acceptance criteria: NMT 7.0%
Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 1.0%
Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
2: NLT 10.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
Change to read:
• Labeling: The label states the Latin binomial and following the official name, the part of the
plant contained in the article
the official article name. USP42
Change to read:
• USP Reference Standards 〈11〉
USP Powdered Ashwagandha Root Extract RS
USP β-Sitosterol RS USP40
USP Withanolide A RS
USP Withanoside IV RS
1 Suitable commercially available plates are HPTLC Silica Gel 60 F
254 from EMD Millipore (e.g., Part
#1.05642.0001). USP40

Recent Official Publications:
USP41–NF36 Page 4436
BRIEFING
Powdered Ashwagandha Root, USP 40 page 6802 and PF 42(2) [Mar.–Apr. 2016]. The
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previous proposal, which included the revisions enumerated below, is now being reproposed
with minor modifications to the Limit of Flavonol Glycosides Derived from Aerial Parts procedure
aimed at optimization of the extraction and improvement of chromatographic performance.
1. A new test, Limit of Flavonol Glycosides Derived from Aerial Parts, is proposed to
detect admixture of aerial parts-derived material to the article, which is not permitted
by the article Definition. The proposed HPLC procedure limits the content of three
flavonol glycosides encountered in Ashwagandha aerial parts but not its root—quercetin
3-O-robinoside-7-O-glucoside, quercetin 3-O-rutinoside-7-O-glucoside, and kaempferol
3-O-robinoside-7-O-glucoside—to NMT 0.01%. A new Reference Standard, USP
Ashwagandha Aerial Parts Dry Extract RS, facilitates identification of these analytes,
while their quantitative determination is conducted against another new Reference
Standard, USP Kaempferol 3-O-Robinoside-7-O-Glucoside RS. The proposed method
utilizes the Phenomenex Luna C18(2) brand of column with L1 packing; the retention
times for quercetin 3-O-robinoside-7-O-glucoside, quercetin 3-O-rutinoside-7-Oglucoside, and kaempferol 3-O-robinoside-7-O-glucoside are approximately 6.8, 7.1, and
7.9 min, respectively.
2. Minor revisions are made in the test for Content of Withanolides to specify the column
packing particle size in the Chromatographic system and to correct the name of one
analyte in Table 2 and in the Analysis.
3. It is further proposed to update the article title according to the conventions outlined in
the Stimuli article, Guideline for Assigning Titles to USP Dietary Supplement Monographs,
published in PF 41(6) [Nov.–Dec. 2015].
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BDSHM: A. Bzhelyansky.)
Correspondence Number—C162481; C197395
Comment deadline: March 31, 2018
Change to read:
Powdered Ashwagandha Root
Ashwagandha Root Powder

USP42

DEFINITION
Change to read:
Powdered Ashwagandha Root is Ashwagandha Root
Ashwagandha Root Powder is the dried mature root of Withania somnifera (L.) Dunal (Fam.
Solanaceae), USP42
reduced to a fine or very fine powder. It contains NLT 0.3% of withanolides, calculated on the
dried basis as the sum of withanolide aglycones, calculated as withanolide A, and withanolide
glycosides, calculated as withanoside IV.
IDENTIFICATION
Change to read:
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• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.2 mg/mL each of USP β-Sitosterol RS and USP Withanolide A RS in
methanol
Standard solution B: 20 mg/mL of USP Powdered Ashwagandha Root Extract RS in
methanol. Sonicate for 10 min, centrifuge, and use the supernatant. [Note—Retain the
supernatant for use in the test for Content of Withanolides.]
Sample solution: Suspend about 1 g of Powdered Ashwagandha Root
Ashwagandha Root Powder USP42
in 10 mL of methanol, and sonicate for 15 min. Centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plate)1
Application volume: 2 µL each of Standard solution A and Standard solution B, and 10
µL of the Sample solution, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of 33%.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Toluene, ethyl acetate, and glacial acetic acid (55:45:3)
Developing distance: 6 cm
Derivatization reagent: 20 mL of sulfuric acid combined with 180 mL of ice-cold
methanol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber and dry in air.
Treat the plate with the Derivatization reagent, heat at 100° for 5 min, and examine
under UV light at 365 nm and under white light.
System suitability: Under UV light at 365 nm, the derivatized chromatogram of Standard
solution A displays in its lower third a blue band due to withanolide A and in its middle third
a grayish-blue band due to β-sitosterol. The chromatogram of Standard solution B displays
a light gray to whitish band due to withanone below the withanolide A band, and a faint
light gray band above the β-sitosterol band; there is also a light gray band close to the
solvent front. A reddish band slightly above the application line is due to withaferin A.
Under white light, the bands due to β-sitosterol and withanolide A appear violet–gray.
Additional faint bands may appear.
Acceptance criteria: Under UV light at 365 nm and under white light, the chromatogram of
the Sample solution displays the bands similar in position and color to those seen in
Standard solution B. Additional bands may be observed, in particular a band just above
that due to withanolide A (light brown under UV light at 365 nm, dark brown under white
light), and a thin band below that due to β-sitosterol (light blue under UV light at 365 nm,
violet–gray under white light). Bands vary in intensity, and some of those seen in the
chromatogram of Standard solution B may be very faint or absent from the Sample
solution. USP40
Change to read:
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• B. HPLC
Analysis: Proceed as directed in the test for Content of Withanolides.
Acceptance criteria: The Sample solution shows main peaks at retention times
corresponding to those of withanolide A and withanoside IV in Standard solution A.
Sample solution shows some of the withanolides listed in Table 2. USP40

The

COMPOSITION
Change to read:
• Content of Withanolides
Solution A: Dissolve 0.14 g of potassium dihydrogen phosphate in 900 mL of water, add 0.5
mL of phosphoric acid, dilute with water to 1000 mL, and mix.
Solution B: Acetonitrile, filtered and degassed
Mobile phase: See Table 1.
Time
(min)
0
18
25
28
30
40

Table 1
Solution A
(%)
95
55
20
20
95
95

Solution B
(%)
5
45
80
80
5
5

Standard solution A: A composite solution containing 0.1 mg/mL of USP Withanolide A
RS and 0.1 mg/mL of USP Withanoside IV RS in methanol, accurately calculated. Use
gentle heat to aid dissolution.
Standard solution B: Dilute a portion of Standard solution B from Identification A with
methanol (1:1), and mix well. Before injection, pass through a
polyethersulfone USP42
membrane filter of 0.45-µm or finer pore size. USP40
Sample solution: Transfer about 5.00 g of accurately weighed Powdered Ashwagandha
Root
Ashwagandha Root Powder USP42
to a 250-mL round-bottom flask fitted with a reflux condenser. Add 50 mL of methanol,
reflux on a water bath for 15 min, cool to room temperature, decant, and retain the
solvent. Repeat until the solvent is colorless. Combine the retained solvents, filter,
concentrate under vacuum to about 40 mL, transfer to a 50-mL volumetric flask, and
adjust with methanol to volume. Before injection, pass through a
polyethersulfone USP42
filter of 0.45-µm or finer pore size, discarding the first few milliliters of the filtrate. USP40
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 227 nm
Column: 4.6-mm × 25-cm, end-capped;
5-µm USP42
packing L1
Column temperature: 27°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 1.0 between the withanolide A and withanone peaks, and NLT 3.0
between the withaferin A peak and the peak corresponding to coeluting withanoside V
and withanoside VI, Standard solution B
Tailing factor: NMT 1.5 for the withanolide A peak, Standard solution A
Relative standard deviation: NMT 2.0% for the withanolide A peak in replicate
injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Powdered Ashwagandha Root
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatogram of Standard solution B and the reference chromatogram provided
with the lot of USP Powdered Ashwagandha Root Extract RS being used, identify the
retention times of the peaks corresponding to withanolide aglycones and glycosides. The
approximate relative retention times are provided in Table 2.
Table 2
Analyte
Withanoside IV
Physagulin D
27-Hydroxywithanone
Withanoside V
Withanoside VI
Withaferin A
Withastramonolide
12-Deoxywithastramonolide
Withanolide A
Withanone
Withanolide B

Relative
Retention Time
0.70
0.75
0.80
0.89
0.89
0.92
USP42

0.96
1.00
1.01
1.14

Calculate the percentage of withanolide aglycones in the portion of Powdered
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Ashwagandha Root
Ashwagandha Root Powder
taken:

USP42

Result = (rU/rS) × CS × (V/W) × 100
rU = sum of the peak areas of withaferin A, withastramonolide
12-deoxywithastramonolide, USP42
withanolide A, withanone, and withanolide B from the Sample solution
rS = peak area of withanolide A from Standard solution A
CS = concentration of USP Withanolide A RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Powdered Ashwagandha Root
Ashwagandha Root Powder USP42
taken to prepare the Sample solution (mg)
Calculate the percentage of withanolide glycosides in the portion of Powdered Ashwagandha
Root
Ashwagandha Root Powder USP42
taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = sum of the peak areas of withanoside IV, withanoside V, and withanoside VI from
the Sample solution
rS = peak area of withanoside IV from Standard solution A
CS = concentration of USP Withanoside IV RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Powdered Ashwagandha Root
Ashwagandha Root Powder USP42
taken to prepare the Sample solution (mg)
USP40

Add the percentages of withanolide aglycones and withanolide glycosides.
Acceptance criteria: NLT 0.3% on the dried basis. [Note—Because of inherent variation,
some of the withanolides mentioned in this test may be present in minor quantities or may
be totally absent. The sample will be deemed compliant if the sum of the withanolides is
NLT 0.3%.]
IMPURITIES
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
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SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Dusty white or gray to light brown powder with a characteristic odor and a
mucilaginous, bitter, acrid taste
Microscopic: Collapsed cork cells filled with starch grains and reddish-brown content; thinwalled cortex parenchyma cells filled with starch grains and occasional microsphenoidal
crystals of calcium oxalate; vessels have pitted and scalariform thickenings, and generally
with end walls perforated; a few fibers with thick lignified walls and simple pits; abundant
starch grains, mostly simple, sometimes compound, spherical, reniform-oval with central
hilum.
Add the following:
• Limit of Flavonol Glycosides Derived from Aerial Parts
Diluent: Methanol and water (1:1)
Solution A: Dissolve 0.14 g of potassium dihydrogen phosphate in 900 mL of water, add 0.5
mL of phosphoric acid, dilute with water to 1000 mL, and mix.
Solution B: Acetonitrile, filtered and degassed
Mobile phase: See Table 3.
Time
(min)
0
12
14
18
20
25

Table 3
Solution A
(%)
90
80
10
10
90
90

Solution B
(%)
10
20
90
90
10
10

Standard solution A: 20 µg/mL of USP Kaempferol 3-O-Robinoside-7-O-Glucoside RS in
Diluent. Mix well.
Standard solution B: 10 mg/mL of USP Ashwagandha Aerial Parts Dry Extract RS in
Diluent. Mix well. Before injection, pass through a polyethylsulfone filter of 0.45-µm or
finer pore size.
Sample solution: Transfer about 2.0 g of Ashwagandha Root Powder into a suitable
container. Add 50 mL of Diluent, sonicate for 30 min with intermittent shaking, and reflux
for 10 min. Centrifuge to sediment the solids, decant, and save the supernatant. Repeat
the procedure two more times with fresh 50-mL aliquots of the Diluent. Combine the
supernatants and reduce volume to less than 100 mL using a rotary evaporator. Transfer
the resulting solution into a 100-mL volumetric flask, adjust with Diluent to volume, and
mix well. Pass through a polyethylsulfone filter of 0.45-µm or finer pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 350 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Column efficiency: NLT 5,000 for the kaempferol 3-O-robinoside-7-O-glucoside peak,
Standard solution A
Tailing factor: NMT 1.5 for the kaempferol 3-O-robinoside-7-O-glucoside peak,
Standard solution A
Relative standard deviation: NMT 2.0% for the kaempferol 3-O-robinoside-7-Oglucoside peak in replicate injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Ashwagandha Aerial Parts Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatogram of Standard solution B and the reference chromatogram supplied
with the lot of USP Ashwagandha Aerial Parts Dry Extract RS being used, identify the
retention times of the three flavonol glycosides indicative of aerial parts (see Table 4).
Table 4
Flavonol Glycoside
Quercetin 3-O-robinoside-7-O-glucoside
Quercetin 3-O-rutinoside-7-O-glucoside
Kaempferol 3-O-robinoside-7-O-glucoside

Relative
Retention Time
0.86
0.90
1.00

Conversion
Factor
1.25
1.39
1.00

Calculate the percentage of the three specified flavonol glycosides in the portion of
Ashwagandha Root Powder taken:
Result = CS × [Σ(ri × F i)]/rS × (V/W) × 100
CS = concentration of kaempferol 3-O-robinoside-7-O-glucoside in Standard solution A
(mg/mL)
ri = peak area of each specified flavonol glycoside from the Sample solution
F i = respective conversion factor for each specified flavonol glycoside in the Sample
solution
rS = peak area of kaempferol 3-O-robinoside-7-O-glucoside from Standard solution A
V = volume of the Sample solution (mL)
W = weight of Ashwagandha Root Powder taken to prepare the Sample solution (mg)
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Acceptance criteria: NMT 0.01% on the dried basis.

USP42

Change to read:
• Loss on Drying 〈731〉
Sample: 1.0 g of Powdered Ashwagandha Root
Ashwagandha Root Powder USP42
Analysis: Dry the Sample at 105° for 3 h.
Acceptance criteria: NMT 12.0%
Change to read:
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash
Sample: 1.0 g of Powdered Ashwagandha Root
Ashwagandha Root Powder USP42
Acceptance criteria: NMT 7.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 1.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
2: NLT 10.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
Change to read:
• Labeling: The label states the Latin binomial and following the official name, the part of the
plant contained in the article
the official article name. USP42
Change to read:
• USP Reference Standards 〈11〉
USP Ashwagandha Aerial Parts Dry Extract RS USP42
USP Powdered Ashwagandha Root Extract RS
USP Kaempferol 3-O-Robinoside-7-O-Glucoside RS USP42
USP β-Sitosterol RS USP40
USP Withanolide A RS
USP Withanoside IV RS
1 Suitable commercially available plates are HPTLC Silica Gel 60 F
254 from EMD Millipore (e.g., Part
#1.05642.0001). USP40

Recent Official Publications:
USP41–NF36 Page 4438
BRIEFING
Powdered Ashwagandha Root Extract, USP 40 page 6804 and PF 42(2) [Mar.–Apr. 2016].
The previous proposal, which included the revisions enumerated below, is now being reproposed
with minor modifications to the Limit of Flavonol Glycosides Derived from Aerial Parts procedure
aimed at optimization of the extraction and improvement of chromatographic performance.
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1. A new test, Limit of Flavonol Glycosides Derived from Aerial Parts, is proposed to
address adulteration of the article with the material derived from aerial parts, which is
not permitted by the article Definition. The proposed HPLC procedure limits the content
of three flavonol glycosides encountered in Ashwagandha aerial parts but not its root—
quercetin 3-O-robinoside-7-O-glucoside, quercetin 3-O-rutinoside-7-O-glucoside, and
kaempferol 3-O-robinoside-7-O-glucoside—to NMT 0.04%. A new Reference Standard,
USP Ashwagandha Aerial Parts Dry Extract RS, facilitates identification of these
analytes, while their quantitative determination is conducted against another new
Reference Standard, USP Kaempferol 3-O-Robinoside-7-O-Glucoside RS. The proposed
method utilizes the Phenomenex Luna C18(2) brand of column with L1 packing; the
retention times for quercetin 3-O-robinoside-7-O-glucoside, quercetin 3-O-rutinoside7-O-glucoside, and kaempferol 3-O-robinoside-7-O-glucoside are approximately 6.8,
7.1, and 7.9 min, respectively.
2. Minor revisions are made in the test for Content of Withanolides to specify the column
packing particle size in the Chromatographic system and to correct the name of one
analyte in Table 2 and in the Analysis.
3. It is further proposed to update the article title according to the conventions outlined in
the Stimuli article, Guideline for Assigning Titles to USP Dietary Supplement Monographs,
published in PF 41(6) [Nov.–Dec. 2015].
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BDSHM: A. Bzhelyansky.)
Correspondence Number—C162482; C197395
Comment deadline: March 31, 2018
Change to read:
Powdered Ashwagandha Root Extract
Ashwagandha Root Dry Extract USP42
DEFINITION
Change to read:
Powdered Ashwagandha Root Extract
Ashwagandha Root Dry Extract USP42
is prepared from Ashwagandha Root USP40 the dried mature root of Withania somnifera (L.)
Dunal (Fam. Solanaceae), USP42 using methanol, alcohol, water, or mixtures of these solvents.
It contains NLT 2.5% of withanolides, calculated on the dried basis as the sum of withanolide
aglycones, calculated as withanolide A, USP40 and withanolide glycosides, calculated as
withanoside IV. It may contain suitable added substances. USP40
IDENTIFICATION
Change to read:
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.2 mg/mL each of USP β-Sitosterol RS and USP Withanolide A RS in
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methanol
Standard solution B: 20 mg/mL of USP Powdered Ashwagandha Root Extract RS in
methanol. Sonicate for 10 min, centrifuge, and use the supernatant. [Note—Retain the
supernatant for use in the test for Content of Withanolides.]
Sample solution: Suspend about 200 mg of Powdered Ashwagandha Root Extract
Ashwagandha Root Dry Extract USP42
in 10 mL of methanol, and sonicate for 10 min. Centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plate)1
Application volume: 2 µL each of Standard solution A, Standard solution B, and Sample
solution, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of 33%.
Temperature: Ambient, not to exceed 30°
Developing solvent system: Toluene, ethyl acetate, and glacial acetic acid (55:45:3)
Developing distance: 6 cm
Derivatization reagent: 20 mL of sulfuric acid combined with 180 mL of ice-cold
methanol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber and dry in air.
Treat the plate with the Derivatization reagent, heat at 100° for 5 min, and examine
under UV light at 365 nm and under white light.
System suitability: Under UV light at 365 nm, the derivatized chromatogram of Standard
solution A displays in its lower third a blue band due to withanolide A and in its middle third
a grayish-blue band due to β-sitosterol. The chromatogram of Standard solution B displays
a light gray to whitish band due to withanone below the withanolide A band, and a faint
light gray band above the β-sitosterol band; there is also a light gray band close to the
solvent front. A reddish band slightly above the application line is due to withaferin A.
Under white light, the bands due to β-sitosterol and withanolide A appear violet–gray.
Additional faint bands may appear.
Acceptance criteria: Under UV light at 365 nm and under white light, the chromatogram of
the Sample solution displays the bands similar in position and color to those seen in
Standard solution B. Additional bands may be observed, in particular a band just above
that due to withanolide A (light brown under UV light at 365 nm, dark brown under white
light), and a thin band below that due to β-sitosterol (light blue under UV light at 365 nm,
violet–gray under white light). Bands vary in intensity, and some of those seen in the
chromatogram of Standard solution B may be very faint or absent from the Sample
solution. USP40
Change to read:
• B. HPLC
Analysis: Proceed as directed in the test for Content of Withanolides.
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Acceptance criteria: The Sample solution shows main peaks at retention times
corresponding to those of withanolide A and withanoside IV in Standard solution A.
Sample solution shows some of the withanolides listed in Table 2. USP40

The

COMPOSITION
Change to read:
• Content of Withanolides
Solution A: Dissolve 0.14 g of potassium dihydrogen phosphate in 900 mL of water, add 0.5
mL of phosphoric acid, dilute with water to 1000 mL, and mix.
Solution B: Acetonitrile, filtered and degassed (ERR 1-O ct-2017)
Mobile phase: See Table 1.
Time
(min)
0
18
25
28
30
40

Table 1
Solution A
(%)
95
55
20
20
95
95

Solution B
(%)
5
45
80
80
5
5

Standard solution A: A composite solution containing 0.1 mg/mL of USP Withanolide A
RS and 0.1 mg/mL of USP Withanoside IV RS in methanol, accurately calculated. Use
gentle heat to aid dissolution.
Standard solution B: Dilute a portion of Standard solution B from Identification A with
methanol (1:1), and mix well. Before injection, pass through a
polyethersulfone USP42
membrane filter of 0.45-µm or finer pore size. USP40
Sample solution: Transfer about 100 mg of Powdered Ashwagandha Root Extract
Ashwagandha Root Dry Extract, USP42
accurately weighed, to a 10-mL volumetric flask, add about 7 mL of methanol, heat gently
on a water bath for 20 min, cool, dilute with methanol to volume, and mix. Before
injection, pass through a
polyethersulfone USP42
membrane filter of 0.45-µm or finer pore size, discarding the first few milliliters of the
filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 227 nm
Column: 4.6-mm × 25-cm, end-capped;
5-µm USP42
packing L1
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Column temperature: 27°
USP40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 1.0 between the withanolide A and withanone peaks, and NLT 3.0
between the withaferin A peak and the peak corresponding to coeluting withanoside V
and withanoside VI, Standard solution B
Tailing factor: NMT 1.5 for the withanolide A peak, Standard solution A
Relative standard deviation: NMT 2.0% for the withanolide A peak in replicate
injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Powdered Ashwagandha Root
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatogram of Standard solution B and the reference chromatogram provided
with the lot of USP Powdered Ashwagandha Root Extract RS being used, identify the
retention times of the peaks corresponding to withanolide aglycones and glycosides. The
approximate relative retention times are provided in Table 2.
Table 2
Analyte
Withanoside IV
Physagulin D
27-Hydroxywithanone
Withanoside V
Withanoside VI
Withaferin A
Withastramonolide
12-Deoxywithastramonolide
Withanolide A
Withanone
Withanolide B

Relative
Retention Time
0.70
0.75
0.80
0.89
0.89
0.92
USP42

0.96
1.00
1.01
1.14

Calculate the percentage of withanolide aglycones in the portion of Powdered
Ashwagandha Root Extract
Ashwagandha Root Dry Extract USP42
taken:
Result = (rU/rS) × CS × (V/W) × 100
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rU = sum of the peak areas of withaferin A, withastramonolide
12-deoxywithastramonolide, USP42
withanolide A, withanone and withanolide B from the Sample solution
rS = peak area of withanolide A from Standard solution A
CS = concentration of USP Withanolide A RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Powdered Ashwagandha Root Extract
Ashwagandha Root Dry Extract USP42
taken to prepare the Sample solution (mg)
Calculate the percentage of withanolide glycosides in the portion of Powdered
Ashwagandha Root Extract
Ashwagandha Root Dry Extract USP42
taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = sum of the peak areas of withanoside IV, withanoside V, and withanoside VI from
the Sample solution
rS = peak area of withanoside IV from Standard solution A
CS = concentration of USP Withanoside IV RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Powdered Ashwagandha Root Extract
Ashwagandha Root Dry Extract USP42
taken to prepare the Sample solution (mg)
USP40

Add the percentages of withanolide aglycones and withanolide glycosides.
Acceptance criteria: NLT 2.5% on the dried basis. [Note—Because of inherent variation,
some of the withanolides mentioned in this test may be present in minor quantities or may
be totally absent. The sample will be deemed compliant if the sum of the withanolides is
NLT 2.5%.]
IMPURITIES
Delete the following:
• Heavy Metals 〈231〉, Method II: NMT 20 ppm (O fficial 1-Jan-2018)
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Botanical Extracts 〈565〉, Preparations, General Pharmacopeial Requirements, Residual
Solvents: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS

PF 44(1): Jan.-Feb. 2018

547

Add the following:
• Limit of Flavonol Glycosides Derived from Aerial Parts
Diluent: Methanol and water (1:1)
Solution A: Dissolve 0.14 g of potassium dihydrogen phosphate in 900 mL of water, add 0.5
mL of phosphoric acid, dilute with water to 1000 mL, and mix.
Solution B: Acetonitrile, filtered and degassed
Mobile phase: See Table 3.
Time
(min)
0
12
14
18
20
25

Table 3
Solution A
(%)
90
80
10
10
90
90

Solution B
(%)
10
20
90
90
10
10

Standard solution A: 20 µg/mL of USP Kaempferol 3-O-Robinoside-7-O-Glucoside RS in
Diluent. Mix well.
Standard solution B: 10 mg/mL of USP Ashwagandha Aerial Parts Dry Extract RS in
Diluent. Mix well. Before injection, pass through a polyethylsulfone filter of 0.45-µm or
finer pore size.
Sample solution: Transfer about 2.0 g of Ashwagandha Root Dry Extract into a suitable
container, add 50 mL of Diluent, and sonicate for 30 min with intermittent shaking.
Centrifuge to sediment the solids, decant, and save the supernatant. Repeat the
procedure two more times with fresh 50-mL aliquots of Diluent. Combine the supernatants
and reduce volume to less than 100 mL using a rotary evaporator. Transfer the resulting
solution into a 100-mL volumetric flask, adjust with Diluent to volume, and mix well. Pass
through a polyethylsulfone filter of 0.45-µm or finer pore size. [Note—For the extracts
soluble in the Diluent, triplicate extraction is not recommended. Instead, accurately
transfer the dissolved extract into a 100-mL volumetric flask, and adjust with Diluent to
volume.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 350 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
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Suitability requirements
Column efficiency: NLT 5,000 for the kaempferol 3-O-robinoside-7-O-glucoside peak,
Standard solution A
Tailing factor: NMT 1.5 for the kaempferol 3-O-robinoside-7-O-glucoside peak,
Standard solution A
Relative standard deviation: NMT 2.0% for the kaempferol 3-O-robinoside-7-Oglucoside peak in replicate injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Ashwagandha Aerial Parts Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatogram of Standard solution B and the reference chromatogram supplied
with the lot of USP Ashwagandha Aerial Parts Dry Extract RS being used, identify the
retention times of the three flavonol glycosides indicative of aerial parts (see Table 4).
Table 4
Flavonol Glycoside
Quercetin 3-O-robinoside-7-O-glucoside
Quercetin 3-O-rutinoside-7-O-glucoside
Kaempferol 3-O-robinoside-7-O-glucoside

Relative
Retention Time
0.86
0.90
1.00

Conversion
Factor
1.25
1.39
1.00

Calculate the percentage of the three specified flavonol glycosides in the portion of
Ashwagandha Root Dry Extract taken:
Result = CS × [Σ(ri × F i)]/rS × (V/W) × 100
CS = concentration of kaempferol 3-O-robinoside-7-O-glucoside in Standard solution A
(mg/mL)
ri = peak area of each specified flavonol glycoside from the Sample solution
F i = respective conversion factor for each specified flavonol glycoside in the Sample
solution
rS = peak area of kaempferol 3-O-robinoside-7-O-glucoside from Standard solution A
V = volume of the Sample solution (mL)
W = weight of Ashwagandha Root Dry Extract taken to prepare the Sample solution (mg)
Acceptance criteria: NMT 0.04% on the dried basis.

USP42

Change to read:
• Loss on Drying 〈731〉
Sample: 2.0 g of Powdered Ashwagandha Root Extract
Ashwagandha Root Dry Extract USP42
Analysis: Dry the Sample at 105° for 3 h.
Acceptance criteria: NMT 6.0%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at controlled room temperature.
Change to read:
• Labeling: The label states the Latin binomial and following the official name, the part of the
plant from which the article was prepared
the official article name. USP42
It meets other labeling requirements under Botanical Extracts 〈565〉.
Change to read:
• USP Reference Standards 〈11〉
USP Ashwagandha Aerial Parts Dry Extract RS USP42
USP Powdered Ashwagandha Root Extract RS
USP Kaempferol 3-O-Robinoside-7-O-Glucoside RS USP42
USP β-Sitosterol RS USP40
USP Withanolide A RS
USP Withanoside IV RS
1 Suitable commercially available plates are HPTLC Silica Gel 60 F
254 from EMD Millipore (e.g., Part
#1.05642.0001). USP40

Recent Official Publications:
Errata published: 09/29/2017
USP41–NF36 Page 4439
BRIEFING
Bitter Orange Fruit Flavonoids Dry Extract. A new USP monograph is being proposed for
this dietary ingredient. The liquid chromatographic procedure in the test for Content of
Flavonoids was conducted on the Waters Nova-Pak C18 brand of column (4 µm) with L1
packing. The typical retention times for eriocitrin, neoeriocitrin, isonaringin, naringin, hesperidin,
neohesperidin, rhoifolin, diosmin, neodiosmin, naringenin, didymin, poncirin, and hesperetin are
3.31, 3.83, 5.46, 6.44, 7.81, 9.29, 10.73, 11.93, 14.62, 19.27, 24.16, 28.09, 28.61 min,
respectively. USP seeks input from stakeholders for the limits for naringin (NLT 20%),
neohesperidin (NLT 10%), hesperidin (NMT 2.5%), and unspecified flavonoids (NMT 4%)
proposed to describe the composition of this ingredient.
(BDSHM: M. Monagas.)
Correspondence Number—C186273
Comment deadline: March 31, 2018
Add the following:
Bitter Orange Fruit Flavonoids Dry Extract
DEFINITION
Bitter Orange Fruit Flavonoids Dry Extract is prepared from the unripe fruit of Citrus ×
aurantium L. (Fam. Rutaceae) by extraction with hydroalcoholic mixtures. It contains NLT
45% of total citrus flavonoids on the dried basis, calculated as the sum of eriocitrin
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(C27 H32 O15 ), neoeriocitrin (C27 H32 O15 ), isonaringin (C27 H32 O14 ), naringin (C27 H32 O14 ),
hesperidin (C28 H34 O15 ), neohesperidin (C28 H34 O15 ), rhoifolin (C27 H30 O14 ), diosmin
(C28 H32 O15 ), neodiosmin (C28 H32 O15 ), naringenin (C15 H12 O5 ), didymin (C28 H34 O14 ),
hesperetin (C16 H14 O6 ), poncirin (C28 H34 O14 ), and other unspecified flavonoids. Naringin
content is NLT 20%, neohesperidin content is NLT 10%, and hesperidin content is NMT
2.5%. The content ratio of naringin to neohesperidin is between 2:1 and 1:1. The content
of unspecified flavonoids is NMT 4%.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 25 mg/mL of USP Naringin RS in methanol. Sonicate to dissolve.
Standard solution B: 25 mg/mL of USP Bitter Orange Fruit Flavonoids Dry Extract RS in
methanol. Sonicate for 20 min, centrifuge, and use the supernatant.
Sample solution: 25 mg/mL of Bitter Orange Fruit Flavonoids Dry Extract in methanol.
Sonicate for 20 min, centrifuge, and use the supernatant.
Chromatographic system
Absorbent: Silica gel, pre-coated plates, with fluoresence indicator F 254 for HPTLC, size
20×10 cm
Application volume: 2 µL each of Standard solution A, Standard solution B, and Sample
solution as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Ethyl acetate, formic acid, and water (100:15:13)
Developing distance: 70 mm
Derivatization reagent A: 10 mg/mL of aluminum chloride in ethyl alcohol
Derivatization reagent B: 5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate
Derivatization reagent C: 50 mg/mL of polyethylene glycol 400 in methylene chloride
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry the plate at 110°-120° for 5 min. Treat the plate with
Derivatization reagent A, and heat at 110°-120° for 5 min. Immediately treat the warm
plate with Derivatization reagent B, and dry for 5 min with a current of cool air. Then
treat with Derivatization reagent C, and dry for 5 min in a current of cool air. After a 30min period, examine the chromatograms under UV light at 366 nm and under white light.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: After derivatization and exposure to UV light at 366 nm,
Standard solution A exhibits a green–blue band due to naringin in the middle-third
section. Standard solution B exhibits a band corresponding in RF and color to the band
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from naringin in Standard solution A, and a red–orange band corresponding to
neoeriocitrin (which appears as a red–purple band under white light). Standard solution B
also exhibits a faint green–blue band between naringin and neoeriocitrin (corresponding
to a co-elute of hesperidin and neohesperidin), a light-yellow band below neoeriocitrin, a
green–blue band in the lower-third section, and a series of blue bands in the upper-third
section.
Acceptance criteria: After derivatization and exposure to UV light at 366 nm, the Sample
solution exhibits a green–blue band in the middle-third section, corresponding in RF and
color to the band of naringin in Standard solution A, as well as a red–orange band
corresponding to neoeriocitrin in Standard solution B (differentiation from sweet orange,
tangerine, and grapefruit), which appears as a red–purple band under white light. The
Sample solution also exhibits a faint green–blue band between naringin and neoeriocitrin
(corresponding to a co-elute of hesperidin and neohesperidin), a light yellow band below
neoeriocitrin, a green–blue band in the lower-third section, and a series of blue bands in
the upper-third section.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Flavonoids.
Acceptance criteria: The Sample solution exhibits two intense peaks at the retention
times corresponding to naringin and neohesperidin in Standard solution A and peaks due to
eriocitrin, neoeriocitrin, isonaringin, hesperidin, rhoifolin, diosmin, neodiosmin, naringenin,
didymin, poncirin, and hesperetin at retention times corresponding to the same
constituents in Standard solution B. The Sample solution may also exhibit several
unspecified flavonoid peaks, as described in Table 1. Naringin and neohesperidin are the
main characteristic peaks presenting the largest areas. Any other peak response is similar
to or is lower than that of hesperidin. The content ratio of naringin to neohesperidin is
between 2:1 and 1:1.
COMPOSITION
• Content of Flavonoids
[Note—The Standard solutions and the Sample solution are stable for 24 h at room
temperature.]
Mobile phase: 0.5% glacial acetic acid and methanol (70:30)
Standard solution A: 0.3 mg/mL each of USP Naringin RS and USP Neohesperidin RS in
dimethyl sulfoxide. Sonicate for 15 min, centrifuge, and pass through a suitable membrane
filter of 0.22-µm pore size.
Standard solution B: 2 mg/mL of USP Bitter Orange Fruit Flavonoids Dry Extract RS in
dimethyl sulfoxide. Sonicate for 15 min, centrifuge, and pass through a suitable membrane
filter of 0.22-µm pore size.
Sample solution: Accurately weigh about 40 mg of Bitter Orange Fruit Flavonoids Dry
Extract and transfer to a suitable flask. Add 20.0 mL of dimethyl sulfoxide, close tightly,
and sonicate for 30 min. Before injection, pass through a suitable membrane filter of
0.22-µm pore size and discard the first portion of the filtrate.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 284 nm
Column: 3.9-mm × 150-mm; 4-µm packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: Approximately 50 min (6.5 times the retention time of naringin)
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 2.0 between the naringin and hesperidin peaks; and between the
hesperidin and neohesperidin peaks, Standard solution B
Tailing factor: NMT 1.5 for naringin and neohesperidin, Standard solution A
Relative standard deviation: NMT 2.0% for naringin and neohesperidin in repeated
injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Bitter Orange Fruit Flavonoids
Dry Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of Bitter Orange Fruit Flavonoids Dry Extract RS being
used, identify the peaks corresponding to eriocitrin, neoeriocitrin, isonaringin, naringin,
hesperidin, neohesperidin, rhoifolin, diosmin, neodiosmin, naringenin, didymin, poncirin, and
hesperetin as well as peaks corresponding to unspecified flavonoids in the Sample
solution. [Note—The relative retention times in Table 1 are relative to naringin.]
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Table 1

Analyte
Unspecified
flavonoid 1
Eriocitrin
Neoeriocitrin
Isonaringin
Naringin
Hesperidin
Neohesperidin
Rhoifolin
Diosmin
Neodiosmin
Unspecified
flavonoid 2
Unspecified
flavonoid 3
Naringenin
Unspecified
flavonoid 4
Didymin
Poncirin
Hesperetin
Unspecified
flavonoid 5
Unspecified
flavonoid 6
Unspecified
flavonoid 7

Approximate
Relative
Retention
Time

Relative
Response
Factor
Based on
Naringin

Relative
Response Factor
Based on
Neohesperidin

0.3
0.5
0.6
0.8
1.0
1.2
1.4
1.7
1.9
2.3

—

—

1
1
0.91
1
1
—
0.63
—
—

—
—
—
—
—
1
—
0.56
0.56

2.4

—

—

2.6
3.0

—

—

2

—

3.5
3.8
4.4
4.5

—

—

—
—
1.7

0.83
0.90
—

5.6

—

—

6.0

—

—

6.8

—

—

[Note—The occurrence and relative proportion of unspecified flavonoids may vary from lot
to lot.]
Separately calculate the percentages of eriocitrin, neoeriocitrin, isonaringin, naringin,
hesperidin, neohesperidin, rhoifolin, diosmin, neodiosmin, naringenin, didymin, poncirin, and
hesperetin in the portion of Bitter Orange Fruit Flavonoids Dry Extract taken:
Result = (rU/rS) × CS × (V/W) × 1/F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of naringin or neohesperidin from Standard solution A
CS = concentration of USP Naringin RS or USP Neohesperidin RS in Standard solution A
(mg/mL)
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V = volume of the Sample solution (mL)
W = weight of Bitter Orange Fruit Flavonoids Dry Extract taken to prepare the Sample
solution (mg)
F = relative response factor for the analyte (see Table 1)
Calculate the content of specified flavonoids (S) as the sum of the percentages of
eriocitrin, neoeriocitrin, isonaringin, naringin, hesperidin, neohesperidin, rhoifolin, diosmin,
neodiosmin, naringenin, didymin, poncirin, and hesperetin.
Calculate the content of unspecified flavonoids (U) in the portion of Bitter Orange Fruit
Flavonoids Dry Extract taken:
Result = rTU × (S/rTS)
rTU = sum of the peak areas of unspecified flavonoids 1–7 from the Sample solution (see
Table 1)
S = content of specified flavonoids (%)
rTS = sum of the peak areas of specified flavonoids from the Sample solution
Calculate the content of total flavonoids as the sum of specified flavonoids and unspecified
flavonoids:
Result = S + U
S = content of specified flavonoids (%)
U = content of unspecified flavonoids (%)
Acceptance criteria
Total flavonoids: NLT 45%, on the dried basis
Naringin: NLT 20%, on the dried basis
Neohesperidin: NLT 10%, on the dried basis
Hesperidin: NMT 2.5%, on the dried basis
Ratio of naringin to neohesperidin: Between 2:1 and 1:1
Unspecified flavonoids: NMT 4%, on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 5.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 12.0%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store at controlled room temperature.
• Labeling: The label states the Latin binomial following the official name of the plant
contained in the article. It meets the labeling requirements of Botanical Extracts 〈565〉.
• USP Reference Standards 〈11〉
USP Bitter Orange Fruit Flavonoids Dry Extract RS
USP Naringin RS
USP Neohesperidin RS
USP42

BRIEFING
Krill Oil Capsules, page 8452 of the First Supplement to USP 40. On the basis of comments
received and internal laboratory testing, it is proposed to revise the monograph to address
current practices in the dietary supplements industry. Some manufacturers are in compliance
with current regulations requiring minimum content of the label claim per Capsule, but not in
compliance with the current monograph, which requires a range for the content of Krill Oil inside
each Capsule. Accordingly, it is proposed to introduce revisions to the Definition, as well as the
Content of EPA and DHA and the Content of Total Phospholipids tests in the monograph. It is
also proposed to change the limits for myristic acid, palmitoleic acid, oleic acid,
eicosapentaenoic acid, and the ratio of palmitic acid to myristic acid in Table 1. In the test for
Content of Astaxanthin, change the Acceptance criteria from NLT 0.01% to NLT 0.005%.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C157669; C187295
Comment deadline: March 31, 2018
Krill Oil Capsules
DEFINITION
Change to read:
Krill Oil Capsules contain NLT 95.0% and NMT 105.0% of the labeled amount of Krill Oil where
Krill Oil is the fixed oil extracted from Antarctic krill (Euphausia superba Dana) biomass by using
a suitable extraction solvent.
Krill Oil Capsules contain NLT 95.0% of the labeled amount of Krill Oil calculated through the
content of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and total phospholipids.
USP42

IDENTIFICATION
Change to read:
• A. Fatty Acid Profile
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Antioxidant solution, System suitability solution 1, and Chromatographic system:
Proceed as directed in Fats and Fixed Oils 〈401〉, Procedures, Omega-3 Fatty Acids
Determination and Profile.
Standard solution: Prepare as directed in Fats and Fixed Oils 〈401〉, Procedures, Omega-3
Fatty Acids Determination and Profile, Test solution 1, except use 250 mg of USP Krill Oil
RS.
Sample solution: Using the portion of oil from NLT 10 Capsules, prepare as directed in Fats
and Fixed Oils 〈401〉, Procedures, Omega-3 Fatty Acids Determination and Profile, Test
solution 1.
System suitability
Samples: System suitability solution 1 and Standard solution
Suitability requirements
Chromatogram similarity: The chromatogram from the Standard solution is similar to
the reference chromatogram provided with the lot of USP Krill Oil RS being used.
Resolution: NLT 1.0 between the methyl oleate and methyl cis-vaccinate peaks,
Standard solution
Theoretical area percentages: Meet the requirements for System suitability solution 1
Analysis
Sample: Standard solution and Sample solution
Identify the retention times of the peaks corresponding to the relevant fatty acid methyl
esters by comparing the chromatogram of the Standard solution to the reference
chromatogram provided with the lot of USP Krill Oil RS used.
Calculate the area percentage for each fatty acid as methyl esters in the portion of oil
taken from the Capsules:
Result = (rA/rB) × 100
rA = peak area of each individual fatty acid from the Sample solution
rB = total area of all peaks, except the solvent and butylated hydroxytoluene peaks, from
the Sample solution
Acceptance criteria: See Table 1.
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Table 1
Short-Hand
Notation

Fatty Acid
Saturated fatty acids

Lower Limit
(Area %)

Upper Limit
(Area %)

1S (USP40)

Myristic acid

1S (USP40)

14:0

1S (USP40)

Palmitic acid

1S (USP40)

16:0

1S (USP40)

Palmitic acid:myristic acid
ratio 1S (USP40)
Monounsaturated fatty acids

16:0/14:0

Palmitoleic acid

16:1 n-7

cis-V accenic acid

18:1 n-7

O leic acid

18:1 n-9

Eicosenic acid

20:1 n-9

Erucic acid

22:1 n-9

6.4

1S (USP40)

17.0
1.6

1S (USP40)

5.0

USP42

1S (USP40)

13.0

1S (USP40)

24.6

1S (USP40)

2.8

1S (USP40)

1S (USP40)

9.0
12.0

2.5
4.7
7.0

1S (USP40)

0.0

8.0
6.0

3.6

USP42

USP42

1S (USP40)

14.5

USP42

1S (USP40)

0.0

2.0

1S (USP40)

1.5

1S (USP40)

Polyunsaturated fatty acids
Linoleic acid
1S (USP40)
1S (USP40)

18:2 n-6

0.0

1S (USP40)

1S (USP40)

1S (USP40)

Eicosapentaenoic acid
Docosapentaenoic acid

20:5 n-3
22:5 n-3

Docosahexaenoic acid

22:6 n-3

3.0

1S (USP40)

1S (USP40)

1S (USP40)

14.0
0.0
7.1

1S (USP40)

1S (USP40)

24.3

1S (USP40)

28.0

0.7
15.7

1S (USP40)

Change to read:
• B. Phospholipid Profile
Solution A, Line shape standard (1H), Sensitivity standard (1H), Sensitivity standard
(31P),
USP42

Internal standard,
Sample stock solution, USP42
Sample solution, Standard solution, Instrumental conditions, System suitability,
and Analysis: Proceed as directed in the test for Content of Total Phospholipids in
Strength.
Acceptance criteria: The Sample solution contains all of the following phospholipids:
phosphatidylcholine (sum of phosphatidylcholine + 1-lysophosphatidylcholine + 2lysophosphatidylcholine), 1S (USP40) 60%– 96% 1S (USP40) (w/w) of the total
phospholipids content; lysophosphatidylcholine; and phosphatidylethanolamine. The
Sample solution shows 31P nuclear magnetic resonance (NMR) spectra similar to those
obtained with USP Krill Oil RS. The main signal in the 31P NMR is due to phosphatidylcholine
(PC), a signal due to phosphatidylcholine ether has an intensity of about 10% of that due
to PC, and the second signal in intensity is due to 2-lysophosphatidylcholine (2-LPC).
Minor signals due to phosphatidylethanolamine (PE), N-acylphosphatidylethanolamine
(NAPE), lysophosphatidylethanolamine (LPE), and 1-lysophosphatidylcholine (1-LPC)
among others are also observed. USP42
STRENGTH

USPP42
42
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Delete the following:
• Content of Krill Oil
Analysis: Weigh NLT 10 Capsules in a tared weighing bottle, and carefully open the
Capsules, without loss of shell material. Transfer the combined Capsule contents to a 100mL beaker. Remove any adhering substance from the emptied Capsules by washing with
several small portions of 2,2,4-trimethylpentane. Discard the washings, and allow the
empty Capsules to dry in a current of dry air until the 2,2,4-trimethylpentane is
completely evaporated. Weigh the empty Capsules in the original tared weighing bottle,
and calculate the average net weight per Capsule.
Acceptance criteria: 95.0%–105.0% USP42
Change to read:
• Content of EPA and DHA
(See Fats and Fixed Oils 〈401〉, Omega-3 Fatty Acids Determination and Profile).
Standard solution 1a, Standard solution 1b, Standard solution 2a, Standard solution
2b, System suitability solution 1, and Chromatographic system: Proceed as directed
in the chapter.
Test solution 1: Using the portion of 250 mg of oil from NLT 10 Capsules,
Weigh NLT 10 Capsules in a tared weighing bottle, and carefully open the Capsules
without loss of shell material. Transfer the combined contents to a 100-mL beaker.
Remove any adhering substance from the emptied Capsules by washing with several small
portions of acetone. Discard the washings, and allow the empty Capsules to dry in a
current of air until the acetone is completely evaporated. Weigh the empty Capsules in
the original tared weighing bottle, and calculate the average fill weight per Capsule. Take
250 mg of the combined Capsule contents and USP42
proceed as directed for Test solution 1 in in the Omega-3 Fatty Acids Determination and
Profile section of the chapter.
Test solution 2: Using the portion of 250 mg of oil from NLT 10 Capsules
USP42

Prepare as directed for Test solution 2 in the Omega-3 Fatty Acids Determination and
Profile section of the chapter
using 250 mg of the combined Capsule contents. USP42
Analysis: Proceed as directed in Fats and Fixed Oils 〈401〉, Omega-3 Fatty Acids
Determination and Profile, Analysis (for triglycerides).
Calculate the percentage of EPA and DHA in the portion of oil taken from the Capsules.
Calculate the percentage of the labeled amounts of EPA and DHA in the portion of
Capsules taken:
Result = A × WAv × 100/L
A = content of EPA or DHA in the portion of Capsules taken (mg/mg)
WAv = average fill weight (mg/Capsule)
L = label claim of EPA or DHA (mg/Capsule) USP42
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Acceptance criteria: NLT 10.0% (w/w) of EPA and NLT 5.0% (w/w) of DHA
NLT 95.0% of the labeled amounts of EPA and DHA USP42
Change to read:
• Content of Total Phospholipids
(See Nuclear Magnetic Resonance Spectroscopy 〈761〉, Qualitative and Quantitative NMR
Analysis.)
[Note—All deuterated solvents used in this method should be NLT 99.8 atom % D. Whenever
water is used in this method, it should be of sufficient quality to ensure that no trace
metals or other contaminants that may affect the analysis are present.
USP42

]
Solution A: 0.2 M ethylenediaminetetraacetic acid (EDTA) adjusted with a 1 M cesium
carbonate solution to a pH of 7.2–7.5. Document the final pH and the amount of 1 M
cesium carbonate solution necessary to attain the desired pH.
USP42

[Note—Use cesium carbonate of a sufficient grade for trace metals analysis.]
Line shape standard (1H): 1% chloroform in acetone-d6
Sensitivity standard (1H): 0.1% ethylbenzene in chloroform-d
Sensitivity standard (31P): 0.0485 M triphenyl phosphate in acetone-d6
USP42

Internal standard: Use a triphenyl phosphate nuclear magnetic resonance (NMR)
reference standard with NLT 99% purity.
Sample solution: [Note—NMR solvents containing tetramethylsilane (TMS) are readily
available. If the solvents used do not contain TMS, it must be added to the Sample
solution at an approximate concentration of 0.05% (v/v) for use as a chemical shift scale
reference.]
Transfer the portion of 300–350 mg of oil from NLT 10 Capsules to a suitable sealable
glass vial and add 25.0 mg of the Internal standard. Add 2 mL of deuterated chloroform
(chloroform-d) and 2 mL of 1S (USP40) deuterated methanol (methanol-d4 ) of a grade
suitable for NMR analysis to the vial to dissolve the sample. Once dissolution is complete,
add 1 mL of Solution A, seal the vial and vortex intensively, centrifuge the contents of
the vial, pass the entire amount of the lower organic phase through a glass pipette
containing some amount of cotton wool, and collect the filtrate to the appropriate NMR
tube. 1S (USP40)
Sample stock solution: Transfer a number of Capsules (NLT 5) to a conical flask with
stopper. Add 2 mL/Capsule of water and melt the gelatin shells at 50°–60°. Add 10
mL/Capsule of chloroform and methanol (2:1), insert the stopper and shake intensively for
30 min. Transfer to a separation funnel fitted with glass wool. Collect the organic phase.
Wash the conical flask with chloroform and methanol (2:1) and transfer to a separation
funnel. Collect the organic phase and combine with previous extract in a suitable
volumetric flask. Dilute with chloroform and methanol (2:1) to volume.
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Sample solution: Transfer an aliquot of the Sample stock solution equivalent to 300 mg of
Krill Oil to a suitable sealable glass vial, and add about 25 mg of the Internal standard
accurately weighed. Evaporate to dryness. Add 2 mL of deuterated chloroform
(chloroform-d) containing 0.05% tetramethylsilane (TMS), 2 mL of deuterated methanol
(methanol-d4), and 2 mL of Solution A. Seal the vial and vortex intensively for 30–60 s,
shake for an additional 30 min on a shaking device, and centrifuge the contents of the
vial. Pass the entire amount of the lower organic phase through a glass fiber filter, and
collect the filtrate in the appropriate NMR tube. USP42
Standard solution: Proceed as directed in the Sample solution, except use 300–350 mg of
USP Krill Oil RS.
Transfer 300 mg of USP Krill Oil RS to a suitable sealable glass vial, and add about 25 mg
of the Internal standard accurately weighed. Add 2 mL of methanol-d4, 2 mL of
chloroform-d containing 0.05% TMS, and 2 mL of Solution A. Seal the vial and vortex
intensively for 30–60 s, shake for an additional 30 min on a shaking device, and centrifuge
the contents of the vial. Pass the entire amount of the lower organic phase through a
glass fiber filter, and collect the filtrate in the appropriate NMR tube. USP42
Instrumental conditions
Magnetic field strength: NLT 300 MHz for 1H frequency
NLT 7.05 Tesla (resonance frequencies of 121 MHz for 31P or 300 MHz for 1H)

USP42

Probe: Direct observe probe capable of tuning to the resonance frequency of 31P
(dependent on the specific magnetic field strength used)
at a temperature of 35° USP42
Instrument performance qualification
(See Nuclear Magnetic Resonance Spectroscopy 〈761〉.)
[Note—Testing for sensitivity and line shape should be performed on the interval specified
by the manufacturer of the instrument used. Performing these tests on a minimum of a
monthly basis is required for this method, but it may be done more often, as required.
Resolution testing is to be performed during each analysis and documented as a part of
the analytical results.]
1H

Line shape test: Using the Line shape standard (1H) and the protocol recommended
by the instrument manufacturer, the instrument must achieve the line shape
specifications for the probe in use, as required by the instrument manufacturer.
[Note—A different standard solution may be required or recommended by the
manufacturer of the instrument; 1% chloroform in acetone-d6 is most commonly used.]

1H

Sensitivity test: Using the Sensitivity standard (1H) and the protocol recommended
by the instrument manufacturer, the instrument must achieve the sensitivity
specifications required by the instrument manufacturer. [Note—A different standard
solution may be required or recommended by the manufacturer of the instrument;
0.1% ethylbenzene in chloroform-d is most commonly used.]
31 P Sensitivity

test: Using the Sensitivity standard (31P) and the protocol
recommended by the instrument manufacturer, the instrument must achieve the
sensitivity specifications required by the instrument manufacturer. [Note—A different
standard solution may be required or recommended by the manufacturer of the
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instrument; 0.0485 M triphenyl phosphate in acetone-d6 is most commonly used.]
1H

Resolution test: The resolution is demonstrated by the ability to detect both of the
satellite signals of TMS. The satellites must be resolved from the TMS signal in
the spectrum with a line-broadening factor of NMT 0.5 ppm.
29Si

31 P Resolution test:

The resolution is demonstrated using the phosphatidylcholine
ether peak and the phosphatidylcholine peak. The separation of these peaks (with a
line-broadening factor of 1.0) must be demonstrated as follows. Using the baseline as
a reference, determine the total peak height of the phosphatidylcholine ether peak
[Note—The PC ether signal appears just downfield from the PC signal.] 1S (USP40) and
draw a line at 30% of that total peak height (intensity). The phosphatidylcholine ether
peak and the neighboring phosphatidylcholine peak must be fully resolved at a point
that is NMT 30% of the peak height of the phosphatidylcholine ether peak.
Data collection: Use the parameters specified in Table 2. Use 90° pulses, and calibrate
pulses before use according to the recommendations supplied by the instrument
manufacturer.
Table 2
1H

31 P NMR

Parameter
Pulse
program
Spectral
width
Transmitter
offset
Relaxation
delay
Acquisition
time
1S (USP40)

Size of data
set

Quantitative
Measurement
1H-decoupled 31P

(inverse

gated) 1S (USP40)
50 ppm
(25 to −25 ppm)

NMR
Qualitative
Measurement
USP42

Single pulse 1H
USP42

20 ppm (−3 to 17 ppm)
USP42

Center of spectral width,
7 ppm
Center of spectral width, 0 ppm

USP42

2–5 s
5–15 s

1S (USP40)

USP42

1–6 s
1–6 s
1S (USP40)

NLT 64k
(32k with zero-filling)

USP42
1S (USP40)

NLT 64k
(32k with zero-filling)
USP42

[Note—The acquisition time is dependent upon the dwell time and the number of data
points collected. 1S (USP40) The number of scans acquired using a 300-MHz instrument
7.05 Tesla magnet USP42
must be NLT 512.]
System suitability: Under the conditions outlined in Data collection, the 31P NMR signal of
triphenyl phosphate should be observed at −17.80 ppm, and the 1H NMR spectrum should
be referenced to the 1H signal of TMS (0 ppm) for all spectra acquired in the Analysis. For
quantitative analysis, a sufficient number of scans should be acquired such that the
signal-to-noise ratio for the phosphatidylcholine signal in the 31P spectrum of the Sample

PF 44(1): Jan.-Feb. 2018

562

solution acquired in the Analysis is NLT 2000.
The Standard solution shows the 31P NMR signal for triphenyl phosphate at −17.80 ppm,
and the signal for phosphatidylcholine at −0.89 ppm. The signal-to-noise ratio for the
phosphatidylcholine signal in the 31P spectrum of the Sample solution obtained in the
Analysis is NLT 2000. Using the baseline as a reference, determine the height of the
phosphatidylcholine ether peak and draw a line parallel to the baseline at 30% of that
total peak height (intensity). The valley between the peaks of phosphatidylcholine ether
and phosphatidylcholine is below the line drawn. USP42
Analysis: Acquire the data outlined in Data collection. Minimally acquire the 1H spectrum
(fingerprint) of the Sample solution and the Standard solution as well as the quantitative
31P spectrum of the Sample solution and the Standard solution. Record the resulting
spectra, and perform integration by hand or automated means on the quantitative 31P
NMR spectrum of the Sample solution. The integration of the peaks in the spectrum of the
Sample solution must be performed such that the complete set of phospholipid peaks (as
identified by a comparison to the spectrum of the Standard solution and the Standard
solution reference spectrum) is included in the integration. The integration region for each
signal must extend ±0.05 ppm on either side of the 31P signal. Quantify the total
phospholipids present, the phosphatidylcholine ether content, and the phosphatidylcholine
content in the Sample solution by using a comparison to the concentration of the Internal
standard.
Compare the 1H spectrum of the Sample solution to that of the Standard solution to
determine the similarity of fingerprints according to which phospholipids identified in the
reference spectrum of the Standard solution are present in the spectrum of the Sample
solution.
Obtain the quantitative 31P spectrum of the Sample solution and the Standard solution
as directed in Data collection. Record the resulting spectra, and integrate the complete
set of phospholipid peaks as identified by a comparison with the reference spectrum
provided with USP Krill Oil RS. The integration region for each signal must extend ±0.05
ppm on either side of the 31P signal. USP42
Calculations: Use the following equations and molecular weights listed in Table 3 to
determine the phospholipids content in the sample taken:
calculate the content of the phospholipid of interest in the Capsules taken: USP42
mmolIS = (WIS × CIS)/(MWIS × 100)
mmolIS = millimoles of the Internal standard in the Sample solution (mmol)
WIS
= weight of the Internal standard added to the Sample solution (mg)
CIS
= purity value of the Internal standard, based on quantitative 31P NMR analysis
(% by weight)
MWIS = molecular weight of the Internal standard, 326.28 g/mol (for triphenyl
phosphate)
mmolPL = (IPL × AIS × mmolIS)/(IIS × APL)
mmolPL = millimoles of the phospholipid of interest in the Sample solution (mmol)
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IPL

= integrated area under the phospholipid signal of interest obtained from the
spectrum of the Sample solution
AIS
= number of phosphorus atoms per molecule expected from the Internal standard,
1 (for triphenyl phosphate)
mmolIS = millimoles of the Internal standard in the Sample solution
IIS
= integrated area under the Internal standard obtained from the spectrum of the
Sample solution
APL
= number of phosphorus atoms per molecule expected from the phospholipid of
interest, 1 (for any phospholipid listed in Table 3)
CPL = (MWPL × mmolPL × 100)/WS
CPL
= concentration of the phospholipid of interest in the Sample solution (% w/w)
MWPL = molecular weight of the phospholipid of interest (g/mol, from Table 3) in the
Sample solution (mg)
mmolPL = millimoles of the phospholipid of interest in the Sample solution (mmol)
WS
= weight of sample present in the Sample solution (mg)
[Note—Use the molecular weight specified in Table 3 for the calculations.]

CPL = 1/n × MWPL × mmolPL × V/a
CPL
= content of the phospholipid of interest in the Capsules taken (mg/Capsule)
n
= number of Capsules used to prepare the Sample stock solution
MWPL = molecular weight of the phospholipid of interest (mg/mmol, from Table 3)
mmolPL = millimoles of the phospholipid of interest in the Sample solution (mmol)
V
= volume of volumetric flask used to prepare the Sample stock solution (mL)
a
= volume of the aliquot of Sample stock solution used to prepare the Sample
solution (mL) USP42
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Table 3
Approximate Chemical Shift
(ppm) in Reference to
Triphenyl Phosphate

Molecular
Weight
(g/mol)

Component
Triphenyl phosphate (Internal
—
standard)
−17.8
Phosphatidylcholine, including
ether (PC)
−0.89
791
1-Lysophosphatidylcholine (1LPC)a
−0.48
534.5
2-Lysophosphatidylcholine (2LPC)a
−0.4
534.5
Phosphatidylethanolamine
(PE)
−0.24
770
NAcylphosphatidylethanolamine
(NAPE)
0
1032
Lysophosphatidylethanolamine
(LPE)
0.25
492.5
Other
—
800
a Ability to resolve the signals of 1-LPC and 2-LPC will depend upon the applied
magnetic field strength of the NMR spectrometer used for the test procedure.
1S (USP40)

Calculate the percentage of the labeled amount of total phospholipids per Capsule taken:
Result = ΣCPL × 100/L
CPL = sum of the individual amounts of phospholipids of interest in the Capsules taken
(mg/Capsule)
L = label claim of total phospholipids (mg/Capsule) USP42
Acceptance criteria
Total phospholipids: 30%–59% 1S (USP40) (w/w)
Phosphatidylcholine: 60%– 96% 1S (USP40) (w/w) of the total phospholipids content
NLT 95.0% of the labeled amount of total phospholipids USP42
Change to read:
• Content of Astaxanthin
[Note—Perform this analysis in subdued light using low-actinic glassware.]
Sample solution: 0.005 g/mL of Krill Oil in chloroform using the portion of oil from NLT 10
Capsules. [Note—If the solution is not clear, centrifuge it with an appropriate centrifuge
to obtain a clear supernatant.]
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Analytical wavelength: 486 nm

PF 44(1): Jan.-Feb. 2018

565

Cell: 1 cm
Blank: Chloroform
Analysis
Sample: Sample solution
Calculate the percentage of astaxanthin in the portion of Krill Oil taken from the Capsules:
Result = A/(F × C)
A = absorbance of the Sample solution
F = coefficient of extinction (E1% ) of pure astaxanthin in chloroform (100 mL·g−1·cm−1),
1692
C = concentration of the Sample solution (g/mL)
Acceptance criteria: NLT 0.01%
0.005% USP42
PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Rupture Test for Soft Shell Capsules: Meet the
requirements
• Weight Variation 〈2091〉: Meet the requirements
CONTAMINANTS
• Limit of Dioxins, Furans, and Polychlorinated Biphenyls
Analysis: Determine the content of polychlorinated dibenzo-para-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) by Method 1613, Revision B of the Environmental
Protection Agency (EPA). Determine the content of polychlorinated biphenyls (PCBs) by
Method 1668, Revision A of the EPA.
Acceptance criteria: The sum of PCDDs and PCDFs is NMT 2.0 pg/g of World Health
Organization (WHO) toxic equivalents. The sum of PCDDs, PCDFs, and dioxin-like
PCBs[non-ortho International Union of Pure and Applied Chemistry (IUPAC) congeners PCB77, PCB-81, PCB-126, and PCB-169; and mono-ortho IUPAC congeners PCB-105, PCB-114,
PCB-118, PCB-123, PCB-156, PCB-157, PCB-167, and PCB-189] is NMT 10.0 pg/g of WHO
toxic equivalents.
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count does not exceed 103
cfu/g, and the combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
SPECIFIC TESTS
• Astaxanthin Esterification
Standard solution A: 10 mg/mL of USP Astaxanthin Esters from Haematococcus pluvialis
RS in acetone
Standard solution B: 10 mg/mL of USP Astaxanthin (Synthetic) RS in acetone
Sample solution: Using the portion of oil from NLT 10 Capsules, prepare a solution of 250
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mg/mL in acetone.
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel. [Note—Dry silica gel at 110° for
1 h before use.]
Application volume: 5 µL
Developing solvent system: Hexane and acetone (70:30)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatogram in the Developing solvent system until the solvent front has
moved about 15 cm of the length of the plate. Remove the plate from the chamber, and
allow to dry.
Acceptance criteria: The principal spot from Standard solution B, located in the bottom
half of the plate, is free astaxanthin. The Sample solution may exhibit a light, minor spot
in the same location. The principal spots from Standard solution A are from monoesters
(primary spot, located slightly above the middle of the plate) and diesters (secondary
spot, located in the top third of the plate). The principal spot from the Sample solution
should correspond in color and RF value to the diester spot from Standard solution A. The
secondary spot from the Sample solution should correspond in color and approximately the
same RF value to the monoester spot from Standard solution A. [Note—Slight differences
in RF values within monoester spots and within diester spots may exist because of
different intensities.]
• Fats and Fixed Oils 〈401〉, Procedures, Peroxide Value: NMT 5.0 mEq peroxide/kg
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Protect from light.
Change to read:
• Labeling: The label states the amount of docosahexaenoic acid (DHA), eicosapentaenoic
acid (EPA), and total phospholipids , and astaxanthin
in mg/Capsule. USP42
Change to read:
• USP Reference Standards 〈11〉
USP Astaxanthin (Synthetic) RS
USP Astaxanthin Esters from Haematococcus pluvialis RS
USP Docosahexaenoic Acid Ethyl Ester RS
USP Eicosapentaenoic Acid Ethyl Ester RS
USP42

USP Krill Oil RS

PF 44(1): Jan.-Feb. 2018

567

USP Methyl Tricosanoate RS
USP42

Recent Official Publications:
USP41–NF36 Page 4721
BRIEFING
Krill Oil Delayed-Release Capsules, page 8456 of the First Supplement to USP 40. On the
basis of comments received and internal laboratory testing, it is proposed to revise the
monograph to address current practices in the dietary supplements industry. Some
manufacturers are in compliance with current regulations requiring minimum content of the label
claim per Capsule, but not in compliance with the current monograph, which requires a range
for the content of Krill Oil inside each Capsule. Accordingly, it is proposed to introduce revisions
to the Definition as well as the Content of EPA and DHA and Content of Total Phospholipids
tests in the monograph. It is also proposed to change the limits for myristic acid, palmitoleic
acid, oleic acid, eicosapentaenoic acid, and the ratio of palmitic acid to myristic acid in Table 1.
In the test for Content of Astaxanthin it is proposed to change the Acceptance criteria from
NLT 0.01% to NLT 0.005%.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C157671; C187253
Comment deadline: March 31, 2018
Krill Oil Delayed-Release Capsules
DEFINITION
Change to read:
Krill Oil Delayed-Release Capsules contain NLT 95.0% and NMT 105.0% of the labeled amount of
Krill Oil where Krill Oil is the fixed oil extracted from Antarctic krill (Euphausia superba Dana)
biomass by using a suitable extraction solvent.
Krill Oil Delayed-Release Capsules contain NLT 95.0% of the labeled amount of Krill Oil
calculated through the content of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA),
and total phospholipids. USP42
IDENTIFICATION
Change to read:
• A. Fatty Acid Profile
Antioxidant solution, System suitability solution 1, and Chromatographic system:
Proceed as directed in Fats and Fixed Oils 〈401〉, Procedures, Omega-3 Fatty Acids
Determination and Profile.
Standard solution: Prepare as directed in Fats and Fixed Oils 〈401〉, Procedures, Omega-3
Fatty Acids Determination and Profile, Test solution 1, except use 250 mg of USP Krill Oil
RS.
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Sample solution: Using the portion of oil from NLT 10 Capsules, prepare as directed in Fats
and Fixed Oils 〈401〉, Procedures, Omega-3 Fatty Acids Determination and Profile, Test
solution 1.
System suitability
Samples: System suitability solution 1 and Standard solution
Suitability requirements
Chromatogram similarity: The chromatogram from the Standard solution is similar to
the reference chromatogram provided with the lot of USP Krill Oil RS being used.
Resolution: NLT 1.0 between the methyl oleate and methyl cis-vaccinate peaks,
Standard solution
Theoretical area percentages: Meet the requirements, System suitability solution 1
Analysis
Sample: Standard solution and Sample solution
Identify the retention times of the peaks corresponding to the relevant fatty acid methyl
esters by comparing the chromatogram of the Standard solution to the reference
chromatogram provided with the lot of USP Krill Oil RS used.
Calculate the area percentage for each fatty acid as methyl esters in the portion of oil
taken from the Capsules:
Result = (rA/rB) × 100
rA = peak area of each individual fatty acid from the Sample solution
rB = total area of all peaks, except the solvent and butylated hydroxytoluene peaks, from
the Sample solution
Acceptance criteria: See Table 1.
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Table 1
Short-Hand
Notation

Fatty Acid
Saturated fatty acids

Lower Limit
(Area %)

Upper Limit
(Area %)

1S (USP40)

Myristic acid

1S (USP40)

14:0

1S (USP40)

Palmitic acid

1S (USP40)

16:0

1S (USP40)

Palmitic acid:myristic acid
ratio 1S (USP40)
Monounsaturated fatty acids

16:0/14:0

Palmitoleic acid

16:1 n-7

cis-V accenic acid

18:1 n-7

O leic acid

18:1 n-9

Eicosenic acid

20:1 n-9

Erucic acid

22:1 n-9

6.4

1S (USP40)

17.0
1.6

1S (USP40)

5.0

USP42

1S (USP40)

13.0

1S (USP40)

24.6

1S (USP40)

2.8

1S (USP40)

1S (USP40)

9.0
12.0

2.5
4.7
7.0

1S (USP40)

0.0

8.0
6.0

3.6

USP42

USP42

1S (USP40)

14.5

USP42

1S (USP40)

0.0

2.0

1S (USP40)

1.5

1S (USP40)

Polyunsaturated fatty acids
Linoleic acid
1S (USP40)
1S (USP40)

18:2 n-6

0.0

1S (USP40)

1S (USP40)

1S (USP40)

Eicosapentaenoic acid
Docosapentaenoic acid

20:5 n-3
22:5 n-3

Docosahexaenoic acid

22:6 n-3

3.0

1S (USP40)

1S (USP40)

1S (USP40)

14.0
0.0
7.1

1S (USP40)

1S (USP40)

24.3

1S (USP40)

28.0

0.7
15.7

1S (USP40)

Change to read:
• B. Phospholipid Profile
Solution A, Line shape standard (1H), Sensitivity standard (1H), Sensitivity standard
(31P)
USP42

Internal standard,
Sample stock solution, USP42
Sample solution, Standard solution, Instrumental conditions, System suitability,
and Analysis: Proceed as directed in the test for Content of Total Phospholipids in
Strength.
Acceptance criteria: The Sample solution contains all of the following phospholipids:
phosphatidylcholine (sum of phosphatidylcholine + 1-lysophosphatidylcholine + 2lysophosphatidylcholine), 1S (USP40) 60%– 96% 1S (USP40) (w/w) of the total
phospholipids content; lysophosphatidylcholine;
1S (USP40) and
phosphatidylethanolamine. The Sample solution shows 31P nuclear magnetic resonance
(NMR) spectra similar to those obtained from USP Krill Oil RS. The main signal in the 31P
NMR is due to phosphatidylcholine (PC); a signal due to phosphatidylcholine ether has an
intensity of about 10% of that due to PC; and the second signal in intensity is due to 2lysophosphatidylcholine (2-LPC). Minor signals due to phosphatidylethanolamine (PE), Nacylphosphatidylethanolamine (NAPE), lysophosphatidylethanolamine (LPE), and 1lysophosphatidylcholine (1-LPC) among others are also observed. USP42
STRENGTH

USPP42
42
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Delete the following:
• Content of Krill Oil
Analysis: Weigh NLT 10 Capsules in a tared weighing bottle, and carefully open the
Capsules, without loss of shell material. Transfer the combined Capsule contents to a 100mL beaker. Remove any adhering substance from the emptied Capsules by washing with
several small portions of 2,2,4-trimethylpentane. Discard the washings, and allow the
empty Capsules to dry in a current of dry air until the 2,2,4-trimethylpentane is
completely evaporated. Weigh the empty Capsules in the original tared weighing bottle,
and calculate the average net weight per Capsule.
Acceptance criteria: 95.0%–105.0% USP42
Change to read:
• Content of EPA and DHA
(See Fats and Fixed Oils 〈401〉, Omega-3 Fatty Acids Determination and Profile).
Standard solution 1a, Standard solution 1b, Standard solution 2a, Standard solution
2b, System suitability solution 1, and Chromatographic system: Proceed as directed
in the chapter.
Test solution 1: Using the portion of 250 mg of oil from NLT 10 Capsules,
Weigh NLT 10 Capsules in a tared weighing bottle, and carefully open the Capsules
without loss of shell material. Transfer the combined contents to a 100-mL beaker.
Remove any adhering substance from the emptied Capsules by washing with several small
portions of acetone. Discard the washings, and allow the empty Capsules to dry in a
current of air until the acetone is completely evaporated. Weigh the empty Capsules in
the original tared weighing bottle, and calculate the average net weight per Capsule. Take
250 mg of the combined Capsule contents and USP42
prepare as directed for Test solution 1 in the Omega-3 Fatty Acids Determination and
Profile section of the chapter.
Test solution 2: Using the portion of 250 mg of oil from NLT 10 Capsules
USP42

Prepare as directed for Test solution 2 in the Omega-3 Fatty Acids Determination and
Profile section of the chapter
using 250 mg of the combined Capsule contents. USP42
Analysis: Proceed as directed in Fats and Fixed Oils 〈401〉, Omega-3 Fatty Acids
Determination and Profile, Analysis (for triglycerides).
Calculate the percentage of EPA and DHA in the portion of oil taken from the Capsules.
Calculate the percentage of the labeled amounts of EPA and DHA in the portion of
Capsules taken:
Result = A × WAv × 100/L
A = content of EPA or DHA in the portion of Capsules taken (mg/mg)
WAv = average fill weight (mg/Capsule)
L = label claim of EPA or DHA (mg/Capsule) USP42
Acceptance criteria: NLT 10.0% (w/w) of EPA and NLT 5.0% (w/w) of DHA
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USP42

Change to read:
• Content of Total Phospholipids
(See Nuclear Magnetic Resonance Spectroscopy 〈761〉, Qualitative and Quantitative NMR
Analysis.)
[Note—All deuterated solvents used in this method should be NLT 99.8 atom % D. Whenever
water is used in this method, it should be of sufficient quality to ensure that no trace
metals or other contaminants that may affect the analysis are present.
USP42

]
Solution A: 0.2 M ethylenediaminetetraacetic acid (EDTA) adjusted with a 1 M cesium
carbonate solution to a pH of 7.2–7.5. Document the final pH and the amount of 1 M
cesium carbonate solution necessary to attain the desired pH.
USP42

[Note—Use cesium carbonate of a sufficient grade for trace metals analysis.]
Line shape standard (1H): 1% chloroform in acetone-d6
Sensitivity standard (1H): 0.1% ethylbenzene in chloroform-d
Sensitivity standard (31P): 0.0485 M triphenyl phosphate in acetone-d6
USP42

Internal standard: Use a triphenyl phosphate nuclear magnetic resonance (NMR)
reference standard with NLT 99% purity.
Sample solution: [Note—NMR solvents containing tetramethylsilane (TMS) are readily
available. If the solvents used do not contain TMS, it must be added to the Sample
solution at an approximate concentration of 0.05% (v/v) for use as a chemical shift scale
reference.]
Transfer the portion of 300–350 mg of oil from NLT 10 Capsules to a suitable sealable
glass vial and add 25.0 mg of the Internal standard. Add 2 mL of deuterated chloroform
(chloroform-d) and 2 mL of 1S (USP40) deuterated methanol (methanol-d4 ) of a grade
suitable for NMR analysis to the vial to dissolve the sample. Once dissolution is complete,
add 1 mL of Solution A, seal the vial and vortex intensively, centrifuge the contents of
the vial, pass the entire amount of the lower organic phase through a glass pipette
containing some amount of cotton wool, and collect the filtrate to the appropriate NMR
tube. 1S (USP40)
Sample stock solution: Transfer a number of Capsules (NLT 5) to a conical flask with
stopper. Add 2 mL/Capsule of water and melt the gelatin shells at 50°–60°. Add 10
mL/Capsule of chloroform and methanol (2:1), insert the stopper and shake intensively for
30 min. Transfer to a separation funnel fitted with glass wool. Collect the organic phase.
Wash the conical flask with chloroform and methanol (2:1) and transfer to a separation
funnel. Collect the organic phase and combine with previous extract in a suitable
volumetric flask. Dilute with chloroform and methanol (2:1) to volume.
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Sample solution: Transfer an aliquot of the Sample stock solution equivalent to 300 mg of
Krill Oil to a suitable sealable glass vial, and add about 25 mg of the Internal standard
accurately weighed. Evaporate to dryness. Add 2 mL of deuterated chloroform
(chloroform-d) containing 0.05% tetramethylsilane (TMS), 2 mL of deuterated methanol
(methanol-d4), and 2 mL of Solution A. Seal the vial and vortex intensively for 30–60 s,
shake for an additional 30 min on a shaking device, and centrifuge the contents of the
vial. Pass the entire amount of the lower organic phase through a glass fiber filter, and
collect the filtrate in the appropriate NMR tube. USP42
Standard solution: Proceed as directed in the Sample solution, except use 300–350 mg of
USP Krill Oil RS.
Transfer 300 mg of USP Krill Oil RS to a suitable sealable glass vial, and add about 25 mg
of the Internal standard accurately weighed. Add 2 mL of methanol-d4, 2 mL of
chloroform-d containing 0.05% TMS, and 2 mL of Solution A. Seal the vial and vortex
intensively for 30–60 s, shake for an additional 30 min on a shaking device, and centrifuge
the contents of the vial. Pass the entire amount of the lower organic phase through a
glass fiber filter, and collect the filtrate in the appropriate NMR tube. USP42
Instrumental conditions
Magnetic field strength: NLT 300 MHz for 1H frequency
NLT 7.05 Tesla (resonance frequencies of 121 MHz for 31P or 300 MHz for 1H)

USP42

Probe: Direct observe probe capable of tuning to the resonance frequency of 31P
(dependent on the specific magnetic field strength used)
at a temperature of 35° USP42
Instrument performance qualification
(See Nuclear Magnetic Resonance Spectroscopy 〈761〉.)
[Note—Testing for sensitivity and line shape should be performed on the interval specified
by the manufacturer of the instrument used. Performing these tests on a minimum of a
monthly basis is required for this method, but it may be done more often, as required.
Resolution testing is to be performed during each analysis and documented as a part of
the analytical results.]
1H

Line shape test: Using the Line shape standard (1H) and the protocol recommended
by the instrument manufacturer, the instrument must achieve the line shape
specifications for the probe in use, as required by the instrument manufacturer.
[Note—A different standard solution may be required or recommended by the
manufacturer of the instrument; 1% chloroform in acetone-d6 is most commonly used.]

1H

Sensitivity test: Using the Sensitivity standard (1H) and the protocol recommended
by the instrument manufacturer, the instrument must achieve the sensitivity
specifications required by the instrument manufacturer. [Note—A different standard
solution may be required or recommended by the manufacturer of the instrument;
0.1% ethylbenzene in chloroform-d is most commonly used.]
31 P Sensitivity

test: Using the Sensitivity standard (31P) and the protocol
recommended by the instrument manufacturer, the instrument must achieve the
sensitivity specifications required by the instrument manufacturer. [Note—A different
standard solution may be required or recommended by the manufacturer of the

PF 44(1): Jan.-Feb. 2018

573

instrument; 0.0485 M triphenyl phosphate in acetone-d6 is most commonly used.]
1H

Resolution test: The resolution is demonstrated by the ability to detect both of the
satellite signals of TMS. The satellites must be resolved from the TMS signal in
the spectrum with a line-broadening factor of NMT 0.5 ppm.
29Si

31 P Resolution test:

The resolution is demonstrated using the phosphatidylcholine
ether peak and the phosphatidylcholine peak. The separation of these peaks (with a
line-broadening factor of 1.0) must be demonstrated as follows. Using the baseline as
a reference, determine the total peak height of the phosphatidylcholine ether peak
[Note—The PC ether signal appears just downfield from the PC signal and draw a line
at 30% of that total peak height (intensity). The phosphatidylcholine ether peak and
the neighboring phosphatidylcholine peak must be fully resolved at a point that is NMT
30% of the peak height of the phosphatidylcholine ether peak.] 1S (USP40)

USP42

Data collection: Use the parameters specified in Table 2. Use 90° pulses, and calibrate
pulses before use according to the recommendations supplied by the instrument
manufacturer.
Table 2
1H

31 P NMR

Parameter
Pulse
program
Spectral
width
Transmitter
offset
Relaxation
delay
Acquisition
time
1S (USP40)

Size of data
set

Quantitative
Measurement
1H-decoupled 31P

(inverse

gated) 1S (USP40)
50 ppm
(25 to −25 ppm)

NMR
Qualitative
Measurement
USP42

Single pulse 1H
USP42

20 ppm (−3 to 17 ppm)
USP42

Center of spectral width,
7 ppm
Center of spectral width, 0 ppm

USP42

2–5 s
5–15 s

1S (USP40)

USP42

1–6 s
1–6 s
1S (USP40)

NLT 64k
(32k with zero-filling)

USP42
1S (USP40)

NLT 64k
(32k with zero-filling)
USP42

[Note—The acquisition time is dependent upon the dwell time and the number of data
points collected. 1S (USP40) The number of scans acquired using a 300-MHz instrument
7.05 Tesla magnet USP42
must be NLT 512.]
System suitability: Under the conditions outlined in Data collection, the 31P NMR signal of
triphenyl phosphate should be observed at −17.80 ppm, and the 1H NMR spectrum should
be referenced to the 1H signal of TMS (0 ppm) for all spectra acquired in the Analysis. For
quantitative analysis, a sufficient number of scans should be acquired such that the
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signal-to-noise ratio for the phosphatidylcholine signal in the 31P spectrum of the Sample
solution acquired in the Analysis is NLT 2000.
The Standard solution shows the 31P NMR signal for triphenyl phosphate at −17.80 ppm,
and the signal for phosphatidylcholine at −0.89 ppm. The signal-to-noise ratio for the
phosphatidylcholine signal in the 31P spectrum from the Sample solution obtained in the
Analysis is NLT 2000. Using the baseline as a reference, determine the height of the
phosphatidylcholine ether peak and draw a line parallel to the baseline at 30% of that
total peak height (intensity). The valley between the peaks of phosphatidylcholine ether
and phosphatidylcholine is below the line drawn. USP42
Analysis: Acquire the data outlined in Data collection. Minimally acquire the 1H spectrum
(fingerprint) of the Sample solution and the Standard solution as well as the quantitative
31P spectrum of the Sample solution and the Standard solution. Record the resulting
spectra, and perform integration by hand or automated means on the quantitative 31P
NMR spectrum of the Sample solution. The integration of the peaks in the spectrum of the
Sample solution must be performed such that the complete set of phospholipid peaks (as
identified by a comparison to the spectrum of the Standard solution and the Standard
solution reference spectrum) is included in the integration. The integration region for each
signal must extend ±0.05 ppm on either side of the 31P signal. Quantify the total
phospholipids present, the phosphatidylcholine ether content, and the phosphatidylcholine
content in the Sample solution by using a comparison to the concentration of the Internal
standard.
Compare the 1H spectrum of the Sample solution to that of the Standard solution to
determine the similarity of fingerprints according to which phospholipids identified in the
reference spectrum of the Standard solution are present in the spectrum of the Sample
solution.
Obtain the quantitative 31P spectrum of the Sample solution and of the Standard
solution as directed in Data collection. Record the resulting spectra, and integrate the
complete set of phospholipid peaks as identified by a comparison with the reference
spectrum provided with USP Krill Oil RS. The integration region for each signal must extend
±0.05 ppm on either side of the 31P signal. USP42
Calculations: Use the following equations and molecular weights listed in Table 3 to
determine the phospholipids content in the sample taken:
calculate the content of the phospholipid of interest in the Capsules taken: USP42
mmolIS = (WIS × CIS)/(MWIS × 100)
mmolIS = millimoles of the Internal standard in the Sample solution (mmol)
WIS
= weight of the Internal standard added to the Sample solution (mg)
CIS
= purity value of the Internal standard, based on quantitative 31P NMR analysis
(% by weight)
MWIS = molecular weight of the Internal standard, 326.28 g/mol (for triphenyl
phosphate)
mmolPL = (IPL × AIS × mmolIS)/(IIS × APL)
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mmolPL = millimoles of the phospholipid of interest in the Sample solution (mmol)
IPL
= integrated area under the phospholipid signal of interest obtained from the
spectrum of the Sample solution
AIS
= number of phosphorus atoms per molecule expected from the Internal standard,
1 (for triphenyl phosphate)
mmolIS = millimoles of the Internal standard in the Sample solution
IIS
= integrated area under the Internal standard obtained from the spectrum of the
Sample solution
APL
= number of phosphorus atoms per molecule expected from the phospholipid of
interest, 1 (for any phospholipid listed in Table 3)
CPL = (MWPL × mmolPL × 100)/WS
CPL
= concentration of the phospholipid of interest in the Sample solution (% w/w)
MWPL = molecular weight of the phospholipid of interest (g/mol, from Table 3) in the
Sample solution (mg)
mmolPL = millimoles of the phospholipid of interest in the Sample solution (mmol)
WS
= weight of sample present in the Sample solution (mg)
[Note—Use the molecular weight specified in Table 3 for the calculations.]

CPL = 1/n × MWPL × mmolPL × V/a
CPL
= content of the phospholipid of interest in the Capsules taken (mg/Capsule)
n
= number of Capsules used to prepare the Sample stock solution
MWPL = molecular weight of the phospholipid of interest (mg/mmol, from Table 3)
mmolPL = millimoles of the phospholipid of interest in the Sample solution (mmol)
V
= volume of the volumetric flask used to prepare the Sample stock solution (mL)
a
= volume of the aliquot of Sample stock solution used to prepare the Sample
solution (mL) USP42
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Table 3
Approximate Chemical Shift
(ppm) in Reference to
Triphenyl Phosphate

Molecular
Weight
(g/mol)

Component
Triphenyl phosphate
—
(Internal standard)
−17.8
Phosphatidylcholine, including
ether (PC)
−0.89
791
1-Lysophosphatidylcholine
(1-LPC)a
−0.48
534.5
2-Lysophosphatidylcholine
(2-LPC)a
−0.4
534.5
Phosphatidylethanolamine
(PE)
−0.24
770
NAcylphosphatidylethanolamine
(NAPE)
0
1032
Lysophosphatidylethanolamine
(LPE)
0.25
492.5
Other
—
800
a Ability to resolve the signals of 1-LPC and 2-LPC will depend upon the applied
magnetic field strength of the NMR spectrometer used for the test procedure.
1S (USP40)

Calculate the percentage of the labeled amount of total phospholipids per Capsule taken:
Result = ΣCPL × 100/L
CPL = sum of the individual amounts of phospholipids of interest in the Capsules taken
(mg/Capsule)
L = label claim of total phospholipids (mg/Capsule) USP42
Acceptance criteria
Total phospholipids: 30%–59% 1S (USP40) (w/w)
Phosphatidylcholine: 60%– 96% 1S (USP40) (w/w) of the total phospholipids content
NLT 95.0% of the labeled amount of total phospholipids USP42
Change to read:
• Content of Astaxanthin
[Note—Perform this analysis in subdued light using low-actinic glassware.]
Sample solution: 0.005 g/mL of Krill Oil in chloroform using the portion of oil from NLT 10
Capsules. [Note—If the solution is not clear, centrifuge it with an appropriate centrifuge
to obtain a clear supernatant.]
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Analytical wavelength: 486 nm
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Cell: 1 cm
Blank: Chloroform
Analysis
Sample: Sample solution
Calculate the percentage of astaxanthin in the portion of Krill Oil taken from the Capsules:
Result = A/(F × C)
A = absorbance of the Sample solution
F = coefficient of extinction (E1% ) of pure astaxanthin in chloroform (100 mL·g−1·cm−1),
1692
C = concentration of the Sample solution (g/mL)
Acceptance criteria: NLT 0.01%
0.005% USP42
PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Disintegration, Procedure, Delayed-release (entericcoated) soft shell capsules: Meet the requirements
• Weight Variation 〈2091〉: Meet the requirements
CONTAMINANTS
• Limit of Dioxins, Furans, and Polychlorinated Biphenyls
Analysis: Determine the content of polychlorinated dibenzo-para-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) by Method 1613, Revision B of the Environmental
Protection Agency (EPA). Determine the content of polychlorinated biphenyls (PCBs) by
Method 1668, Revision A of the EPA.
Acceptance criteria: The sum of PCDDs and PCDFs is NMT 2.0 pg/g of World Health
Organization (WHO) toxic equivalents. The sum of PCDDs, PCDFs, and dioxin-like PCBs
[non-ortho International Union of Pure and Applied Chemistry (IUPAC) congeners PCB-77,
PCB-81, PCB-126, and PCB-169; and mono-ortho IUPAC congeners PCB-105, PCB-114,
PCB-118, PCB-123, PCB-156, PCB-157, PCB-167, and PCB-189] is NMT 10.0 pg/g of WHO
toxic equivalents.
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count does not exceed 103
cfu/g, and the combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
SPECIFIC TESTS
• Astaxanthin Esterification
Standard solution A: 10 mg/mL of USP Astaxanthin Esters from Haematococcus pluvialis
RS in acetone
Standard solution B: 10 mg/mL of USP Astaxanthin (Synthetic) RS in acetone
Sample solution: Using the portion of oil from NLT 10 Capsules, prepare a solution of 250
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mg/mL in acetone.
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel. [Note—Dry silica gel at 110° for
1 h before use.]
Application volume: 5 µL
Developing solvent system: Hexane and acetone (70:30)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatogram in the Developing solvent system until the solvent front has
moved about 15 cm of the length of the plate. Remove the plate from the chamber, and
allow to dry.
Acceptance criteria: The principal spot from Standard solution B, located in the bottom
half of the plate, is free astaxanthin. The Sample solution may exhibit a light, minor spot
in the same location. The principal spots from Standard solution A are from monoesters
(primary spot, located slightly above the middle of the plate) and diesters (secondary
spot, located in the top third of the plate). The principal spot from the Sample solution
should correspond in color and RF value to the diester spot from Standard solution A. The
secondary spot from the Sample solution should correspond in color and approximately the
same RF value to the monoester spot from Standard solution A. [Note—Slight differences
in RF values within monoester spots and within diester spots may exist because of
different intensities.]
• Fats and Fixed Oils 〈401〉, Procedures, Peroxide Value: NMT 5.0 mEq peroxide/kg
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Protect from light.
Change to read:
• Labeling: The label states the amount of docosahexaenoic acid (DHA), eicosapentaenoic
acid (EPA), and total phospholipids , and astaxanthin.
in mg/Capsule. USP42
Change to read:
• USP Reference Standards 〈11〉
USP Astaxanthin (Synthetic) RS
USP Astaxanthin Esters from Haematococcus pluvialis RS
USP Docosahexaenoic Acid Ethyl Ester RS
USP Eicosapentaenoic Acid Ethyl Ester RS
USP42

USP Krill Oil RS
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USP Methyl Tricosanoate RS
USP42

Recent Official Publications:
USP41–NF36 Page 4725
BRIEFING
Lycopene, USP 40 page 7081. On the basis of comments received, it is proposed to change
the name of USP Lycopene RS to USP Lycopene Preparation RS to reflect accurately the nature
of the substance used as the Reference Standard.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: H. Dinh.)
Correspondence Number—C196696
Comment deadline: March 31, 2018
Lycopene
C40 H56
536.88
[502-65-8].
DEFINITION
Lycopene is a mixture of geometrical isomers of lycopene. It contains NLT 96.0% and NMT
101.0% of lycopene (C40 H56 ), calculated on the dried basis.
IDENTIFICATION
• A. Ultraviolet Absorption 〈197U〉
Analytical wavelength: 300–700 nm
Sample solution: Prepare as directed for the Sample solution in the test for Content of
Lycopene.
Acceptance criteria: Meets the requirements. The absorbance ratio A476 /A508 is 1.10–
1.14.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Content of all-E-Lycopene, 5Z-Lycopene, and
Related Compounds.
COMPOSITION
• Content of Lycopene
Sample stock solution: Transfer 25 mg of Lycopene and 25 mg of butylated
hydroxytoluene into a 100-mL volumetric flask. Add 60 mL of methylene chloride, and
sonicate to dissolve. Dilute with methylene chloride to volume.
Sample solution: Transfer 2.0 mL of the Sample stock solution into a 200-mL volumetric
flask, and dilute with cyclohexane to volume.
Instrumental conditions
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(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 476 nm
Blank: Cyclohexane
Analysis
Sample: Sample solution
Calculate the percentage of lycopene (C40 H56 ) in the portion of Lycopene taken:
Result = [AU/(a × CU)] × 100
AU = absorbance of the Sample solution
a = absorptivity of the pure lycopene in cyclohexane, 331 (mL·mg−1·cm−1)
CU = concentration of lycopene in the Sample solution (mg/mL)
Acceptance criteria: 96.0%–101.0% on the dried basis
Change to read:
• Content of all-E-Lycopene, 5Z-Lycopene, and Related Compounds
Mobile phase: tert-Butyl methyl ether, methanol, and tetrahydrofuran (784:665:74)
Standard solution: Transfer a weighed quantity of USP Lycopene
Preparation USP42
RS, equivalent to approximately 5 mg of lycopene, into a 250-mL volumetric flask. Add
about 60 units of bacterial alkaline protease preparation or another suitable enzyme, and
about 25 mg of butylated hydroxytoluene. Add 2.5 mL of ammonium hydroxide diluted in
water (2 in 100), and mix. Place in an ultrasonic bath at 50° for 10 min, rotate the flask
occasionally to avoid having the material stick to the glass surface, and continue until the
material is dispersed with no lumps. Add 5 mL of tetrahydrofuran, 40 mL of dehydrated
alcohol, and mix. Place in an ultrasonic bath for about 1 min. Cool to room temperature,
and dilute with tert-butyl methyl ether to volume. Shake vigorously, then allow the
precipitate to settle. Filter the supernatant.
Sample stock solution: Transfer 15 mg of Lycopene to a 25-mL volumetric flask, and
dissolve in tetrahydrofuran containing 50 mg/L of butylated hydroxytoluene. Dilute with
the same solvent to volume.
Sample solution: Pipet 2 mL of the Sample stock solution into a 50-mL volumetric flask,
and add 8 mL of tetrahydrofuran. Dilute with tert-butyl methyl ether to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 472 nm
Column: 4.6-mm × 25-cm, 5-µm packing L62; second column connected in series, 4.6mm × 25-cm, 3-µm packing L62. [Note—New columns may require conditioning.]
Flow rate: 1 mL/min
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Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for all-E-lycopene and 5Z-lycopene are 1.0 and about
1.07, respectively.]
Suitability requirements
Resolution: NLT 1.0 between all-E-lycopene and 5Z-lycopene
Tailing factor: 0.8–2.0 for all-E-lycopene
Relative standard deviation: NMT 2.0% for all-E-lycopene
Analysis
Sample: Sample solution
Calculate the percentage of all-E-lycopene in the portion of Lycopene taken:
Result = (rE/rT) × T
rE = peak response of the all-E-lycopene isomer
rT = sum of all the peak responses
T = percentage of total lycopene isomers obtained in the test for Content of Lycopene
Acceptance criteria: NLT 70.0% of all-E-lycopene
Calculate the percentage of the 5Z-lycopene isomer in the portion of Lycopene taken:
Result = (r5Z/rT) × T
r5Z = peak response of the 5Z-lycopene isomer
rT = sum of all the peak responses
T = percentage of total lycopene isomers obtained in the test for Content of Lycopene
Acceptance criteria: NMT 23.0% of the 5Z-lycopene isomer
Calculate the percentage of related compounds in the portion of Lycopene taken:
Result = (rS/rT) × T
rS = sum of all the peak responses except for all-E-lycopene and 5Z-lycopene
rT = sum of all the peak responses
T = percentage of total lycopene isomers obtained in the test for Content of Lycopene
Acceptance criteria: NMT 9.0% of other related compounds calculated as lycopene
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 10 ppm

(O fficial 1-Jan-2018)
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SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry over phosphorus pentoxide under vacuum at 40° for 4 h.
Acceptance criteria: NMT 0.2%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, under inert gas, and
store in a cool place.
• Labeling: Label it to indicate whether the article is obtained from natural sources or is
prepared synthetically. If obtained from natural sources, label it to indicate the natural
source, including its Latin binomial.
Change to read:
• USP Reference Standards 〈11〉
USP Lycopene
Preparation USP42
RS
Recent Official Publications:
USP41–NF36 Page 4746
BRIEFING
Lycopene Preparation, USP 40 page 7083. On the basis of comments received, it is
proposed to change the name of USP Lycopene RS to USP Lycopene Preparation RS to reflect
accurately the nature of the substance used as the Reference Standard.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: H. Dinh.)
Correspondence Number—C196697
Comment deadline: March 31, 2018
Lycopene Preparation
DEFINITION
Lycopene Preparation is a combination of Lycopene with one or more inert substances and
suitable antioxidants. It may be in a solid or oily liquid form. It contains NLT 95.0% and NMT
120.0% of the labeled amount of lycopene (C40 H56 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Ultraviolet Absorption 〈197U〉
Analytical wavelength: 300–700 nm
Sample solution: Prepare as directed for the Sample solution in the test for Content of
Lycopene.
Acceptance criteria: Meets the requirements. The absorbance ratio A476 /A508 is 1.10–
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1.14 in cyclohexane. The absorbance ratio A472 /A504 is 1.09–1.13 in isopropyl alcohol.
COMPOSITION
• Content of Lycopene
Procedure for oily preparations
Sample stock solution: Transfer a weighed quantity of oily Preparation containing 25 mg
of lycopene to a 100-mL volumetric flask. Add 25 mg of butylated hydroxytoluene and
60 mL of methylene chloride, and sonicate to dissolve. Dilute with methylene chloride to
volume.
Sample solution: 2.0 mL of the Sample stock solution diluted with cyclohexane to 200.0
mL
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 476 nm
Blank: Cyclohexane
Analysis
Sample: Sample solution
Calculate the percentage of the labeled amount of lycopene (C40 H56 ) in the portion of
Preparation taken:
Result = [AU/(a × CU)] × 100
AU = absorbance of the Sample solution
a = absorptivity of the pure lycopene in cyclohexane, 331 (mL·mg−1·cm−1)
CU = nominal concentration of lycopene in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–120.0% on the anhydrous basis
Procedure for solid preparations
Sample stock solution: Transfer a weighed quantity of solid Preparation, equivalent to
approximately 5 mg of lycopene, into a 200-mL volumetric flask. Add about 60 units of
bacterial alkaline protease preparation, or another suitable enzyme, and about 25 mg of
butylated hydroxytoluene. Add 2.5 mL of ammonium hydroxide diluted in water (2 in
100), and mix. Place in an ultrasonic bath at 50° for 10 min, rotate the flask occasionally
to avoid having the material stick to the glass surface, and continue until the material is
dispersed with no lumps. Add 5 mL of tetrahydrofuran, 40 mL of dehydrated alcohol, and
mix. Place in an ultrasonic bath for about 1 min. Cool to room temperature, and dilute
with tert-butyl methyl ether to volume. Shake vigorously, then allow to stand until the
solid has settled.
Sample solution: 2.0 mL of the Sample stock solution diluted with isopropyl alcohol to
25.0 mL
Instrumental conditions
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(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 472 nm
Blank: Isopropyl alcohol
Analysis
Sample: Sample solution
Calculate the percentage of the labeled amount of lycopene (C40 H56 ) in the portion of
Preparation taken:
Result = [AU/(a × CU)] × 100
AU = absorbance of the Sample solution
a = absorptivity of the pure lycopene in isopropyl alcohol, 320 (mL·mg−1·cm−1)
CU = nominal concentration of lycopene in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–120.0% on the anhydrous basis
Change to read:
• Content of all-E-Lycopene, 5Z-Lycopene, and Related Compounds
Mobile phase: tert-Butyl methyl ether, methanol, and tetrahydrofuran (784:665:74)
Standard solution: Transfer a weighed quantity of USP Lycopene
Preparation USP42
RS, equivalent to approximately 5 mg of lycopene, into a 250-mL volumetric flask. Add
about 60 units of bacterial alkaline protease preparation, or another suitable enzyme, and
about 25 mg of butylated hydroxytoluene. Add 2.5 mL of ammonium hydroxide diluted in
water (2 in 100), and mix. Place in an ultrasonic bath at 50° for 10 min, rotate the flask
occasionally to avoid having the material stick to the glass surface, and continue until the
material is dispersed with no lumps. Add 5 mL of tetrahydrofuran, 40 mL of dehydrated
alcohol, and mix. Place in an ultrasonic bath for about 1 min. Cool to room temperature,
and dilute with tert-butyl methyl ether to volume. Shake vigorously, then allow the
precipitate to settle. Filter the supernatant.
Sample solution for oily preparations: Transfer a quantity of oily Preparation, equivalent
to 15 mg of lycopene, to a 25-mL volumetric flask, and dissolve in tetrahydrofuran
containing 50 mg/L of butylated hydroxytoluene. Dilute with the same solvent to volume.
Pipet 2 mL of this solution into a 50-mL volumetric flask, and add 8 mL of tetrahydrofuran.
Dilute with tert-butyl methyl ether to volume.
Sample solution for solid preparations: Transfer a weighed quantity of solid Preparation,
equivalent to approximately 5 mg of lycopene, into a 250-mL volumetric flask. Add about
60 units of bacterial alkaline protease preparation, or another suitable enzyme, and about
25 mg of butylated hydroxytoluene. Add 2.5 mL of ammonium hydroxide diluted in water (2
in 100), and mix. Place in an ultrasonic bath at 50° for 10 min, rotate the flask
occasionally to avoid having the material stick to the glass surface, and continue until the
material is dispersed with no lumps. Add 5 mL of tetrahydrofuran, 40 mL of dehydrated
alcohol, and mix. Place in an ultrasonic bath for about 1 min. Cool to room temperature,
and dilute with tert-butyl methyl ether to volume. Shake vigorously, then allow the
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precipitate to settle. Filter the supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 472 nm
Column: 4.6-mm × 25-cm, 5-µm packing L62; second column connected in series, 4.6mm × 25-cm, 3-µm packing L62. [Note—New columns may require conditioning.]
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for all-E-lycopene and 5Z-lycopene are 1.0 and about
1.07, respectively.]
Suitability requirements
Resolution: NLT 1.0 between all-E-lycopene and 5Z-lycopene
Tailing factor: 0.8–2.0 for all-E-lycopene
Relative standard deviation: NMT 2.0% for all-E-lycopene
Analysis
Sample: Relevant Sample solution
Calculate the percentage of all-E-lycopene in the portion of Preparation taken:
Result = (rE/rT) × 100
rE = peak response of the all-E-lycopene isomer
rT = sum of all the peak responses
Acceptance criteria: NLT 65.0% of all-E-lycopene
Calculate the percentage of the 5Z-lycopene isomer in the portion of Preparation taken:
Result = (r5Z/rT) × 100
r5Z = peak response for the 5Z-lycopene isomer
rT = sum of the responses of all the peaks
Acceptance criteria: NMT 23.0% of the 5Z-lycopene isomer
Calculate the percentage of related compounds in the portion of Preparation taken:
Result = (rS/rT) × 100
rS = sum of the responses of all peaks except the peak for all-E-lycopene and the peak
for 5Z-lycopene
rT = sum of the responses of all the peaks
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Acceptance criteria: NMT 14% of other related compounds calculated as lycopene
SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 8.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers under inert gas. Store
the oily Preparation in a cool place and the solid Preparation at controlled room
temperature.
• Labeling: Label it to state the name and content of added antioxidants and inert
substances. Label it to indicate whether the article is prepared with lycopene from natural
sources or with synthetic lycopene. If prepared with lycopene from natural sources, label it
to indicate the natural source, including its Latin binomial.
Change to read:
• USP Reference Standards 〈11〉
USP Lycopene
Preparation USP42
RS
Recent Official Publications:
USP41–NF36 Page 4747
BRIEFING
Tomato Extract Containing Lycopene, USP 40 page 7084. On the basis of comments
received, the following changes are proposed:
1. Streamline the test for Content of Lycopene by removing Standard solution A and
Standard solution B, which were used as the alternative to Standard solution C.
2. Streamline the test for Content of Other Carotenoids and Tocopherols (Phytofluene,
Phytoene, Beta Carotene, and Tocopherols) by removing Standard solution A and
Standard solution B.
3. Change Standard solution C to Standard solution throughout.
4. Change the Relative standard deviation requirement for the lycopene peak from NMT
1.5% to NMT 2.0% in the test for Content of Lycopene.
5. In the test for Absence of Specified Microorganisms, a reference to the Test for
Absence of Staphylococcus aureus is added to correct a previous erroneous reference.
6. Remove the USP Lycopene RS from the USP Reference Standards section because it is
no longer needed.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BDSHM: H. Dinh.)
Correspondence Number—C193866
Comment deadline: March 31, 2018
Tomato Extract Containing Lycopene
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DEFINITION
Tomato Extract Containing Lycopene is an ethyl acetate extract of the natural tomato lipids.
It is produced from the pulp of ripe fruits of Lycopersicon esculentum Mill. (Fam.
Solanaceae), after removing the tomato water-soluble fraction. It contains NLT 95.0% and
NMT 105.0% of the labeled amount of lycopene (C40 H56 ). It contains NLT 4.7% and NMT
12.0% of lycopene, NLT 0.8% of the combined amount of phytofluene (C40 H62 ) and
phytoene (C40 H64 ), NLT 0.2% of beta carotene (C40 H56 ), and NLT 1.0% of tocopherols
(C28 H48 O2 ) on the anhydrous basis. Tocopherols may be added as antioxidants.
IDENTIFICATION
Change to read:
• A. Presence of Lycopene, Phytofluene, and Phytoene
Analysis: Proceed as directed in the test for Content of Other Carotenoids and
Tocopherols.
Acceptance criteria: The retention times of the lycopene, phytofluene, and phytoene
peaks of the Sample solution correspond to those of the Standard solution C
USP42

.
• B. Ratio of all-E-Lycopene and 5Z-Lycopene
Butylated hydroxytoluene stock solution: Prepare as directed in the test for Content of
Lycopene.
Mobile phase: 0.05% diisopropylethylamine in n-hexane; sonicate for 3–4 min
Sample solution: Prepare as directed in the test for Content of Lycopene, except dilute
with n-hexane (5:100)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV-Vis 472 nm
Column: Two 4.0-mm × 25-cm; 5-µm packing L3 (300- Å pore size), connected in a
series
Column temperature: 22°
Flow rate: 0.5 mL/min
Injection volume: 10 µL
[Note—The peak for all-E-lycopene elutes in 30–45 min.]
[Note—The relative retention times for all-E-lycopene and 5Z-lycopene are 1.00 and in
the range of 1.04–1.10, respectively.]
Analysis
Sample: Sample solution
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Measure the areas of the two major peaks, and calculate their area ratio:
Result = rU1/rU2
rU1 = peak area of 5Z-lycopene
rU2 = peak area of all-E-lycopene
Acceptance criteria: NMT 0.10 for the area ratio
COMPOSITION
Change to read:
• Content of Lycopene
Butylated hydroxytoluene stock solution: 5 mg/mL of butylated hydroxytoluene in
methylene chloride. [Note—This solution can be stored protected from light for up to 3
months.]
Mobile phase: Acetonitrile, methylene chloride, n-hexane, and methanol (850:25:25:100).
Add 0.05% of diisopropylethylamine, mix, and sonicate for 3–4 min.
Diluent: Acetonitrile, methylene chloride, n-hexane, butylated hydroxytoluene, and
methanol (600: 150: 100: 0.5: 150). Add 0.05% of diisopropylethylamine, mix, and
sonicate for 3–4 min.
Standard solution A: Transfer a weighed quantity of USP Lycopene RS, equivalent to
approximately 5 mg of lycopene, to a 100-mL volumetric flask. Add about 60 units of
bacterial alkaline protease preparation, or another suitable enzyme, and about 25 mg of
butylated hydroxytoluene. Add 2.5 mL of dilute ammonium hydroxide (2 in 100) in water,
mix, and place in an ultrasonic bath at 50° for 10 min, rotating the flask occasionally to
avoid having the material stick to the glass surface. Continue until the material is
dispersed with no lumps. Add 5 mL of tetrahydrofuran, and shake until no colored
precipitate remains. Add another portion of 2 mL of tetrahydrofuran and 40 mL of Diluent,
and shake until the mixture is homogeneous. Dilute with Diluent to volume, shake
vigorously, and allow to stand, if necessary, until the solid has settled.
Calculate the exact concentration of this solution by the following method.
Standard solution B: To 2.0 mL of Standard solution A add 10 mL of alcohol and 10 mL of
Butylated hydroxytoluene stock solution, and dilute with n-hexane to 100 mL. Prepare in
triplicate.
Determine the absorbance of Standard solution B at the maximum absorbance at about 472
nm, using a mixture of alcohol, Butylated hydroxytoluene stock solution, and n-hexane
(10:10:80) as the blank.
Calculate the concentration of Standard solution A, in µg/mL, of lycopene:
Result = (AX/F) × 50,000
AX = average of the absorbance of the three preparations of Standard solution B
F = absorptivity of pure lycopene in n-hexane at 472 nm, 345
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USP42

Standard solution C
USP42

: Transfer a weighed quantity of USP Tomato Extract Containing Lycopene RS, equivalent
to about 6 mg of lycopene, to a 100-mL volumetric flask, and dissolve in 1 mL of Butylated
hydroxytoluene stock solution and 9 mL of methylene chloride using a sonicator. Dilute
with Diluent to volume to obtain a solution with a known concentration of about 0.06
mg/mL of lycopene.
Sample stock solution: Warm the Tomato Extract Containing Lycopene to 50° in a water
bath. Mix well with a glass rod or a spatula. Weigh and dissolve a quantity of 1–1.2 g of
the sample in 10 mL of Butylated hydroxytoluene stock solution and 30 mL of methylene
chloride. Sonicate the solution for 1 min to dissolve the sample completely. Cool to room
temperature, and dilute with methylene chloride to 100 mL.
Sample solution: Dilute the Sample stock solution with Diluent (1 in 10).
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV-Vis 472 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 39 ± 1°
Flow rate: 0.7 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution A
USP42

[Note—The retention time for lycopene is about 6 min.]
Suitability requirements
Relative standard deviation: NMT 1.5%
2.0% USP42
for the lycopene peak area
Analysis
Samples: Standard solutionA or Standard solution C
USP42

and Sample solution
Measure the responses of the major lycopene peaks.
Calculate the percentage of lycopene in the portion of Tomato Extract Containing Lycopene
taken:
Result = (rU/rS) × CS × (V/W) × D × 100
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rU = peak area of lycopene from the Sample solution
rS = peak area of lycopene from the Standard solution A or Standard solution C
USP42

CS = concentration of lycopene in the Standard solution A or Standard solution C (µg/mL)
Standard solution (mg/mL) USP42
V = volume of the Sample stock solution (mL)
W = weight of Tomato Extract Containing Lycopene taken to prepare the Sample stock
solution (mg)
D = dilution factor used to prepare the Sample solution from the Sample stock solution
Acceptance criteria: 95.0%–105.0% of the labeled amount of lycopene; 4.7%–12.0% of
lycopene
Change to read:
• Content of Other Carotenoids and Tocopherols (Phytofluene, Phytoene, Beta
Carotene, and Tocopherols)
Butylated hydroxytoluene stock solution, Diluent, Standard solution A, Standard
solution B, Standard solution C,
USP42

, and Sample solution: Prepare as directed in the test for Content of Lycopene.
Mobile phase: Acetonitrile, methylene chloride, n-hexane, and methanol (19:1:1:19). Add
0.05% of diisopropylethylamine, mix, and sonicate for 3–4 min.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV-Vis; 472 nm for lycopene; 450 nm for beta carotene; 350 nm for
phytofluene; and 288 nm for phytoene and tocopherol
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 39 ± 1°
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution C
USP42

[Note—The relative retention times are about 0.6 for the tocopherol isomers, 1.0 for
all-E-lycopene, 1.5–1.7 for the beta carotene isomers, 1.6–1.8 for the phytofluene
isomers, and 1.8–2.2 for phytoene.]
Suitability requirements
Relative standard deviation: NMT 2%
2.0% USP42
for all-E-lycopene
Chromatogram similarity: The chromatogram of the Standard solution C

PF 44(1): Jan.-Feb. 2018

591

USP42

is similar to the reference chromatogram provided with the lot of USP Tomato Extract
Containing Lycopene RS being used.
Analysis
Samples: Standard solution A
USP42

and Sample solution
Identify the locus of the peaks of the lycopene isomers, beta carotene isomers, phytofluene
isomers, and phytoene by comparison with the reference chromatogram provided with the
corresponding lot of USP Tomato Extract Containing Lycopene RS. Measure the sum of the
peak responses of the lycopene isomers at 472 nm in the Standard solution A
USP42

. [Note—The lycopene isomers may be resolved in more than one peak in this
chromatographic system.] In the Sample solution, measure the sum of the peak responses
of the beta carotene isomers at 450 nm, the sum of the peak responses of the
phytofluene isomers at 350 nm, the peak response of phytoene at 288 nm, and the sum of
the peak responses of all tocopherols at 288 nm.
Determine the concentration of Standard solution A as directed in the test for Content of
Lycopene.
USP42

Calculate the percentage of beta carotene in the portion of Tomato Extract Containing
Lycopene taken:
Result = (rU/rS) × CS × (V/W) × D × F × 100
rU = sum of the peak responses of the beta carotene isomers at 450 nm from the Sample
solution
rS = peak area of lycopene at 472 nm from the Standard solution A
USP42

CS = concentration of lycopene in the Standard solution A (µg/mL)
Standard solution (mg/mL) USP42
V = volume of the Sample stock solution (mL)
W = weight of Tomato Extract Containing Lycopene taken to prepare the Sample stock
solution (mg)
D = dilution factor used to prepare the Sample solution from the Sample stock solution
F = absorptivity ratio of pure lycopene to pure beta carotene, 345/259.2
Calculate the percentage of phytofluene in the portion of Tomato Extract Containing
Lycopene taken:
Result = (rU/rS) × CS × (V/W) × D × F × 100
rU = sum of the peak responses of the phytofluene isomers at 350 nm from the Sample
solution
rS = sum of the peak responses of the lycopene isomers at 472 nm from the Standard
solution A
USP42
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CS = concentration of lycopene in the Standard solution A (µg/mL)
Standard solution (mg/mL) USP42
V = volume of the Sample stock solution (mL)
W = weight of Tomato Extract Containing Lycopene taken to prepare the Sample stock
solution (mg)
D = dilution factor used to prepare the Sample solution from the Sample stock solution
F = absorptivity ratio of pure lycopene to pure phytofluene, 345/135
Calculate the percentage of phytoene in the portion of Tomato Extract Containing Lycopene
taken:
Result = (rU/rS) × CS × (V/W) × D × F × 100
rU = area of the phytoene peak response at 288 nm from the Sample solution
rS = sum of the peak responses of the lycopene isomers at 472 nm from the Standard
solution A
USP42

CS = concentration of lycopene in the Standard solution A (µg/mL)
Standard solution (mg/mL) USP42
V = volume of the Sample stock solution (mL)
W = weight of Tomato Extract Containing Lycopene taken to prepare the Sample stock
solution (mg)
D = dilution factor used to prepare the Sample solution from the Sample stock solution
F = absorptivity ratio of pure lycopene to pure phytoene, 345/125
Calculate the percentage of tocopherols in the portion of Tomato Extract Containing
Lycopene taken:
Result = (rU/rS) × CS × (V/W) × D × F × 100
rU = sum of the peak responses of all the tocopherol peaks at 288 nm from the Sample
solution
rS = sum of the peak responses of the lycopene isomers at 472 nm from the Standard
solution A
USP42

CS = concentration of lycopene in the Standard solution A (µg/mL)
Standard solution (mg/mL) USP42
V = volume of the Sample stock solution (mL)
W = weight of Tomato Extract Containing Lycopene taken to prepare the Sample stock
solution (mg)
D = dilution factor used to prepare the Sample solution from the Sample stock solution
F = absorptivity ratio of pure lycopene to the average absorptivity of tocopherols,
345/8.5
Acceptance criteria: NLT 0.8% of the combined amount of phytofluene (C40 H62 ) and
phytoene (C40 H64 ); NLT 0.2% of beta carotene (C40 H56 ); and NLT 1.0% of tocopherols
(C28 H48 O2 ) on the anhydrous basis
CONTAMINANTS
Delete the following:
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• Heavy Metals, Method II〈231〉: NMT 10 µg/g (O fficial 1-Jan-2018)
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: NMT 4 ng/g of total aflatoxins B1, B2,
G1, and G2; NMT 2 ng/g of aflatoxin B1
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count does not exceed 103
cfu/g, and the total combined molds and yeasts count does not exceed 2 × 102 cfu/g.
Change to read:
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species, Test for Absence of Escherichia coli, and Test for Absence of
Pseudomonas aeruginosa
Staphylococcus aureus USP42
: Meets the requirements
SPECIFIC TESTS
• Clarity of Solution
Analysis: Warm the sample to 50° in a water bath. Mix well with a glass rod or a spatula,
and transfer 1 g of the Extract directly into a 100-mL volumetric flask. Add 50 mL of
methylene chloride, and sonicate the solution for 1 min to completely dissolve the sample.
Bring to room temperature, and dilute with methylene chloride to volume.
Acceptance criteria: The solution is clear: no deposit or turbidity is formed.
• Viscosity—Rotational Methods 〈912〉
Analysis: Equilibrate the Tomato Extract Containing Lycopene at 37° in a 30-mL glass vial.
Determine the viscosity using a rotational viscometer equipped with a spindle (No. 6)
having a cylinder, 1.47 cm in diameter and 0.16 cm high, attached to a shaft 0.32 cm in
diameter, with a distance of 3.02 cm from the top of the cylinder to the lower tip of the
shaft. The spindle is rotating at the appropriate speed and immersion depth to obtain a
scale reading of 10%–90% of full scale. Calculate the viscosity, in centipoises, by
multiplying the scale reading by the constant for the spindle and speed used.
Acceptance criteria: NMT 5000 centipoises
• Water Determination 〈921〉, Method I, Method Ia: NMT 0.8%
• Particle Size Distribution
(See Optical Microscopy 〈776〉.)
Analysis: Transfer 1 drop to a microscope slide, and spread evenly. Isopropanol may be
used as a diluent, if necessary. Examine the slide under a microscope equipped with a
calibrated ocular micrometer, using 450X magnification. Scan the slide, and note the size
of the individual particles.
Acceptance criteria: NLT 98% of the particles are less than 20 µm in length when
measured along the longest axis; NLT 60% of the particles are less than 5 µm; and NLT
40% of the particles are less than 2 µm.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store in a cool
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place.
• Labeling: Label it to state the content of lycopene as a percentage and to state that the
material should be heated to 50° and mixed before use. Label it to indicate the Latin
binomial and the part of the plant from which the article is derived.
Change to read:
• USP Reference Standards 〈11〉
USP Lycopene RS
USP42

USP Tomato Extract Containing Lycopene RS
Recent Official Publications:
USP41–NF36 Page 4748
BRIEFING
Tienchi Ginseng Root and Rhizome, USP 40 page 7213. In this issue of PF, a revision of
Articles of Botanical Origin 〈561〉, Test for Aflatoxins is proposed to replace the USP Aflatoxin RS
with an Aflatoxin Standard Solution prepared from commercial standards. To be consistent with
these changes, it is proposed to remove the USP Aflatoxin RS from the USP Reference
Standards section of this monograph. Other proposed changes include:
1. In the Identification section, change the composition of the HPTLC developing solvent
(methylene chloride, dehydrated alcohol, and water) from 70: 45: 6.5 to 60: 45: 6.5.
2. In the test for Content of Ginsenosides, change the solvent used to prepare Standard
solution A from 100% methanol to methanol and water (7:3).
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BDSHM: M. Monagas.)
Correspondence Number—C196390
Comment deadline: March 31, 2018
Tienchi Ginseng Root and Rhizome
DEFINITION
Tienchi Ginseng Root and Rhizome consists of the dried roots and rhizomes of Panax
notoginseng (Burkill) F.H. Chen ex C.Y. Wu & K.M. Feng (Fam. Araliaceae) collected before
flowering in autumn. It contains NLT 5.0% of total ginsenosides calculated on the dried
basis as the sum of notoginsenoside R1 (C47 H80 O18 ), ginsenoside Rg1 (C42 H72 O14 ),
ginsenoside Re (C48 H82 O18 ), ginsenoside Rb1 (C54 H92 O23 ), and ginsenoside Rd (C48 H82 O18 ).
IDENTIFICATION
Delete the following:
• A. It meets the requirements in Specific Tests for Botanic Characteristics.
Change to read:

USP42
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• B. Thin-Layer Chromatography
A. HPTLC for Articles of Botanical Origin 〈203〉 USP42
Standard solution A: 0.5 mg/mL of USP Ginsenoside Rg1 RS in methanol
Standard solution B: 10 mg/mL of USP Panax notoginseng Root and Rhizome Dry Extract
RS in methanol. Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate about 0.2 g of Tienchi Ginseng Root and Rhizome, finely
powdered, in 5 mL of methanol for 20 min. Centrifuge, and use the supernatant. [Note
—The Sample solution is stable for 6 h at room temperature.]
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)

USP42

Adsorbent: Silica gel, precoated plates, with fluorescence indicator F 254, for HPTLC, size
20 × 10 cm
Application volume: 4 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: Methylene chloride, dehydrated alcohol, and water (70:
45: 6.5)
(60: 45: 6.5) USP42
Developing distance: 6–8 cm
Derivatization reagent: A solution of 10% sulfuric acid in alcohol. Prepare fresh. Keep
alcohol cold over ice. Carefully and gradually add sulfuric acid.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable HPTLC plate, and dry in air. Develop the
chromatograms in a saturated chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat at 105° for 5–10 min, and examine immediately
under white light and under UV light at 366 nm.
System suitability
Under white light: The chromatogram of Standard solution B exhibits five main reddishviolet bands in the following order with increasing RF: a band in the lower-third section
due to ginsenoside Rb1; three less intense bands clearly separated in the middle-third
section—the lower due to ginsenoside Rd, the middle due to ginsenoside Re, and the
upper due to notoginsenoside R1; and a band at an RF corresponding to ginsenoside Rg1
in Standard solution A. The two most intense bands are due to ginsenoside Rb1 and
ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of Standard solution B exhibits bands in
the following order with increasing RF: a blue fluorescent band in the lower-third section
due to ginsenoside Rb1; three less intense bands clearly separated in the middle-third
section—the lower due to ginsenoside Rd, the middle due to ginsenoside Re, and the
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upper due to notoginsenoside R1 (the band due to ginsenoside Rd is blue fluorescent,
while the other two bands are pinkish violet); and a pinkish-violet band at an RF
corresponding to ginsenoside Rg1 in Standard solution A. The two most intense bands
are due to ginsenoside Rb1 and ginsenoside Rg1.
Acceptance criteria
Under white light: The chromatogram of the Sample solution exhibits five main reddishviolet bands corresponding in RF to similar bands in Standard solution B. These bands
appear in the following order of increasing RF: a band in the lower-third section due to
ginsenoside Rb1; three less intense bands clearly separated in the middle-third section
due to ginsenoside Rd, ginsenoside Re, and notoginsenoside R1, respectively; and a
band at an RF corresponding to ginsenoside Rg1 in Standard solution A. The two most
intense bands are due to ginsenoside Rb1 and ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of the Sample solution exhibits the
following bands, with increasing RF, corresponding to similar bands in Standard solution
B: a blue fluorescent band in the lower-third section due to ginsenoside Rb1; three less
intense bands clearly separated in the middle-third section due to ginsenoside Rd,
ginsenoside Re, and notoginsenoside R1, respectively (the band due to ginsenoside Rd is
blue fluorescent, while the other two bands are pinkish violet); and a pinkish-violet band
at an RF corresponding to ginsenoside Rg1 in Standard solution A. The two most intense
bands are due to ginsenoside Rb1 and ginsenoside Rg1.
Change to read:
• C.
B. USP42
UHPLC
Analysis: Proceed as directed in Content of Ginsenosides.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at the
retention times corresponding to notoginsenoside R1
(a distinction from P. ginseng and P. quinquefolius), USP42
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd in Standard solution
B. The two most intense peaks are due to ginsenoside Rg1 and ginsenoside Rb1. The
content of notoginsenoside R1 is NLT 0.6% as determined in Composition.
COMPOSITION
Change to read:
• Content of Ginsenosides
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0
2.4
3.5
4.2
5.0
5.1
6.0
6.1
7.5

Table 1
Solution A
(%)
83
80
70
69
58
0
0
83
83

Solution B
(%)
17
20
30
31
42
100
100
17
17

Solvent: Methanol and water (7:3)
Standard solution A: 0.04 mg/mL of USP Ginsenoside Rg1 RS in methanol
Solvent USP42
Standard solution B: 3.0 mg/mL of USP Panax notoginseng Root and Rhizome Dry Extract
RS in Solvent. Sonicate for about 10 min, centrifuge, and use the supernatant. Before
injection, pass through a polytetrafluoroethylene (PTFE) filter of 0.2-µm pore size., and
discard the first portion of the filtrate.
USP42

Sample solution: Transfer 0.3 g of
finely powdered USP42
Tienchi Ginseng Root and Rhizome (capable of passing through a 250-µm sieve),
accurately weighed, to a 50-mL centrifuge tube. Add 10 mL of Solvent, and sonicate for
10 min. Centrifuge, and transfer the supernatant to a 25-mL volumetric flask. Repeat this
extraction two more times, each with 5 mL of Solvent. Combine the extracts in the
volumetric flask, dilute with Solvent to volume, and mix. Before injection, pass through a
PTFE filter of 0.2-µm pore size, and discard the first portion of the filtrate. [Note—The
Sample solution is stable for 24 h at room temperature.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: UHPLC
Detector: UV 203 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1 (similar to Kinetex™ C18 100 Å)
USP42

Column temperature: 30 ± 1°
Flow rate: 0.8 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
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Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Panax notoginseng Root and
Rhizome Dry Extract RS being used.
Resolution: NLT 1.5 between the ginsenoside Rg1 and ginsenoside Re peaks, Standard
solution B
Tailing factor: NMT 2.0 for the ginsenoside Rg1 peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined from the ginsenoside Rg1 peak in
repeated injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Panax notoginseng Root and Rhizome Dry
Extract RS being used, identify the retention times of the peaks corresponding to relevant
ginsenosides in the Sample solution.
Separately calculate the percentage of each of the ginsenosides in the portion of Tienchi
Ginseng Root and Rhizome taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of ginsenoside Rg1 from Standard solution A
CS = concentration of USP Ginsenoside Rg1 RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Tienchi Ginseng Root and Rhizome taken to prepare the Sample solution
(mg)
F = conversion factor for the relevant analyte (see Table 2)
Table 2
Analyte
Notoginsenoside R1
Ginsenoside Rg1
Ginsenoside Re
Ginsenoside Rb1
Ginsenoside Rd

Conversion
Factor
1.09
1.00
1.02
1.26
1.03

Calculate the content of ginsenosides as the sum of the percentages of notoginsenoside R1,
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd.
Acceptance criteria: NLT 5.0% on the dried basis
CONTAMINANTS
Change to read:
• Elemental Impurities—Procedures 〈233〉
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Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements,
except for: USP42
Acceptance criteria
USP42

Arsenic: NMT 3.0 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 0.2 µg/g
USP42

Change to read:
• Articles of Botanical Origin 〈561〉, General Method for Pesticide Residues Analysis
Pesticide Residue Analysis USP42
: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic
Root: Subconical or cylindrical; 1–6 cm long, 1–4 cm in diameter; externally grayish brown
or grayish yellow; showing interrupted longitudinal wrinkles, scars of rootlets, and scar
of the stem at the apex surrounded by irregular-shaped protrusions; texture heavy and
compact, fracture grayish green, yellowish green, or grayish white
Rootlets: Cylindrical or conical; 2–6 cm long, the upper end 0.8 cm in diameter, the lower
end 0.3 cm in diameter
Rhizomes: Irregular lumps; showing several stem scars and annulations; fracture grayish
green or grayish white in the center and deep green or gray at the margin
Microscopic
Transverse section: Cork consisting of several rows of radially arranged, thin-walled
cells; phelloderm narrow; layers of parenchyma cells, cluster crystals of calcium oxalate
rare and mostly distributed in parenchyma close to cork; phloem parenchyma showing
resin canals containing yellow brown masses; cambium in a ring sometimes undulant; and
xylem broad, vessels 1–2 rows in groups, arranged radially
Acceptance criteria: Meets the requirements
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USP42

• Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 2.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
2: NLT 16.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method
2: NLT 26.0%
Change to read:
• Loss on Drying 〈731〉
Sample: 1.0 g of Tienchi Ginseng Root and Rhizome, finely powdered
USP42

Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 14%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash
Sample: 4.0 g of Tienchi Ginseng Root and Rhizome, finely powdered
Acceptance criteria: NMT 6%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash
Sample: 4.0 g of Tienchi Ginseng Root and Rhizome, finely powdered
Acceptance criteria: NMT 3.0%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at
controlled USP42
room temperature.
Change to read:
• Labeling: The label states the Latin binomial and,
USP42

following the official name, the parts
USP42

of the plant from which the article was derived.
Change to read:
• USP Reference Standards 〈11〉
USP Aflatoxins RS
USP42

USP Ginsenoside Rg1 RS
USP Panax notoginseng Root and Rhizome Dry Extract RS
Recent Official Publications:
USP41–NF36 Page 4901
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BRIEFING
Tienchi Ginseng Root and Rhizome Powder, USP 40 page 7216. In this issue of PF, a
revision of Articles of Botanical Origin 〈561〉, Test for Aflatoxins is proposed to replace the USP
Aflatoxins RS with an Aflatoxin Standard Solution prepared from commercial standards. To be
consistent with these changes, it is proposed to remove the USP Aflatoxins RS from the USP
Reference Standards section of this monograph. The following revisions are also proposed:
1. In the Identification section, change the composition of the HPTLC developing solvent
(methylene chloride, dehydrated alcohol, and water) from 70: 45: 6.5 to 60: 45: 6.5.
2. In the test for Content of Ginsenosides, changing the solvent use in the preparation of
Standard solution A from 100% methanol to methanol and water (7:3).
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BDSHM: M. Monagas.)
Correspondence Number—C196391
Comment deadline: March 31, 2018
Tienchi Ginseng Root and Rhizome Powder
DEFINITION
Change to read:
Tienchi Ginseng Root and Rhizome Powder consists of the dried roots and rhizomes of Panax
notoginseng (Burkill) F.H. Chen ex C.Y. Wu & K.M. Feng (Fam. Araliaceae), collected before
flowering in autumn and reduced to a
fine or very fine USP42
powder. It contains NLT 5.0% of
total USP42
ginsenosides calculated on the dried basis as the sum of notoginsenoside R1 (C47 H80 O18 ),
ginsenoside Rg1 (C42 H72 O14 ), ginsenoside Re (C48 H82 O18 ), ginsenoside Rb1 (C54 H92 O23 ),
and ginsenoside Rd (C48 H82 O18 ).
IDENTIFICATION
Delete the following:
• A. It meets the requirements in Specific Tests for Botanic Characteristics.

USP42

Change to read:
• B. Thin-Layer Chromatography
A. HPTLC for Articles of Botanical Origin 〈203〉 USP42
Standard solution A: 0.5 mg/mL of USP Ginsenoside Rg1 RS in methanol
Standard solution B: 10 mg/mL of USP Panax notoginseng Root and Rhizome Dry Extract
RS in methanol. Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate about 0.2 g of
Tienchi Ginseng Root and Rhizome USP42
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Powder, finely powdered,
USP42

in 5 mL of methanol for 20 min. Centrifuge, and use the supernatant. [Note—The Sample
solution is stable for 6 h at room temperature.]
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
USP42

Adsorbent: Silica gel, pre-coated plates, with fluorescence indicator F 254 , for HPTLC,
size 20 × 10 cm
Application volume: 4 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: Methylene chloride, dehydrated alcohol, and water (70:
45: 6.5)
(60: 45: 6.5) USP42
Developing distance: 6–8 cm
Derivatization reagent: A solution of 10% sulfuric acid in alcohol. Prepare fresh. Keep
alcohol cold over ice. Carefully and gradually add sulfuric acid.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable HPTLC plate, and dry in air. Develop the
chromatograms in a saturated chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat at 105° for 5–10 min, and examine immediately
under white light and under UV light at 366 nm.
System suitability
Under white light: The chromatogram of Standard solution B exhibits five main reddishviolet bands in the following order with increasing RF: a band in the lower-third section
due to ginsenoside Rb1; three less intense bands clearly separated in the middle-third
section—the lower due to ginsenoside Rd, the middle due to ginsenoside Re, and the
upper due to notoginsenoside R1; and a band at an RF corresponding to ginsenoside Rg1
in Standard solution A. The two most intense bands are due to ginsenoside Rb1 and
ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of Standard solution B exhibits bands in
the following order with increasing RF: a blue fluorescent band in the lower-third section
due to ginsenoside Rb1; three less intense bands clearly separated in the middle-third
section—the lower due to ginsenoside Rd, the middle due to ginsenoside Re, and the
upper due to notoginsenoside R1 (the band due to ginsenoside Rd is blue fluorescent,
while the other two bands are pinkish violet); and a pinkish-violet band at an RF
corresponding to ginsenoside Rg1 in Standard solution A. The two most intense bands
are due to ginsenoside Rb1 and ginsenoside Rg1.
Acceptance criteria
Under white light: The chromatogram of the Sample solution exhibits five main reddish-
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violet bands corresponding in RF to similar bands in Standard solution B. These bands
appear in the following order of increasing RF: a band in the lower-third section due to
ginsenoside Rb1; three less intense bands clearly separated in the middle-third section
due to ginsenoside Rd, ginsenoside Re, and notoginsenoside R1, respectively; and a
band at an RF corresponding to ginsenoside Rg1 in Standard solution A. The two most
intense bands are due to ginsenoside Rb1 and ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of the Sample solution exhibits the
following bands, with increasing RF, corresponding to similar bands in Standard solution
B: a blue fluorescent band in the lower-third section due to ginsenoside Rb1; three less
intense bands clearly separated in the middle-third section due to ginsenoside Rd,
ginsenoside Re, and notoginsenoside R1, respectively (the band due to ginsenoside Rd is
blue fluorescent, while the other two bands are pinkish violet); and a pinkish-violet band
at an RF corresponding to ginsenoside Rg1 in Standard solution A. The two most intense
bands are due to ginsenoside Rb1 and ginsenoside Rg1.
Change to read:
• C.
B. USP42
UHPLC
Analysis: Proceed as directed in Content of Ginsenosides.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at the
retention times corresponding to notoginsenoside R1
(a distinction from P. ginseng and P. quinquefolius), USP42
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd in Standard solution
B. The two most intense peaks are due to ginsenoside Rg1 and ginsenoside Rb1. The
content of notoginsenoside R1 is NLT 0.6% as determined in the test for Composition.
COMPOSITION
Change to read:
• Content of Ginsenosides
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0
2.4
3.5
4.2
5.0
5.1
6.0
6.1
7.5

Table 1
Solution A
(%)
83
80
70
69
58
0
0
83
83

Solution B
(%)
17
20
30
31
42
100
100
17
17

Solvent: Methanol and water (7:3)
Standard solution A: 0.04 mg/mL of USP Ginsenoside Rg1 RS in methanol
Solvent USP42
Standard solution B: 3.0 mg/mL of USP Panax notoginseng Root and Rhizome Dry Extract
RS in Solvent. Sonicate for about 10 min, centrifuge, and use the supernatant. Before
injection, pass through a polytetrafluoroethylene (PTFE) filter of 0.2-µm pore size., and
discard the first portion of the filtrate.
USP42

Sample solution: Transfer 0.3 g of
Tienchi Ginseng Root and Rhizome USP42
Powder (capable of passing through a 250-µm sieve), accurately weighed, to a 50-mL
centrifuge tube. Add 10 mL of Solvent, and sonicate for 10 min. Centrifuge, and transfer
the supernatant to a 25-mL volumetric flask. Repeat this extraction two more times, each
with 5 mL of Solvent. Combine the extracts in the volumetric flask, dilute with Solvent to
volume, and mix. Before injection, pass through a PTFE filter of 0.2-µm pore size, and
discard the first portion of the filtrate. [Note—The Sample solution is stable for 24 h at
room temperature.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: UHPLC
Detector: UV 203 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1 (similar to Kinetex™ C18 100 Å)
USP42

Column temperature: 30 ± 1°
Flow rate: 0.8 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
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Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Panax notoginseng Root and
Rhizome Dry Extract RS being used.
Resolution: NLT 1.5 between the ginsenoside Rg1 and ginsenoside Re peaks, Standard
solution B
Tailing factor: NMT 2.0 for the ginsenoside Rg1 peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined from the ginsenoside Rg1 peak in
repeated injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Panax notoginseng Root and Rhizome Dry
Extract RS being used, identify the retention times of the peaks corresponding to relevant
ginsenosides in the Sample solution.
Separately calculate the percentage of each of the ginsenosides in the portion of
Tienchi Ginseng Root and Rhizome USP42
Powder taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of ginsenoside Rg1 from Standard solution A
CS = concentration of USP Ginsenoside Rg1 RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of
Tienchi Ginseng Root and Rhizome USP42
Powder taken to prepare the Sample solution (mg)
F = conversion factor for the relevant analyte (see Table 2)
Table 2
Analyte
Notoginsenoside R1
Ginsenoside Rg1
Ginsenoside Re
Ginsenoside Rb1
Ginsenoside Rd

Conversion
Factor
1.09
1.00
1.02
1.26
1.03

Calculate the content of ginsenosides as the sum of the percentages of notoginsenoside R1,
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd.
Acceptance criteria: NLT 5.0% on the dried basis
CONTAMINANTS
Change to read:
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• Elemental Impurities—Procedures 〈233〉
Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements,
except for: USP42
Acceptance criteria
USP42

Arsenic: NMT 3.0 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 0.2 µg/g
USP42

Change to read:
• Articles of Botanical Origin 〈561〉, General Method for Pesticide Residues Analysis
Pesticide Residue Analysis USP42
: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
SPECIFIC TESTS
Change to read:
• Botanical Characteristics
Macroscopic: Grayish yellow in color
Microscopic: Fragments of cork cells; fragments of parenchyma cells, crystals of calcium
oxalate clusters rare; fragments of secretory ducts containing yellow secretions; vessels,
scalariform, reticulated and spiral, 15–55 µm in diameter; starch granules fairly abundant,
simple granules spherical, semispherical or round-polygonal, 5–40 µm in diameter;
compound granules of 2–10 or more components; showing a black, cross shape when
examined under a polarizing microscope
Acceptance criteria: Meets the requirements
USP42

• Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 2.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
2: NLT 16.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method
2: NLT 26.0%
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Change to read:
• Loss on Drying 〈731〉
Sample: 1.0 g of Powder, finely powdered
USP42

Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 14%
Change to read:
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash
Sample: 4.0 g of
Tienchi Ginseng Root and Rhizome USP42
Powder, finely powdered,
USP42

Acceptance criteria: NMT 6%
Change to read:
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash
Sample: 4.0 g of
Tienchi Ginseng Root and Rhizome USP42
Powder, finely powdered,
USP42

Acceptance criteria: NMT 3.0%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at
controlled USP42
room temperature.
Change to read:
• Labeling: The label states the Latin binomial and,
USP42

following the official name, the parts
USP42

of the plant contained in the article.
Change to read:
• USP Reference Standards 〈11〉
USP Aflatoxins RS
USP42

USP Ginsenoside Rg1 RS
USP Panax notoginseng Root and Rhizome Dry Extract RS
Recent Official Publications:

607
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USP41–NF36 Page 4903
BRIEFING
Tienchi Ginseng Root and Rhizome Powder Capsules, USP 41 page 4905. On the basis of
comments received, the following changes are proposed:
1. In Identification A, modify the HPTLC Developing solvent system (methylene chloride,
dehydrated alcohol, and water) from 70: 45: 6.5 to 60: 45: 6.5.
2. In the test for Content of Ginsenosides, reduce the strength of the solvent used to
prepare Standard solution A from 100% methanol to methanol and water (70:30).
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BDSHM: N. Davydova.)
Correspondence Number—C198211
Comment deadline: March 31, 2018
Tienchi Ginseng Root and Rhizome Powder Capsules
DEFINITION
Tienchi Ginseng Root and Rhizome Powder Capsules contain Tienchi Ginseng Root and
Rhizome Powder. They contain NLT 5.0% of ginsenosides calculated as the sum of
notoginsenoside R1 (C47 H80 O18 ), ginsenoside Rg1 (C42 H72 O14 ), ginsenoside Re
(C48 H82 O18 ), ginsenoside Rb1 (C54 H92 O23 ), and ginsenoside Rd (C48 H82 O18 ) from the
labeled amount of Tienchi Ginseng Root and Rhizome Powder.
IDENTIFICATION
Change to read:
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.5 mg/mL of USP Ginsenoside Rg1 RS in methanol
Standard solution B: 5 mg/mL of USP Panax notoginseng Root and Rhizome Dry Extract RS
in methanol. Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Transfer a finely powdered portion of the contents of the Capsules,
equivalent to 0.4 g of Tienchi Ginseng Root and Rhizome Powder, to a suitable container,
add 10.0 mL of methanol, and sonicate for 20 min. Centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 4 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: Methylene chloride, dehydrated alcohol, and water (70:
45: 6.5)
(60: 45: 6.5) USP42
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Developing distance: 6 cm
Derivatization reagent: 10% sulfuric acid in alcohol. Prepare fresh. Keep alcohol cold
over ice. Carefully and gradually add sulfuric acid.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable HPTLC plate, and dry in air. Develop in a
saturated chamber, remove the plate from the chamber, and dry in air. Treat the plate
with Derivatization reagent, heat at 105° for 5 min, and examine immediately under white
light and under UV light at 366 nm.
System suitability
Under white light: The chromatogram of Standard solution B exhibits five main reddishviolet bands. A band in the upper-half section corresponding in RF to the band of
ginsenoside Rg1 in Standard solution A; a band in the lower-third section due to
ginsenoside Rb1; three less intense bands clearly separated between the bands of
ginsenoside Rg1 and ginsenoside Rb1—the lower band due to ginsenoside Rd, the middle
due to ginsenoside Re, and the upper due to notoginsenoside R1. The two most intense
bands are due to ginsenoside Rb1 and ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of Standard solution B exhibits a pinkishviolet band at an RF corresponding to the ginsenoside Rg1 band in Standard solution A; a
blue fluorescent band in the lower-third section due to ginsenoside Rb1; three less
intense bands clearly separated between the bands of ginsenoside Rg1 and ginsenoside
Rb1—the lower due to ginsenoside Rd, the middle due to ginsenoside Re, and the upper
due to notoginsenoside R1 (the band due to ginsenoside Rd is blue fluorescent, while the
other two bands are pinkish violet). The two most intense bands in the chromatogram
are due to ginsenoside Rb1 and ginsenoside Rg1.
Acceptance criteria
Under white light: The chromatogram of the Sample solution exhibits five main reddishviolet bands corresponding in RF to similar bands in Standard solution B: a band in the
upper-half section corresponding in RF to ginsenoside Rg1 in Standard solution A; a band
in the lower-third section due to ginsenoside Rb1; three less intense bands clearly
separated between the bands of ginsenoside Rg1 and ginsenoside Rb1—the lower band
due to ginsenoside Rd, the middle due to ginsenoside Re, and the upper due to
notoginsenoside R1. The two most intense bands are due to ginsenoside Rb1 and
ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of the Sample solution exhibits bands
corresponding in RF to similar bands in Standard solution B: a pinkish-violet band at an RF
corresponding to the ginsenoside Rg1 band in Standard solution A; a blue fluorescent
band in the lower-third section due to ginsenoside Rb1; three less intense bands clearly
separated between the bands of ginsenoside Rg1 and ginsenoside Rb1—the lower due to
ginsenoside Rd, the middle due to ginsenoside Re, and the upper due to notoginsenoside
R1 (the band due to ginsenoside Rd is blue fluorescent, while the other two bands are
pinkish violet). The two most intense bands are due to ginsenoside Rb1 and ginsenoside
Rg1.
• B. LC
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Analysis: Proceed as directed in the test for Content of Ginsenosides.
Acceptance criteria: The retention times of the notoginsenoside R1, ginsenoside Rg1,
ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd peaks of the Sample solution
correspond to those of Standard solution B. The two most intense peaks are due to
ginsenoside Rg1 and ginsenoside Rb1.
STRENGTH
Change to read:
• Content of Ginsenosides
Extraction solvent: Methanol and water (70:30)
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
2.4
3.5
4.2
5.0
5.1
6.0
6.1
7.5

Table 1
Solution A
(%)
83
80
70
69
58
0
0
83
83

Solution B
(%)
17
20
30
31
42
100
100
17
17

Standard solution A: 0.04 mg/mL of USP Ginsenoside Rg1 RS in methanol
Extraction solvent. USP42
Sonicate to dissolve, if necessary.
Standard solution B: 3.0 mg/mL of USP Panax notoginseng Root and Rhizome Dry Extract
RS in Extraction solvent. Sonicate for about 10 min, centrifuge, and use the supernatant.
Before injection, pass through a polytetrafluoroethylene (PTFE) membrane filter of 0.2-µm
pore size, and discard the first portion of the filtrate.
Sample solution: Determine the total weight of 20 Capsules. Open the Capsules and
combine their contents in an appropriate container. Weigh the empty Capsule shells and
calculate the average fill weight per Capsule. Thoroughly mix and finely powder the
contents of the Capsules. Transfer a portion of the Capsule contents, equivalent to 0.3 g
of Tienchi Ginseng Root and Rhizome Powder to a 50-mL centrifuge tube. Add 10 mL of
Extraction solvent, and sonicate for 20 min. Centrifuge, and transfer the supernatant to a
25-mL volumetric flask. Repeat this extraction with 10 mL of Extraction solvent, and
sonicate for 10 min. Combine the extracts in a volumetric flask, dilute with Extraction
solvent to volume, and mix. Before injection, pass through a PTFE membrane filter of 0.2µm pore size, and discard the first portion of the filtrate.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 203 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1
Column temperature: 30°
Flow rate: 0.8 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Panax notoginseng Root and
Rhizome Dry Extract RS being used.
Resolution: NLT 1.5 between the ginsenoside Rg1 and ginsenoside Re peaks, Standard
solution B
Relative standard deviation: NMT 2.0%, determined from the ginsenoside Rg1 peak in
repeated injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Panax notoginseng Root and Rhizome Dry
Extract RS being used, identify the peaks corresponding to notoginsenoside R1,
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd in the Sample
solution chromatogram. Measure the areas of the analyte peaks.
Separately calculate the quantity, in mg, of notoginsenoside R1, ginsenoside Rg1,
ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd, in each Capsule:
Result = (rU/rS) × CS × V × F × (Wav/W)
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of ginsenoside Rg1 from Standard solution A
CS = concentration of USP Ginsenoside Rg1 RS in Standard solution A (mg/mL)
V = volume of the Extraction solvent taken to prepare the Sample solution (mL)
F = response factor for the relevant analyte (see Table 2)
Wav = average fill weight per Capsule (mg)
W = weight of the sample taken to prepare the Sample solution (mg)
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Table 2
Analyte
Notoginsenoside R1
Ginsenoside Rg1
Ginsenoside Re
Ginsenoside Rb1
Ginsenoside Rd

Response
Factor
1.09
1.00
1.02
1.26
1.03

Calculate the percentage of ginsenosides, as the sum of notoginsenoside R1, ginsenoside
Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd, of the labeled amount of
Tienchi Ginseng Root and Rhizome Powder in each Capsule:
Result = (ΣQi/L) × 100
Qi = sum of the calculated quantities of ginsenosides (mg)
L = labeled amount of Tienchi Ginseng Root and Rhizome Powder (mg)
Acceptance criteria: NLT 5.0%
PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Disintegration: Meet the requirements
• Weight Variation 〈2091〉: Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and the official name. The label states the
amount of Tienchi Ginseng Root and Rhizome Powder in mg/Capsule.
• USP Reference Standards 〈11〉
USP Ginsenoside Rg1 RS
USP Panax notoginseng Root and Rhizome Dry Extract RS
Recent Official Publications:
USP41–NF36 Page 4905
BRIEFING
Tienchi Ginseng Root and Rhizome Powder Tablets, USP 41 page 4907. On the basis of
comments received, the following changes are proposed:
1. In Identification A, modify the HPTLC Developing solvent system (methylene chloride,
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dehydrated alcohol, and water) from 70: 45: 6.5 to 60: 45: 6.5.
2. In the test for Content of Ginsenosides, reduce the strength of the solvent used to
prepare Standard solution A from 100% methanol to methanol and water (70:30).
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BDSHM: N. Davydova.)
Correspondence Number—C198214
Comment deadline: March 31, 2018
Tienchi Ginseng Root and Rhizome Powder Tablets
DEFINITION
Tienchi Ginseng Root and Rhizome Powder Tablets contain Tienchi Ginseng Root and Rhizome
Powder. They contain NLT 5.0% of ginsenosides calculated as the sum of notoginsenoside
R1 (C47 H80 O18 ), ginsenoside Rg1 (C42 H72 O14 ), ginsenoside Re (C48 H82 O18 ), ginsenoside Rb1
(C54 H92 O23 ), and ginsenoside Rd (C48 H82 O18 ) from the labeled amount of Tienchi Ginseng
Root and Rhizome Powder.
IDENTIFICATION
Change to read:
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.5 mg/mL of USP Ginsenoside Rg1 RS in methanol
Standard solution B: 5 mg/mL of USP Panax notoginseng Root and Rhizome Dry Extract RS
in methanol. Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Transfer a portion of the finely powdered Tablets, equivalent to 0.4 g of
Tienchi Ginseng Root and Rhizome Powder, to a suitable container, add 10.0 mL of
methanol, and sonicate for 20 min. Centrifuge and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 4 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: Methylene chloride, dehydrated alcohol, and water (70:
45: 6.5)
(60:45:6.5) USP42
Developing distance: 6 cm
Derivatization reagent: 10% sulfuric acid in alcohol. Prepare fresh. Keep alcohol cold
over ice. Carefully and gradually add sulfuric acid.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
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Apply the Samples as bands to a suitable HPTLC plate, and dry in air. Develop in a
saturated chamber, remove the plate from the chamber, and dry in air. Treat the plate
with Derivatization reagent, heat at 105° for 5 min, and examine immediately under white
light and under UV light at 366 nm.
System suitability
Under white light: The chromatogram of Standard solution B exhibits five main reddishviolet bands. A band in the upper-half section corresponding in RF to the band of
ginsenoside Rg1 in Standard solution A; a band in the lower-third section due to
ginsenoside Rb1; three less intense bands clearly separated between the bands of
ginsenoside Rg1 and ginsenoside Rb1—the lower band due to ginsenoside Rd, the middle
due to ginsenoside Re, and the upper due to notoginsenoside R1. The two most intense
bands are due to ginsenoside Rb1 and ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of Standard solution B exhibits a pinkishviolet band at an RF corresponding to the ginsenoside Rg1 band in Standard solution A; a
blue fluorescent band in the lower-third section due to ginsenoside Rb1; three less
intense bands clearly separated between the bands of ginsenoside Rg1 and ginsenoside
Rb1—the lower due to ginsenoside Rd, the middle due to ginsenoside Re, and the upper
due to notoginsenoside R1 (the band due to ginsenoside Rd is blue fluorescent, while the
other two bands are pinkish violet). The two most intense bands are due to ginsenoside
Rb1 and ginsenoside Rg1.
Acceptance criteria
Under white light: The chromatogram of the Sample solution exhibits five main reddishviolet bands corresponding in RF to similar bands in Standard solution B: a band in the
upper-half section corresponding in RF to the band of ginsenoside Rg1 in Standard
solution A; a band in the lower-third section due to ginsenoside Rb1; three less intense
bands clearly separated between the bands of ginsenoside Rg1 and ginsenoside Rb1—
the lower band due to ginsenoside Rd, the middle due to ginsenoside Re, and the upper
due to notoginsenoside R1. The two most intense bands are due to ginsenoside Rb1 and
ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of the Sample solution exhibits bands
corresponding in RF to similar bands in Standard solution B: a pinkish-violet band at an RF
corresponding to the ginsenoside Rg1 band in Standard solution A; a blue fluorescent
band in the lower-third section due to ginsenoside Rb1; three less intense bands clearly
separated between the bands of ginsenoside Rg1 and ginsenoside Rb1—the lower due to
ginsenoside Rd, the middle due to ginsenoside Re, and the upper due to notoginsenoside
R1 (the band due to ginsenoside Rd is blue fluorescent, while the other two bands are
pinkish violet). The two most intense bands are due to ginsenoside Rb1 and ginsenoside
Rg1.
• B. LC
Analysis: Proceed as directed in the test for Content of Ginsenosides.
Acceptance criteria: The retention times of the notoginsenoside R1, ginsenoside Rg1,
ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd peaks of the Sample solution
correspond to those of Standard solution B. The two most intense peaks are due to
ginsenoside Rg1 and ginsenoside Rb1.
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STRENGTH
Change to read:
• Content of Ginsenosides
Extraction solvent: Methanol and water (70:30)
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
2.4
3.5
4.2
5.0
5.1
6.0
6.1
7.5

Table 1
Solution A
(%)
83
80
70
69
58
0
0
83
83

Solution B
(%)
17
20
30
31
42
100
100
17
17

Standard solution A: 0.04 mg/mL of USP Ginsenoside Rg1 RS in methanol
Extraction solvent. USP42
Sonicate to dissolve, if necessary.
Standard solution B: 2.0 mg/mL of USP Panax notoginseng Root and Rhizome Dry Extract
RS in Extraction solvent. Sonicate for about 10 min, centrifuge, and use the supernatant.
Before injection, pass through a polytetrafluoroethylene (PTFE) membrane filter of 0.2-µm
pore size and discard the first portion of the filtrate.
Sample solution: Weigh NLT 20 Tablets, determine the average Tablet weight, and finely
powder. Transfer a portion of finely powdered Tablets, equivalent to 0.3 g of Tienchi
Ginseng Root and Rhizome Powder to a 50-mL centrifuge tube. Add 10 mL of Extraction
solvent, and sonicate for 20 min. Centrifuge, and transfer the supernatant to a 25-mL
volumetric flask. Repeat this extraction with 10 mL of Extraction solvent, and sonicate for
10 min. Combine the extracts in a volumetric flask, dilute with Extraction solvent to
volume, and mix. Before injection, pass through a PTFE membrane filter of 0.2-µm pore
size, and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 203 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1
Column temperature: 30°
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Flow rate: 0.8 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Panax notoginseng Root and
Rhizome Dry Extract RS being used.
Resolution: NLT 1.5 between the ginsenoside Rg1 and ginsenoside Re peaks, Standard
solution B
Relative standard deviation: NMT 2.0%, determined from the ginsenoside Rg1 peak in
repeated injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Panax notoginseng Root and Rhizome Dry
Extract RS being used, identify the peaks corresponding to notoginsenoside R1,
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd in the Sample
solution.
Separately calculate the quantity, in mg, of notoginsenoside R1, ginsenoside Rg1,
ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd in each Tablet:
Result = (rU/rS) × CS × V × F × (Wav/W)
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of ginsenoside Rg1 from Standard solution A
CS = concentration of USP Ginsenoside Rg1 RS in Standard solution A (mg/mL)
V = volume of the Extraction solvent taken to prepare the Sample solution (mL)
F = response factor for the relevant analyte (see Table 2)
Wav = average Tablet weight (mg)
W = weight of the sample taken to prepare the Sample solution (mg)
Table 2
Analyte
Notoginsenoside R1
Ginsenoside Rg1
Ginsenoside Re
Ginsenoside Rb1
Ginsenoside Rd

Response
Factor
1.09
1.00
1.02
1.26
1.03

Calculate the percentage of ginsenosides, as the sum of notoginsenoside R1, ginsenoside
Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd, of the labeled amount of
Tienchi Ginseng Root and Rhizome Powder in each Tablet:
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Result = (ΣQi/L) × 100
Qi = sum of the calculated quantities of ginsenosides (mg)
L = labeled amount of Tienchi Ginseng Root and Rhizome Powder (mg)
Acceptance criteria: NLT 5.0%
PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Disintegration: Meet the requirements
• Weight Variation 〈2091〉: Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and the official name. The label states the
amount of Tienchi Ginseng Root and Rhizome Powder in mg/Tablet.
• USP Reference Standards 〈11〉
USP Ginsenoside Rg1 RS
USP Panax notoginseng Root and Rhizome Dry Extract RS
Recent Official Publications:
USP41–NF36 Page 4907
BRIEFING
Tienchi Ginseng Root and Rhizome Dry Extract, USP 40 page 7221. In this issue of PF, a
revision of Articles of Botanical Origin 〈561〉, Test for Aflatoxins is proposed to replace the USP
Aflatoxins RS by an Aflatoxin Standard Solution prepared from commercial standards. To be
consistent with these changes, it is proposed to remove the USP Aflatoxins RS from the USP
Reference Standards section of this monograph. Other proposed changes include:
1. In the Identification section, change the composition of the HPTLC developing solvent
(methylene chloride, dehydrated alcohol, and water) from 70: 45: 6.5 to 60: 45: 6.5.
2. In the test for Content of Ginsenosides, change the solvent used in the preparation of
Standard solution A from 100% methanol to methanol and water (7:3).
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BDSHM: M. Monagas.)
Correspondence Number—C196392
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Comment deadline: March 31, 2018
Tienchi Ginseng Root and Rhizome Dry Extract
DEFINITION
Tienchi Ginseng Root and Rhizome Dry Extract is prepared from the dried roots and rhizomes
of Panax notoginseng (Burkill) F.H. Chen ex C.Y. Wu & K.M. Feng (Fam. Araliaceae),
collected before flowering in autumn, by extraction with hydroalcoholic mixtures. It contains
NLT 90.0%–110.0% of the labeled amount of ginsenosides calculated on the dried basis as
the sum of notoginsenoside R1 (C47 H80 O18 ), ginsenoside Rg1 (C42 H72 O14 ), ginsenoside Re
(C48 H82 O18 ), ginsenoside Rb1 (C54 H92 O23 ), and ginsenoside Rd (C48 H82 O18 ).
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatography
HPTLC for Articles of Botanical Origin 〈203〉 USP42
Standard solution A: 0.5 mg/mL of USP Ginsenoside Rg1 RS in methanol
Standard solution B: 10 mg/mL of USP Panax notoginseng Root and Rhizome Dry Extract
RS in methanol. Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Sonicate about 50 mg of Dry Extract, finely powdered, in 5 mL of
methanol for 10 min. Centrifuge, and use the supernatant. [Note—The Sample solution is
stable for 6 h at room temperature.]
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)

USP42

Adsorbent: Silica gel, pre-coated plates with flourescence indicator, F 254 , for HPTLC,
size 20 × 10 cm
Application volume: 4 µL, as 8-mm bands.
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: Methylene chloride, dehydrated alcohol, and water (70:
45: 6.5)
(60: 45: 6.5) USP42
Developing distance: 6–8 cm
Derivatization reagent: A solution of 10% sulfuric acid in alcohol. Prepare fresh. Keep
alcohol cold over ice. Carefully and gradually add sulfuric acid.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable HPTLC plate, and dry in air. Develop the
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chromatograms in a saturated chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat at 105° for 5–10 min, and examine immediately
under white light and under UV light at 366 nm.
System suitability
Under white light: The chromatogram of Standard solution B exhibits five main reddishviolet bands in the following order with increasing RF: a band in the lower-third section
due to ginsenoside Rb1; three less intense bands clearly separated in the middle-third
section—the lower due to ginsenoside Rd, the middle due to ginsenoside Re, and the
upper due to notoginsenoside R1; and a band at an RF corresponding to ginsenoside Rg1
in Standard solution A. The two most intense bands are due to ginsenoside Rb1 and
ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of Standard solution B exhibits bands in
the following order with increasing RF: a blue fluorescent band in the lower-third section
due to ginsenoside Rb1; three less intense bands clearly separated in the middle-third
section—the lower due to ginsenoside Rd, the middle due to ginsenoside Re, and the
upper due to notoginsenoside R1 (the band due to ginsenoside Rd is blue fluorescent,
while the other two bands are pinkish violet); and a pinkish-violet band at an RF
corresponding to ginsenoside Rg1 band in Standard solution A. The two most intense
bands are due to ginsenoside Rb1 and ginsenoside Rg1.
Acceptance criteria
Under white light: The chromatogram of the Sample solution exhibits five main reddishviolet bands corresponding in RF to similar bands in Standard solution B. These bands
appear in the following order of increasing RF: a band in the lower-third section due to
ginsenoside Rb1; three less intense bands clearly separated in the middle-third section
due to ginsenoside Rd, ginsenoside Re, and notoginsenoside R1, respectively; and a
band at an RF corresponding to ginsenoside Rg1 in Standard solution A. The two most
intense bands are due to ginsenoside Rb1 and ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of the Sample solution exhibits the
following bands, with increasing RF, corresponding to similar bands in Standard solution
B: a blue fluorescent band in the lower-third section due to ginsenoside Rb1; three less
intense bands clearly separated in the middle-third section due to ginsenoside Rd,
ginsenoside Re, and notoginsenoside R1, respectively (the band due to ginsenoside Rd is
blue fluorescent, while the other two bands are pinkish violet); and a pinkish-violet band
at an RF corresponding to ginsenoside Rg1 in Standard solution A. The two most intense
bands are due to ginsenoside Rb1 and ginsenoside Rg1.
Change to read:
• B. UHPLC
Analysis: Proceed as directed in Content of Ginsenosides.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at the
retention times corresponding to notoginsenoside R1
(a distinction from P. ginseng and P. quinquefolius), USP42
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd in Standard solution
B. The two most intense peaks are due to ginsenoside Rg1 and ginsenoside Rb1. The
content of notoginsenoside R1 is NLT 0.6% as determined in the Composition.
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USP42

COMPOSITION
Change to read:
• Content of Ginsenosides
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
2.4
3.5
4.2
5.0
5.1
6.0
6.1
7.5

Table 1
Solution A
(%)
83
80
70
69
58
0
0
83
83

Solution B
(%)
17
20
30
31
42
100
100
17
17

Solvent: Methanol and water (7:3)
Standard solution A: 0.04 mg/mL of USP Ginsenoside Rg1 RS in methanol
Solvent USP42
Standard solution B: 3.0 mg/mL of USP Panax notoginseng Root and Rhizome Dry Extract
RS in Solvent. Sonicate for about 10 min, centrifuge, and use the supernatant. Before
injection, pass through a polytetrafluoroethylene (PTFE) filter of 0.2-µm pore size. , and
discard the first portion of the filtrate.
USP42

Sample solution: Transfer 75 mg of Dry Extract (capable of passing through a 250-µm
sieve), accurately weighed, to a 50-mL centrifuge tube. Add 10 mL of Solvent, and
sonicate for 10 min. Centrifuge, and transfer the supernatant to a 25-mL volumetric flask.
Repeat this extraction two more times, each with 5 mL of Solvent. Combine the extracts
in the volumetric flask, dilute with Solvent to volume, and mix. Before injection, pass
through a PTFE filter of 0.2-µm pore size, and discard the first portion of the filtrate.
[Note—The Sample solution is stable for 24 h at room temperature.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: UHPLC
Detector: UV 203 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1 (similar to Kinetex™ C18 100 Å)
USP42
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Column temperature: 30 ± 1°
Flow rate: 0.8 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Panax notoginseng Root and
Rhizome Dry Extract RS being used.
Resolution: NLT 1.5 between the ginsenoside Rg1 and ginsenoside Re peaks, Standard
solution B
Tailing factor: NMT 2.0 for the ginsenoside Rg1 peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined from the ginsenoside Rg1 peak in
repeated injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Panax notoginseng Root and Rhizome Dry
Extract RS being used, identify the retention times of the peaks corresponding to relevant
ginsenosides in the Sample solution.
Separately calculate the percentage of each of the ginsenosides in the portion of Dry
Extract taken:
Result = (rU/rS) × (CS/CU)
CS × (V/W) USP42
× F × 100
rU
rS
CS
CU

= peak area of the relevant analyte from the Sample solution
= peak area of ginsenoside Rg1 from Standard solution A
= concentration of USP Ginsenoside Rg1 RS in Standard solution A (mg/mL)
= concentration of Dry Extract in the Sample solution (mg/mL)
= volume of the Sample solution (mL)

V
W = weight of Dry Extract taken to prepare the Sample solution (mg)
F = conversion factor for the relevant analyte (see Table 2)

USP42

PF 44(1): Jan.-Feb. 2018

622

Table 2
Analyte
Notoginsenoside R1
Ginsenoside Rg1
Ginsenoside Re
Ginsenoside Rb1
Ginsenoside Rd

Conversion
Factor
1.09
1.00
1.02
1.26
1.03

Calculate the content of ginsenosides as the sum of the percentages of notoginsenoside R1,
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd.
Calculate the percentage of the labeled amount of ginsenosides in the portion of Dry Extract
taken:
Result = (P/L) × 100
P = content of ginsenosides as determined above (%)
L = labeled amount of ginsenosides (%)
Acceptance criteria: 90.0%–110.0% of the labeled amount of ginsenosides calculated on
the dried basis
CONTAMINANTS
Change to read:
• Articles of Botanical Origin 〈561〉, General Method for Pesticide Residues Analysis
Pesticide Residue Analysis USP42
: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 104
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
SPECIFIC TESTS
Change to read:
• Loss on Drying 〈731〉
Sample: 1.0 g of Dry Extract, finely powdered
USP42

Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 5%
ADDITIONAL REQUIREMENTS

PF 44(1): Jan.-Feb. 2018

623

Change to read:
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at
controlled USP42
room temperature.
Change to read:
• Labeling: The label states the Latin binomial and,
USP42

following the official name, the parts
USP42

of the plant from which the article was prepared.
It meets the other labeling requirements in Botanical Extracts 〈565〉.

USP42

Change to read:
• USP Reference Standards 〈11〉
USP Aflatoxins RS
USP42

USP Ginsenoside Rg1 RS
USP Panax notoginseng Root and Rhizome Dry Extract RS
Recent Official Publications:
USP41–NF36 Page 4909
BRIEFING
Tienchi Ginseng Root and Rhizome Dry Extract Capsules, USP 41 page 4910. On the
basis of comments received, the following changes are proposed:
1. In Identification A, modify the HPTLC Developing solvent system (methylene chloride,
dehydrated alcohol, and water) from 70: 45: 6.5 to 60: 45: 6.5.
2. In the test for Content of Ginsenosides, reduce the strength of the solvent used to
prepare Standard solution A from 100% methanol to methanol and water (70:30)
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BDSHM: N. Davydova.)
Correspondence Number—C198212
Comment deadline: March 31, 2018
Tienchi Ginseng Root and Rhizome Dry Extract Capsules
DEFINITION
Tienchi Ginseng Root and Rhizome Dry Extract Capsules contain Tienchi Ginseng Root and
Rhizome Dry Extract. They contain NLT 90.0% and NMT 110.0% of the labeled amount of
ginsenosides calculated as the sum of notoginsenoside R1 (C47 H80 O18 ), ginsenoside Rg1
(C42 H72 O14 ), ginsenoside Re (C48 H82 O18 ), ginsenoside Rb1 (C54 H92 O23 ), and ginsenoside Rd
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(C48 H82 O18 ).
IDENTIFICATION
Change to read:
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.5 mg/mL of USP Ginsenoside Rg1 RS in methanol
Standard solution B: 5 mg/mL of USP Panax notoginseng Root and Rhizome Dry Extract RS
in methanol. Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Transfer a portion of the contents of the Capsules, equivalent to 50 mg
of Tienchi Ginseng Root and Rhizome Dry Extract, to a conical flask, add 10 mL of
methanol, mix and sonicate for 20 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 4 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: Methylene chloride, dehydrated alcohol, and water (70:
45: 6.5)
(60: 45: 6.5) USP42
Developing distance: 6 cm
Derivatization reagent: 10% sulfuric acid in alcohol. Prepare fresh. Keep alcohol cold
over ice. Carefully and gradually add sulfuric acid.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable HPTLC plate, and dry in air. Develop the
chromatograms in a saturated chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat at 105° for 5–10 min, and examine immediately
under white light and under UV light at 366 nm.
System suitability
Under white light: The chromatogram of Standard solution B exhibits five main reddishviolet bands. A band in the upper-half section corresponding in RF to the band of
ginsenoside Rg1 in Standard solution A; a band in the lower-third section due to
ginsenoside Rb1; three less intense bands clearly separated between the bands of
ginsenoside Rg1 and ginsenoside Rb1—the lower band due to ginsenoside Rd, the middle
due to ginsenoside Re, and the upper due to notoginsenoside R1. The two most intense
bands are due to ginsenoside Rb1 and ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of Standard solution B exhibits a pinkishviolet band at an RF corresponding to the ginsenoside Rg1 band in Standard solution A; a
blue fluorescent band in the lower-third section due to ginsenoside Rb1; three less
intense bands clearly separated between the bands of ginsenoside Rg1 and ginsenoside
Rb1—the lower due to ginsenoside Rd, the middle due to ginsenoside Re, and the upper
due to notoginsenoside R1 (the band due to ginsenoside Rd is blue fluorescent, while the
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other two bands are pinkish violet). The two most intense bands are due to ginsenoside
Rb1 and ginsenoside Rg1.
Acceptance criteria
Under white light: The chromatogram of the Sample solution exhibits five main reddishviolet bands corresponding in RF to similar bands in Standard solution B: a band in the
upper-half section corresponding in RF to the band of ginsenoside Rg1 in Standard
solution A; a band in the lower-third section due to ginsenoside Rb1; three less intense
bands clearly separated between the bands of ginsenoside Rg1 and ginsenoside Rb1—
the lower band due to ginsenoside Rd, the middle one due to ginsenoside Re, and the
upper due to notoginsenoside R1. The two most intense bands are due to ginsenoside
Rb1 and ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of the Sample solution exhibits bands
corresponding in RF to similar bands in Standard solution B: a pinkish-violet band at an RF
corresponding to the ginsenoside Rg1 band in Standard solution A; a blue fluorescent
band in the lower-third section due to ginsenoside Rb1; three less intense bands clearly
separated between the bands of ginsenoside Rg1 and ginsenoside Rb1—the lower due to
ginsenoside Rd, the middle due to ginsenoside Re, and the upper due to notoginsenoside
R1 (the band due to ginsenoside Rd is blue fluorescent, while the other two bands are
pinkish violet). The two most intense bands are due to ginsenoside Rb1 and ginsenoside
Rg1.
• B. LC
Analysis: Proceed as directed in the test for Content of Ginsenosides.
Acceptance criteria: The retention times of the notoginsenoside R1, ginsenoside Rg1,
ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd peaks of the Sample solution
correspond to those of Standard solution B. The two most intense peaks are due to
ginsenoside Rg1 and ginsenoside Rb1.
STRENGTH
Change to read:
• Content of Ginsenosides
Extraction solvent: Methanol and water (70:30)
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0
2.4
3.5
4.2
5.0
5.1
6.0
6.1
7.5

Table 1
Solution A
(%)
83
80
70
69
58
0
0
83
83

Solution B
(%)
17
20
30
31
42
100
100
17
17

Standard solution A: 0.04 mg/mL of USP Ginsenoside Rg1 RS in methanol
Extraction solvent. USP42
Sonicate to dissolve, if necessary.
Standard solution B: 3.0 mg/mL of USP Panax notoginseng Root and Rhizome Dry Extract
RS in Extraction solvent. Sonicate for about 10 min, centrifuge, and use the supernatant.
Before injection, pass through a polytetrafluoroethylene (PTFE) membrane filter of 0.2-µm
pore size and discard the first portion of the filtrate.
Sample solution: Determine the total weight of 20 Capsules. Open the Capsules and
combine their contents in an appropriate container. Weigh the empty Capsule shells and
calculate the average fill weight per Capsule. Transfer a portion of the Capsule contents,
equivalent to 35 mg of ginsenosides (sum of notoginsenoside R1, ginsenoside Rg1,
ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd) into a 25-mL volumetric flask. Add
20 mL of Extraction solvent, and sonicate for 30 min with occasional shaking. Cool to room
temperature, dilute with Extraction solvent to volume, mix well, and centrifuge. Before
injection, pass through a PTFE membrane filter of 0.2-µm pore size and discard the first
portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 203 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1
Column temperature: 30°
Flow rate: 0.8 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Panax notoginseng Root and
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Rhizome Dry Extract RS being used.
Resolution: NLT 1.5 between the ginsenoside Rg1 and ginsenoside Re peaks, Standard
solution B
Relative standard deviation: NMT 2.0%, determined from the ginsenoside Rg1 peak in
repeated injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Panax notoginseng Root and Rhizome Dry
Extract RS being used, identify the peaks corresponding to notoginsenoside R1,
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd in the Sample
solution chromatogram. Measure the areas of the analyte peaks.
Separately calculate the quantity, in mg, of notoginsenoside R1, ginsenoside Rg1,
ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd in each Capsule:
Result = (rU/rS) × CS × V × F × (Wav/W)
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of ginsenoside Rg1 from Standard solution A
CS = concentration of USP Ginsenoside Rg1 RS in Standard solution A (mg/mL)
V = volume of the Extraction solvent taken to prepare the Sample solution (mL)
F = response factor for the relevant analyte (see Table 2)
Wav = average fill weight per Capsule (mg)
W = weight of the sample taken to prepare the Sample solution (mg)
Table 2
Analyte
Notoginsenoside R1
Ginsenoside Rg1
Ginsenoside Re
Ginsenoside Rb1
Ginsenoside Rd

Response
Factor
1.09
1.00
1.02
1.26
1.03

Calculate the percentage of the labeled amount of ginsenosides, as the sum of
notoginsenoside R1, ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside
Rd, in each Capsule:
Result = (ΣQi/L) × 100
Qi = sum of the calculated quantities of ginsenosides (mg)
L = labeled amount of ginsenosides (mg)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
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• Disintegration and Dissolution 〈2040〉, Disintegration: Meet the requirements
• Weight Variation 〈2091〉: Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and the official name. The label states the
amount of ginsenosides as the sum of notoginsenoside R1, ginsenoside Rg1, ginsenoside
Re, ginsenoside Rb1, and ginsenoside Rd; and the amount of Tienchi Ginseng Root and
Rhizome Dry Extract in mg/Capsule.
• USP Reference Standards 〈11〉
USP Ginsenoside Rg1 RS
USP Panax notoginseng Root and Rhizome Dry Extract RS
Recent Official Publications:
USP41–NF36 Page 4910
BRIEFING
Tienchi Ginseng Root and Rhizome Dry Extract Tablets, USP 41 page 4912. On the basis
of comments received, the following changes are proposed:
1. In Identification A, modify the HPTLC Developing solvent system (methylene chloride,
dehydrated alcohol, and water) from 70: 45: 6.5 to 60: 45: 6.5.
2. In the test for Content of Ginsenosides, reduce the strength of the solvent used to
prepare Standard solution A from 100% methanol to methanol and water (70:30).
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BDSHM: N. Davydova.)
Correspondence Number—C198213
Comment deadline: March 31, 2018
Tienchi Ginseng Root and Rhizome Dry Extract Tablets
DEFINITION
Tienchi Ginseng Root and Rhizome Dry Extract Tablets contain Tienchi Ginseng Root and
Rhizome Dry Extract. They contain NLT 90.0% and NMT 110.0% of the labeled amount of
ginsenosides calculated as the sum of notoginsenoside R1 (C47 H80 O18 ), ginsenoside Rg1
(C42 H72 O14 ), ginsenoside Re (C48 H82 O18 ), ginsenoside Rb1 (C54 H92 O23 ), and ginsenoside Rd
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(C48 H82 O18 ).
IDENTIFICATION
Change to read:
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.5 mg/mL of USP Ginsenoside Rg1 RS in methanol
Standard solution B: 5 mg/mL of USP Panax notoginseng Root and Rhizome Dry Extract RS
in methanol. Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution: Transfer a portion of the powdered Tablets, equivalent to 50 mg of
Tienchi Ginseng Root and Rhizome Dry Extract, to a conical flask, add 10 mL of methanol,
mix and sonicate for 20 min, centrifuge, and filter.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 4 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: Methylene chloride, dehydrated alcohol, and water (70:
45: 6.5)
(60: 45: 6.5) USP42
Developing distance: 6 cm
Derivatization reagent: 10% sulfuric acid in alcohol. Prepare fresh. Keep alcohol cold
over ice. Carefully and gradually add sulfuric acid.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable HPTLC plate, and dry in air. Develop the
chromatograms in a saturated chamber, remove the plate from the chamber, and dry.
Treat with Derivatization reagent, heat at 105° for 5–10 min, and examine immediately
under visible light and under UV light at 366 nm.
System suitability
Under visible light: The chromatogram of Standard solution B exhibits five main reddishviolet bands. A band in the upper-half section corresponding in RF to the band of
ginsenoside Rg1 in Standard solution A; a band in the lower-third section due to
ginsenoside Rb1; three less intense bands clearly separated between the bands of
ginsenoside Rg1 and ginsenoside Rb1—the lower band due to ginsenoside Rd, the middle
due to ginsenoside Re, and the upper due to notoginsenoside R1. The two most intense
bands are due to ginsenoside Rb1 and ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of Standard solution B exhibits a pinkishviolet band at an RF corresponding to the ginsenoside Rg1 band in Standard solution A; a
blue fluorescent band in the lower-third section due to ginsenoside Rb1; three less
intense bands clearly separated between the bands of ginsenoside Rg1 and ginsenoside
Rb1—the lower due to ginsenoside Rd, the middle due to ginsenoside Re, and the upper
due to notoginsenoside R1 (the band due to ginsenoside Rd is blue fluorescent, while the
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other two bands are pinkish violet). The two most intense bands are due to ginsenoside
Rb1 and ginsenoside Rg1.
Acceptance criteria
Under visible light: The chromatogram of the Sample solution exhibits five main reddishviolet bands corresponding in RF to similar bands in Standard solution B: a band in the
upper-half section corresponding in RF to the band of ginsenoside Rg1 in Standard
solution A; a band in the lower-third section due to ginsenoside Rb1; three less intense
bands clearly separated between the bands of ginsenoside Rg1 and ginsenoside Rb1—
the lower band due to ginsenoside Rd, the middle one due to ginsenoside Re, and the
upper due to notoginsenoside R1. The two most intense bands are due to ginsenoside
Rb1 and ginsenoside Rg1.
Under UV light at 366 nm: The chromatogram of the Sample solution exhibits the bands
corresponding in RF to similar bands in Standard solution B: a pinkish-violet band at an RF
corresponding to the ginsenoside Rg1 band in Standard solution A; a blue fluorescent
band in the lower-third section due to ginsenoside Rb1; three less intense bands clearly
separated between the bands of ginsenoside Rg1 and ginsenoside Rb1—the lower due to
ginsenoside Rd, the middle due to ginsenoside Re, and the upper due to notoginsenoside
R1 (the band due to ginsenoside Rd is blue fluorescent, while the other two bands are
pinkish-violet). The two most intense bands are due to ginsenoside Rb1 and ginsenoside
Rg1.
• B. LC
Analysis: Proceed as directed in the test for Content of Ginsenosides.
Acceptance criteria: The retention times of the notoginsenoside R1, ginsenoside Rg1,
ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd peaks of the Sample solution
correspond to those of Standard solution B. The two most intense peaks are due to
ginsenoside Rg1 and ginsenoside Rb1.
STRENGTH
Change to read:
• Content of Ginsenosides
Extraction solvent: Methanol and water (70:30)
Solution A: 0.03% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0
2.4
3.5
4.2
5.0
5.1
6.0
6.1
7.5

Table 1
Solution A
(%)
83
80
70
69
58
0
0
83
83

Solution B
(%)
17
20
30
31
42
100
100
17
17

Standard solution A: 0.04 mg/mL of USP Ginsenoside Rg1 RS in methanol
Extraction solvent. USP42
Sonicate to dissolve, if necessary.
Standard solution B: 3.0 mg/mL of USP Panax notoginseng Root and Rhizome Dry Extract
RS in Extraction solvent. Sonicate for about 10 min, centrifuge, and use the supernatant.
Before injection, pass through a polytetrafluoroethylene (PTFE) membrane filter of 0.2-µm
pore size and discard the first portion of the filtrate.
Sample solution: Weigh NLT 20 Tablets, determine the average Tablet weight, and finely
powder. Transfer a portion of finely powdered Tablets, nominally equivalent to 35 mg of
ginsenosides (sum of notoginsenoside R1, ginsenoside Rg1, ginsenoside Re, ginsenoside
Rb1, and ginsenoside Rd) into a 25-mL volumetric flask. Add 20 mL of Extraction solvent,
and sonicate for 30 min with occasional shaking. Cool to room temperature, dilute with
Extraction solvent to volume, mix well, centrifuge, pass the supernatant through a PTFE
membrane filter of 0.2-µm pore size, and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 203 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1
Column temperature: 30°
Flow rate: 0.8 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Panax notoginseng Root and
Rhizome Dry Extract RS being used.
Resolution: NLT 1.5 between the ginsenoside Rg1 and ginsenoside Re peaks, Standard
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solution B
Relative standard deviation: NMT 2.0%, determined from the ginsenoside Rg1 peak in
repeated injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Panax notoginseng Root and Rhizome Dry
Extract RS being used, identify the peaks corresponding to notoginsenoside R1,
ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd in the Sample
solution chromatogram. Measure the areas of the analyte peaks.
Separately calculate the quantity, in mg, of notoginsenoside R1, ginsenoside Rg1,
ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd in each Tablet:
Result = (rU/rS) × CS × V × F × (Wav/W)
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of ginsenoside Rg1 from Standard solution A
CS = concentration of USP Ginsenoside Rg1 RS in Standard solution A (mg/mL)
V = volume of the Extraction solvent taken to prepare the Sample solution (mL)
F = response factor for the relevant analyte (see Table 2)
Wav = average Tablet weight (mg)
W = weight of the sample taken to prepare the Sample solution (mg)
Table 2
Analyte
Notoginsenoside R1
Ginsenoside Rg1
Ginsenoside Re
Ginsenoside Rb1
Ginsenoside Rd

Response
Factor
1.09
1.00
1.02
1.26
1.03

Calculate the percentage of the labeled amount of ginsenosides, as the sum of
notoginsenoside R1, ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside
Rd, in each Tablet:
Result = (ΣQi/L) × 100
Qi = sum of the calculated quantities of ginsenosides (mg)
L = labeled amount of ginsenosides (mg)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Disintegration: Meet the requirements
• Weight Variation 〈2091〉: Meet the requirements
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CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and the official name. The label states the
amount of ginsenosides, as the sum of notoginsenoside R1, ginsenoside Rg1, ginsenoside
Re, ginsenoside Rb1, and ginsenoside Rd; and the amount of Tienchi Ginseng Root and
Rhizome Dry Extract in mg/Tablet.
• USP Reference Standards 〈11〉
USP Ginsenoside Rg1 RS
USP Panax notoginseng Root and Rhizome Dry Extract RS
Recent Official Publications:
USP41–NF36 Page 4912
BRIEFING
Butylated Hydroxyanisole, NF 35 page 7547. Comments were received that a variable
amount of 2-tert-butyl-4-hydroxyanisole in different lots of USP 3-tert-Butyl-4-hydroxyanisole
RS may affect the Assay results of this excipient. It is proposed to revise the test so that the
quantitation is performed using two separate Standard solutions containing USP 3-tert-Butyl-4hydroxyanisole RS (Standard solution A) and USP 2-tert-Butyl-4-hydroxyanisole RS (Standard
solution B). The current Standard solution, which contains both compounds, is renamed
“System suitability solution” and is to be used for determination of resolution between 3-tertbutyl-4-hydroxyanisole and 2-tert-butyl-4-hydroxyanisole.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: G. Holloway.)
Correspondence Number—C195053
Comment deadline: March 31, 2018
Butylated Hydroxyanisole
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180.24

Phenol, (1,1-dimethylethyl)-4-methoxy-;
tert-Butyl-4-methoxyphenol
[25013-16-5].
UNII: REK4960K2U
DEFINITION
Butylated Hydroxyanisole is predominantly 3-tert-butyl-4-hydroxyanisole, with varying
amounts of 2-tert-butyl-4-hydroxyanisole. It contains NLT 98.5% of butylated
hydroxyanisole (C11 H16 O2 ) as a sum of the two isomers.
IDENTIFICATION
• A. Infrared Absorption 〈197A〉
Analysis: Determine the position of the most intense 3-tert-butyl-4-hydroxyanisole peaks
within 10 cm−1 of 682, 815, 855, 914, 1031, 1196, 1413, and 1504 cm−1 in a spectrum of
USP 3-tert-Butyl-4-hydroxyanisole RS. Compare the peak positions of Butylated
Hydroxyanisole to those of USP 3-tert-Butyl-4-hydroxyanisole RS.
Acceptance criteria: All peak positions determined from Butylated Hydroxyanisole are
within 5 cm−1 of those determined from USP 3-tert-Butyl-4-hydroxyanisole RS.
• B.
Solution A: 5% Acetic acid, prepared by diluting 50 mL of glacial acetic acid in a 1-L flask
with water to volume
Mobile phase: Acetonitrile and Solution A (65:35)
Standard solution: 0.4 mg/mL of USP 3-tert-Butyl-4-hydroxyanisole RS and 0.1 mg/mL of
USP 2-tert-Butyl-4-hydroxyanisole RS in Mobile phase
Sample solution: 0.5 mg/mL of Butylated Hydroxyanisole in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 3.0-mm × 15-cm; 3-µm packing L1
Column temperature: 40°
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Flow rate: 0.75 mL/min
Injection volume: 10 µL
Run time: NLT 15 min
Analysis
Samples: Standard solution and Sample solution
[Note—2-tert-Butyl-4-hydroxyanisole and 3-tert-butyl-4-hydroxyanisole coelute under
these chromatographic conditions. However, a small shoulder of 2-tert-butyl-4hydroxyanisole may be seen on the left-hand side of the 3-tert-butyl-4-hydroxyanisole
peak. The retention time of the 3-tert-butyl-4-hydroxyanisole peak is about 2.1 min.]
Acceptance criteria: The retention time of the main peak of the Sample solution
corresponds to that of the Standard solution. The chromatographic profile of the Sample
solution should be similar to that of the Standard solution and exhibit only one major peak
corresponding to butylated hydroxyanisole.
ASSAY
Change to read:
• Procedure
Solution A: Prepare as directed in Identification B.
Mobile phase: Acetonitrile and Solution A (45:55)
Standard solution:
System suitability solution: NF37
90 µg/mL of USP 3-tert-Butyl-4-hydroxyanisole RS and 10 µg/mL of USP 2-tert-Butyl-4hydroxyanisole RS in Mobile phase
Standard solution A: 90 µg/mL of USP 3-tert-Butyl-4-hydroxyanisole RS in Mobile phase
Standard solution B: 10 µg/mL of USP 2-tert-Butyl-4-hydroxyanisole RS in Mobile phase
NF37

Sample solution: 100 µg/mL of Butylated Hydroxyanisole in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm × 75-mm; 3.5-µm packing L1
Column temperature: 30°
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution
System suitability solution, Standard solution A, and Standard solution B

NF37

[Note—The retention times of 2-tert-butyl-4-hydroxyanisole and 3-tert-butyl-4-
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hydroxyanisole are about 4.2 and 4.6 min, respectively.]
Suitability requirements
Resolution: NLT 1.5 between the 3-tert-butyl-4-hydroxyanisole isomer and 2-tertbutyl-4-hydroxyanisole isomer peaks,
System suitability solution NF37
Tailing factor: NMT 1.5,
Standard solution A and Standard solution B NF37
Relative standard deviation: NMT 2.0% for the 3-tert-butyl-4-hydroxyanisole isomer
and 2-tert-butyl-4-hydroxyanisole isomer peaks,
Standard solution A and Standard solution B NF37
Analysis
Samples: Standard solution
Standard solution A, Standard solution B, NF37
and Sample solution
Measure the peak areas for each isomer.
Calculate the percentage of each isomer in the portion of Butylated Hydroxyanisole taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the corresponding isomer from the Sample solution
rS = peak area of the corresponding isomer from Standard solution
Standard solution A or Standard solution B NF37
CS = concentration of the appropriate Reference Standard in Standard solution
Standard solution A or Standard solution B NF37
(µg/mL)
CU = concentration of Butylated Hydroxyanisole in the Sample solution (µg/mL)
[Note—Calculate the percentage of butylated hydroxyanisole (C11 H16 O2 ) in the portion of
Butylated Hydroxyanisole taken by adding the quantities of the two isomers.]
Acceptance criteria: NLT 98.5%
IMPURITIES
• Residue on Ignition 〈281〉
Sample: 10 g
Acceptance criteria: NMT 0.01%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 10 ppm

(O fficial 1-Jan-2018)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP 2-tert-Butyl-4-hydroxyanisole RS
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C11 H16 O2
180.25
USP 3-tert-Butyl-4-hydroxyanisole RS
C11 H16 O2
180.25
Recent Official Publications:
USP41–NF36 Page 5232
Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
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Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
BRIEFING

〈 1055〉 Biotechnology-Derived Articles—Peptide Mapping. The United States
Pharmacopeia (USP) is the coordinating pharmacopeia for the international harmonization of the
compendial standards for this general chapter as part of the process of international
harmonization of monographs and general analytical methods of the European, Japanese, and
United States pharmacopeias. The USP general chapter Biotechnology-Derived Articles—Peptide
Mapping 〈1055〉 was posted previously in PF 40(3) [May–June 2014]. Based on the comments
received during its previous posting, the revisions to Stage 4 of the chapter were made and
communicated to both the European Pharmacopoeia and Japanese Pharmacopoeia. Based on
the comments received from both of these pharmacopoeias, this chapter is being posted again.
(GCBA: K. Arora.)
Correspondence Number—C101828
Comment deadline: March 31, 2018
Add the following:

〈 1055〉 BIOTECHNOLOGY-DERIVED ARTICLES—PEPTIDE MAPPING
INTRODUCTION
Proteins can exist as large complex structures, with some molecules in the population
displaying heterogeneity in their primary sequence due to improper assembly, degradation or
post-translational modification. The high molecular mass of proteins combined with their
complexity makes it particularly challenging to chemically identify an intact protein product
using a single analytical method. It is possible to cleave the test protein into smaller fragments
which can be identified with sufficient mass resolution to determine the primary sequence of
the protein. This process is the basis of the protein identification technique commonly known as
peptide mapping. The peptide mapping technique involves a digestion step in which the protein
is selectively cleaved at amide bonds between specific amino acid residues to yield a
predictable set of peptides. Analytical chromatographic separation, detection, and identification
of the peptide mixture reveal information on the amino acid sequence of the protein which can
be used to identify the protein. Peptide mapping is a comparative procedure; the results from
the test protein are contrasted with the results of the reference standard or material similarly
treated to determine the identity of the test protein. This comparative identification confirms
that the primary structure of the test protein matches that of the reference protein.
Peptide mapping's ability to detect gross alterations in the primary sequence has resulted in
many applications for the determination of protein quality which are outside the scope of this
chapter. The purity of the test protein with regard to amino acid misincorporation or other
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misassembly such as disulfide bond scrambling, post-translational modifications, and
degradation can be determined using a quantitative peptide map. Peptide mapping comparison
during scale up or manufacturing changes can support studies of process consistency.
Additionally, peptide mapping can be used to determine the degree and specific amino acid
location of modifications such as glycosylation and conjugation (e.g., degree of pegylation).
The focus of this chapter will be on the use of peptide mapping for the chemical identification
of a protein product where specificity is the primary attribute of the analytical method.
DEVELOPMENT OF A PEPTIDE MAPPING IDENTITY TEST PROCEDURE—POINTS TO
CONSIDER
Prior to development of an identity test method procedure it is important to understand the
application and level of specificity required to differentiate the identity of the test protein from
other products processed in the same facility. In some instances orthogonal methods may be
required to differentiate samples of structurally related proteins. Each protein presents unique
characteristics that must be well understood so that the scientific approach used during
development of the peptide map procedure will result in an analytical method that can be
validated with sufficient specificity. The amino acid sequence of the test protein should be
evaluated in order to select pretreatment and cleavage conditions resulting in optimal peptide
length for analysis. Depending on application, complete or nearly complete sequence coverage
is important, because there may be no prior knowledge of the alterations to the protein during
development. The following points should be considered during development of a peptide
mapping analytical technique. These elements are also presented graphically in Figure 1.
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Figure 1: Identify Peptide Map Method and Target Performance Parameters
PRETREATMENT
Isolation and purification may be necessary for analysis of bulk drugs, dosage forms, or
reference standards or materials containing interfering excipients or carrier proteins. Residual
interfering substances may impact enzymatic cleavage efficiency and appearance of the
peptide map. The impact of residual substances or the sample purification process on the final
test peptide map should be assessed during the development process.
The tertiary structure of proteins may hinder full access of the cleavage enzyme to all
cleavage sites resulting in unacceptable sequence coverage. The treatment of proteins with
chaotropic agents (e.g., guanidinium chloride, urea) and surfactants (e.g., sodium dodecyl
sulfate) can be used to unfold the protein prior to digestion. Denaturing agents can affect
enzyme activity and additional purification (e.g.diafiltration) or dilution steps may be needed
prior to digestion. It may be necessary to reduce and alkylate the disulfide bonds prior to
digestion in order to allow the enzyme to have full access to cleavage sites; however, the
cysteine-to-cysteine linkage information is then lost. Common reagents for disulfide reduction
include dithiothreitol and trialkylphosphine compounds such as tris (2-carboxyethyl) phosphine.
Reagents for alkylating reduced cysteines include iodoacetamide, iodoacetic acid, and 4-
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vinylpyridine. The use of alkylating agents may create adducts which will impact the
chromatographic separation and alter the molecular weight of the affected peptide.
Since peptide mapping is a comparative procedure, any purification or pretreatment steps
performed on the test protein must also be performed on the product reference standard or
material. The impact of residual substances, purification procedures, or pretreatment of the
protein on method specificity and precision should be investigated during development and
considered for inclusion in robustness studies conducted for method validation.
DIGESTION
The choice of a cleavage technique is protein dependent. Some of the more common
cleavage agents, both enzymatic and chemical, and their specificity are shown in Table 1.
There may be specific reasons for using other cleavage agents or combinations of methods.

Type
Enzymatic

Chemical

Table 1. Examples of Cleavage Agents
Agent
Specificity
Trypsin, EC 3.4.21.4
C-terminal side of Arg and Lys
C-terminal side of hydrophobic
residues (e.g., Leu, Met, Ala,
Chymotrypsin, EC 3.4.21.1
aromatics)
Pepsin A (Pepsin), EC 3.4.23.1
Low-specificity digest
Lysyl endopeptidase (Lys-C endopeptidase),
EC 3.4.21.50
C-terminal side of Lys
Glutamyl endopeptidase (Glu-C
endoproteinase; V8 protease); (from S.
aureus strain V8), EC 3.4.21.19
C-terminal side of Glu and Asp
Peptidyl-Asp metalloendopeptidase (Asp-N
endoproteinase), EC 3.4.24.33
N-terminal side of Asp
Clostripain (Arg-C endopeptidase), EC
3.4.22.8
C-terminal side of Arg
Cyanogen bromide
C-terminal side of Met
2-Nitro-5-thiocyanobenzoic acid
N-terminal side of Cys
O-Iodosobenzoic acid
C-terminal side of Trp and Tyr
Dilute acid
Asp and Pro
3-Bromo-3-methyl-2-(2-nitrophenylthio-3Hindole (BNPS-skatole)
Trp

Factors that impact the effectiveness and reproducibility of protein digestion include pH,
digestion buffer, temperature, time, and ratio of digest enzyme/reagent to protein. The optimal
digestion mixture pH is generally determined by the enzyme or reagent, not the protein being
analyzed. For example, a highly acidic environment (e.g., pH 2, formic acid) is necessary when
using cyanogen bromide as a cleavage agent; however, a slightly alkaline environment (pH 8) is
optimal when using trypsin as a cleavage agent.
The optimal temperature is dependent on the cleavage reagent; for example, most enzymes
have optimum activity in a range of 25°–37°. The temperature can define the specificity of the
enzyme to some extent. In these cases the adjustment of the temperature can be used to
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optimize the digestion conditions for certain proteins. Ideally, the digestion temperature will
minimize sample-related chemical side reactions, such as deamidation, and protein aggregation
while maximizing the susceptibility of the test protein to digestion while maintaining the activity
of the cleavage agent.
It is necessary to ensure the digestion time is sufficient for intended use to avoid variable
digests. A simple time-course study should be performed to ensure sufficient digestion with
minimal peptide fragments resulting from partial digestion. Time of digestion varies from minutes
to days and aliquots of a single reaction may be appropriately stabilized for analysis to
determine the time required for complete digestion of the protein.
A sufficient cleavage agent should be used to attain the desired level of digestion within a
practical time period (i.e., 2–20 h), while the amount of the cleavage agent is minimized to
avoid its contribution to the peptide map. For an enzymatic digest, the protein-to-protease
mass ratio between 20:1 and 200:1 is generally used. In cases where the cleavage agent is
unstable, the cleavage efficiency may be improved by making multiple additions of the cleavage
agent. Enzymes may be bound to a solid support to allow the use of higher relative amounts of
protease while avoiding enzyme autolysis contamination and contribution of enzyme fragments
to the peptide map. Chemical cleavage reagents are usually used in significant molar excess,
and may need to be removed at the end of the digestion.
The optimal concentration of the test protein in the digestion should be empirically
determined. The concentration should be low enough to minimize the potential aggregation of
intact and partially digested proteins but must be sufficient to result in detection of all peptides
following chromatographic separation with the selected detection method. Sample dilution or
sample concentration by techniques such as centrifugal filtration may be required. Any dilution
or concentration steps performed on the test protein must also be performed on the product
reference standard or material. Protein recovery should be evaluated for any concentration
step and the impact of dilution or concentration on method specificity and precision should be
investigated during development and considered for inclusion in robustness studies conducted
for method validation.
The digestion step can introduce ambiguities in the peptide map as a result of side reactions,
such as nonspecific cleavage, deamidation, disulfide isomerization, oxidation of methionine
residues, carbamylation of lysine residues, or formation of pyroglutamic groups created from the
deamidation of glutamine at the N-terminus of a peptide. Autolysis may introduce extraneous
peaks produced by the proteolytic enzyme digesting itself. The intensities of autolysis peptide
peaks are dependent on the enzyme to substrate ratio and the modifications and quality of the
enzyme used. To avoid autolysis, reagent solutions of proteolytic enzymes should be prepared
at a pH which inhibits enzyme activity or the reagent solutions should be prepared immediately
before use. Modified enzymes, where changes are made to the protease to prevent autolysis,
may be used. Commercial preparations of trypsin (often called “proteomics grade”) are available
in which the lysine residues of the enzyme have been methylated or acetylated to reduce the
number of autolytic cleavage sites. To identify digestion artifacts, a blank determination is
performed using a digestion control with all the reagents except the test protein.
SEPARATION
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Chromatographic separation of the peptide mixture resulting from the digestion step is meant
to resolve its complexity so that a valid interpretation of the data is meaningful and
reproducible. The complexity of the peptide map will ultimately dictate the optimal set of
chromatography conditions, column, and mobile phases. Method optimization experiments will be
required to obtain the highest quality reproducible chromatogram. The molecular weight of the
test protein will also influence the complexity of the map and the optimal separation.
Many techniques (e.g., ion-exchange high performance liquid chromatography [HPLC; ultrahigh pressure liquid chromatography may also be suitable and as a subset of HPLC should be
considered interchangeable with HPLC throughout this chapter], hydrophobic interaction HPLC,
and capillary electrophoresis) have been used to separate peptides for peptide map analysis.
However, reversed phase HPLC (RP-HPLC) is the most common method for the peptide mapping
separation step and will be the focus of this chapter.
The selection of a chromatographic column is empirically determined for each protein.
Columns with different pore sizes (80–1000 Å) or nonporous based on silica, polymeric, or
hybrid supports have been shown to give adequate separation. Columns with particle sizes <2
µm are available and are typically more efficient than those with 3–5 µm particle sizes.
Generally, octyl or octadecylsilyl bonded phases are ideal for peptides. Octadecylsilane (C18)
with 300 Å or smaller pores is the most commonly employed bonded phase for the peptide
mapping separation step.
The most common mobile phase for the RP-HPLC separation of peptides is water with
acetonitrile as the organic modifier; however other organic modifiers such as methanol,
isopropyl alcohol, or n-propyl alcohol can be employed. Solvents such as the propyl alcohols in
the mobile phase may be useful for separating samples that contain many highly hydrophobic
peptides; however, it should be noted that hydrophilic or small peptides may possibly elute in a
column void volume. Mobile phase additives such as acids, bases, buffer salts, and ion-pairing
reagents are generally needed to produce high quality chromatographic separations of peptides.
The most common mobile phase additive has been trifluoroacetic acid (TFA) with typical
concentrations of 0.05%–0.2% being employed. The use of phosphate as an additive is less
common but can be useful. Volatile acids and salts can be used in the mobile phase to improve
compatibility with mass spectrometer detection. While TFA has a significant positive impact on
the quality of peptide separation, sensitivity with mass spectrometer detection can suffer with
TFA due to ion suppression. Formic acid, acetic acid, or combinations of these with TFA
increase mass spectrometer sensitivity by reducing ion suppression. Temperature control of the
chromatographic column is necessary to achieve good reproducibility. The column temperature
may be used to optimize peptide separation or improve the retention or elution of certain
peptides since the resolution typically increases with temperature for a reversed-phase column.
DETECTION
While RP-HPLC is the most common separation method employed with peptide mapping for
identity testing, the most common detection method is ultraviolet (UV) light absorption at 214
nm. The peptides resulting from protein digestion may not contain amino acids with aromatic
side chains that absorb light at higher wavelengths (e.g., 280 nm) so detection at 214 nm (i.e.,
wavelength where peptide bonds absorb light) is essential to ensure sequence coverage of the
protein while minimizing background due to the mobile phase. Other detection methods may also
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be suitable.
The limitation of UV detection is that it provides no peptide structural information. Mass
spectrometry is a useful detection method which provides mass information to aid in
identification of peptides, as well as selectivity in cases when peptides co-elute. In most
applications, the RP-HPLC effluent can be directly introduced into the mass spectrometer,
provided that the mobile phase is compatible. Specific mobile phase considerations are
dependent on the ionization method selected. Electrospray ionization (ESI) is the most common
method for the introduction of proteins and peptides into the mass analyzer, and volatile,
water-solvent mixtures provide the greatest ionization efficiency. Because ionization by ESI in
the presence of solvent is limited to molecules more basic than the solvent, formic acid or
acetic acid are commonly added to the mobile phase. Buffers and salts should be minimized
since they can reduce signal, and nonvolatile salts can deposit in the source. As mentioned
previously, TFA should be avoided because it can result in ion suppression, a type of matrix
interference, which may reduce the signal of some peptides, particularly when ESI is used. Ion
suppression may also reduce the ionization efficiency of glycosylated peptides, resulting in
reduced sensitivity. It is thus important to test optimal combination to achieve optimal results
for both UV and MS detection.
DATA ANALYSIS
Peptide mapping is a comparative procedure. To determine if the test protein is the desired
protein of interest, the test protein’s peptide map must be compared to the peptide map of the
reference standard or material generated using identical pre-treatment, separation and
detection procedures. Visual comparison of the retention times, the peak responses (the peak
area or the peak height), the number of peaks, and the overall elution pattern is the first step
of the procedure. It is a best practice to conduct a further non-subjective analysis of the peak
response ratios of the critical peaks and the peak retention times. If all critical peaks in the
test protein digest and in the reference standard or material digest have the same retention
times and peak response ratios, then the identity of the test protein is confirmed. For example,
peptide mapping tests for monoclonal antibody samples often include a common Fc peptide that
is used as a reference peak. This reference peptide can be spiked into the sample digest and
then peak response ratios and retention times can be examined in comparison with the
reference peak’s predefined acceptance criteria. The method of comparison selected should
depend on the complexity of the resulting peptide map and the specificity required for the
particular identity test application (e.g. differentiation between different protein products
manufactured at the same facility or differentiation of variants of the same protein product).
When high specificity is required, a mass spectrometer can be used for routine analyses to
provide insight into peptide modifications, truncations, missed cleavages, impurities, and
unresolved co-eluting peak(s) under a single peak.
POINTS TO CONSIDER PRIOR TO VALIDATION
During the development of the peptide mapping procedure, knowledge and experience are
gained that lead to selection of system suitability criteria and analytical method validation
acceptance criteria. A final review of the procedure prior to validation can ensure that the
procedure is ready for validation, reducing risk of failure to meet criteria. As a general
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procedure, peptide mapping may encompass a significant range of experimental designs,
applications, and requirements for performance. As a consequence, in a general text, it is not
possible to set out specific system suitability or validation criteria. The following elements are
suggested for evaluation prior to starting the validation.
It should be noted that the scope of this document does not include routine application of
mass spectroscopic (MS)–based peptide mapping applications; however, the application of
mass spectrometry for structural identification of peptides during the development of peptide
mapping methods is a best practice. Mass spectrometric detection can be utilized to evaluate
the following performance parameters.
Coverage
Coverage refers to the percentage of the target protein sequence which is recovered in the
peptide map and identified as discretely resolved peaks. Although no specific figure can be
identified for all applications, coverage approaching 95% has been found to be an acceptable
performance target for a peptide mapping procedure.
Specific Bond Cleavages
The specific bonds cleaved by the chosen enzyme or chemical digestion procedure should be
identified and listed.
Major Peaks
The major peptides recovered from the specific bond cleavages should be identified and
listed.
Partial Cleavages
Peptide bonds susceptible to partial or incomplete cleavage and their associated
chromatographic peaks or signals should be identified.
Minor/Non-specific Cleavages
The extent of cleavage at non-specific bonds should be identified and limited.
Protease-derived Peaks
If a protease is used for the test protein digestion then any peaks above background derived
from the protease should be identified and, where appropriate, limited.
Undigested “Core” Protein
Undigested or partially digested protein (often called “core”) should be identified and limited.
Mean Peptide Length
It describes the peptide set produced by the combination of the chosen protease and/or
chemical cleavage reagent and the test protein. This is a trade-off between smaller peptides,
which show a higher level of structural selectivity with peptide mapping but produce a more
complex map with more peaks, and longer peptides which produce simpler maps but with less
resolving capacity for structural variants. No specific peptide length is suitable for all
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applications, but a mean peptide length of 10–20 residues is often considered appropriate.
Resolution Capacity
Resolution capacity refers to the capacity of the separation system to resolve the peptide
set generated by the protease or chemical cleavage reagent. For example, a digest may
produce 30 peptides but only 20 peaks due to co-elutions or nonrecoveries. Problematic
separations should be identified and resolved by appropriate chromatographic procedures and, if
necessary, controlled by the use of peptide reference standard or material or system
performance criteria.
System Suitability Criteria Selection
System suitability criteria should be developed to ensure that the elements of the procedure
for protein digestion, separation, and detection have successfully provided a structural
identification of the test protein at the level of unambiguity required for the application. System
suitability criteria evaluated during routine analysis for identity tests will typically include an
assessment of the reference protein digest chromatogram and may include such performance
characteristics as:
Qualitative similarity to reference chromatogram
Extent of digestion
Partial cleavages
Non-specific cleavages
Peak heights/signal-to-noise ratio
Peak shape
Peak retention time
Resolution of specific peaks
For test method procedures that require sample isolation, purification, or concentration, a
sample recovery criteria should be determined and included as part of the system suitability
assessment. In cases where digestion artifacts may be present, assessment of a blank
digestion control may be needed to demonstrate a lack of interference.
VALIDATION
Before validating a peptide mapping procedure, the procedure should have been developed to
its final form and documented with system suitability criteria. Each time the procedure is
performed the results are evaluated against the system suitability criteria to determine if the
procedure has successfully provided reproducible results consistent with previous testing
instances. Pre-approved acceptance criteria often evolve based on the system suitability
criteria of the procedure. The elements of the analytical validation protocol are as follows:
Specificity
Method performance requirements will vary depending on the application of the identity test
method and may require a risk assessment to understand what degree of specificity is needed
to differentiate the identity of the test protein from other products processed in the same
facility. Peptide mapping is a comparative technique confirming that the primary structure of
the test protein matches that of the reference protein. Specificity is established by the
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comparison of the peptide maps of a suitable reference standard or material and samples of
structurally related proteins. The selection of comparator samples should be selected based on
a risk assessment of other products processed in the same facility and should be documented
in the validation protocol. In order to minimize the inherent variability of the test, the procedure
is executed on reference standard or material and test protein during the same testing
instance. A peptide mapping test design that analyzes the test protein digest, reference
standard or material digest, and a 1:1 (v/v) comixture of the test protein and reference
standard or material after digestion is a useful specificity validation experiment. Occasionally a
peak can appear in a test protein’s peptide map that elutes at a slightly different retention time
than the corresponding peak in the reference standard or material peptide map, leading the
analyst to judge the peaks as nonidentical. Testing a co-mixture sample during the specificity
validation experiment can demonstrate that two peaks are identical if they co-elute in the comixture peptide map and confirm the identity. Chemically modified forms of the reference
standard or material can be produced by exposure to conditions of pH, temperature, or
chemical agents known to cause alteration of the primary structure. These alterations typically
include deamidation of asparagine and glutamine residues, oxidation of methionine, histidine, or
tryptophan residues, and acid catalyzed cleavage of peptide bonds. Peptide maps of a
chemically modified reference standard or material and the reference standard or material can
be compared based on predetermined acceptance criteria to demonstrate if the specificity of
the peptide mapping procedure is affected by amino acid side chain modifications.
Precision
To facilitate the determination of the precision (repeatability and intermediate precision) of
the peptide mapping procedure, an empirical method of quantifying peak responses (peak areas
or peak heights) and peak retention factor should be part of the procedure. One approach is to
make peak response and peak retention time comparisons that are expressed relative to a
highly reproducible reference peak within the same chromatogram. The precision results
obtained during the analytical procedure validation are reported and should meet the
acceptance criteria of the validation. Failure of the precision results to meet the acceptance
criteria can lead the analyst to reassess the digestion and/or separation steps in the
procedure.
Robustness
Factors such as composition of the mobile phase, protease quality or chemical reagent purity,
column variation and age, digestion temperature, and digest stability are likely to affect the
overall performance of the test and its reproducibility. Tolerances for each of the key
parameters are evaluated and baseline limits established in case the test is used for routine lot
release purposes.
The impact of small variations in purification, pretreatment, dilution, or concentration
procedures of the protein sample on recovery should be identified during the development
process and controlled. Impact of residual substances remaining after sample preparation on
method specificity and precision should be considered. Critical parameters identified during
development should be included in robustness studies conducted for method validation.
Many protein fragmentation strategies employ the use of proteolytic enzymes. As a result,
the digestion portion of the peptide mapping procedure is inherently more sensitive to minor
variation of test parameters. These parameters may include all or a subset of the following:
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digestion pH, buffer, buffer concentration, ionic strength, digestion temperature, digestion
kinetics, test protein concentration, protease quantity, protease quality, and the stability of
the digest. Using a design-of-experiments approach, the identified critical parameters are
systematically studied to understand their impact on method variability. Those digestion
parameters where small variations have been shown to impact the precision of the peptide
mapping procedure should be carefully controlled within the test procedure using operating
ranges established and validated by these studies.
To evaluate the protease quality or chemical reagent purity, a sample of the reference
standard or material is prepared and digested with different lots of cleavage agent. The
chromatograms for each digest are compared in terms of peak areas, peak shape, and number.
The same procedure can be applied to other critical chemicals or pretreatment procedures used
during sample preparation, such as reducing and S-carboxymethylation reagents.
The length of time a digest can be held before proceeding to the separation step of the
procedure, as well as the conditions under which the digest is stored before separation, are
assessed. Several aliquots from a single digest are stored under different storage conditions
and resolved by the chromatographic method. These maps are then evaluated for significant
differences.
During the separation step, column-to-column variability, even within a single column lot, can
affect the performance of the peptide mapping procedure. To evaluate column lot differences,
the reference standard or material of the protein of interest is digested and the digest is
subjected to separation using different column lots from a single manufacturer. The resulting
peptide maps are then evaluated in terms of the overall elution profile, retention times, and
resolution according to predetermined acceptance criteria.
To evaluate the lifetime of a column in terms of robustness, a single digest of the reference
standard or material can be analyzed using the peptide mapping procedure with columns that
vary by the injection number history (e.g., 10 injections per column to 250 injections per
column). The resulting peptide maps can then be compared for significant differences in peak
broadening and overall resolution. As a column ages, an increase in back pressure might be
observed that can affect the peptide map. System suitability or assay validity criteria can be
designed to be diagnostic of column aging or other events that may affect the peptide mapping
results.
SUMMARY
The peptide mapping procedure consists of multiple steps possibly including protein isolation,
denaturation, chemical modification (e.g., blocking sulfhydryl groups) if necessary, protein
digestion, peptide separation and detection, and data analysis. Each step should be optimized
during development to result in a well-qualified analytical procedure for the peptide mapping
identity test. In combination with the use of a suitable reference standard or material, system
suitability criteria should be chosen that evaluate if all the steps in the procedure worked
together properly to produce a successful peptide map of that reference standard or material
that is consistent with the validation of the analytical procedure. When properly developed,
validated, and performed, the analytical peptide mapping procedure can be used to verify the
identity of the test protein which is a critical quality attribute of the product.
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original research reports
evaluations of new and existing pharmacopeial methods
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articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
INSTRUCTIONS TO AUTHORS
Contributions in the form of original research reports, evaluations of new and existing
compendial methods, and other commentaries and articles relevant to drug standards or to
USP–NF revision will be considered for publication in Pharmacopeial Forum under the section
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they have not been published previously in any language or medium and that they are not
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Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Measurement Uncertainty for the Pharmaceutical Industry
ML Jane Weitzel,a Juris Meija, PhD,b David LeBlond, PhD,c Steven Walfishd
ABSTRACT This Stimuli article describes measurement uncertainty (MU) for the pharmaceutical
industry.
The metrological theory of measurement uncertainty includes important, but subtle, concepts
that are important to understand. This Stimuli article presents these concepts, explains their
meaning, and compares them to existing terms and concepts in the pharmaceutical industry.
Metrology is focused on the science of making measurements that are fit for their intended
purpose. Metrological ideas are discussed, such as true value and error being “unknowable”,
which implies they are of little use, yet they are key concepts because the goal of a
measurement is to obtain an indication of the true value and understand the uncertainty of the
measured value. The concept of probability theory as a “degree of belief” as opposed to the
frequentist perspective in measurement analysis is presented. The link of probability theory to
decision making is introduced.
The process for evaluating measurement uncertainty is then presented at a high level. It
describes how to report measurement uncertainty. References that include many worked
examples are listed that describe the process further in great detail. Finally, an example is
provided for a typical pharmaceutical analysis.
STRUCTURE AND AUDIENCE FOR THIS STIMULI ARTICLE
This metrological discussion of measurement uncertainty (MU) may introduce concepts and
terms that are new or unfamiliar. In order that the definitions and discussions of these terms
and concepts do not interrupt the flow of the Stimuli article, these terms are collected and
presented in the Appendix. The reader can review these definitions independently to learn
about the metrological concepts and then refer to it as needed. When a definition is directly
relevant to support an explanation or discussion it may be repeated within the Stimuli article.
The metrological terminology is taken from the International Vocabulary of Metrology, 3rd
edition,1 known as VIM3, and from the Guide to the Expression of Uncertainty in Measurement
known as the GUM. These are provided by the Joint Committee for Guides in Metrology (JCGM).
This Stimuli article is intended for the people in the pharmaceutical industry who generate
reportable values, as well as those who use the reportable values—regulatory affairs,
pharmaceutical technology, production, and quality assurance. MU is a component of the
lifecycle approach to analytical procedures and the purpose of this Stimuli article is to
introduce MU to the industry.
MEASUREMENT UNCERTAINTY
According to the International Organization for Standardization (ISO) standard ISO
21748:2017:2
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Knowledge of the uncertainty associated with measurement results is essential to the
interpretation of the results. Without quantitative assessments of uncertainty, it is
impossible to decide whether observed differences between results reflect more than
experimental variability, whether test items comply with specifications, or whether laws
based on limits have been broken. Without information on uncertainty, there is a risk of
misinterpretation of results. Incorrect decisions taken on such a basis may result in
unnecessary expenditure in industry, incorrect prosecution in law, or adverse health or social
consequences.
MU is one of the two components of a measurement output—the measured value and its
associated MU. The definition of MU from VIM3 is a “non-negative parameter characterizing the
dispersion of the quantity values being attributed to a measurand, based on the information
used”. Essentially one can never be fully certain about the true value (i.e., the measurand
quantity value) that one is measuring. In pharmaceutical analyses, a measurement is performed
and a reportable value is determined; but it is uncertain how close the reportable value is to
the true value. As an example, for an assay to determine the true potency of a particular
sample, the MU would be the interval within which it is believed the true potency for that
sample lies with some stated probability. Figure 1 compares the metrological and
pharmaceutical terms for a measurement.

Figure 1. The output of measurement is shown in metrological terms and pharmaceutical terms.
There are a number of components comprising this uncertainty, such as the variability (as
expressed in the standard deviation) of repeated measurements, the systematic error or bias in
the analytical procedure (and its uncertainty), and incomplete knowledge about what one is
measuring, the nature of the measurand. The GUM recommends a defined process to evaluate
all the components of uncertainty, allowing us to report both the reportable value and its MU to
make informed decisions.
MU and Probability
The GUM and related metrological literature emphasize that the true value and error can
never be known for any given measurement. So one can never definitively state a true value;
one can only make a probabilistic inference about any specific true value that was measured.
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For instance, we can quantify our degree of belief as a probability that the true value is within
some fixed uncertainty interval (i.e., reportable value ± constant). Doing so is informative
because the consequences of our decisions generally depend on true rather than reportable
values. The importance of MU in pharmaceutical decision making becomes clear when we
consider that patients consume tablets, not reportable values. These concepts are illustrated
in the figures presented later in this Stimuli article.
The degree of belief is expressed as a probability based on available information, such as the
measurement, data from past experiments or measurements, known scientific theory,
experience with related measurement systems or samples, and possibly other sources. It also
assumes no mistakes have been made either in executing or reporting the measurement.
Although true value and error are unknowable, the theory of MU explains what is knowable
and explains how to evaluate them, and how to use that information to make decisions.
Bayesian statistics provides a coherent approach for learning from evidence as it
accumulates.3 From the Bayesian point of view, the posterior distribution that one obtains from
the measurement and other prior information contains all that can be known about the
measurand quantity value. One can summarize this distribution in many ways (mean and
standard deviation, quantiles, etc.). The central location gives us a feel for the “estimate” and
the spread of the distribution tells us about the uncertainty. A practical approach is to
estimate or approximate this posterior distribution from available information and use the
characteristics of this distribution to express MU. However it is important to remember that it is
the full distribution itself, not various summary metrics, that contains all the available
information about the true value.
METROLOGICAL AND PHARMACEUTICAL TERMINOLOGY
A Word About Measurement Uncertainty History and Terminology
The use of MU has been driven by the need for good decision making in commerce, trade,
science—wherever measurements are used. The use of a measurement needs to include
information on the reliability of that measurement. This has been explicitly recognized by the
Courts, most notably in the U.S. Supreme Court Daubert v. Merrell Dow Pharmaceuticals case4
requiring scientific measurements with “known or potential error rate”. In 1993 the GUM was
published to provide an international consensus on how to evaluate and express this reliability
information as MU. Now, the metrological discipline has specific terms and definitions for
measurement concepts. These continue to evolve and the reader is referred to the publication
Terminological Aspects of the Guide to the Expression of Uncertainty in Measurement (GUM)5
for a detailed discussion of the definitions and importance of these definitions. Also, the
Eurachem Guide Terminology in Analytical Chemistry—Introduction to VIM3 (2011)6 provides
definitions and discussions relevant to analytical chemistry.
This Stimuli article will use terms from the pharmaceutical industry whenever possible and will
explain the metrological terms when they are used. However, to understand MU and to access
the wealth of literature and information in the metrological field, a basic familiarity with the
metrological terms is helpful.
Metrological Terms Used in This Stimuli Article
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The metrological terms are defined and discussed in the Appendix.
USE OF MEASUREMENT UNCERTAINTY IN THE PHARMACEUTICAL INDUSTRY
Measurement uncertainty is a key component of the lifecycle approach to analytical
procedures now being adopted in the pharmaceutical industry.7,8,9,10,11,12 In particular, target
measurement uncertainty (TMU) which is the maximum value for the uncertainty associated
with a reportable value in order for the reportable value to be fit for purpose is one of the key
components. In the analytical target profile (ATP), TMU helps define the quality required in the
reportable value produced by the analytical procedure. The decision rule, defined in the
Appendix, provides the acceptable probability of being wrong when making the decision. MU is
required to determine the probability stated in a decision rule. TMU is a key performance
criterion for analytical procedure performance throughout its life, from development through
qualification and continued verification of performance. With this increased use of MU, a
common understanding on the evaluation of MU is needed. This Stimuli article suggests such an
approach.
Target Measurement Uncertainty
When establishing the acceptance criteria for an analytical procedure’s performance, a target
value is needed for MU. This target is not a value that must be met itself, rather it is the
maximum value the MU can have and still be acceptable. The USP Stimuli article, Fitness for
Use: Decision Rules and Target Measurement Uncertainty and the Eurachem/Cooperation on
International Traceability in Analytical Chemistry (CITAC) Guide, Setting and Using Target
Uncertainty in Chemical Measurement 13 discuss in detail how to establish TMU.
Risk Analysis
Risk is defined in International Council for Harmonisation (ICH) Q9 as a combination of
probability of an event and the consequences (cost) of the event if it occurs. The evaluation
of MU is a component of risk analysis and knowledge management because it expresses an
event (i.e., the true value of the measurand quantity) probabilistically. The process of risk
analysis includes identifying potential sources of risk, understanding them, and placing suitable
controls on them. The Eurachem Guide on Quantifying Uncertainty in Analytical Measurement 14
includes extensive discussion on identifying uncertainty sources. By evaluating the MU, the
requirements for risk analysis as stated in pharmaceutical guides and regulations will be met.
MEASUREMENT UNCERTAINTY DISCUSSION
The concepts behind MU are presented in a series of figures below, accompanied by brief
discussions. The locations of values in the figures may be exaggerated in order to illustrate the
concepts more easily. The true value is shown outside the probability density function (PDF) for
illustration purposes; realistically it could be within the PDF.
In the figures, histograms are used to illustrate sets of individual measured values, such as
those obtained from a repeatability study or an intermediate precision study. The height of the
bar represents the number of times an individual measured value was obtained for the interval
spanned by the bar. The underlying PDF that generated the measured values is not known
exactly but is illustrated by a best fit normal curve.
In some figures, a hypothetical PDF is shown that is not derived from fit to a histogram. Each
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point in the PDF curve can be considered to be the probability density. The area below the
curve, in between any arbitrary interval, is the degree of belief probability that the true value
of the measurand is within that interval.
Error
Figure 2 illustrates the relation between the true value and the measured value, error (error
in this case means total error), systematic error, random error, and data fit to a histogram.

Figure 2. The metrological terminology and pharmaceutical wording for measurand,
measurement, and errors are shown.
Metrology treats error as the difference between the result of a measurement (yi) and a true
value (ytrue) of the measurand, (yi − ytrue) as identified in Figure 2. The true value of a
measurand cannot be known. One reason for this is that, although the assumption is that no
mistakes are made, mistakes could be made that one does not know about. Another reason is
the definition of the measurand may not be complete. This is known as definitional uncertainty
and is discussed in the Appendix. Since the true value of the measurand cannot be known, the
error of the measurement is unknowable because error is the difference between the result and
the true value. However, the error of indication, which is the portion of uncertainty that comes
from the measurement system itself, can be evaluated. The error of indication includes both
systematic error and random error. The error of indication is the difference between the
measured value and the assigned value for a reference standard as shown in Figure 3. The
error of indication deals with the portion of uncertainty that comes from the measurement
system itself. The uncertainty of the indication includes both the uncertainty of the reference
standard and the uncertainty contributed from performing the method.
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Figure 3. The error of indication, which is obtained from measuring a reference standard, is the
difference between the measured value and the assigned value for a reference standard.
Systematic Errors and Random Error
In Figure 4, measurement results are again shown as a histogram and an approximating
normal frequency distribution (black curve) that is fit to the underlying data in the histogram.
In addition, the true underlying (theoretical or population) PDF (gray curve) and its mean,
which would be defined by an infinite amount of data, are added.

Figure 4. Systematic error includes an unknowable component of systematic error which is
introduced by the metrological approach.
There are a few components of systematic error shown in Figure 4:
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1. Any unknown or unknowable components are shown as an “unknown” component of
systematic error. Examples could be mistakes such as errors in pipette volume delivery.
Systems to control pipettes are used to reduce the likelihood of such errors, but they
could still occur. Other “unknown” components may be more difficult to account for,
such as imperfections in the calibration model or deviations from statistical assumptions
(e.g., normality, independence, constancy of measurement variance).
2. The uncertainty of corrections made for known systematic errors.
3. The unknown mean of the theoretical PDF defined by the data.
Systematic error and random error are used in the pharmaceutical industry, but the
systematic error is often assumed to be known exactly. The unknowable component of
systematic error is introduced by the metrological approach.
Objective of Taking a Measurement
Figure 5 introduces combined standard uncertainty, expanded uncertainty, credible interval,
and definitional uncertainty. These are defined in the Appendix. In Figure 5 the curve is no
longer a histogram or frequency distribution, but is a PDF (referred to as a posterior distribution
of the true measurand value, given the data).
We use the term “credible interval” here to mean an interval which includes the specific true
measurand quantity value, associated with a specific measurement on a specific sample, with a
stated probability. Credible intervals can readily be derived from a posterior PDF that results
from a Bayesian analysis of measurement results and other relevant prior information. Credible
intervals may also be referred to as “coverage intervals” in the sense that the interval “covers”
the specific true value with the stated probability. VIM3 and the GUM use the term “coverage
interval” to define an interval within which the true value is believed to lie. However, the term
“coverage interval” is also used in statistics to refer to other types of intervals such as
confidence, prediction, or tolerance intervals. Here coverage implies “coverage on repeated
application” since such intervals include true values based on repeated testing on the same or
different samples and recalculation of the interval with the probability being taken across all
possible samples. This is not the type of coverage of interest in MU which is concerned with
uncertainty in specific measurements. To avoid confusion, we stick with the term “credible
interval” here although readers may see “coverage interval” used in the metrological literature
to covey an equivalent concept. In the discussion below we do refer to a “coverage factor”, k,
used in the estimation of the credible interval.
Figure 5 illustrates the objectives of taking a measurement. A first objective is to establish
the posterior distribution for the true value, given the measured value and other information
(e.g., estimates of analytical imprecision from method qualifications or other relevant
experiments). The second objective is to establish an interval in which the true value is
thought to lie with high probability. Often it is assumed that the posterior distribution of the
true value is normal having a mean equal to the reportable value and a standard deviation, also
referred to here as the combined standard uncertainty, estimated from historical precision
studies, knowledge about the contribution of various components, or other information (we
assume that the combined standard uncertainty is estimated very accurately from a large
sample of data). Often a two-sided, equal-tailed interval and a high probability level such as
95% are assumed. All such assumptions need to be justified.

PF 44(1): Jan.-Feb. 2018

659

In the simple large-sample, normal case described above, a simplified, approximate Bayesian
procedure is as follows. The expanded uncertainty is approximated by multiplying the combined
standard uncertainty by a coverage factor. The credible interval defines the values in which
the true value is believed to lie with a stated probability. One standard uncertainty (coverage
factor = 1), centered on the reportable value covers only 68% of the values. The scientific
community commonly expects a larger associated coverage probability such as 95%. The
definitional uncertainty is also shown. Bayesian procedures are available for cases where such
simplifying assumptions are not justified.
The relationship of standard uncertainty, expanded uncertainty and credible interval are
shown in Figure 6. The individual uncertainty components are combined to obtain the combined
standard uncertainty, which is then multiplied by a coverage factor to obtain the credible
interval. The pharmaceutical industry typically reports a point estimate (a “reportable value”)
without its uncertainty (i.e., a range that includes the particular true measurand quantity value
with, say, 95% probability). In some cases a traditional 95% confidence interval may also be
reported. As noted above, traditional confidence intervals are calculated using statistical
procedures which assure that, on repeated use over many measurements, 95% of such
intervals will cover (or include) their respective true measurand quantity values. Unfortunately,
for a particular measurement, a reported confidence interval must not be misinterpreted as a
range that includes the particular true measurand quantity value with 95% probability. On the
other hand, a Bayesian credible interval does have this interpretation and therefore we
emphasize its use as metrics for measurement uncertainty.

Figure 5. Definitional uncertainty, combined standard uncertainty, expanded uncertainty, and
the credible interval are illustrated.

Figure 6. The relation of uncertainty to combined standard uncertainty to expanded uncertainty
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and credible interval is shown.
Systematic Error and Uncertainty
In Figure 2, Figure 3, and Figure 4, the systematic errors shown are large relative to the
levels of uncertainty. This was done to illustrate the concepts. In practice the known
systematic errors are dealt with by first eliminating them during procedure development. If that
is not possible, then a correction must be included in the procedure. The uncertainty of that
correction is an uncertainty component and is included in the combined standard uncertainty.
For example, using the approach presented in example A4 of the Eurachem Guide, Quantifying
Uncertainty in Analytical Measurement, a recovery study consisting of 25 experiments at 100
mg/mL reveals a mean value of 90 mg/mL or a systematic error of −10 mg/mL. The standard
deviation of the recoveries from the 25 experiments is 4 mg/mL. The correction factor is
calculated to be (100 mg/mL)/(90 mg/mL) = 1.11. The standard error of the mean recovery is
(4 mg/mL)/√25 = 0.8 mg/mL. Thus an approximate standard uncertainty for the correction
factor is taken as 0.8 mg/mL. This value is combined with all other uncertainty components to
obtain the combined standard uncertainty.
If elimination or correction of the systematic error is not possible, then the systematic error
becomes part of the analytical procedure and the systematic error estimate associated with
that procedure must be stated when the reportable value is reported. This is an operationally
defined or empirical method. This is the least favorable approach.
Summary of Figures
The metrological treatment of data to evaluate MU introduces some new concepts to the
pharmaceutical industry, but also includes some familiar concepts. The aspect that the true
value cannot be known explains the importance of taking care to avoid mistakes and to define
the measurand clearly. The role of systematic error and random error in MU is understood. The
statement of the reportable value and its MU as a credible interval based on a posterior PDF
supports decisions made using that measurement result.
REPORTING MEASUREMENT UNCERTAINTY
To be complete, the result of a measurement consists of two parts, the reportable value
itself and the MU. To report the reportable value only can be misleading and implies there is no
interval, no probability, no dispersion, or no uncertainty. When the reportable value is used to
compare to a specification, for example, the end user has no idea of the interval in which the
true value may actually lie, hampering their decision for compliance. They do not know if the
interval overlaps the specification and, if so, by how much. To avoid being misleading, the
reportable value should be reported with its uncertainty. The Eurachem Guide Quantifying
Uncertainty in Analytical Measurement gives guidance on how to report MU for a number of
different situations.
The format for reporting the MU varies. It may be stipulated by regulatory bodies, it may be
agreed upon between the laboratory and its customer, or it may be defined by company policy.
In all cases the information on how the uncertainty has been evaluated and the information
used must be readily available. Unless otherwise stated, the reportable value should be
reported along with its uncertainty expressed as the expanded uncertainty, U, calculated using
a coverage factor, k, of 2. The use of a coverage factor and expanded uncertainty provides an
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approximate Bayesian credible interval (reportable value ± U) which is a range within which the
particular true measurand quantity value lies with approximately 95% probability. As noted
above, this simple procedure makes assumptions such as large-sample normality and all such
assumptions should be justified.
HOW UNCERTAINTY IS EVALUATED
The process for evaluating MU is described in detail in several references.15 They describe
how to use existing data, such as that from analytical procedure qualifications; from continued
verification; or from experiments specifically designed to evaluate an uncertainty component.
This Stimuli article provides a brief summary of the evaluation process.
The uncertainty is evaluated following the steps in Figure 7.

Figure 7. The basic steps in evaluating MU are listed.
The data used to calculate the uncertainty can come from many sources such as quality
control data, collaborative studies, the use of formal uncertainty propagation principles,
continued verification, and in-house or inter-laboratory procedure development and qualification
studies. Regardless of the source of the data used, the steps taken are the same.
Some assumptions are made in this approach, such as normality of the component errors.
These assumptions are explained in the GUM.
Step 1. Specify The Measurand
It is important to be as detailed, specific, unambiguous, and comprehensive as possible and
to be diligent to avoid mistakes when specifying the measurand. The measurand is the quantity
intended to be measured (VIM3 2.3). The measurand is more than just the analyte and can
include the following components:
The analyte which is the entity being determined or measured. For example, the
measurand may be the concentration of lead in drinking water in which the analyte is
lead.
The quantity value (property) being measured, such as amount of substance, mass
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fraction, or concentration. It is best to state these using units traceable to the
International System of Units (SI) units to prevent confusion. The use of “percent”
notation is common; however, it is vague and should be avoided. Percent is a special
name for one part in hundred. In measurements, one has to explicitly specify the
meaning of “part”. Purity of the analyte, X, in a material is best reported as an explicit
mass fraction, for example, as w(X) = 990 mg/g instead of 99%. This indicates explicitly
that 1 g of the material contains 990 mg of entity X.
The sample matrix. This includes anything that is present in the test item or test
solution being measured such as excipients, expected impurities, reagents added to the
test solution, etc.
A definition of whether the reportable value will refer to the laboratory sample or to the
decision unit from which the sample was taken, for example, a lot of drug substance.
This is often the item for which a decision will be made.
The analytical procedure used, if the result obtained depends upon which procedure is
used. This is also known as an empirical procedure or operationally defined procedure.
The identification of all important parameters or conditions that could impact the values
should be included. For example, the determination of water by loss on drying should
specify the drying temperature if different results are obtained at different
temperatures.
Step 2. Identify Potential Uncertainty Components and Data Sources
The potential uncertainty components are identified using several tools. The measurand may
point to possible sources. The analytical procedure can be reviewed. Professional judgement
can be used, especially for complex methods such as procedures to determine impurities or
immunological assays. A fishbone (cause-and-effect or Ishikawa) diagram is a good way to
document sources. The equation for calculating the reportable value is a good source of
information on possible uncertainty components.
The potential uncertainty sources and their estimated uncertainty components can be
documented in a list or table.
Step 3. Quantify the Uncertainty Components
The size of each potential uncertainty component must be evaluated. They need not be
evaluated individually. The components can be evaluated as a group because one data set may
include the impact of several uncertainty components. For example, a repeatability study
includes components such as sample preparation as well as system suitability. The
uncertainties should be expressed as standard deviations so they can be combined when
calculating the combined standard uncertainty.
A well-planned evaluation or experimental design allows the evaluation of uncertainty with
few experiments, reducing the laboratory work required. It is essential to identify experimental
units and recognize the “design structure” (the relationships among experimental units) in
design and analysis of experiments. This will ensure meaningful results and useful data.
The evaluation can often be done using existing data. The journal article, The estimation and
use of measurement uncertainty for a drug substance test procedure validated according to
USP 〈1225〉16 presents an example of how to obtain an estimate of uncertainty from a procedure
qualification that follows the USP chapter Validation of Compendial Procedures 〈1225〉17
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guidelines.
Step 4. Combine the Values of the Uncertainty Components
The individual uncertainty components are then combined as will be shown shortly. When
doing so, one must take care to avoid “double counting” which involves including the value of
an uncertainty component more than once. This can happen easily when data sets that cover
many uncertainty components are used.
MU can be expressed in a number of ways. However, to combine the values of different
uncertainty components, the uncertainty must be expressed in the same form. VIM3 states the
uncertainty should be expressed as standard measurement uncertainties. The definitions from
VIM3 are:
Standard measurement uncertainty is measurement uncertainty expressed as a
standard deviation (VIM 2.30)
Combined standard measurement uncertainty is the standard measurement uncertainty
that is obtained using the individual standard measurement uncertainties associated
with the input quantities in a measurement model (VIM 2.31)
There are several procedures to combine the standard uncertainties based on the
measurement model. These procedures are described in detail in the Eurachem Guide
Quantifying Uncertainty in Analytical Measurement.
To illustrate these concepts, we will look at the following example for a simple case where
the reportable value is calculated using only sums or differences (called Rule 1 in the Eurachem
Guide Quantifying Uncertainty in Analytical Measurement). We also assume these components
are independent. There are three significant uncertainty components for the measurand
expressed as standard deviations.
Uncertainty component 1: u1 = 1.2 mg/mL
Uncertainty component 2: u2 = 4.3 mg/mL
Uncertainty component 3: u3 = 3.1 mg/mL
The combined standard uncertainty, uc(y), is calculated by combining the standard deviations
as their variances.
uc(y)2 = u12 + u22 + u32 = 1.22 + 4.32 + 3.12= 29.54 mg/mL
uc(y) = 5.44 mg/mL
Step 5. Calculate the Expanded Uncertainty
Finally, the expanded uncertainty is calculated using an appropriate coverage factor.
Expanded uncertainty, U = ku, and the best estimate of the measurand, y, provide a credible
interval y ± U or [y − U, y + U] containing the true value of a measurand with a stated
probability, based on the information available. As discussed above, if simple large-sample
normal assumptions are justified then this probability is often taken as 0.95 (95%).
Definitions from VIM3 are:
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u—expanded measurement uncertainty is the product of a combined standard
measurement uncertainty and a factor larger than 1 (VIM 2.35). The symbol for
combined standard measurement uncertainty is uc and the symbol for expanded
uncertainty is an uppercase letter U.
k—coverage factor is the number larger than 1 by which a combined standard
measurement uncertainty is multiplied to obtain an expanded measurement uncertainty
(VIM 2.38).
For the example above, the expanded uncertainty corresponding to an approximate 95%
credible interval uses a coverage factor, k, of 2 is
U = k × uc = 2 × 5.44 mg/mL = 10.88 mg/mL rounded to 11 mg/mL
The coverage factor depends on the shape of the posterior PDF of the true measurand
quantity value that characterizes its uncertainty. When this PDF can be assumed Gaussian
(normal), using k = 1.96, provides 95% coverage. The MU guides round k to 2 because the
difference between 1.96 and 2 to the expanded uncertainty is only 2%.
WHAT IT MEANS FOR PHARMACEUTICAL INDUSTRY
For analytical procedures in the pharmaceutical industry, many of the requirements and much
of the data for evaluating MU may already exist.
The accuracy studies provide information on the magnitude of the systematic error.
Often multiple experiments are done when accuracy is studied providing data that can
be used to evaluate the uncertainty of the systematic error.
The repeatability, intermediate precision, and reproducibility studies provide data on
precision—the random error component of uncertainty.
The clear definition of measurand will reduce the definitional uncertainty.
The pharmaceutical industry focuses on eliminating the risk of mistakes and reducing
the definitional uncertainty caused by not knowing the true value.
To understand the posterior PDF of the measurand quantity value, Bayesian concepts
and methodology can be used. This will provide the probability required to make
informed risk-based decisions.
An intrinsic advantage of evaluating the uncertainty is that a discipline around the analytical
procedure is required. This discipline comes with an established, agreed-upon process that is
well supported by guidances and regulations. It also comes with a vocabulary that allows the
industry to communicate clearly and efficiently. This is especially valuable when addressing
regulatory communications, requirements, issues, and concerns.
EXAMPLE
Details for the Example
This example follows the steps above. Additional information on the steps can be found in the
Eurachem Guide Quantifying Uncertainty in Analytical Measurement and in Valid Analytical
Measurement (VAM) Project 3.2.1.18
The example is for an HPLC analytical procedure taken from the USP. USP uses units of
percent, so these will be quoted and then converted to SI units.
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USP monograph: Liothyronine Sodium, USP 40–NF 35, a drug substance
Analytical procedure: Assay
Acceptance criteria: It contains NLT 95.0% and NMT 101.0% of Liothyronine Sodium,
calculated on the dried basis.
In SI units, the acceptance criteria are NLT 950 mg/g and NMT 1010 mg/g.
Levothyroxine at NMT 5% which is 50 mg/g
Since this is a pharmacopeia procedure, it has already been qualified. However, the
laboratory needs to verify that it can perform the method adequately in its laboratory. The
verification needs to confirm the performance characteristics, accuracy, and precision.
The drying step is a component of uncertainty, but it will not be included in this example for
simplicity.
Step 1. Specify the Measurand
The measurand is described in detail. Much of the information can be obtained from the USP
monograph.
1.
2.
3.
4.

The analyte is Liothyronine Sodium.
The reportable value refers to the batch of drug substance.
The unit is mg/g.
The matrix is mobile phase solution. Other possible entities are Levothyroxine at NMT 50
mg/g.
5. Since this is a drug substance, obtained as a powder from the supplier, the impact due
to sampling is deemed negligible. The powder is homogenous as declared by the
supplier.
Step 2. Identify Potential Uncertainty Components
This step involves listing relevant sources of uncertainty. There are several ways to do this.
One or more of these can be used. A few are shown here.
MEASUREMENT EQUATION
The equation for calculating the reportable value is used to identify potential sources of
uncertainty.
The USP monograph gives the following measurement equation:
The percentage of liothyronine sodium in the portion of Liothyronine Sodium taken is
100(672.96/650.97)(CS/CU) × (rU/rS)
Using standard scientific conventions, this can be written as follows:
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where
672.96 is the molecular weight of liothyronine sodium (MLioNa)
650.97 is the molecular weight of liothyronine (MLio)
CS is the concentration of USP Liothyronine RS in the Standard solution (µg/mL)
CU is the concentration of Liothyronine Sodium in the Sample solution (µg/mL)
rU is the liothyronine peak response from the Sample solution
rS is the liothyronine peak response from the Standard solution
Recovery is an uncertainty component which is not shown explicitly in the above equation. A
factor representing recovery which has a mean value of 1 can be added to the equation to
identify this uncertainty component. The equation then becomes:

where F REC represents the recovery.
CAUSE-AND-EFFECT DIAGRAM
The cause and effect diagram is a convenient way of listing the uncertainty components. It
also helps prevent double counting of uncertainty sources. For this cause-and-effect diagram,
shown in Figure 8, each major rib of the fishbone was taken from the equation.
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Figure 8. The cause-and-effect diagram as obtained from the equation.
CAUSE-AND-EFFECT DIAGRAM INCLUDING PRECISION
The cause-and-effect diagram developed using the elements in the equation can be
enhanced to include uncertainty components that are challenged in a procedure qualification. A
rib for precision is added; Figure 9 shows the revised diagram. Uncertainty components such as
the molecular weights and the purity of the USP Reference Standard are not included in the
precision rib because they will not vary. Just as a factor for recovery was added to the
measurement equation, a factor for the effect of intermediate precision is added to the
equation.

where F IP represents the effect of intermediate precision.
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Figure 9. A rib for precision is added to the cause-and-effect diagram.
Some components now occur on two ribs. This double counting will be reconciled in the
experimental design.
SERIES OF OPERATIONS IN THE ANALYTICAL PROCEDURE
Another tool for listing potential uncertainty components is to consider the analytical
procedure as a sequence of unit operations. Each operation contributes to the uncertainty.
The diagram in Figure 10 is presented for information only and is not used in this estimate of
uncertainty.
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Figure 10. Unit operation diagram for assay can also be used to help identify uncertainty
components.
Step 3. Quantify the Uncertainty Components
OVERALL METHOD PERFORMANCE—PRECISION AND BIAS
This example applies the approach of using the qualification data to estimate the uncertainty.
This approach is described in the Eurachem Guide for estimating uncertainty.
Qualification experiments, such as precision or bias studies, often evaluate most of the
uncertainty components. The cause-and-effect diagram can include the data from analytical
procedure qualification studies, such as precision and bias. Consideration must also be made for
other uncertainty components which are not accounted for in the qualification study. An
example is the impact of long-term operation of the method.
To qualify the analytical procedure, experiments are run to demonstrate recovery (accuracy,
bias, systematic error) and precision (intermediate precision). The analyte is Liothyronine
Sodium, at NLT 950 mg/g and NMT 1010 mg/g, which means the experiments do not need to
cover a wide concentration range. In addition, the uncertainty estimate can be restricted to a
small range of analyte concentrations.
INTERMEDIATE PRECISION
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The actual design of the intermediate precision study will not be presented here because
experimental designs are discussed extensively in the literature. The intermediate precision
expressed as a standard deviation was determined to be 5.0 mg/g.
RECOVERY
The laboratory obtained information on the recovery capability of the method from the
supplier of the drug substance which uses the USP method. They had performed extensive
recovery studies. The recovery was not significantly different from 1, as confirmed by using the
t test. The recovery was F REC = 999 mg/g with the standard deviation of 5.0 mg/g from 10
replicate measurements. The standard uncertainty of this result is calculated as the standard
deviation of the mean u(F REC) = (5.0 mg/g)/√10 = 1.58 mg/g. With only 10 replicates, this
standard error also brings with it a component of uncertainty. We will ignore that estimation
uncertainty here but it can be properly incorporated with more complicated statistical methods.
OTHER
The cause-and-effect diagram can be used to identify other sources of uncertainty that are
not included in the precision and recovery studies by coding those covered by the studies. The
uncertainty components included in the intermediate precision study are coded (1). Those
covered by the recovery study are coded (2). The components that are not included in the
study are coded (3). Figure 11 includes the coding on the cause-and-effect diagram.

Figure 11. Codes are added to the cause-and-effect diagram to identify which uncertainty
components are included in the (1) precision study, (2) recovery study, and (3) other
components that are not included in the studies.
PRECISION STUDY (CODED 1)
The intermediate precision study included three experiments. Each run was performed on a
different instrument, on a different day, using the same column, and fresh preparations of
mobile phase. Since each run varied different conditions, the uncertainty of each condition
cannot be determined. This is not significant as long as the intermediate precision is
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acceptable. If the intermediate precision were not acceptable, further studies would have to be
performed.
Uncertainty components that are not varied in these runs are identified and included in the
“other” category.
RECOVERY STUDY (CODED 2)
Since this is a drug substance, the measurand is straightforward. Few other uncertainty
components are included. The purity of the USP Reference Standard did not vary and will be
included in the “other” category so that when a new lot of USP Reference Standard is used,
consideration for the purity will be made.
The uncertainty of the reference value must also be considered. USP does not provide the
uncertainty in its certification. As stated in USP General Notices, 3.10 Applicability of
Standards, the USP Reference Standard is suitable for use; hence, USP does not report the
uncertainty. Based on this, the lab assumes the uncertainty of the reference value is not
significant.
OTHER (CODED 3)
It is rarely possible to include all uncertainty components in the initial estimate of
uncertainty. The components that are not included are categorized as other. With the lifecycle
approach to analytical procedures, control strategies for these components can be planned. As
an example, the long-term performance of the analytical procedure can be tracked using a
control standard.
In this example, the uncertainty components that were not challenged include:
Molecular weights. Due to the rigor with which these are determined, it is assumed they
will not vary significantly and their uncertainty is insignificant. No further study is
needed. This might not be the case for large molecular weight substances.
Calibration. Due to cost and availability of only one lot of USP Reference Standard, the
same calibration solutions were used for all runs in the precision study. It is expected
that the difference amongst calibration solutions will not be significant due to the
simplicity of their preparation. During the long-term study, different calibration solutions
will be prepared and used; hence, the impact of calibration solutions will be included.
Purity of the USP Reference Standards. The laboratory has procedures in place to
evaluate new reference standards before putting them into use. These procedures will
determine if purity is a significant uncertainty component.
HPLC columns. From past experience with similar columns and methods, it is expected
that the columns will not contribute greatly to the uncertainty. The company which
produces the drug substance also runs the analytical procedure. They stated they do
not see major differences in the performance of different columns. The laboratory has a
procedure in place to qualify columns before placing them in regular use. If the columns
contribute significantly to the uncertainty, the procedure will detect that and action
can be taken.
Long-term effects. When an analytical procedure is run over a long term, such as a
year, there can be uncertainty from the variation in seasonal conditions, laboratory
procedures, and other such variables. To track this, the laboratory implements a control
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strategy. It creates, qualifies, and uses an in-house control sample. They include it in
every run, analyzing it as if it were a sample, and control chart the results. The
standard deviation calculated from the control chart data includes this long-term
component. If it is not acceptable, more studies can be done to learn more about the
impact in the long term.
Uncertainty caused by using small sample sizes in the experiments. The estimated
standard deviations and standard errors contain an uncertainty caused by using small
sample sizes. These can be properly incorporated using more advanced statistical
methods, but for this example we assume these measures of variation are estimated
accurately.
UNCERTAINTY VALUES
The uncertainty contributions are illustrated using a bar chart in Figure 12. The intermediate
precision study is the largest contributor to the MU.

Figure 12. A bar chart is used to document the uncertainties in the Liothyronine Sodium assay.
“Other” and “Long Term” components are assigned with zero uncertainties because they were
not studied.
Step 4. Combine the Values of the Uncertainty Components
The combined uncertainty is given by combining the values. Since this is a relatively pure
drug substance (DS), the uncertainty is calculated for 1 g of DS powder and the standard
uncertainties at 1 g of DS is used to calculate the combined uncertainty.
uc = √(uR2 + uIP2) = √(1.62 + 5.02) = 5.2 mg/g of Liothyronine Sodium
The uncertainty from recovery has little impact on the combined uncertainty.
Step 5. Calculate the Expanded Uncertainty
The expanded uncertainty is calculated by multiplying the combined standard uncertainty
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with a coverage factor of 2 to give:
U = 5.2 mg/g × 2 = 10 mg/g of Liothyronine Sodium
Example Conclusion
This example shows that qualification studies commonly performed in the pharmaceutical
industry provide much of the information required for estimating MU. There are many examples
in the literature, such as the journal article, The estimation and use of measurement
uncertainty for a drug substance test procedure validated according to USP chapter 〈1225〉.
The guides on estimating uncertainty provide more details for other scenarios and other
analytical techniques. This example introduces the basic steps and illustrates how uncertainty
can be readily evaluated.
The identification of uncertainty components that have not been evaluated (categorized as
“other” in this example) and developing a plan to evaluate them fits in well with stage 3,19
continued verification, of the lifecycle of an analytical procedure.
CONCLUSION
It is important that measurement results are reported with sufficient knowledge and
information to support the decisions made with them. The availability of expanded uncertainty
accompanying a reportable value makes it possible to determine the probabilities of decision
errors based on that reportable value. The understanding of the metrological approach to
evaluating MU will enable and assist risk analysis through proper control of analytical
procedures and informed decision making.
The review of the metrological approach shows that the pharmaceutical industry has much of
the data and understanding in place. A reframing of the data to include all uncertainty
components improves the quality of reportable values.
APPENDIX
Table A-1 lists the metrological terms used in this Stimuli article and provides corresponding
terms used in the pharmaceutical industry along with comments provided to clarify or explain
the terms. The pharmaceutical terms are not comprehensive, but are provided to illustrate the
concepts. The metrological definitions are taken from VIM3 unless otherwise indicated. The
number in the metrology definition is the number assigned to the definition in VIM3, in which the
term is stated, followed by the definition. Any notes that are relevant to this Stimuli article are
also provided.
Table A-1. Metrological terms used in this Stimuli article are listed.

Metrology
Term

Term(s)
Commonly used
in
Pharmaceutical
Industry

Comment

Metrological
Definition
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The reportable value is a point estimate of the true value of the
measurand quantity.

2.2
science of
measurement and
its application
[Note—Metrology
includes all
theoretical and
practical aspects
of measurement,
whatever the
measurement
uncertainty and
field of
application.]
Each point in the
posterior PDF can
be considered to
be the probability
density, or degree
of belief, that the
true value of the
measurand is the
value below that
point in the curve.
2.11
quantity value
consistent with the
definition of a
quantity
GUM
B.2.3 true value (of
a quantity) value
consistent with the
definition of a given
particular quantity
[Note—This is a
value that would be
obtained by a
perfect
measurement.]
2.10
quantity value
representing a
measurement
result

Metrological error is used as difference between result and the
true value. Since the true value is not known, the error cannot be
known. To deal with this, the “measurement error” or error of
indication is used and it is the difference between the
measurement value and a reference value of a reference
standard.

2.16 (3.10)
measured quantity
value minus a
reference quantity
value (also called
measurement
error, error of
measurement, or
error) (V IM3§2.16
and §3.10)

Metrology is the
science of
measurement.
The same term
is used in
pharmaceutical
industry.

The pharmaceutical industry uses good science and metrology
is part of that.

Posterior
probability
density
function
(PDF)

N/A

The posterior PDF, based on the observed data and available
prior knowledge, is a Bayesian concept consistent with
metrological principles of MU.

True value

No comparable
term. In terms
familiar to the
pharmaceutical
industry the
quantity is the
property and the
value is the
result.

The true value is an idealized concept and it cannot be known
exactly. The concept of true value is central to a discussion of
uncertainty. The goal of a measurement is to determine the true
value. If we knew the true value, we would not need a
measurement. If all measurements were perfect, we would not
need MU. The purpose of a measurement is to increase our
knowledge about the measurand.

Metrology

Measured
value

Error

Reportable value
No comparable
term with the
metrological
meaning. In the
pharmaceutical
industry, error is
taken to be the
difference
between the
reportable value
and the
assigned value
which is often
the reference
value of a
reference
material.

PF 44(1): Jan.-Feb. 2018

Error of
indication

Random error
Systematic error
(also known as
bias)
A ccuracy
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Indication is also known as a reading. The error of indication is
the difference between the reading for a reference standard and
the assigned value of the reference standard. The error of
indication deals with the portion of uncertainty that comes from
the measurement system itself. For example, for an analytical
balance, the uncertainty obtained from the balance’s calibration
certificate is the error of indication for the weight displayed on
the balance readout.

From JCGM
106:2012;a
Evaluation of
measurement data
—The role of
measurement
uncertainty in
conformity
assessment:
3.3.18 maximum
permissible error
(of indication)
(MPE) for a
measuring
instrument,
maximum
difference,
permitted by
specifications or
regulations,
between the
instrument
indication and the
quantity being
measured
[Note—When more
than one maximum
difference is
specified, the term
“maximum
permissible errors”
is used; for
example, a
specified maximum
negative difference
and a specified
maximum positive
difference.]
[Note—The error of
indication can be
written as E =
R−R0, where R is
the indication and
R0 denotes the
indication of an
ideal measuring
instrument
measuring the
same measurand Y.
In the testing and
verification of a
measuring
instrument, the
error of indication
is typically
evaluated by
measuring a
calibrated
reference
standard.]
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Property; e.g.,
potency,
concentration

Think of the quantity as a glass and the quantity value as the
volume of water in the glass at a particular time.

Result

The result of a measurement is the value assigned to that
property. For example, the property is potency and the value is
the measured result in ##.# mg/mL where ##.# is the reportable
value.

1.1
quantity property
of a phenomenon,
body or substance
where the property
has a magnitude
that can be
expressed as a
number and a
reference
[Note—A reference
can be a
measurement unit,
a measurement
procedure, a
reference material,
or a combination of
such.]
1.19
number and
reference together
expressing
magnitude of a
quantity
EXA MPLE 1:
Length of a given
rod:
5.34 m or 534 cm
EXA MPLE 4:
Celsius
temperature of a
given sample:
−5°
EXA MPLE 10:
A rbitrary amountof-substance
concentration of
lutropin in a given
sample of human
blood plasma
[World Health
O rganization
(WHO )
International
Standard 80/552
used as a
calibrator]:
5.0 IU/L, where
“IU” stands for
“WHO
International Unit”
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No comparable
term

The definitional uncertainty arises from the incomplete definition
of a measurand. Ideally the measurand is defined sufficiently so
that the definitional uncertainty is relatively small when
compared to the combined standard uncertainty. The definitional
uncertainty is the smallest uncertainty with which a measurand
can be determined. A measurement that achieves this
uncertainty is considered to be the best method that can be
achieved. The amount of detail we put in a definition is never
absolutely complete. This causes the understanding of what we
are measuring to be unclear to a certain extent. That lack of
clarity adds uncertainty. A n example is the measurement of
hardness for a lot of pills. The definition of the measurand is the
hardness for the lot of pills. The hardness may vary depending
upon the location in the lot from which the laboratory sample is
taken. That additional variability increases the uncertainty by
the variation within the lot. That increase in variation is the
definitional uncertainty. For this example, if the measurand is
modified to include the location from which the laboratory
sample is taken, the location aspect of the definitional
uncertainty is reduced. A nother example is the measurand for a
potency assay lists all impurities expected to be present.
Definitional uncertainty can be caused by the presence of an
unknown impurity which impacts the precision of the assay. The
precision of the assay cannot be better than the precision
originating from the unknown impurity because the laboratory
cannot reduce the impact of something it does not know.

A ssay,
measurement,
point estimate

Measurements are data. Measurements are inherently variable
(i.e., the same measurement process on the same measurand
will inevitably result in a different measurement value). Because
of this variability in our data, we can never know with certainty
the true measurand quantity value.

2.27 component of
measurement
uncertainty
resulting from the
finite amount of
detail in the
definition of a
measurand
[Note—Definitional
uncertainty is the
practical minimum
measurement
uncertainty
achievable in any
measurement of a
given measurand.]
[Note—A ny change
in the descriptive
detail leads to
another definitional
uncertainty.]
[Note—In the
GUM:1995, D.3.4,
and in
International
Electrotechnical
Commission (IEC)
60359, the
concept
‘definitional
uncertainty’ is
termed “intrinsic
uncertainty”.]
2.1
process of
experimentally
obtaining one or
more quantity
values that can
reasonably be
attributed to a
quantity
[Note
—Measurement
does not apply to
nominal
properties.]
[Note
—Measurement
implies comparison
of quantities or
counting of
entities.]
[Note
—Measurement
presupposes a
description of the
quantity
commensurate with
the intended use of
a measurement
result, a
measurement
procedure, and a
calibrated
measuring system
operating
according to the
specified
measurement
procedure,
including the
measurement
conditions.]
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analyte may be
used but analyte
does not have
the same
meaning as
measurand. The
pharmaceutical
industry
describes the
analyte that is
measured.
O ften, the
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2.3 quantity
intended to be
measured
[Note—The
specification of a
measurand
requires knowledge
of the kind of
quantity,
description of the
state of the
phenomenon, body,
or substance
carrying the
quantity, including
any relevant
component, and
the chemical
entities involved.]
[Note—In the
second edition of
the V IM and in IEC
60050-300:2001,
the measurand is
defined as the
“particular quantity
subject to
measurement”.]
[Note—The
measurement,
including the
measuring system
and the conditions
under which the
measurement is
carried out, might
change the
phenomenon, body,
or substance such
that the quantity
being measured
may differ from the
measurand as
defined. In this
case, adequate
correction is
necessary.]
EXA MPLE 1: The
potential difference
between the
terminals of a
battery may
decrease when
using a voltmeter
with a significant
internal
conductance to
perform the
measurement. The
open-circuit
potential difference
can be calculated
from the internal
resistances of the
battery and the
voltmeter.
EXA MPLE 2: The
length of a steel
rod in equilibrium
with the ambient
Celsius
temperature of 23°
will be different
from the length at
the specified
temperature of
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Measurand

details of the
laboratory
sample are
described in
various
documents and
records.
However, there
is no term
comparable to
the metrological
requirement of a
concise,
complete
description of
what is being
measured.
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The definition of the measurand needs to be adequate for the
intended purpose.
O ne source of uncertainty is the inability to completely define
the measurand. See Definitional uncertainty.

20°, which is the
measurand. In this
case, a correction
is necessary.
[Note—In
chemistry,
“analyte”, or the
name of a
substance or
compound, are
terms sometimes
used for
‘measurand’. This
usage is erroneous
because these
terms do not refer
to quantities.]
2.26
non-negative
parameter
characterizing the
dispersion of the
quantity values
being attributed to
a measurand,
based on the
information used
[Note
—Measurement
uncertainty
includes
components
arising from
systematic effects,
such as
components
associated with
corrections and the
assigned quantity
values of
measurement
standards, as well
as the definitional
uncertainty.
Sometimes
estimated
systematic effects
are not corrected
for but, instead,
associated
measurement
uncertainty
components are
incorporated.]
[Note—The
parameter may be,
for example, a
standard deviation
called standard
measurement
uncertainty (or a
specified multiple
of it), or the halfwidth of an interval,
having a stated
coverage
probability.]
[Note
—Measurement
uncertainty
comprises, in
general, many
components. Some
of these may be
evaluated by Type
A evaluation of
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Measurement
uncertainty

Coverage
interval
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No comparable
term

Because of variability in data (measurements) we have
uncertainty about the true measurand quantity values. We can
use Bayesian concepts to translate this data variability into
estimates of MU. Metrological guidance provides some
approximate procedures for making this translation. But it must
be emphasized that variability in data and uncertainty in the true
values of measurand quantities are not the same concept.

No comparable
term
A lthough V IM3
and the GUM
use the term
coverage
interval, this
Stimuli article
uses the term
“credible
interval”.

The pharmaceutical industry uses confidence interval. The term
“coverage” carries with it important meanings that are easily
missed. In the frequentist world, intervals are random and we
ask how often (on repeated sampling and recalculation) the
interval “covers” the truth. In the Bayesian world, “coverage” is
synonymous with the probability (given the data) that the true
value lies in the interval. In the latter case we use the term
“credible interval”. Credible intervals are not random intervals
but are fixed by the observed data. Credible intervals do not
necessarily have nominal frequentist coverage. There are all
these concepts that depend on very careful use of the
terminology to avoid confusion and mixing metaphors. Coverage
has both a frequentist and a Bayesian meaning which are very
different. A frequentist interval such as a confidence interval
with 95% coverage is a random interval that will “cover” the true
measurand quantity value 95% of the time that that the
frequentist interval method is used. A Bayesian interval such as
a credible interval is fixed by the observed data and includes the
estimated measurand quantity value with a probability equal to
the stated coverage. The Bayesian interpretation is the
appropriate one for MU.

measurement
uncertainty from
the statistical
distribution of the
quantity values
from series of
measurements and
can be
characterized by
standard
deviations. The
other components,
which may be
evaluated by Type
B evaluation of
measurement
uncertainty, can
also be
characterized by
standard
deviations,
evaluated from
probability density
functions based on
experience or other
information.]
[Note—In general,
for a given set of
information, it is
understood that
the measurement
uncertainty is
associated with a
stated quantity
value attributed to
the measurand. A
modification of this
value results in a
modification of the
associated
uncertainty.]
2.36
interval containing
the set of true
quantity values of
a measurand with a
stated probability,
based on the
information
available
[Note—A coverage
interval does not
need to be
centered on the
chosen measured
quantity value (see
JCGM 101:2008).]
[Note—A coverage
interval should not
be termed
“confidence
interval” to avoid
confusion with the
statistical concept
(see GUM:1995,
6.2.2).]
[Note—A coverage
interval can be
derived from an
expanded
measurement
uncertainty (see
GUM:1995,
2.3.5).]
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Coverage
probability

No comparable
term

The pharmaceutical industry uses confidence interval. The term
“coverage” carries with it important meanings that are easily
missed. In the frequentist world, intervals are random and we
ask how often (on repeated sampling and recalculation) the
interval “covers” the truth. In the Bayesian world, “coverage” is
synonymous with the probability (given the data) that the true
value lies in the interval. In the latter case we use the term
“credible interval”. Credible intervals are not random intervals
but are fixed by the observed data. Credible intervals do not
necessarily have nominal frequentist coverage. There are all
these concepts that depend on very careful use of the
terminology to avoid confusion and mixing metaphors. Coverage
has both a frequentist and a Bayesian meaning which are very
different. A frequentist interval such as a confidence interval
with 95% coverage is a random interval that will “cover” the true
measurand quantity value 95% of the time that that the
frequentist interval method is used. A Bayesian interval such as
a credible interval is fixed by the observed data and includes the
estimated measurand quantity value with a probability equal to
the stated coverage. The Bayesian interpretation is the
appropriate one for MU.

Combined
standard
uncertainty
Standard
uncertainty

No comparable
term

See Measurement uncertainty.

Expanded
uncertainty

No comparable
term

See Credible interval.

2.37 probability
that the set of true
quantity values of
a measurand is
contained within a
specified coverage
interval
[Note—This
definition pertains
to the Uncertainty
A pproach as
presented in the
GUM.]
[Note—The
coverage
probability is also
termed “level of
confidence” in the
GUM.]
2.31
standard
measurement
uncertainty that is
obtained using the
individual standard
measurement
uncertainties
associated with the
input quantities in
a measurement
model
2.35
product of a
combined standard
measurement
uncertainty and a
factor larger than
the number one
[Note—The factor
depends upon the
type of probability
distribution of the
output quantity in a
measurement
model and on the
selected coverage
probability.]
[Note—The term
“factor” in this
definition refers to
a coverage factor.]
[Note—Expanded
measurement
uncertainty is
termed “overall
uncertainty” in
paragraph 5 of
Recommendation
INC-1 (1980) (see
the GUM) and
simply
“uncertainty” in
IEC documents.]
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Coverage
factor

No comparable
term

Uncertainty
components

No comparable
term

Decision rule
(DR)

No comparable
term
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See Coverage probability.
These are the individual sources of uncertainty that are
combined to evaluate the combined standard uncertainty.
The pharmaceutical industry uses repeatability, intermediate
precision, and reproducibility. However, it does not treat them in
the same way as uncertainty components are treated.
A DR is a documented rule that describes how the MU will be
allocated with regard to accepting or rejecting a product
according to its specification and the result of a measurement.b

2.38
number larger than
one by which a
combined standard
measurement
uncertainty is
multiplied to obtain
an expanded
measurement
uncertainty
[Note—A coverage
factor is usually
symbolized as k
(see also
GUM:1995,
2.3.6).]

No definition is
given
No definition is
given

a Joint Committee for Guides in Metrology. Evaluation of measurement data—the role of measurement uncertainty in
conformity assessment, JCGM 106:2012; O ctober 2012.
b A merican Society of Mechanical Engineers. Guidelines for Decision Rules: Considering Measurement Uncertainty in
Determining Conformance to Specifications (ASME B89.7.3.1-2001, Reaffirmed: 2006, 2011); 2002. www.asme.org. A ccessed 14
Nov 2013.
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Pharmacopeial Forum's Public Review and Comment Process

This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP website). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP website.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.
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Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP website (http://www.usp.org/getinvolved/donate/submission-guidelines). Note that the Expert Committee listing and the
Scientific Staff Directory also are located on the USP website (see below for links).
Proposed and Adopted Revisions to the USP–NF
Section
Content
How Readers Can Respond
Proposed
Proposals for Interim
Review material and send comments within
Interim
Revision Announcements
90 days of the PF publication in which the
Revision
(IRAs) that will be
standard was proposed (or per the
Announcements published as official USP
comment deadline listed in the Briefing
or NF standards
section). Direct comments to the USP
BRIEFING: Scientific
Scientific Liaison using the contact
rationale for proposed
information provided at the end of each
changes. May include
Proposed IRA
other information useful
to the analyst, such as
the brand name of the
column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph
or general chapter.
In-Process
Proposals for standards
Review material and send comments within
Revision
that will be published as
90 days of the PF publication in which the
official in a future USP–
revision was proposed (or per the
NF book or Supplement.
comment deadline listed in the Briefing
section). Direct comments to the USP
BRIEFING: Scientific
Scientific Liaison using the contact
rationale for
information provided at the end of each
proposed changes.
proposed revision. For general inquiries or
May include other
in cases where a Scientific Liaison is not
information useful to
identified, use the general USP telephone
the analyst, such as
number 301-881-0666 or fax number 301the brand name of
998-6839 or stdsmonographs@usp.org.
the column used in
developing the
proposed procedure
and the USP Expert
Committee and USP
Scientific Liaisons
who handle the
monograph or general
chapter.
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Content
Revision proposals from
the Pharmacopoeial
Discussion Group (PDG),
which comprises the
European
Pharmacopoeia, the
Japanese
Pharmacopoeia, and
USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The
draft is published in its
entirety.
BRIEFING: Scientific
rationale for the
potential inclusion or
change or for the
proposed change.

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

Stimuli to the
Revision
Process

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

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

Other Sections
Expert Committees
A listing of the 2015–2020 Expert Committees that work on the development of USP
compendial standards (http://www.usp.org/expert-committees)
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Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards (http://www.usp.org/help/scientificsupport/standards-development-staff)
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This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP website). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP website.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.
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Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP website (http://www.usp.org/getinvolved/donate/submission-guidelines). Note that the Expert Committee listing and the
Scientific Staff Directory also are located on the USP website (see below for links).
Proposed and Adopted Revisions to the USP–NF
Section
Content
How Readers Can Respond
Proposed
Proposals for Interim
Review material and send comments within
Interim
Revision Announcements
90 days of the PF publication in which the
Revision
(IRAs) that will be
standard was proposed (or per the
Announcements published as official USP
comment deadline listed in the Briefing
or NF standards
section). Direct comments to the USP
BRIEFING: Scientific
Scientific Liaison using the contact
rationale for proposed
information provided at the end of each
changes. May include
Proposed IRA
other information useful
to the analyst, such as
the brand name of the
column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph
or general chapter.
In-Process
Proposals for standards
Review material and send comments within
Revision
that will be published as
90 days of the PF publication in which the
official in a future USP–
revision was proposed (or per the
NF book or Supplement.
comment deadline listed in the Briefing
section). Direct comments to the USP
BRIEFING: Scientific
Scientific Liaison using the contact
rationale for
information provided at the end of each
proposed changes.
proposed revision. For general inquiries or
May include other
in cases where a Scientific Liaison is not
information useful to
identified, use the general USP telephone
the analyst, such as
number 301-881-0666 or fax number 301the brand name of
998-6839 or stdsmonographs@usp.org.
the column used in
developing the
proposed procedure
and the USP Expert
Committee and USP
Scientific Liaisons
who handle the
monograph or general
chapter.
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Content
Revision proposals from
the Pharmacopoeial
Discussion Group (PDG),
which comprises the
European
Pharmacopoeia, the
Japanese
Pharmacopoeia, and
USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The
draft is published in its
entirety.
BRIEFING: Scientific
rationale for the
potential inclusion or
change or for the
proposed change.

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

Stimuli to the
Revision
Process

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

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

Other Sections
Expert Committees
A listing of the 2015–2020 Expert Committees that work on the development of USP
compendial standards (http://www.usp.org/expert-committees)
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Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards (http://www.usp.org/help/scientificsupport/standards-development-staff)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.uspnf.com/pharmacopeial-forum for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's website.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example: new text Where the symbols appear together with no enclosed
text, such as
, it means that text has been deleted and no new text was proposed to
replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the
date the proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, (2) modifications of
revisions previously proposed under In-Process Revision, or (3) proposed revisions for articles
awaiting approval by FDA. Readers should review material in this section and provide comments
to the Scientific Liaison using the contact information appearing at the end of each proposal.
Information on how to comment can be found under the “Participation” section of
www.usp.org. It is important to send comments promptly, before the comment deadline listed
after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text: new text if slated for an IRA; new text if slated for USP–NF; new
text if slated for a Supplement to USP–NF; new text for articles awaiting approval by
FDA. The same symbols indicate recent revisions that are already official. Where the symbols
appear together with no enclosed text, such as

, or

, or

, or

, it means that
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text has been deleted and no new text was proposed to replace it.
In revisions, the closing symbol is accompanied by an identifier that indicates the particular IRA,
Supplement, or the USP or NF as the publication where the revision will appear if approved. For
example, 2S (USP 34) indicates that the proposed revision is slated for the Second Supplement
to USP 34, and USP35 and NF30 indicates that the revisions are proposed for USP 35 and NF
30, respectively. In the case of revisions for articles awaiting approval by FDA, the symbols are
followed by TBD indicating that the official publication is To Be Determined. For example, (TBD)
does not yet have a target official publication.
Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING

〈 2〉 Oral Drug Products—Product Quality Tests, USP 41 page 5921. It is proposed to revise
this chapter to replace several references made to the European Pharmacopoeia for certain
disintegration test procedures. During a concurrent revision process, these procedures were
added to Disintegration 〈701〉. Also, this revision is proposing to remove cross references to Soft
Gelatin Capsules and Hard Gelatin Capsules since these definitions have been removed from
〈701〉 in the concurrent revision.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCDF: A. Hernandez-Cardoso.)
Correspondence Number—C198112
Comment deadline: May 31, 2018

〈 2〉 ORAL DRUG PRODUCTS—PRODUCT QUALITY TESTS
INTRODUCTION
Oral delivery is the most common route of administration for drug products. All oral drug
products lead to systemic and/or local action in the oral cavity and/or gastrointestinal tract.
Oral drug products fall primarily into two main categories: solids and liquids. Solid oral drug
products include but are not restricted to capsules, tablets, granules, and powders. Similarly,
liquid oral drug products include but are not restricted to solutions, suspensions, and emulsions.
The definitions and descriptions of these dosage forms and brief information about their
composition and manufacturing process are found in Pharmaceutical Dosage Forms 〈1151〉.
[Note—All references to chapters above 〈1000〉 are for informational purposes only, for use as a
helpful resource. These chapters are not mandatory unless explicitly called out for application.]
This chapter focuses on the product quality tests that are generally necessary for oral drug
products for a single or combination of small molecules of active ingredients. Biologics in solid
dosage forms are not considered. In this chapter, the terms “drug substance” and “active
ingredient” are used interchangeably. The contents of this chapter do not necessarily apply to
drug products that are intended for use other than by oral administration. For example, the
chapter does not address oromucosal dosage forms. Some of the tests indicated in this chapter
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may be performed on an in-process basis or omitted as routine tests based on process
validation. However, the product must meet USP compendial requirements when sampled and
tested, once the product is on the market.
This chapter provides lists of consolidated common product quality test requirements in a
concise and coherent fashion. This chapter applies, in part or whole, when referenced in a drug
product monograph (see General Notices, 3.10 Applicability of Standards). This chapter includes
the quality tests for the specific route of administration. The quality tests listed can be used as
appropriate by manufacturers toward the development of new drug product monographs for
submission to USP. If a validated performance test procedure is available for the specific drug
product, it is identified in a general chapter below 〈1000〉. In cases where a validated procedure
cannot be recommended, but if the information is available for a product quality and/or product
performance test, it is described in an informational chapter above 〈1000〉.
Drug Product Quality Tests and Performance Tests
Monograph tests, analytical procedures, and acceptance criteria for testing oral drug
products are divided into two categories: 1) those that assess general product quality
attributes, and 2) those that assess product performance, which is a specific quality attribute
typically linked to bioavailability and bioequivalence studies (see Assessment of Drug Product
Performance—Bioavailability, Bioequivalence, and Dissolution 〈1090〉). Drug product quality tests
are intended to assess attributes such as identification, strength (assay), impurities (universal
tests), dose content uniformity, pH, minimum fill, alcohol content, volatile content, and
microbial content (specific tests). Drug product performance tests are designed to assess in
vitro drug release from dosage forms (e.g., Dissolution 〈711〉 and Drug Release 〈724〉). For liquid
oral drug products in solution, performance is considered optimal, and a monograph performance
test is not included.
Each of these attributes is important for a primary understanding of the quality and
performance of a drug product. Thus, they form the basis for the monograph. A compendial
product should meet all drug product quality tests and drug product performance tests
contained in its monograph.
[Note—Dissolution tests, specifically dissolution profile similarity between higher strengths and
lower strengths of a given manufacturer’s product and dissolution profile similarity between the
generic product and the reference product, are used for granting biowaivers. See 〈1090〉.]
Change to read:
PRODUCT QUALITY TESTS FOR ORAL DRUG PRODUCTS
Drug product quality tests for oral drug products fall into two categories: 1) universal tests
that are applicable to all oral drug products and should be included in the monograph, and 2)
specific tests that should be considered for inclusion for specific types of oral products.
Universal Tests for Oral Drug Products
Product quality attributes for oral dosage forms are important to ensure that commercialized
products meet minimum quality requirements. Universal tests should be applied to all oral
dosage forms and include Description, Identification, Strength (Assay), and Impurities (organic,
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inorganic, and residual solvents).
DESCRIPTION
Description is general in nature and is not a standard in itself. It communicates the
appearance of an article that complies with monograph standards.
IDENTIFICATION
The identification test is defined in General Notices, 5.40 Identification. (CN 1-May-2018) It
is included in a monograph as an aid to confirm that the article contains the labeled drug
substance by providing a positive identification of the drug substance or substances in a drug
product.
One method of confirming the identity is to compare the retention time of the sample with
that obtained for the standard injections in a chromatographic assay procedure. Other methods
often used to orthogonally confirm the identity of the active ingredient are: Thin-Layer
Chromatographic Identification Test 〈201〉, Spectrophotometric Identification Tests 〈197〉,
Nuclear Magnetic Resonance Spectroscopy 〈761〉, Near-Infrared Spectroscopy 〈1119〉, and
Raman Spectroscopy 〈1120〉, among others. The analytical procedure must be able to
distinguish the active ingredient from all excipients that are present or from potential
degradation products likely to be present. Care must also be taken to ensure that the
chromatographic system separates the article from other closely related drug substances,
impurities, and additives. Infrared and ultraviolet absorption also can be used for identification
(see 〈197〉), if the procedure has been demonstrated to be selective for the drug substance via
an appropriate validation or verification study. The results of the identification test must be
compared to the results obtained from a similarly prepared, suitable Reference Standard.
ASSAY
The assay is a specific and stability-indicating test to determine the potency (content) of
the drug product. When a nonspecific assay (e.g., titration) is justified, other supporting
analytical procedures should ensure that any interfering species can be detected. In general
the a priori acceptance of ±10% variation in limits of a quality attribute (e.g., assay) from the
target label claim (100%) in most cases is intended to account for manufacturing variability and
shelf-life stability and is primarily based on the notion that such variation in a quality attribute
is less likely to have any noticeable adverse impact on the desired clinical outcome.
Acceptance criteria of 95.0%–105.0% are used with justification (e.g., for drug products with
narrow therapeutic index). Activity assays and absolute content assays also are acceptable
when justified.
IMPURITIES
Process impurities, synthetic by-products, and other inorganic and organic impurities may be
present in the drug substance and in the excipients used in the manufacture of the drug
product. These impurities are limited by drug substance and excipient monographs. During
product manufacture and over the shelf life of the product, degradation products can form.
These can be a result of degradation of the drug substance or from interactions between the
drug substance and excipient(s), among other factors. The procedures and acceptance criteria
should specifically limit toxic materials. See specific requirements in the General Notices 5.60,
Impurities and Foreign Substances. [Note—For additional information, see Impurities in Drug
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Substances and Drug Products 〈1086〉.]
Specific Tests for Tablets
In addition to the Universal Tests for Oral Drug Products described above, the following
specific tests for tablets should be considered, depending upon the nature of the drug
substance and formulation.
VOLATILE CONTENT
The test and the specific method depend on the nature of the article. Special consideration
should be given to dosage forms for which water content has been shown to be a potential
quality attribute and to products where solvent is used in the manufacture of the drug product.
When the presence of moisture or other volatile material may become critical, analysts must
determine the amount of unbound volatile solvents or volatile matter of any kind that is driven
off by Loss on Drying 〈731〉 or another suitable technique (e.g., water activity). For substances
that appear to contain water as the only volatile constituent, the procedure given in Water
Determination 〈921〉 may be appropriate. For drug products, analysts also should consult
Residual Solvents 〈467〉.
DISINTEGRATION
Disintegration is an essential attribute of oral solids, except for those intended to be chewed
before being swallowed and for delayed- or extended-release products. This test measures the
time it takes for the dosage unit to disintegrate in an aqueous medium and is described in detail
in Disintegration 〈701〉. For certain
Certain 1S (USP42)
dosage forms (e.g., effervescent tablets disintegrating tablets, and others) the European
Pharmacopoeia describes the disintegration test in great detail.
and others) may require special procedures and identity tests for bicarbonate when dissolved
in water. 1S (USP42)
The disintegration test for some of the dosage forms in this chapter is included for
completeness. For detailed procedures, refer to 〈701〉. or the European Pharmacopoeia.
1S (USP42)

The disintegration test, if included, is used only as a quality control test and not as a product
performance test and should conform with the specifications in the monograph. Only when
disintegration has been correlated with dissolution of a dosage form can a disintegration test be
used as a product performance test [International Council for Harmonisation (ICH) Guidance
Q6A, available at www.ich.org]. In all other instances, a dissolution test should be considered
as a product performance test.
TABLET FRIABILITY
The test procedure is applicable to most compressed, uncoated tablets. Friability determines
the ability of tablets to withstand mechanical stresses and their resistance to chipping and
surface abrasion. [Note—For additional information, see Tablet Friability 〈1216〉.]
TABLET BREAKING FORCE
Tablet breaking force measures the mechanical integrity of tablets, which is the force
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required to cause them to fail (i.e., break) in a specific plane. [Note—For additional information,
see Tablet Breaking Force 〈1217〉.]
UNIFORMITY OF DOSAGE UNITS
Uniformity of dosage units must be demonstrated by either content uniformity or weight
variation. Content uniformity is based on the assay of the individual content of drug
substance(s) in a number of dosage units to determine whether the individual contents are
sufficiently close to label claim. Weight variation can be used as an alternative to estimate
content uniformity under certain conditions (see Uniformity of Dosage Units 〈905〉).
Specific Tests for Uncoated Tablets
Uncoated tablets include single-layer tablets that result from a single compression of particles
and multilayer tablets that consist of concentric or parallel layers obtained by successive
compression of particles of different composition. The excipients used generally are not
specifically intended to modify the release of the active substance in the digestive fluids.
Uncoated tablets include but are not limited to: effervescent tablets, buccal tablets, sublingual
tablets, chewable tablets, disintegrating tablets, orally disintegrating tablets, tablets for oral
solution, and tablets for oral suspension. For uncoated tablets, disintegration should be tested
as directed in 〈701〉.
BUCCAL, SUBLINGUAL, AND ORALLY DISINTEGRATING TABLETS
These dosage forms are discussed in Mucosal Drug Products—Product Quality Tests 〈4〉. They
are listed here for informational purposes and completeness.
CHEWABLE TABLETS
Chewable tablets are not required to comply with the disintegration test. Chewable tablets
(intact) should undergo dissolution testing, as a product performance test (if cited in the
monograph), because they might be swallowed without proper chewing by a patient. In
general, the dissolution test conditions for chewable tablets should be the same as for
nonchewable tablets of the same active ingredient or moiety.
TABLETS FOR ORAL SOLUTION AND TABLETS FOR ORAL SUSPENSION
These are tablets intended to be dissolved or dispersed in water before administration, giving
a homogeneous solution or dispersion. They are listed here for informational purposes and
completeness.
Specific Tests for Coated Tablets
Coated tablets are tablets covered with one or more layers of mixtures of various substances
such as natural or synthetic resins, gums, gelatin, inactive and insoluble excipients, sugars,
plasticizers, polyols, waxes, coloring matter authorized by the competent authority, and
sometimes flavoring substances and active substances. Tablets coated by sugar or film include
but are not limited to: plain coated tablets, extended-release tablets, and delayed-release
tablets. A disintegration test, when applicable, should be performed as directed in 〈701〉.
There are no additional specific quality tests for extended-release tablets and delayedrelease tablets. Universal quality tests should be applied to these products.
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Specific Tests for Capsules
In addition to the Universal Tests for Oral Drug Products described above, the specific tests
included below should be considered, depending on the nature of the drug substance and
formulation.
Product quality tests that are considered specific to the type of capsule include those for
volatile content (see 〈731〉 and 〈921〉). One-piece capsules typically are used to deliver a drug
substance as a solution or suspension. Two-piece capsules consist of two telescoping capand-body pieces that are used to deliver solid material as powder, granules, or small tablets.
Modified-release capsules include but are not limited to: delayed-release capsules and
extended-release capsules.
1S (USP42)

DISINTEGRATION
Proceed as directed in Disintegration 〈701〉, Soft Gelatin Capsules for one-piece capsules and
Disintegration 〈701〉, Hard Gelatin Capsules for two-piece capsules
For capsules, proceed as directed in 〈701〉. 1S (USP42)
Disintegration for modified-release capsules is described in great detail in the European
Pharmacopoeia
delayed-release capsules may require special procedures. 1S (USP42)
There are no additional specific quality tests for extended-release capsules and
1S (USP42)

delayed-release capsules. Universal quality tests should be applied to these products.
Specific Tests for Granules
In addition to the Universal Tests for Oral Drug Products described above, the specific tests
included below should be considered, depending on the nature of the drug substance and
formulation.
Granules are solid dosage forms that are composed of agglomerations of smaller particles.
Granules include but are not limited to: effervescent granules, coated granules, extendedrelease granules, and delayed-release granules.
Tests that are considered specific to the type of granules include volatile content (see 〈731〉
and 〈921〉). Disintegration for effervescent granules is described in great detail in the European
Pharmacopoeia.
For disintegration for effervescent granules, refer to 〈701〉. 1S (USP42)
On the basis of the nature of the article and scientific criteria, additional tests may apply,
including powder fineness and others.
Specific Tests for Powders
Oral powders should indicate: “For Oral Use Only”. Tests that are considered specific to the
type of powders include: Minimum Fill 〈755〉 and volatile content (see 〈731〉 and 〈921〉). Chapter
〈755〉 has specifications that apply to oral powders.
On the basis of the nature of the article and scientific criteria, additional tests may apply,
including pH in an aqueous solution, powder fineness, microbial limits, and others.
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Specific Tests for Liquids
The recommended product quality tests for a liquid drug product include the Universal Tests
for Oral Drug Products described above and the specific tests included below. Most of the
quality tests for liquids require the evaluation of single-dose products to estimate the quality
attribute. Specific directions to perform the quality tests for either single-dose or multiple-dose
products are provided in the monograph or the general chapter. For example, weight variation
may be used when adequacy of mix for the active substance(s) and excipients in the blend is
well controlled to ensure their uniform distribution, as in solutions.
DELIVERABLE VOLUME
When the liquid formulation is packaged in a multiple-dose container, compliance with
Deliverable Volume 〈698〉 is required.
ALCOHOL DETERMINATION
If the liquid formulation contains a quantity of alcohol, Alcohol Determination 〈611〉 should be
included. The limits may be an absolute concentration, in percentage, or relative to a labeled
content.
PH
Liquid oral products typically are aqueous formulations that are susceptible to pH changes
from exposure to atmospheric carbon dioxide (CO2 ). The uptake of atmospheric carbon dioxide
(CO2 ) and consequent pH change of oral liquid products is only relevant to aqueous-based
products. The pH of an oral liquid formulation can affect flavor and stability. The pH range as
outlined in pH 〈791〉 is indicated in the monograph.
MICROBIAL CONTENT
The presence of certain microorganisms in nonsterile preparations may have the potential to
reduce or even inactivate the therapeutic activity of the product and has a potential to
adversely affect the health of the patient. Some liquid oral products can be subject to extreme
microbiological control, and others require none. The needed microbial specification for a given
liquid oral product depends on its formulation and use and is indicated in the monograph.
[Note—For additional information, see Microbiological Examination of Nonsterile Products:
Acceptance Criteria for Pharmaceutical Preparations and Substances for Pharmaceutical Use
〈1111〉.]
ANTIOXIDANT
Release testing should be performed. Shelf-life testing may be unnecessary where justified by
development and stability data (ICH Guidance Q6A).
EXTRACTABLES
Where development and stability data show no significant evidence of extractables,
elimination of this test may be proposed. Where data demonstrate the need and acceptance
criteria for oral solutions—rubber stopper, cap liner, plastic bottle—data should be collected as
early in the development process as possible (ICH Guidance Q6A).
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Types of Liquid Dosage Forms
Specific quality tests for these dosage forms are provided in their respective monographs.
SOLUTIONS, POWDERS, AND GRANULES FOR SOLUTION
Tests of “for Solution” formulations are conducted on a well-mixed solution of the drug
product constituted as described in the labeling.
EMULSIONS, SUSPENSIONS, AND POWDERS AND GRANULES FOR SUSPENSION
Tests of “for Suspension” formulations are conducted on a well-mixed suspension of the drug
product constituted as described in the labeling. Product quality tests for suspensions should
include a test of suspendability.
POWDERS AND GRANULES FOR SOLUTIONS
After dissolution or suspension, they comply with monograph requirements for the final
dosage form. Volatile content (see 〈731〉 and 〈921〉) may be an additional quality test for
powders and granules for reconstitution.
Specific Tests for Miscellaneous Oral Dosage Forms
LYOPHILIZED ORAL PRODUCTS
Water Determination 〈921〉, Method I, Method Ia: Lyophilized oral products comply with the
test. The limits are approved as indicated in the specific monograph.
Recent Official Publications:
USP41–NF36 Page 5921
BRIEFING

〈 41〉 Balances, USP 41 page 5958. The addition of an alternative presentation for the
formula for calculation of minimum weight is proposed as a revision to the chapter.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCCA: W. Brown.)
Correspondence Number—C198025
Comment deadline: May 31, 2018

〈 41〉 BALANCES
Change to read:
This chapter states the requirements for balances used for materials that must be accurately
weighed (see General Notices, 8.20 About). (CN 1-May-2018) Unless otherwise specified, when
substances must be “accurately weighed”, the weighing shall be performed using a balance
that is calibrated over the operating range and meets the requirements defined for repeatability
and accuracy. For balances used for other applications, the balance repeatability and accuracy
should be commensurate with the requirements for its use.
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For a discussion of the theoretical basis of these requirements, see Weighing on an Analytical
Balance 〈1251〉, which may be a helpful—but not mandatory—resource.
Change to read:
REPEATABILITY
Repeatability is assessed by weighing one test weight NLT 10 times. [Note—The test weight
must be within the balance’s operating range, but the weight need not be calibrated. Because
the standard deviation is virtually independent of sample mass within the balance’s capacity,
use of a small test weight, which may be difficult to handle, is not required.]
Repeatability is satisfactory if two times the standard deviation of the weighed value, divided
by the desired smallest net weight (i.e., smallest net weight that the users plan to use on that
balance), does not exceed 0.10%.
1

1S (USP42)

If the standard deviation, s, obtained is less than 0.41d, where d is the scale interval, replace
this standard deviation with 0.41d. In this case, repeatability is satisfactory if 2 × 0.41d,
divided by the desired smallest net weight, does not exceed 0.10%.
ACCURACY
The accuracy of a balance is satisfactory if its weighing value, when tested with a suitable
weight(s), is within 0.10% of the test weight value.
A test weight is suitable if it has a mass between 5% and 100% of the balance’s capacity.
The test weight’s maximum permissible error (mpe), or alternatively its calibration uncertainty,
shall be NMT one-third of the applied test limit of the accuracy test. [Note—Applicable
standards are the following: American Society for Testing and Materials (ASTM) E617 (available
from http://www.astm.org) and International Organization of Legal Metrology (OIML) R 111
(available from http://www.oiml.org).]

1 The equation simplifies to: M
min = 2000 × s. If the standard deviation, s, obtained is less than 0.41d,
where d is the scale interval, replace this standard deviation with 0.41d. 1S (USP42)

Recent Official Publications:
USP41–NF36 Page 5958
BRIEFING

〈 701〉 Disintegration, USP 41 page 6455. Based on review of content as part of the work
plan for the General Chapters Dosage Forms Expert Committee, this harmonized general chapter
is proposed for revision. Some minor changes in format for the statement of dimensions for the
apparatus have been made. The format should now consist of a centerpoint with a tolerance in
place of the previous mixed format including ranges as well. A clarification of the description of
the disks has also been made to recognize that the distance from the disk axis of the four
parallel holes is measured along lines that are perpendicular rather than parallel to each other.
The Procedure section has been revised to distinguish procedural elements from criteria. The
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reliance on the procedure and criteria for uncoated tablets in the testing of other dosage forms
has been acknowledged by explicitly linking plain-coated tablets, buccal tablets, sublingual
tablets, capsules, tablets for oral suspension, tablets for oral solution, tablets for topical
solution, orally disintegrating tablets, and chewable tablets. As the terms “hard gelatin
capsules” and “soft gelatin capsules” are not part of official article titles, the revision mentions
only capsules.
The direct reference to the procedure for uncoated tablets in testing capsules removes the use
of the wire mesh that has been placed at the top of the basket-rack assembly. This wire mesh
acted to prevent the exit of floating sample from the tubes when their top surface was
submerged. The harmonized description of the travel of the basket-rack precludes submersion.
Thus, the need for this preventative measure is eliminated.
The Procedure and Criteria for Delayed-Release Tablets and Capsules is now described by
stage of test and test parameter for increased clarity. The media that are part of the default
Acid stage and Buffer stage procedures have been changed from simulated gastric fluid TS and
simulated intestinal fluid TS to simpler aqueous solutions with equivalent pH. The Committee
requests comments against the change in medium to include supporting data. The opportunity
of specifying an alternative medium in the monograph is offered within the procedures for all
dosage forms.
Procedures for effervescent tablets for oral solution and effervescent granules, two dosage
forms not previously addressed in this chapter, have been included in this revision proposal.
Discussion of disintegration test procedures for these dosage forms is currently included in Oral
Drug Products—Product Quality Tests 〈2〉. Inclusion of procedures for these dosage forms within
this chapter is proposed to simplify access and reference. The revision of 〈2〉 is proposed
elsewhere in this issue of PF.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
The following Briefing list includes monographs and/or chapters that both reference the
General Chapter under revision and require revision to keep references to the General Chapter
accurate. Other monographs and/or chapters may also be listed, even where the reference to
the General Chapter remains unchanged, as additional notice to stakeholders where there is
believed to be potential for the change in the general chapter itself to affect pass-fail
determinations for particular monograph articles.
Chapter Dependencies (click to expand).
〈2 〉 ORAL DRUG PRODUCTSPRODUCT
QUALITY TESTS
〈1059 〉 EXCIPIENT PERFORMANCE
〈1094 〉 CAPSULESDISSOLUTION
TESTING AND RELATED QUALITY
ATTRIBUTES
〈2040 〉 DISINTEGRATION AND
DISSOLUTION OF DIETARY
SUPPLEMENTS
Alumina and Magnesia Tablets

〈705 〉 QUALITY ATTRIBUTES OF TABLETS LABELED AS
HAVING A FUNCTIONAL SCORE
〈1090 〉 ASSESSMENT OF DRUG PRODUCT
PERFORMANCEBIOAVAILABILITY, BIOEQUIVALENCE,
AND DISSOLUTION
〈1151 〉 PHARMACEUTICAL DOSAGE FORMS
Alprazolam Orally Disintegrating Tablets
Alumina and Magnesium Carbonate Tablets
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Alumina and Magnesium Trisilicate
Tablets
Alumina, Magnesium Carbonate,
and Magnesium Oxide Tablets
Aminophylline Delayed-Release
Tablets
Amoxicillin Boluses
Amoxicillin and Clavulanate
Potassium Tablets
Aripiprazole Orally Disintegrating
Tablets
Atropine Sulfate Tablets
Belladonna Extract Tablets
Bismuth Subsalicylate Tablets
Calcium and Magnesium Carbonates
Tablets
Carboxymethylcellulose Sodium
Tablets
Cephalexin Tablets for Oral
Suspension
Chlorambucil Tablets
Chlortetracycline Hydrochloride
Tablets
Clonazepam Orally Disintegrating
Tablets
Cocaine Hydrochloride Tablets for
Topical Solution
Cyanocobalamin Co 58 Capsules
Dehydrocholic Acid Tablets
Diethylcarbamazine Citrate Tablets
Digitalis Tablets
Disulfiram Tablets
Donepezil Hydrochloride Orally
Disintegrating Tablets
Dried Aluminum Hydroxide Gel
Tablets
Ergocalciferol Tablets
Ergotamine Tartrate Sublingual
Tablets
Erythromycin Estolate Tablets
Ethynodiol Diacetate and Ethinyl
Estradiol Tablets
Halazone Tablets for Solution
Hyoscyamine Tablets
Isosorbide Dinitrate Sublingual
Tablets
Liotrix Tablets
Loratadine Orally Disintegrating
Tablets
Magnesia Tablets
Megestrol Acetate Tablets
Methenamine Mandelate DelayedRelease Tablets
Methyltestosterone Tablets

32
Alumina, Magnesia, and Calcium Carbonate Chew able
Tablets
Aluminum Sulfate and Calcium Acetate Tablets for
Topical Solution
Ammonium Chloride Delayed-Release Tablets
Amoxicillin Tablets for Oral Suspension
Apomorphine Hydrochloride Tablets
Ascorbic Acid Tablets
Barium Sulfate Tablets
Bisacodyl Delayed-Release Tablets
Busulfan Tablets
Carbidopa and Levodopa Orally Disintegrating Tablets
Cascara Tablets
Cetirizine Hydrochloride Orally Disintegrating Tablets
Chloramphenicol Tablets
Cholecalciferol Capsules
Clotrimazole Vaginal Inserts
Cyanocobalamin Co 57 Capsules
Cyanocobalamin Tablets
Desloratadine Orally Disintegrating Tablets
Diethylstilbestrol Tablets
Dihydrotachysterol Tablets
Docusate Sodium Tablets
Dried Aluminum Hydroxide Gel Capsules
Ergocalciferol Capsules
Ergoloid Mesylates Sublingual Tablets
Erythromycin Estolate Capsules
Esterified Estrogens Tablets
Ethynodiol Diacetate and Mestranol Tablets
Hyoscyamine Sulfate Tablets
Iodoquinol Tablets
Isotretinoin Capsules
Lomustine Capsules
Magaldrate Tablets
Magnesium Trisilicate Tablets
Methadone Hydrochloride Tablets for Oral Suspension
Methylcellulose Tablets
Mirtazapine Orally Disintegrating Tablets
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Mitotane Tablets
Neomycin Sulfate Tablets
Norgestimate and Ethinyl Estradiol
Tablets
Nystatin Lozenges
Nystatin Vaginal Inserts
Omega-3-Acid Ethyl Esters Capsules
Pancreatin Tablets
Papain Tablets for Topical Solution
Paromomycin Sulfate Capsules
Phenelzine Sulfate Tablets
Phytonadione Tablets
Potassium Perchlorate Capsules
Pyrvinium Pamoate Tablets
Risperidone Orally Disintegrating
Tablets
Scopolamine Hydrobromide Tablets
Simethicone Tablets
Sodium Bicarbonate Tablets
Sodium Fluoride Tablets
Tetracycline Hydrochloride and
Novobiocin Sodium Tablets
Thyroid Tablets
Vitamin A Capsules
Zinc Gluconate Tablets
Zolmitriptan Orally Disintegrating
Tablets

Neomycin Boluses
Nitroglycerin Sublingual Tablets
Norgestrel Tablets
Nystatin Tablets
Olanzapine Orally Disintegrating Tablets
Ondansetron Orally Disintegrating Tablets
Pancrelipase Tablets
Paricalcitol Capsules
Penicillin G Benzathine Tablets
Phenylbutazone Boluses
Potassium Iodide Delayed-Release Tablets
Promazine Hydrochloride Tablets
Rauw olfia Serpentina Tablets
Salsalate Capsules
Simethicone Capsules
Sitagliptin Tablets
Sodium Chloride Tablets
Sucralfate Tablets
Tetracycline Hydrochloride, Novobiocin Sodium, and
Prednisolone Tablets
Triple Sulfa Vaginal Inserts
Vitamin E Capsules
Zinc Sulfate Tablets

(GCDF: W. Brown.)
Correspondence Number—C184604
Comment deadline: May 31, 2018

〈 701〉 DISINTEGRATION
Change to read:
This general chapter is harmonized with the corresponding texts of the European
Pharmacopoeia and/or the Japanese Pharmacopoeia. The texts of these pharmacopeias are
therefore interchangeable, and the methods of the European Pharmacopoeia and/or the
Japanese Pharmacopoeia may be used for demonstration of compliance instead of the present
general chapter. These pharmacopeias have undertaken not to make any unilateral change to
this harmonized chapter.
Portions of the present general chapter text that are national USP text, and therefore not
part of the harmonized text, are marked with symbols (♦♦) to specify this fact.
This test is provided to determine whether tablets, capsules,
♦or granules 1S (USP42)
♦
disintegrate within the prescribed time when placed in a liquid medium at the experimental
conditions presented below. ♦Compliance with the limits on Disintegration stated in the
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individual monographs is required. except where the label states that the tablets or capsules
are intended for use as troches, or are to be chewed, or are designed as extended-release
dosage forms or delayed-release dosage forms
1S (USP42)

Determine the type of units under test from the labeling and from observation, and apply the
appropriate procedure to 6 or more dosage units.♦
For the purposes of this test, disintegration does not imply complete solution of the unit or
even of its active constituent. Complete disintegration is defined as that state in which any
residue of the unit, except fragments of insoluble coating or capsule shell, remaining on the
screen of the test apparatus or adhering to the lower surface of the disk, if used, is a soft
mass having no palpably firm core.
Change to read:
APPARATUS
The apparatus consists of a basket-rack assembly, a 1000-mL low-form beaker 138 to 160
149 ± 11 1S (USP42)
mm in height and having an inside diameter of 97 to 115
106 ± 9 1S (USP42)
mm for the immersion fluid, a thermostatic arrangement for heating the fluid between 35° and
39
to 37 ± 2°, 1S (USP42)
and a device for raising and lowering the basket in the immersion fluid at a constant frequency
rate between 29 and 32
of 30.5 ± 1.5 1S (USP42)
cycles per minute through a distance of NLT 53 mm and NMT 57
55 ± 2 1S (USP42)
mm. The volume of the fluid in the vessel is such that at the highest point of the upward stroke
the wire mesh remains at least 15 mm below the surface of the fluid and descends to NLT 25
mm from the bottom of the vessel on the downward stroke. At no time should the top of the
basket-rack assembly become submerged. The time required for the upward stroke is equal to
the time required for the downward stroke, and the change in stroke direction is a smooth
transition, rather than an abrupt reversal of motion. The basket-rack assembly moves vertically
along its axis. There is no appreciable horizontal motion or movement of the axis from the
vertical.
Basket-Rack Assembly
The basket-rack assembly consists of 6 open-ended transparent tubes, each 77.5 ± 2.5 mm
long and having an inside diameter of 20.7 to 23
21.85 ± 1.15 1S (USP42)
mm and a wall 1.0 to 2.8
1.9 ± 0.9 1S (USP42)
mm thick; the tubes are held in a vertical position by two plates, each 88 to 92
90 ± 2 1S (USP42)
mm in diameter and 5 to 8.5
6.75 ± 1.75 1S (USP42)
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mm in thickness, with 6 holes, each 22 to 26
24 ± 2 1S (USP42)
mm in diameter, equidistant from the center of the plate and equally spaced from one another.
Attached to the under surface of the lower plate is a woven stainless steel wire cloth, which
has a plain square weave with 1.8- to 2.2
2.0 ± 0.2 1S (USP42)
-mm apertures and with a wire diameter of 0.57 to 0.66
0.615 ± 0.045 1S (USP42)
mm. The parts of the apparatus are assembled and rigidly held by means of 3 bolts passing
through the two plates. A suitable means is provided to suspend the basket-rack assembly from
the raising and lowering device using a point on its axis.
The design of the basket-rack assembly may be varied somewhat, provided the specifications
for the glass
1S (USP42)

tubes and the screen mesh size are maintained. The basket-rack assembly conforms to the
dimensions found in Figure 1.
Disks
The use of disks is permitted only where specified or allowed ♦in the monograph. If specified
in the individual monograph,♦ each tube is provided with a cylindrical disk 9.5
9.50 1S (USP42)
± 0.15 mm thick and 20.7
20.70 1S (USP42)
± 0.15 mm in diameter. The disk is made of a suitable transparent plastic material having a
specific gravity of between 1.18 and 1.20
1.19 ± 0.01. 1S (USP42)
Five parallel 2
2.0 1S (USP42)
± 0.1-mm holes extend between the ends of the cylinder. One of the holes is centered on the
cylindrical axis. The other holes are
♦parallel to the cylindrical axis and 1S (USP42)
♦
centered 6
6.0 1S (USP42)
± 0.2 mm from the axis on imaginary lines perpendicular to the axis and parallel
♦ 1S (USP42)
♦

to each other. Four identical trapezoidal-shaped planes are cut into the wall of the cylinder,
nearly perpendicular to the ends of the cylinder. The trapezoidal shape is symmetrical; its
parallel sides coincide with the ends of the cylinder and are parallel to an imaginary line
connecting the centers of two adjacent holes 6
6.0 ± 0.2 1S (USP42)
mm from the cylindrical axis. The parallel side of the trapezoid on the bottom of the cylinder
has a length of 1.6 ± 0.1 mm, and its bottom edges lie at a depth of 1.5 to 1.8
1.65 ± 0.15 1S (USP42)
mm from the cylinder’s circumference. The parallel side of the trapezoid on the top of the
cylinder has a length of 9.4 ± 0.2 mm, and its center lies at a depth of 2.6 ± 0.1 mm from the
cylinder’s circumference. All surfaces of the disk are smooth. If the use of disks is specified ♦in
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the individual monograph♦, add a disk to each tube, and operate the apparatus as directed
under Procedure
and Criteria. 1S (USP42)
The disks conform to dimensions found in Figure 1.1

Figure 1. Disintegration apparatus. (All dimensions are expressed in mm.)
Change to read:
PROCEDURE ♦
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AND CRITERIA
Procedure and Criteria for 1S (USP42)
Uncoated
or Plain-Coated 1S (USP42)
Tablets
PROCEDURE FOR UNCOATED OR PLAIN-COATED TABLETS

1S (USP42)

♦

Place 1 dosage unit in each of the 6 tubes of the basket
♦-rack assembly 1S (USP42)
♦
and, if prescribed, add a disk. Operate the apparatus, using ♦water or♦ the specified medium as
the immersion fluid, maintained at 37 ± 2°. At the end of the time limit specified ♦in the
monograph,♦ lift the basket
♦-rack assembly 1S (USP42)
♦
from the fluid, and observe the tablets. All of the tablets
♦should 1S (USP42)
♦
have disintegrated completely. If 1 or 2 tablets fail to disintegrate completely, repeat the test
on 12 additional tablets.
The requirement is met if not fewer than 16 of the total of 18 tablets tested are disintegrated.
♦CRITERIA FOR UNCOATED OR PLAIN-COATED TABLETS

1. If 6 tablets are tested, all 6 of the tablets are disintegrated.
2. If 18 tablets are tested,♦ the requirement is met if not fewer than 16 of the total of 18
tablets are disintegrated.
1S (USP42)

♦

Plain Coated Tablets
Apply the test for Uncoated Tablets, operating the apparatus for the time specified in
the individual monograph.
Delayed-Release (Enteric-Coated) Tablets
Procedure and Criteria for Delayed-Release Tablets and Capsules (tablets or capsules
that are formulated with acid-resistant or enteric coatings)
PROCEDURE FOR DELAYED-RELEASE TABLETS AND CAPSULES 1S (USP42)
Place 1 tablet
dosage unit 1S (USP42)
in each of the 6 tubes of the basket. and, if the tablet has a soluble external sugar coating,
immerse the basket in water at room temperature for 5 minutes. Then operate the apparatus
using simulated gastric fluid TS maintained at 37 ± 2° as the immersion fluid. After 1 hour of
operation in simulated gastric fluid TS, lift the basket from the fluid, and observe the tablets:
the tablets show no evidence of disintegration, cracking, or softening. Operate the apparatus,
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using simulated intestinal fluid TS maintained at 37 ± 2° as the immersion fluid, for the time
specified in the monograph. Lift the basket from the fluid, and observe the tablets: all of the
tablets disintegrate completely. If 1 or 2 tablets fail to disintegrate completely, repeat the test
on 12 additional tablets: not fewer than 16 of the total of 18 tablets tested disintegrate
completely.
If the dosage units are not sugar coated, proceed to the Acid stage. If testing tablets that
have a soluble external sugar coating, immerse the basket in water at room temperature for 5
min and then immediately proceed to the Acid stage. If specified in the monograph, add one
disk to each tube.
Acid stage
Immersion fluid: 0.1 M hydrochloric acid or as specified in the monograph
Temperature: 37 ± 2°
Time: 1 h
If after 1 h no dosage unit shows evidence of disintegration, cracking, or softening, proceed
with the Buffer stage.
Buffer stage
Immersion fluid: pH 6.8 phosphate buffer or as specified in the monograph
Temperature: 37 ± 2°
Time: As specified in the individual monograph
CRITERIA FOR DELAYED-RELEASE TABLETS AND CAPSULES
Acid stage: No dosage unit shows evidence of disintegration, cracking, or softening.
Buffer stage: Apply the Criteria for Uncoated or Plain-Coated Tablets.
1S (USP42)

Buccal Tablets
Apply the test for Uncoated Tablets. After 4 hours, lift the basket from the fluid, and observe
the tablets: all of the tablets have disintegrated. If 1 or 2 tablets fail to disintegrate
completely, repeat the test on 12 additional tablets: not fewer than 16 of the total of 18
tablets tested disintegrate completely.
Sublingual Tablets
Apply the test for Uncoated Tablets. At the end of the time limit specified in the individual
monograph: all of the tablets have disintegrated. If 1 or 2 tablets fail to disintegrate
completely, repeat the test on 12 additional tablets: not fewer than 16 of the total of 18
tablets tested disintegrate completely.
Hard Gelatin Capsules
Apply the test for Uncoated Tablets. Attach a removable wire cloth, which has a plain square
weave with 1.8- to 2.2-mm mesh apertures and with a wire diameter of 0.60 to 0.655 mm, as
described under Basket-Rack Assembly, to the surface of the upper plate of the basket-rack
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assembly. Observe the capsules within the time limit specified in the individual monograph: all of
the capsules have disintegrated except for fragments from the capsule shell. If 1 or 2 capsules
fail to disintegrate completely, repeat the test on 12 additional capsules: not fewer than 16 of
the total of 18 capsules tested disintegrate completely.
Soft Gelatin Capsules
Proceed as directed under Hard Gelatin Capsules.
Procedure and Criteria for Buccal Tablets, Sublingual Tablets, Capsules, Tablets for Oral
Suspension, Tablets for Oral Solution, Tablets for Topical Solution, Orally Disintegrating
Tablets, and Chewable Tablets
Apply the Procedure and Criteria for Uncoated or Plain-Coated Tablets.
Procedure and Criteria for Effervescent Tablets for Oral Solution
PROCEDURE FOR EFFERVESCENT TABLETS FOR ORAL SOLUTION
Place 1 tablet in each of 6 beakers containing 200 mL of water. A suitable beaker will have a
nominal volume of 250–400 mL.
Time: 5 min
CRITERIA FOR EFFERVESCENT TABLETS FOR ORAL SOLUTION
Numerous bubbles of gas are evolved. After 5 min, the evolution of gas around each tablet or
its fragments has ceased. Each tablet has dissolved or disintegrated and has been dispersed in
the water so that no appreciable agglomerates remain.
Procedure and Criteria for Effervescent Granules
PROCEDURE FOR EFFERVESCENT GRANULES
In each of 6 beakers containing 200 mL of water place 1 dose of the effervescent granules. A
suitable beaker will have a nominal volume of 250–400 mL.
Time: 5 min
CRITERIA FOR EFFERVESCENT GRANULES
Numerous bubbles of gas are evolved. After 5 min, the evolution of gas around the granules in
each beaker has ceased. The granules have dissolved or disintegrated and have been dispersed
in the water.
1S (USP42)

♦
1 The use of automatic detection employing modified disks is permitted where the use of disks is specified or
allowed. Such disks must comply with the requirements for density and dimension given in this chapter.

Recent Official Publications:
USP41–NF36 Page 6455
BRIEFING

〈 729〉 Globule Size Distribution in Lipid Injectable Emulsions, USP 41 page 6478. The
General Chapters—Dosage Forms Expert Committee is proposing the following revisions which
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are intended to address queries that have been submitted to USP between 2012 and 2017.
These revisions are intended to give clarity around the execution of the standards and does
not change the requirements outlined in the chapter.
Additionally, minor editorial changes have been made to update this chapter to current USP
style.
(GCDF: D. Hunt.)
Correspondence Number—C194876
Comment deadline: May 31, 2018

〈 729〉 GLOBULE SIZE DISTRIBUTION IN LIPID INJECTABLE EMULSIONS
INTRODUCTION
Lipid injectable emulsions for intravenous administration are sterile oil-in-water emulsions of
soybean oil, used to provide an ample supply of essential fatty acids, linoleic and linolenic,
dispersed with the aid of an emulsifying agent in Water for Injection. Alternatively, soybean oil
can be mixed with other suitable oils (neutral triglycerides), such as safflower oil, medium-chain
triglycerides (MCT) derived from coconut or palm kernel oils, olive oil, or a marine oil, such as
menhaden oil. The size of the lipid droplets is critical: because of mechanical filtration, largersize fat globules (>5 µm) can be trapped in the lungs. The essential size characteristics of a
lipid injectable emulsion for intravenous use include the mean diameter of the lipid droplets and
the range of the various droplet diameters distributed around the mean diameter, expressed as
the standard deviation. In particular, the amounts of fat globules comprising the large-diameter
tail of the globule size distribution are especially important with respect to infusion safety.
These two regions of the globule size distribution (mean droplet size and large-diameter tail)
must be controlled within specified limits.
The two methods described below are used for determination of the mean lipid droplet
diameter and the distribution of large-diameter globule sizes in lipid injectable emulsions.
Method I and Method II must be validated. The methods described below to assess the quality
of lipid injectable emulsions are to be performed in two stages.
Change to read:
METHOD I—LIGHT-SCATTERING METHOD
For the determination of the mean droplet size of lipid injectable emulsions, either of two
common light-scattering techniques may be employed: (1) dynamic light scattering (DLS), also
known as photon correlation spectroscopy (PCS), or (2) classical light scattering
[laser diffraction (LD)], 1S (USP42)
based on Mie scattering theory. The DLS, or PCS, technique is based on analyzing the rapid
temporal fluctuations in the scattered light intensity that occur due to the random Brownian
motion, or diffusion, of any particles, including lipid droplets, suspended in liquid. The intensity
is measured at a given angle (usually 90°) by a suitable detector (e.g., photomultiplier tube)
able to measure the rapidly fluctuating scattered light intensity produced by the suspended,
diffusing droplets. These scattered intensity data are typically used to calculate the intensity
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autocorrelation function, which is a simple decaying exponential function in time for droplets of
uniform size. A distribution of droplet sizes expresses itself by
the superimposition or addition of 1S (USP42)
exponential functions of different decay times,
each contributing to a given droplet size. 1S (USP42)
The autocorrelation function generated by the scattered intensity data obtained from a given
emulsion can be “inverted” by means of an appropriate deconvolution algorithm in order to
obtain the approximate distribution of intensity-weighted diffusion coefficients. From the latter,
the distribution of small-diameter droplets is calculated, using the Stokes–Einstein equation and
the rules of classical (Mie) light scattering.
By contrast, classical light scattering based on Mie theory analyzes the spatial
(angular), 1S (USP42)
rather than temporal, variation of the scattered light intensity by measuring the latter as a
function of the scattering angle, typically over a large range of detected angles. The temporal
fluctuations in the scattering intensity due to Brownian motion are averaged out in time for
each angular measurement. This angular variation occurs as a consequence of the mutual
interference of individual scattered waves arriving at the detector with different phases from
different points within a given
each of the 1S (USP42)
lipid droplets, as well as from
summed over all of the 1S (USP42)
different particles. The extent of the angular variation is significant whenever the droplet
diameter is not small compared with the wavelength of the laser light (typically
633– 1S (USP42)
635 nm). Droplets of a given size and refractive index yield a unique curve of scattering
intensity vs. angle. A distribution of droplet sizes gives rise to a final angular dependence that
represents the superposition, or summation, of
all of the 1S (USP42)
individual (different) intensity vs. angle curves. The measured angular dependence of the
scattering intensity obtained from a given emulsion sample,
in principle, 1S (USP42)
can be inverted by means of an appropriate deconvolution algorithm and
in combination with 1S (USP42)
Mie scattering theory in order to obtain the approximate
1S (USP42)

droplet size distribution.
Thus, light scattering, using either dynamic light scattering (i.e.,
varying 1S (USP42)
temporal fluctuations due to droplet diffusion) or classical light scattering/Mie theory (i.e.,
varying, 1S (USP42)
average intensity versus angle), can provide acceptable results for both the mean diameter
and,
to a lesser degree, the 1S (USP42)
standard deviation of the droplet size distribution. For purposes of illustrating the method used
in Method I, a dynamic light-scattering technique is described. For guidance regarding
instruments employing classical Mie-theory light scattering, see Light Diffraction Measurement
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of Particle Size 〈429〉.
Apparatus: A suitable DLS/PCS instrument with or without the capability of automatic sample
dilution is controlled by validated software and is used to perform the measurement, with the
scattering angle typically set at 90°. The intensity-weighted results (mean diameter and
standard deviation) are reported, provided it is clearly stated which values are given and that
the necessary parameter values required for all requisite calculations are also given.
Water: Pass distilled water through a filter of 0.2-µm pore size, and degas by sonication, or
use Sterile Water for Injection stored in a glass container.
Standard preparation: To a pre-established volume of Water add an appropriate amount of
concentrated suspension, containing National Institute of Standards and Technology (NIST)traceable polystyrene latex standard particles or other suitable nanospheres. Gently mix the
fluids to achieve a homogeneous suspension. The diluted suspension will be slightly turbid in
appearance. If the DLS/PCS instrument is equipped with an automatic dilution system, the
starting concentrated sample can be analyzed by injection directly into the instrument via a
syringe, with further dilution occurring automatically to optimize the droplet concentration for
analysis. Alternatively, the sample would require greater manual dilution with Water (typically
by at least a factor of 10 over the first dilution), and then this sample would be instilled into a
“drop-in” cuvette. The optimum dilution scheme that achieves the proper scattering intensity
for the cuvette-based analysis will be determined by the instrument specifications. Thus, the
concentration of latex in the final sample must be optimized for the DLS/PCS instrument used.
This should be performed separately for three different size standards of approximately 100,
250, and 400 nm (triplicate analyses per size), and the corresponding results of intensityweighted mean diameter and standard deviation should coincide with the expected values
within acceptable errors.
Test preparation: To a pre-established volume of Water add an appropriate volume of sample
from the lipid injectable emulsion. Gently mix the fluids to achieve a homogeneous suspension.
The diluted suspension will be slightly turbid in appearance. If the DLS/PCS instrument is
equipped with an automatic dilution system, the starting concentrated sample can be analyzed
by injection directly into the instrument via a syringe. Further dilution of the sample then
occurs automatically to optimize the droplet concentration for analysis, ensuring that it is not
so high as to cause artifacts due to multiple scattering or interdroplet interactions.
Alternatively, the sample would require greater manual dilution with Water (typically by at least
a factor of 10 over the first dilution), and then this sample would be instilled into a “drop-in”
cuvette. The optimum dilution scheme that achieves the proper scattering intensity for the
cuvette-based analysis will be determined by the instrument specifications. Thus, the
concentration of lipid injectable emulsion in the final sample must be optimized for the DLS/PCS
instrument used.
Testing should be done in triplicate. This is certainly debatable and can be restated with the
number of tests determined by the manufacturer’s validated method that is deemed to
represent fineness or coarseness of the final emulsion. 1S (USP42)
System suitability: Using the Standard preparation, measure the intensity-weighted mean
particle diameter and the corresponding standard deviation. The system is suitable once the
sample temperature has reached equilibration and the results have stabilized and triplicate
mean droplet diameter measurements are obtained. The coefficient of variation (CV) should not
exceed 10%
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15% (see below) 1S (USP42)
of the NIST-traceable mean droplet diameter. A larger CV value indicates that the latex
microspheres are not suitable as a standard because they either inherently lack uniformity or
have become agglomerated to an unacceptable extent. In this case, another standard latex
suspension must be selected and tested.
[Note—The recommended 15% CV limit is increased here because of the differences in the
way the mean droplet size is determined by DLS vs. classical light scattering.] 1S (USP42)
Procedure and interpretation: If the DLS/PCS instrument is equipped with an automatic
dilution system, use a disposable syringe to load the Standard preparation or Test preparation.
If no automatic dilution system is used, transfer the appropriately diluted preparation to a
cuvette, and place the cuvette in the spectrometer
temperature-regulated sample holder of the instrument. 1S (USP42)
Allow the sample to equilibrate to a preset controlled temperature close to ambient (between
20° and 25°, as in the USP definition found in Packaging and Storage Requirements 〈659〉). Set
the instrument scattering angle to 90°, and carry out the measurements. As long as the chisquare (χ2) goodness-of-fit parameter remains acceptably low (per instrument specifications),
the results for the Test preparation are acceptable. Excessive values of the χ2 parameter
suggest that the droplet distribution is not normal and may indicate an unstable emulsion. The
intensity-weighted mean droplet diameter (MDD) for lipid injectable emulsions must be less than
500 nm or 0.5 µm, irrespective of the concentration of the dispersed lipid phase.
Submicron results from the DLS method and classical (Mie) light scattering method may
vary due to the different physical principles of the mechanism of testing and the different
mathematical procedures used to analyze the underlying data.
1S (USP42)

Change to read:
METHOD II—MEASUREMENT OF LARGE GLOBULE CONTENT BY LIGHT OBSCURATION OR
EXTINCTION METHOD
For determination of the extent of the large-diameter droplet tail (>5 µm) of lipid injectable
emulsions, a light obscuration (LO) or light extinction (LE) method that employs a single-particle
(globule) optical sizing (SPOS) technique is used.
DLS methodology is effective only for characterizing smaller particle sizes in the nominal size
range of about 1–1000 nm, and therefore, DLS is complimentary to LE and is particularly
effective in sizing droplets smaller than 500 nm. Importantly, it is only a sizing method and
provides only semi-quantitative information on the relative droplet size distribution. It does not
count particles or droplets, and thus, it is mainly a qualitative method. In contrast, LE both
sizes (1.3–400 µm) and counts fat globules providing “reliable” count values at a size threshold
of 5 µm. 1S (USP42)
During application of the LE/SPOS technique, passage of a droplet through a thin optical
sensing zone results in
effective 1S (USP42)
blockage of a portion of the incident light beam, causing a momentary decrease in the light

PF 44(2): Mar.-Apr. 2018

44

intensity reaching the
distant 1S (USP42)
“extinction” detector. The magnitude of this decrease in the signal is ideally proportional
related 1S (USP42)
to the cross-sectional area of the droplet (assumed smaller than the sensing zone thickness),
i.e., to the square of the droplet diameter.
The larger the droplet diameter, the larger the height (voltage) of the signal pulse produced
by the momentary decrease in the detected light intensity. 1S (USP42)
During optimization of the LE/SPOS instrument for a given emulsion sample, a series of dilutions
should be tested to achieve consistency between samples. The goal is to identify a standard
range of dilutions that yield consistent data and are most applicable to the formulation tested.
Ideally, when comparing different emulsions, the same approximate number of globules are sized
each time, and once a standard is achieved, it should be incorporated into the routine sampling
plan for validation testing. As long as the fat globule concentration is below the “coincidence
limit” of the sensor (determined by the flow cell and optical design,
verified experimentally), 1S (USP42)
only one globule at most will pass through the sensing zone at any given time, allowing it to be
counted and accurately sized (with less than 1%
particle or globule 1S (USP42)
coincidence events). Both the coincidence
(concentration) 1S (USP42)
limit and the optimal flow rate must be known for the LE/SPOS sensor used. Furthermore, it is
prudent to perform the large-diameter measurements at a reduced emulsion concentration such
that the measurable droplet concentration at
from the 1S (USP42)
threshold of detection (e.g., >1.8 µm) to an
appropriate 1S (USP42)
upper
size 1S (USP42)
limit (e.g., 50 µm) is only approximately one-third of the nominal coincidence limit for the sensor
used. The resulting single pulse heights are converted to droplet diameters using a standard
calibration curve previously constructed from NIST-traceable monosized polystyrene
microspheres of known diameters. For additional guidance in the use of the light obscuration
methodology, see Particulate Matter in Injections 〈788〉.
Apparatus: A suitable light obscuration instrument with or without the capability of automatic
sample dilution and controlled by a personal computer (PC) is used for the measurement. The
number- and volume-weighted particle size distribution data are reported, provided that it is
clearly stated which values are given and that the necessary parameter values required for all
necessary calculations are also given.
Water: Pass distilled water through a filter of 0.2-µm pore size, or use Sterile Water for
Injection stored in a glass container.
Standard preparation: To a pre-established volume of Water add an appropriate amount of
concentrated suspension, containing NIST-traceable polystyrene latex standard particles or
other suitable microspheres. Gently mix the fluids to achieve a homogeneous suspension. If the
light obscuration instrument is equipped with an automatic dilution system, the starting
concentrated sample can be analyzed by injection directly into the instrument via a syringe or
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Teflon sample line. Further dilution of the sample then occurs automatically to optimize the
particle concentration for analysis. Alternatively, the sample would require greater manual
dilution with water (typically by at least a factor of 10 over the first dilution). The resulting
diluted sample is then instilled in an appropriate, clean container, such as a sterile Type I glass
container, before being passed through the sensor. In either case the final particle
concentration is caused to lie below the coincidence limit of the sensor. The sizing and
counting accuracy of the light obscuration instrument should be obtained using two different
size standards of approximately 5 and 10 µm (triplicate analyses per size). For the standards
after system calibration, set the instrument threshold of detection at 1.8 µm, extended to an
upper limit of 50 µm. The corresponding results for the mean diameter should coincide with the
expected values, within 10% of the relative standard deviation and 90%–110% size accuracy.
In addition, the number of particle counts obtained per milliliter should also agree within ±10%
with the concentration values certified in the documentation provided with each NISTtraceable size standard.
Test preparation: To a pre-established volume of Water add an appropriate volume of sample
from the lipid injectable emulsion (triplicate analyses per sample). Gently mix the fluids to
achieve a homogeneous suspension. The diluted emulsion will be slightly turbid in appearance. If
the light obscuration instrument is equipped with an automatic dilution system, the starting
concentrated sample can be analyzed by injection directly into the instrument via a syringe or
nonreactive1 Teflon sample line. Further dilution then occurs automatically to optimize the
droplet/globule concentration for analysis. Alternatively, the sample would require greater
manual dilution with water (typically by at least a factor of 10 over the first dilution). The
resulting diluted sample is then instilled in an appropriate, clean container such as a sterile
Type I glass container. In either case the final droplet/globule concentration is caused to lie
below the coincidence limit of the sensor.
System suitability: Perform prior to the test procedure, using the Standard preparation of a
5- and 10-µm NIST-traceable particle. Measure in triplicate the number-weighted particle
diameter and the counts/mL of the standard. The system is suitable when the triplicate mean
number-weighted particle diameter measurements are within 10% of the target value, both in
terms of repeatability (CV) and closeness to the certified size on the label of the NISTtraceable standard.
Procedure and interpretation: If the light obscuration instrument is equipped with an
automatic dilution system, use a disposable syringe or Teflon sample line to load the Standard
preparation or Test preparation. If no automatic dilution system is used, transfer the sample to
an appropriate large-volume, clean container such as a sterile Type I glass vessel containing an
appropriate volume of water. Allow the sample and water to mix thoroughly to achieve a
homogeneous suspension. Set the instrument threshold of detection at 1.8 µm, extended to an
upper
size 1S (USP42)
limit of 50 µm, and vary the concentration and/or data collection times such that there is at
least a factor of two in the difference of the total number of globules that measure >5 µm
between at least two sample runs. In any case, the number of globules that measure >5 µm
should be large enough so that it represents an adequate number of globules that are
statistically representative of the large-diameter tail population of the native emulsion. The
volume-weighted, large-diameter fat globule limits of the dispersed phase, expressed as the
percentage of fat residing in globules larger than 5 µm (PFAT5) for a given lipid injectable
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emulsion, must not exceed 0.05%.
Most commonly used instruments provide calculation in software (HIAC Royco, PSS
AccuSizer, Klotz). However, the general equation applied is based on the sum of the number of
droplets per milliliter of sample per channel multiplied by the volume of a sphere of the
geometric mean of each channel, i.e., Σ(#/mL/channel) ( D3/6). 1S (USP42)

π

1 Polyvinyl chloride (PVC ) with diethylhexylphthalate (DEHP) has been shown to induce breakdown of lipid
injectable emulsions (Drug Product Problem Reporting System. USP File Access No. 11173, May 15, 1991).

Recent Official Publications:
USP41–NF36 Page 6478
BRIEFING
Octylamine. It is proposed to add this new reagent used in the Dissolution test in the
monograph for Benztropine Mesylate Tablets.
(HDQ: M. Marques.)
Correspondence Number—C199532
Comment deadline: May 31, 2018
Add the following:
Octylamine (1-Aminooctane; n-Octylamine; Caprylamine), C8 H19 N—129.24 [111-864]—Use a suitable grade with a content of NLT 99%. 1S (USP42)
BRIEFING
Poly(dimethylsiloxane-co-methylphenylsiloxane). It is proposed to add this new
reagent used in the monograph for Fluticasone Propionate and Salmeterol Inhalation Powder.
(HDQ: M. Marques.)
Correspondence Number—C200952
Comment deadline: May 31, 2018
Add the following:
Poly(dimethylsiloxane-co-methylphenylsiloxane), [Si(CH3 )2 O]x[Si(CH3 )
(C6 H5 )O]y [63148-52-7]—Use a suitable grade with a viscosity of 125 centistokes (cSt).
1S (USP42)

BRIEFING
Silica Gel, Precoated Plates, with Fluorescence Indicator F 254. It is proposed to add this
new reagent used in HPTLC for Articles of Botanical Origin 〈203〉 and in several monographs.
(HDQ: M. Marques.)
Correspondence Number—C199279
Comment deadline: May 31, 2018
Add the following:
Silica Gel, Precoated Plates, with Fluorescence Indicator F 254—Plates coated with a
uniform 200-µm layer of porous (60 Å pore size) silica gel having irregular particles of 2–10 µm
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and an average particle size of 5 µm, a polymeric binder, and a fluorescence indicator (F 254 ).
1S (USP42)

BRIEFING
Sodium 1-Heptanesulfonate Monohydrate, USP 41 page 5730. It is proposed to correct
the CAS number of this reagent.
Additionally, minor editorial changes have been made to update this reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C198104
Comment deadline: May 31, 2018
Change to read:
Sodium 1-Heptanesulfonate Monohydrate, C7 H15 NaO3 S·H2 O—220.26
207300-90-1 1S (USP42)
]—Use a suitable grade.

[22767-50-6

BRIEFING
Tryptamine Hydrochloride. It is proposed to add this new reagent used in the monograph
for Zolmitriptan.
(HDQ: M. Marques.)
Correspondence Number—C199675
Comment deadline: May 31, 2018
Add the following:
Tryptamine Hydrochloride (3-(2-Aminoethyl)indole hydrochloride),
C10 H13 ClN2 —196.68 [343-94-2]—Use a suitable grade with a content of NLT 98%. [Note—A
suitable grade is available as catalog #15798 from www.acros.com.] 1S (USP42)
BRIEFING
1 M Phosphoric Acid TS. It is proposed to add this new test solution used in the monograph
for Brimonidine Tartrate Ophthalmic Solution.
(HDQ: M. Marques.)
Correspondence Number—C199151
Comment deadline: May 31, 2018
Add the following:
1 M Phosphoric Acid TS—Transfer 68 mL of phosphoric acid to a 1000-mL volumetric flask
containing about 500 mL of water. Cool down to room temperature and dilute with water to
volume. 1S (USP42)
BRIEFING
0.1 N Potassium Arsenite VS, USP 41 page 5768. It is proposed to update the text for this
volumetric solution.
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Additionally, minor editorial changes have been made to update this volumetric solution to
current USP style.
(HDQ: M. Marques.)
Correspondence Number—C198103
Comment deadline: May 31, 2018
Change to read:
0.1 N Potassium Arsenite VS
KAsO2 , 146.02
7.301 g in 1000 mL
Standardization:
1S (USP42)

Dissolve 4.9455 g of arsenic trioxide primary standard, dried according to the label instructions
or, if this information is not available, dried at 105° for 1 h, in 75 mL of 1 N potassium
hydroxide. Add 40 g of potassium bicarbonate, dissolved in about 200 mL of water, and dilute
with water to 1000.0 mL.
[Note—If this volumetric solution is used in a qualitative application such as pH adjustment,
dissolution medium, or diluent, its standardization is not required.]

1S (USP42)

BRIEFING
0.1 N Sodium Hydroxide VS, USP 41 page 5770. It is proposed to revise the
standardization procedure using benzoic acid and add the alternative standardization procedure
using potassium biphthalate.
Additionally, minor editorial changes have been made to update this volumetric solution to
current USP style.
(HDQ: M. Marques.)
Correspondence Number—C198106
Comment deadline: May 31, 2018
Change to read:
0.1 N Sodium Hydroxide VS
NaOH, 40.00
4.0 g in 1000 mL
Transfer 100 mL of 1 N sodium hydroxide VS to a 1000-mL volumetric flask. Dilute with
carbon dioxide-free water to volume.
Standardization:
Standardize by one of the following procedures. [Note—Other standardization procedures
may be used. See Volumetric Solutions, Preparation and Standardization, Standardization.]
1S (USP42)
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Dissolve about 200 mg of benzoic acid in 15 mL of carbon dioxide-free water
100 mL of carbon dioxide-free water, warm until completely dissolved and cool down to room
temperature. 1S (USP42)
Add 2 drops of phenolphthalein TS, and titrate with 0.1 N sodium hydroxide VS until a
permanent pale pink color is produced.

Standardization with potassium biphthalate:
Accurately weigh about 500 mg of potassium biphthalate, previously crushed lightly and dried
at 120° for 2 h, and dissolve in 75 mL of carbon dioxide-free water. Add 2 drops of
phenolphthalein TS, and titrate with 0.1 N sodium hydroxide VS to the production of a
permanent pink color.

1S (USP42)

[Note—If this volumetric solution is used in a qualitative application such as pH adjustment,
dissolution medium, or diluent, its standardization is not required.]
BRIEFING
G50. It is proposed to add this new phase used in the Limit of Dimethylamine test in the
monograph for Dacarbazine.
(HDQ: M. Marques.)
Correspondence Number—C200668
Comment deadline: May 31, 2018
Add the following:
G50— Base-deactivated Carbowax.

1S (USP42)

BRIEFING
L87, USP 41 page 5776. It is proposed to expand the definition of this column packing to
include superficially porous silica particles.
Additionally, minor editorial changes have been made to update the column packing to current
USP style.
(HDQ: M. Marques.)
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Correspondence Number—C198105
Comment deadline: May 31, 2018
Change to read:
L87—Dodecyl silane chemically bonded to porous
or superficially porous 1S (USP42)
silica particles, 1.5–10 µm in diameter.
BRIEFING
L117. It is proposed to add this new column packing.
(HDQ: M. Marques.)
Correspondence Number—C199154
Comment deadline: May 31, 2018
Add the following:
L117—A crown ether coated on a 5-µm particle size silica gel substrate. The active site is
(R)-18-crown-6-ether. 1S (USP42)
CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, USP 41 page 5781.
(HDQ.)
Correspondence Number—C182928; C189430; C189890; C196226; C196227; C196377;
C196959; C196960; C197626; C197629; C197716
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in
the United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and
light-resistant (LR) specifications applicable to containers in which the drug that is
repackaged should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
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Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
Delete the following:
Aminoglutethimide Tablets

T, LR

1S (USP42)

Delete the following:
Aminosalicylic Acid Tablets

T, LR

1S (USP42)

Delete the following:
Aminosalicylate Sodium Tablets

T, LR

1S (USP42)

Add the following:
Amlodipine and Olmesartan Medoxomil Tablets

T

1S (USP42)

Delete the following:
Loracarbef Capsules

W

1S (USP42)

Delete the following:
Mephenytoin Tablets

T

1S (USP42)

Delete the following:
Methacycline Hydrochloride Capsules

T, LR

1S (USP42)

Delete the following:
Methdilazine Hydrochloride Tablets

T, LR

1S (USP42)

Delete the following:
Mesoridazine Besylate Tablets

W, LR

1S (USP42)

Add the following:
Pyridostigmine Bromide Extended-Release Tablets

W

1S (USP42)

Add the following:
Sodium Phenylbutyrate Tablets

T

1S (USP42)

BRIEFING
Description and Relative Solubility of USP and NF Articles, page 5791 of USP 41.
(HDQ.)
Correspondence Number—C92676; C164767; C199510; C199552; C200390
Add the following:
Anise Oil: Clear, colorless to light yellow in the liquid state having a powerful and
characteristic licorice-like scent. Congeals between 15° and 19°. Miscible with alcohol. NF
category: Flavors and fragrance. 1S (NF37)
Add the following:
Choline Fenofibrate: White to yellow powder. Freely soluble in water.
Change to read:

1S (USP42)
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Fluorometholone: White to yellowish-white, odorless, crystalline powder. Melts at about 280°,
with some decomposition. Slightly soluble in alcohol; very slightly soluble in chloroform; and in
ether
1S (USP42)

practically insoluble in water
and in ether. 1S (USP42)
Add the following:
Nisoldipine: Yellow crystalline powder. Freely soluble in acetone; soluble in methanol and in
ethanol; sparingly soluble in isopropyl alcohol; insoluble in water. 1S (USP42)
Add the following:
Star Anise Oil: Clear, colorless to light yellow in the liquid state having a powerful and
characteristic licorice-like scent. Congeals between 15° and 19°. Miscible with alcohol. NF
category: Flavors and fragrance. 1S (NF37)
BRIEFING
Allopurinol Compounded Oral Suspension, USP 41 page 123. The following revisions are
proposed:
1. Add a test for Oral Suspension in SyrSpend SF PH4, including a formula based on a
validated stability-indicating method used to assess stability. The additional formulation
will give compounders more flexibility in preparing Oral Suspension for patients. The
liquid chromatographic procedure in the Assay for Oral Suspension in SyrSpend SF PH4 is
based on analyses validated using the Luna C18(2) brand of column with L1 packing.
The typical retention time for allopurinol is 6.5 min.
2. Revise the Definition to include the formulation for Oral Suspension in Vehicle for Oral
Suspension and Vehicle for Oral Solution.
3. Add pH requirements for Oral Suspension in Vehicle for Oral Suspension and Vehicle for
Oral Solution and for Oral Suspension in SyrSpend SF PH4.
4. Revise the specifications in the Packaging and Storage and Beyond-Use Date sections.
5. Add a USP Reference Standards section to include USP Allopurinol RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: B. Serumaga.)
Correspondence Number—C196030
Comment deadline: May 31, 2018
Allopurinol Compounded Oral Suspension
DEFINITION
Change to read:
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Allopurinol Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of allopurinol (C5 H4 N4 O).
Prepare Allopurinol Compounded Oral Suspension 20 mg/mL
in Vehicle for Oral Suspension and Vehicle for Oral Solution 1S (USP42)
as follows (see Pharmaceutical Compounding—Nonsterile Preparations 〈795〉).
Allopurinol tablets equivalent to
Glycerin
Vehicle for Oral Suspension , NF
1S (USP42)

2 g of allopurinol
5 mL
45 mL

Vehicle for Oral Solution, NF,
1S (USP42)

a sufficient quantity to make

100 mL

Select the number of tablets that contain the specified amount of allopurinol, and calculate the
quantity of each ingredient required for the total amount to be prepared. Count, weigh, or
measure each ingredient. Thoroughly pulverize the tablets. Mix the powdered Allopurinol tablets
and Glycerin to form a smooth paste. Incorporate the
in 1S (USP42)
Vehicle for Oral Suspension
and Vehicle for Oral Solution. 1S (USP42)
Add sufficient Vehicle for Oral Solution to volume, and mix well. Adjust the pH, if necessary.
Package and label.
Prepare Allopurinol Compounded Oral Suspension 20 mg/mL in SyrSpend SF PH4 as follows
(see Pharmaceutical Compounding—Nonsterile Preparations 〈795〉).
Allopurinol powder
SyrSpend SF PH4,a a sufficient quantity to make
a Fagron, St. Paul, MN.

2g
100 mL

Transfer the Allopurinol powder into a suitable container and triturate to form a fine powder.
Wet the powder with a small amount of SyrSpend SF PH4, and triturate to make a smooth
paste. Add increasing volumes of SyrSpend SF PH4 to make the contents pourable. Transfer
contents stepwise and quantitatively to a calibrated container using the remainder of SyrSpend
SF PH4. Add sufficient SyrSpend SF PH4 to bring to final volume, and mix well.
1S (USP42)

ASSAY
Add the following:
• Oral Suspension in SyrSpend SF PH4
Mobile phase: 0.05 M solution of monobasic ammonium phosphate
Standard solution: 0.02 mg/mL of USP Allopurinol RS in acetonitrile
Sample solution: Transfer 1.0 mL of Oral Suspension into a 1000-mL volumetric flask and
dilute with acetonitrile to final volume. Mix well.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Columns
Guard: 4.0-mm × 3.0-mm; 5-µm packing L1
Analytical: 4.0-mm × 30-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for allopurinol is about 6.5 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of allopurinol (C5 H4 N4 O) in the portion of
Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of allopurinol from the Sample solution
rS = peak response of allopurinol from the Standard solution
CS = concentration of USP Allopurinol RS in the Standard solution (mg/mL)
CU = nominal concentration of allopurinol in the Sample solution (mg/mL)
Acceptance criteria 90.0%–110.0%

1S (USP42)

SPECIFIC TESTS
Change to read:
• pH 〈791〉
Oral Suspension in Vehicle for Oral Suspension and Vehicle for Oral Solution:
1S (USP42)

6.5–7.5
Oral Suspension in SyrSpend SF PH4: 3.5–4.5
ADDITIONAL REQUIREMENTS
Change to read:

1S (USP42)
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• Packaging and Storage: Package in a tight container, and store at controlled room
temperature.
Package in tight, light-resistant containers. Store the Oral Suspension in Vehicle for Oral
Suspension and Vehicle for Oral Solution at controlled room temperature. Store the Oral
Suspension in SyrSpend SF PH4 at controlled room temperature or in a refrigerator.
1S (USP42)

Change to read:
• Beyond-Use Date
Oral Suspension in Vehicle for Oral Suspension and Vehicle for Oral Solution:
1S (USP42)

NMT 60 days after the date on which it was compounded when stored at controlled room
temperature.
Oral Suspension in SyrSpend SF PH4: NMT 90 days after the date on which it was
compounded when stored at controlled room temperature or in a refrigerator. 1S (USP42)
• Labeling: Label it to state that it is to be shaken well before use, and to state the BeyondUse Date.
Add the following:
• USP Reference Standards 〈11〉
USP Allopurinol RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 123
BRIEFING
Aminoglutethimide, USP 41 page 220. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated with Aminoglutethimide are currently marketed in the
United States.
2. Drug products containing Aminoglutethimide are currently not used in veterinary
medicine in the United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C196224
Comment deadline: May 31, 2018
Delete the following:
Aminoglutethimide
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C13 H16 N2 O2

232.28

2,6-Piperidinedione, 3-(4-aminophenyl)-3-ethyl-;
2-(p-Aminophenyl)-2-ethylglutarimide
[125-84-8].
DEFINITION
Aminoglutethimide contains NLT 98.0% and NMT 102.0% of aminoglutethimide (C13 H16 N2 O2 ),
calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197M〉
• B. Ultraviolet Absorption 〈197U〉
Analytical wavelength: 242 nm
Medium: Methanol
Sample solution: 10 µg/mL
Acceptance criteria: Absorptivities, calculated on a dried basis, differ by NMT 2.0%.
ASSAY
• Procedure
Buffer: Add 120 mL of 0.1 N acetic acid to 100 mL of 0.1 N potassium hydroxide in a 1000mL volumetric flask, and add 250 mL of water. Adjust by the addition of either 1 N acetic
acid or 1 N potassium hydroxide to a pH of 5.0 ± 0.1. Dilute with water to volume.
Mobile phase: Methanol and Buffer (27:73)
Diluent: Methanol and Buffer (1:1)
Standard solution: 0.5 mg/mL of USP Aminoglutethimide RS in Diluent
Sample solution: 0.5 mg/mL of Aminoglutethimide in Diluent. Pass through a filter of
0.45-µm or finer pore size filter, discarding the first 5 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
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Column temperature: 40°
Flow rate: 1.3 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.7
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of aminoglutethimide (C13 H16 N2 O2 ) in the portion of
Aminoglutethimide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area from the Sample solution
rS = peak area from the Standard solution
CS = concentration of USP Aminoglutethimide RS in the Standard solution (mg/mL)
CU = concentration of Aminoglutethimide in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 10 ppm
• Limit of Azo-aminoglutethimide

(O fficial 1-Jan-2018)

[Note—Use low-actinic glassware. Conduct this test promptly under subdued light. Wear
protective gloves resistant to dimethyl sulfoxide to prevent contact with skin. Use
shaking, not sonication or heat, to dissolve the USP Azo-aminoglutethimide RS and the
Sample.]
Buffer: 150 mL of 0.1 N acetic acid and 50 mL of 0.1 N potassium hydroxide, diluted in
water to 1000 mL
Mobile phase: Dissolve 100 mg of edetate disodium in 350 mL of Buffer. Add 650 mL of
methanol, and cool to room temperature. Adjust with glacial acetic acid to a pH of 5.0 ±
0.1.
Standard solution: 0.5 µg/mL of USP Azo-aminoglutethimide RS in dimethyl sulfoxide
Sample solution: 1 mg/mL of Aminoglutethimide in dimethyl sulfoxide
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 328 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.2
Capacity factor: 2.0–5.0
Column efficiency: NLT 800 theoretical plates
Analysis
Samples: Standard solution and Sample solution
[Note—The aminoglutethimide elutes with the dimethyl sulfoxide.]
Calculate the percentage of azo-aminoglutethimide in the specimen of Aminoglutethimide
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Azo-aminoglutethimide RS in the Standard solution (µg/mL)
CU = concentration of Aminoglutethimide in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.03% of 3,3'-(azodi-4,1-phenylene)-3,3'-dimethylbis-[2,6piperidinedione] (corresponding to azo-aminoglutethimide)
• Organic Impurities
Buffer, Mobile phase, Diluent, Chromatographic system, and System suitability:
Proceed as directed in the Assay.
Standard solution: 10 µg/mL of USP m-Aminoglutethimide RS in Diluent
Sample solution: 1 mg/mL of Aminoglutethimide in Diluent. Pass through a filter of 0.45-µm
or finer pore size, discarding the first 5 mL of the filtrate.
Analysis
Samples: Standard solution and Sample solution[Note—The relative retention times for
aminoglutethimide and m-aminoglutethimide are about 0.8 and 1.0, respectively.]
Calculate the percentage of m-aminoglutethimide in the portion of Aminoglutethimide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP m-Aminoglutethimide RS in the Standardsolution (mg/mL)
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CU = concentration of Aminoglutethimide in the Sample solution (mg/mL)
Acceptance criteria: NMT 2.0% of m-aminoglutethimide
Calculate the percentage of each peak, other than the main peak and the maminoglutethimide peak, in the portion of Aminoglutethimide taken, if present:
Result = (rU/rT) × 100
rU = response of each peak
rT = sum of the responses of all the peaks from the Sample solution
Acceptance criteria: NMT 1.0% total impurities, other than m-aminoglutethimide
SPECIFIC TESTS
• Sulfate
Sample solution: 1 mg/mL in dilute methanol (1 in 20)
Analysis: To 100 mL of Sample solution add 1.0 mL of 3 N hydrochloric acid and 2.0 mL of
barium chloride TS.
Acceptance criteria: No turbidity is produced.
• pH 〈791〉
Sample solution: 1 mg/mL in dilute methanol (1 in 20)
Acceptance criteria: 6.2–7.3
• Loss on Drying 〈731〉
Analysis: Dry at 105° to constant weight.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Aminoglutethimide RS
USP m-Aminoglutethimide RS
USP Azo-aminoglutethimide RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 220
BRIEFING
Aminoglutethimide Tablets, USP 41 page 221. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Aminoglutethimide Tablets are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
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(CHM4: M. Puderbaugh.)
Correspondence Number—C196226
Comment deadline: May 31, 2018
Delete the following:
Aminoglutethimide Tablets
DEFINITION
Aminoglutethimide Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
aminoglutethimide (C13 H16 N2 O2 ).
IDENTIFICATION
• A. Infrared Absorption 〈197M〉
Sample: Transfer 500 mg of finely powdered Tablets to a suitable container. Add 25 mL of
acetone, mix, and filter. Evaporate the filtrate at room temperature to dryness, and dry
the residue under vacuum over silica gel for 2 h.
Acceptance criteria: Meet the requirements
ASSAY
• Procedure
Buffer: Add 120 mL of 0.1 N acetic acid to 100 mL of 0.1 N potassium hydroxide in a 1000mL volumetric flask, and add 250 mL of water. Adjust by the addition of either 1 N acetic
acid or 1 N potassium hydroxide to a pH of 5.0 ± 0.1. Dilute with water to volume.
Mobile phase: Methanol and Buffer (27:73)
Diluent: Methanol and Buffer (1:1)
Standard solution: 0.5 mg/mL of USP Aminoglutethimide RS in Diluent
Sample solution: Nominally 0.5 mg/mL of aminoglutethimide in Diluent prepared as follows.
Transfer an equivalent to 200 mg of aminoglutethimide, from finely powdered Tablets (NLT
20), to a 200-mL volumetric flask. Add 130 mL of Diluent, and sonicate for 5 min. Shake
by mechanical means for 30 min, and dilute with Diluent to volume. Centrifuge this
solution, transfer 25.0 mL of the clear supernatant to a 50-mL volumetric flask, and dilute
with Diluent to volume. Pass through a filter of 0.45-µm or finer pore size, discarding the
first 5 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Column temperature: 40°
Flow rate: 1.3 mL/min
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Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.7
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of aminoglutethimide (C13 H16 N2 O2 ) in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area from the Sample solution
rS = peak area from the Standard solution
CS = concentration of USP Aminoglutethimide RS in the Standard solution (mg/mL)
CU = nominal concentration of aminoglutethimide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: Dilute hydrochloric acid (7 in 1000); 1000 mL
Apparatus 1: 100 rpm
Time: 30 min
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 237 nm
Standard solution: USP Aminoglutethimide RS in a mixture of dilute hydrochloric acid and
pH 7.5 phosphate buffer, having a ratio similar to the Sample solution
Sample solution: Sample perDissolution 〈711〉. Dilute with pH 7.5 phosphate buffer to a
concentration that is similar to the Standard solution.
Analysis
Samples: Standard solution and Sample solution
Tolerances: NLT 70% (Q) of the labeled amount of aminoglutethimide (C13 H16 N2 O2 ) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
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Buffer, Mobile phase, Diluent, and Chromatographic system: Proceed as directed in
the Assay.
Standard solution: 10 µg/mL of USP m-Aminoglutethimide RS in Diluent
Sample solution: Transfer an equivalent to 200 mg of aminoglutethimide, from finely
powdered Tablets (NLT 20), to a 200-mL volumetric flask. Add 130 mL of Diluent, and
sonicate for 5 min. Shake by mechanical means for 30 min, and dilute with Diluent to
volume. Pass through a filter of 0.45-µm or finer pore size, discarding the first 5 mL of the
filtrate.
System suitability
Samples: Standard solution and Sample solution
[Note—The relative retention times for aminoglytethimide and m-aminoglutethimide are 0.8
and 1.0, respectively.]
Suitability requirements
Tailing factor: NMT 1.7, Sample solution
Relative standard deviation: NMT 2.0%, Sample solution
Analysis
Sample: Sample solution
Calculate the percentage of each peak, other than the main peak and the maminoglutethimide peak, if present in the portion of Tablets taken:
Result = (rU/rT) × 100
rU = peak response of each impurity in the Sample solution
rT = sum of the responses of all of the peaks, excluding that of the m-aminoglutethimide
peak in the Sample solution
Acceptance criteria: NMT 2.0% total impurities, other than m-aminoglutethimide
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 〈11〉
USP Aminoglutethimide RS
USP m-Aminoglutethimide RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 221
BRIEFING
Aminosalicylate Sodium, USP 41 page 235. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated with Aminosalicylate Sodium are currently marketed in the
United States.
2. Drug products containing Aminosalicylate Sodium are currently not used in veterinary
medicine in the United States.
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(CHM1: M. Puderbaugh.)
Correspondence Number—C196958
Comment deadline: May 31, 2018
Delete the following:
Aminosalicylate Sodium
C7 H6 NNaO3 ·2H2 O
211.15
C7 H6 NNaO3
175.12
Benzoic acid, 4-amino-2-hydroxy-, monosodium salt, dihydrate;
Monosodium 4-aminosalicylate dihydrate
[6018-19-5].
Anhydrous [133-10-8].
DEFINITION
Aminosalicylate Sodium contains NLT 98.0% and NMT 101.0% of aminosalicylate sodium
(C7 H6 NNaO3 ), calculated on the anhydrous basis.
[Caution—Prepare solutions of Aminosalicylate Sodium within 24 h of administration. Under no
circumstances use a solution if its color is darker than that of a freshly prepared solution.]
IDENTIFICATION
• A.
Sample stock solution: Dissolve 250 mg in 3 mL of 1 N sodium hydroxide, transfer to a
500-mL volumetric flask, and dilute with water to volume.
Sample solution: Transfer a 5-mL aliquot of the Sample stock solution to a 250-mL
volumetric flask containing 12.5 mL of pH 7 phosphate buffer (see Reagents, Indicators,
and Solutions—Buffer Solutions), and dilute with water to volume.
Analysis: Compare the Sample solution in a suitable spectrometer against a blank of the
same buffer in the same concentration.
Acceptance criteria: The Sample solution exhibits absorbance maxima at 265 ± 2 and 299
± 2 nm, and the ratio A265 /A299 is 1.50–1.56.
• B.
Sample: 1 g
Analysis: Place the Sample into a small, round-bottom flask, and add 10 mL of acetic
anhydride. Heat the flask on a steam bath for 30 min, add 40 mL of water, filter, cool, and
allow to stand until the diacetyl derivative has crystallized. Collect the precipitate on a
filter, wash well with water, and dry at 105° for 1 h.
Acceptance criteria: The diacetyl derivative melts at 191°–197°.
• C.
Sample: 50 mg
Analysis: Dissolve the Sample in 5 mL of water, add 1 mL of 3 N hydrochloric acid, and
filter if necessary. To the filtrate add 1 drop of ferric chloride TS.
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Acceptance criteria: A violet color is produced.
• D. Identifications Tests—General, Sodium〈191〉: Meets the requirements
ASSAY
• Procedure
Solution A: 12.7 mg/mL of tetrabutylammonium hydroxide in methanol
Mobile phase: Solution A, 0.05 M dibasic sodium phosphate, and 0.05 M monobasic sodium
phosphate (150:425:425)
Internal standard solution: 5 mg/mL of acetaminophen in Mobile phase
Standard solution: 0.5 mg/mL of aminosalicylic acid prepared as follows. Transfer 12.5 mg
of USP Aminosalicylic Acid RS to a 25-mL low-actinic volumetric flask, add 15 mL of Mobile
phase, and swirl to dissolve. Add 2.5 mL of Internal standard solution, and dilute with
Mobile phase to volume.
Sample solution: 0.69 mg/mL of Aminosalicylate Sodium prepared as follows. Transfer 69
mg of Aminosalicylic Acid to a 100-mL low-actinic volumetric flask, add 50 mL of Mobile
phase, and swirl to dissolve. Add 10.0 mL of Internal standard solution, and dilute with
Mobile phase to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for acetaminophen and aminosalicylic acid are 0.83
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.7 between aminosalicylic acid and acetaminophen
Relative standard deviation: NMT 1.0% for the peak response ratio of aminosalicylic
acid to acetaminophen
Analysis
Samples: Standard solution and Sample solution
After use, wash the column for 30 min with methanol, water, and phosphoric acid (77: 23:
0.6), and then wash for 30 min with methanol and water (50:50).
Calculate the percentage of aminosalicylate sodium (C7 H6 NNaO3 ) in the sample taken:
Result = (RU/RS) × (CS/CU) × (Mr1/Mr2) × 100
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RU = peak response ratio of aminosalicylate to acetaminophen from the Sample solution
RS = peak response ratio of aminosalicylic acid to acetaminophen from the Standard
solution
CS = concentration of USP Aminosalicylic Acid RS in the Standard solution (mg/mL)
CU = concentration of Aminosalicylate Sodium in the Sample solution (mg/mL)
Mr1 = molecular weight of anhydrous aminosalicylate sodium, 175.12
Mr2 = molecular weight of aminosalicylic acid, 153.14
Acceptance criteria: 98.0%–101.0% on the anhydrous basis
IMPURITIES
• Chloride and Sulfate, Chloride〈221〉
Sample solution: 25 mg/mL in a mixture of 5 mL of nitric acid and 15 mL of water
Acceptance criteria: NMT 0.042%; the solution shows no more chloride than corresponds
to 0.30 mL of 0.020 N hydrochloric acid.
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 30 ppm (O fficial 1-Jan-2018)
• Limit of m-Aminophenol
Solution A: 12.7 mg/mL of tetrabutylammonium hydroxide in methanol
Mobile phase: Solution A, 0.05 M dibasic sodium phosphate, and 0.05 M monobasic sodium
phosphate (150:425:425)
Internal standard solution: 5 µg/mL of sulfanilamide in Mobile phase
Standard stock solution: 12 µg/mL of USP m-Aminophenol RS in Mobile phase
Standard solution: 1.2 µg/mL of USP m-Aminophenol RS prepared as follows. Transfer
10.0 mL of the Standard stock solution and 10.0 mL of the Internal standard solution to a
100-mL low-actinic volumetic flask, and dilute with Mobile phase to volume.
Sample solution: Use the Sample solution prepared as directed in the Assay, except use
10.0 mL of sulfanilamide as the Internal standard solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 10-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for sulfanilamide and m-aminophenol are 0.66 and
1.0, respectively.]
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Suitability requirements
Resolution: NLT 2.5 between m-aminophenol and sulfanilamide
Relative standard deviation: NMT 7%
Analysis
Samples: Standard solution and Sample solution
After use, wash the column for 30 min with methanol, water, and phosphoric acid (77: 23:
0.6), and then wash for 30 min with methanol and water (50:50).
Calculate the percentage of m-aminophenol in the portion of Aminosalicylate Sodium taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of m-aminophenol to sulfanilamide from the Sample solution
RS = peak response ratio of m-aminophenol to sulfanilamide from the Standard solution
CS = concentration of USP m-Aminophenol RS in the Standard solution(mg/mL)
CU = concentration of the Sample solution (mg/mL), as determined in the Assay
Acceptance criteria: NMT 0.25%
SPECIFIC TESTS
• pH 〈791〉
Sample solution: 20 mg/mL
Acceptance criteria: 6.5–8.5
• Water Determination, Method I〈921〉: 16.0%–18.0%
• Hydrogen Sulfide, Sulfur Dioxide, and Amyl Alcohol
Sample: 500 mg
Analysis: Dissolve the Sample in 5 mL of 1 N sodium hydroxide, add 6 mL of 3 N
hydrochloric acid, and stir vigorously.
Acceptance criteria: No odor of hydrogen sulfide or sulfur dioxide is perceptible, and NMT
a faint odor of amyl alcohol is perceptible. A piece of moistened lead acetate test paper
held over the mixture does not become discolored.
• Clarity and Color of Solution
Sample 1: 1 g
Analysis 1: Dissolve Sample 1 in 10 mL of water.
Acceptance criteria 1: The resulting solution is clear and has NMT a faint yellow color.
Sample 2: 1 g
Analysis 2: Dissolve Sample 2 in 50 mL of a freshly prepared mixture of 5 mL of nitric acid
and 45 mL of water.
Acceptance criteria 2: The resulting solution is clear and has NMT a slight color.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, protected from
excessive heat.
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• USP Reference Standards 〈11〉
USP m-Aminophenol RS
USP Aminosalicylic Acid RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 235
BRIEFING
Aminosalicylate Sodium Tablets, USP 41 page 237. It is proposed to omit this monograph
for the following reasons:
1. No drug products formulated as defined under Aminosalicylate Sodium Tablets are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C196959
Comment deadline: May 31, 2018
Delete the following:
Aminosalicylate Sodium Tablets
DEFINITION
Aminosalicylate Sodium Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of
aminosalicylate sodium (C7 H6 NNaO3 ·2H2 O).
IDENTIFICATION
Sample: Mix powdered Tablets, equivalent to 3 g of aminosalicylate sodium, with 40 mL of
water, and filter. Add to the filtrate 15 mL of 1 N acetic acid, and allow to stand until
precipitation has occurred. Collect the precipitate on a filter, wash well with water, and dry
at 105° for 30 min.
• A.
Sample: 1 g
Analysis: Place the Sample in a small, round-bottom flask, and add 10 mL of acetic
anhydride. Heat the flask on a steam bath for 30 min, add 40 mL of water, filter, cool, and
allow to stand until the diacetyl derivative has crystallized. Collect the precipitate on a
filter, wash well with water, and dry at 105° for 1 h.
Acceptance criteria: The diacetyl derivative melts at 191°–197°.
• B.
Sample: 0.1 g
Analysis: Shake the Sample with 10 mL of water, and filter. To 5 mL of the filtrate add 1
drop of ferric chloride TS.
Acceptance criteria: A violet color is produced.
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ASSAY
• Procedure
Solution A: 12.7 mg/mL of tetrabutylammonium hydroxide in methanol
Mobile phase: Solution A, 0.05 M dibasic sodium phosphate, and 0.05 M monobasic sodium
phosphate (150:425:425)
Internal standard solution: 5 mg/mL of acetaminophen in Mobile phase
Standard solution: 0.5 mg/mL of aminosalicylic acid prepared as follows. Transfer 12.5 mg
of USP Aminosalicylic Acid RS to a 25-mL low-actinic volumetric flask, add 15 mL of Mobile
phase, and swirl to dissolve. Add 2.5 mL of Internal standard solution, and dilute with
Mobile phase to volume.
Sample stock solution: 6.9 mg/mL of aminosalicylate sodium in Mobile phase prepared as
follows. Add nominally 690 mg of aminosalicylate sodium from NLT 20 powdered Tablets to
a 100-mL low-actinic volumetric flask. Add 50 mL of Mobile phase, and shake for 5 min.
Dilute with Mobile phase to volume, and filter.
Sample solution: 0.69 mg/mL of aminosalicylate from the Sample stock solution prepared
as follows. Transfer 10.0 mL of the clear filtrate to a 100-mL low-actinic volumetric flask
containing 10.0 mL of the Internal standard solution, and dilute with Mobile phase to
volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for acetaminophen and aminosalicylic acid are 0.83
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.7 between aminosalicylic acid and acetaminophen
Relative standard deviation: NMT 1.0% for the peak response ratio of aminosalicylic
acid to acetaminophen
Analysis
Samples: Standard solution and Sample solution
After use, wash the column for 30 min with a mixture of methanol, water, and phosphoric
acid (77: 23: 0.6), and then wash for 30 min with a mixture of methanol and water
(50:50).
Calculate the percentage of the labeled amount of aminosalicylate sodium

PF 44(2): Mar.-Apr. 2018

69

(C7 H6 NNaO3 ·2H2 O) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × (Mr1/Mr2) × 100
RU = peak response ratio of aminosalicylate to acetaminophen from the Sample solution
RS = peak response ratio of aminosalicylic acid to acetaminophen from the Standard
solution
CS = concentration of USP Aminosalicylic Acid RS in the Standard solution (mg/mL)
CU = nominal concentration of aminosalicylate sodium in the Sample solution (mg/mL)
Mr1 = molecular weight of aminosalicylate sodium dihydrate, 211.15
Mr2 = molecular weight of aminosalicylic acid, 153.14
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution, Procedure for a Pooled Sample〈711〉
Medium: Water; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Analysis: Determine the percentage of the labeled amount of aminosalicylate sodium
(C7 H6 NNaO3 ·2H2 O) dissolved, using the procedure as directed in the Assay, making any
necessary modifications.
Tolerances: NLT 75% (Q) of the labeled amount of aminosalicylate sodium
(C7 H6 NNaO3 ·2H2 O) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Limit of m-Aminophenol
Solution A: 12.7 mg/mL of tetrabutylammonium hydroxide in methanol
Mobile phase: Solution A, 0.05 M dibasic sodium phosphate, and 0.05 M monobasic sodium
phosphate (150:425:425)
Internal standard solution: 5 µg/mL of sulfanilamide in Mobile phase
Standard stock solution: 12 µg/mL of USP m-Aminophenol RS in Mobile phase
Standard solution: 1.2 µg/mL of USP m-Aminophenol RS prepared as follows. Transfer
10.0 mL of the Standard stock solution and 10.0 mL of the Internal standard solution to a
100-mL low-actinic volumetic flask, and dilute with Mobile phase to volume.
Sample solution: Use the Sample solution prepared as directed in the Assay, except use
10.0 mL of sulfanilamide as the Internal standard solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
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Column: 4.6-mm × 25-cm; 10-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for sulfanilamide and m-aminophenol are 0.66 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.5 between m-aminophenol and sulfanilamide
Relative standard deviation: NMT 7%
Analysis
Samples: Standard solution and Sample solution
After use, wash the column for 30 min with a mixture of methanol, water, and phosphoric
acid (77: 23: 0.6), and then wash for 30 min with a mixture of methanol and water
(50:50).
Calculate the percentage of m-aminophenol in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of m-aminophenol to sulfanilamide from the Sample solution
RS = peak response ratio of m-aminophenol to sulfanilamide from the Standard solution
CS = concentration of USP m-Aminophenol RS in the Standard solution (mg/mL)
CU = nominal concentration of aminosalicylate sodium in the Sample solution, as
determined in the Assay (mg/mL)
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, protected from
excessive heat.
• USP Reference Standards 〈11〉
USP m-Aminophenol RS
USP Aminosalicylic Acid RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 237
BRIEFING
Aminosalicylic Acid Tablets, USP 41 page 239. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Aminosalicylic Acid Tablets are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
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United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C196960
Comment deadline: May 31, 2018
Delete the following:
Aminosalicylic Acid Tablets
DEFINITION
Aminosalicylic Acid Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of
aminosalicylic acid (C7 H7 NO3 ).
IDENTIFICATION
Sample: Mix powdered Tablets, equivalent to 2 g of aminosalicylic acid, with 50 mL of a
mixture of acetone and chloroform (1:2), and filter. Evaporate the filtrate with a current of
warm air to dryness.
• A.
Sample: 1 g
Analysis: Place the Sample in a small, round-bottom flask, and add 10 mL of acetic
anhydride. Heat the flask on a steam bath for 30 min, add 40 mL of water, filter, cool, and
allow to stand until the diacetyl derivative has crystallized. Collect the precipitate on a
filter, wash well with water, and dry at 105° for 1 h.
Acceptance criteria: The diacetyl derivative melts at 191°–197°.
• B.
Sample: 0.1 g
Analysis: Shake the Sample with 10 mL of water, and filter. To 5 mL of the filtrate add 1
drop of ferric chloride TS.
Acceptance criteria: A violet color is produced.
ASSAY
• Procedure
Solution A: 12.7 mg/mL of tetrabutylammonium hydroxide in methanol
Mobile phase: Solution A, 0.05 M dibasic sodium phosphate, and 0.05 M monobasic sodium
phosphate (150:425:425)
Internal standard solution: 5 mg/mL of acetaminophen in Mobile phase
Standard solution: 0.5 mg/mL of aminosalicylic acid prepared as follows. Transfer 12.5 mg
of USP Aminosalicylic Acid RS to a 25-mL low-actinic volumetric flask, add 15 mL of Mobile
phase, and swirl to dissolve. Add 2.5 mL of the Internal standard solution, and dilute with
Mobile phase to volume.
Sample stock solution: Add nominally 500 mg of aminosalicylic acid from NLT 20 powdered
Tablets to a 100-mL low-actinic volumetric flask. Add 50 mL of Mobile phase, and shake
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for 5 min. Dilute with Mobile phase to volume, and filter.
Sample solution: Transfer 10.0 mL of the clear filtrate from the Sample stock solution to a
100-mL low-actinic volumetric flask containing 10.0 mL of the Internal standard solution,
and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for acetaminophen and aminosalicylic acid are 0.83
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.7 between aminosalicylic acid and acetaminophen
Relative standard deviation: NMT 1.0% for the peak response ratio of aminosalicylic
acid to acetaminophen
Analysis
Samples: Standard solution and Sample solution
After use, wash the column for 30 min with a mixture of methanol, water, and phosphoric
acid (77: 23: 0.6), and then wash for 30 min with a mixture of methanol and water
(50:50).
Calculate the percentage of the labeled amount of aminosalicylic acid (C7 H7 NO3 ) in the
portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of aminosalicylic acid to acetaminophen from the Sample
solution
RS = peak response ratio of aminosalicylic acid to acetaminophen from the Standard
solution
CS = concentration of USP Aminosalicylic Acid RS in the Standard solution (mg/mL)
CU = nominal concentration of aminosalicylic acid in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: pH 7.5 phosphate buffer; 900 mL (see Reagents, Indicators, and
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Solutions—Buffer Solutions)
Apparatus 1: 100 rpm
Time: 45 min
Analysis: Calculate the percentage of the labeled amount of aminosalicylic acid (C7 H7 NO3 )
dissolved, using the procedure as directed in the Assay, making any necessary
modifications.
Tolerances: NLT 75% (Q) of the labeled amount of aminosalicylic acid (C7 H7 NO3 ) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Limit of m-Aminophenol
Mobile phase: Prepare as directed in the Assay.
Internal standard solution: 5 µg/mL of sulfanilamide in Mobile phase
Standard stock solution: 12 µg/mL of USP m-Aminophenol RS in Mobile phase
Standard solution: Standard stock solution, Internal standard solution, and Mobile phase
(1:1:8) in a low-actinic volumetric flask
Sample solution: Use the Sample solution prepared as directed in the Assay, except use
10.0 mL of sulfanilamide for the Internal standard solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 10-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for sulfanilamide and m-aminophenol are 0.66 and
1.0,respectively.]
Suitability requirements
Resolution: NLT 2.5 between m-aminophenol and sulfanilamide
Relative standard deviation: NMT 7%
Analysis
Samples: Standard solution and Sample solution
After use, wash the column for 30 min with a mixture of methanol, water, and phosphoric
acid (77: 23: 0.6), and then wash for 30 min with a mixture of methanol and water
(50:50).
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Calculate the percentage of m-aminophenol in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of m-aminophenol to sulfanilamide from the Sample solution
RS = peak response ratio of m-aminophenol to sulfanilamide from the Standard solution
CS = concentration of USP m-Aminophenol RS in the Standard solution (mg/mL)
CU = nominal concentration of aminosalicylic acid in the Sample solution, as determined in
the Assay (mg/mL)
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers at a temperature not
exceeding 30°.
• USP Reference Standards 〈11〉
USP m-Aminophenol RS
USP Aminosalicylic Acid RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 239
BRIEFING
Amlodipine and Olmesartan Medoxomil Tablets. Because there is no existing USP
monograph for this drug product, a new monograph based on validated methods of analysis is
proposed.
1. The liquid chromatographic procedure in the Assay and the test for Organic Impurities is
based on analyses performed with the Agilent Zorbax SB-Phenyl brand of column with
L11 packing. The typical retention times for amlodipine and olmesartan medoxomil are
about 4.5 and 9.5 min, respectively.
2. The liquid chromatographic procedure in the Dissolution test is based on analyses
performed with the Agilent Zorbax SB-C18 brand of column with L1 packing. The typical
retention times for amlodipine and olmesartan medoxomil are about 2.4 and 3.7 min,
respectively.
(CHM2: E. Chang.)
Correspondence Number—C189890
Comment deadline: May 31, 2018
Add the following:
Amlodipine and Olmesartan Medoxomil Tablets
DEFINITION
Amlodipine and Olmesartan Medoxomil Tablets contain an amount of Amlodipine Besylate
equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of amlodipine
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(C20 H25 ClN2 O5 ) and NLT 90.0% and NMT 110.0% of the labeled amount of olmesartan
medoxomil (C29 H30 N6 O6 ).
IDENTIFICATION
• A. The UV spectra of the amlodipine and olmesartan medoxomil peaks of the Sample solution
correspond to those of the Standard solution, as obtained in the Assay.
• B. The retention times of the amlodipine and olmesartan medoxomil peaks of the Sample
solution correspond to those of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 6.9 g/L of monobasic sodium phosphate. Adjust with phosphoric acid to a pH of
2.5.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
12
15
21
23
25

Table 1
Solution A
(%)
68
68
30
30
68
68

Solution B
(%)
32
32
70
70
32
32

Diluent: Acetonitrile and water (50:50)
Standard stock solution: 0.28 mg/mL of USP Amlodipine Besylate RS and 0.8 mg/mL of
USP Olmesartan Medoxomil RS in Diluent
Standard solution: 0.056 mg/mL of USP Amlodipine Besylate RS and 0.16 mg/mL of USP
Olmesartan Medoxomil RS in Diluent from Standard stock solution
Sample stock solution: Nominal concentrations given in Table 2 are prepared as follows.
For Tablet strength 5/20, transfer NLT 5 Tablets equivalent to 25 mg of amlodipine and 100
mg of olmesartan medoxomil into a suitable volumetric flask. Add water to 20% of the
total volume and sonicate for 5 min. Add acetonitrile to 20% of the total volume and
sonicate for 5 min. Add Diluent to 30% of the total volume and sonicate for 15 min. Dilute
with Diluent to volume. Centrifuge a portion of the solution for 10 min and pass through a
filter of 0.45-µm pore size.
For Tablet strength 5/40, 10/20, or 10/40, transfer NLT 5 Tablets equivalent to 25 mg of
amlodipine and 200 mg of olmesartan medoxomil, 50 mg of amlodipine and 100 mg of
olmesartan medoxomil, or 50 mg of amlodipine and 200 mg of olmesartan medoxomil into a
suitable volumetric flask. Add water to 10% of the total volume and sonicate for 5 min.
Add acetonitrile to 10% of the total volume and sonicate for 5 min. Add Diluent to 30% of
the total volume and sonicate for 15 min. Dilute with Diluent to volume. Centrifuge a
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portion of the solution for 10 min and pass through a filter of 0.45-µm pore size.
Table 2
Tablet Strength
Amlodipine/Olmesartan
Medoxomil
(mg/mg)
5/20, 10/40
5/40
10/20

Nominal
Concentration of
Amlodipine
(mg/mL)
0.5
0.25
0.5

Nominal
Concentration of
Olmesartan
Medoxomil
(mg/mL)
2
2
1

Sample solution: Nominal concentrations in Diluent from Sample stock solution are given in
Table 3.
Tablet Strength
Amlodipine/Olmesartan
Medoxomil
(mg/mg)
5/20, 10/40
5/40
10/20

Table 3
Nominal
Concentration of
Amlodipine
(mg/mL)
0.04
0.02
0.04

Nominal Concentration of
Amlodipine/Olmesartan
Medoxomil
(mg/mL)
0.16
0.16
0.08

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm. For Identification A, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L11
Temperatures
Autosampler: 5°
Column: 60°
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for amlodipine and olmesartan medoxomil peaks
Relative standard deviation: NMT 2.0% for amlodipine and olmesartan medoxomil
peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amlodipine (C20 H25 ClN2 O5 ) in the portion
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of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of amlodipine from the Sample solution
rS = peak response of amlodipine from the Standard solution
CS = concentration of USP Amlodipine Besylate RS in the Standard solution (mg/mL)
CU = nominal concentration of amlodipine in the Sample solution (mg/mL)
Mr1 = molecular weight of amlodipine, 408.88
Mr2 = molecular weight of amlodipine besylate, 567.05
Calculate the percentage of the labeled amount of olmesartan medoxomil (C29 H30 N6 O6 ) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of olmesartan medoxomil from the Sample solution
rS = peak response of olmesartan medoxomil from the Standard solution
CS = concentration of USP Olmesartan Medoxomil RS in the Standard solution (mg/mL)
CU = nominal concentration of olmesartan medoxomil in the Sample solution (mg/mL)
Acceptance criteria
Amlodipine: 90.0%–110.0%
Olmesartan medoxomil: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 6.8 g/L of monobasic potassium phosphate. Adjust with 0.2 N sodium hydroxide
solution to a pH of 6.8; 900 mL.
Apparatus 2: 50 rpm
Times
Amlodipine: 30 min
Olmesartan medoxomil: 45 min
Buffer: 4.08 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to a pH of
2.5.
Mobile phase: Acetonitrile and Buffer (40:60)
Standard stock solution A: 0.16 mg/mL of USP Amlodipine Besylate RS in Mobile phase
Standard stock solution B: 0.44 mg/mL of USP Olmesartan Medoxomil RS in Mobile phase
Standard solution: 0.016 mg/mL of USP Amlodipine Besylate RS and 0.044 mg/mL of USP
Olmesartan Medoxomil RS in Medium from Standard stock solution A and Standard stock
solution B
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size and discard the first 2–3 mL of the filtrate.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Autosampler temperature: 5°
Flow rate: 1.2 mL/min
Injection volume: 10 µL
Run time: NLT 1.4 times the retention time of olmesartan medoxomil
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for amlodipine and olmesartan medoxomil peaks
Relative standard deviation: NMT 2.0% for amlodipine and olmesartan medoxomil
peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amlodipine (C20 H25 ClN2 O5 ) dissolved:
Result = (rU/rS) × CS × V × (Mr1/Mr2) × (1/L) × 100
rU = peak response of amlodipine from the Sample solution
rS = peak response of amlodipine from the Standard solution
CS = concentration of USP Amlodipine Besylate RS in the Standard solution (mg/mL)
V = volume of Medium
Mr1 = molecular weight of amlodipine, 408.88
Mr2 = molecular weight of amlodipine besylate, 567.05
L = label claim of amlodipine (mg/Tablet)
Calculate the concentration (C1 or C2) of olmesartan medoxomil (C29 H30 N6 O6 ) in the sample
withdrawn from the vessel at the 30- or 45-min time point (i):
Result = (rU/rS) × CS
rU = peak response of olmesartan medoxomil from the Sample solution at the 30- or 45min time point
rS = peak response of olmesartan medoxomil from the Standard solution
CS = concentration of USP Olmesartan Medoxomil RS in the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of olmesartan medoxomil (C29 H30 N6 O6 )
dissolved:
Result = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
C2 = concentration of olmesartan medoxomil in the Sample solution at the 45-min time
point (mg/mL)
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V = volume of Medium, 900 mL
VS = volume of the Sample solution withdrawn at the 30-min time point (mL)
C1 = concentration of olmesartan medoxomil in the Sample solution at the 30-min time
point (mg/mL)
L = label claim of olmesartan medoxomil (mg/Tablet)
Tolerances: NLT 80.0% (Q) of the labeled amount of amlodipine (C20 H25 ClN2 O5 ) at 30 min
and NLT 70.0% (Q) of the labeled amount of olmesartan medoxomil (C29 H30 N6 O6 ) at 45
min are dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, Standard stock solution, Sample stock
solution, and Chromatographic system: Proceed as directed in the Assay.
Standard stock solution A: 28 µg/mL of USP Amlodipine Besylate RS and 80 µg/mL of USP
Olmesartan Medoxomil RS in Diluent from Standard stock solution
Standard stock solution B: 50 µg/mL of USP Amlodipine Related Compound A RS in Diluent
Standard solution: 1.4 µg/mL of USP Amlodipine Besylate RS, 2.5 µg/mL of USP Amlodipine
Related Compound A RS, and 4 µg/mL of USP Olmesartan Medoxomil RS in Diluent from
Standard stock solution A and Standard stock solution B
Sensitivity solution: 0.28 µg/mL of USP Amlodipine Besylate RS, 0.5 µg/mL of USP
Amlodipine Related Compound A RS, and 0.8 µg/mL of USP Olmesartan Medoxomil RS in
Diluent from Standard solution
Sample solution: Use the Sample stock solution, prepared as directed in the Assay.
System suitability
Samples: Standard solution and Sensitivity solution
[Note—See Table 4 for relative retention times.]
Suitability requirements
Tailing factor: NMT 2.0 for amlodipine related compound A, amlodipine, and olmesartan
medoxomil peaks, Standard solution
Relative standard deviation: NMT 5.0% for amlodipine related compound A,
amlodipine, and olmesartan medoxomil peaks, Standard solution
Signal-to-noise ratio: NLT 10 for amlodipine related compound A, amlodipine, and
olmesartan medoxomil peaks, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amlodipine related compound A free base in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
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rU = peak response of amlodipine related compound A from the Sample solution
rS = peak response of amlodipine related compound A from the Standard solution
CS = concentration of USP Amlodipine Related Compound A RS in the Standard solution
(mg/mL)
CU = nominal concentration of amlodipine in the Sample solution (mg/mL)
Mr1 = molecular weight of amlodipine related compound A free base, 406.86
Mr2 = molecular weight of amlodipine related compound A, 522.93
Calculate the percentage of any unspecified amlodipine related impurity in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of any unspecified amlodipine related impurity from the Sample
solution
rS = peak response of amlodipine from the Standard solution
CS = concentration of USP Amlodipine Besylate RS in the Standard solution (mg/mL)
CU = nominal concentration of amlodipine in the Sample solution (mg/mL)
Mr1 = molecular weight of amlodipine, 408.88
Mr2 = molecular weight of amlodipine besylate, 567.05
Calculate the percentage of olmesartan or any unspecified olmesartan medoxomil related
impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of olmesartan or any unspecified olmesartan medoxomil related
impurity from the Sample solution
rS = peak response of olmesartan medoxomil from the Standard solution
CS = concentration of USP Olmesartan Medoxomil RS in the Standard solution (mg/mL)
CU = nominal concentration of olmesartan medoxomil in the Sample solution (mg/mL)
Acceptance criteria: See Table 4.
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Table 4

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Benzenesulfonic acida
Olmesartanb
Amlodipine related compound Ac
Amlodipine
Olmesartan medoxomil

0.13
0.25
0.36
0.47
1.0

Olmesartan medoxomil related compound Ad,e

1.13

2.0
0.5
—
—
—

Olmesartan olefinic impurityf ,e

1.50

—

—

—
Olmesartan N-alkyl impurityg,e
2.03
Any unspecified amlodipine or olmesartan medoxomil
—
related impurityh
0.2
i
—
Total impurities
2.0
a This peak is due to the counterion and is not to be reported or included in the total
impurities.
b 1-{[2′-(1H-Tetrazol-5-yl)biphenyl-4-yl]methyl}-4-(2-hydroxypropan-2-yl)-2propyl-1H-imidazole-5-carboxylic acid.
c 3-Ethyl 5-methyl [2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-6-methyl-3,5pyridinedicarboxylate].
d 1-{[2′-(1H-Tetrazol-5-yl)biphenyl-4-yl]methyl}-4,4-dimethyl-2-propyl-1Hfuro[3,4-d]imidazol-6(4H)-one.
e Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
impurities for the drug product.
f (5-Methyl-2-oxo-1,3-dioxol-4-yl)methyl 1-((2′-(1H-tetrazol-5-yl)biphenyl-4yl)methyl)-4-(prop-1-en-2-yl)-2-propyl-1H-imidazole-5-carboxylate.
g (5-Methyl-2-oxo-1,3-dioxol-4-yl)methyl 4-(2-hydroxypropan-2-yl)-2-propyl-1-((2′(2-trityl-2H-tetrazol-5-yl)biphenyl-4-yl)methyl)-1H-imidazole-5-carboxylate.
h The relative retention times for unspecified amlodipine related impurities are up to
1.0. The relative retention times for unspecified olmesartan medoxomil related
impurities are after 1.0 and also at 0.47, 0.60, 0.76, 0.79, and 0.92.
i Excluding olmesartan.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Amlodipine Besylate RS
USP Amlodipine Related Compound A RS
3-Ethyl 5-methyl [2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-6-methyl-3,5pyridinedicarboxylate] fumarate.
C20 H23 ClN2 O5 ·C4 H4 O4
522.93
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USP Olmesartan Medoxomil RS
1S (USP42)

BRIEFING
Azithromycin for Injection, USP 41 page 425. As part of the USP monograph modernization
effort, the following revisions are proposed:
1. Add Identification B based on a more specific Fourier-transform IR procedure.
2. Delete the Background current requirement from the limit tests in the Impurities
section, as it is not a critical parameter.
3. Revise the Sterility Tests section to add flexibility by removing the reference to Test for
Sterility of the Product to Be Examined, Membrane Filtration.
4. Revise the requirements in the Bacterial Endotoxins Test section to remove the
numerical limit and refer to Bacterial Endotoxins Test 〈85〉 for calculation of limits.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: P. Pabba.)
Correspondence Number—C187453
Comment deadline: May 31, 2018
Azithromycin for Injection
DEFINITION
Azithromycin for Injection is a sterile, dry mixture of azithromycin and a suitable stabilizing
agent. It contains NLT 90.0% and NMT 110.0% of the labeled amount of azithromycin
(C38 H72 N2 O12 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. Infrared Absorption 〈197A〉
Standard: 25 mg/mL of USP Azithromycin RS in acetonitrile. Pass the solution through a
suitable filter, and remove the solvent by natural evaporation.
Sample: Equivalent to 25 mg/mL of azithromycin from Azithromycin for Injection in
acetonitrile. Pass the solution through a suitable filter, and remove the solvent by natural
evaporation.
Analysis: Examine the spectra of the Standard and the Sample in the range between 3800
and 650 cm–1.
Acceptance criteria: The Sample exhibits bands at about 900, 995, 1165, 1376, 1456,
1725, and 2936 cm–1 similar to the spectrum from the Standard similarly obtained.
1S (USP42)
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ASSAY
• Procedure
Buffer: 6.7 mg/mL of dibasic potassium phosphate in water
Mobile phase: Acetonitrile and Buffer (52:48). Adjust with 10 N potassium hydroxide to a
pH of 11.0 ± 0.1.
Diluent: Acetonitrile and water (52:48)
System suitability solution: 1 mg/mL each of USP Azaerythromycin A RS and USP
Azithromycin RS in a mixture of acetonitrile and water (52:48). Dissolve first in
acetonitrile, and then dilute with water to volume.
Standard solution: 1 mg/mL of USP Azithromycin RS in a mixture of acetonitrile and water
(52:48). Dissolve first in acetonitrile, and dilute with water to volume.
Sample solution: Nominally equivalent to 1 mg/mL of azithromycin from Azithromycin for
Injection in Diluent prepared as follows. Reconstitute 3 vials individually as directed in the
labeling. Mix the contents of all the reconstituted vials. Dilute a portion of the mixture
with Diluent.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm
Columns
Guard: 4.6-mm × 1-cm; 5-µm packing L67
Analytical: 4.6-mm × 15-cm; 5-µm packing L67
Temperatures
Autosampler: 15°
Column: 40°
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for azaerythromycin A and azithromycin are 0.68 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 2.5 between azaerythromycin A and azithromycin, System suitability
solution
Tailing factor: NLT 0.9 and NMT 1.5, Standard solution
Relative standard deviation: NMT 2%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of azithromycin (C38 H72 N2 O12 ) in the
portion of Azithromycin for Injection taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Azithromycin RS in the Standard solution (mg/mL)
CU = nominal concentration of azithromycin in the Sample solution (mg/mL)
P = potency of USP Azithromycin RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements
IMPURITIES
Change to read:
[Note—The test for Limit of Azithromycin N-Oxide, Desosaminylazithromycin, and NDemethylazithromycin does not quantify aminoazithromycin, formamido analog,
methylformamido analog, and 3′-de(dimethylamino)-3′-oxoazithromycin. If these impurities are
part of the impurity profile, the Limit of Aminoazithromycin, Formamido Analog,
Methylformamido Analog, and 3′-De(dimethylamino)-3′-oxoazithromycin test is recommended
in addition to the test for Limit of Azithromycin N-Oxide, Desosaminylazithromycin, and NDemethylazithromycin.]
• Limit of Azithromycin N-Oxide, Desosaminylazithromycin, and NDemethylazithromycin
Buffer: 3.5 g/L of dibasic potassium phosphate
Mobile phase: Acetonitrile and Buffer (23:77). Adjust with 5 N potassium hydroxide to a
pH of 10.55 ± 0.05.
Standard stock solution: 0.05 mg/mL of USP Azithromycin N-Oxide RS, 45 µg/mL of USP
Desosaminylazithromycin RS, and 160 µg/mL each of USP N-Demethylazithromycin RS and
USP Azithromycin RS in acetonitrile. Sonicate if necessary to dissolve.
Standard solution: 0.001 mg/mL of azithromycin N-oxide, 0.9 µg/mL of
desosaminylazithromycin, and 3.2 µg/mL each of N-demethylazithromycin and azithromycin
from Standard stock solution in Mobile phase
Sample solution: Nominally equivalent to 0.3 mg/mL of azithromycin in Mobile phase from
Azithromycin for Injection
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Amperometric electrochemical
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Electrodes: Dual series glassy carbon
Mode: Oxidative screen
Electrode 1: +0.70 ± 0.05 V
Electrode 2: +0.82 ± 0.05 V
Background current: 95 ± 25 nanoamperes
1S (USP42)

Column: 4.6-mm × 15-cm; 3-µm packing L49
Autosampler temperature: 5°
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Tailing factor: NMT 2.0 for azithromycin and NMT 2.6 for N-demethylazithromycin
Relative standard deviation: NMT 10.0% for azithromycin N-oxide,
desosaminylazithromycin, N-demethylazithromycin, and azithromycin
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified impurity in the portion of Azithromycin for
Injection taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of each specified impurity from the Sample solution
rS = peak response of each specified impurity from the Standard solution
CS = concentration of the relevant impurity Reference Standard in the Standard solution
(mg/mL)
CU = nominal concentration of azithromycin in the Sample solution (mg/mL)
P = potency of the relevant Reference Standard (mg/mg)
Acceptance criteria: See Table 1. The reporting level for impurities
threshold 1S (USP42)
is 0.05%.
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Table 1

Name

Relative
Retention
Time

Azithromycin N-oxidea
Desosaminylazithromycinb

0.17
0.27

Erythromycin A oximec,d
N-Demethylazithromycine

0.35
0.50

Ac,f

Acceptance
Criteria,
NMT (%)
1.0
0.3
—
1.0
—
—

Azaerythromycin
0.85
Azithromycin
1.00
a (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-Omethyl- α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylazinoyl)-β-d-xylo-hexopyranosyl]oxy]-1oxa-6-azacyclopentadecan-15-one.
b (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
c Process impurities that are controlled in the drug substance are not to be reported.
They are listed here for information only.
d (3R,4S,5S,6R,7R,9R,11S,12R,13S,14R,E)-6-[[3,4,6-Trideoxy-3-(dimethylamino)β-d-xylo-hexopyranosyl]oxy]-14-ethyl-7,12,13-trihydroxy-4-[(2,6-dideoxy-3-Cmethyl-3-O-methyl- α-l-ribo-hexopyranosyl)oxy]-10-(hydroxyimino)-3,5,7,9,11,13hexamethyloxacyclotetradecan-2-one.
e (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-Omethyl- α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14heptamethyl-11-[[3,4,6-trideoxy-3-methylamino-β-d-xylo-hexopyranosyl]oxy]-1-oxa6-azacyclopentadecan-15-one.
f 9-Deoxo-9a-aza-9a-homoerythromycin A.
Change to read:
• Limit of Aminoazithromycin, Formamido Analog, Methylformamido Analog, and 3′De(dimethylamino)-3′-oxoazithromycin (if present)
Buffer: 3.5 g/L of dibasic potassium phosphate in water
Mobile phase: Acetonitrile and Buffer (46:54). Adjust with 10 N potassium hydroxide to a
pH of 11.0 ± 0.1.
Diluent: Acetonitrile and water (46:54)
Standard stock solution: 0.09 mg/mL of USP Desosaminylazithromycin RS, 0.21 mg/mL of
USP N-Demethylazithromycin RS, and 0.30 mg/mL of USP Azithromycin RS in acetonitrile
Standard solution: 0.0018 mg/mL of desosaminylazithromycin, 0.0042 mg/mL of Ndemethylazithromycin, and 0.006 mg/mL of azithromycin in Diluent
Sample solution: Nominally equivalent to 0.6 mg/mL of azithromycin from Azithromycin for
Injection in Diluent. Reconstitute 3 vials individually, as directed in the labeling. Mix the
contents of all the reconstituted vials. Dilute a portion of the mixture with Diluent. The
Sample solution must be injected immediately after preparation.
Blank: Use the Diluent.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Amperometric electrochemical
Electrodes: Dual series glassy carbon
Mode: Oxidative screen
Electrode 1: +0.70 ± 0.05 V
Electrode 2: +0.82 ± 0.05 V
Background current: 95 ± 25 nanoamperes
1S (USP42)

Columns
Guard: 4.6-mm × 1-cm; 5-µm packing L67
Analytical: 4.6-mm × 25-cm; 5-µm packing L67
Temperatures
Autosampler: 15°
Column: 40°
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between desosaminylazithromycin and N-demethylazithromycin
Tailing factor: NMT 1.5 for azithromycin
Relative standard deviation: NMT 5% for azithromycin
Analysis
Samples: Standard solution, Sample solution, and Blank
Disregard any peaks corresponding to those obtained from the Blank.
Calculate the percentage of each impurity in the portion of Azithromycin for Injection taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of azithromycin from the Standard solution
CS = concentration of USP Azithromycin RS in the Standard solution (mg/mL)
CU = nominal concentration of azithromycin in the Sample solution (mg/mL)
P = potency of USP Azithromycin RS (µg/mg)
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F = conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 2.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Erythromycin A iminoethera,b
3′-(N,N-Didemethyl)azithromycin
(aminoazithromycin)c + 3′-(N,N-didemethyl)-3′-Nformylazithromycin (formamido analog)d

0.20

—

0.25

Azithromycin F a,e

0.30

1.0
—

Desosaminylazithromycinf ,g
3′-N-Demethyl-3′-N-formylazithromycin
(methylformamido analog)h

0.31

—

0.32

N-Demethylazithromycinf ,i

0.35

1.0
—

Erythromycin A oximea,j

0.42

—

Azaerythromycin Aa,k
3′-De(dimethylamino)-3′-oxoazithromycinl
3′-N-Demethyl-3′-N-[(4methylphenyl)sulfonyl]azithromycina,m
Azithromycin

0.63
0.72

—

0.85
1.00

1.0
—
—
—
0.2
3.0

Azithromycin B (3-deoxyazithromycin)a,n
1.64
Any other unspecified impurity
—
o
—
Total impurities
a Process impurities that are controlled in the drug substance are not to be reported.
They are listed here for information only.
b (3R,4R,5S,6R,9R,10S,11S,12R,13S,15R,Z)-12-[[3,4,6-Trideoxy-3-(dimethylamino)β-d-xylo-hexopyranosyl]oxy]-6-ethyl-4,5-dihydroxy-10-[(2,6-dideoxy-3-C-methyl3-O-methyl- α-l-ribo-hexopyranosyl)oxy]-3,5,9,11,13,15-hexamethyl-7,16-dioxa-2azabicyclo[11.2.1]hexadec-1-en-8-one.
c (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-Omethyl- α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14heptamethyl-11-[[3-amino-3,4,6-trideoxy-β-d-xylo-hexopyranosyl]oxy]-1-oxa-6azacyclopentadecan-15-one.
d (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-Omethyl- α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14heptamethyl-11-[[3-formamido-3,4,6-trideoxy-β-d-xylo-hexopyranosyl]oxy]-1-oxa-6azacyclopentadecan-15-one.
e (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-Omethyl- α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12hexamethyl-14-hydroxymethyl-11-[[3-dimethylamino-3,4,6-trideoxy-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
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f These impurities are controlled using the Limit of Azithromycin N-Oxide,
Desosaminylazithromycin, and N-Demethylazithromycin test. They are listed here for
information only.
g (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
h (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-Omethyl- α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14heptamethyl-11-[[3-(N-methyl)formamido-3,4,6-trideoxy-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
i (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-Omethyl- α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14heptamethyl-11-[[3,4,6-trideoxy-3-methylamino-β-d-xylo-hexopyranosyl]oxy]-1-oxa6-azacyclopentadecan-15-one.
j (3R,4S,5S,6R,7R,9R,11S,12R,13S,14R,E)-6-[[3,4,6-Trideoxy-3-(dimethylamino)β-d-xylo-hexopyranosyl]oxy]-14-ethyl-7,12,13-trihydroxy-4-[(2,6-dideoxy-3-Cmethyl-3-O-methyl- α-l-ribo-hexopyranosyl)oxy]-10-(hydroxyimino)-3,5,7,9,11,13hexamethyloxacyclotetradecan-2-one.
k 9-Deoxo-9a-aza-9a-homoerythromycin A.
l (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3,3-dimethyl- α-l-ribohexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11[[3,4,6-trideoxy-3-oxo-β-d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan15-one.
m (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-Omethyl- α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14heptamethyl-11-[[3-[N-(4-acetamidophenylsulfonyl)-N-methylamino]-3,4,6-trideoxyβ-d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
n (2R,3R,4S,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-Omethyl- α-l-ribo-hexopyranosyl)oxy]-2-ethyl-4,10-dihydroxy-3,5,6,8,10,12,14heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylamino)-β-d-xylo-hexopyranosyl]oxy]-1oxa-6-azacyclopentadecan-15-one.
o Total impurities include desosaminylazithromycin and N-demethylazithromycin.
SPECIFIC TESTS
Change to read:
• Bacterial Endotoxins Test 〈85〉: It contains NMT 0.7 USP Endotoxin Units/mg of
azithromycin.
Meets the requirements 1S (USP42)
Change to read:
• Sterility Tests 〈71〉: It meets the requirements when tested as directed for Test for Sterility
of the Product to Be Examined, Membrane Filtration.
Meets the requirements 1S (USP42)
• Particulate Matter in Injections 〈788〉: Meets the requirements
• pH 〈791〉: 6.4–6.8, determined in a solution constituted as directed in the labeling
• Water Determination 〈921〉, Method I: NMT 2.0%
• Other Requirements: It meets the requirements under Injections and Implanted Drug
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Products 〈1〉.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described under Packaging and Storage Requirements
〈659〉, Injection Packaging, Packaging for Constitution. Store at controlled room
temperature.
• Labeling: It meets the requirements for Labeling 〈7〉, Labels and Labeling for Injectable
Products.
Change to read:
• USP Reference Standards 〈11〉
USP Azaerythromycin A RS
9-Deoxo-9a-aza-9a-homoerythromycin A.
C37 H70 N2 O12
734.96
USP Azithromycin RS
USP Azithromycin N-Oxide RS
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-Omethyl- α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylazinoyl)-β-d-xylo-hexopyranosyl]oxy]-1oxa-6-azacyclopentadecan-15-one.
C38 H72 N2 O13
764.98
USP N-Demethylazithromycin RS
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-Omethyl- α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14heptamethyl-11-[[3,4,6-trideoxy-3-methylamino-β-d-xylo-hexopyranosyl]oxy]-1-oxa6-azacyclopentadecan-15-one.
C37 H70 N2 O12
734.96
USP Desosaminylazithromycin RS
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
C30 H58 N2 O9
590.79
(CN 1-May-2018)

Recent Official Publications:
USP41–NF36 Page 425
BRIEFING
Benazepril Hydrochloride Tablets, USP 41 page 462. As part of the USP monograph
modernization efforts, it is proposed to revise the monograph as follows:
1. Replace the current Thin-Layer Chromatographic Identification Test 〈201〉 in
Identification A with the UV spectrum agreement of the Sample solution and the
Standard solution, as obtained in the Assay.
2. In the Assay:
a. Include photo diode detection to support the proposed Identification A.
b. Add the particle size of the Columns, the Run time, and the relative retention
times for benazepril and benazepril related compound B peaks.
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3.
4.
5.

6.
7.
8.

c. Clarify the preparation of the Sample solution and correct the information of the
Guard column.
d. Revise the requirements of the System suitability and the Analysis section.
Revise the Dissolution tests to clarify the Standard solution, the Injection volume, and
to include an equation in the Analysis section.
Delete the Procedure for Content Uniformity from the Uniformity of Dosage Units test
due to the redundancy.
Revise the test for Organic Impurities to clarify the Injection volume, and to include
the relative retention times for benazepril related compound C, benazepril, and
benazepril related compound B peaks.
Revise the limit for any unspecified impurity in the test for Organic Impurities to be
consistent with the International Council for Harmonisation (ICH) guidelines.
Include a storage requirement in the Packaging and Storage section based on the
information for approved drug products.
Update the chemical names for USP Benazepril Related Compound B RS and USP
Benazepril Related Compound C RS in the USP Reference Standards section.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: E. Chang.)
Correspondence Number—C195480
Comment deadline: May 31, 2018
Benazepril Hydrochloride Tablets
DEFINITION
Benazepril Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount
of benazepril hydrochloride (C24 H28 N2 O5 ·HCl).
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Sample solution: Equivalent to 1.0 mg/mL of benazepril hydrochloride from powdered
Tablets (NLT 20) in methanol. [Note—Shake by mechanical means for 15 min. Dilute with
methanol to volume, mix, and centrifuge. Pass an aliquot of the supernatant through a
suitable filter, discarding the first 6 mL of the filtrate.]
Application volume: 20 µL
Developing solvent system: Ethyl acetate, methanol, and ammonium hydroxide
(80:20:15) 1S (USP42)
Add the following:
• A. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
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Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: Dissolve 0.81 g of tetrabutylammonium bromide in 360 mL of water containing
0.2 mL of acetic acid, glacial.
Mobile phase: Methanol and Solution A (64:36)
System suitability solution: 0.4 mg/mL each of USP Benazepril Hydrochloride RS and USP
Benazepril Related Compound B RS in Mobile phase
Standard solution: 0.2 mg/mL of USP Benazepril Hydrochloride RS in Mobile phase
Sample solution:
Nominally 0.2 mg/mL of benazepril hydrochloride in Mobile phase prepared as follows.
1S (USP42)

Transfer a portion from NLT 20 finely powdered Tablets, equivalent to 50 mg of benazepril
hydrochloride, to a 250-mL volumetric flask. Add about
1S (USP42)

150 mL of Mobile phase, and shake by mechanical means for 30 min. Dilute with Mobile
phase to volume, mix, and centrifuge. Pass an aliquot of the supernatant through a
suitable filter, discarding the first 6 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm.
For Identification A, use a diode array detector in the range of 200–400 nm.
Columns
Guard: 4.6-mm × 3-cm;
7-µm 1S (USP42)
packing L1
L7 1S (USP42)
Analytical: 3.9-mm × 30-cm;
10-µm 1S (USP42)
packing L1
Flow rate: 1 mL/min
Injection volume: 25 µL
Run time: NLT 3 times the retention time of benazepril 1S (USP42)
System suitability
Sample: System suitability solution

1S (USP42)

[Note—The relative retention times for benazepril and benazepril related compound B
peaks are about 1.0 and 1.5, respectively.] 1S (USP42)
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Suitability requirements
Resolution: NLT 1.7
2.0 1S (USP42)
between benazepril hydrochloride
1S (USP42)

and benazepril related compound B peaks
Relative standard deviation: NMT 2.0% for both benazepril hydrochloride
1S (USP42)

and benazepril related compound B peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
the labeled amount of 1S (USP42)
benazepril hydrochloride (C24 H28 N2 O5 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of benazepril from the Sample solution
rS = peak response of benazepril from the Standard solution
CS = concentration of USP Benazepril Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of benazepril hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1
Medium: Water; 500 mL
Apparatus 2: 50 rpm
Time: 30 min
Solution A, Mobile phase, System suitability solution, Chromatographic system,
1S (USP42)

and System suitability: Proceed as directed in the Assay.
Standard solution:
0.02 µg/mL of 1S (USP42)
USP Benazepril Hydrochloride RS at a known concentration
1S (USP42)

in Medium
Sample solution: An amount of a filtered portion of the solution under test to be
injected is equivalent to about 1.2 µg of benazepril. The amount of benazepril injected
should not exceed 1.5 µg.
Pass a portion of the solution under test through a suitable filter. [Note—The amount
of benazepril injected should not exceed 125% of the quantity of the Standard solution
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(1.5 µg).]
Chromatographic system: Proceed as directed in the Assay, except for the Injection
volume. 1S (USP42)
Injection volume:
25 µL for System suitability solution; 1S (USP42)
60 µL
for Standard solution and Sample solution 1S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
the labeled amount of 1S (USP42)
benazepril hydrochloride (C24 H28 N2 O5 ·HCl) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU = peak response of benazepril from the Sample solution
rS = peak response of benazepril from the Standard solution
CS = concentration of USP Benazepril Hydrochloride RS in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 500 mL 1S (USP42)
Tolerances: NLT 80% (Q) of the labeled amount of benazepril hydrochloride
(C24 H28 N2 O5 ·HCl) is dissolved.
Test 2: If the product complies to this test, the labeling indicates that the product meets
USP Dissolution Test 2.
Medium, Apparatus
2, 1S (USP42)
Standard solution, Sample solution, Chromatographic system, and Analysis:
Proceed as directed in Dissolution Test 1.
Solution A, Mobile phase, System suitability solution, and System suitability:
Proceed as directed in the Assay.
Time: 45 min
Tolerances: NLT 70% (Q) of the labeled amount of benazepril hydrochloride
(C24 H28 N2 O5 ·HCl) is dissolved.
Change to read:
• Uniformity of Dosage Units 〈905〉: Meet the requirements
Procedure for content uniformity
Solution A, Mobile phase, System suitability solution, Standard solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
Sample solution: Transfer 1 Tablet to a suitable volumetric flask, add a volume of Mobile
phase equivalent to 50% of the volume of the flask, sonicate for 5 min, and then shake
by mechanical means for NLT 10 min. Dilute quantitatively, and stepwise if necessary,
with Mobile phase to obtain a final concentration of nominally 0.2 mg/mL, mix, and pass
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a portion of the solution through a suitable filter, discarding the first 6 mL of the filtrate.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C24 H28 N2 O5 ·HCl in the Tablet taken:
Result = (rU /rS) × (CS/CU ) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Benazepril Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of benazepril hydrochloride in the Sample solution
(mg/mL)

1S (USP42)

IMPURITIES
Change to read:
• Organic Impurities
Solution A, Mobile phase, System suitability solution, Sample solution, and System
suitability: Proceed as directed in the Assay.
Standard solution: 0.006 mg/mL of USP Benazepril Related Compound C RS in Mobile phase
Chromatographic system: Proceed as directed in the Assay,
except for the Injection volume. 1S (USP42)
Injection volume:
25 µL for System suitability solution; 1S (USP42)
80 µL
for Standard solution and Sample solution 1S (USP42)
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of benazepril related compound C in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of benazepril related compound C from the Sample solution
rS = peak response of benazepril related compound C from the Standard solution
CS = concentration of USP Benazepril Related Compound C RS in the Standard solution
(mg/mL)
CU = nominal concentration of benazepril hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity in the portion of Tablets taken:
Result = (rU/rT) × 100
rU = peak response of each impurity from the Sample solution
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rT = sum of the responses of all the peaks including benazepril related compound C from
the Sample solution
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time 1S (USP42)

Name
Benazepril related compound C

0.6

1S (USP42)

Benazepril

1.0

1S (USP42)

1.5

1S (USP42)

Benazepril related compound Ba,b
Any unspecified impurity
Total impuritiesc

1S (USP42)

—
—

Acceptance
Criteria,
NMT (%)
3.0
—
—

1S (USP42)

1.0
0.2

1S (USP42)

2.0

a 2-[(SR)-3-{[(RS)-1-Ethoxy-1-oxo-4-phenylbutan-2-yl]amino}-2-oxo-2,3,4,5tetrahydro-1H-benzo[b]azepin-1-yl]acetic acid.
b For identification only. 1S (USP42)
c Excluding benazepril related compound C.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. 1S (USP42)
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Benazepril Hydrochloride RS
USP Benazepril Related Compound B RS
(3S) 3-[[(1R) 1-(Ethoxycarbonyl)-3-phenylpropyl]amino]- 2,3,4,5-tetrahydro-2-oxo1H-1-benzazepine-1-acetic acid, monohydrochloride.
2-[(SR)-3-{[(RS)-1-Ethoxy-1-oxo-4-phenylbutan-2-yl]amino}-2-oxo-2,3,4,5tetrahydro-1H-benzo[b]azepin-1-yl]acetic acid hydrochloride. 1S (USP42)
C24 H28 N2 O5 ·HCl
460.95
USP Benazepril Related Compound C RS
3-(1-Carboxy-3-phenyl-1(S)-propyl)amino-2,3,4,5-tetrahydro-2-oxo-1H-1-(3S)benzazepine-1-acetic acid.
(S)-2-{[(S)-1-(Carboxymethyl)-2-oxo-2,3,4,5-tetrahydro-1H-benzo[b]azepin-3-
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1S (USP42)

C22 H24 N2 O5
396.44
Recent Official Publications:
USP41–NF36 Page 462
BRIEFING
Bivalirudin, PF 41(5) [Sept.–Oct. 2015]. The previous proposal of this monograph, which
appeared in PF 41(5), is canceled and because there is no existing USP monograph for this drug
substance, a new monograph based on validated methods of analysis is being re-proposed. The
liquid chromatographic procedure in the Assay is based on analyses performed with the Vydac
C18 brand of column with L1 packing. The typical retention time for bivalirudin in the Assay is
about 24 min. The liquid chromatographic procedures in Product-Related Substances and
Impurities, Procedure 1 and Procedure 2 are based on analyses performed with the Vydac C18
brand of column with L1 packing and Waters Xbridge HILIC brand of column with L3 packing,
respectively. The typical retention times for bivalirudin in Procedure 1 and Procedure 2 are
about 24 min and between 9.4 and 14.7 min, respectively. This new proposal contains the
following changes as a result of public comments:
1. A Note was added to the Amino Acid Content test to clarify that an alternative
validated method can be used.
2. The relative retention time for [Asp9]-bivalirudin in Procedure 1 was corrected to NMT
0.93.
3. The nomenclature of Fragment [12–20] in Table 4 in Procedure 1 was corrected.
4. The nomenclature of the [des-Gly5]-bivalirudin impurity in Table 6 in Procedure 2 was
corrected.
5. The acceptance criteria for the Trifluoroacetic Acid (TFA) in Peptides test were widened
to between 6.0% and 12.0%.
6. The acceptance criteria for the Water Determination test were revised to NMT 10.0%.
7. The Bacterial Endotoxins Test, Microbial Enumeration Tests, and the USP Reference
Standards section were updated to reflect current USP practices.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: E. Curti.)
Correspondence Number—C197261
Comment deadline: May 31, 2018
Add the following:
Bivalirudin
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2180.29 (free base)

l-Leucine, d-phenylalanyl-l-prolyl-l-arginyl-l-prolylglycylglycylglycylglycyl-lasparaginylglycyl-l- α-aspartyl-l-phenylalanyl-l- α-glutamyl-l- α-glutamyl-l-isoleucyl-l-prolyl-l- αglutamyl-l- α-glutamyl-l-tyrosyl-;
d-Phenylalanyl-l-prolyl-l-arginyl-l-prolylglycylglycylglycylglycyl-l-asparaginylglycyl-l- αaspartyl-l-phenylalanyl-l- α-glutamyl-l- α-glutamyl-l-isoleucyl-l-prolyl-l- α-glutamyl-l- α-glutamyl-ltyrosyl-l-leucine
[128270-60-0].
DEFINITION
Bivalirudin is a synthetic 20 amino acid peptide, which is a specific and reversible direct
thrombin inhibitor. Bivalirudin is indicated for use as an anticoagulant in patients with
unstable angina undergoing percutaneous transluminal coronary angioplasty (PTCA).
Bivalirudin is intended for use with aspirin and has been studied only in patients receiving
concomitant aspirin. It contains NLT 96.0% and NMT 103.0% of bivalirudin
(C98 H138 N24 O33 ), calculated on the anhydrous, counter ion-free basis. Bivalirudin is a white
to off-white powder.
[Note—Bivalirudin is very hygroscopic. Protect from exposure to moisture.]
IDENTIFICATION
• A.
Standard solution A and Sample solution: Prepare as directed in the Assay.
Identity sample solution: 0.75 mg/mL each of USP Bivalirudin RS and Bivalirudin in water
Acceptance criteria: The retention time of the major peak of the Sample solution
corresponds to that of Standard solution A, as obtained in the Assay. The major peaks of
the Identity sample solution coelute.
• B. The monoisotopic mass by Mass Spectrometry 〈736〉 is 2179.0 ± 1.0 mass units.
• C. Amino Acid Content
For further discussion of the theory and applications, see Biotechnology-Derived
Articles—Amino Acid Analysis 〈1052〉, which may be a helpful, but not mandatory,
resource. [Note—Use a suitable, validated hydrolysis, separation and calculation
procedure, including amino acids used in the calculation (see 〈1052〉).]
Standard solution: Standardize the instrument with a mixture containing equal molar per
volume amounts (except for l-cystine, which is half the molar amount) of glycine and the
l-form of the following amino acids: lysine, threonine, alanine, leucine, histidine, serine,
valine, tyrosine, arginine, glutamic acid, methionine, phenylalanine, aspartic acid, proline,
isoleucine, tryptophan, and cystine.
Sample solution: Accurately weigh out 1.0 mg of bivalirudin in glass ampuls. Add a
minimum of 1.0 mL of Hydrolysis Solution containing 4% phenol, freeze the sample ampul,
and flame seal under vacuum. Hydrolyze at 110° for about 18 h. After hydrolysis, dry the
test sample under vacuum to remove any residual acid. To the ampul add 2 mL of a buffer
solution that is suitable for the amino acid analyzer, and pass through a filter of 0.45-µm
pore size.
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Analysis
Samples: Standard solution and Sample solution
First record and measure the peak responses for each amino acid in the Standard solution.
Express the content of each amino acid in moles.
Calculate the mean nmol of the amino acids in the Sample solution:
Result = (nmol found in the Sample solution for arginine, aspartic acid, glutamic acid,
glycine, isoleucine, leucine, phenylalanine, proline, and tyrosine)/20
Divide the nmol of each amino acid by the Result to determine the amino acid ratios that
must meet the Acceptance criteria.
Acceptance criteria: See Table 1.
Table 1
Name
Glycine
Aspartic acid
Glutamic acid
Proline
Leucine, isoleucine, arginine, and tyrosine
Phenylalanine

Acceptance Criteria
Between 4.5 and 5.5
Between 1.8 and 2.2
Between 3.6 and 4.4
Between 2.7 and 3.3
Between 0.9 and 1.1
Between 1.8 and 2.2

• D. Bioidentity
Thrombin inhibition activity
Buffer solution: 50 mM tris(hydroxymethyl)aminomethane hydrochloride and 120 mM
sodium chloride in water. Adjust to a pH of 7.40 ± 0.04. Add bovine serum albumin (BSA)
to obtain a 100-mg/mL concentration and pass through a filter of 0.45-µm pore size.
Human thrombin solution: 10 µg/mL of human thrombin1 in Buffer solution
Chromogenic substrate solution: 5 mM solution of H-d-cyclohexylalanyl-Ala-Arg-pnitroanilide diacetate salt in water. Dilute with water to obtain a 50-µM solution.
Diluted human thrombin solution: Dilute Human thrombin solution with Buffer solution
to obtain a 0.5-µg/mL solution. Thrombin from alternate sources must be standardized in
the substrate reaction. Prepare six replicates by adding 910 µL of Buffer solution to
each sample tube followed by 30 µL of Chromogenic substrate solution. Add 60 µL of
Diluted human thrombin solution, mix on a vortex mixer, and begin the 20-min incubation
as described below. Determine the absorbance at 405 nm for each replicate.
Calculate the standardized volume (EC) of Diluted human thrombin solution from the mean
absorbance as follows:
EC = (0.45 × 60 µL)/mean absorbance
Standard solution: Prepare a 0.6-mg/mL solution of USP Bivalirudin RS in water. Dilute
with Buffer solution to obtain a 5-µg/mL solution.
Blank: Water
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Sample solution: Prepare a 0.6-mg/mL solution of Bivalirudin in water. Measure the
absorbance of the 0.6-mg/mL solution at 275 nm (A275), using the Blank to auto-zero.
Calculate the concentration of bivalirudin (C98 H138 N24 O33 ), Cbivalirudin, in mg/mL, in the
Sample solution:
Cbivalirudin = A275/0.62
From this concentration, dilute with Buffer solution to obtain a 5-µg/mL solution. Prepare
triplicate dilutions of the Sample solution.
Stop solution: Glacial acetic acid
Control assay solution, Sample assay solution, and Standard assay solution: In
each sample tube, add the Buffer solution (1000 µL − EC − SC) first, then 30 µL of
Chromogenic substrate solution (SC), and then the Bivalirudin (if using). Mix on a vortex
mixer and incubate for 10 min at 37° in a water bath. Add the appropriate volume of
Diluted human thrombin solution to give a final concentration of 0.095 NIH Units/mL (EC)
and activate the chronometer immediately. Mix on a vortex mixer for a few seconds and
heat to 37° for 20 min ± 15 s in a water bath. Stop the reaction by adding 100 µL of
Stop solution. Measure the absorbance of the six solutions at 405 nm using the Blank to
auto-zero.
Prepare the solutions for the analysis as indicated in Table 2.

Blank
Number of
replicates
Total number
of UV readings
Chromogenic
substrate
solution

Bivalirudin
Thrombin

Buffer solution

Table 2
Control
Assay
Solution

Sample
Assay
Solution

Standard
Assay
Solution

1

3

3

3

1

3

9

3

30 µL
100 µL
(Standard
solution)
0
1000 µL −
30 µL − 100
µL

30 µL

30 µL
100 µL
(Sample
solution)
EC
1000 µL − 30
µL − 100 µL −
EC

30 µL
100 µL
(Standard
solution)
EC
1000 µL − 30
µL − 100 µL −
EC

0
EC
1000 µL −
30 µL − EC

System suitability
Samples: Control assay solution and Standard assay solution
Suitability requirements
Relative standard deviation: NMT 5% for six replicates, Control assay solution
Mean absorbance: Between 0.428 and 0.473, Control assay solution

PF 44(2): Mar.-Apr. 2018

101

Percent average inhibition: 44%–50% for the three readings, Standard assay
solution
Analysis
Samples: Control assay solution and Sample assay solution. Prepare three independent
preparations of the Sample assay solution to obtain a 0.6-mg/mL concentration.
Determine the percentage thrombin inhibition for each of the nine sample readings of the
sample tested. The final inhibition percentage result is given as the average of these
nine values.
Result = [1 − (rU/rS)] × 100
rU = absorbance response from the Sample assay solution
rS = average absorbance response from the six readings of the Control assay solution
Acceptance criteria: 42%–52% average inhibition. Percent inhibition of each single
Sample assay solution reading is between 41%–53%; %RSD of the average inhibition of
the nine readings of the Sample assay solution is NMT 10%.
ASSAY
• Procedure
Buffer solution: Dissolve 13.6 g of sodium acetate trihydrate in 900 mL of water. Adjust
with glacial acetic acid to a pH of 6.5 ± 0.1. Dilute with water to 1000 mL and pass
through a filter of 0.2-µm pore size.
Solution A: Buffer solution and water (1:1)
Solution B: Acetonitrile and Buffer solution (1:1)
Mobile phase: See Table 3.
Time
(min)
0
5
30
35
35.1
40

Table 3
Solution A
(%)
90
85
65
65
90
90

Solution B
(%)
10
15
35
35
10
10

Standard solution A: 1.5 mg/mL of USP Bivalirudin RS in water. Prepare in duplicate.
Standard solution B: 0.16 mg/mL of USP [Asp9]-Bivalirudin RS in water. Prepare in
duplicate.
System suitability solution: Standard solution A and Standard solution B (1:1)
Sample solution: 1.5 mg/mL of Bivalirudin in water. Prepare in triplicate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 2°–8°
Column: 40°
Flow rate: 1.2 mL/min
Injection volume: 40 µL
System suitability
Samples: Standard solution A and System suitability solution
Suitability requirements
Resolution: NLT 2.5 between the bivalirudin and [Asp9]-bivalirudin peaks, System
suitability solution
Column efficiency: NLT 15,000 theoretical plates, Standard solution A
Relative standard deviation: NMT 1.5% for three replicate injections of each
preparation, Standard solution A
Analysis
Samples: Standard solution A and Sample solution
Calculate the percentage of bivalirudin (C98 H138 N24 O33 ) in the portion of Bivalirudin taken:
Result = (rU/rS) × (CS/CU) × 100
r U = peak response of bivalirudin from the Sample solution
r S = mean peak response of bivalirudin from Standard solution A
C S = concentration of USP Bivalirudin RS in Standard solution A (mg/mL)
C U = concentration of Bivalirudin in the Sample solution (mg/mL)
Take the percentage of bivalirudin for each Sample solution. Average the results to report
the Acceptance criteria.
Acceptance criteria: 96.0%–103.0% on the anhydrous, counter ion-free basis
PRODUCT-RELATED SUBSTANCES AND IMPURITIES
• Procedure 1
[Note—Manufacturers should determine the suitability of their related substances method
for their process-related and degradation impurities. For any impurity peak equal to or
above the limit for unspecified impurity peaks, identification and appropriate qualification is
required.]
Buffer solution, Mobile phase, and Chromatographic system: Proceed as directed in
the Assay.
System suitability solution: Prepare a solution containing 2.5 mg/mL of USP Bivalirudin RS
spiked with 0.05 mg/mL of USP [Asp9]-Bivalirudin RS in water.
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Standard stock solution: 25 mg/mL of USP Bivalirudin RS in Buffer solution
Standard solution: Prepare a 2.5-mg/mL solution of USP Bivalirudin RS by diluting the
Standard stock solution with water.
Sample solution: 2.5 mg/mL of Bivalirudin in water
Blank: Water
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.5 between [Asp9]-bivalirudin and bivalirudin
Column efficiency: NLT 12,000 theoretical plates
Retention time: The relative retention time (RRT) for [Asp9]-bivalirudin compared to
bivalirudin is NMT 0.93.
Analysis
Sample: Sample solution
Record the chromatograms and measure the response of each peak from the Sample
solution using the drop-down integration method with respect to the baseline. Exclude
from the integration the peaks present in the blank. Among all the integrated peaks, only
those with a signal-to-noise ratio higher than 10 shall be used for the calculation.
Calculate the percentage of each impurity in the portion of Bivalirudin taken:
Result = (ri/rT) × 100
ri = peak response of each impurity
rT = sum of all the peak responses
Acceptance criteria
Individual impurities: See Table 4.

Name
Fragment [1–11]
Fragment [12–20]
Total fragmentsa
[Asp9]-bivalirudin
Bivalirudin

Table 4
Relative
Retention
Time
0.49
0.60
0.44–0.65
0.93
1.00

Acceptance
Criteria,
NMT (%)
0.5
0.5
1.8
0.4
—

[des-Glu13]-bivalirudin
1.31–1.34
0.4
Unspecified impurities
—
0.4
a Peptide fragment peaks resulting from degradation.
• Procedure 2
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[Note—Manufacturers should determine the suitability of their related substances method
for their process-related and degradation impurities. For any impurity peak equal to or
above the limit for unspecified impurity peaks, identification and appropriate qualification is
required.]
Solution A: Acetonitrile and water (85:15)
Solution B: 0.04% trifluoroacetic acid (TFA) (v/v) in Solution A
Solution C: Acetonitrile and 0.04% trifluoroacetic acid (v/v)
Mobile phase: See Table 5.
Time
(min)
0
35

Table 5
Solution B
(%)
50
50

Solution C
(%)
50
50

System suitability solution: Prepare a solution containing 3 mg/mL of USP Bivalirudin RS
spiked with 0.015 mg/mL of USP [des-Glu13]-Bivalirudin RS in Solution B.
Standard solution: 3 mg/mL of USP Bivalirudin RS in Solution B
Sample solution: 3 mg/mL of Bivalirudin in Solution B
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 207 nm
Column: 4.6-mm × 25-cm; 5-µm packing L3
Column temperature: 40°
Flow rate: 1.2 mL/min
Injection volume: 5 µL
System suitability
Sample: System suitability solution
[Note—See Table 6 for relative retention times.]
Suitability requirements
Peak-to-valley ratio: NLT 1.25 between [des-Glu13]-bivalirudin and bivalirudin
Retention time: The bivalirudin peak elutes between 9.4 and 14.7 min.
Peak width: The bivalirudin peak width at half height should be NMT 0.45.
Analysis
Sample: Sample solution
Record the chromatograms and measure the response for each peak in the chromatogram of
the Sample solution. Disregard any peak due to the solvent, the peak at RRT 0.2 (TFA),
the peak at RRT ~0.91, the peak at RRT ~0.64, and any peak with an area less than
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0.10% of that of Bivalirudin.
Calculate the percentage of each impurity in the portion of Bivalirudin taken:
Result = (ri/rT) × 100
ri = peak response of each impurity
rT = sum of all the peak responses
Acceptance criteria
Individual impurities: See Table 6.

Name

Table 6
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

[des-Gly5]-bivalirudin
Bivalirudin

0.75
1.00

0.4
—

[Endo-Gly5]-bivalirudin
Unspecified impurities

1.36
—

0.5
0.4

Total impurities: The sum of all impurities from Procedure 1 and Procedure 2 is NMT
2.5%.
OTHER COMPONENTS
• Trifluoroacetic Acid (TFA) in Peptides 〈503.1〉: Between 6.0% and 12.0%
SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉: The total aerobic microbial count does not exceed 103
cfu/g and the total combined yeast and mold count does not exceed 102 cfu/g.
• Bacterial Endotoxins Test 〈85〉: The level of bacterial endotoxins is such that the
requirement under the relevant dosage form monograph(s) in which Bivalirudin is used can
be met. Where the label states Bivalirudin must be subjected to further processing during
the preparation of injectable dosage forms, the level of bacterial endotoxins is such that
the requirement under the relevant dosage form monograph(s) in which Bivalirudin is used
can be met.
• Water Determination 〈921〉, Method I, Method Ic: NMT 10.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in an airtight, closed container protected from light at a
temperature between −20 ± 5°.
• Labeling: Label it to state the strength, in mg, of Bivalirudin.
• USP Reference Standards 〈11〉
USP Bivalirudin RS
USP [Asp9]-Bivalirudin RS
USP [des-Glu13]-Bivalirudin RS
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1S (USP42)

1 A suitable human alpha-thrombin is available from Sekisui Diagnostics, LLC .

BRIEFING
Bivalirudin for Injection, PF 41(5) [Sept.–Oct. 2015]. The previous proposal of this
monograph, which appeared in PF 41(5), is canceled and because there is no existing USP
monograph for this drug product, a new monograph based on validated methods of analysis is
being re-proposed. The liquid chromatographic procedures in the Assay and the test for
Product-Related Substances and Impurities are based on analyses performed with the Vydac
C18 brand of L1 column. The typical retention time for bivalirudin in the Assay and the test for
Product-Related Substances and Impurities is about 24 min. This previously-published
monograph received no public comments but due to unavailability of the associated Reference
Standards, this new monograph proposal is presented with only minor changes to reflect USP
current practices, including:
1. Removal of numerical limits in the Bacterial Endotoxins Test with instructions to instead
refer to Bacterial Endotoxins Test 〈85〉 for calculation of limits.
2. Revision of the Sterility Tests to add flexibility by removing the reference to Sterility
Tests 〈71〉, Test for Sterility of the Product to be Examined, Membrane Filtration.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: E. Curti.)
Correspondence Number—C199899
Comment deadline: May 31, 2018
Add the following:
Bivalirudin for Injection
DEFINITION
Bivalirudin for Injection is a sterile, lyophilized powder for reconstitution. Bivalirudin used in
the manufacture of Bivalirudin for Injection complies with the compendial requirements
stated in the Bivalirudin monograph. It contains the equivalent of NLT 90.0% and NMT
120.0% of the labeled amount of bivalirudin.
IDENTIFICATION
• A.
Standard solution A and Sample solution: Prepare as directed in the Assay.
Identity sample solution: 0.75 mg/mL each of USP Bivalirudin RS and Bivalirudin in water
Acceptance criteria: The retention time of the major peak of the Sample solution
corresponds to that of Standard solution A, as obtained in the Assay. The major peaks of
the Identity sample solution co-elute.
• B. Bioidentity
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Thrombin inhibition activity
Buffer solution: 50 mM tris(hydroxymethyl)aminomethane hydrochloride and 120 mM
sodium chloride in water. Adjust to a pH of 7.40 ± 0.04. Add bovine serum albumin (BSA)
to obtain a 100-mg/mL concentration and pass through a filter of 0.45-µm pore size.
Human thrombin solution: 10 µg/mL of human thrombin1 in Buffer solution
Chromogenic substrate solution: 5 mM solution of H-d-cyclohexylalanyl-Ala-Arg-pnitroanilide diacetate salt in water. Dilute with water to obtain a 50-µM solution.
Diluted human thrombin solution: Dilute Human thrombin solution with Buffer solution
to obtain a 0.5-µg/mL solution. Thrombin from alternate sources must be standardized in
the substrate reaction. Prepare six replicates by adding 910 µL of Buffer solution to
each sample tube followed by 30 µL of Chromogenic substrate solution. Add 60 µL of
Diluted human thrombin solution, mix on a vortex mixer, and begin the 20-min
incubation, as described below. Determine the absorbance at 405 nm for each replicate.
Calculate the standardized volume (EC) of Diluted human thrombin solution from the mean
absorbance as follows:
EC = (0.45 × 60 µL)/mean absorbance
Standard solution: Prepare a 0.6-mg/mL solution of USP Bivalirudin RS in water. Dilute
with Buffer solution to obtain a 5-µg/mL solution.
Blank: Water
Sample solution: Prepare a 0.6-mg/mL solution of Bivalirudin for Injection in water.
Measure the absorbance of the 0.6-mg/mL solution at 275 nm (A275), using the Blank to
auto-zero.
Calculate the concentration of bivalirudin (C98 H138 N24 O33 ), Cbivalirudin, in mg/mL, in the
Sample solution:
Cbivalirudin = A275/0.62
From this concentration, dilute with Buffer solution to obtain a 5-µg/mL solution. Prepare
triplicate dilutions of the Sample solution.
Stop solution: Glacial acetic acid
Control assay solution, Sample assay solution, and Standard assay solution: In
each sample tube, add the Buffer solution, (1000 µL − EC − SC) first, then 30 µL of
Chromogenic substrate solution (SC), and then the bivalirudin (if using). Mix on a vortex
mixer and incubate for 10 min at 37° in a water bath. Add the appropriate volume of
Diluted human thrombin solution to give a final concentration of 0.095 NIH Units/mL (EC)
and activate the chronometer immediately. Mix on a vortex mixer for a few seconds and
heat to 37° for 20 min ± 15 s in a water bath. Stop the reaction by adding 100 µL of
Stop solution. Measure the absorbance of the six solutions at 405 nm using the Blank to
auto-zero.
Prepare the solutions for the analysis as indicated in Table 1.
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Blank
Number of
replicates
Total number
of UV readings
Chromogenic
substrate
solution

Bivalirudin
Thrombin

Buffer solution

Table 1
Control
Assay
Solution

Sample
Assay
Solution

Standard
Assay
Solution

1

3

3

3

1

3

9

3

30 µL
100 µL
(Standard
solution)
0
1000 µL −
30 µL − 100
µL

30 µL

30 µL
100 µL
(Sample
solution)
EC
1000 µL − 30
µL − 100 µL −
EC

30 µL
100 µL
(Standard
solution)
EC
1000 µL − 30
µL − 100 µL −
EC

0
EC
1000 µL −
30 µL− EC

System suitability
Samples: Control assay solution and Standard assay solution
Suitability requirements
Relative standard deviation: NMT 5% for six replicates, Control assay solution
Mean absorbance: Between 0.428 and 0.473, Control assay solution
Percent average inhibition: 44%–50% for the three readings, Standard assay
solution
Analysis
Samples: Control assay solution and Sample assay solution. Prepare three independent
preparations of the Sample assay solution to obtain a 0.6-mg/mL concentration.
Determine the percentage thrombin inhibition for each of the nine sample readings of the
sample tested. The final inhibition percentage result is given as the average of these
nine values.
Result = [1 − (rU/rS)] × 100
rU = absorbance response from the Sample assay solution
rS = average absorbance response from the six readings of the Control assay solution
Acceptance criteria: 42%–52% average inhibition. Percent inhibition of each single
Sample assay solution reading is between 41%–53%; %RSD of the average inhibition of
the nine readings of the Sample assay solutions is NMT 10%.
ASSAY
• Procedure
Buffer solution: Dissolve 8.2 g of sodium acetate in 900 mL of water. Adjust with glacial
acetic acid to a pH of 6.5 ± 0.1. Dilute with water to 1000 mL and pass through a filter of
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0.2-µm pore size.
Solution A: Buffer solution and water (1:1)
Solution B: Acetonitrile and Buffer solution (1:1)
Mobile phase: See Table 2.
Time
(min)
0
5
30
35
35.1
40

Table 2
Solution A
(%)
90
85
65
65
90
90

Solution B
(%)
10
15
35
35
10
10

Standard solution A: 275 µg/mL of USP Bivalirudin RS in water. Prepare in duplicate.
Standard solution B: 300 µg/mL of USP [Asp9]-Bivalirudin RS in water. Prepare in
duplicate.
System suitability solution: Using Standard solution A and Standard solution B, prepare a
solution with a concentration of 275 µg/mL of USP Bivalirudin RS and 3 µg/mL of USP
[Asp9]-Bivalirudin RS.
Sample solution: Transfer the entire contents of a vial (250 mg) to a 100-mL volumetric
flask. Dissolve in and dilute with water to volume or to 275 µg/mL. Prepare in triplicate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 2°–8°
Column: 40°
Flow rate: 1.2 mL/min
Injection volume: 40 µL
System suitability
Samples: Standard solution A and System suitability solution
Suitability requirements
Resolution: NLT 2.5 between the bivalirudin and [Asp9]-bivalirudin peaks, System
suitability solution
Column efficiency: NLT 12,000 theoretical plates, Standard solution A
Relative standard deviation: NMT 1.0% for three replicate injections of each
preparation, Standard solution A
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Analysis
Samples: Standard solution A and Sample solution
Analyze a single injection each of Standard solution A and Sample solution.
Calculate the percentage of the labeled amount of bivalirudin (C98 H138 N24 O33 ) in the
portion of Bivalirudin for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = mean peak response from Standard solution A
CS = concentration of USP Bivalirudin RS in Standard solution A (µg/mL)
CU = nominal concentration of bivalirudin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–120.0%
PRODUCT-RELATED SUBSTANCES AND IMPURITIES
• Procedure
Buffer solution: Dissolve 27.2 g of sodium acetate in 1800 mL of water, and adjust with
glacial acetic acid to a pH of 6.5 ± 0.1. Dilute with water to 2000 mL and pass through a
filter of 0.2-µm pore size.
Solution A: Buffer solution and water (1:1)
Solution B: Acetonitrile and Buffer solution (1:1)
Mobile phase: See Table 3.
Time
(min)
0
5
30
35
35.1
40

Table 3
Solution A
(%)
90
85
65
65
90
90

Solution B
(%)
10
15
35
35
90
90

Standard stock solution: 5.0 mg/mL of USP Bivalirudin RS in water
Standard solution: 0.05 mg/mL of USP [Asp9]-Bivalirudin RS in water. Prepare in duplicate.
System suitability solution: Standard stock solution and Standard solution (1:1)
High load sample solution (S1): Transfer the entire contents of a vial (250 mg) to a 100mL volumetric flask. Dissolve in and dilute with water to volume. Prepare in duplicate.
Low load sample solution (S2): Dilute 2.0 mL of High load sample solution (S1) with
water to 100 mL. Prepare in duplicate.
Blank: Water
Chromatographic system: Proceed as directed in the Assay.
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System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 2.5 between the bivalirudin and [Asp9]-bivalirudin peaks, System
suitability solution
Column efficiency: NLT 10,000 theoretical plates, Standard solution
Relative standard deviation: NMT 1.0% for three replicate injections of each
preparation of Standard solution
Analysis
Samples: High load sample solution (S1) and Low load sample solution (S2), single
injection
Record the chromatograms, and measure each peak response from the Low load sample
solution (S2) using the drop-down method of integration with respect to the baseline.
Exclude from the integration the peaks present in the blank. Among all the integrated
peaks, only those with a signal-to-noise ratio higher than 10 shall be used for the
calculation. Report the area of all peaks of the chromatogram of the High load sample
solution (S1). To calculate the corrected bivalirudin peak area for the Low load sample
solution (S2), report the area of the bivalirudin peak of the Low load sample solution (S2)
chromatogram and multiply this value by the dilution factor (50).
For the Low load sample solution (S2), calculate the corrected total peak area:
rT = total areaS1 − bivalirudin peak areaS1 + bivalirudin corrected peak areaS2
rT
total areaS1
bivalirudin peak areaS1
bivalirudin corrected
peak areaS2

= corrected total peak area
= total peak area from the High load sample solution (S1)
= bivalirudin peak area from the High load sample solution (S1)
= mean bivalirudin peak area from the Low load sample solution
(S2) × dilution factor (50)

For the High load sample solution (S1), calculate the percentage of each impurity in the
portion of Bivalirudin for Injection taken by using the corrected total peak area:
Result = (ri/rT) × 100
ri = peak response of each impurity from the High load sample solution (S1)
rT = corrected total peak area
Acceptance criteria: See Table 4. NMT 1.0% of any individual impurity is found unless
specified, and the sum of all impurities is NMT 5.0%.
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Name
Fragment [1–11]
Fragment [2–20]
Total fragmentsa

Table 4
Relative
Retention
Time
0.49
0.60
0.44–0.65

Acceptance
Criteria,
NMT (%)
0.7
0.7
1.8

[Asp9]-bivalirudin
0.93
1.0
Bivalirudin
1.00
—
Unspecified impurities
—
1.0
Total impurities
—
5.0
a Peptide fragment peaks resulting from degradation.
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements
SPECIFIC TESTS
• Completeness of Solution 〈641〉
Sample solution: Reconstitute 1 vial of Bivalirudin for Injection with 5 mL of carbon
dioxide-free water.
Acceptance criteria: After 3 min, the solution is clear and free from undissolved solids.
• Constituted Solution: At the time of use, it meets the requirements in Injections and
Implanted Drug Products 〈1〉, Product Quality Tests Common to Parenteral Dosage Forms,
Specific Tests, Completeness and Clarity of Solutions.
• Bacterial Endotoxins Test 〈85〉: Meets the requirements
• Sterility Tests 〈71〉: Meets the requirements
• Water Determination 〈921〉, Method I, Method Ic: NMT 4.0%
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• pH 〈791〉
Sample solution: Use the Sample solution prepared in the test for Completeness of
Solution.
Acceptance criteria: 5.0–6.0
• Other Requirements: Meets the requirements in Labeling 〈7〉
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass.
Store at controlled room temperature.
• Labeling: Label it to indicate its synthetic origin.
• USP Reference Standards 〈11〉
USP Bivalirudin RS
USP [Asp9]-Bivalirudin RS
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1S (USP42)

1 A suitable human alpha-thrombin is available from Sekisui Diagnostics LLC .

BRIEFING
Cefepime for Injection, USP 41 page 770. As part of the USP monograph modernization
effort, the following changes are proposed:
1. Add Identification C with UV spectral agreement of the Sample solution and Standard
solution, based on the Assay.
2. Update the Assay procedure to include the Detector range to support the addition of
Identification C. The Note in the Standard solution is moved outside of the note format
as it is a mandatory requirement. The information regarding the stability of the solution
is also reworded.
3. In the Impurities section, remove the Procedure 1 and Procedure 2 labels because both
tests need to be performed when testing for organic impurities.
4. In the Limit of N-Methylpyrrolidine test, the Sample solution is revised to replace
“equivalent to” with “nominally”. The text about injecting the solution immediately is
moved from the note format and placed within the Sample solution preparation, as this
is a mandatory requirement.
5. In the Other Organic Impurities test, the text regarding reporting level and total
impurities is moved out of the note format into the Acceptance criteria as these are
mandatory requirements. The term “reporting level” is replaced by “reporting threshold”
as per current USP style. In Table 2, the percent symbol (%) is removed from the
column for Relative Retention Time, as this is not the correct unit.
6. Delete the Water Determination test as it is formulation-specific.
7. Revise the Sterility Tests section to add flexibility by removing the reference to Test for
Sterility of the Product to be Examined, Membrane Filtration.
8. Revise the requirements in the Bacterial Endotoxins Test section to remove the
numerical limit and refer to Bacterial Endotoxins Test 〈85〉 for calculation of limits.
9. Remove the reference to Injection Packaging, Packaging for Constitution in the
Packaging and Storage section, as this reference does not apply to “tight, light
resistant containers”.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: S. Shane.)
Correspondence Number—C183846
Comment deadline: May 31, 2018
Cefepime for Injection
DEFINITION
Cefepime for Injection is a sterile mixture of Cefepime Hydrochloride and Arginine. It contains
the equivalent of NLT 90.0% and NMT 115.0% of the labeled amount of cefepime
(C19 H24 N6 O5 S2 ).
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IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: 20 mg/mL of arginine
Sample solution: 40 mg/mL of Cefepime for Injection
Developing solvent system: n-Propyl alcohol, ammonium hydroxide, and water (7:4:5)
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in 〈201〉, except to spray the plate with ninhydrin TS.
Acceptance criteria: Arginine appears as a dark red spot. The intensity and the RF value
of the spot from the Sample solution correspond to those from the Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• C. The UV spectrum of the cefepime peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Solution A: 0.68 mg/mL of monobasic potassium phosphate in water
Solution B: Acetonitrile and Solution A (1:9), adjusted with 2% phosphoric acid or 2%
potassium hydroxide to a pH of 5.0
Solution C: Acetonitrile and Solution A (1:1), adjusted with 2% phosphoric acid or 2%
potassium hydroxide to a pH of 5.0
Mobile phase: See Table 1.
Time
(min)
0
10
30
35
36
45

Table 1
Solution B
(%)
100
100
50
50
100
100

Solution C
(%)
0
0
50
50
0
0

Standard solution: 1.4 mg/mL of USP Cefepime Hydrochloride RS in Solution B.
[Note—Sonicate if necessary. Inject immediately or store in a refrigerator and use within
12 h.]
Sonicate if necessary. Store this solution in a refrigerator and use within 12 h.
1S (USP42)

Sample solution: Constitute one container of Cefepime for Injection as directed on the
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label, and dilute using Solution B to 1 mg/mL of cefepime. [Note—For products that are
designed for administration with a syringe, withdraw the entire withdrawable contents of
the vial and transfer to a suitable volumetric flask. Dilute with Solution B to volume. For all
other types, transfer the contents of the reconstituted vial quantitatively to a suitable
volumetric flask, and dilute with Solution B to volume.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm.
For Identification C, use a diode array detector in the range of 200–400 nm.
1S (USP42)

Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
the labeled amount of cefepime 1S (USP42)
(C19 H24 N6 O5 S2 ) in the portion of Cefepime for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Cefepime Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of cefepime in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–115.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements
IMPURITIES
Change to read:
• Organic Impurities Procedure 1:
1S (USP42)

Limit of N-Methylpyrrolidine
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Mobile phase: Acetonitrile and 0.01 N nitric acid (1:19)
Standard solution: 0.05 mg/mL of N-methylpyrrolidine in 0.002 N nitric acid
Sample solution: Equivalent to
Nominally 1S (USP42)
5 mg/mL of cefepime hydrochloride in 0.002 N nitric acid. [Note—Inject this solution
immediately.]
Inject this solution immediately. 1S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity
Column: 4.0-mm x 25-cm; 5-µm packing L76
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: About 6 times the retention time of the N-methylpyrrolidine peak from the
Sample solution 1S (USP42)
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
Analysis
Samples: Standard solution and Sample solution
[Note—Record the chromatogram of the Sample solution for about 6 times the retention
time of the N-methylpyrrolidine peak]

1S (USP42)

Calculate the percentage of N-methylpyrrolidine in the portion of Cefepime for Injection
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of N-methylpyrrolidine from the Sample solution
rS = peak response of N-methylpyrrolidine from the Standard solution
CS = concentration of N-methylpyrrolidine in the Standard solution (mg/mL)
CU = nominal concentration of cefepime in the Sample solution (mg/mL)
Acceptance criteria: NMT 1.0%
Change to read:
• Procedure 2:
1S (USP42)
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Other Organic Impurities
Solution A, Solution B, Solution C, Mobile phase, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
System suitability solution: 1.4 mg/mL of USP Cefepime Hydrochloride RS and 15 µg/mL
each of USP Cefepime Related Compound D RS and USP Cefepime Related Compound E RS
in Solution B
System suitability
Sample: System suitability solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between cefepime related compound E and cefepime related
compound D
Tailing factor: NMT 1.5 for cefepime
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Cefepime for Injection taken:
Result = (rU/rT) × 1/F × 100
rU = peak response of each impurity from the Sample solution
rT = sum of relevant peak responses from the Sample solution
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2.
[Note—The reporting level is 0.2% for cefepime impurity C and 0.05% for all other related
compounds.]
[Note—Total impurities include N-methylpyrrolidine.]
The reporting threshold is 0.2% for cefepime impurity C and 0.05% for all other organic
impurities. 1S (USP42)
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Table 2
Relative
Retention
Time
(%)
Name

1S (USP42)

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Cefepime amine derivativea b
1S (USP42)

(cefepime related compound E)
Thiazolylglyoxalic methyloximea
(cefepime related compound D)
Thiazolyloxime acetaldehydeb
(cefepime related compound C)

Cefepime dioximea,e (cefepime related
compound B)
Any individual unspecified impurity
Total impurities
f

—

—

—

0.63

0.5

—

—

—

—

0.71

0.5

0.4
0.5
0.6

dimera,c

Cefepime
(cefepime related
compound F)
Cefepime
E-Cefepimed (cefepime related
compound A)

—

0.8
1.0
2.7
4.3
—

—

—

1.0

0.5

—

—

1S (USP42)

2.2

a These impurities are synthetic process impurities that are controlled in the drug
substance. They are listed here for reference only.
b (6R,7R)-7-Amino-3-[(1-methylpyrrolidinium-1-yl)methyl]-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylate.
1S (USP42)

b (Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)-N-(2-oxoethyl)acetamide.
c 1-{[(6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-2{(6R,7R)-2-carboxy-3-[(1-methylpyrrolidinium-1-yl)methyl]-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-en-7-ylcarbamoyl}-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en3-yl]methyl}-1-methylpyrrolidinium chloride.
d 1-({(6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-2carboxy-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-yl}methyl)-1-methylpyrrolidinium
chloride.
e 1-({(6R,7R)-7-[(Z)-2-{2-[(Z)-2-(2-Aminothiazol-4-yl)-2(methoxyimino)acetamido]thiazol-4-yl}-2-(methoxyimino)acetamido]-2-carboxy-8oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-yl}methyl)-1-methylpyrrolidinium chloride.
f Total impurities include N-methylpyrrolidine.

1S (USP42)

SPECIFIC TESTS
• Injections and Implanted Drug Products 〈1〉, Product Quality Tests Common to Parenteral
Dosage Forms, Specific Tests, Completeness and Clarity of Solutions: At the time of use, it
meets the requirements.
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Change to read:
• Bacterial Endotoxins Test 〈85〉: NMT 0.06 USP Endotoxin Unit/mg of cefepime
Meets the requirements 1S (USP42)
Change to read:
• Sterility Tests 〈71〉: Meets the requirements when tested as directed for Sterility Tests 〈71〉,
Test for Sterility of the Product to Be Examined, Membrane Filtration
1S (USP42)

• pH 〈791〉
Sample solution: 100 mg/mL of cefepime
Acceptance criteria: 4.0–6.0
Delete the following:
• Water Determination 〈921〉, Method I: NMT 4.0% 1S (USP42)
• Other Requirements: Meets the requirements for Labeling 〈7〉, Labels and Labeling for
Injectable Products
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers as described under
Packaging and Storage Requirements 〈659〉, Injection Packaging, Packaging for
Constitution,
1S (USP42)

and store in a refrigerator or at controlled room temperature. Store reconstituted solution
in a refrigerator for NMT 7 days.
• Labeling: Label it to indicate that it is to be diluted with a suitable parenteral vehicle before
intravenous infusion.
Change to read:
• USP Reference Standards 〈11〉
USP Cefepime Hydrochloride RS
USP Cefepime Related Compound D RS
Thiazolylglyoxalic methyloxime;
(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetic acid.
C6 H7 N3 O3 S
201.20
USP Cefepime Related Compound E RS
Cefepime amine derivative;
1-{[(6R,7R)-7-Amino-2-carboxy-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3yl]methyl}-1-methylpyrrolidin-1-ium chloride.
C13 H20 ClN3 O3 S
333.83
(CN 1-May-2018)

Recent Official Publications:
USP41–NF36 Page 770
BRIEFING
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Chlorothiazide Sodium for Injection, USP 41 page 897. As a part of USP monograph
modernization efforts, the following revisions are proposed:
1. Replace the UV spectrophotometric-based Assay with a stability-indicating HPLC-based
procedure. The proposed liquid chromatographic procedure is validated using the Waters
Atlantis d C18 brand of column with L1 packing. The typical retention time for
chlorothiazide is about 10.8 min.
2. Add Identification A based on the retention time agreement for chlorothiazide as
described in the proposed Assay.
3. Replace the UV-based Identification B with the UV spectrum match of the chlorothiazide
peak as described in the proposed Assay.
4. Add an Organic Impurities test using the same HPLC procedure as described in the
Assay to establish the purity of the drug product.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: S. Ramakrishna.)
Correspondence Number—C161217
Comment deadline: May 31, 2018
Chlorothiazide Sodium for Injection
DEFINITION
Chlorothiazide Sodium for Injection is a sterile, freeze-dried mixture of Chlorothiazide Sodium
(prepared by the neutralization of Chlorothiazide with the aid of Sodium Hydroxide) and
Mannitol. It contains chlorothiazide sodium (C7 H5 ClN3 NaO4 S2 ) equivalent to NLT 93.0% and
NMT 107.0% of the labeled amount of chlorothiazide (C7 H6 ClN3 O4 S2 ).
IDENTIFICATION
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in Assay. 1S (USP42)
Change to read:
•B. 1S (USP42)
Ultraviolet Absorption 〈197U〉
Medium: Sodium hydroxide solution (1 in 250)
Sample solution: 10 µg/mL
The UV spectrum of the major peak of the Sample solution exhibits maxima and minima at
the same wavelengths as those of the corresponding peak of the Standard solution, as
obtained in the Assay. 1S (USP42)
ASSAY
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Change to read:
• Procedure
Standard solution: 10 µg/mL of USP Chlorothiazide RS in sodium hydroxide solution (1 in
250)
Sample solution: Equivalent to 10 µg/mL of chlorothiazide from Injection, in sodium
hydroxide solution (1 in 250)
Spectrometric conditions
(See Spectrophotometry and Light-Scattering 〈851〉.)
Mode: UV-Vis
Analytical wavelength: 292 nm
Cell: 1 cm
Blank: Sodium hydroxide solution (1 in 250)
Analysis
Samples: Standard solution and Sample solution
Determine the absorbances of the Standard solution and the Sample solution at the
wavelength of maximum absorbance.
Calculate the percentage of C7 H6 ClN3 O4 S2 in the portion of Chlorothiazide Sodium for
Injection taken:
Result = (AU /AS) × (CS/CU ) × 100
AU
AS
CS
CU

= absorbance of the Sample solution
= absorbance of the Standard solution
= concentration of the Standard solution (µg/mL)
= concentration of the Sample solution (µg/mL)

Buffer: 11.5 g/L of monobasic ammonium phosphate in water; adjusted with phosphoric
acid to a pH of 3.0
Solution A: Acetonitrile and Buffer (5:95)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
4
10
19
20
25

Table 1
Solution A
(%)
100
100
85
85
100
100

Diluent: 0.25% (v/v) 1 N sodium hydroxide in water

Solution B
(%)
0
0
15
15
0
0
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Diluent: 0.25% (v/v) 1 N sodium hydroxide in water
Standard solution: 0.4 mg/mL of USP Chlorothiazide RS in Diluent. Vortexing or sonication
may be necessary for complete dissolution. Chill the Diluent and the sonication bath liquid
to between 5° and 10° using ice or ice cold water prior to use. [Note—Keep this solution
at 5°. This solution contains the degradation product chlorothiazide hydrolysate at a
relative retention time of 0.98.]
Sample solution: Nominally 0.4 mg/mL of chlorothiazide in water from Chlorothiazide
Sodium for Injection
Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 15-cm; 3.0-µm packing L1
Temperatures
Autosampler: 5°
Column: 35°
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the chlorothiazide peak
Relative standard deviation: NMT 2.0% for the chlorothiazide peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of chlorothiazide (C7 H6 ClN3 O4 S2 ) in the
portion of Chlorothiazide Sodium for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of chlorothiazide from the Sample solution
rS = peak response of chlorothiazide from the Standard solution
CS = concentration of USP Chlorothiazide RS in the Standard solution (mg/mL)
CU = nominal concentration of chlorothiazide in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 93.0%–107.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements
IMPURITIES
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Add the following:
• Organic Impurities
Buffer, Solution A, Solution B, Mobile phase, Diluent, Standard solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.2 µg/mL of USP Chlorothiazide RS in water from the Standard
solution
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Resolution: NLT 1.0 between chlorothiazide hydrolysate and chlorothiazide, Standard
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Chlorothiazide Sodium for
Injection taken:
Result = (ri/F)/[rS + Σ(ri/F)] × 100
ri = peak response of each impurity from the Sample solution
F = relative response factor (see Table 2)
rS = peak response of chlorothiazide from the Sample solution
Acceptance criteria: See Table 2.
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Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
criteria,
NMT (%)

Name
Benzothiadiazine related compound
—
Aa
0.90
3.3
Chlorothiazide hydrolysateb
0.98
3.3
1.8
Chlorothiazide
1.00
—
—
Specified unidentified peak 1
1.04
1.0
—
Hydrochlorothiazide
1.07
1.7
—
Specified unidentified peak 2
1.19
1.0
—
Specified unidentified peak 3
1.27
1.0
—
Any unspecified impurity
—
1.0
0.1
—
—
Total impuritiesc
2.5
a 4-Amino-6-chloro-1,3-benzenedisulfonamide.
b The Chlorothiazide hydrolysate has two possible isomers: N-(5-chloro-2,4disulfamoylphenyl)formamide or N-[(2-amino-4-chloro-5sulfamoylphenyl)sulfonyl]formamide.
c Total impurities include all process related impurities and degradation products.
1S (USP42)

SPECIFIC TESTS
• pH 〈791〉: 9.2–10.0, in a solution prepared as directed in the labeling
• Bacterial Endotoxins Test 〈85〉: It contains NMT 0.3 USP Endotoxin Units/mg of
chlorothiazide sodium.
• Constituted Solution: At the time of use, it meets the requirements in Injections and
Implanted Drug Products 〈1〉, Product Quality Tests Common to Parenteral Dosage Forms,
Specific Tests, Completeness and Clarity of Solutions.
• Other Requirements: It meets the requirements in Injections and Implanted Drug Products
〈1〉.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described in Packaging and Storage Requirements
〈659〉, Injection Packaging, Packaging for Constitution.
Change to read:
• USP Reference Standards 〈11〉
USP Chlorothiazide RS
(CN 1-May-2018)

Recent Official Publications:
USP41–NF36 Page 897
BRIEFING
Cholecalciferol Capsules, USP 41 page 916. On the basis of comments received, it is
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proposed to delete information about expression of the content of vitamin D in USP Units from
the Labeling section due to new labeling requirements from the FDA to label the content of
vitamins in metric units.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C197403
Comment deadline: May 31, 2018
Cholecalciferol Capsules
DEFINITION
Cholecalciferol Capsules contain a solution of Cholecalciferol in an edible oil or other suitable
vehicle. Cholecalciferol Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount
of vitamin D as cholecalciferol (C27 H44 O).
IDENTIFICATION
• A. The retention time of the major peak of cholecalciferol of the Sample solution corresponds
to that of Standard solution A, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
System suitability solution: 250 mg of USP Vitamin D Assay System Suitability RS in 10
mL of n-hexane. Heat this solution under reflux, at 60° for 1 h, and cool. [Note—This
solution contains cholecalciferol, precholecalciferol, and trans-cholecalciferol.]
Standard stock solution: 50 µg/mL of USP Cholecalciferol RS in n-hexane. [Note—Prepare
solution fresh daily.]
Standard solution A: 5 µg/mL of USP Cholecalciferol RS in n-hexane from the Standard
stock solution
Standard solution B: Transfer a 5-mL volume of the Standard stock solution to a
container having a polytef-lined screw cap. Displace the air with nitrogen and heat at 60°
for 1 h under a nitrogen atmosphere, and cool. Quantitatively transfer the solution to a
50-mL volumetric flask, and dilute with n-hexane to volume.
Sample solution: Weigh NLT 30 Capsules in a tared weighing bottle. With a sharp blade or
by other appropriate means, carefully open the Capsules, without loss of the shell
material, and transfer as much as possible of the combined Capsule contents to a suitable
container. Remove any adhering substance from the emptied Capsules and shell remains
by washing with several small portions of n-hexane. Discard the washings, and allow the
empty Capsules and shell remains to dry in a current of dry air until the odor of n-hexane
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is no longer perceptible. Weigh the empty Capsules and shell remains in the original tared
weighing bottle, and calculate the average net weight per Capsule by difference. Dissolve
a portion of the combined Capsule contents in n-hexane to prepare a cholecalciferol
solution with a nominal concentration of 5 µg/mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for precholecalciferol, trans-cholecalciferol, and
cholecalciferol are 0.5, 0.6, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1
1.0 1S (USP42)
between trans-cholecalciferol and precholecalciferol
Relative standard deviation: NMT 2.0% for the cholecalciferol peak
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Cholecalciferol response factor
Calculate the Cholecalciferol response factor, F C:
F C = CS/rS
CS = concentration of USP Cholecalciferol RS in Standard solution A (µg/mL)
rS = peak area of cholecalciferol from Standard solution A
Precholecalciferol response factor
Calculate the concentration of cholecalciferol, C′S, in µg/mL, in Standard solution B:
C′S = F C × r′S
F C = Cholecalciferol response factor, as previously determined
r′S = peak area of cholecalciferol from Standard solution B
Calculate the concentration of precholecalciferol, C′pre, in µg/mL, in Standard solution
B:
C′pre = CS − C′S
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CS = concentration of USP Cholecalciferol RS in Standard solution A (µg/mL)
C′S = concentration of cholecalciferol in Standard solution B (µg/mL)
Calculate the Precholecalciferol response factor, F pre:
F pre = C′pre/rp
C′pre = concentration of precholecalciferol in Standard solution B (µg/mL)
rp = peak response of precholecalciferol from Standard solution B
Vitamin D content
Calculate the percentage of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) in the portion of Capsules taken:
Result = {[(F C × rC) + (F pre × rpre)]/CU} × 100
F C = Cholecalciferol response factor, as previously determined
rC = peak area of cholecalciferol from the Sample solution
F pre = Precholecalciferol response factor, as previously determined
rpre = peak area of precholecalciferol from the Sample solution
CU = nominal concentration of cholecalciferol in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration 〈701〉
Buffer solution: 0.05 M acetate buffer, prepared by mixing 2.99 g of sodium acetate and
1.66 mL of glacial acetic acid with water to obtain a 1000-mL solution having a pH of 4.5
± 0.05
Immersion fluid: Buffer solution
Time: 45 min
Acceptance criteria: Meet the requirements
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• Labeling: Label the Capsules to indicate the content of cholecalciferol, in milligrams. The
activity may be expressed also in terms of USP Units, on the basis that 40 USP Vitamin D
Units = 1 µg.
1S (USP42)

• USP Reference Standards 〈11〉
USP Cholecalciferol RS
USP Vitamin D Assay System Suitability RS
Recent Official Publications:
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USP41–NF36 Page 916
BRIEFING
Clindamycin Injection, USP 41 page 990. As part of the USP monograph modernization
effort, it is proposed to make the following changes:
1. Add the particle size information for the Column in the Assay based on the available
data.
2. Add a test for Organic Impurities based on a validated liquid chromatographic
procedure. The proposed liquid chromatographic procedure in the Organic Impurities
test is based on analyses performed with the Zorbax Eclipse XDB-C8 brand of column
with L7 packing. The typical retention time for clindamycin phosphate is about 45 min.
3. Update the USP Reference Standards section to add a new Reference Standard that is
used to determine system suitability in the test for Organic Impurities.
Manufacturers are encouraged to submit their FDA-approved organic impurities specifications to
USP if they are different from those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C163634
Comment deadline: May 31, 2018
Clindamycin Injection
DEFINITION
Clindamycin Injection contains an amount of Clindamycin Phosphate in Water for Injection
equivalent to NLT 90.0% and NMT 120.0% of the labeled amount of clindamycin
(C18 H33 ClN2 O5 S). It may be frozen.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Dissolve 10.54 g of monobasic potassium phosphate in 775 mL of water, and
adjust with phosphoric acid to a pH of 2.5. Add 225 mL of acetonitrile, mix, and filter.
Ensure that the concentration of acetonitrile in the Mobile phase is NLT 22% and NMT
25% to retain the correct elution order.
System suitability stock solution: 0.1 mg/mL of USP Benzyl Alcohol RS in Mobile phase
System suitability solution: 25 µg/mL of USP Benzyl Alcohol RS from System suitability
stock solution and 0.25 mg/mL of USP Clindamycin Phosphate RS, in Mobile phase
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Standard solution: 0.24 mg/mL of USP Clindamycin Phosphate RS in Mobile phase
Sample stock solution: Nominally 3 mg/mL of clindamycin from Injection in Mobile phase
Sample solution: Nominally 0.21 mg/mL of clindamycin from Sample stock solution in
Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm;
5-µm 1S (USP42)
packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for clindamycin phosphate and benzyl alcohol are 1.0
and 1.2, respectively.]
Suitability requirements
Resolution: NLT 2.0 between clindamycin phosphate and benzyl alcohol, System
suitability solution
Relative standard deviation: NMT 2.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clindamycin (C18 H33 ClN2 O5 S) in the
portion of the Injection taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of clindamycin phosphate from the Sample solution
rS = peak response of clindamycin phosphate from the Standard solution
CS = concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–120.0%
IMPURITIES
Add the following:
• Organic Impurities
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Solution A: Add 3.5 mL of phosphoric acid to 1000 mL of water. Add 2.5 mL of ammonium
hydroxide, and adjust with ammonium hydroxide to a pH of 5.6.
Solution B: Acetonitrile and methanol (90:10)
Solution C: Solution B and Solution A (8:92)
Solution D: Solution B and Solution A (48:52)
Diluent A: Solution B and water (20:80)
Diluent B: Solution B and Solution A (20:80)
Mobile phase: See Table 1.
Time
(min)
0
16
40
60
65
65.1
70

Table 1
Solution C
(%)
95
95
58
25
25
95
95

Solution D
(%)
5
5
42
75
75
5
5

System suitability solution: 2.2 mg/mL of USP Clindamycin Phosphate System Suitability
RS in Diluent B. Shake and sonicate to dissolve.
Standard solution: 0.004 mg/mL of USP Clindamycin Phosphate RS in Diluent A
Sample solution: Nominally 2 mg/mL of clindamycin from Injection in Diluent A
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 3 between the 7-epiclindamycin phosphate and clindamycin phosphate
peaks, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of clindamycin phosphate from the Standard solution
CS = concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Lincomycin 2-phosphatea,b

0.26

—

Lincomycinc,b

0.49

—

Clindamycin B phosphated,b

0.81

—

7-Epiclindamycin phosphatee,b

0.92

—

—
Clindamycin 3-phosphatef ,b
0.95
Clindamycin phosphate
1.0
—
Clindamycing
1.25
0.5
Any individual unspecified impurity
—
1.0
Total impurities
—
4.0
a Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
b These are process impurities that are controlled in the drug substance. They are
listed here for reference only and are not to be reported.
c Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside.
d Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-ethylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside 2-phosphate.
e Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
f Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside 3-phosphate.
g Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside.
1S (USP42)

SPECIFIC TESTS
• pH 〈791〉: 5.5–7.0
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• Bacterial Endotoxins Test 〈85〉: NMT 0.58 USP Endotoxin Units/mg of clindamycin
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• Other Requirements: Meets the requirements in Injections and Implanted Drug Products 〈1〉
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, or in suitable plastic containers.
• Labeling: Meets the requirements in Labeling 〈7〉, Labels and Labeling for Injectable
Products. Where it is maintained in the frozen state, the label states that it is to be
thawed just before use, describes the conditions for proper storage of the resultant
solution, and directs that the solution is not to be refrozen.
Change to read:
• USP Reference Standards 〈11〉
USP Benzyl Alcohol RS
USP Clindamycin Phosphate RS
(CN 1-May-2018)

USP Clindamycin Phosphate System Suitability RS
Contains clindamycin phosphate and the following impurity:
7-Epiclindamycin phosphate;
Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
C18 H34 ClN2 O8 PS
504.96
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 990
BRIEFING
Clindamycin Hydrochloride Capsules, USP 41 page 993. As part of the USP monograph
modernization effort, it is proposed to make the following changes:
1. Add Identification B based on UV spectrum matching as obtained in the Assay.
2. Replace the current HPLC procedure in the Assay with a new HPLC procedure so that
the monograph will have the same method in the Assay and the test for Organic
Impurities.
3. Add a test for Organic Impurities based on a validated liquid chromatographic
procedure. The proposed liquid chromatographic procedure in the Organic Impurities
test is based on analyses performed with the Waters Symmetry C18 brand of column
with L1 packing. The typical retention time for clindamycin phosphate is about 10 min.
4. Delete the test for Water Determination because water content is formulation specific.
5. Update the Packaging and Storage section based on the approved drug package insert.
Manufacturers are encouraged to submit their FDA-approved organic impurities specifications to
USP if they are different from those proposed in this revision.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C164306
Comment deadline: May 31, 2018
Clindamycin Hydrochloride Capsules
DEFINITION
Clindamycin Hydrochloride Capsules contain the equivalent of NLT 90.0% and NMT 120.0% of
the labeled amount of clindamycin (C18 H33 ClN2 O5 S).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, relative to the internal standard, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Add 2 g of dl-10-camphorsulfonic acid, 1 g of ammonium acetate, and 1 mL
of glacial acetic acid to 200 mL of water in a 500-mL volumetric flask, and mix to dissolve.
Dilute with methanol to volume, and mix. Adjust, if necessary, with hydrochloric acid or a
sodium hydroxide solution (1 in 2) to a pH of 6.0 ± 0.1.
Internal standard solution: Add 0.5 mL of phenylethyl alcohol to a 100-mL volumetric
flask, dilute with Mobile phase to volume, and mix.
Standard solution: 18 mg/mL of USP Clindamycin Hydrochloride RS in Internal standard
solution
Sample solution: Equivalent to 15 mg/mL of clindamycin, from the contents of NLT 20
Capsules, in Internal standard solution; shake for 30 min; centrifuge or filter, if necessary,
to obtain a clear solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4-mm × 30-cm stainless steel; packing L1
Flow rate: 1 mL/min
Injection volume: 25 µL
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System suitability
Sample: Standard solution
[Note—The relative retention times for the internal standard and clindamycin are 0.6 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 5.0 between the analyte and internal standard
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clindamycin (C18 H33 ClN2 O5 S) in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × P × F × 100
RU = peak response ratio of clindamycin to the internal standard from the Sample solution
RS = peak response ratio of clindamycin to the internal standard from the Standard
solution
CS = concentration of USP Clindamycin Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Hydrochloride RS (µg/mg )
F = conversion factor, 0.001 mg/µg
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust with 8 N potassium
hydroxide to a pH of 7.5.
Mobile phase: Acetonitrile and water (90:110)
Standard solution: 1 mg/mL of USP Clindamycin Hydrochloride RS in Mobile phase
Sample solution: Nominally 0.9 mg/mL of clindamycin in Mobile phase prepared as follows.
Transfer the mixed Capsule contents, about 33.1 mg (equivalent to 18 mg of clindamycin),
into a 20-mL volumetric flask, add 15 mL of Mobile phase, and sonicate for 5 min. Shake
for 30 min on a mechanical shaker and dilute with Mobile phase to volume. Centrifuge the
solution for 10 min at 3000 rpm. Use the supernatant solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm. For Identification B, use a diode array detector in the range of
190–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of clindamycin
System suitability
Sample: Standard solution
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Suitability requirements
Tailing factor: NMT 1.2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clindamycin (C18 H33 ClN2 O5 S) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of clindamycin from the Sample solution
rS = peak response of clindamycin from the Standard solution
CS = concentration of USP Clindamycin Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Hydrochloride RS (µg/mg)
F = conversion factor, 0.001 mg/µg
1S (USP42)

Acceptance criteria: 90.0%–120.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: pH 6.8 phosphate buffer (see Reagents, Indicators, and Solutions—Solutions,
Buffer Solutions); 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Mobile phase: Dissolve 16 g of dl-10-camphorsulfonic acid, 8 g of ammonium acetate, and
8 mL of glacial acetic acid in 1600 mL of water. Add 2400 mL of methanol, and adjust with
hydrochloric acid or 5 N sodium hydroxide to a pH of 6.0 ± 0.05.
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
with Medium, if necessary.
Standard solution: Prepare a solution of USP Clindamycin Hydrochloride RS in Medium
having a known concentration similar to that expected in the Sample solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Refractive index
Column: 3-µm packing L1
Flow rate: 2 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
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Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 3.0%
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of the labeled amount of clindamycin (C18 H33 ClN2 O5 S) dissolved.
Tolerances: NLT 80% (Q) of the labeled amount of clindamycin (C18 H33 ClN2 O5 S) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Buffer, Mobile phase, and Chromatographic system: Proceed as directed in the Assay.
Peroxide solution: Transfer 7 mL of hydrogen peroxide to a 100-mL volumetric flask and
dilute with water to volume.
System suitability solution: 2 mg/mL of USP Clindamycin Hydrochloride RS prepared as
follows. Transfer a weighed amount of USP Clindamycin Hydrochloride RS to a suitable
volumetric flask and add Peroxide solution to fill 10% of the final volume. Dilute with Mobile
phase to volume. [Note—Clindamycin when treated with Peroxide solution generates two
degradation products. Peroxide degradation product 1 has an RRT of 0.36 and peroxide
degradation product 2 has an RRT of 0.41.]
Standard solution: 0.05 mg/mL of USP Clindamycin Hydrochloride RS in Mobile phase
Sensitivity solution: 0.005 mg/mL of USP Clindamycin Hydrochloride RS in Mobile phase
from Standard solution
Sample stock solution: Nominally 10 mg/mL of clindamycin in Mobile phase prepared as
follows. Transfer the mixed Capsule contents, equivalent to 200 mg of clindamycin, into a
20-mL volumetric flask, add 10 mL of Mobile phase, and sonicate for 5 min. Shake for 30
min on a mechanical shaker and dilute with Mobile phase to volume. Centrifuge the
solution for 10 min at 3000 rpm. Use the supernatant solution.
Sample solution: Nominally 5 mg/mL of clindamycin in Mobile phase from Sample stock
solution
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 2.0 between the peroxide degradation product 1 and peroxide
degradation product 2 peaks, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of clindamycin from the Standard solution
CS = concentration of USP Clindamycin Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Hydrochloride RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
Table 1

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

—
Lincomycina
0.32
Clindamycin Bb
0.65
2.0
c
7-Epiclindamycin
0.80
4.0
Clindamycin
1.0
—
Any other individual impurity
—
1.0
—
Total impuritiesd
6.0
a Lincomycin is controlled in the total of all related compounds. There is no individual
acceptance criterion for this compound.
b Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-ethylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside.
c Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside.
d Total of all related compounds including lincomycin.
1S (USP42)

SPECIFIC TESTS
Delete the following:
• Water Determination 〈921〉, Method I: NMT 7.0%

1S (USP42)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 1S (USP42)
• USP Reference Standards 〈11〉
USP Clindamycin Hydrochloride RS
Recent Official Publications:
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USP41–NF36 Page 993
BRIEFING
Clindamycin Hydrochloride Compounded Oral Solution. A new compounded preparation
monograph is proposed based on a validated stability-indicating method used to assess
stability. The liquid chromatographic procedure in the Assay is based on analyses validated
using the Xbridge Shield RP18 brand of column with L1 packing. The typical retention time for
clindamycin is about 3.5 min.
Please submit comments to CompoundingSL@usp.org.
(CMP: B. Serumaga.)
Correspondence Number—C197613
Comment deadline: May 31, 2018
Add the following:
Clindamycin Hydrochloride Compounded Oral Solution
DEFINITION
Clindamycin Hydrochloride Compounded Oral Solution contains NLT 90.0% and NMT 110.0% of
the labeled amount of clindamycin (C18 H33 ClN2 O5 S).
Prepare Clindamycin Hydrochloride Compounded Oral Solution 10 mg/mL as follows (see
Pharmaceutical Compounding—Nonsterile Preparations 〈795〉).
Clindamycin (as Clindamycin Hydrochloride)
1 g (calculate)a
SuspendIt,b a sufficient quantity to make
100 mL
a Calculate the amount of Clindamycin Hydrochloride powder based on the salt conversion
and potency obtained from the Certificate of Analysis.
b PCCA, Houston, TX.
Place the Clindamycin Hydrochloride in a suitable container and triturate to a fine powder.
Add a small amount of SuspendIt and mix well to form a smooth paste. Add a sufficient
amount of SuspendIt to make a liquid that is pourable. Transfer contents stepwise and
quantitatively to a calibrated container using the remainder of the SuspendIt. Add sufficient
SuspendIt to bring to final volume, and mix well.
ASSAY
• Procedure
Solution A: 50 mM monobasic sodium phosphate; adjusted with phosphoric acid to a pH of
2.9
Mobile phase: Acetonitrile and Solution A (15:85)
Standard solution: 0.01 mg/mL of clindamycin prepared from USP Clindamycin
Hydrochloride RS in Solution A
Sample solution: Transfer 0.01 mL of Oral Solution to a 10-mL volumetric flask, and dilute
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with Solution A to volume. Mix on a vortex mixer for 30 s.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 2.1-mm × 10-cm; 5-µm packing L1
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for clindamycin is about 3.5 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clindamycin (C18 H33 ClN2 O5 S) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of clindamycin from the Sample solution
rS = peak response of clindamycin from the Standard solution
CS = concentration of clindamycin in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 4.7–5.7
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored
at controlled room temperature.
• Labeling: Label it to indicate that it is to be well shaken before use and to state the
Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Clindamycin Hydrochloride RS
1S (USP42)
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1S (USP42)

BRIEFING
Clindamycin Hydrochloride Oral Solution, USP 41 page 994. As part of the USP
monograph modernization effort, it is proposed to make the following changes:
1. Add a System suitability solution and update the System suitability requirements for the
current HPLC procedure in the Assay.
2. Add a test for Organic Impurities based on a validated liquid chromatographic
procedure. The proposed liquid chromatographic procedure in the Organic Impurities
test is based on analyses performed with the Waters Symmetry C18 brand of column
with L1 packing. The typical retention time for clindamycin is about 10 min.
3. Update the Packaging and Storage section based on the approved drug package insert.
Manufacturers are encouraged to submit their FDA-approved organic impurities specifications to
USP if they are different from those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C163635
Comment deadline: May 31, 2018
Clindamycin Hydrochloride Oral Solution
DEFINITION
Clindamycin Hydrochloride Oral Solution contains the equivalent of NLT 90.0% and NMT
110.0% of the labeled amount of clindamycin (C18 H33 ClN2 O5 S).
IDENTIFICATION
• A. The retention time of the clindamycin peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust with 8 N potassium
hydroxide to a pH of 7.5.
Mobile phase: Acetonitrile and Buffer (450:550). Increasing the proportion of acetonitrile
in the Mobile phase decreases the retention time, and decreasing it increases the
resolution between 7-epiclindamycin and clindamycin.
Peroxide solution: Transfer 7 mL of hydrogen peroxide to a 100-mL volumetric flask and
dilute with water to volume.
System suitability solution: 2 mg/mL of USP Clindamycin Hydrochloride RS prepared as
follows. Transfer a weighed amount of USP Clindamycin Hydrochloride RS to a suitable
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volumetric flask and add Peroxide solution to fill 10% of the final volume. Dilute with Mobile
phase to volume. [Note—Clindamycin when treated with Peroxide solution generates two
degradation products. Peroxide degradation product 1 has an RRT of 0.36 and peroxide
degradation product 2 has an RRT of 0.41.] 1S (USP42)
Standard solution: 1 mg/mL of USP Clindamycin Hydrochloride RS in Mobile phase
Sample solution: Nominally equivalent to 0.85 mg/mL of clindamycin from Oral Solution in
Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.4 between the clindamycin B and 7-epiclindamycin peaks, and NLT
3.0 between the 7-epiclindamycin and clindamycin peaks
Column efficiency: NLT 4000 theoretical plates from the clindamycin peak
Tailing factor: NMT 1.2 for the clindamycin peak
Relative standard deviation: NMT 1.0% for the clindamycin peak
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between the peroxide degradation product 1 and peroxide
degradation product 2 peaks, System suitability solution
Tailing factor: NMT 1.2, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
1S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
the labeled amount of 1S (USP42)
clindamycin (C18 H33 ClN2 O5 S) in each mL
the portion 1S (USP42)
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak area response from the Sample solution
rS = peak area response from the Standard solution
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CS = concentration of USP Clindamycin Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Hydrochloride RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉
For Oral Solution packaged in single-unit containers: Meets the requirements
• Deliverable Volume 〈698〉: Meets the requirements
IMPURITIES
Add the following:
• Organic Impurities
Buffer, Mobile phase, Peroxide solution, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.05 mg/mL of USP Clindamycin Hydrochloride RS in Mobile phase
Sensitivity solution: 0.005 mg/mL of USP Clindamycin Hydrochloride RS in Mobile phase
from Standard solution
Sample solution: Nominally 5 mg/mL of clindamycin in Mobile phase prepared as follows.
Transfer an appropriate volume of Oral Solution to a suitable volumetric flask. Dilute with
Mobile phase to volume.
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 2.0 between the peroxide degradation product 1 and peroxide
degradation product 2 peaks, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of clindamycin from the Standard solution
CS = concentration of USP Clindamycin Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Hydrochloride RS (µg/mg)
F = conversion factor, 0.001 mg/µg
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Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
Table 1

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

—
Lincomycina
0.32
Clindamycin Bb
0.65
2.0
7-Epiclindamycinc
0.80
4.0
Clindamycin
1.0
—
Any other individual impurity
—
1.0
d
—
Total impurities
6.0
a Lincomycin is controlled in the total of all related compounds. There is no individual
acceptance criterion for this compound.
b Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-ethylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside.
c Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside.
d Total of all related compounds including lincomycin.
1S (USP42)

SPECIFIC TESTS
• pH 〈791〉: 2.5–6.0
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 1S (USP42)
• Labeling: Label Oral Solution to indicate that it is intended for veterinary use only.
• USP Reference Standards 〈11〉
USP Clindamycin Hydrochloride RS
Recent Official Publications:
USP41–NF36 Page 994
BRIEFING
Clindamycin Phosphate Topical Solution, USP 41 page 999. As part of the USP monograph
modernization effort, it is proposed to make the following changes:
1. Add the particle size information for the Column in the Assay based on the available
data.
2. Add a test for Organic Impurities based on a validated liquid chromatographic
procedure. The proposed liquid chromatographic procedure for the Organic Impurities
test is based on analyses performed with the Zorbax Eclipse XDB-C8 brand of column
with L7 packing. The typical retention time for clindamycin phosphate is about 45 min.
3. Update the USP Reference Standards section to add a new Reference Standard that is
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used to determine system suitability in the test for Organic Impurities.
Manufacturers are encouraged to submit their FDA-approved organic impurities specifications to
USP if they are different from those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C164308
Comment deadline: May 31, 2018
Clindamycin Phosphate Topical Solution
DEFINITION
Clindamycin Phosphate Topical Solution contains the equivalent of NLT 90.0% and NMT
110.0% of the labeled amount of clindamycin (C18 H33 ClN2 O5 S).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Dissolve 10.54 g of monobasic potassium phosphate in 775 mL of water, and
adjust with phosphoric acid to a pH of 2.5. Add 225 mL of acetonitrile, mix, and filter.
Ensure that the concentration of acetonitrile in the Mobile phase is NLT 22% and NMT
25% to retain the correct elution order.
Standard solution: 0.24 mg/mL of USP Clindamycin Phosphate RS in Mobile phase
System suitability stock solution 1: 4 mg/mL of 4′-hydroxyacetophenone in acetonitrile
System suitability stock solution 2: 0.04 mg/mL of 4′-hydroxyacetophenone from
System suitability stock solution 1 in Mobile phase
System suitability solution: Mix 1 part of System suitability stock solution 2 with 3 parts
of Standard solution.
Sample solution: Nominally equivalent to 0.2 mg/mL of clindamycin from Topical Solution in
Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm;
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5-µm 1S (USP42)
packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for clindamycin phosphate and 4′hydroxyacetophenone are about 1.0 and 1.2, respectively.]
Suitability requirements
Resolution: NLT 2.0 between clindamycin phosphate and 4′-hydroxyacetophenone,
System suitability solution
Relative standard deviation: NMT 2.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clindamycin (C18 H33 ClN2 O5 S) in the
portion of the Topical Solution taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A: Add 3.5 mL of phosphoric acid to 1000 mL of water. Add 2.5 mL of ammonium
hydroxide, and adjust with ammonium hydroxide to a pH of 5.6.
Solution B: Acetonitrile and methanol (90:10)
Solution C: Solution B and Solution A (8:92)
Solution D: Solution B and Solution A (48:52)
Diluent A: Solution B and water (20:80)
Diluent B: Solution B and Solution A (20:80)
Mobile phase: See Table 1.
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Time
(min)
0
16
40
60
65
65.1
70

Table 1
Solution C
(%)
95
95
58
25
25
95
95

Solution D
(%)
5
5
42
75
75
5
5

System suitability solution: 2.2 mg/mL of USP Clindamycin Phosphate System Suitability
RS in Diluent B. Shake and sonicate to dissolve.
Standard solution: 0.004 mg/mL of USP Clindamycin Phosphate RS in Diluent A
Sample solution: Nominally 2 mg/mL of clindamycin from Topical Solution in Diluent A
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 3 between the 7-epiclindamycin phosphate peak and clindamycin
phosphate peaks, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Topical solution
taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of clindamycin phosphate from the Standard solution
CS = concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
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CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Lincomycin 2-phosphatea,b

0.26

—

Lincomycinc,b

0.49

—

Clindamycin B phosphated,b

0.81

—

7-Epiclindamycin phosphatee,b

0.92

—

—
Clindamycin 3-phosphatef ,b
0.95
Clindamycin phosphate
1.0
—
g
Clindamycin
1.25
0.5
Any individual degradation product
—
1.0
Total impurities
—
4.0
a Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
b These are process impurities that are controlled in the drug substance. They are
listed here for reference only and are not to be reported.
c Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside.
d Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-ethylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside 2-phosphate.
e Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
f Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside 3-phosphate.
g Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside.
1S (USP42)

SPECIFIC TESTS
• pH 〈791〉: 4.0–7.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 〈11〉
USP Clindamycin Phosphate RS
USP Clindamycin Phosphate System Suitability RS
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Contains clindamycin phosphate and the following impurity:
7-Epiclindamycin phosphate;
Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
C18 H34 ClN2 O8 PS
504.96
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 999
BRIEFING
Clindamycin Phosphate Vaginal Inserts, USP 41 page 1000. As part of the USP
monograph modernization effort, it is proposed to make the following changes:
1. Add the particle size information for the Column in the Assay based on the available
data.
2. Add a test for Organic Impurities based on a validated liquid chromatographic
procedure. The proposed liquid chromatographic procedure for the Organic Impurities
test is based on analyses performed with the Zorbax Eclipse XDB-C8 brand of column
with L7 packing. The typical retention time for clindamycin phosphate is about 45 min.
3. Update the USP Reference Standards section to add a new Reference Standard that is
used to determine system suitability in the test for Organic Impurities.
Manufacturers are encouraged to submit their FDA-approved organic impurities specifications to
USP if they are different from those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C164310
Comment deadline: May 31, 2018
Clindamycin Phosphate Vaginal Inserts
DEFINITION
Clindamycin Phosphate Vaginal Inserts contain the equivalent of NLT 90.0% and NMT 110.0%
of the labeled amount of clindamycin (C18 H33 ClN2 O5 S).
IDENTIFICATION
• A. Infrared Absorption 〈197M〉
Sample: Transfer a Vaginal Insert into a suitable container, add 120 mL of methylene
chloride, insert a stopper, and shake until the Vaginal Insert is completely dissolved. Using
a vacuum, pass through a methylene chloride-compatible filter of 0.45-µm pore size. Rinse
the filter with several portions of methylene chloride, and allow the filter to air-dry. Use
the white residue to prepare the mineral oil dispersion for the test.
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Acceptance criteria: The IR absorption of the Sample exhibits maxima at the same
wavelengths as those of a similar preparation of USP Clindamycin Phosphate RS.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 10.54 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 2.5.
Mobile phase: Dissolve 10.54 g of monobasic potassium phosphate in 775 mL of water, and
adjust with phosphoric acid to a pH of 2.5. Add 225 mL of acetonitrile, and mix.
System suitability solution: 0.24 mg/mL of USP Clindamycin Phosphate RS and 6 µg/mL of
USP Clindamycin Hydrochloride RS in Buffer
Standard solution: 0.24 mg/mL of USP Clindamycin Phosphate RS in Buffer
Sample solution: Transfer 1 Vaginal Insert to a suitable 100-mL container. Add 40 mL of
isooctane, and seal the container tightly with a Teflon-lined septum and crimp cap. Shake
vigorously for about 15 min until all of the Vaginal Insert is dissolved. Add 40.0 mL of
Buffer. Recap the container tightly, and shake vigorously for NLT 30 min, taking care to
avoid leakage. Allow the layers to separate, and remove a volume of the lower aqueous
layer sufficient to perform the following steps. Pass the aqueous solution through a filter
having a 5-µm or finer pore size, discarding the first 2 mL of the filtrate. Collect the
remaining filtrate, and prepare a solution equivalent to 0.2 mg/mL of clindamycin with
Buffer.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm;
5-µm 1S (USP42)
packing L7
Flow rate: 1 mL/min
Injection volume: 35 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between clindamycin phosphate and clindamycin hydrochloride,
System suitability solution
Calculate as follows:
Result = [(t 2 − t 1)/(wh1 + wh2)] × 1.177
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t 2 = retention time of the second peak
t 1 = retention time of the first peak
wh1 = height at half width of the first peak
wh2 = height at half width of the second peak
Relative standard deviation: NMT 2.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clindamycin (C18 H33 ClN2 O5 S) in the
Vaginal Insert taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–110.0%. Use as the Assay value the average of the
determinations obtained in the test for Uniformity of Dosage Units 〈905〉, Content
Uniformity.
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Solution A: Add 3.5 mL of phosphoric acid to 1000 mL of water. Add 2.5 mL of ammonium
hydroxide, and adjust with ammonium hydroxide to a pH of 5.6.
Solution B: Acetonitrile and methanol (90:10)
Solution C: Solution B and Solution A (8:92)
Solution D: Solution B and Solution A (48:52)
Diluent: Solution B and water (20:80)
Mobile phase: See Table 1.
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Time
(min)
0
16
40
60
65
65.1
70

Table 1
Solution C
(%)
95
95
58
25
25
95
95

Solution D
(%)
5
5
42
75
75
5
5

System suitability solution: 2.2 mg/mL of USP Clindamycin Phosphate System Suitability
RS in Diluent. Shake and sonicate to dissolve.
Standard solution: 0.004 mg/mL of USP Clindamycin Phosphate RS in Diluent
Sample solution: Nominally 2 mg/mL of clindamycin from Vaginal Inserts in Diluent prepared
as follows. Transfer Vaginal Inserts (NLT 10) into a beaker and heat gently on a water
bath at 40° until they melt, and cool to room temperature. Transfer a portion of this
composite equivalent to 50 mg of clindamycin to a 25-mL volumetric flask and add 15 mL
of Diluent and heat on a water bath at 40° until it melts. Sonicate for 10 min and dilute
with Diluent to volume. Keep the solution in a refrigerator at 2°–8° for 5 min. Pass through
a suitable filter of 0.45-µm pore size. Discard the first 2 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 3 between the 7-epiclindamycin phosphate and clindamycin phosphate
peaks, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Vaginal Inserts
taken:
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Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of clindamycin phosphate from the Standard solution
CS = concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Lincomycin 2-phosphatea,b

0.26

—

Lincomycinc,b

0.49

—

Clindamycin B phosphated,b

0.81

—

7-Epiclindamycin phosphatee,b

0.92

—

—
Clindamycin 3-phosphatef ,b
0.95
Clindamycin phosphate
1.0
—
Clindamycing
1.25
0.5
Any individual degradation product
—
1.0
Total impurities
—
4.0
a Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
b These are process impurities that are controlled in the drug substance. They are
listed here for reference only and are not to be reported.
c Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside.
d Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-ethylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside 2-phosphate.
e Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
f Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside 3-phosphate.
g Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside.
1S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, at controlled room
temperature, or in a cool place.
Change to read:
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• USP Reference Standards 〈11〉
USP Clindamycin Hydrochloride RS
USP Clindamycin Phosphate RS
USP Clindamycin Phosphate System Suitability RS
Contains clindamycin phosphate and the following impurity:
7-Epiclindamycin phosphate;
Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
C18 H34 ClN2 O8 PS
504.96
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 1000
BRIEFING
Clobetasol Propionate Ointment, USP 41 page 1008. As part of the USP modernization
efforts, the following changes are proposed:
1. Add a test for Organic Impurities based on a validated liquid chromatographic
procedure. The procedure is based on analyses performed with the Kinetex C18 brand of
column with L1 packing. The retention time for clobetasol propionate is about 7.7 min.
2. Replace the current Assay procedure with the same liquid chromatographic procedure
proposed in the test for Organic Impurities for operational efficiency.
3. Revise the Identification section to replace the TLC procedure for Identification A with a
retention time agreement from the proposed Assay and add Identification B, based on a
UV spectral agreement with the proposed Assay.
4. Add USP Beclomethasone Dipropionate RS to the USP Reference Standards section to
support the Assay and test for Organic Impurities.
5. Update the chemical name for USP Clobetasol Propionate Related Compound A RS to
match the current USP naming convention.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: M. Koleck.)
Correspondence Number—C188583
Comment deadline: May 31, 2018
Clobetasol Propionate Ointment
DEFINITION
Clobetasol Propionate Ointment is Clobetasol Propionate in a suitable ointment base. It
contains NLT 90.0% and NMT 115.0% of the labeled amount of clobetasol propionate
(C25 H32 ClFO5 ).
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IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: 0.5 mg/mL of of USP Clobetasol Propionate RS in chloroform
Test solution: Nominally 0.5 mg/mL of clobetasol propionate. Transfer a portion of
Ointment equivalent to 1.0 mg of clobetasol propionate to a 25-mL, plastic-stoppered
centrifuge tube. Add 10 mL of methanol, and cap. Heat in a 70° water bath for 4 min,
remove the tube from the bath, and shake vigorously. Repeat the heating and shaking.
Freeze the mixture in an ice bath for 5 min, and centrifuge at about 3500 rpm for 10 min.
Transfer 5 mL of the supernatant to a suitable vial. Evaporate with the aid of a stream of
nitrogen to dryness. Dissolve the residue in 1.0 mL of chloroform.
Developing solvent system: Chloroform, acetone, and alcohol (100:10:5)
Acceptance criteria: The RF value of the principal spot obtained from the Test solution
corresponds to that from the Standard solution. 1S (USP42)
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: 0.05 M monobasic sodium phosphate. Adjust with 85% phosphoric acid to a pH of
2.5.
Mobile phase: Acetonitrile, methanol, and Buffer (95:20:85)
Internal standard solution: 0.2 mg/mL of beclomethasone dipropionate in methanol
System suitability solution: 0.001 mg/mL of USP Clobetasol Propionate Related Compound
A RS and 0.1 mg/mL of USP Clobetasol Propionate RS in Mobile phase
Standard solution: Dissolve a quantity of USP Clobetasol Propionate RS in methanol and
Internal standard solution to obtain a final solution of 0.04 mg/mL of USP Clobetasol
Propionate RS and 0.08 mg/mL of beclomethasone dipropionate
Sample solution: Nominally 0.04 mg/mL of clobetasol propionate. Transfer a portion of
Ointment equivalent to 1.0 mg of clobetasol propionate into a 125-mL separatory funnel.
Add 30 mL of hexane, 10.0 mL of the Internal standard solution, and shake. Collect the
lower layer in a 25-mL volumetric flask. Extract the hexane remaining in the separatory
funnel with two 5-mL portions of Mobile phase, and combine all of the extracts in the 25mL volumetric flask. Dilute with Mobile phase to volume, and pass a portion through a filter
of 0.45-µm pore size.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for clobetasol propionate and clobetasol propionate
related compound A are 1.0 and 1.1, respectively.]
Suitability requirements
Resolution: NLT 1.5 between clobetasol propionate and clobetasol propionate related
compound A
Column efficiency: NLT 5000 theoretical plates for the clobetasol propionate peak
Tailing factor: NMT 2.0 for the clobetasol propionate peak
Relative standard deviation: NMT 2.0% for the clobetasol propionate peak
Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times for clobetasol propionate and beclomethasone
dipropionate are 1.0 and 1.6, respectively.]
Calculate the percentage of clobetasol propionate (C25 H32 ClFO5 ) in the portion of Ointment
taken:
Result = (RU/RS) × (CS/CU) × 100
RU = ratio of the clobetasol propionate peak area to
the Sample solution
RS = ratio of the clobetasol propionate peak area to
the Standard solution
CS = concentration of USP Clobetasol Propionate RS
CU = nominal concentration of clobetasol propionate

the internal standard peak area from
the internal standard peak area from
in the Standard solution (mg/mL)
in the Sample solution (mg/mL)

Buffer: 6 g/L of monobasic sodium phosphate. Adjust with phosphoric acid to a pH of
2.5.
Mobile phase: Acetonitrile, methanol, and Buffer (475:100:425)
Solution A: Absolute alcohol and methanol (95:5)
Internal standard solution: 0.06 mg/mL of USP Beclomethasone Dipropionate RS in
Solution A
System suitability solution: 0.066 mg/mL of USP Clobetasol Propionate RS and 2.6 µg/mL
of USP Clobetasol Propionate Related Compound A RS in Internal standard solution
Standard solution: 0.066 mg/mL of USP Clobetasol Propionate RS in Internal standard
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solution
Sample solution: Nominally 0.066 mg/mL of clobetasol propionate in Internal standard
solution prepared as follows. Transfer a suitable amount of Ointment equivalent to 1.65
mg of clobetasol propionate to a 50-mL glass centrifuge tube with a screw cap having a
Teflon liner. Pipet 25 mL of Internal standard solution, and heat in a water bath at 70° for
NLT 10 min with intermittent short vortexing. After heating, mix the sample on a vortex
mixer for NLT 30 s and cool in an ice bath for NLT 10 min. Repeat the heating, vortexing,
and cooling cycle two more times. Allow the contents to reach room temperature for a
minimum of 30 min. Pass a portion through a suitable filter of 0.45-µm pore size, discarding
the first 5 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm. For Identification B, use a diode array detector in the range of
210–350 nm.
Column: 4.6-mm × 15-cm; 2.6-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 3 times the retention time of clobetasol propionate
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between clobetasol propionate and clobetasol propionate related
compound A, System suitability solution
Tailing factor: NMT 2.0 for both the clobetasol propionate and beclomethasone
dipropionate peaks, System suitability solution
Relative standard deviation: NMT 2.0% for the area ratio of clobetasol propionate to
beclomethasone dipropionate, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clobetasol propionate (C25 H32 ClFO5 ) in
the portion of Ointment taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak area ratio of clobetasol propionate to beclomethasone dipropionate from the
Sample solution
RS = peak area ratio of clobetasol propionate to beclomethasone dipropionate from the
Standard solution
CS = concentration of USP Clobetasol Propionate RS in the Standard solution (mg/mL)
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CU = nominal concentration of clobetasol propionate in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 90.0%–115.0%
IMPURITIES
Add the following:
• Organic Impurities
Buffer, Mobile phase, Solution A, Internal standard solution, System suitability
solution, Standard solution, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
Sensitivity solution: 0.066 µg/mL of USP Clobetasol Propionate RS in Internal standard
solution
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between clobetasol propionate and clobetasol propionate related
compound A, System suitability solution
Tailing factor: NMT 2.0 for the clobetasol propionate and beclomethasone dipropionate
peaks, System suitability solution
Relative standard deviation: NMT 2.0% for the area ratio of clobetasol propionate to
beclomethasone dipropionate, Standard solution
Signal-to-noise-ratio: NLT 10 for clobetasol propionate, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each degradation product in the portion of Ointment taken:
Result = (rU/rT) × (1/F) × 100
rU = peak response of each individual degradation product from the Sample solution
rT = sum of the peak responses of clobetasol propionate and all the degradation products
from the Sample solution
F = relative response factor for each individual degradation product (see Table 1)
Acceptance criteria: See Table 1. The reporting threshold is 0.1%.
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Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Clobetasola
0.5
1.1
1.0
Clobetasol propionate
1.0
—
—
Clobetasol propionate related
compound A
1.1
1.0
4.0
—
—
Beclomethasone dipropionateb
1.5
Any individual unspecified degradation
—
product
1.0
1.0
Total degradation products
—
—
4.0
a 21-Chloro-9-fluoro-11β,17-dihydroxy-16β-methylpregna-1,4-diene-3,20-dione.
b Internal standard.
1S (USP42)

SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 102 cfu/g. It meets the requirements of the tests
for absence of Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, and
Salmonella species.
• Minimum Fill 〈755〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in collapsible tubes or in tight containers. Store at
controlled room temperature. Do not refrigerate.
Change to read:
• USP Reference Standards 〈11〉
USP Beclomethasone Dipropionate RS 1S (USP42)
USP Clobetasol Propionate RS
USP Clobetasol Propionate Related Compound A RS
9α-Fluoro-11β-hydroxy-16β-methyl 3-oxo-androsta-1,4-diene-17(R)-spiro-2′-[4′chloro-5′-ethylfuran-3′(2′H)-one].
(17R)-4′-Chloro-5′-ethyl-9-fluoro-11β-hydroxy-16β-methylspiro[androsta-1,4-diene17,2′(3′H)-furan]-3,3′-dione. 1S (USP42)
C25 H30 ClFO4
448.96
Recent Official Publications:
USP41–NF36 Page 1008
BRIEFING
Dacarbazine, USP 41 page 1143. As part of USP monograph modernization efforts, it is
proposed to make the following changes:
1. The chemical names in the chemical information section are updated based on the
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3.
4.

5.

6.
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IUPAC nomenclature.
Identification A is revised to include the use of methods in Infrared Absorption 〈197K〉 or
〈197A〉 to allow more flexibility to the users.
Identification B, based on the retention time agreement in the Assay, is added.
The Assay by UV procedure is replaced with an HPLC procedure. The Assay is based on
analyses performed with the Waters Symmetry C18 brand of column with L1 packing.
The typical retention time for dacarbazine is about 19 min.
The Organic Impurities by TLC procedure is replaced with an HPLC procedure. The
Organic Impurities test is also based on analyses performed with the Waters Symmetry
C18 brand of column with L1 packing. The typical retention time for dacarbazine is
about 19 min.
The gas chromatographic procedure used in the added test for Limit of Dimethylamine
is based on analyses performed with the Supelco Carbowax Amine brand of column with
phase G50. The typical retention time for dimethylamine is about 4.3 min.
The chemical information in the USP Reference Standards section is updated.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM3: F. Mao.)
Correspondence Number—C173534
Comment deadline: May 31, 2018
Dacarbazine
Change to read:

C6 H10 N6 O

182.18

1H-Imidazole-4-carboxamide, 5-(3,3-dimethyl-1-triazenyl)-;
1H-Imidazole-4-carboxamide, 5-(3,3-dimethyltriaz-1-enyl)-;
5-(3,3-Dimethyl-1-triazeno)imidazole-4-carboxamide
5-(3,3-Dimethyltriaz-1-enyl)-1H-imidazole-4-carboxamide
[4342-03-04].

1S (USP42)

1S (USP42)

DEFINITION
Dacarbazine contains NLT 97.0% and NMT 102.0% of dacarbazine (C6 H10 N6 O).
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[Caution—Great care should be taken in handling Dacarbazine, as it is a potent cytotoxic
agent.]
IDENTIFICATION
Change to read:
• A.
Infrared Absorption 〈197〉: 1S (USP42)
The IR absorption spectrum of a potassium bromide dispersion of it exhibits maxima only at
the same wavelengths as that of a similar preparation of USP Dacarbazine RS.
[Note—Methods described in 〈197K〉 or 〈197A〉 may be used.] 1S (USP42)
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Throughout this procedure, avoid exposing dacarbazine and its solutions to light.
Standard stock solution: 0.6 mg/mL of USP Dacarbazine RS in 0.1 N hydrochloric acid
Acidic standard solution: 6 µg/mL of USP Dacarbazine RS in 0.1 N hydrochloric acid, from
Standard stock solution
Neutral standard solution: 6 µg/mL of USP Dacarbazine RS in pH 7.0 Phosphate Buffer
(see Reagents, Indicators, and Solutions—Buffer Solutions), from Standard stock solution
Sample stock solution: 0.6 mg/mL of USP Dacarbazine RS in 0.1 N hydrochloric acid
Acidic sample solution: 6 µg/mL of Dacarbazine in 0.1 N hydrochloric acid, from Sample
stock solution
Neutral sample solution: 6 µg/mL of USP Dacarbazine RS in pH 7.0 Phosphate Buffer (see
Reagents, Indicators, and Solutions—Buffer Solutions), from Sample stock solution
Analysis 1
Samples: Acidic standard solution and Acidic sample solution
Instrumental conditions
Mode: UV
Analytical wavelength: 323 nm
Cell: 1 cm
Blank: 0.1 N hydrochloric acid
Analysis 2
Samples: Neutral standard solution and Neutral sample solution
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy〈857〉).
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Mode: UV
Analytical wavelength: 329 nm
Cell: 1 cm
Blank: pH 7.0 phosphate buffer (see Reagents, Indicators, and Solutions—Buffer
Solutions)
Calculate the percentage of dacarbazine (C6 H10 N6 O) in the portion of Dacarbazine
taken:
Result = [(AU1 + AU2 ) / (AS1 + AS2 )] × (CS/CU) × 100
AU1 = absorbance of Acidic sample solution at 323 nm
AU2 = absorbance of Neutral sample solution at 329 nm
AS1 = absorbance of Acidic standard solution at 323 nm
AS2 = absorbance of Neutral standard solution at 329 nm
CS = concentration of USP Dacarbazine RS in the Standard solution(µg/mL)
CU = concentration of Dacarbazine in the Sample solution (µg/mL)
Protect solutions containing dacarbazine from light and store at 2°–8°.
Solution A: 4.1 g/L of sodium acetate in water. Adjust with phosphoric acid to a pH of 7.0.
Solution B: 4.1 g/L of sodium acetate in water. Adjust with phosphoric acid to a pH of 5.5.
Mix acetonitrile and this solution (25:75).
Mobile phase: See Table 1. Return to original conditions, and equilibrate the system for 10
min.
Time
(min)
0
10
20
23
25
35

Table 1
Solution A
(%)
100
100
5
5
100
100

Solution B
(%)
0
0
95
95
0
0

Diluent: 0.1 mg/mL of citric acid in water
Standard solution: 0.1 mg/mL of USP Dacarbazine RS in Diluent
Sample solution: 0.1 mg/mL of Dacarbazine in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Autosampler temperature: 2°–8°
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Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dacarbazine (C6 H10 N6 O) in the portion of Dacarbazine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Dacarbazine RS in the Standard solution (mg/mL)
CU = concentration of Dacarbazine in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 97.0%–102.0%
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Change to read:
• Organic Impurities
Standard solution A: A methanolic solution of 0.40 mg/mL of USP Dacarbazine Related
Compound A RS
Standard solution B: An aqueous solution of 0.40 mg/mL of USP Dacarbazine Related
Compound A RS
Sample solution: 40 mg/mL of Dacarbazine in 0.1 N hydrochloric acid
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatograhy.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: Butanol, acetic acid, and water (5:1:2)
Analysis
Samples: Standard solution A, Standard solution B and Sample solution
Locate the spots on the plate by viewing under short-wavelength UV light.
Acceptance criteria: Any spots from the Sample solution are not greater in size or
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intensity than the spots, occurring at the respective RF values, produced by the Standard
solution A and Standard solution B, corresponding to NMT 1.0% of dacarbazine related
compound A and NMT 1.0% of dacarbazine related compound B.
Protect solutions containing dacarbazine and its related compounds from light and store at
2°–8°.
Solution A, Solution B, Mobile phase, and Chromatographic system: Proceed as
directed in the Assay.
Diluent: 4.0 mg/mL of citric acid in water
Standard stock solution: Use the Standard solution, prepared as directed in the Assay.
Standard solution: 4.0 µg/mL of USP Dacarbazine RS prepared as follows. Transfer a
suitable amount of Standard stock solution into a volumetric flask and dilute with water.
Dacarbazine related compound A standard solution: 0.04 mg/mL of USP Dacarbazine
Related Compound A RS in water. Sonicate to ensure complete dissolution.
Dacarbazine related compound B standard solution: 0.04 mg/mL of USP Dacarbazine
Related Compound B RS in water. Sonicate to ensure complete dissolution.
Sensitivity solution: 2.0 µg/mL of USP Dacarbazine RS in water from Standard solution
Sample solution: 4.0 mg/mL of Dacarbazine in Diluent. Sonicate to ensure complete
dissolution.
System suitability
Samples: Dacarbazine related compound A standard solution, Dacarbazine related
compound B standard solution, and Sensitivity solution
Suitability requirements
Relative standard deviation 1: NMT 5.0%, Dacarbazine related compound A standard
solution
Relative standard deviation 2: NMT 5.0%, Dacarbazine related compound B standard
solution
Signal-to-noise ratio: NTL 10, Sensitivity solution
Analysis
Samples: Standard solution, Dacarbazine related compound A standard solution,
Dacarbazine related compound B standard solution, and Sample solution
Calculate the percentage of 5-aminoimidazole-4-carboxamide (free base of USP Dacarbazine
Related Compound A RS) in the portion of Dacarbazine taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of 5-aminoimidazole-4-carboxamide from the Sample solution
rS = peak response of dacarbazine related compound A from the Dacarbazine related
compound A standard solution
CS = concentration of USP Dacarbazine Related Compound A RS in the Dacarbazine
related compound A standard solution (mg/mL)
CU = concentration of Dacarbazine in the Sample solution (mg/mL)
Mr1 = molecular weight of 5-aminoimidazole-4-carboxamide, 126.12
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Mr2 = molecular weight of USP Dacarbazine Related Compound A RS, 162.58
Calculate the percentage of 2-azahypoxanthine (anhydrous) (anhydrous form of USP
Dacarbazine Related Compound B RS) in the portion of Dacarbazine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of 2-azahypoxanthine (anhydrous) from the Sample solution
rS = peak response of dacarbazine related compound B from the Dacarbazine related
compound B standard solution
CS = concentration of USP Dacarbazine Related Compound B RS in the Dacarbazine
related compound B standard solution (mg/mL)
CU = concentration of Dacarbazine in the Sample solution (mg/mL)
Calculate the percentage of each individual unspecified impurity in the portion of
Dacarbazine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of dacarbazine from the Standard solution
CS = concentration of USP Dacarbazine RS in the Standard solution (mg/mL)
CU = concentration of Dacarbazine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

5-Aminoimidazole-4-carboxamidea
0.28
1.0
b
2-Azahypoxanthine (anhydrous)
0.45
1.0
Dacarbazine
1.0
—
Any individual unspecified impurity
—
0.10
Total impurities
—
2.0
a It is the free base of USP Dacarbazine Related Compound A RS (C4 H6 N4 O).
b It is the anhydrous form of USP Dacarbazine Related Compound B RS (C4 H3 N5 O).
1S (USP42)

Add the following:
• Limit of Dimethylamine
System suitability stock solution A: 20 mg/mL of dimethylamine in water prepared as
follows. Transfer USP Dimethylamine Solution RS into a suitable volumetric flask and dilute
with water to volume.
System suitability stock solution B: 20 mg/mL of triethylamine in water
System suitability solution: System suitability stock solution A and System suitability
stock solution B (1:1). Transfer 5 µL of this solution into a 20-mL headspace vial by
syringe through the cap septum.
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Standard solution: 10 mg/mL of dimethylamine in water prepared as follows. Transfer USP
Dimethylamine Solution RS into a suitable volumetric flask and dilute with water to volume.
Standard: Transfer 5 µL of Standard solution into a 20-mL headspace vial by syringe
through the cap septum (0.05 mg).
Sample: Transfer 100 mg of Dacarbazine into a 20-mL headspace vial, cap and seal. Add 5
µL of water by syringe through the cap septum.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 30-m x 0.53-mm; 1.0-µm coating of phase G50
Temperatures
Injection port: 210°
Detector: 300°
Column: See Table 3.
Table 3
Initial
Temperature
(°)
35
35

Temperature
Ramp
(°/min)
0
40

Final
Temperature
(°)
35
200

Hold Time at Final
Temperature
(min)
8
1

Headspace operating parameters: [Note—Headspace operating parameters can be
modified in order to optimize the performance.]
Temperatures
Oven: 100°
Loop: 110°
Transfer line: 120°
Times
Vial equilibration: 10 min
Pressurization: 0.5 min
Loop fill: 0.25 min
Loop equilibration: 0.05 min
Injection: 0.5 min
Loop size: 1.0 mL
Carrier gas: Helium
Flow rate: 2 mL/min
Injection type: Split ratio, 25:1
System suitability
Samples: Standard and System suitability solution
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Suitability requirements
Resolution: NLT 1.0 between the dimethylamine and triethylamine peaks, System
suitability solution
Tailing factor: NMT 2.0, Standard
Relative standard deviation: NMT 15.0%, Standard
Analysis
Samples: Standard and Sample
Calculate the percentage of dimethylamine in the portion of Dacarbazine taken:
Result = (rU/rS) × (WS/WU) × 100
rU = peak response of dimethylamine from the Sample
rS = peak response of dimethylamine from the Standard
WS = weight of dimethylamine in the Standard (mg)
WU = weight of Dacarbazine in the Sample (mg)
Acceptance criteria: NMT 0.05%

1S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, in a refrigerator.
Change to read:
• USP Reference Standards 〈11〉
USP Dacarbazine RS
USP Dacarbazine Related Compound A RS
5-Aminoimidazole-4-carboxamide hydrochloride.
C4 H6 N4 O·HCl
162.58 1S (USP42)
USP Dacarbazine Related Compound B RS
2-Azahypoxanthine.
C4 H3 N5 O·H2 O
155.12
USP Dimethylamine Solution RS
40% of dimethylamine in water
(CH3 )2 NH
45.08
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 1143
BRIEFING
Dacarbazine for Injection, USP 41 page 1143. As part of USP monograph modernization
efforts, it is proposed to make the following changes:
1. The Identification A by TLC is replaced with the retention time agreement based on the
Assay. The existing Identification B and Identification C are deleted because they are
product specific. Identification B is replaced with the UV spectrum agreement of the
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main peak in the Assay to provide orthogonal identification.
The Assay by UV procedure is replaced with an HPLC procedure. The Assay is based on
analyses performed with the Waters Symmetry C18 brand of column with L1 packing.
The typical retention time for dacarbazine is about 19 min.
The test for Limit of 2-Azahypoxanthine is replaced with a test for Organic Impurities.
The additional impurity of 5-aminoimidazole-4-carboxamide is specified. The Organic
Impurities test is also based on analyses performed with the Waters Symmetry C18
brand of column with L1 packing. The typical retention time for dacarbazine is about 19
min.
The test for Particulate Matter in Injections is added according to FDA-approved
specifications.
The chemical information in the USP Reference Standards section is updated to support
the proposed revision.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM3: F. Mao.)
Correspondence Number—C173537
Comment deadline: May 31, 2018
Dacarbazine for Injection
DEFINITION
Dacarbazine for Injection is a sterile, freeze-dried mixture of dacarbazine and suitable buffers
or diluents. It contains NLT 90.0% and NMT 110.0% of the labeled amount of dacarbazine
(C6 H10 N6 O).
[Caution—Great care should be taken to prevent inhaling particles of Dacarbazine for Injection
and exposing the skin to it.]
IDENTIFICATION
Change to read:
• A.
Standard solution: 10 mg/mL each of USP Dacarbazine RS and citric acid in water
Sample solution: Nominally equivalent to 10 mg/mL of dacarbazine in water from
Dacarbazine for Injection
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 1 µL
Developing solvent system: Isopropyl alcohol and 1 N ammonium hydroxide (3:1)
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Spray reagent: Freshly prepared solution containing 1% of ferric chloride and 1% of
potassium ferricyanide (prepared by mixing 5 mL of a 10% aqueous solution of ferric
chloride with 5 mL of a 10% aqueous solution of potassium ferricyanide, and diluting with
water to 50 mL)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram until the solvent front has moved three-quarters of the length
of the plate. Allow the solvent to evaporate. Spray the plate evenly with Spray reagent.
Dacarbazine appears as an intense blue spot on a light yellow background.
Acceptance criteria: The RF value of the spot from the Sample solution corresponds to
that from the Standard solution.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
Change to read:
• B.
Sample solution: An aqueous solution (1 in 100)
Analysis: To 1 mL of the Sample solution in a test tube add a few crystals of periodic acid
and 4 drops of methanol. Shake, and after 1 min add 5 mL of a 0.2% acetylacetone
reagent solution (prepared by mixing 15.0 g of ammonium acetate, 0.30 mL of glacial
acetic acid, and 0.20 mL of acetylacetone in a 100-mL volumetric flask, diluting with
water to volume, and mixing). Shake, and place in a water bath maintained at a
temperature of 60°.
Acceptance criteria: An intense yellow color develops in a few min (presence of mannitol).
The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
Delete the following:
• C.
Sample solution: An aqueous solution (1 in 100)
Analysis: To 2 drops of the Sample solution in a 15-mL test tube add 10 mL of a solution
prepared by mixing 10 mL of acetic anhydride with 30 mL of pyridine.
Acceptance criteria: An intense yellow color is produced immediately and, after a few min,
becomes red-violet (presence of citric acid). 1S (USP42)
ASSAY
Change to read:
• Procedure
Standard solution: 3.2 µg/mL of USP Dacarbazine RS in 0.1 N hydrochloric acid
Sample solution: Equivalent to 3.2 µg/mL of dacarbazine in 0.1 N hydrochloric acid
prepared as follows. Dissolve the contents of NLT 10 containers of Dacarbazine for
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Injection in 0.1 N hydrochloric acid. Transfer and combine the solutions into a suitable
volumetric flask, rinsing as necessary with 0.1 N hydrochloric acid, and dilute with 0.1 N
hydrochloric acid to volume.
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum absorbance at about 323 nm
Cell: 1 cm
Blank: 0.1 N hydrochloric acid
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dacarbazine (C6 H10 N6 O) in the portion of
Dacarbazine for Injection taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Dacarbazine RS in the Standard solution (µg/mL)
CU = nominal concentration of dacarbazine in the Sample solution (µg/mL)
Protect solutions containing dacarbazine from light and store at 2°–8°.
Solution A: 4.1 g/L of sodium acetate in water. Adjust with phosphoric acid to a pH of 7.0.
Solution B: 4.1 g/L of sodium acetate in water. Adjust with phosphoric acid to a pH of 5.5.
Mix this solution with acetonitrile (75:25).
Mobile phase: See Table 1. Return to original conditions, and equilibrate the system for 10
min.
Time
(min)
0
10
20
23
25
35

Table 1
Solution A
(%)
100
100
5
5
100
100

Solution B
(%)
0
0
95
95
0
0

Diluent: 0.1 mg/mL of citric acid in water
Standard solution: 0.1 mg/mL of USP Dacarbazine RS in Diluent
Sample solution: Nominally equivalent to 0.1 mg/mL of dacarbazine in water, from
Dacarbazine for Injection
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 250 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Autosampler temperature: 2°-8°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0 %
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dacarbazine (C6 H10 N6 O) in the portion of
Dacarbazine for Injection taken:
Result = (rU / rS) × (CS / CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Dacarbazine RS in the Standard solution (mg/mL)
CU = nominal concentration of dacarbazine in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 90.0%–110.0%
• Uniformity of Dosage Units 〈905〉: Meets the requirements
IMPURITIES
Delete the following:
• Limit of 2-Azahypoxanthine
The Mobile phase used in this procedure is corrosive. The system should be rinsed well with
methanol after completion of the analysis.
Mobile phase: Transfer 2.2 g of docusate sodium to a 1000-mL volumetric flask, dissolve
in a mixture of 100 mL of water and 15 mL of glacial acetic acid, and dilute with water to
volume. Prepare this solution fresh daily.
Standard solution: 0.04 mg/mL of USP Dacarbazine Related Compound B RS in water
Sample solution: Nominally equivalent to 4 mg/mL of dacarbazine prepared as follows.
Constitute the contents of 1 vial of Dacarbazine for Injection, and dilute with water.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% (5 replicate injections)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 2-azahypoxanthine in the portion of Dacarbazine for Injection
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of 2-azahypoxanthine from the Sample solution
rS = peak response of 2-azahypoxanthine from the Standard solution
CS = concentration of USP Dacarbazine Related Compound B RS in the Standard solution
(mg/mL)
CU = nominal concentration of dacarbazine in the Sample solution
Acceptance criteria: NMT 1.0%

1S (USP42)

Add the following:
• Organic Impurities
Protect solutions containing dacarbazine and its related compounds from light and store
at 2°–8°.
Solution A, Solution B, Mobile phase, and Chromatographic system: Proceed as
directed in the Assay.
Diluent: 4.0 mg/mL of citric acid in water
Standard solution: 8.0 µg/mL of USP Dacarbazine RS in water, from the Standard solution
in the Assay
Dacarbazine related compound A standard solution: 0.04 mg/mL of USP Dacarbazine
Related Compound A RS in water. Sonicate to ensure complete dissolution.
Dacarbazine related compound B standard solution: 0.04 mg/mL of USP Dacarbazine
Related Compound B RS in water. Sonicate to ensure complete dissolution.
Sensitivity solution: 2.0 µg/mL of USP Dacarbazine RS in water from Standard solution
Sample solution: Nominally equivalent to 4.0 mg/mL of dacarbazine in water prepared as
follows. Transfer the contents of 1 vial into a suitable volumetric flask, rinse the vial with
several portions of water, add the rinsings into the same volumetric flask and dilute with
water to volume.
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System suitability
Samples: Dacarbazine related compound A standard solution, Dacarbazine related
compound B standard solution, and Sensitivity solution
Suitability requirements
Relative standard deviation 1: NMT 5.0%, Dacarbazine related compound A standard
solution
Relative standard deviation 2: NMT 5.0%, Dacarbazine related compound B standard
solution
Signal-to-noise ratio: NTL 10, Sensitivity solution
Analysis
Samples: Standard solution, Dacarbazine related compound A standard solution,
Dacarbazine related compound B standard solution, and Sample solution
Calculate the percentage of 5-aminoimidazole-4-carboxamide (free base of USP Dacarbazine
Related Compound A RS) in the portion of Dacarbazine for Injection taken:
Result = (rU / rS) × (CS / CU) × (Mr1/Mr2) × 100
rU = peak response of 5-aminoimidazole-4-carboxamide from the Sample solution
rS = peak response of dacarbazine related compound A from the Dacarbazine related
compound A standard solution
CS = concentration of USP Dacarbazine Related Compound A RS in the Dacarbazine
related compound A standard solution (mg/mL)
CU = nominal concentration of dacarbazine in the Sample solution (mg/mL)
Mr1 = molecular weight of 5-aminoimidazole-4-carboxamide, 126.12
Mr2 = molecular weight of USP Dacarbazine Related Compound A RS, 162.58
Calculate the percentage of 2-azahypoxanthine (anhydrous) (anhydrous form of USP
Dacarbazine Related Compound B RS) in the portion of Dacarbazine for Injection taken:
Result = (rU / rS) × (CS / CU) × 100
rU = peak response of 2-azahypoxanthine (anhydrous) from the Sample solution
rS = peak response of dacarbazine related compound B from the Dacarbazine related
compound B standard solution
CS = concentration of USP Dacarbazine Related Compound B RS in the Dacarbazine
related compound B standard solution (mg/mL)
CU = nominal concentration of dacarbazine in the Sample solution (mg/mL)
Calculate the percentage of each individual unspecified impurity in the portion of
Dacarbazine for Injection taken:
Result = (rU / rS) × (CS / CU) × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of dacarbazine from the Standard solution
CS = concentration of USP Dacarbazine RS in the Standard solution (mg/mL)
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CU = nominal concentration of dacarbazine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

5-Aminoimidazole-4-carboxamidea
0.28
1.0
2-Azahypoxanthine (anhydrous)b
0.45
1.0
Dacarbazine
1.0
—
Any individual unspecified impurity
—
0.2
Total impurities
—
2.0
a It is the free base of USP Dacarbazine Related Compound A RS (C4 H6 N4 O).
b It is the anhydrous form of USP Dacarbazine Related Compound B RS (C4 H3 N5 O).
1S (USP42)

SPECIFIC TESTS
• pH 〈791〉
Sample solution: Nominally equivalent to 10 mg/mL of dacarbazine in water, from
Dacarbazine for Injection
Acceptance criteria: 3.0–4.0
• Water Determination 〈921〉, Method I : NMT 1.5%
• Bacterial Endotoxins Test 〈85〉: It contains NMT 0.52 USP Endotoxin Units/mg of
dacarbazine.
• Sterility Tests 〈71〉: Meets the requirements
• Completeness of Solution: When dissolved as directed in the labeling, it yields a clear, pale
yellow to yellow solution.
• Constituted Solution: At the time of use, it meets the requirements in Injections and
Implanted Drug Products 〈1〉, Product Quality Tests Common to Parenteral Dosage Forms,
Specific Tests, Completeness and Clarity of Solutions.
Add the following:
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume
injections 1S (USP42)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers as described in
Packaging and Storage Requirements 〈659〉, Injection Packaging, Packaging for
Constitution, preferably of Type I glass, protected from light.
• Labeling: Meets the requirements in Labeling 〈7〉, Labels and Labeling for Injectable Products
Change to read:
• USP Reference Standards 〈11〉
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USP Dacarbazine RS

USP Dacarbazine Related Compound A RS
5-Aminoimidazole-4-carboxamide hydrochloride.
C4 H6 N4 O·HCl
162.58
1S (USP42)

USP Dacarbazine Related Compound B RS
2-Azahypoxanthine.
C4 H3 N5 O·H2 O
155.12
(CN 1-May-2018)

Recent Official Publications:
USP41–NF36 Page 1143
BRIEFING
Desmopressin Acetate, USP 41 page 1182 and PF 43(3) [May–June 2017]. The PF 43(3)
proposal has been canceled. As part of the USP monograph modernization effort, the following
revisions are proposed:
1. The Labeling section is removed.
2. The Packaging and Storage section is revised to include “and moisture” after “protected
from light”.
3. The chemical names and associated attributes are revised to allow for variability in the
number of acetate and water molecules.
4. In Identification A, the Mass Spectral Analysis test is modified to cite Mass
Spectrometry 〈736〉 instead of only one experimental approach.
5. In the Assay, USP Oxytocin RS is added to the System suitability solution.
6. In the Desmopressin-Related Impurities test, the preparation instructions for the
Standard solution are revised.
7. In the Assay and the Desmopressin-Related Impurities test, the word “calculated” is
added to the CS definition in the calculation for clarity.
8. The Bacterial Endotoxins Test is updated to reflect current USP practices.
9. In the USP Reference Standards section, a reference for USP Oxytocin RS is added.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: E. Curti.)
Correspondence Number—C199886
Comment deadline: May 31, 2018
Desmopressin Acetate
Change to read:
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C48 H68 N14 O14 S2 C48 H68 N14 O14 S2 · xH2 O (anhydrous)
Anhydrous
1129.27
[62288-83-9].
Vasopressin, 1-(3-mercaptopropanoic acid)-8-d-arginine-, monoacetate (salt);
1-(3-Mercaptopropionic acid)-8-d-arginine-vasopressin monoacetate (salt).
Trihydrate
1183.31
[62357-86-2].
C46 H64 N14 O12 S2 ·xC2 H4 O2 ·yH2 O
1069.22 (anhydrous, free base)
Vasopressin, 1-(3-mercaptopropanoic acid)-8-d-arginine-, acetate (salt) hydrate;
1-(3-Mercaptopropionic acid)-8-d-arginine-vasopressin, acetate (salt) hydrate.
x(acetate), y(water).
Monoacetate trihydrate[62357-86-2].
Monoacetate anhydrous[62288-83-9]. 1S (USP42)
DEFINITION
Desmopressin Acetate is a synthetic octapeptide hormone having the property of
antidiuresis. It is a synthetic analog of vasopressin. It contains NLT 95.0% and NMT
105.0% of desmopressin (C46 H64 N14 O12 S2 ), calculated on the anhydrous, acetic acid-free
basis.
IDENTIFICATION
Change to read:
• A. Mass Spectral Analysis
Mobile phase: Water and methanol (1:1)
Standard solution: 5 µg/mL of USP Desmopressin Acetate RS in Mobile phase
Sample solution: 5 µg/mL of Desmopressin Acetate in Mobile phase. [Note—The final
concentration of the Standard solution and the Sample solution can be adjusted
depending on the sensitivity of the mass spectrometer used in the testing.]
Instrumental conditions
(See Mass Spectrometry 〈736〉.)
Mode: LC/MS spectrometer
Interface/detection: Infusion system connected to an electrospray interface (positive
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ion)
Analysis
Samples: Standard solution and Sample solution
Separately infuse the Standard solution and the Sample solution at about 5 µL/min into the
mass spectrometer. Obtain optimized MS spectrum of the peak with a mass-to-charge
ratio of 1069.4.
Acceptance criteria: MS spectra contain the major peak with a mass-to-charge ratio of
1069.4.
The monoisotopic mass by Mass Spectrometry 〈736〉 is 1068.4 ± 0.5 mass units.
1S (USP42)

• B.
Mobile phase, Standard solution, and Sample solution: Prepare as directed in the
Assay.
Identity sample solution: 10 µg/mL each of USP Desmopressin Acetate RS and
Desmopressin Acetate in Mobile phase
Acceptance criteria: The retention time of the major peak of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay. The major peaks
of the Identity sample solution coelute.
ASSAY
Change to read:
• Procedure
Buffer solution: Dissolve 3.4 g of monobasic potassium phosphate and 2.0 g of sodium 1heptanesulfonic acid in 1000 mL of water. Adjust with phosphoric acid or sodium hydroxide
to a pH of 4.50 ± 0.05, as needed. Pass through a filter of 0.45-µm pore size.
Mobile phase: Mix acetonitrile and Buffer solution (22:78), and degas. Make adjustments,
if necessary (see Chromatography 〈621〉, System Suitability). [Note—The retention time of
desmopressin is very sensitive to the composition of the Mobile phase.]
Standard solution: 20 µg/mL of USP Desmopressin Acetate RS in Mobile phase
Sample solution: 20 µg/mL of Desmopressin Acetate in Mobile phase
System suitability solution: Dissolve about 1 mg of oxytocin
USP Oxytocin RS, 1S (USP42)
accurately weighed, in a 50-mL volumetric flask, dilute with Mobile phase to volume, and
mix. Transfer 5.0 mL each of the resulting solution and the Sample solution to a 100-mL
volumetric flask, dilute with Mobile phase to volume, and mix.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
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Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between desmopressin and oxytocin, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0% for the desmopressin peak area for replicate
injections, Standard solution
Chromatogram similarity: The desmopressin peak elutes before the oxytocin peak,
System suitability solution.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of desmopressin (C46 H64 N14 O12 S2 ) in the portion of Desmopressin
Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Desmopressin Acetate RS (
calculated 1S (USP42)
on the anhydrous, acetic acid-free basis) in the Standard solution (mg/mL)
CU = concentration of Desmopressin Acetate (calculated on the anhydrous, acetic acidfree basis), in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0% on the anhydrous, acetic acid-free basis
IMPURITIES
Change to read:
• Desmopressin-Related Impurities
Mobile phase and System suitability solution: Prepare as directed in the Assay.
Standard solution: 1 µg/mL of USP Desmopressin Acetate RS in Mobile phase,
prepared by diluting 0.5 mL of the Standard solution from the Assay with Mobile phase
to 10 mL 1S (USP42)
Sample solution: 200 µg/mL of Desmopressin Acetate in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
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Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 200 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between desmopressin and oxytocin, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0% for the desmopressin peak area for replicate
injections, Standard solution
Chromatogram similarity: The desmopressin peak elutes before the oxytocin peak,
System suitability solution.
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms, and measure the response for each peak, except for the main
desmopressin peak of the Sample solution.
Calculate the percentage of each individual impurity in the portion of Desmopressin Acetate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of desmopressin from the Standard solution
CS = concentration of USP Desmopressin Acetate RS (
calculated 1S (USP42)
on the anhydrous, acetic acid-free basis) in the Standard solution (mg/mL)
CU = concentration of Desmopressin Acetate (calculated on the anhydrous, acetic acidfree basis) in the Sample solution (mg/mL)
Acceptance criteria
Any individual impurity: NMT 0.5%
Total impurities: NMT 1.5%
OTHER COMPONENTS
• Acetic Acid In Peptides 〈503〉: 3.0%–8.0%
SPECIFIC TESTS
Change to read:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 100
102 1S (USP42)
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cfu/g.
• Water Determination 〈921〉, Method I, Method Ic: NMT 6.0%
Change to read:
• Bacterial Endotoxins Test 〈85〉: It contains NMT 500 USP Endotoxin Units/mg of
Desmopressin Acetate.
The level of bacterial endotoxins is such that the requirement under the relevant dosage
form monograph(s) in which Desmopressin Acetate is used can be met. Where the label
states Desmopressin Acetate must be subjected to further processing during the
preparation of injectable dosage forms, the level of bacterial endotoxins is such that the
requirement under the relevant dosage form monograph(s) in which Desmopressin Acetate
is used can be met. 1S (USP42)
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, preferably of Type I glass, protected
from light
and moisture. 1S (USP42)
Store at a temperature not exceeding 25°, preferably between 2° and 8°.
Delete the following:
• Labeling: Label it to state the strength, in mcg per mL, of desmopressin.

1S (USP42)

Change to read:
• USP Reference Standards 〈11〉
USP Desmopressin Acetate RS
(CN 1-May-2018)

USP Oxytocin RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 1182
BRIEFING
Desoximetasone, USP 41 page 1189 and PF 42(1) [Jan.–Feb. 2016]. On the basis of
comments received, it was decided to cancel the proposal previously published in PF 42(1). As
part of the USP monograph modernization efforts, the following revisions are proposed:
1. Add Infrared Absorption 〈197A〉 to Identification A to allow for more flexibility in
performing the analysis.
2. Replace the TLC procedure in Identification B with an identification test based on a
retention time agreement in the proposed Assay.
3. Add a test for Organic Impurities. The proposed liquid chromatographic procedure in the
test for Organic Impurities is based on analyses performed with the Waters Symmetry
C18 brand of column with L1 packing. The typical retention time for desoximetasone is
about 14 min.
4. Replace the liquid chromatographic procedure in the Assay with a new liquid
chromatographic procedure which uses the same Chromatographic system as the
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proposed test for Organic Impurities to be operationally efficient.
Tighten the limit in the Residue on Ignition test to be consistent with manufacturers′
approved specifications.
Delete the nonspecific test for Melting Range or Temperature as the other tests in the
monograph are sufficient to establish the quality of the drug substance.
Replace the dissolution solvent chloroform in the test for Optical Rotation with alcohol
to be more environmentally friendly. The Acceptance criteria are updated to be
consistent with alcohol as the dissolution solvent.
Add USP Desoximetasone Related Compound A RS to the USP Reference Standards
section to support the proposed revisions for the Assay and test for Organic Impurities.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: M. Koleck.)
Correspondence Number—C174455
Comment deadline: May 31, 2018
Desoximetasone

C22 H29 FO4

376.46

Pregna-1,4-diene-3,20-dione, 9-fluoro-11,21-dihydroxy-16-methyl-, (11β,16α)-;
9-Fluoro-11β,21-dihydroxy-16α-methylpregna-1,4-diene-3,20-dione
[382-67-2].
DEFINITION
Desoximetasone contains NLT 97.0% and NMT 103.0% of desoximetasone (C22 H29 FO4 ),
calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
or 〈197A〉 1S (USP42)
Delete the following:
• B. Thin-Layer Chromatography
Diluent: Chloroform and alcohol (3:1)
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Standard solution: 10 mg/mL of USP Desoximetasone RS in Diluent
Sample solution: 10 mg/mL of desoximetasone in Diluent
Chromatographic system
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Chloroform and ethyl acetate (1:1)
Spray reagent: 200 mg/mL of p-toluenesulfonic acid in alcohol
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram in a saturated chamber containing
the Developing solvent system. Allow the solvent front to move 10 cm beyond the
application point. After drying, examine the plate under UV light at 254 nm. Spray the
dried plate with Spray reagent.
Acceptance criteria: The major spot from the Sample solution corresponds in RF value
(0.25) and appearance to that obtained from the Standard solution. 1S (USP42)
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol, glacial acetic acid, and water (65:1:35), such that the retention
time of desoximetasone is about 6 min
Diluent: Acetonitrile and methanol (1:1)
Standard stock solution: 0.4 mg/mL of USP Desoximetasone RS in methanol. Prepare this
solution on the day of use.
Standard solution: 0.04 mg/mL of USP Desoximetasone RS from the Standard stock
solution in Diluent
Sample stock solution: 0.4 mg/mL of Desoximetasone in methanol
Sample solution: 0.04 mg/mL of Desoximetasone from the Sample stock solution in Diluent
Chromatographic system
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; stainless steel column packing L7
Flow rate: 1 mL/min
Injection volume: 10 µL (injection loop)
System suitability
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Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0% for five replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of desoximetasone (C22 H29 FO4 ) in the portion of Desoximetasone
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak height of desoximetasone from the Sample solution
rS = peak height of desoximetasone from the Standard solution
CS = concentration of USP Desoximetasone RS in the Standard solution (mg/mL)
CU = concentration of Desoximetasone in the Sample solution (mg/mL)
Buffer: 1.36 g/L of monobasic potassium phosphate
Solution A: Acetonitrile, tetrahydrofuran, and Buffer (23.3: 1.5: 75). Adjust with 10%
phosphoric acid to a pH of 4.0.
Solution B: Acetonitrile and Buffer (49.6: 50). Adjust with 10% phosphoric acid to a pH of
4.0.
Mobile phase: See Table 1.
Time
(min)
0
25
30
31
35

Table 1
Solution A
(%)
95
5
5
95
95

Solution B
(%)
5
95
95
5
5

System suitability stock solution: 0.12 mg/mL of USP Desoximetasone Related Compound
A RS prepared as follows. Transfer a suitable amount of USP Desoximetasone Related
Compound A RS to a suitable volumetric flask. Add about 1 mL of tetrahydrofuran and swirl
to dissolve. Dilute with Solution A to volume. Sonication may be used to aid dissolution.
System suitability solution: 1 mg/mL of USP Desoximetasone RS and 1.2 µg/mL of USP
Desoximetasone Related Compound A RS prepared as follows. Transfer a suitable amount
of USP Desoximetasone RS to a suitable volumetric flask. Add about 1 mL of
tetrahydrofuran and swirl to dissolve. Add 1% of the flask volume of System suitability
stock solution and dilute with Solution A to volume. Sonication may be used to aid
dissolution.
Standard solution: 0.1 mg/mL of USP Desoximetasone RS prepared as follows. Transfer a
suitable amount of USP Desoximetasone RS to a suitable volumetric flask. Add about 1 mL
of tetrahydrofuran and swirl to dissolve. Dilute with Solution A to volume. Sonication may
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be used to aid dissolution.
Sample solution: 0.1 mg/mL of Desoximetasone prepared as follows. Transfer a suitable
amount of Desoximetasone to a suitable volumetric flask. Add about 1 mL of
tetrahydrofuran and swirl to dissolve. Dilute with Solution A to volume. Sonication may be
used to aid dissolution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between desoximetasone and desoximetasone related compound
A, System suitability solution
Relative standard deviation: NMT 1.10%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of desoximetasone (C22 H29 FO4 ) in the portion of Desoximetasone
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Desoximetasone RS in the Standard solution (mg/mL)
CU = concentration of Desoximetasone in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
Change to read:
• Residue on Ignition 〈281〉: NMT 0.2%
0.1% 1S (USP42)
Delete the following:
• Heavy Metals 〈231〉, Method II: 0.002%

(O fficial 1-Jan-2018)
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Add the following:
• Organic Impurities
Buffer, Solution A, Solution B, Mobile phase, System suitability stock solution,
System suitability solution, and Chromatographic system: Proceed as directed in the
Assay.
Standard solution: 0.001 mg/mL of USP Desoximetasone RS prepared as follows. Transfer
a suitable amount of USP Desoximetasone RS to a suitable volumetric flask. Add about 1
mL of tetrahydrofuran and swirl to dissolve. Dilute with Solution A to volume. Sonication
may be used to aid dissolution.
Sensitivity solution: 0.2 µg/mL of USP Desoximetasone RS in Solution A from the Standard
solution
Sample solution: 1 mg/mL of Desoximetasone prepared as follows. Transfer a suitable
amount of Desoximetasone to a suitable volumetric flask. Add about 1 mL of
tetrahydrofuran and swirl to dissolve. Dilute with Solution A to volume. Sonication may be
used to aid dissolution.
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between desoximetasone and desoximetasone related compound
A, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Desoximetasone taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of desoximetasone from the Standard solution
CS = concentration of USP Desoximetasone RS in the Standard solution (mg/mL)
CU = concentration of Desoximetasone in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.02%.
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Table 2
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

Desoximetasone diacetala
0.88
0.15
Desoximetasone
1.00
—
Desoximetasone related compound A
1.10
0.15
Desoximetasone acidb
1.18
0.15
Any individual unspecified impurity
—
0.10
Total impurities
—
0.5
a 9-Fluoro-11β,21,21-trihydroxy-16α-methylpregna-1,4-diene-3,20-dione.
b 9-Fluoro-11β-hydroxy-16α-methyl-3-oxoandrosta-1,4-diene-17β-carboxylic acid.
1S (USP42)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature 〈741〉: 206°–218°; but the range between beginning and
end of melting does not exceed 4° 1S (USP42)
Change to read:
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 5 mg/mL of Desoximetasone in chloroform
alcohol 1S (USP42)
Acceptance criteria: +107° to +112°
+123° to +129° 1S (USP42)
• Loss on Drying 〈731〉
Analysis: Dry at 105° to constant weight.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 〈11〉
USP Desoximetasone RS
USP Desoximetasone Related Compound A RS
Dihydrodesoximetasone;
9-Fluoro-11β,21-dihydroxy-16α-methylpregna-4-ene-3,20-dione.
C22 H31 FO4
378.48
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 1189
BRIEFING
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Doxycycline, USP 41 page 1415 and PF 42(2) [Mar.–Apr. 2016]. On the basis of comments
received, the earlier proposal published in PF 42(2) is canceled and replaced with the following
proposal:
1. Correct the chemical name for Doxycycline in the chemical information section.
2. Replace the TLC procedure in Identification A, based on Identification—Tetracyclines
〈193〉, with a more specific FTIR procedure.
3. Add Identification B based on a retention time agreement using the HPLC procedure in
the Assay.
4. Replace the liquid chromatographic procedure in the test for Organic Impurities with a
liquid chromatographic procedure that is more specific, produces better peak shapes,
and has a shorter run time. The proposed procedure uses the Acquity UPLC BEH C8
brand of column with L7 packing manufactured by Waters. The typical retention time for
doxycycline is about 3 min. A guard column of the same brand of stationary phase was
used in the validation.
5. Replace the current HPLC procedure in the Assay with a chromatographic procedure
using the same parameters as in the proposed test for Organic Impurities.
6. Change the specification limits for 4-epidoxycycline and any individual unspecified
impurities in the test for Organic Impurities to be consistent with other approved
doxycycline drug products. Add the 2-acetyl-2-decarbamoyldoxycycline impurity with a
limit based on the approved sponsor submission data. Manufacturers with different limits
are encouraged to submit their approved specifications to USP.
7. Add new Reference Standards to the USP Reference Standards section to support the
proposed Identification A and test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: P. Pabba.)
Correspondence Number—C134330; C175868; C180462
Comment deadline: May 31, 2018
Doxycycline
Change to read:

C22 H24 N2 O8 ·H2 O
462.45
C22 H24 N2 O8
444.44

PF 44(2): Mar.-Apr. 2018

187

2-Naphthacenecarboxamide, 4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-, [4S-(4α,4aα,5α,5aα,6α,12aα)]-,
monohydrate;
(4S,4aR,5S,5aR,6R,12aS)- 1S (USP42)
4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,5,10,12,12a-pentahydroxy-6-methyl1,11-dioxo-2-naphthacenecarboxamide monohydrate
[17086-28-1].
Anhydrous
[564-25-0].
DEFINITION
Doxycycline has a potency equivalent to NLT 880 µg/mg and NMT 980 µg/mg of doxycycline
(C22 H24 N2 O8 ).
IDENTIFICATION
Delete the following:
• A.
Test solution: Equivalent to 1 mg/mL of doxycycline in methanol
Analysis: Proceed as directed in Identification—Tetracyclines〈193〉, Method II.
Acceptance criteria: Meets the requirements 1S (USP42)
Add the following:
• A. Infrared Absorption 〈197A〉

1S (USP42)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Transfer 2.72 g of monobasic potassium phosphate, 0.74 g of sodium
hydroxide, 0.50 g of tetrabutylammonium hydrogen sulfate, and 0.40 g of edetate
disodium to a 1000-mL volumetric flask. Add 850 mL of water, and stir to dissolve. Add 60
g of tertiary butyl alcohol with the aid of water, dilute with water to volume, and adjust
with 1 N sodium hydroxide to a pH of 8.0 ± 0.1. Pass this solution through a filter of
0.5-µm or finer pore size, and degas before using. Decreasing the proportion of tertiary
butyl alcohol results in a longer retention time of doxycycline and improved separation of
doxycycline from the related compounds.
Diluent: 0.01 N hydrochloric acid
System suitability stock solution: 6 mg/mL of doxycycline in Diluent
System suitability solution: Transfer 5 mL of System suitability stock solution to a 25-mL
volumetric flask, heat on a steam bath for 60 min, and evaporate to dryness on a hot
plate, taking care not to char the residue. Dissolve the residue in 0.01 N hydrochloric acid,
and dilute with Diluent to volume. Pass a portion of this solution through a filter of 0.5-µm
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or finer pore size, and use the filtrate. This solution contains a mixture of 4epidoxycycline, 6-epidoxycycline, and doxycycline. When stored in a refrigerator, this
solution may be used for 14 days.
Standard solution: 1.2 mg/mL of USP Doxycycline Hyclate RS in Diluent. Sonicate as
needed to dissolve. Protect the Standard solution from light.
Sample solution: 1.1 mg/mL of Doxycycline, prepared as follows. Transfer a suitable
amount of Doxycycline to a suitable volumetric flask. Add 0.1 N hydrochloric acid, using
24% of the final volume, swirl to dissolve, and dilute with Diluent to volume. Pass through
a filter of 0.5-µm or finer pore size. Protect the Sample solution from light.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L21
Column temperature: 60 ± 1°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 1.7 times the retention time of doxycycline
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between the 4-epidoxycycline peak and the doxycycline peak,
System suitability solution
Tailing factor: NMT 2.0 for doxycycline, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity of doxycycline (C22 H24 N2 O8 ), in µg/mg, in the portion of Doxycycline
taken:
Result = (rU/rS) × (CS/CU) × P
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Doxycycline Hyclate RS in the Standard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL)
P = potency of doxycycline in USP Doxycycline Hyclate RS (µg/mg)
Protect solutions containing doxycycline from light.
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Solution A: Transfer 3.1 g of monobasic potassium phosphate, 0.5 g of edetate disodium,
and 0.5 mL of triethylamine to a 1000-mL volumetric flask. Add about 850 mL of water and
mix. Dilute with water to volume and adjust with 1 N sodium hydroxide to a pH of 8.5 ±
0.1. Pass through a suitable filter of 0.22-µm pore size.
Solution B: Methanol
Mobile phase: See Table 1.
Time
(min)
0.0
2.0
4.0
6.0
9.0

Table 1
Solution A
(%)
90
90
60
90
90

Solution B
(%)
10
10
40
10
10

Diluent: 0.01 N hydrochloric acid
Standard solution: 0.12 mg/mL of USP Doxycycline Hyclate RS in Diluent. Sonicate as
needed to dissolve.
Sample solution: 0.1 mg/mL of Doxycycline in Diluent. Sonicate as needed to dissolve.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L7. [Note—A 1.7-µm guard column with
packing L7 was used during method validation.]
Column temperature: 60°
Flow rate: 0.6 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity of doxycycline (C22 H24 N2 O8 ), in µg/mg, in the portion of Doxycycline
taken:
Result = (rU/rS) × (CS/CU) × P
rU = peak response from the Sample solution
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rS = peak response from the Standard solution
CS = concentration of USP Doxycycline Hyclate RS in the Standard solution (mg/mL)
CU = concentration of Doxycycline in the Sample solution (mg/mL)
P = potency of doxycycline in USP Doxycycline Hyclate RS (µg/mg)
1S (USP42)

Acceptance criteria: 880–980 µg/mg
IMPURITIES
Change to read:
• Organic Impurities
Mobile phase, Diluent, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution 1: 1.2 mg/mL of USP Doxycycline Hyclate RS in Diluent. Sonicate as
needed to dissolve. Protect Standard solution 1 from light.
Standard solution 2: 0.024 mg/mL each of USP Doxycycline Hyclate RS and USP
Methacycline Hydrochloride RS in Diluent. Protect Standard solution 2 from light.
System suitability
Samples: System suitability solution and Standard solution 1
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between 4-epidoxycycline and doxycycline, System suitability
solution
Tailing factor: NMT 2.0 for doxycycline, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution 1
Analysis
Samples: Standard solution 2 and Sample solution
Calculate the percentage of methacycline in the portion of Doxycycline taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of methacycline from the Sample solution
rS = peak response of methacycline from Standard solution 2
CS = concentration of USP Methacycline Hydrochloride RS in Standard solution 2 (mg/mL)
CU = concentration of the Sample solution (mg/mL)
Calculate the percentage of each related compound other than methacycline in the portion
of Doxycycline taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of doxycycline from Standard solution 2
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CS = concentration of USP Doxycycline Hyclate RS in Standard solution 2 (mg/mL)
CU = concentration of the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name

Relative
Retention
Time

4-Epidoxycyclinea
Methacycline
6-Epidoxycycline
Doxycycline
Individual unspecified impuritiesb
a Main degradation product.
b Includes impurities that elute before methacycline
doxycycline.

0.4
0.6
0.7
1.0
—

Acceptance
Criteria,
NMT (%)
0.5
2
2
—
0.5

and those that elute after

Mobile phase, Diluent, and Chromatographic system: Proceed as directed in the
Assay.
System suitability stock solution 1: 1 mg/mL each of USP Doxycycline Related Compound
A RS and USP Methacycline Hydrochloride RS in Diluent
System suitability stock solution 2: 1.2 mg/mL of USP Doxycycline Hyclate RS in Diluent
System suitability solution: Transfer 5 mL of System suitability stock solution 2 to a 25mL volumetric flask, heat on a steam bath for 60 min, and evaporate to dryness on a hot
plate, taking care not to char the residue. Dissolve the residue in Diluent, add 0.5 mL of
System suitability stock solution 1, and dilute with Diluent to volume. Pass the solution
through a suitable filter and use the filtrate. This solution contains a mixture of 4epidoxycycline, doxycycline related compound A, methacycline, and doxycycline. When
stored in a refrigerator, this solution may be used for 14 days.
Sensitivity solution: 0.001 mg/mL of USP Doxycycline Hyclate RS in Diluent
Standard solution: 0.0023 mg/mL each of USP Doxycycline Hyclate RS and USP
Methacycline Hydrochloride RS in Diluent
Sample solution: 2.0 mg/mL of Doxycycline in Diluent. Sonicate as needed to dissolve.
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 1.5 between methacycline and 4-epidoxycycline; NLT 1.5 between 4epidoxycycline and doxycycline related compound A; and NLT 2.0 between doxycycline
related compound A and doxycycline, System suitability solution
Relative standard deviation: NMT 5.0% for the doxycycline and methacycline peaks,
Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of methacycline in the portion of Doxycycline taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of methacycline from the Sample solution
rS = peak response of methacycline from the Standard solution
CS = concentration of USP Methacycline Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Doxycycline in the Sample solution (mg/mL)
P = potency of methacycline in USP Methacycline Hydrochloride RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Calculate the percentage of doxycycline related compound A, 4-epidoxycycline, 2-acetyl-2decarbamoyldoxycycline, and any individual unspecified impurity in the portion of
Doxycycline taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of doxycycline from the Standard solution
CS = concentration of USP Doxycycline Hyclate RS in the Standard solution (mg/mL)
CU = concentration of Doxycycline in the Sample solution (mg/mL)
P = potency of doxycycline in USP Doxycycline Hyclate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
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Table 2

Name

Relative
Retention
Time

Methacyclinea
4-Epidoxycyclineb
Doxycycline related compound A (6-epidoxycycline)c
Doxycycline

0.64
0.79
0.88
1.0

Acceptance
Criteria,
NMT (%)
2
0.3
2
—

2-Acetyl-2-decarbamoyldoxycycline (if present)d,e
1.1
0.5
Any individual unspecified impurity
—
0.10
a (4S,4aR,5S,5aR,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methylene-1,11-dioxo-2-naphthacenecarboxamide.
b (4R,4aR,5S,5aR,6R,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide. Main
degradation product.
c (4S,4aR,5S,5aR,6S,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide.
d (4S,4aR,5S,5aR,6R,12aS)-2-Acetyl-4-(dimethylamino)-3,5,10,12,12a-pentahydroxy6-methyl-4a,5a,6,12a-tetrahydrotetracene-1,11(4H,5H)-dione.
e If possible, from manufacturing process.
1S (USP42)

SPECIFIC TESTS
• Crystallinity 〈695〉: Meets the requirements
• pH 〈791〉
Sample solution: An aqueous suspension containing 10 mg/mL
Acceptance criteria: 5.0–6.5
• Water Determination 〈921〉, Method I: 3.6%–4.6%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 〈11〉
USP Doxycycline Hyclate RS
USP Doxycycline Monohydrate RS
USP Doxycycline Related Compound A RS
[Note—May be available as a free base or a hydrochloride salt.]
(4S,4aR,5S,5aR,6S,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide.
C22 H24 N2 O8
444.43
(4S,4aR,5S,5aR,6S,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-
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3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide,
monohydrochloride.
C22 H24 N2 O8 ·HCl
480.13 1S (USP42)
USP Methacycline Hydrochloride RS
Recent Official Publications:
USP41–NF36 Page 1415
BRIEFING
Doxycycline Hyclate, USP 41 page 1428 and PF 42(2) [Mar.–Apr. 2016]. On the basis of
comments received, the earlier proposal published in PF 42(2) is canceled and replaced with the
following proposal:
1. Add the chemical structure and correct the chemical name for Doxycycline Hyclate in
the chemical information section.
2. Revise Identification A to include Infrared Absorption 〈197A〉 and allow the flexibility of
using either 〈197K〉 or 〈197A〉 for this test.
3. Add Identification B based on the retention time agreement as obtained in the proposed
Assay.
4. Replace the liquid chromatographic procedure in the test for Organic Impurities with a
liquid chromatographic procedure that is more specific, produces better peak shapes,
and has a shorter run time. The proposed procedure uses the Acquity UPLC BEH C8
brand of column with L7 packing. The typical retention time for doxycycline is about 3
min. A guard column of the same brand of stationary phase was used in the validation.
5. Replace the current HPLC procedure in the Assay with a chromatographic procedure
using the same parameters in the proposed test for Organic Impurities.
6. Revise the Sterility Tests section to make it more flexible.
7. Change the limit for any individual unspecified impurity in the test for Organic Impurities
to be consistent with other approved doxycycline hyclate drug products. Add the 2acetyl-2-decarbamoyldoxycycline impurity with a limit based on the approved sponsor
submission data. Manufacturers with different limits are encouraged to submit their
approved specifications to USP.
8. Add a Reference Standard to the USP Reference Standards section to support the
proposed test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: P. Pabba.)
Correspondence Number—C178411; C180463
Comment deadline: May 31, 2018
Doxycycline Hyclate
Change to read:
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1S (USP42)

(C22 H24 N2 O8 ·HCl)2 ·C2 H6 O·H2 O

1025.87

2-Naphthacenecarboxamide, 4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-, monohydrochloride, compound with ethanol
(2:1), monohydrate, [4S-(4α,4aα,5α,5aα,6α,12aα)]-;
(4S,4aR,5S,5aR,6R,12aS)- 1S (USP42)
4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,5,10,12,12a-pentahydroxy-6-methyl1,11-dioxo-2-naphthacenecarboxamide monohydrochloride, compound with ethyl alcohol (2:1),
monohydrate
[24390-14-5].
DEFINITION
Doxycycline Hyclate has a potency equivalent to NLT 800 µg/mg and NMT 920 µg/mg of
doxycycline (C22 H24 N2 O8 ).
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
or 〈197A〉 1S (USP42)
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Transfer 2.72 g of monobasic potassium phosphate, 0.74 g of sodium
hydroxide, 0.50 g of tetrabutylammonium hydrogen sulfate, and 0.40 g of edetate
disodium to a 1000-mL volumetric flask. Add 850 mL of water, and stir to dissolve. Add 60
g of tertiary butyl alcohol with the aid of water, dilute with water to volume, and adjust
with 1 N sodium hydroxide to a pH of 8.0 ± 0.1. Pass this solution through a filter of
0.5-µm or finer pore size, and degas before using. Decreasing the proportion of tertiary
butyl alcohol results in a longer retention time of doxycycline and improved separation of
doxycycline from the related compounds.
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Diluent: 0.01 N hydrochloric acid
System suitability stock solution: 6 mg/mL of doxycycline from USP Doxycycline Hyclate
RS in Diluent
System suitability solution: Transfer 5 mL of System suitability stock solution to a 25-mL
volumetric flask, heat on a steam bath for 60 min, and evaporate to dryness on a hot
plate, taking care not to char the residue. Dissolve the residue in 0.01 N hydrochloric acid,
and dilute with Diluent to volume. Pass a portion of this solution through a filter of 0.5-µm
or finer pore size, and use the filtrate. This solution contains a mixture of 4epidoxycycline, 6-epidoxycycline, and doxycycline. When stored in a refrigerator, this
solution may be used for 14 days.
Standard solution: 1.2 mg/mL of USP Doxycycline Hyclate RS in Diluent. Sonicate as
needed to dissolve. Protect the Standard solution from light.
Sample solution: 1.2 mg/mL of Doxycycline Hyclate in Diluent. Pass through a membrane
filter of 0.5-µm or finer pore size. Protect the Sample solution from light.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L21
Column temperature: 60 ± 1°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 1.7 times the retention time of doxycycline
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between the 4-epidoxycycline peak and the doxycycline peak,
System suitability solution
Tailing factor: NMT 2.0 for doxycycline, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity of doxycycline (C22 H24 N2 O8 ), in µg/mg, in the portion of Doxycycline
Hyclate taken:
Result = (rU/rS) × (CS/CU) × P
rU = peak response from the Sample solution
rS = peak response from the Standard solution
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CS = concentration of USP Doxycycline Hyclate RS in the Standard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL)
P = potency of doxycycline in USP Doxycycline Hyclate RS (µg/mg)
Protect solutions containing doxycycline from light.
Solution A: Transfer 3.1 g of monobasic potassium phosphate, 0.5 g of edetate disodium,
and 0.5 mL of triethylamine to a 1000-mL volumetric flask. Add about 850 mL of water and
mix. Dilute with water to volume and adjust with 1 N sodium hydroxide to a pH of 8.5 ±
0.1.
Solution B: Methanol
Mobile phase: See Table 1.
Time
(min)
0.0
2.0
4.0
6.0
9.0

Table 1
Solution A
(%)
90
90
60
90
90

Solution B
(%)
10
10
40
10
10

Diluent: 0.01 N hydrochloric acid
Standard solution: 0.1 mg/mL of USP Doxycycline Hyclate RS in Diluent. Sonicate as
needed to dissolve.
Sample solution: 0.1 mg/mL of Doxycycline Hyclate in Diluent. Sonicate as needed to
dissolve.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L7. [Note—A 1.7-µm guard column with
packing L7 was used during method validation.]
Column temperature: 60°
Flow rate: 0.6 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
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Calculate the quantity of doxycycline (C22 H24 N2 O8 ), in µg/mg, in the portion of Doxycycline
Hyclate taken:
Result = (rU/rS) × (CS/CU) × P
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Doxycycline Hyclate RS in the Standard solution (mg/mL)
CU = concentration of Doxycycline Hyclate in the Sample solution (mg/mL)
P = potency of doxycycline in USP Doxycycline Hyclate RS (µg/mg)
1S (USP42)

Acceptance criteria: 800–920 µg/mg
IMPURITIES
Change to read:
• Organic Impurities
Mobile phase, Diluent, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution 1: 1.2 mg/mL of USP Doxycycline Hyclate RS in Diluent. Sonicate as
needed to dissolve. Protect Standard solution 1 from light.
Standard solution 2: 0.024 mg/mL each of USP Doxycycline Hyclate RS and USP
Methacycline Hydrochloride RS in Diluent. Protect Standard solution 2 from light.
System suitability
Samples: System suitability solution and Standard solution 1
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between 4-epidoxycycline and doxycycline, System suitability
solution
Tailing factor: NMT 2.0 for doxycycline, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution 1
Analysis
Samples: Standard solution 2 and Sample solution
Calculate the percentage of methacycline in the portion of Doxycycline Hyclate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of methacycline from the Sample solution
rS = peak response of methacycline from Standard solution 2
CS = concentration of USP Methacycline Hydrochloride RS in Standard solution 2 (mg/mL)
CU = concentration of the Sample solution (mg/mL)
Calculate the percentage of each related compound, other than methacycline, in the
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portion of Doxycycline Hyclate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of doxycycline from Standard solution 2
CS = concentration of USP Doxycycline Hyclate RS in Standard solution 2 (mg/mL)
CU = concentration of the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Name

Relative
Retention
Time

4-Epidoxycyclinea
Methacycline
6-Epidoxycycline
Doxycycline
Individual unspecified impuritiesb
a Main degradation product.
b Includes impurities that elute before methacycline
doxycycline.

0.4
0.6
0.7
1.0
—

Acceptance
Criteria,
NMT (%)
0.5
2
2
—
0.5

and those that elute after

Mobile phase, Diluent, and Chromatographic system: Proceed as directed in the
Assay.
System suitability stock solution 1: 1 mg/mL each of USP Doxycycline Related Compound
A RS and USP Methacycline Hydrochloride RS in Diluent
System suitability stock solution 2: 1.2 mg/mL of USP Doxycycline Hyclate RS in Diluent
System suitability solution: Transfer 5 mL of System suitability stock solution 2 to a 25mL volumetric flask, heat on a steam bath for 60 min, and evaporate to dryness on a hot
plate, taking care not to char the residue. Dissolve the residue in Diluent, add 0.5 mL of
System suitability stock solution 1, and dilute with Diluent to volume. Pass the solution
through a suitable filter and use the filtrate. This solution contains a mixture of 4epidoxycycline, doxycycline related compound A, methacycline, and doxycycline. When
stored in a refrigerator, this solution may be used for 14 days.
Sensitivity solution: 0.001 mg/mL of USP Doxycycline Hyclate RS in Diluent
Standard solution: 0.002 mg/mL each of USP Doxycycline Hyclate RS and USP
Methacycline Hydrochloride RS in Diluent
Sample solution: 2.0 mg/mL of Doxycycline Hyclate in Diluent. Sonicate as needed to
dissolve.
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 1.5 between methacycline and 4-epidoxycycline; NLT 1.5 between 4epidoxycycline and doxycycline related compound A; and NLT 2.0 between doxycycline
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related compound A and doxycycline, System suitability solution
Relative standard deviation: NMT 5.0% for the doxycycline and methacycline peaks,
Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methacycline in the portion of Doxycycline Hyclate taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of methacycline from the Sample solution
rS = peak response of methacycline from the Standard solution
CS = concentration of USP Methacycline Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Doxycycline Hyclate in the Sample solution (mg/mL)
P = potency of methacycline in USP Methacycline Hydrochloride RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Calculate the percentage of doxycycline related compound A, 4-epidoxycycline, 2-acetyl-2decarbamoyldoxycycline, and any individual unspecified impurity in the portion of
Doxycycline Hyclate taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of doxycycline from the Standard solution
CS = concentration of USP Doxycycline Hyclate RS in the Standard solution (mg/mL)
CU = concentration of Doxycycline Hyclate in the Sample solution (mg/mL)
P = potency of doxycycline in USP Doxycycline Hyclate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
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Table 2

Name
Methacyclinea
4-Epidoxycyclineb
Doxycycline related compound A (6-epidoxycycline)c
Doxycycline

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

0.64
0.79
0.88
1.0

2
0.5
2
—

2-Acetyl-2-decarbamoyldoxycycline (if present)d,e
1.1
0.5
Any individual unspecified impurity
—
0.10
a (4S,4aR,5S,5aR,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methylene-1,11-dioxo-2-naphthacenecarboxamide.
b (4R,4aR,5S,5aR,6R,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide. Main
degradation product.
c (4S,4aR,5S,5aR,6S,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide.
d (4S,4aR,5S,5aR,6R,12aS)-2-Acetyl-4-(dimethylamino)-3,5,10,12,12a-pentahydroxy6-methyl-4a,5a,6,12a-tetrahydrotetracene-1,11(4H,5H)-dione.
e If possible, from manufacturing process.
1S (USP42)

SPECIFIC TESTS
• Crystallinity 〈695〉: Meets the requirements
• pH 〈791〉
Sample solution: Nominally 10 mg/mL of doxycycline from Doxycycline Hyclate
Acceptance criteria: 2.0–3.0
• Water Determination 〈921〉, Method I: 1.4%–2.8%
Change to read:
• Sterility Tests 〈71〉: Where the label states that Doxycycline Hyclate is sterile, it meets the
requirements when tested as directed in Test for Sterility of the Product to Be Examined,
Membrane Filtration, with Fluid D being used instead of Fluid A.
of the test. If the membrane filtration test is used, use Fluid D instead of Fluid A.
1S (USP42)

• Bacterial Endotoxins Test 〈85〉: Where the label states that Doxycycline Hyclate is sterile
or it must be subjected to further processing during the preparation of injectable dosage
forms, it has NMT 1.14 USP Endotoxin Units/mg of doxycycline.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light.
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
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Change to read:
• USP Reference Standards 〈11〉
USP Doxycycline Hyclate RS
USP Doxycycline Related Compound A RS
[Note—May be available as a free base or a hydrochloride salt.]
(4S,4aR,5S,5aR,6S,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide.
C22 H24 N2 O8
444.43
(4S,4aR,5S,5aR,6S,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide,
monohydrochloride.
C22 H24 N2 O8 ·HCl
480.13 1S (USP42)
(CN 1-May-2018)

USP Methacycline Hydrochloride RS
Recent Official Publications:
USP41–NF36 Page 1428
BRIEFING
Ephedrine Hydrochloride, USP 41 page 1525. As part of the USP monograph modernization
effort, the following revisions are proposed:
1. Revise the Acceptance criteria in the Definition and Assay from NLT 98.0% and NMT
100.5% to NLT 98.0% and NMT 102.0%, which are typical for chromatographic
procedures.
2. Add Identification C based on a HPLC procedure with the retention time agreement for
ephedrine in the proposed Assay.
3. Replace the existing Assay, which uses a nonspecific titrimetric approach, with a
validated stability-indicating HPLC procedure based on the Organic Impurities test. The
proposed liquid chromatographic procedure is based on analyses performed with the
Thermo Scientific Hypersil Gold Phenyl brand of column with L11 packing. The typical
retention time for ephedrine is about 12 min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: C. Anthony.)
Correspondence Number—C187451
Comment deadline: May 31, 2018
Ephedrine Hydrochloride
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201.69

Benzenemethanol, α-[1-(methylamino)ethyl]-, hydrochloride, [R-(R*,S*)]-;
(-)-Ephedrine hydrochloride
[50-98-6].
DEFINITION
Change to read:
Ephedrine Hydrochloride contains NLT 98.0% and NMT 100.5%
102.0% 1S (USP42)
of ephedrine hydrochloride (C10 H15 NO·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride: Meets the
requirements
Add the following:
• C. The retention time of the ephedrine peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 150 mg of Ephedrine Hydrochloride in 50 mL of alcohol. Add 5.0
mL of 0.01 N hydrochloric acid.
Titrimetric system
(See Titrimetry 〈541〉.)
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Potentiometric
Analysis
Sample: Sample solution
Titrate the Sample solution with Titrant, determining the endpoint potentiometrically. Read
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the volume added between the two points of inflection. Each mL of 0.1 N sodium
hydroxide is equivalent to 20.17 mg of ephedrine hydrochloride (C10 H15 NO·HCl).
Acceptance criteria: 98.0%–100.5% on the dried basis
Buffer: 11.6 g/L of ammonium acetate; adjusted with glacial acetic acid to a pH of 4.0
Mobile phase: Methanol and Buffer (6:94)
Diluent: Methanol and water (6:94)
System suitability solution: 0.1 mg/mL each of USP Ephedrine Hydrochloride RS and USP
Pseudoephedrine Hydrochloride RS in Diluent
Standard solution: 0.2 mg/mL of USP Ephedrine Hydrochloride RS in Diluent
Sample solution: 0.2 mg/ mL of Ephedrine Hydrochloride in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 4.6-mm × 15-cm; 3-µm packing L11
Flow rate: 1 mL/min
Injection volume: 20µL
Run time: NLT 2 times the retention time of ephedrine
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for ephedrine and pseudoephedrine are 1.0 and 1.1
respectively.]
Suitability requirements
Resolution: NLT 2.0 between ephedrine and pseudoephedrine, System suitability
solution
Tailing factor: NMT 2.0 for ephedrine, Standard solution
Relative standard deviation: NMT 0.73% for ephedrine, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ephedrine hydrochloride (C10 H15 NO·HCl) in the portion of
Ephedrine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of ephedrine from the Sample solution
rS = peak response of ephedrine from the Standard solution
CS = concentration of USP Ephedrine Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Ephedrine Hydrochloride in the Sample solution (mg/mL)
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Acceptance criteria: 98.0%–102.0% on the dried basis

1S (USP42)

IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
• Chloride and Sulfate 〈221〉, Sulfate
Sample solution: 1.25 mg/mL of Ephedrine Hydrochloride in water
Analysis: Add 1 mL of 3 N hydrochloric acid and 1 mL of barium chloride TS to 40 mL of the
Sample solution.
Acceptance criteria: No turbidity develops within 10 min.
Change to read:
• Organic Impurities
Buffer, Mobile phase, and Chromatographic system: Proceed as directed in the Assay,
except for the Run time.
Run time:
NLT 1S (USP42)
2.5 times the retention time of ephedrine
System suitability solution: 0.1 mg/mL each of USP Ephedrine Hydrochloride RS and USP
Pseudoephedrine Hydrochloride RS in Mobile phase
Sensitivity solution: 3.8 µg/mL of USP Ephedrine Hydrochloride RS in Mobile phase
Standard solution: 30 µg/mL of USP Ephedrine Hydrochloride RS in Mobile phase
Sample solution: 7.5 mg/mL of Ephedrine Hydrochloride in Mobile phase
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between ephedrine and pseudoephedrine, System suitability
solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual
α-acetylbenzyl alcohol or any unspecified 1S (USP42)
impurity in the portion of Ephedrine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each
α-acetylbenzyl alcohol or any unspecified 1S (USP42)
impurity from the Sample solution
rS = peak response of ephedrine from the Standard solution
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CS = concentration of USP Ephedrine Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Ephedrine Hydrochloride in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1. Disregard peaks that are less than 0.05% of the
ephedrine peak.
The reporting threshold is 0.05%. 1S (USP42)

Name

Table 1
Relative
Retention
Time
1.0
1.1

Relative
Response
Factor
—
—

Acceptance
Criteria,
NMT (%)
—
—

Ephedrine
Pseudoephedrinea
α-Acetylbenzyl
alcoholb
1.4
2.5
0.2
Any unspecified impurity
—
1.0
0.1
—
—
Total impuritiesc
0.5
a Included for identification only. It is not to be reported and not to be included in the
total impurities.
b (-)-(1R)-1-Hydroxy-1-phenylpropan-2-one.
c Excludes α-acetylbenzyl alcohol.
SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 50 mg/mL of Ephedrine Hydrochloride in water
Acceptance criteria: −33.0° to −35.5°
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 0.5%
• Acidity or Alkalinity
Sample solution: 50 mg/mL of Ephedrine Hydrochloride in water
Analysis: To 20 mL of Sample solution add 1 drop of methyl red TS.
Acceptance criteria: If the solution is yellow, it is changed to red by NMT 0.10 mL of
0.020 N sulfuric acid. If the solution is pink, it is changed to yellow by NMT 0.20 mL of
0.020 N sodium hydroxide.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• USP Reference Standards 〈11〉
USP Ephedrine Hydrochloride RS
USP Pseudoephedrine Hydrochloride RS
Recent Official Publications:
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USP41–NF36 Page 1525
BRIEFING
Epoprostenol Sodium, PF 37(6) [Nov.–Dec. 2011]. The previous proposal for this new USP
monograph in PF 37(6) has been canceled and a new proposal is being presented. The liquid
chromatographic procedures in the Assay were validated with the Waters XTerra RP18 brand of
column with L1 packing, from which epoprostenol elutes at about 9 min. The liquid
chromatographic procedures in the test for Organic Impurities were validated with the Agilent
Zorbax Extend C18 brand of column with L1 packing, from which epoprostenol elutes at about
13 min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.-H. Yeh, D. Vicchio.)
Correspondence Number—C171837
Comment deadline: May 31, 2018
Add the following:
Epoprostenol Sodium

C20 H31 NaO5

374.45

Prosta-5,13-dien-1-oic acid, 6,9-epoxy-11,15-dihydroxy-, sodium salt, (5Z,9α,11α,13E,15S);
Sodium (Z)-(3aR,4R,5R,6aS)-hexahydro-5-hydroxy-4-[(E)-(3S)-3-hydroxy-1-octenyl]-2Hcyclopenta[b]furan-Δ2-valerate;
Sodium (Z)-5-{(3aR,4R,5R,6aS)-5-hydroxy-4-[(S,E)-3-hydroxyoct-1-en-1-yl]hexahydro-2Hcyclopenta[b]furan-2-ylidene}pentanoate
[61849-14-7].
DEFINITION
Epoprostenol Sodium contains NLT 97.0% and NMT 103.0% of the labeled amount of
epoprostenol sodium (C20 H31 NaO5 ), calculated on the anhydrous and sodium hydroxide-free
basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉 or 〈197A〉
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• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Sodium: Meets the
requirements
ASSAY
• Procedure
[Note—The Standard solution and Sample solution should be freshly prepared. Solutions
should be kept from heating during preparation.]
Solution A: Acetonitrile, 10% tetramethylammonium hydroxide, and water (200:25:775),
adjusted with phosphoric acid to a pH of 8.5
Solution B: Acetonitrile, 10% tetramethylammonium hydroxide, and water (500:25:475),
adjusted with phosphoric acid to a pH of 8.5
Mobile phase: Solution A and Solution B (75:25)
Glycine solution: 1.5 g/L of glycine in water, adjusted with 0.1 N sodium hydroxide to a pH
of 11
Diluent: Acetonitrile and Glycine solution (50:50)
Standard solution 1: 0.5 mg/mL of USP Epoprostenol Sodium RS in Diluent
Standard solution 2: 0.6 mg/mL of USP Epoprostenol Sodium RS in Diluent
Sample solution: 0.5–0.6 mg/mL of Epoprostenol Sodium in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 4°
Column: 30°
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: 15 min
System suitability
Sample: Standard solution 2
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.1%
Analysis
Samples: Standard solution 1, Standard solution 2, and Sample solution
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Construct a calibration curve by plotting the peak response versus the concentration of the
Standard solutions and the zero point. Determine the concentration, Ci, in mg/mL, of
epoprostenol sodium in the Sample solution by linear regression analysis of the standard
curve.
Calculate the percentage of epoprostenol sodium (C20 H31 NaO5 ) in the portion of
Epoprostenol Sodium taken:
Result = (Ci/CU) × 100
Ci = concentration of epoprostenol sodium in the Sample solution, determined from the
calibration curve (mg/mL)
CU = concentration of Epoprostenol Sodium in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the anhydrous and sodium hydroxide-free basis
IMPURITIES
• Limit of Sodium Hydroxide
Sample: 0.45 g of Epoprostenol Sodium
Blank: Water
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Titrant: 0.1 N hydrochloric acid
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample in 50 mL of water, and titrate with the Titrant. Perform a
blank determination, and make any necessary correction.
Calculate the percentage of sodium hydroxide in the portion of Epoprostenol Sodium taken:
Result = {[(VS − VB) × N × F]/W} × 100
VS = Titrant volume consumed by the Sample (mL)
VB = Titrant volume consumed by the Blank (mL)
N = actual normality of the Titrant (mEq/mL)
F = equivalency factor, 40.00 mg/mEq
W = Sample weight (mg)
Acceptance criteria: NMT 4.5% of sodium hydroxide is found.
• Organic Impurities
[Note—The Sample solution should be freshly prepared immediately before injection.
Solutions should be kept from heating during preparation.]
Buffer A: 0.70 g/L of boric acid and 1.91 g/L of sodium borate in water
Buffer B: 0.56 g/L of boric acid and 1.53 g/L of sodium borate in water
Solution A: Acetonitrile and Buffer A (20:80)
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Solution B: Acetonitrile and Buffer B (50:50)
Mobile phase: See Table 1.
Time
(min)
0
25
60
60.1
70

Table 1
Solution A
(%)
90
90
20
90
90

Solution B
(%)
10
10
80
10
10

Glycine solution: Prepare as directed in the Assay.
Diluent: Acetonitrile and Glycine solution (20:80)
System suitability solution: Reconstitute the USP Epoprostenol Sodium System Suitability
Mixture RS with 1.5 mL of water and use as is.
Sample solution: 1.0 mg/mL of Epoprostenol Sodium in Diluent, prepared immediately
before injection
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 4°
Column: 35°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between the epoprostenol regioisomer and epoprostenol and NLT
1.0 between the epoxyepoprostenol and epoprostenol peaks
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Epoprostenol Sodium taken:
Result = (rU/F i) × {1/[rT + Σ(rU/F i)]} × 100
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rU = peak response of each impurity from the Sample solution
F i = relative response factor for each corresponding impurity (see Table 2)
rT = peak response of epoprostenol from the Sample solution
Acceptance criteria: See Table 2.

Compound
Epoprostenol related compound A
Dinoprost
Epoprostenol E-isomer
Epoprostenol 15-R-epimer
Epoprostenol regioisomer
Epoxyepoprostenol
Epoprostenol
Any individual unspecified impurity
Total impurities

Table 2
Relative
Retention
Time
0.25
0.48
0.57
0.73
0.82
0.89
1.00
—
—

Relative
Response
Factor
0.31
0.40
0.74
0.91
0.75
0.34
—
1.0
—

Acceptance
Criteria,
NMT (%)
0.5
—
0.15
—
0.15
—
—
0.10
1.0

SPECIFIC TESTS
• Water Determination 〈921〉, Method I, Method Ic: NMT 7.0%
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 10 mg/mL in ethanol
Acceptance criteria: +90.0° to +97.0°, calculated on the anhydrous basis
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Protect from light. Store
between −25° and −10°.
• USP Reference Standards 〈11〉
USP Epoprostenol Sodium RS
USP Epoprostenol Sodium System Suitability Mixture RS
This is a mixture of Epoprostenol Sodium and the sodium salts of the following
impurities:
Epoprostenol related compound A: 7-{(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxyoct1-enyl]cyclopentyl}-6-oxoheptanoic acid.
C20 H34 O6
370.48
Epoprostenol E-isomer: (E)-5-{(3aR,4R,5R,6aS)-5-Hydroxy-4-[(S,E)-3-hydroxyoct-1en-1-yl]hexahydro-2H-cyclopenta[b]furan-2-ylidene}pentanoic acid.
C20 H32 O5
352.47
Epoprostenol regioisomer: 5-{(3aS,4R,5R,6aS)-5-Hydroxy-4-[(S,E)-3-hydroxyoct-1-en1-yl]-4,5,6,6a-tetrahydro-3aH-cyclopenta[b]furan-2-yl}pentanoic acid.
C20 H32 O5
352.47
Epoprostenol 15-R-epimer: (Z)-5-{(3aR,4R,5R,6aS)-5-Hydroxy-4-[(R,E)-3-hydroxyoct-
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1-en-1-yl]hexahydro-2H-cyclopenta[b]furan-2-ylidene}pentanoic acid.
C20 H32 O5
352.47
Epoxyepoprostenol: 5-{(2R,3aR,4R,5R,6aS)-4-[(S,E)-3-Hydroxyoct-1-en-1yl]hexahydro-2H-2,5-epoxycyclopenta[b]furan-2-yl}pentanoic acid.
C20 H32 O5
352.47
Dinoprost: (Z)-7-{(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxyoct-1-en-1yl]cyclopentyl}hept-5-enoic acid.
C20 H34 O5
354.49
1S (USP42)

BRIEFING
Epoprostenol for Injection, PF 38(6) [Nov.–Dec. 2012]. The previous proposal for this new
USP monograph in PF 38(6) has been canceled, and a new proposal is being presented. The
liquid chromatographic procedures in the Assay and in the test for Organic Impurities were
validated with the Hypersil-ODS brand of column with L1 packing, in which epoprostenol elutes
at about 9 min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.-H. Yeh, M. Koleck.)
Correspondence Number—C181604
Comment deadline: May 31, 2018
Add the following:
Epoprostenol for Injection
DEFINITION
Epoprostenol for Injection contains an amount of Epoprostenol Sodium equivalent to NLT
90.0% and NMT 107.5% of the labeled amount of epoprostenol (C20 H32 O5 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.2 g/L each of boric acid, sodium borate, and anhydrous sodium sulfate in water
Mobile phase: Acetonitrile and Buffer (18:82)
Diluent: 0.05% (w/v) aqueous tetramethylammonium hydroxide
Standard solution: (L/5) mg/mL of USP Epoprostenol Sodium RS in Diluent, where L is the
label claim of epoprostenol, in mg/vial
Sample solution: Nominally (L/5) mg/mL of epoprostenol in Diluent, from the composition
of NLT 10 constituted vials, where L is the label claim of epoprostenol, in mg/vial
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 10-cm; 5-µm packing L1
Flow rate: 2.5–3.0 mL/min
Injection volume: 50 µL
Run time: NLT 1.6 times the retention time of epoprostenol
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.6
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of epoprostenol (C20 H32 O5 ) in the portion
of constituted Epoprostenol for Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Epoprostenol Sodium RS in the Standard solution (mg/mL)
CU = nominal concentration of epoprostenol in the Sample solution (mg/mL)
Mr1 = molecular weight of epoprostenol, 352.47
Mr2 = molecular weight of epoprostenol sodium, 374.45
Acceptance criteria: 90.0%–107.5%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements
IMPURITIES
• Organic Impurities
Buffer, Mobile phase, Diluent, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: (L/100) mg/mL each of USP Epoprostenol Sodium RS and USP
Epoprostenol Related Compound A RS in Diluent, where L is the label claim of epoprostenol,
in mg/vial
System suitability
Sample: Standard solution
Suitability requirements
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Resolution: NLT 1.2 between epoprostenol related compound A and the solvent front
Tailing factor: NMT 2.6 for epoprostenol
Relative standard deviation: NMT 5.0% for epoprostenol
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of epoprostenol related compound A in the portion of constituted
Epoprostenol for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of epoprostenol related compound A from the Sample solution
rS = peak response of epoprostenol related compound A from the Standard solution
CS = concentration of USP Epoprostenol Related Compound A RS in the Standard solution
(mg/mL)
CU = nominal concentration of epoprostenol in the Sample solution (mg/mL)
Identify the degradation products using the relative retention times given in Table 1.
Calculate the percentage of all other specified and unspecified degradation products in the
portion of constituted Epoprostenol for Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
ru = peak response of the degradation product from the Sample solution
rS = peak response of epoprostenol from the Standard solution
CS = concentration of USP Epoprostenol Sodium RS in the Standard solution (mg/mL)
CU = nominal concentration of epoprostenol in the Sample solution (mg/mL)
Mr1 = molecular weight of epoprostenol, 352.47
Mr2 = molecular weight of epoprostenol sodium, 374.45
Acceptance criteria: See Table 1.
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Table 1
Relative
Retention
Time
0.18
0.52
0.68
0.80
1.0
—
—
—

Acceptance
Criteria,
NMT (%)
7.5
1.0
1.0
2.0
—
0.5
1.0
10.0

Name
Epoprostenol related compound A
Epoprostenol E-isomera
Epoxyepoprostenolb
Epoprostenol regioisomerc
Epoprostenol
Any individual unidentified degradation product
Total unidentified degradation products
Total impurities
a (E)-5-{(3aR,4R,5R,6aS)-5-Hydroxy-4-[(S,E)-3-hydroxyoct-1-en-1yl]hexahydro-2H-cyclopenta[b]furan-2-ylidene}pentanoic acid.
b 5-{(2R,3aR,4R,5R,6aS)-4-[(S,E)-3-Hydroxyoct-1-en-1-yl]hexahydro-2H-2,5epoxycyclopenta[b]furan-2-yl}pentanoic acid.
c 5-{(3aS,4R,5R,6aS)-5-Hydroxy-4-[(S,E)-3-hydroxyoct-1-en-1-yl]-4,5,6,6atetrahydro-3aH-cyclopenta[b]furan-2-yl}pentanoic acid.

SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 1.5 mg/vial, average of 5 vials, and NMT 3.0
mg/vial for any individual vial
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• pH 〈791〉
Sample: Constitute with 2.0 mL of water.
Acceptance criteria: 11.1–11.7
• Bacterial Endotoxins Test 〈85〉: Meets the requirements
• Sterility Tests 〈71〉: Meets the requirements
• Constituted Solution: At the time of use, it meets the requirements in Injections and
Implanted Drug Products 〈1〉, Product Quality Tests Common to Parenteral Dosage Forms,
Specific Tests, Completeness and Clarity of Solutions.
• Other Requirements: Meets the requirements in Injections and Implanted Drug Products
〈1〉.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature, protected from light.
• USP Reference Standards 〈11〉
USP Epoprostenol Sodium RS
USP Epoprostenol Related Compound A RS
7-{(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxyoct-1-enyl]cyclopentyl}-6oxoheptanoic acid;
Also known as Prost-13-en-1-oic acid, 9,11,15-trihydroxy-6-oxo-,(9α,11α,13E,15S).
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370.48

1S (USP42)

BRIEFING
Ergocalciferol Capsules, USP 41 page 1548. On the basis of comments received, it is
proposed to delete information about expression of the content of vitamin D in USP Units from
the Labeling section due to new labeling requirements from the FDA to label the content of
vitamins in metric units.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C197404
Comment deadline: May 31, 2018
Ergocalciferol Capsules
DEFINITION
Ergocalciferol Capsules usually consist of an edible vegetable oil solution of Ergocalciferol,
encapsulated with Gelatin. Ergocalciferol Capsules contain NLT 100.0% and NMT 120.0% of
the labeled amount of vitamin D as ergocalciferol (C28 H44 O).
ASSAY
Change to read:
• Procedure
[Note—Throughout this Assay, protect solutions containing, and derived from, the test
specimen and the Reference Standard from the atmosphere and light, preferably by the
use of a blanket of inert gas and low-actinic glassware.]
Dehydrated hexane: Prepare a chromatographic column by packing a chromatographic
tube, 60-cm × 8-cm in diameter, with 500 g of 50- to 250-µm siliceous earth,
chromatographic, activated by drying at 150° for 4 h. (See Chromatography 〈621〉,
Column Adsorption Chromatography.) Pass 500 mL of hexanes through the column, and
collect the eluate in a glass-stoppered flask.
1S (USP42)

Butylated hydroxytoluene solution: 10 mg/mL of butylated hydroxytoluene in n-hexane
Aqueous potassium hydroxide solution: 1 g/mL of potassium hydroxide in freshly boiled
water. [Note—Prepare solution fresh daily.]
Alcoholic potassium hydroxide solution: 3 g of potassium hydroxide in 50 mL of freshly
boiled water. Add 10 mL of alcohol, and dilute with freshly boiled water to 100 mL. [Note
—Prepare solution fresh daily.]
Sodium ascorbate solution: 175 mg/mL of ascorbic acid in 1 N sodium hydroxide. [Note
—Prepare solution fresh daily.]
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Sodium sulfide solution: 12 g of sodium sulfide in 20 mL of water. Dilute with glycerin to
100 mL.
Mobile phase: Dehydrated hexane
n-Hexane 1S (USP42)
and n-amyl alcohol (997:3). The ratio of components and the flow rate may be varied to
meet the System suitability requirements.
System suitability solution: Transfer 100 mg of USP Vitamin D Assay System Suitability
RS to a 10-mL volumetric flask. Add a mixture of toluene and Mobile phase (1 in 5) to
volume, and mix. Heat a portion of this solution under reflux, at 90° for 45 min, and cool.
Standard stock solution: 0.5 mg/mL of USP Ergocalciferol RS in toluene. [Note—Prepare
solution fresh daily.]
Standard solution A: 20 µg/mL from the Standard stock solution in Mobile phase. [Note
—Store this solution at a temperature NMT 0°.]
Standard solution B: Pipet 4 mL of the Standard stock solution into a round-bottomed
flask fitted with a reflux condenser, and then add 2 or 3 crystals of butylated
hydroxytoluene. Displace the air with nitrogen, and heat in a water bath maintained at a
temperature of 90° in subdued light under a nitrogen atmosphere for 45 min to obtain a
solution containing vitamin D and pre-vitamin D. Cool, transfer with the aid of several
portions of Mobile phase to a 100-mL volumetric flask, and dilute with Mobile phase to
volume.
Sample solution: Reflux NLT 10 Capsules with a mixture of 10 mL of Sodium ascorbate
solution and 2 drops of Sodium sulfide solution on a steam bath for 10 min, crush any
remaining solids with a blunt glass rod, and continue heating for 5 min. Cool, and add 25
mL of alcohol and 3 mL of Aqueous potassium hydroxide solution. Reflux the mixture on a
steam bath for 30 min. Cool rapidly under running water, and transfer the saponified
mixture to a conical separator, rinsing the saponification flask with two 15-mL portions of
water, 10 mL of alcohol, and two 50-mL portions of ether. [Note—Use ether within 24 h
after opening the container.] Shake the combined saponified mixture and rinsings
vigorously for 30 s, and allow to stand until both layers are clear. Transfer the aqueous
phase to a second conical separator, add a mixture of 10 mL of alcohol and 50 mL of
solvent hexane, and shake vigorously. Allow to separate, transfer the aqueous phase to a
third conical separator, and transfer the solvent hexane phase to the first separator,
rinsing the second separator with two 10-mL portions of solvent hexane and adding the
rinsings to the first separator. Shake the aqueous phase in the third separator with 50 mL
of solvent hexane, and add the solvent hexane phase to the first separator. Wash the
combined ether–solvent hexane extracts by shaking vigorously with three 50-mL portions
of Alcoholic potassium hydroxide solution, and wash with 50-mL portions of water
vigorously until the last washing is neutral to phenolphthalein. Drain any remaining drops of
water from the combined ether–solvent hexane extracts, add 2 sheets of 9-cm filter
paper, in strips, to the separator, and shake. Transfer the washed ether–solvent hexane
extracts to a round-bottomed flask, rinsing the separator and paper with solvent hexane.
Combine the solvent hexane rinsings with the ether–solvent hexane extracts, add 100 µL
of Butylated hydroxytoluene solution, and mix. Evaporate under vacuum to dryness by
swirling in a water bath maintained at a temperature NMT 40°. Cool under running water,
and introduce nitrogen sufficient to restore atmospheric pressure. Without delay, dissolve
and dilute the residue in an accurately measured volume of a mixture of toluene and
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Mobile phase (1 in 5), until the nominal concentration of vitamin D is about 25 µg/mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L3
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for precholecalciferol, trans-cholecalciferol, and
cholecalciferol are 0.4, 0.5, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.0 between trans-cholecalciferol and precholecalciferol
Relative standard deviation: NMT 2.0% for cholecalciferol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Ergocalciferol response factor
Calculate the Ergocalciferol response factor, F D:
F D = CS/rS
CS = concentration of USP Ergocalciferol RS in Standard solution A (µg/mL)
rS = peak response of ergocalciferol from Standard solution A
Pre-ergocalciferol response factor
Calculate the concentration of ergocalciferol, C′S, in µg/mL, in Standard solution B:
C′S = F D × r′S
F D = Ergocalciferol response factor, as previously determined
r′S = peak area of ergocalciferol from Standard solution B
Calculate the concentration of pre-ergocalciferol, C′pre, in µg/mL, in Standard solution
B:
C′pre = CS − C′S
CS = concentration of USP Ergocalciferol RS in Standard solution A (µg/mL)
C′S = concentration of ergocalciferol in Standard solution B (µg/mL)
Calculate the Pre-ergocalciferol response factor, F pre:
F pre = C′pre/r′pre

PF 44(2): Mar.-Apr. 2018

219

C′pre = concentration of pre-ergocalciferol in Standard solution B (µg/mL)
r′pre = peak response of pre-ergocalciferol from Standard solution B
[Note—The value of F pre determined in duplicate, on different days, can be used during
the entire procedure.]
Vitamin D content
Calculate the percentage of the labeled amount of vitamin D as ergocalciferol
(C28 H44 O) in the portion of Capsules taken:
Result = {[(F D × rC) + (F pre × r′pre)]/CU} × 100
F D = Ergocalciferol response factor, as previously determined
rC = peak area of ergocalciferol from the Sample solution
F pre = Pre-ergocalciferol response factor, as previously determined
r′pre = peak area of pre-ergocalciferol from the Sample solution
CU = nominal concentration of ergocalciferol in the Sample solution (µg/mL)
Acceptance criteria: 100.0%–120.0%
PERFORMANCE TESTS
• Disintegration 〈701〉
Buffer solution: 0.05 M acetate buffer, prepared by mixing 2.99 g of sodium acetate and
1.66 mL of glacial acetic acid with water to obtain a 1000-mL solution having a pH of 4.5
± 0.05
Immersion fluid: Buffer solution
Time: 45 min
Acceptance criteria: Meet the requirements
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• Labeling: Label the Capsules to indicate the content of ergocalciferol in milligrams. The
activity may be expressed also in terms of USP Units, on the basis that 40 USP Vitamin D
Units = 1 µg.
1S (USP42)

• USP Reference Standards 〈11〉
USP Ergocalciferol RS
USP Vitamin D Assay System Suitability RS
Recent Official Publications:
USP41–NF36 Page 1548
BRIEFING
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Ergoloid Mesylates Sublingual Tablets, USP 41 page 1554. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Ergoloid Mesylates Sublingual Tablets are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C196114
Comment deadline: May 31, 2018
Delete the following:
Ergoloid Mesylates Sublingual Tablets

» Ergoloid Mesylates Sublingual Tablets contain not less than 90.0 percent
and not more than 110.0 percent of the labeled amount of ergoloid
mesylates, consisting of not less than 30.3 percent and not more than 36.3
percent of the methanesulfonate salt of each of the individual alkaloids
(dihydroergocristine, dihydroergocornine, and dihydroergocryptine). The ratio
of alpha- to beta-dihydroergocryptine mesylate is not less than 1.5:1.0 and
not more than 2.5:1.0.
Packaging and storage—Preserve in tight, light-resistant containers. Store at 25°, excursions
permitted between 15° and 30°.
Labeling—Label the Tablets to indicate that they are intended for sublingual administration.
USP Reference standards 〈11〉—
USP Ergoloid Mesylates RS
Identification—Mix a small amount of powdered Sublingual Tablets, equivalent to about 5 mg
of ergoloid mesylates, with 5 mL of water and 5 mL of a mixture of equal volumes of glacial
acetic acid and sulfuric acid, and add 1 drop of freshly prepared ferric chloride solution (1 in
20): a violet-blue color develops within 5 minutes.
Disintegration 〈701〉: 15 minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Assay—
Mobile phase— Prepare a filtered and degassed solution containing a mixture of water,
acetonitrile, and triethylamine (700:300:9). Make adjustments if necessary (see System
Suitability under Chromatography 〈621〉).
Internal standard solution— Transfer about 113 mg of papaverine hydrochloride to a 1-L flask.
Add a mixture of 0.01 M tartaric acid and acetonitrile (2:1) to volume, and mix.
Standard preparation— Transfer about 33 mg of USP Ergoloid Mesylates RS, accurately
weighed, to a 100-mL volumetric flask. Dissolve in and dilute with Internal standard solution to
volume, and mix. Use a freshly prepared solution.
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Assay preparation— Weigh and finely powder not fewer than 20 Sublingual Tablets. Transfer an
accurately weighed portion of the powder, equivalent to about 5 mg of ergoloid mesylates, to a
50-mL centrifuge tube. Add 15.0 mL of Internal standard solution, insert the stopper into the
tube, and shake for about 15 minutes. Centrifuge, filter if necessary, and use the clear
supernatant.
Chromatographic system (see Chromatography 〈621〉)— The liquid chromatograph is equipped
with a 280-nm detector and a 4.6-mm × 15-cm column that contains packing L1. [Note—Use
an L1 column capable of handling pH values greater than 11.] The flow rate is about 1.5 mL per
minute. Chromatograph the Standard preparation, and record the peak responses as directed
for Procedure: the column efficiency determined for the dihydro-β-ergocryptine mesylate peak
is not less than 1000 theoretical plates; the tailing factor for the dihydro-β-ergocryptine
mesylate peak is not more than 2.0; the resolution, R, between the dihydro- α-ergocryptine
mesylate and dihydroergocristine mesylate peaks is not less than 2.0, and between
dihydroergocristine and dihydro-β-ergocryptine peaks is not less than 2.0; and the relative
standard deviation of the ratio of the sum of the four peaks to the internal standard for
replicate injections is not more than 1.5%.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. The order of elution is papaverine, dihydroergocornine,
dihydro- α-ergocryptine, dihydroergocristine, and dihydro-β-ergocryptine. Calculate the
quantity, in mg, of ergoloid mesylates in the portion of Sublingual Tablets taken by the formula:
15C(RU / RS)
in which C is the concentration, in mg per mL, of USP Ergoloid Mesylates RS in the Standard
preparation; and RU and RS are the sums of the ratios of responses of the four major peaks to
the response of the internal standard peak obtained from the Assay preparation and the
Standard preparation, respectively. Calculate the percentage of each of the individual alkaloids
taken by the formula:
100Ri(MW)i /Σ[Ri(MW)i]
in which Ri is the peak response ratio of the individual alkaloid to the internal standard; (MW)i is
the molecular weight of the individual alkaloid; and Σ[Ri(MW)i] is the summation of the products
of peak response ratios and molecular weights for the four alkaloids. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 1554
BRIEFING
Ergotamine Tartrate Sublingual Tablets, USP 41 page 1561. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Ergotamine Tartrate Sublingual Tablets
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)

PF 44(2): Mar.-Apr. 2018

222

Correspondence Number—C196113
Comment deadline: May 31, 2018
Delete the following:
Ergotamine Tartrate Sublingual Tablets
DEFINITION
Ergotamine Tartrate Sublingual Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of ergotamine tartrate [(C33 H35 N5 O5 )2 ·C4 H6 O6 ].
IDENTIFICATION
• A.
Solution A: Shake chloroform with ammonium hydroxide, draw off the chloroform layer, and
use the chloroform saturated with ammonia.
Solution B: Combine equal volumes of glacial acetic acid and ethyl acetate.
Solution C: Combine equal volumes of ferric chloride TS and water.
Sample solution: Triturate a portion of finely powdered Tablets, equivalent to 5 mg of
ergotamine tartrate, with 10 mL of solvent hexane for a few min. Allow to settle, and
discard the solvent hexane extract. To the residue add 10 mL of Solution A, triturate for a
few min, filter, and evaporate the filtrate on a steam bath to dryness. Dissolve the residue
in 8 mL of Solution B.
Analysis
Sample: Sample solution
Part 1: To 1 mL of Sample solution add slowly, with continuous agitation and cooling, 1
mL of sulfuric acid.
Part 2: To the resulting solution from Part 1, add 0.1 mL of Solution C.
Acceptance criteria: Both criteria for Part 1 and Part 2 must be met.
Part 1: A blue color with a red tinge develops.
Part 2: The red tinge becomes less apparent and the blue color more pronounced.
ASSAY
• Procedure
Mobile phase: Acetonitrile and 0.01 M monobasic potassium phosphate (55:45)
Diluent: Acetonitrile and water (55:45)
Internal standard solution: 0.16 mg/mL of ergonovine maleate in Diluent
Standard stock solution: 0.2 mg/mL of USP Ergotamine Tartrate RS in Diluent
Standard solution: 0.02 mg/mL of USP Ergotamine Tartrate RS from Standard stock
solution and 0.016 mg/mL of ergonovine maleate from Internal standard solution prepared
as follows. Transfer 5.0 mL of Standard stock solution to a 50-mL volumetric flask, add
5.0 mL of Internal standard solution, and dilute with Diluent to volume.
Sample solution: Nominally 0.02 mg/mL of ergotamine tartrate from Tablets prepared as
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follows. Transfer a number of whole Tablets, equivalent to 10 mg of ergotamine tartrate,
to a 500-mL volumetric flask. Add 50.0 mL of Internal standard solution and 300 mL of
Diluent. Sonicate for 10 min, and dilute with Diluent to volume. Pass through a membrane
disk of 0.45-µm pore size, discarding the first 25 mL of the filtrate.
Chromatographic system
(See Chromatography, System Suitability 〈621〉.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for ergonovine maleate and ergotamine tartrate are
about 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 3.0 between the ergotamine tartrate and ergonovine maleate
Column efficiency: NLT 3000 theoretical plates for ergotamine tartrate
Tailing factor: NMT 2.0 for ergotamine tartrate
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ergotamine tartrate
[(C33 H35 N5 O5 )2 ·C4 H6 O6 ] in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of ergotamine tartrate to the internal standard from the Sample
solution
RS = peak response ratio of ergotamine tartrate to the internal standard from the
Standard solution
CS = concentration of USP Ergotamine Tartrate RS in the Standard solution (mg/mL)
CU = nominal concentration of ergotamine tartrate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration 〈701〉: 5 min
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at 25°,
excursions permitted between 15° and 30°.
• Labeling: Label Tablets to indicate that they are intended for sublingual administration.
• USP Reference Standards 〈11〉
USP Ergotamine Tartrate RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 1561
BRIEFING
Escitalopram Oral Solution, USP 41 page 1584. As part of the USP monograph
modernization effort, it is proposed to revise the monograph as follows:
1. Add Identification B using the photodiode array detection in the Assay as a second
Identification test.
2. Revise the Assay to more closely align the concentration of the Standard solution with
the concentration of the Sample solution, to include information needed to support the
proposed Identification B, and to update the Relative standard deviation requirement for
consistency with the expectations of modern LC systems.
3. Revise the test for Organic Impurities to more closely align the concentrations of the
Standard stock solution and Standard solution with the concentration of the Sample
solution, and to add a Sensitivity solution, Signal-to-noise ratio requirement, and
reporting threshold.
4. Revise the chemical information within the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C161549
Comment deadline: May 31, 2018
Escitalopram Oral Solution
DEFINITION
Escitalopram Oral Solution contains an amount of escitalopram oxalate equivalent to NLT
90.0% and NMT 110.0% of the labeled amount of escitalopram (C20 H21 FN2 O).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
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Change to read:
• Procedure
Buffer: 6.1 g/L of monobasic potassium phosphate. To each liter of this solution add 1.5 mL
of triethylamine. Adjust with phosphoric acid to a pH of 2.5.
Mobile phase: Acetonitrile and Buffer (32:68)
Diluent: Acetonitrile and Buffer (25:75)
Standard solution: 33 µg/mL of USP Escitalopram Oxalate RS
32 µg/mL of USP Escitalopram Oxalate RS (equivalent to 25 µg/mL of escitalopram)
1S (USP42)

in Diluent
Sample solution: Nominally 25 µg/mL of escitalopram from a suitable volume of Oral
Solution, prepared as follows. Fill 50% of the flask volume with
Transfer a suitable portion of Oral Solution to an appropriate volumetric flask. Add 50%
of the flask volume of 1S (USP42)
Diluent, and sonicate for 10 min with intermittent shaking. Allow the solution to cool, and
dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm.
For Identification B, use a diode array detector in the range of 210–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
Run time:
NLT 1S (USP42)
2.1 times the retention time of escitalopram
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
1.0% 1S (USP42)
Analysis
Samples: Standard solution and Sample solution

1S (USP42)

Calculate the percentage of the labeled amount of escitalopram (C20 H21 FN2 O) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
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rU = peak response of escitalopram from the Sample solution
rS = peak response of escitalopram from the Standard solution
CS = concentration of USP Escitalopram Oxalate RS in the Standard solution (µg/mL)
CU = nominal concentration of escitalopram in the Sample solution (µg/mL)
Mr1 = molecular weight of escitalopram, free base
1S (USP42)

324.39
Mr2 = molecular weight of escitalopram oxalate, 414.43
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Deliverable Volume 〈698〉: Meets the requirements
IMPURITIES
Change to read:
• Limit of Citalopram Related Compound B
Diluted
Dilute 1S (USP42)
phosphoric acid: Dilute 5 mL of phosphoric acid with water to 50 mL.
Transfer 5 mL of phosphoric acid to a 50-mL volumetric flask containing about 25 mL of
water. Cool and dilute with water to volume. 1S (USP42)
Solution A: 6.8 g/L of monobasic potassium phosphate. adjusted
Adjust 1S (USP42)
with Diluted
Dilute 1S (USP42)
phosphoric acid to a pH of 3.0.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
13
15
16
20

Table 1
Solution A
(%)
90
60
60
90
90

Solution B
(%)
10
40
40
10
10

Diluent: Acetonitrile and Solution A (30:70)
Standard solution: 0.6 µg/mL of USP Escitalopram Oxalate RS
(equivalent to 0.5 µg/mL of escitalopram) 1S (USP42)
in Diluent
System suitability solution: 0.6 µg/mL of USP Citalopram Related Compound B RS in
Standard solution
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Sample solution: Nominally 0.25 mg/mL
250 µg/mL 1S (USP42)
of escitalopram from a suitable volume of Oral Solution in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 237 nm
Column: 2.1-mm × 7.5-cm; 3-µm packing L1
Column temperature: 45°
Flow rate: 0.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for citalopram related compound B and escitalopram
are about 0.81 and 1.0, respectively. Use the System suitability solution to identify the
citalopram related compound B peak.
citalopram related compound B. 1S (USP42)
]
Suitability requirements
Resolution: NLT 2.0 between citalopram related compound B and escitalopram, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of citalopram related compound B in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of citalopram related compound B from the Sample solution
rS = peak response of escitalopram from the Standard solution
CS = concentration of USP Escitalopram Oxalate RS in the Standard solution (mg/mL)
(µg/mL) 1S (USP42)
CU = nominal concentration of escitalopram in the Sample solution (mg/mL)
(µg/mL) 1S (USP42)
Mr1 = molecular weight of escitalopram, free base
1S (USP42)

324.39
Mr2 = molecular weight of escitalopram oxalate, 414.43
Acceptance criteria: NMT 0.2%
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Change to read:
• Organic Impurities
Solution A: 6.6 g/L of dibasic ammonium phosphate in water. To each liter of this solution
add 2 mL of triethylamine. Adjust with phosphoric acid to a pH of 3.0.
Solution B: Acetonitrile and methanol (60:40)
Mobile phase: See Table 2.
Time
(min)
0
10
20
35
36
45

Table 2
Solution A
(%)
80
70
60
60
80
80

Solution B
(%)
20
30
40
40
20
20

Diluent: Acetonitrile and Solution A (30:70)
Standard stock solution: 0.33 mg/mL of USP Escitalopram Oxalate RS
320 µg/mL of USP Escitalopram Oxalate RS (equivalent to 250 µg/mL of escitalopram)
1S (USP42)

in Diluent
System suitability solution: 1.0 µg/mL of USP Citalopram Related Compound C RS in
Standard stock solution
Standard solution: 3.3 µg/mL of USP Escitalopram Oxalate RS
3.2 µg/mL of USP Escitalopram Oxalate RS (equivalent to 2.5 µg/mL of escitalopram)
1S (USP42)

from Standard stock solution in Diluent
Sensitivity solution: 0.32 µg/mL of USP Escitalopram Oxalate RS (equivalent to 0.25
µg/mL of escitalopram) from Standard solution in Diluent 1S (USP42)
Sample solution: Nominally 0.25 mg/mL
250 µg/mL 1S (USP42)
of escitalopram from a suitable volume of Oral Solution in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution,
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and Sensitivity solution 1S (USP42)
Suitability requirements
Resolution: NLT 2.0 between citalopram related compound C and escitalopram, System
suitability solution
Tailing factor: NMT 2.0 for escitalopram, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution 1S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of escitalopram from the Standard solution
CS = concentration of USP Escitalopram Oxalate RS in the Standard solution (mg/mL)
(µg/mL) 1S (USP42)
CU = nominal concentration of escitalopram in the Sample solution (mg/mL)
(µg/mL) 1S (USP42)
Mr1 = molecular weight of escitalopram, free base
1S (USP42)

324.39
Mr2 = molecular weight of escitalopram oxalate, 414.43
F = relative response factor for each individual impurity (see Table 3)
Acceptance criteria: See Table 3. [Note—Disregard any peaks less than 0.05%.]
The reporting threshold is 0.10%. 1S (USP42)

Name

Table 3
Relative
Retention
Time

Oxalic acida

0.06

5-Dimethylaminobutyryl citalopramb,c
Citalopram related compound Ad
Citalopram related compound Be

0.42
0.48
0.75

Desfluorocitalopramf ,c
Citalopram related compound Cg

0.90

1S (USP42)

Citalopram related compound Dg,c
Escitalopram
Citalopram related compound Eh
Citalopram chloromethyl quaternary

0.92
0.99
1.0
1.09

1S (USP42)

ammonium salt i,c

1.1

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

—
—

—
—

1.0
—
—

0.2
—
—

2.56
—
—
1.0

0.3
—
—
0.2

—

—
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1.6

—

—

—
—
Citalopram related compound Hk,c
1.7
Any individual unspecified degradation
product
—
impurity 1S (USP42)
1.0
0.2
—
—
Total impuritiesl
0.7
a Not included in total impurities. For identification purposes only.
b 1-(3-Dimethylaminopropyl)-1-(4′-fluorophenyl)-5-(4-dimethylaminobutyryl)-1,3dihydroisobenzofuran.
c Process impurity listed for information only. Do not include in total impurities.
d 1-(3-(Dimethylamino)propyl)-1-(4′-fluorophenyl)-1,3-dihydroisobenzofuran-5carboxamide.
1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5carboxamide. 1S (USP42)
e This impurity is monitored and controlled using the test for Limit of Citalopram
Related Compound B. It is listed here for identification purposes only.
f 1-[3-(Dimethylamino)propyl]-1-phenyl-1,3-dihydroisobenzofuran-5-carbonitrile.
g 3-[3-(Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone.
1S (USP42)

g 1-(4′-Fluorophenyl)-1-(3-methylaminopropyl)-1,3-dihydroisobenzofuran-5carbonitrile.
1-(4-Fluorophenyl)-1-(3-methylaminopropyl)-1,3-dihydroisobenzofuran-5carbonitrile. 1S (USP42)
h 1-(3-Dimethylaminopropyl)-1-(4-fluororphenyl)-1,3-dihydroisobenzofuran-5carbonitrile-N-oxide.
i N-Chloromethyl-3-[5-cyano-1-(4-flurorphenyl)-1,3-dihydroisobenzofuran-1-yl]-N,Ndimethylpropan-1-ammonium chloride.
j 3-[5-Cyano-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-1-yl]-N-{5-cyano-2-[4(dimethylamino)-1-(4-fluorophenyl)but-1-enyl]benzyl}-N,N-dimethylpropan-1ammonium chloride.
k 3-[5-Bromo-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-1-yl]-N,N-dimethylpropan1-amine.
l Sum of all impurities from the tests for Organic Impurities and Limit of Citalopram
Related Compound B.
SPECIFIC TESTS
• pH 〈791〉: 4.0–5.0
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 102 cfu/mL. The total yeasts and molds count
does not exceed 101 cfu/mL. It meets the requirement of the test for absence of
Escherichia coli.
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in light-resistant containers. Store at controlled room
temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Citalopram Related Compound B RS
1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-3-hydroxy-1,3-dihydroisobenzofuran-5carbonitrile oxalate.
C20 H21 FN2 O2
340.39
C20 H21 FN2 O2 ·C2 H2 O4
430.43 1S (USP42)
USP Citalopram Related Compound C RS
3-[3-(Dimethylamino)-1-propyl](4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone
oxalate.
C22 H21 FN2 O6
428.41
3-(3-Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone
oxalate.
C20 H19 FN2 O2 ·C2 H2 O4
428.42 1S (USP42)
USP Escitalopram Oxalate RS
Recent Official Publications:
USP41–NF36 Page 1584
BRIEFING
Fosfomycin Tromethamine, USP 41 page 1878. On the basis of comments received, the
monograph is revised to update the calculation section and change the disregard limit to
“reporting threshold” in the Acceptance criteria of the Organic Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: S. Shivaprasad.)
Correspondence Number—C190550
Comment deadline: May 31, 2018
Fosfomycin Tromethamine

C3 H7 O4 P·C4 H11 NO3

259.19
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Phosphonic acid, (3-methyloxiranyl)-, (2R-cis)-, compd. with 2-amino-2-(hydroxymethyl)-1,3propanediol (1:1);
(1R,2S)-(1,2-Epoxypropyl)phosphonic acid, compound with 2-amino-2-(hydroxymethyl)-1,3propanediol (1:1)
[78964-85-9].
DEFINITION
Fosfomycin Tromethamine contains NLT 98.0% and NMT 102.0% of fosfomycin tromethamine
(C3 H7 O4 P·C4 H11 NO3 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. The retention time of the fosfomycin peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
• C. The retention time of the tromethamine peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
[Note—Prepare the solutions immediately before use.]
Mobile phase: 10.89 g/L of potassium dihydrogen phosphate in water
Solution A: Wet 300 mg of fosfomycin tromethamine with 60 µL of water, and heat in an
oven at 60° for 24 h. Dissolve the residue, and dilute with Mobile phase to 20.0 mL.
System suitability solution: Dissolve 600 mg of fosfomycin tromethamine, and dilute with
Solution A to 5.0 mL.
Standard solution: 120 mg/mL of USP Fosfomycin Tromethamine RS in Mobile phase
Sample solution: 120 mg/mL of Fosfomycin Tromethamine in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Differential refractometer at 35°
Column: 4.6-mm × 25-cm; 5-µm packing L8
Flow rate: 1 mL/min
Injection volume: 5 µL
Run time: NLT 2 times the retention time of fosfomycin
System suitability
Sample: System suitability solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
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Resolution: NLT 1.5 between fosfomycin open ring and fosfomycin
Peak-to-valley ratio: NLT 1.5. [Note—Ratio is based on the height above the baseline
due to the tromethamine phosphate peak and to the height above the baseline of the
lowest point of the curve separating this peak from the peak due to the fosfomycin
tromethamine adduct.]
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fosfomycin tromethamine (C3 H7 O4 P·C4 H11 NO3 ) in the portion of
Fosfomycin Tromethamine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fosfomycin from the Sample solution
rS = peak response of fosfomycin from the Standard solution
CS = concentration of USP Fosfomycin Tromethamine RS in the Standard solution (mg/mL)
CU = concentration of Fosfomycin Tromethamine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
Delete the following:
• Heavy Metals, Method I〈231〉: NMT 10 ppm
Sample solution: 100 mg/mL in water (O fficial 1-Jan-2018)
• Limit of Inorganic Phosphates
Solution A: Dissolve 4 g of finely powdered ammonium molybdate and 0.1 g of finely
powdered ammonium vanadate in 70 mL of water. Add 20 mL of nitric acid, and dilute with
water to 100 mL.
Standard solution: Dissolve 7.16 mg of potassium dihydrogen phosphate in 1000 mL of
water (5 ppm PO4 ). [Note—Prepare immediately before use.]
Sample solution: Dissolve 0.1 g of Fosfomycin Tromethamine in 3 mL of 2 N nitric acid,
and dilute with water to 10 mL.
Analysis: In separate containers, transfer 5 mL of Standard solution and 5 mL of Sample
solution. Add 5 mL of water and 5 mL of Solution A to both solutions, and shake
vigorously. After 5 min, any color in the Sample solution is not more intense than the
Standard solution.
Acceptance criteria: NMT 500 ppm
Change to read:
• Organic Impurities
[Note—Prepare the solutions immediately before use.]
Mobile phase, Solution A, System suitability solution, Sample solution, and System
suitability: Proceed as directed in the Assay.
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Standard solution: 0.36 mg/mL of USP Fosfomycin Tromethamine RS in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Differential refractometer at 35°
Column: 4.6-mm × 25-cm; 5-µm packing L8
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of fosfomycin
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each individual impurity in the portion of Fosfomycin
Tromethamine taken:
Result = (rU /rT ) × 100
rU = peak response of any individual impurity in the Sample solution
rT = peak responses of fosfomycin in the Standard solution
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual impurity from the Sample solution
rS = peak response of fosfomycin from the Standard solution
CS = concentration of USP Fosfomycin Tromethamine RS in the Standard solution (mg/mL)
CU = concentration of Fosfomycin Tromethamine in the Sample solution
(mg/mL) 1S (USP42)
Acceptance criteria: See Table 1. Disregard any peak less than 0.05%.
The reporting threshold is 0.05%. 1S (USP42)
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Table 1
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

—
Tromethaminea
0.30
b
Fosfomycin tromethamine adduct
0.48
0.3
Tromethamine phosphatec
0.54
0.1
d
Fosfomycin open ring
0.88
0.3
Fosfomycin
1.00
—
Fosfomycin dimer tromethamine adduct e
1.27
0.1
Any other individual impurity
—
0.1
Total impurities
—
0.5
a 1,3-Propanediol, 2-amino-2-(hydroxymethyl)-; 2-amino-2-(hydroxymethyl)-1,3propanediol. [Note—Disregard two peaks due to tromethamine.]
b 2-[2-Amino-3-hydroxy-2-(hydroxymethyl)propoxy]-1-hydroxypropylphosphonic acid.
c 2-Amino-3-hydroxy-2-(hydroxymethyl)propyl dihydrogen phosphate.
d (1,2-Dihydroxypropyl)phosphonic acid.
e 2-({2-[2-Amino-3-hydroxy-2-(hydroxymethyl)propoxy]-1hydroxypropyl}hydroxyphosphoryloxy)-1-hydroxypropylphosphonic acid.
SPECIFIC TESTS
• pH 〈791〉
Sample: 50 mg/mL of Fosfomycin Tromethamine in a carbon dioxide-free aqueous solution
Acceptance criteria: 3.5–5.5
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 50 mg/mL in a carbon dioxide-free water
Detection: Mercury lamp at 365 nm
Acceptance criteria: −13.5° to −12.5°
• Water Determination 〈921〉, Method I, Method Ic: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers and store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Fosfomycin Tromethamine RS
Recent Official Publications:
USP41–NF36 Page 1878
BRIEFING
Glycopyrrolate Tablets, USP 41 page 1974. As part of the USP monograph modernization
effort, the following changes are proposed:
1. Add Identification B, based on the UV spectrum agreement of the major peak of the
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1. Add Identification B, based on the UV spectrum agreement of the major peak of the
Sample solution and the Standard solution, as obtained in the Assay.
2. Update the Detector in the Chromatographic system in the Assay to support the
addition of Identification B.
3. Update the USP Reference Standards section to note that USP Glycopyrrolate Related
Compound B RS may be available as a free base or a hydrochloride salt.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM3: A. Carney.)
Correspondence Number— C184939
Comment deadline: May 31, 2018
Glycopyrrolate Tablets
DEFINITION
Glycopyrrolate Tablets contain NLT 93.0% and NMT 107.0% of the labeled amount of
glycopyrrolate (C19 H28 BrNO3 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Buffer solution: Prepare a solution of 1.0 g of sodium sulfate anhydrous and 200 mg of
sodium 1-hexanesulfonate monohydrate in 650 mL of water. To this solution add 3.0 mL of
1 N sulfuric acid, and mix.
Mobile phase: Acetonitrile, methanol, and Buffer solution (20:15:65)
Standard solution: 0.1 mg/mL of USP Glycopyrrolate RS in Mobile phase
Sample solution:
Nominally 1S (USP42)
0.1 mg/mL of glycopyrrolate in Mobile phase. Prepare by transferring 10 Tablets to a
suitable volumetric flask. Add Mobile phase to 50% of the volume of the flask, and
sonicate for 10 min or until the Tablets disintegrate completely. Add Mobile phase to 75%
of the volume of the flask, shake mechanically for 30 min, and dilute with Mobile phase to
volume. Centrifuge a portion of the solution, and pass the supernatant through a suitable
filter, discarding the first few milliliters of the filtrate.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 222 nm.
For Identification B, use a diode array detector in the range of 210–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.2 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution

1S (USP42)

Calculate the percentage of the labeled amount of glycopyrrolate (C19 H28 BrNO3 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of glycopyrrolate from the Sample solution
rS = peak response of glycopyrrolate from the Standard solution
CS = concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
CU = nominal concentration of glycopyrrolate in the Sample solution (mg/mL)
Acceptance criteria: 93.0%–107.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: Water; 500 mL
Apparatus 1: 100 rpm
Time: 45 min
Buffer solution: 1.0 g of sodium sulfate anhydrous and 200 mg of sodium 1pentanesulfonate in 620 mL of water
Mobile phase: Acetonitrile, methanol, Buffer solution, and 1 N sulfuric acid
(200:180:620:3)
Standard stock solution: 0.2 mg/mL of USP Glycopyrrolate RS in Medium. A small volume
of methanol, not exceeding 20% of the final volume, can be used to solubilize
glycopyrrolate.
Standard solution: (L/500) mg/mL of glycopyrrolate in Medium from the Standard stock
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solution, where L is the label claim in mg/Tablet. Prepare this solution fresh, and
refrigerate immediately at 5°.
Sample solution: Pass a portion of the solution under test through a suitable filter,
discarding the first few milliliters of the filtrate. Refrigerate the samples at 5°.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Autosampler: 5°
Column: 40°
Flow rate: 1.2 mL/min
Injection volume: 80 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the average
1S (USP42)

percentage of the labeled amount of glycopyrrolate dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS= concentration of glycopyrrolate
USP Glycopyrrolate RS 1S (USP42)
in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 500 mL
Tolerances: NLT 75% (Q) of the labeled amount of glycopyrrolate (C19 H28 BrNO3 ) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
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• Organic Impurities
Buffer solution: Prepare a solution of 1.0 g of sodium sulfate anhydrous and 200 mg of
sodium 1-hexanesulfonate monohydrate in 650 mL of water. To this solution add 3.0 mL of
1 N sulfuric acid, and mix.
Diluent: Prepare a solution of 1.0 g of sodium sulfate anhydrous, 6.8 g of monobasic
potassium phosphate, and 200 mg of sodium 1-hexanesulfonate monohydrate in 650 mL of
water. To this solution add 3.0 mL of 1 N sulfuric acid, 150 mL of methanol, and 200 mL of
acetonitrile, and mix. Adjust with phosphoric acid to a pH of 2.8.
Solution A: Acetonitrile, methanol, and Buffer solution (20:15:65)
Solution B: Acetonitrile, methanol, and Buffer solution (50:15:35)
Mobile phase: See Table 1.
Time
(min)
0
10
25
35
37
45

Table 1
Solution A
(%)
100
100
10
10
100
100

Solution B
(%)
0
0
90
90
0
0

Standard solution: 1.5 µg/mL each of USP Glycopyrrolate RS, USP Glycopyrrolate Related
Compound B RS, and USP Glycopyrrolate Related Compound C RS in Diluent. Sonicate, if
necessary, to facilitate dissolution.
Sample solution:
Nominally 1S (USP42)
500 µg/mL of glycopyrrolate in Diluent. Prepare by transferring the equivalent of 25 mg of
glycopyrrolate from a portion of NLT 20 powdered Tablets to a 50-mL volumetric flask.
Add 30 mL of Diluent, sonicate for 10 min, shake mechanically for 30 min, and dilute with
Diluent to volume. Centrifuge a portion of the solution, and pass the supernatant through
a suitable filter, discarding the first few milliliters of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
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Resolution: NLT 2.0 between glycopyrrolate and glycopyrrolate related compound B
Tailing factor: NMT 2.0 for the glycopyrrolate peak
Relative standard deviation: NMT 6.0% for the glycopyrrolate and glycopyrrolate
related compound C peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of glycopyrrolate related compound C in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of glycopyrrolate related compound C from the Sample solution
rS = peak response of glycopyrrolate related compound C from the Standard solution
CS = concentration of USP Glycopyrrolate Related Compound C RS in the Standard
solution (mg/mL)
CU = nominal concentration of glycopyrrolate in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual impurity from the Sample solution
rS = peak response of glycopyrrolate from the Standard solution
CS = concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
CU = nominal concentration of glycopyrrolate in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

5-Nitroisophthalic acida
0.45
—b
Glycopyrrolate
1.00
—
c
Glycopyrrolate base
1.14
—b
Cyclopentylmandelic acidd
2.68
0.5
Any other individual impurity
—
0.2
Total impurities
—
1.2
a Glycopyrrolate related compound A.
b Disregard the peaks due to 5-nitroisophthalic acid and glycopyrrolate base, because
these are process impurities and are controlled in the drug substance monograph.
c Glycopyrrolate related compound B.
d Glycopyrrolate related compound C.
ADDITIONAL REQUIREMENTS

PF 44(2): Mar.-Apr. 2018

241

• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Glycopyrrolate RS
USP Glycopyrrolate Related Compound B RS
[Note—May be available as a free base or a hydrochloride salt.]

1S (USP42)

1-Methylpyrrolidin-3-yl-2-cyclopentyl-2-hydroxy-2-phenylacetate.
C18 H25 NO3
303.40
1-Methylpyrrolidin-3-yl 2-cyclopentyl-2-hydroxy-2-phenylacetate hydrochloride.
C18 H25 NO3 ·HCl
339.86 1S (USP42)
USP Glycopyrrolate Related Compound C RS
2-Cyclopentyl-2-hydroxy-2-phenylacetic acid.
C13 H16 O3
220.26
Recent Official Publications:
USP41–NF36 Page 1974
BRIEFING
Gonadorelin Acetate, USP 41 page 1977 and PF 40(3) [May–June 2014]. The revision
proposal previously published in PF 40(3) was canceled due to time needed to add an impurity
method from another sponsor and to address other comments. A new revision proposal is
presented as part of the USP monograph modernization efforts.
1. The Definition is revised to reflect that Gonadorelin Acetate is available as either
gonadorelin acetate and gonadorelin diacetate tetrahydrate.
2. In Identification A, a Note is added for the expected m/z ranges.
3. Identification B is revised to add an Identity sample solution, and the requirement of
sample and standard peak coelution.
4. The Assay procedure is revised to replace the amino acid analysis with a validated HPLC
analysis, and the Acceptance criteria are changed from NLT 80% to 95.0%–105.0% on
the anhydrous and acetic acid-free basis. The Definition is also revised to reflect the
change in the Assay procedure. The liquid chromatographic procedures in the Assay and
Gonadorelin-Related Impurities, Procedure 1 are based on analyses performed with the
Supelcosil LC-18-DB brand of column with L1 packing. The typical retention time for the
gonadorelin peak is about 26 min.
5. In the Product-Related Substances and Impurities section, a new test procedure,
Gonadorelin-Related Impurities, Procedure 2 is added to accommodate different impurity
profiles based on different manufacturing processes. The liquid chromatographic
procedure in Procedure 2 is based on analyses performed with the Waters XTerra C18
brand ofcolumn with L1 packing. The typical retention time for the gonadorelin peak is
about 20 min.
6. In the Product-Related Substances and Impurities section, a Note is added explaining a
manufacturer should select either Procedure 1, Procedure 2, or both, based on
knowledge of the manufacturing process and the observed or expected impurity profile.
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7. In the Process Related Impurities section, the test procedure for Acetic Acid and
Trifluoroacetic Acid is revised to use Trifluoroacetic Acid (TFA) in Peptides 〈503.1〉.
8. The test for Optical Rotation is deleted.
9. A Bacterial Endotoxins Test section is added.
10. The Amino Acid Analysis test is deleted.
11. Microbial Enumeration Tests and Tests for Specified Microorganisms are added.
12. The Labeling section is revised to include the two salt forms and remove the veterinary
use only requirement.
13. Two new Reference Standards, USP [D-His2]-Gonadorelin RS and USP [D-Tyr5]Gonadorelin RS, are added to the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: M. Huang.)
Correspondence Number—C189967
Comment deadline: May 31, 2018
Gonadorelin Acetate
Change to read:

C55 H75 N17 O13 ·xC2 H4 O2 ·yH2 O
1374.46
1182.3 (acetic acid free, anhydrous) 1S (USP42)

Luteinizing hormone-releasing factor acetate (salt) hydrate;
5-Oxo-l-prolyl-l-histidyl-l-tryptophyl-l-seryl-l-tyrosylglycyl-l-leucyl-l-arginyl-l-prolylglycinamide
acetate (salt) hydrate
[52699-48-6].[33515-09-2].
1S (USP42)

DEFINITION
Change to read:
Gonadorelin Acetate is a synthetic polypeptide hormone having the property of stimulating the
release of the luteinizing hormone from the hypothalamus.
Gonadorelin Acetate is also available as gonadorelin diacetate tetrahydrate. 1S (USP42)
It contains NLT 80%
95.0% and NMT 105.0% 1S (USP42)
of gonadorelin (C55 H75 N17 O13 ), calculated on the anhydrous and acetic acid-free basis.
[Note—Gonadorelin Acetate is extremely hygroscopic. Protect from exposure to moisture, and
store in a desiccator.]
IDENTIFICATION
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Change to read:
• A. The monoisotopic mass, by Mass Spectrometry 〈736〉, is 1181.6 ± 1 mass units.
[Note—Corresponds to m/z = 1182.6 ± 1 for (M + H)+ or m/z = 591.8 ± 0.5 for (M +
2H)2+.] 1S (USP42)
Change to read:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Related Compounds.
Solution A, Solution B, Mobile phase, Standard solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
Identity sample solution: Mix equal volumes of the Standard solution and the Sample
solution.
Analysis
Samples: Standard solution, Sample solution, and Identity sample solution
Examine the chromatograms of the Standard solution, Sample solution, and Identity sample
solution
Acceptance criteria: The retention time of the major peak of the Sample solution
corresponds to that of the Standard solution, and the major peak of the Identity sample
solution elutes as a single peak. 1S (USP42)
ASSAY
Change to read:
• Procedure
(See Biotechnology-Derived Articles—Amino Acid Analysis 〈1052〉.)
[Note—The following method is given for informational purposes; any validated amino acid
analysis method can be used.]
Standardize the instrument with a mixture containing equal molar/volume amounts (except for lcystine, which is half the molar amount) of glycine and the l-form of the following amino
acids: lysine, threonine, alanine, leucine, histidine, serine, valine, tyrosine, arginine,
glutamic acid, methionine, phenylalanine, aspartic acid, proline, isoleucine, tryptophan, and
cystine.
Sample solution
(See Biotechnology-Derived Articles—Amino Acid Analysis, Protein Hydrolysis, Method 1
〈1052〉.)
Transfer 0.4 to 1.0 mg of Gonadorelin Acetate in glass ampuls. Add a minimum of 1.0 mL of
Hydrolysis Solution containing 4% phenol, freeze the sample ampul, and flame seal under
vacuum. Hydrolyze at 110° for 22 h. After hydrolysis, dry the sample under vacuum to
remove any residual acid. To the ampul, add 2 mL of a buffer solution that is suitable for
the amino acid analyzer, and pass through a filter having a 0.45-µm porosity.
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Analysis: Prepare a co-injection of the Standard solution and Sample solution. Inject a
suitable volume into the amino acid analyzer, and record and measure the response for
each amino acid peak. Express the content of each amino acid in µmoles. The total
number of µmol of gonadorelin acetate in the sample is calculated by summing the number
of µmol for glutamic acid, proline, glycine, leucine, tyrosine, histidine, and arginine, and
dividing by eight.
Calculate the percentage of Gonadorelin (C55 H75 N17 O13 ) in the portion of Gonadorelin
Acetate taken:
Result = 118.23(N/W)
N = total number of µmol of gonadorelin acetate
W = mass of Gonadorelin Acetate in the Sample solution (mg)
Acceptance criteria: NLT 80% on the anhydrous, acetic acid-free basis
Buffer: Dissolve 78 g of sodium dihydrogen phosphate dihydrate and 20 g of
tetramethylammonium hydroxide pentahydrate in 800 mL of water and 75 mL of methanol.
Adjust with phosphoric acid to a pH of 2.5. Dilute with water to 1000 mL.
Solution A: Acetonitrile, water, and Buffer (15:65:20)
Solution B: Acetonitrile, water, and Buffer (27:53:20)
Mobile phase: See Table 1.
Time
(min)
0
40
45
50
55
90

Table 1
Solution A
(%)
100
100
0
0
100
100

Solution B
(%)
0
0
100
100
0
0

Sensitivity solution: 0.2 µg/mL of USP Gonadorelin Acetate RS in Solution A
Standard solution: 0.4 mg/mL of USP Gonadorelin Acetate RS in Solution A
Sample solution: 0.4 mg/mL of Gonadorelin Acetate in Solution A
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Sensitivity solution and Standard solution
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[Note—The retention time for the gonadorelin peak is 24–29 min.]
Suitability requirements
Resolution: Valley point between endo-Gly5a -gonadorelin and gonadorelin related
compound A is visible, Standard solution. [Note—Use the reference chromatogram
provided with the lot of USP Gonadorelin Acetate RS being used to identify the
endo-Gly5a -gonadorelin and gonadorelin related compound A peaks.]
Tailing factor: 0.9–1.6, Standard solution
Relative standard deviation: NMT 2.0% for the gonadorelin peak, Standard solution
Signal-to-noise ratio: NLT 3, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of gonadorelin (C55 H75 N17 O13 ) in the portion of Gonadorelin
Acetate taken:
Result = (rU/rS) × (CS/CU) × [100/(100 − W − Ac)] × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Gonadorelin Acetate RS in the Standard solution (mg/mL)
CU = concentration of Gonadorelin Acetate in the Sample solution (mg/mL)
W = water in Gonadorelin Acetate (%)
Ac = acetic acid in Gonadorelin Acetate (%)
Acceptance criteria: 95.0%–105.0% on the anhydrous and acetic acid-free basis
1S (USP42)

OTHER COMPONENTS
Add the following:
• Acetic Acid in Peptides 〈503〉
Acceptance criteria
Where it is labeled as gonadorelin acetate: 4.0%–7.5%
Where it is labeled as gonadorelin diacetate tetrahydrate: 7.5%–12.5%
1S (USP42)

PRODUCT-RELATED SUBSTANCES AND IMPURITIES
Change to read:
• Gonadorelin-Related Impurities,
Procedure 1 1S (USP42)
Standard solution: 0.5 mg/mL of USP Gonadorelin Acetate RS in water
System suitability solution: 0.5 mg/mL of USP Gonadorelin Acetate Related Compound A
RS in water. Mix equal volumes of this solution and the Standard solution.
Sample solution: 0.5 mg/mL of Gonadorelin Acetate in water
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• System 1
Solvent A: 1 mL/L trifluoroacetic acid in water
Solvent B: 1 mL/L trifluoroacetic acid in acetonitrile
Solution A: Solvent B and Solvent A (5:95).
Solution B: Solvent B and Solvent A (60:40).
Mobile phase: See Table 1.
Time
(min)
0
25
25
30

Table 1
Solution A
(%)
91
45
91
91

Solution B
(%)
9
55
9
9

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
• System 2
Buffer: 11.8 mL/L of phosphoric acid and 13.8 mL/L of triethylamine , adjust with
phosphoric acid or triethylamine to a pH of 2.5
Mobile phase: Acetonitrile and Buffer(13:87).
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 10-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability (for both System 1 and System 2)
Samples: Standard solution and System suitability solution
Resolution: NLT 2.0 between gonadorelin acetate and gonadorelin acetate related
compound A, System suitability solution
Column efficiency: NLT 75,000 theoretical plates for System 1 and NLT 3000
theoretical plates for System 2, Standard solution
Tailing factor: NMT 2.0, Standard solution
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Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Gonadorelin Acetate taken
Result = (rU/rT) × 100
rU = peak response of any individual impurity from the Sample solution
rT = sum of all the peak responses from the Sample solution excluding peaks due to
solvent, counter-ion, and baseline artifacts.
[Note—Disregard any impurity peak less than 0.05%]
Acceptance criteria
Individual impurities: NMT 1%
Total impurities: NMT 2%
[Note—On the basis of knowledge of the manufacturing process, either GonadorelinRelated Impurities, Procedure 1, Procedure 2, or both may be used provided the chosen
option is selective for all observed or expected impurities. Note that Procedure 1 cannot
resolve [D-Tyr5]-gonadorelin and Procedure 2 cannot resolve Endo-Gly5a -gonadorelin.]
[Note—Manufacturers should determine the suitability of their related substances method
for their process-related and degradation impurities. For any impurity peak equal to or
above the limit for unspecified impurity peaks, identification and appropriate qualification is
required.]
Solution A, Solution B, Mobile phase, Sensitivity solution, Standard solution, Sample
solution, Chromatographic system, and System suitability: Proceed as directed in
the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Gonadorelin Acetate taken:
Result = (rU/rT) × 100
rU = peak response of each impurity from the Sample solution
rT = sum of all the peak responses from the Sample solution, excluding any peaks due to
the solvent, counter-ion, and baseline artifacts
Acceptance criteria: See Table 2. Disregard any impurity peak NMT 0.05%.
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Table 2
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

des-Pro9,gly10-gonadorelin

0.79

[D-Trp3]–gonadorelin
Impurity J
Gonadorelin

0.79
0.79
1.0

1.0
—

[D-Tyr5]-gonadorelina

1.0

—

Endo-Gly5a -gonadorelin

1.13
1.2
—
—

1.0
1.0
0.5
3.0

Gonadorelin related compound A
Any unspecified impurity
Total impurities
a [D-Tyr5]-gonadorelin coelutes with gonadorelin. Gonadorelin Related Impurities,
Procedure 2 must be performed to quantify [D-Tyr5]-gonadorelin.
1S (USP42)

Add the following:
• Gonadorelin-Related Impurities, Procedure 2
Buffer: Dissolve 21 mL of triethylamine in 800 mL of water. Adjust with phosphoric acid to a
pH of 4.8±0.1. Dilute with water to 1000 mL.
Solution A: Acetonitrile, 1-propanol, and Buffer (5:15:980)
Solution B: Acetonitrile, 1-propanol, and Buffer (5:15:80)
Mobile phase: See Table 3.
Time
(min)
0
40
40.1
55

Table 3
Solution A
(%)
70
50
70
70

Solution B
(%)
30
50
30
30

System suitability solution: 1 mg/mL of USP Gonadorelin Acetate RS and 5 µg/mL each of
USP [D-His2]-Gonadorelin RS, USP [D-Tyr5]-Gonadorelin RS, and USP Gonadorelin Acetate
Related Compound A RS in water
Standard solution: 0.5 µg/mL of USP Gonadorelin Acetate RS in water
Sample solution: 1 mg/mL of Gonadorelin Acetate in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm

PF 44(2): Mar.-Apr. 2018

249

Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Temperatures
Autosampler: 5°
Column: 25°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 4 for the relative retention times.]
Suitability requirements
Resolution: NLT 2 between [D-His2]-gonadorelin and gonadorelin. The valley points
between [D-His2]-gonadorelin and [D-Tyr5]-gonadorelin, [D-Tyr5]-gonadorelin and
gonadorelin, and gonadorelin and gonadorelin related compound A are visible, System
suitability solution
Relative standard deviation: NMT 20% for 3 injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Gonadorelin Acetate taken:
Result = (rU/rT) × 100
rU = peak response of each impurity from the Sample solution
rT = sum of all the peak responses from the Sample solution, excluding any peaks due to
the solvent, counter-ion, and baseline artifacts
Acceptance criteria: See Table 4. Disregard any impurity peak NMT 0.05%.
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Table 4

Name
Pyr-His-Trp-Ser-Tyr-OH

Relative
Retention
Time
0.32

Acceptance
Criteria,
NMT (%)
0.5

[D-Ser4]-gonadorelin

0.75

0.5

[D-His2]-gonadorelina

0.88

0.5

[D-Tyr5]-gonadorelin
Gonadorelin

0.94
1.0

0.5
—

Endo-Gly5a -gonadorelinb
Gonadorelin related compound A

1.0
1.12

—
1.0

[D-Leu7]-gonadorelin
1.27
0.5
Any unspecified impurity
—
0.5
Total
—
3.0
a Des-Pro9,gly10-gonadorelin, [D-Trp3]-gonadorelin, and impurity J coelute with
[D-His2]-gonadorelin. Procedure 1 must be performed to quantify Des-Pro9, gly10gonadorelin, [D-Trp3]-gonadorelin, and impurity J, which should be subtracted from the
level observed from RRT 0.88 of Procedure 2 for [D-His2]-gonadorelin.
b Endo-Gly5a -gonadorelin coelutes with gonadorelin. Procedure 1 must be performed
to quantify endo-Gly5a -gonadorelin.
1S (USP42)

PROCESS-RELATED IMPURITIES
Change to read:
• Acetic Acid and Trifluoroacetic Acid
Trifluoroacetic Acid (TFA) in Peptides 〈503.1〉:
NMT 0.25%

1S (USP42)

Perform if trifluoroacetic acid is used in the manufacturing process.
1S (USP42)

Buffer: 7.0 mL/L of phosphoric acid and 5.0 mL/L of ammonium hydroxide in water
Solution A: Methanol and Buffer (2:100)
Solution B: Acetonitrile and water (1:1)
Mobile phase: See Table 2.
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Time
(min)
0
5
6
14
15
25

Table 2
Solution A
(%)
100
100
0
0
100
100

Solution B
(%)
0
0
100
100
0
0

Diluent: 5 mL/L of phosphoric acid in water
Trifluoroacetic acid stock solution: 10 mg/mL of trifluoroacetic acid in water prepared as
follows. Add about 50 mL of water to a 100-mL volumetric flask with a stopper. Tare the
stoppered flask on an analytical balance until there is no further significant drift in the
reading. Transfer 670 µL of trifluoroacetic acid to the flask, stopper immediately, and
weigh. Dilute with water to volume.
Standard solutions: Transfer about 150, 75, and 10 mg of sodium acetate trihydrate into
three separate 100-mL volumetric flasks. Add 10 mL, 2 mL, and 100 µL, respectively, of
the Trifluoroacetic acid stock solution to the flasks, and dilute each with Diluent to the
volume to obtain Standard solutions having known concentrations of about 0.65 mg/mL of
acetic acid/1 mg/mL of trifluoroacetic acid, 0.3 mg/mL of acetic acid/0.2 mg/mL of
trifluoroacetic acid, and 0.04 mg/mL of acetic acid/0.01 mg/mL of trifluoroacetic acid in
Diluent
Sample solution: 4.0 mg/mL of Gonadorelin Acetate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solutions
Suitability requirements
Column efficiency: NLT 2000 theoretical plates for the trifluoroacetic acid peak, and
NLT 10,000 theoretical plates for the acetic acid peak
Relative standard deviation: NMT 2.0%, the most concentrated Standard solution
Analysis
Samples: Standard solutions and Sample solution
Calculate the peak areas of the Standard solutions, and plot them versus the Sample
solution concentration, in mg/mL. Determine the regression line using the least-squares
method, and record the correlation coefficient. It should be NLT 0.995.
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Calculate the percentage of acetic acid and trifluoroacetic acid in the sample.
Acceptance criteria: 8%–12.5%; trifluoroacetic acid, NMT 0.25%
1S (USP42)

Change to read:
• Limit of Fluoride
Perform if hydrogen fluoride is used in the manufacturing process.
1S (USP42)

[Note—Use polypropylene vessels for preparation of solutions and standards.]
Standard solutions: Prepare a series of calibration standards containing 0.05, 0.1, 1, and
10 ppm of fluoride dissolved in an ionic strength adjustment buffer suitable for the
electrode in use; pH 5.
Sample solution: 2.2–3.6 mg/mL of Gonadorelin Acetate in the same buffer used in the
Standard solutions
Analysis: Using a fluoride ion-selective electrode connected to a pH/ion meter, measure
the potential of each of the Standard solutions, and plot the response versus the
logarithm of the concentration. Determine the regression line using the least-squares
method. The slope of the calibration curve is −54 to −60 mV per decade, and the square
of the correlation coefficient of the calibration curve (r2) is NLT 0.995.
From the calibration curve and the concentration of the Sample solution, determine the
amount of fluoride in the sample.
Acceptance criteria: NMT 0.1%
SPECIFIC TESTS
Delete the following:
• Optical Rotation, Specific Rotation〈781S〉: −54° to −66°, at 20°, calculated with reference
to the peptide content determined in the Assay
Sample solution: 10 mg/mL of Gonadorelin Acetate in 1% acetic acid 1S (USP42)
• Water Determination 〈921〉, Method I, Method Ic: NMT 7.0%, determined by directly
introducing NLT 2 mg of the solid substance into the titrator
Add the following:
• Bacterial Endotoxins Test 〈85〉: The level of bacterial endotoxin is such that the
requirement under the relevant dosage form monograph(s) in which Gonadorelin Acetate is
used can be met. Where the label states Gonadorelin Acetate must be subjected to further
processing during the processing of injectable dosage forms, the level of bacterial
endotoxin is such that the requirement under the relevant dosage form monograph(s) in
which Gonadorelin Acetate is used can be met. 1S (USP42)
Add the following:
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• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The
total aerobic microbial count is NMT 102 cfu/g. The total yeast and mold count is NMT 102
cfu/g. 1S (USP42)
Delete the following:
• Amino Acid Analysis
(See Biotechnology-Derived Articles—Amino Acid Analysis 〈1052〉.)
[Note—The following method is given for informational purposes; any validated amino acid
analysis method can be used.]
Standardize the instrument with a mixture containing equal molar/volume amounts (except for lcystine, which is half the molar amount) of glycine and the l-form of the following amino
acids: lysine, threonine, alanine, leucine, histidine, serine, valine, tyrosine, arginine,
glutamic acid, methionine, phenylalanine, aspartic acid, proline, isoleucine, tryptophan, and
cystine.
Sample solution
(See Biotechnology-Derived Articles—Amino Acid Analysis, Protein Hydrolysis, Method 1
〈1052〉.)
Transfer 0.4 to 1.0 mg of Gonadorelin Acetate in glass ampuls. Add a minimum of 1.0 mL of
Hydrolysis Solution containing 4% phenol, freeze the sample ampul, and flame seal under
vacuum. Hydrolyze at 110° for 22 h. After hydrolysis, dry the sample under vacuum to
remove any residual acid. To the ampul, add 2 mL of a buffer solution that is suitable for
the amino acid analyzer, and pass through a filter having a 0.45-µm porosity.
Analysis: Prepare a co-injection of the Standard solution and the sample. Inject a suitable
volume into the amino acid analyzer, and record and measure the response for each amino
acid peak. Express the content of each amino acid in µmoles. The total number of µmol of
gonadorelin acetate in the sample is calculated by summing the number of µmol for
glutamic acid, proline, glycine, leucine, tyrosine, histidine, and arginine, and dividing by
eight. Divide the number of µmol of each amino acid by the total number of µmol of
Gonadorelin Acetate in the sample to determine the relative proportions of amino acids.
Acceptance criteria: See Table 3.
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Table 3

Amino Acid
Serine
Glutamic acid
Proline
Glycine
Leucine
Tyrosine
Histidine
Arginine
Isoleucine
Lysin
Other amino acids except
Tryptophan

Relative Proportion
(µmol of Amino Acid/µmol of Gonadorelin
Acetate)
0.7–1.05
0.95–1.05
0.95–1.05
1.9–2.1
0.9–1.1
0.7–1.05
0.95–1.05
0.95–1.05
Absent
Absent
NMT Trace amounts

1S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, well-sealed containers, protected from moisture.
Store at a temperature of NMT 8°.
Change to read:
• Labeling: Label it to indicate it is for veterinary use only.
Label it to indicate whether it is gonadorelin acetate or gonadorelin diacetate
tetrahydrate. 1S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Gonadorelin Acetate RS
USP Gonadorelin Acetate Related Compound A RS
Gonadorelin free acid.
C55 H74 N16 O14
1183.3
USP [D-His2]-Gonadorelin RS
C55 H75 N17 O13
1182.3
USP [D-Tyr5]-Gonadorelin RS
C55 H75 N17 O13
1182.3
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 1977
BRIEFING
Hydroxychloroquine Sulfate, USP 41 page 2086. As part of USP monograph modernization
efforts, the following changes are proposed:
1. The UV test in Identification A is replaced with a retention time agreement based on the
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proposed Assay.
Identification B is revised to allow more flexibility in performing the analysis.
The UV procedure in the Assay is replaced with a liquid chromatographic procedure.
The Ordinary Impurities test is replaced with a test for Organic Impurities.
The liquid chromatographic procedures in the Assay and test for Organic Impurities are
based on analyses performed using the YMC-UltraHT Pro C18 brand of column with L1
packing. The typical retention time for the hydroxychloroquine peak is about 0.7 min.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: S. Shivaprasad.)
Correspondence Number—C139764
Comment deadline: May 31, 2018
Hydroxychloroquine Sulfate

C18 H26 ClN3 O·H2 SO4

433.95

Ethanol, 2-[[4-[(7-chloro-4-quinolinyl)amino]pentyl]ethyl]amino-, (±)-, sulfate (1:1) (salt);
(±)-2-[[4-[(7-Chloro-4-quinolyl)amino]pentyl]ethylamino]ethanol sulfate (1:1) (salt)
[74736-4].
DEFINITION
Hydroxychloroquine Sulfate contains NLT 98.0% and NMT 102.0% of hydroxychloroquine
sulfate (C18 H26 ClN3 O·H2 SO4 ), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Ultraviolet Absorption 〈197U〉
Sample solution: 10 µg/mL of Hydroxychloroquine Sulfate in dilute hydrochloric acid (1 in
100)
Acceptance criteria: Meets the requirements
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
Change to read:
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• B. Infrared Absorption 〈197K〉
〈197〉: [Note—Methods described in 〈197K〉 or 〈197A〉 may be used.] 1S (USP42)
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Sulfate
Sample solution: 10 mg/mL of Hydroxychloroquine Sulfate in water
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Standard solution: 10 µg/mL of USP Hydroxychloroquine Sulfate RS prepared as follows.
Dissolve a quantity of USP Hydroxychloroquine Sulfate RS in water to obtain a solution of
20 mg/mL, and dilute with hydrochloric acid (1 in 100) to final concentration.
Sample solution: 10 µg/mL of Hydroxychloroquine Sulfate prepared as follows. Dissolve a
quantity of Hydroxychloroquine Sulfate in water to obtain a solution of 20 mg/mL, and
dilute with hydrochloric acid (1 in 100) to final concentration.
Instrumental conditions
Mode: UV
Analytical wavelength: 343 nm
Cell: 1 cm
Blank: Dilute hydrochloric acid (1 in 100)
Analysis
Samples: Standard solution, Sample solution, and Blank
Determine the absorbances of the Sample solution and the Standard solution.
Calculate the percentage of hydroxychloroquine sulfate (C18 H26 ClN3 O·H2 SO4 ) in the portion
of Hydroxychloroquine Sulfate taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (µg/mL)
CU = concentration of the Sample solution (µg/mL)
Solution A: Acetonitrile, water, and phosphoric acid (100:900:2)
Solution B: Acetonitrile, water, and phosphoric acid (800:200:1)
Mobile phase: Solution A and Solution B (97:3)
Standard solution: 0.01 mg/mL of USP Hydroxychloroquine Sulfate RS in Solution A
prepared as follows. Transfer a suitable quantity of USP Hydroxychloroquine Sulfate RS to
a suitable volumetric flask and add about 75% of the flask volume of Solution A. Sonicate
for NLT 5 min or until solids are dissolved. Dilute with Solution A to volume.
Sample solution: 0.01 mg/mL of Hydroxychloroquine Sulfate in Solution A prepared as
follows. Transfer a suitable quantity of Hydroxychloroquine Sulfate to a suitable volumetric
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flask and add about 75% of the flask volume of Solution A. Sonicate for NLT 5 min or until
solids are dissolved. Dilute with Solution A to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 2.0-mm × 10-cm; 2-µm packing L1
Column temperature: 35°
Flow rate: 0.8 mL/min
Injection volume: 3 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of hydroxychloroquine sulfate (C18 H26 ClN3 O·H2 SO4 ) in the portion
of Hydroxychloroquine Sulfate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of hydroxychloroquine from the Sample solution
rS = peak response of hydroxychloroquine from the Standard solution
CS = concentration of USP Hydroxychloroquine Sulfate RS in the Standard solution
(mg/mL)
CU = concentration of Hydroxychloroquine Sulfate in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
Delete the following:
• Ordinary Impurities 〈466〉
Standard solution: Prepare in 10% water in methanol.
Sample solution: Prepare in 10% water in methanol.
Eluant: A mixture of alcohol, water, and ammonium hydroxide (80:16:4)
Visualization: 1
Acceptance criteria: Meets the requirements 1S (USP42)
Add the following:
• Organic Impurities
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Solution A, Solution B, and Sample solution: Prepare as directed in the Assay.
Mobile phase: See Table 1.
Time
(min)
0
1.8
2.5
3.5
4.0
6.0

Table 1
Solution A
(%)
97
97
5
5
97
97

Solution B
(%)
3
3
95
95
3
3

Standard stock solution: Use the Standard solution from the Assay.
Standard solution: 0.001 mg/mL of USP Hydroxychloroquine Sulfate RS in Solution A from
the Standard stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 2.0-mm × 10-cm; 2-µm packing L1
Column temperature: 35°
Flow rate: 0.8 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Hydroxychloroquine
Sulfate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of any individual impurity from the Sample solution
rS = peak response of hydroxychloroquine from the Standard solution
CS = concentration of USP Hydroxychloroquine Sulfate RS in the Standard solution
(mg/mL)
CU = concentration of Hydroxychloroquine Sulfate in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
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Acceptance criteria: See Table 2. Reporting threshold is 0.05%.

Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Desethyl hydroxychloroquinea
0.87
1.3
0.50
Hydroxychloroquine
1.0
—
—
b
Hydroxychloroquine acetate
1.52
0.81
0.15
Sulfohydroxychloroquinec
2.32
1.0
0.15
d
Chloroquine related compound A
4.46
2.4
0.15
Any unspecified impurity
—
1.0
0.10
Total impurities
—
—
0.8
a 2-({4-[(7-Chloroquinolin-4-yl)amino]pentyl}amino)ethan-1-ol.
b 2-({4-[(7-Chloroquinolin-4-yl)amino]pentyl}ethylamino)ethyl acetate.
c 2-({4-[(7-Chloroquinolin-4-yl)amino]pentyl}ethylamino)ethyl hydrogen sulfate.
d 4,7-Dichloroquinoline.
1S (USP42)

SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• USP Reference Standards 〈11〉
USP Hydroxychloroquine Sulfate RS
Recent Official Publications:
USP41–NF36 Page 2086
BRIEFING
Lamotrigine Tablets for Oral Suspension, USP 41 page 2340. On the basis of comments
received and as part of the USP modernization effort, it is proposed to make the following
changes:
1. Replace the IR procedure for Identification A, which uses the toxic solvent chloroform,
with a UV spectrum match from the Assay.
2. Update the Detector in the Chromatographic system in the Assay to support this
change.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: R.-H. Yeh.)
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Correspondence Number—C183866
Comment deadline: May 31, 2018
Lamotrigine Tablets for Oral Suspension
DEFINITION
Lamotrigine Tablets for Oral Suspension contain NLT 90.0% and NMT 110.0% of the labeled
amount of lamotrigine (C9 H7 Cl2 N5 ).
IDENTIFICATION
Delete the following:
• A. Infrared Absorption 〈197K〉
Sample: Transfer crushed powder of the Tablets for Oral Suspension, equivalent to 30 mg
of lamotrigine, into an Erlenmeyer flask, and add 10 mL of chloroform. Sonicate for about
15 min. Shake the flask for another 2 min. Pass the sample through a Whatman No. 1 filter
paper. Evaporate the solution to dryness. Add 250 mg of potassium bromide to the dried
residue, and prepare the pellet.
Acceptance criteria: Absorption bands at 1491 cm-1, 1557 cm-1, 1621 cm-1, 3213 cm-1,
3320 cm-1, and 3451 cm-1 are found in the Sample and a similarly prepared Standard.
1S (USP42)

Add the following:
• A. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 0.77 g/L of ammonium acetate
in water; 1S (USP42)
adjusted with glacial acetic acid to a pH of 4.5
Mobile phase: Acetonitrile, methanol, and Buffer (30:10:60)
Diluent: Acetonitrile, methanol, and Buffer (30:30:40)
Standard solution: 0.05 mg/mL of USP Lamotrigine RS in Diluent
Sample solution: Nominally 0.05 mg/mL of lamotrigine prepared as follows. Transfer NLT 6
Tablets for Oral Suspension to a suitable volumetric flask. Sonicate in 70% of the flask
volume of Diluent for 30 min with intermittent shaking. Dilute with Diluent to final volume,
and pass a portion through a suitable membrane filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

PF 44(2): Mar.-Apr. 2018

261

Mode: LC
Detector: UV 210 nm.
For Identification A, use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution

1S (USP42)

Calculate the percentage of the labeled amount of lamotrigine (C9 H7 Cl2 N5 ) in the portion of
Tablets for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Lamotrigine RS in the Standard solution (mg/mL)
CU = nominal concentration of lamotrigine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 0.1 N hydrochloric acid; 900 mL, degassed
Apparatus 2: 50 rpm
Time: 15 min. [Note—The Sample solution may be analyzed using either Chromatographic
procedure 1 or Chromatographic procedure 2.]
Standard stock solution: 0.5 mg/mL of USP Lamotrigine RS in methanol
Standard solution: (L/1000) mg/mL of USP Lamotrigine RS in Medium from the Standard
stock solution, where L is the label claim in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Determine the amount of lamotrigine dissolved by employing one of the following
chromatographic procedures.
Chromatographic procedure 1
Buffer: To 1 L of 0.77 g/L of ammonium acetate in water add 2 mL of triethylamine, and
adjust with glacial acetic acid to a pH of 7.5.
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Mobile phase: Acetonitrile, methanol, and Buffer (20:15:65)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 310 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Chromatographic procedure 2
Mobile phase: Acetonitrile, water, glacial acetic acid, and triethylamine (47:148:4:1).
[Note—The Mobile phase is stable for 48 h at room temperature.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lamotrigine dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Lamotrigine RS in the Standard solution (mg/mL)
L = label claim of lamotrigine (mg/Tablet)
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V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of lamotrigine is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
[Note—Procedure 1 is recommended if lamotrigine related compound B is a potential organic
impurity. Procedure 2 is recommended if lamotrigine related compound C is a potential organic
impurity.]
Change to read:
• Organic Impurities, Procedure 1
Buffer, Mobile phase, and Diluent: Prepare as directed in the Assay.
Standard solution: 0.8 µg/mL of USP Lamotrigine RS in Diluent
Sample solution:
Nominally 0.25 mg/mL of lamotrigine prepared as follows. 1S (USP42)
From NLT 20 Tablets for Oral Suspension ground to a fine powder, transfer an amount of
powder to a suitable flask to obtain a nominal concentration of 0.25 mg/mL of lamotrigine
in Diluent. Sonicate for 15 min to dissolve the contents. Filter a portion, and discard the
first 1 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 10%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets for Oral Suspension
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
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rU = peak response of each impurity from the Sample solution
rS = peak response of lamotrigine from the Standard solution
CS = concentration of USP Lamotrigine RS in the Standard solution (mg/mL)
CU = nominal concentration of lamotrigine in the Sample solution (mg/mL)
F = relative response factor for each impurity (see Table 1)
Acceptance criteria: See Table 1.

Name
Lamotrigine
Lamotrigine related compound Ba
Any other individual degradation
product
impurity 1S (USP42)
Total impurities
a 2,3-Dichlorobenzoic acid.

Table 1
Relative
Retention
Time
1.0
1.59

Relative
Response
Factor
—
0.69

Acceptance
Criteria,
NMT (%)
—
0.1

—
—

1.0
—

0.2
0.4

Change to read:
• Organic Impurities, Procedure 2
Mobile phase and Chromatographic system: Proceed as directed in Chromatographic
procedure 2 in the Dissolution test.
Diluent: Methanol and water (40:60)
Standard solution: 0.2 mg/mL of USP Lamotrigine RS and 0.002 mg/mL of USP Lamotrigine
Related Compound C RS prepared as follows. Transfer suitable amounts of USP Lamotrigine
RS and USP Lamotrigine Related Compound C RS to a suitable volumetric flask. Add 40% of
the flask volume of methanol, and sonicate until dissolved. Allow to cool to room
temperature, and dilute with water to volume.
Sample solution: Nominally 0.2 mg/mL of lamotrigine. Use 10 Tablets for Oral Suspension
for a label claim of 25 mg or less and 5 Tablets for Oral Suspension for a label claim of 50
mg or more prepared as follows. Transfer the appropriate number of Tablets for Oral
Suspension to a suitable volumetric flask. Add 40% of the flask volume of water. Swirl
until the tablets have disintegrated. Allow the effervescence to stop, and then add an
additional 40% of the flask volume of methanol. Sonicate the flask for 10 min, and cool to
room temperature. Dilute with water to volume. [Note—For Tablets for Oral Suspension
with a 50 mg or higher label claim, a suitable intermediate concentration may be chosen.
The final dilution to arrive at the nominal concentration is made using Diluent.]
System suitability
Sample: Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between lamotrigine and lamotrigine related compound C

PF 44(2): Mar.-Apr. 2018

265

Tailing factor: NMT 2.0 for lamotrigine and lamotrigine related compound C
Relative standard deviation: NMT 5.0% for lamotrigine related compound C and NMT
1.5% for lamotrigine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of lamotrigine related compound C in the portion of Tablets for
Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of lamotrigine related compound C from the Sample solution
rS = peak response of lamotrigine related compound C from the Standard solution
CS = concentration of USP Lamotrigine Related Compound C RS in the Standard solution
(mg/mL)
CU = nominal concentration of lamotrigine in the Sample solution (mg/mL)
Calculate the percentage of any other individual unspecified degradation product
impurity 1S (USP42)
in the portion of Tablets for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any other impurity from the Sample solution
rS = peak response of lamotrigine from the Standard solution
CS = concentration of USP Lamotrigine RS in the Standard solution (mg/mL)
CU = nominal concentration of lamotrigine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2

Name

Relative
Retention
Time
1.0
1.3

Lamotrigine
Lamotrigine related compound Ca
Any other individual unspecified degradation product
—
impurity 1S (USP42)
Total impurities
—
a 3-Amino-6-(2,3-dichlorophenyl)-1,2,4-triazin-5(4H)-one.

Acceptance
Criteria,
NMT (%)
—
0.3
0.2
0.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in tight, light-resistant containers, at controlled room
temperature.
• Labeling: If a procedure for Organic Impurities other than Procedure 1 is used, then the
labeling states with which Organic Impurities procedure the article complies. The label
states that the Tablets for Oral Suspension may be swallowed whole, chewed, or dispersed
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in water or diluted fruit juice.
• USP Reference Standards 〈11〉
USP Lamotrigine RS
1,2,4-Triazine-3,5-diamine, 6-(2,3-dichlorophenyl).
C9 H7 Cl2 N5
256.09
USP Lamotrigine Related Compound C RS
3-Amino-6-(2,3-dichlorophenyl)-1,2,4-triazin-5(4H)-one.
C9 H6 Cl2 N4 O
257.08
Recent Official Publications:
USP41–NF36 Page 2340
BRIEFING
Loracarbef Capsules, USP 41 page 2461. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Loracarbef Capsules are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C196227
Comment deadline: May 31, 2018
Delete the following:
Loracarbef Capsules

» Loracarbef Capsules contain not less than 90.0 percent and not more than
110.0 percent of the labeled amount of anhydrous loracarbef (C 16 H 16 ClN 3 O 4 ).
Packaging and storage—Preserve in well-closed containers.
USP Reference standards 〈11〉—
USP Cefaclor RS
USP Loracarbef RS
USP Loracarbef l-Isomer RS
Identification—The retention time of the loracarbef peak in the chromatogram of the Assay
preparation, corresponds to that in the chromatogram of the Standard preparation, as
obtained in the Assay.
Dissolution 〈711〉—
Medium: water; 900 mL.
Apparatus 2: 50 rpm.
Time: 30 minutes.
Procedure— Determine the amount of anhydrous loracarbef (C16 H16 ClN3 O4 ) dissolved from UV
absorbances at the wavelength of maximum absorption at about 260 nm of filtered portions of
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the solution under test, suitably diluted with Dissolution Medium, if necessary, in comparison
with a Standard solution having a known concentration of USP Loracarbef RS in the same
medium.
Tolerances— Not less than 75% (Q) of the labeled amount of anhydrous loracarbef
(C16 H16 ClN3 O4 ) is dissolved in 30 minutes.
Uniformity of dosage units 〈905〉—meet the requirements.
Water Determination, Method I 〈921〉: not more than 8.5%.
Related compounds—
Solution A, Solution B, Mobile phase, System suitability solution, Standard solution, and
Chromatographic system— Proceed as directed in the test for Related compounds under
Loracarbef.
Test solution— Remove, as completely as possible, the contents of not less than 5 Capsules.
Weigh the contents, and determine the average weight of the content of each Capsule.
Transfer an accurately weighed portion of the powder, equivalent to 125 mg of loracarbef,
based on the labeled amount per Capsule, to a 25-mL volumetric flask. Add about 20 mL of
Solution A to the flask, mix, sonicate, and mix on a vortex mixer to aid in dissolution. Dilute with
Solution A to volume, and mix. Filter, and use the filtrate as the Test solution immediately, or
refrigerate and use within 24 hours.
Procedure— Proceed as directed for Procedure in the test for Related compounds under
Loracarbef, except to omit the injection of Phenylglycine solution. Calculate the percentage of
each related compound in the portion of Capsule contents taken by the formula:
100(C/Y)(ri / rS)
in which C is the concentration, in mg per mL, of USP Loracarbef RS in the Standard solution; Y
is the concentration, in mg per mL, of loracarbef in the Test solution; ri is the response of any
related compound obtained from the Test solution; and rS is the loracarbef response obtained
from the Standard solution: not more than 1.0% of any individual related compound is found,
and the sum of all related compounds is not more than 3.0%.
Assay—
Mobile phase, Standard preparation, Resolution solution, and Chromatographic system—
Proceed as directed in the Assay under Loracarbef.
Assay preparation— Remove, as completely as possible, the contents of not less than 20
Capsules. Transfer an accurately weighed portion of the powder, equivalent to about 10 mg of
loracarbef, to a 50-mL volumetric flask. Add about 40 mL of Mobile phase, and dissolve with the
aid of swirling and sonication. Dilute with Mobile phase to volume, and mix. Pass a portion of
this solution through a filter having a porosity of 0.5 µm or finer, and use the filtrate as the
Assay preparation.
Procedure— Proceed as directed for Procedure in the Assay under Loracarbef. Calculate the
quantity, in mg, of loracarbef (C16 H16 ClN3 O4 ) in the portion of Capsules taken by the formula:
(CP/20)(rU / rS)
in which C is the concentration, in mg per mL, of USP Loracarbef RS in the Standard
preparation; P is the specified potency, in µg of anhydrous loracarbef (C16 H16 ClN3 O4 ) per mg,

PF 44(2): Mar.-Apr. 2018

268

of USP Loracarbef RS; and rU and rS are the loracarbef peak responses obtained from the Assay
preparation and the Standard preparation, respectively. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2461
BRIEFING
Loracarbef for Oral Suspension, USP 41 page 2461. It is proposed to omit this monograph
for the following reasons:
1. No drug products formulated as defined under Loracarbef for Oral Suspension are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C196229
Comment deadline: May 31, 2018
Delete the following:
Loracarbef for Oral Suspension

» Loracarbef for Oral Suspension is a dry mixture of Loracarbef and one or
more suitable suspending agents, preservatives, coloring agents,
antifoaming agents, flavorings, and sweeteners. It contains not less than
90.0 percent and not more than 115.0 percent of the labeled amount of
anhydrous loracarbef (C 16 H 16 ClN 3 O 4 ).
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Cefaclor RS
USP Loracarbef RS
USP Loracarbef l-Isomer RS
Identification—The retention time of the loracarbef peak in the chromatogram of the Assay
preparation corresponds to that in the chromatogram of the Standard preparation, as obtained
in the Assay.
Uniformity of dosage units 〈905〉—
for solids packaged in single-unit containers: meets the requirements.
Deliverable volume 〈698〉: meets the requirements.
pH 〈791〉: between 3.0 and 5.5, in the Loracarbef for Oral Suspension constituted as directed in
the labeling.
Water Determination, Method I 〈921〉: not more than 2.0%.
Related compounds—
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Solution A, Solution B, Mobile phase, System suitability solution, Standard solution, and
Chromatographic system— Proceed as directed in the test for Related compounds under
Loracarbef.
Test solution— Constitute a container of Loracarbef for Oral Suspension as directed in the
labeling. Transfer an accurately measured portion of the Suspension thus obtained, equivalent
to 100 mg of loracarbef, based on the labeled amount per mL of the Suspension, to a 25-mL
volumetric flask. Add about 20 mL of Solution A to the flask, mix, sonicate, and mix on a vortex
mixer to effect dissolution. Dilute with Solution A to volume, and mix. Filter, and use the filtrate
as the Test solution immediately, or refrigerate and use within 24 hours.
Procedure— Proceed as directed for Procedure in the test for Related compounds under
Loracarbef, except to omit the injection of the Phenylglycine solution. Calculate the percentage
of each related compound in the Suspension taken by the formula:
100(C/Y)(ri / rS)
in which C is the concentration, in mg per mL, of USP Loracarbef RS in the Standard solution; Y
is the concentration, in mg per mL, of loracarbef in the Test solution; ri is the response of any
related compound obtained from the Test solution; and rS is the loracarbef response obtained
from the Standard solution: not more than 1.0% of any individual related compound is found,
and the sum of all related compounds is not more than 4.0%.
Assay—
Mobile phase, Standard preparation, Resolution solution, and Chromatographic system—
Proceed as directed in the Assay under Loracarbef.
Assay preparation— Constitute 1 container of Loracarbef for Oral Suspension as directed in the
labeling. Transfer an accurately measured volume of Loracarbef for Oral Suspension, freshly
mixed and free from air bubbles, equivalent to about 200 mg of Loracarbef, to a 100-mL
volumetric flask, dilute with Mobile phase to volume, and mix. Transfer 10.0 mL of this solution
to a second 100-mL volumetric flask, dilute with Mobile phase to volume, and mix. Pass a
portion of this solution through a filter having a porosity of 0.5 µm or finer, and use the filtrate
as the Assay preparation.
Procedure— Proceed as directed for Procedure in the Assay under Loracarbef. Calculate the
quantity, in mg, of anhydrous loracarbef (C16 H16 ClN3 O4 ) in each mL of the Loracarbef for Oral
Suspension taken by the formula:
(CP / V)(rU / rS)
in which C is the concentration, in mg per mL, of USP Loracarbef RS in the Standard
preparation; P is the specified potency, in µg of anhydrous loracarbef (C16 H16 ClN3 O4 ) per mg,
of USP Loracarbef RS; V is the volume, in mL, of Loracarbef for Oral Suspension taken to
prepare the Assay preparation; and rU and rS are the loracarbef peak responses obtained from
the Assay preparation and the Standard preparation, respectively. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2461
BRIEFING
Magnesium Carbonate, USP 41 page 2501. As part of the USP monograph modernization
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initiative, it is proposed to make the following changes:
1. Add Identification B with the retention time agreement of magnesium ions from the
proposed ion chromatographic procedure in the Assay.
2. Add Identification C which uses a carbonate test to strengthen the monograph.
3. Replace the Assay titration procedure with an ion chromatographic procedure, which is
validated with the Dionex IonPac CS16 brand of column with L84 packing. The typical
retention time for the magnesium peak is about 8 min.
4. Replace the atomic absorption procedure in the Limit of Calcium test with an ion
chromatographic procedure similar to that proposed in the Assay. The typical retention
time for the calcium peak is about 11 min.
5. Revise the Packaging and Storage section to change the packaging requirement from
“well-closed” to “tight” containers.
6. Add a USP Reference Standards section to include USP Calcium Carbonate RS and USP
Magnesium Oxide RS to support the proposed Assay procedure and the Limit of Calcium
test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: M. Chang.)
Correspondence Number—C166296
Comment deadline: May 31, 2018
Magnesium Carbonate
Carbonic acid, magnesium salt, basic; or, Carbonic acid, magnesium salt (1:1), hydrate;
Magnesium carbonate, basic; or, Magnesium carbonate (1:1) hydrate
[23389-33-5].
Anhydrous
84.31
[546-93-0].
UNII: 0IHC698356
UNII: YQO029V1L4
UNII: 0E53J927NA
DEFINITION
Magnesium Carbonate is a basic hydrated magnesium carbonate or a normal hydrated
magnesium carbonate. It contains the equivalent of NLT 40.0% and NMT 43.5% of
magnesium oxide (MgO).
IDENTIFICATION
• A. Identification Tests—General 〈191〉, Chemical Identification Tests, Magnesium
Sample solution: When treated with 3 N hydrochloric acid, it dissolves with
effervescence.
Acceptance criteria: Meets the requirements
Add the following:
• B. The retention time of the magnesium peak of the Sample solution corresponds to that
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of the Standard solution, as obtained in the Assay.

1S (USP42)

Add the following:
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Carbonate
Analysis: Proceed as directed in test A.
Acceptance criteria: Meets the requirements 1S (USP42)
ASSAY
Change to read:
• Procedure
Sample: 1 g
Analysis: Dissolve the Sample in 30.0 mL of 1 N sulfuric acid VS, add methyl orange TS,
and titrate the excess acid with 1 N sodium hydroxide VS. Perform the blank
determination. Calculate the volume, VS, of 1 N sulfuric acid, in mL, consumed by the
Sample:
Result = (VB − VA) × NNaOH
VB = volume of 1 N sodium hydroxide consumed by the blank determination (mL)
VA = volume of 1 N sodium hydroxide consumed by the Sample (mL)
NNaOH = exact normality of the sodium hydroxide solution
Calculate the volume of 1 N sulfuric acid, VCa, in mL, consumed by calcium, which is present
in the portion of Magnesium Carbonate taken for the Assay:
Result = (W × LCa)/(F Ca × 100)
W = weight of Magnesium Carbonate taken (mg)
LCa = content of calcium as determined in the test for Limit of Calcium (%)
F Ca = weight of Ca that is equivalent to each mL of 1 N sulfuric acid, 20.04 mg
Calculate the percentage of magnesium oxide (MgO) in the portion of Magnesium Carbonate
taken:
Result = (VS − VCa) × F MgO/W × 100
VS = volume of 1 N sulfuric acid consumed by the Sample, as calculated above (mL)
VCa = volume of 1 N sulfuric acid consumed by calcium, as calculated above (mL)
F MgO = weight of MgO that is equivalent to each mL of 1 N sulfuric acid, 20.15 mg
W = weight of Magnesium Carbonate taken (mg)
Use water with a resistivity of NLT 18 megohm-cm to prepare the solutions.
Mobile phase: 48 mM methanesulfonic acid. [Note—It is recommended to use suitable
cation trapping techniques to ensure the Mobile phase is free of all cationic impurities.]
Diluent: 0.02 N hydrochloric acid
System suitability solution: 33 µg/mL of USP Magnesium Oxide RS and 5 µg/mL of USP
Calcium Carbonate RS in Diluent
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Standard stock solution: 3.3 mg/mL of USP Magnesium Oxide RS prepared as follows.
Transfer an appropriate portion of USP Magnesium Oxide RS to a suitable volumetric flask.
Add about 20% of the final volume of 6 N hydrochloric acid, and dissolve. Dilute with
water to volume.
Standard solution: 33 µg/mL of USP Magnesium Oxide RS in water from the Standard
stock solution
Sample stock solution: 8.0 mg/mL of Magnesium Carbonate prepared as directed in the
Standard stock solution
Sample solution: 80 µg/mL of Magnesium Carbonate in water from the Sample stock
solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity with suppression
Columns
Guard: 5-mm × 5-cm; 5.5-µm packing L84
Analytical: 5-mm × 25-cm; 5.5-µm packing L84
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of magnesium
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the magnesium and calcium ions are 1.0 and 1.3,
respectively.]
Suitability requirements
Resolution: NLT 3.0 between the magnesium and calcium ions, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of magnesium oxide (MgO) in the portion of Magnesium Carbonate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of magnesium from the Sample solution
rS = peak response of magnesium from the Standard solution
CS = concentration of USP Magnesium Oxide RS in the Standard solution (µg/mL)
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CU = concentration of Magnesium Carbonate in the Sample solution (µg/mL)
1S (USP42)

Acceptance criteria: 40.0%–43.5% of magnesium oxide (MgO)
IMPURITIES
• Soluble Salts
Sample: 2.0 g
Analysis: Mix the Sample with 100 mL of a mixture of equal volumes of n-propyl alcohol
and water. Heat the mixture to the boiling point with constant stirring, cool to room
temperature, dilute with water to 100 mL, and filter. Evaporate 50 mL of the filtrate on a
steam bath to dryness, and dry at 105° for 1 h.
Acceptance criteria: The weight of the residue does not exceed 10 mg (NMT 1.0%).
• Acid-Insoluble Substances
Sample: 5.0 g
Analysis: Mix the Sample with 75 mL of water, add hydrochloric acid in small portions, with
agitation, until no more of the magnesium carbonate dissolves, and boil for 5 min. If an
insoluble residue remains, filter, wash well with water until the last washing is free from
chloride, and ignite.
Acceptance criteria: The weight of the ignited residue does not exceed 2.5 mg (NMT
0.05%).
• Arsenic 〈211〉, Procedures, Method I
Test preparation: 750 mg in 25 mL of 3 N hydrochloric acid
Acceptance criteria: NMT 4 ppm
Change to read:
• Limit of Calcium
[Note—A commercially available atomic absorption standard solution for calcium may be
used where preparation of a calcium standard stock solution is described below.
Concentrations of the Standard solutions and the Sample solution may be modified to fit
the linear or working range of the instrument.]
Dilute hydrochloric acid: Dilute 100 mL of hydrochloric acid with water to 1000 mL.
Lanthanum solution: To 58.65 g of lanthanum oxide add 400 mL of water, and add,
gradually with stirring, 250 mL of hydrochloric acid. Stir until dissolved, and dilute with
water to 1000 mL.
Standard solutions: Transfer 249.7 mg of calcium carbonate, previously dried at 300° for
3 h and cooled in a desiccator for 2 h, to a 100-mL volumetric flask. Dissolve in a minimum
amount of hydrochloric acid, and dilute with water to volume. Transfer 1.0, 5.0, 10.0, and
15.0 mL of this stock solution to separate 1000-mL volumetric flasks, each containing 20
mL of Lanthanum solution and 40 mL of Dilute hydrochloric acid. Dilute with water to
volume. These Standard solutions contain 1.0, 5.0, 10.0, and 15.0 µg/mL of calcium,
respectively.
Blank solution: Transfer 4 mL of Lanthanum solution and 10 mL of Dilute hydrochloric acid
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to a 200-mL volumetric flask, and dilute with water to volume.
Sample solution: Transfer 250 mg of Magnesium Carbonate to a beaker, add 30 mL of
Dilute hydrochloric acid, and stir until dissolved, heating if necessary. Transfer the
solution so obtained to a 200-mL volumetric flask containing 4 mL of Lanthanum solution,
and dilute with water to volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line at 422.7 nm
Analysis
Samples: Standard solutions, Blank solution, and Sample solution
Using the Blank solution as blank, determine the concentration, C, in µg/mL, of calcium in
the Sample solution using the calibration graph.
Calculate the percentage of calcium in the portion of Magnesium Carbonate taken:
Result = (V/W × C × F) × 100
V = volume of the Sample solution (mL)
W = weight of Magnesium Carbonate taken (mg)
C = as defined above
F = conversion factor from µg/mL to mg/mL, 0.001
Mobile phase, Diluent, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.9 µg/mL of USP Calcium Carbonate RS in Diluent
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the magnesium and calcium ions are 1.0 and 1.3,
respectively.]
Suitability requirements
Resolution: NLT 3.0 between the magnesium and calcium ions, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5%, Standard solution
Analysis
Samples: Sample solution and Standard solution
Measure the response for the calcium peak.

1S (USP42)
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Acceptance criteria: NMT 0.45%.
The peak response of calcium from the Sample solution does not exceed that of the
Standard solution. 1S (USP42)
Delete the following:
• Heavy Metals 〈231〉, Method I
Test preparation: Dissolve 0.67 g in 10 mL of 3 N hydrochloric acid in a suitable crucible,
and evaporate the solution on a steam bath to dryness. Ignite at 550 ± 25° until all
carbonaceous material is consumed. Dissolve the residue in 15 mL of water and 5 mL of
hydrochloric acid, and evaporate to dryness. Toward the end of the evaporation, stir
frequently to disintegrate the residue so that finally a dry powder is obtained. Dissolve the
residue in 20 mL of water, and evaporate in the same manner as before to dryness.
Redissolve the residue in 20 mL of water, filter, if necessary, and add to the filtrate 2 mL
of 1 N acetic acid and water to make 25 mL.
Acceptance criteria: NMT 30 ppm (O fficial 1-Jan-2018)
• Iron 〈241〉
Test preparation: Boil 50 mg with 5 mL of 2 N nitric acid for 1 min. Cool, dilute with water
to 45 mL, add 2 mL of hydrochloric acid, and mix.
Acceptance criteria: NMT 200 ppm
SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: It meets
the requirements of the test for absence of Escherichia coli.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed
tight 1S (USP42)
containers.
Add the following:
• USP Reference Standards 〈11〉
USP Calcium Carbonate RS
USP Magnesium Oxide RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2501
BRIEFING
Magnesium Trisilicate, USP 41 page 2520. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1. Add Identification B with the retention time agreement of magnesium ions from the
proposed ion chromatographic procedure in the Assay for Content of Magnesium Oxide
to strengthen the monograph.
2. Replace the titration procedure with an ion chromatographic procedure in the Assay for
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Content of Magnesium Oxide, which is validated with the Dionex IonPac CS16 brand of
column with L84 packing. The typical retention time for the magnesium peak is about 8
min.
3. Add a Note for clarification in the test for Soluble Salts.
4. Revise the Packaging and Storage section to change the packaging requirement from
“well-closed” to “tight” containers.
5. Add a USP Reference Standards section to include USP Potassium Carbonate RS and
USP Magnesium Oxide RS to support the proposed Assay procedure.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: M. Chang.)
Correspondence Number—C166322
Comment deadline: May 31, 2018
Magnesium Trisilicate
2MgO·3SiO2 ·xH2 O (anhydrous)

260.86

Silicic acid (H4 Si3 O8 ), magnesium salt (1:2), hydrate;
Magnesium silicate hydrate (Mg2 Si3 O8 ·xH2 O)
[39365-87-2].
Anhydrous
[14987-04-3].
DEFINITION
Magnesium Trisilicate is a compound of Magnesium Oxide and silicon dioxide with varying
proportions of water. It contains NLT 20.0% of magnesium oxide (MgO) and NLT 45.0% of
silicon dioxide (SiO2 ).
IDENTIFICATION
• A. Identification Tests—General 〈191〉, Chemical Identification Tests, Magnesium
Sample solution: Mix 500 mg of Magnesium Trisilicate with 10 mL of 3 N hydrochloric acid,
filter, and neutralize the filtrate to litmus paper with 6 N ammonium hydroxide.
Acceptance criteria: Meets the requirements
Add the following:
• B. The retention time of the magnesium peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. 1S (USP42)
Change to read:
• B.
C. 1S (USP42)
Analysis: Prepare a bead by fusing a few crystals of sodium ammonium phosphate on a
platinum loop in the flame of a Bunsen burner. Place the hot, transparent bead in contact
with Magnesium Trisilicate, and again fuse.
Acceptance criteria: Silica floats about in the bead, producing, upon cooling, an opaque
bead with a web-like structure.
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ASSAY
Change to read:
• Content of Magnesium Oxide
Sample: 1.5 g
Analysis: Transfer the Sample to a 250-mL conical flask. Add 50.0 mL of 1 N sulfuric acid
VS, and digest on a steam bath for 1 h. Cool to room temperature, add methyl orange TS,
and titrate the excess acid with 1 N sodium hydroxide VS. Each mL of 1 N sulfuric acid is
equivalent to 20.15 mg of MgO.
Use water with a resistivity of NLT 18 megohm-cm to prepare the solutions.
Mobile phase: 48 mM methanesulfonic acid. [Note—It is recommended to use suitable
cation trapping techniques to ensure the Mobile phase is free of all cationic impurities.]
Diluent: 0.02 N hydrochloric acid
System suitability solution: 33 µg/mL of USP Magnesium Oxide RS and 3.5 µg/mL of USP
Potassium Carbonate RS in Diluent
Standard stock solution: 3.3 mg/mL of USP Magnesium Oxide RS prepared as follows.
Transfer an appropriate portion of USP Magnesium Oxide RS to a suitable volumetric flask.
Add about 20% of the final volume of 6 N hydrochloric acid, and dissolve. Dilute with
water to volume.
Standard solution: 33 µg/mL of USP Magnesium Oxide RS in water from Standard stock
solution
Sample stock solution: 14 mg/mL of Magnesium Trisilicate prepared as follows. Transfer
an appropriate portion of Magnesium Trisilicate to a suitable container. Add about 20% of
the final volume of 6 N hydrochloric acid. Heat to boiling with constant swirling for about
10 min. Allow to cool to room temperature. Transfer the solution quantitatively to a
suitable volumetric flask containing 10% of water. Dilute with water to volume. Pass
through a suitable filter of 0.45-µm pore size.
Sample solution: A concentration of Magnesium Trisilicate, equivalent to 33 µg/mL of
magnesium oxide, in water from Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity with suppression
Columns
Guard: 5-mm × 5-cm; 5.5-µm packing L84
Analytical: 5-mm × 25-cm; 5.5-µm packing L84
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of magnesium
System suitability
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Samples: System suitability solution and Standard solution
[Note—The relative retention times for the magnesium and potassium ions are 1.0 and
1.1, respectively.]
Suitability requirements
Resolution: NLT 2.0 between the magnesium and potassium ions, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of magnesium oxide (MgO) in the portion of Magnesium Trisilicate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of magnesium from the Sample solution
rS = peak response of magnesium from the Standard solution
CS = concentration of USP Magnesium Oxide RS in the Standard solution (µg/mL)
CU = concentration of Magnesium Trisilicate in the Sample solution (µg/mL)
1S (USP42)

Acceptance criteria: NLT 20.0%
• Content of Silicon Dioxide
Sample: 700 mg of Magnesium Trisilicate
Analysis: Transfer the Sample to a small platinum dish. Add 10 mL of 1 N sulfuric acid, and
heat on a steam bath to dryness, leaving the dish uncovered. Treat the residue with 25
mL of water, and digest on a steam bath for 15 min. Decant the supernatant through an
ashless filter paper, with the aid of suction, and wash the residue, by decantation, three
times with hot water, passing the washings through the filter paper. Finally transfer the
residue to the filter, and wash thoroughly with hot water. Transfer the filter paper and its
contents to the platinum dish previously used. Heat to dryness, incinerate, ignite strongly
for 30 min, cool, and weigh. Moisten the residue with water, and add 6 mL of hydrofluoric
acid and 3 drops of sulfuric acid. Evaporate to dryness, ignite for 5 min, cool, and weigh.
[Note—The loss in weight represents the weight of silicon dioxide (SiO2 ).]
Acceptance criteria: NLT 45.0%
• Ratio of Silicon Dioxide to Magnesium Oxide
Analysis: Divide the percentage of silicon dioxide (SiO2 ) obtained in the Assay for Content
of Silicon Dioxide by the percentage of magnesium oxide (MgO) obtained in the Assay for
Content of Magnesium Oxide.
Acceptance criteria: 2.10–2.37
IMPURITIES
Change to read:
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• Soluble Salts
Sample solution: Boil 10.0 g with 150 mL of water for 15 min. Cool to room temperature,
allow the mixture to stand for 15 min, filter with the aid of suction, transfer the filtrate to
a 200-mL volumetric flask, and dilute with water to volume.
Analysis: Evaporate 50.0 mL of the Sample solution, representing 2.5 g of Magnesium
Trisilicate, in a tared platinum dish to dryness, and ignite gently to constant weight.
[Note—Keep the remaining Sample solution for use in the tests for Chloride and Free
Alkali and the residue for use in the test for Sulfate.] 1S (USP42)
Acceptance criteria: NMT 38.0 mg (1.5%) of residue remains.
• Chloride and Sulfate 〈221〉, Chloride
Standard solution: 0.75 mL of 0.020 N hydrochloric acid VS
Sample solution: 20 mL of the Sample solution from the test for Soluble Salts, equivalent
to 1 g of Magnesium Trisilicate
Acceptance criteria: The Sample solution shows no more chloride than the Standard
solution (0.055%).
• Sulfate
Sample: Residue obtained in the test for Soluble Salts
Analysis: Add 2 mL of hydrofluoric acid to the Sample, and evaporate on a steam bath to
dryness. Mix the residue with water, transfer to a filter, and wash, using approximately 50
mL of water for the complete procedure. Heat the filtrate to boiling, and add 0.1 mL of
hydrochloric acid and 5 mL of barium chloride TS. Maintain the mixture near its boiling
point for 1 h, filter, wash the precipitate thoroughly with water, dry, and ignite to
constant weight.
Acceptance criteria: NMT 30 mg (0.5%) of residue remains.
• Free Alkali
Sample solution: 20 mL of the Sample solution from the test for Soluble Salts, equivalent
to 1 g of Magnesium Trisilicate
Analysis: Add 2 drops of phenolphthalein TS to the Sample solution.
Acceptance criteria: If a pink color is produced, NMT 1.0 mL of 0.10 N hydrochloric acid is
required to discharge it.
• Arsenic 〈211〉, Procedures, Method I: NMT 8 ppm
Delete the following:
• Heavy Metals 〈231〉
Sample solution: Boil 2.67 g with a mixture of 50 mL of water and 5 mL of hydrochloric
acid for 20 min, adding water to maintain the volume during the boiling. Add ammonium
hydroxide until the mixture is only slightly acid to litmus paper. Filter with the aid of
suction, and wash with 15 to 20 mL of water, combining the washing with the original
filtrate. Add 2 drops of phenolphthalein TS, then add a slight excess of 6 N ammonium
hydroxide. Discharge the pink color with dilute hydrochloric acid (1 in 100), then add 8 mL
of dilute hydrochloric acid (1 in 100). Dilute with water to 100 mL, and use 25 mL of the
solution for the test.
Acceptance criteria: NMT 0.003% (O fficial 1-Jan-2018)
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SPECIFIC TESTS
• Water Determination 〈921〉, Method III
Sample: 1 g
Analysis: Weigh the Sample in a tared platinum crucible provided with a cover. Gradually
apply heat to the crucible at first, then strongly ignite to constant weight.
Acceptance criteria: 17.0%–34.0%
• Acid-Consuming Capacity
Sample solution: Transfer 200 mg into a glass-stoppered, 125-mL conical flask. Add 30.0
mL of 0.1 N hydrochloric acid VS and 20.0 mL of water. Place the flask in a bath
maintained at 37°, and shake the mixture occasionally during a period of 4 h but leave the
mixture undisturbed during the last 15 min of the heating period. Cool to room
temperature, and use the supernatant.
Analysis: To 25.0 mL of the Sample solution, add methyl red TS, and titrate the excess
acid with 0.1 N sodium hydroxide VS.
Acceptance criteria: 140–160 mL of 0.10 N hydrochloric acid is consumed per gram of
Magnesium Trisilicate, calculated on the anhydrous basis.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed
tight 1S (USP42)
containers.
Add the following:
• USP Reference Standards 〈11〉
USP Magnesium Oxide RS
USP Potassium Carbonate RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2520
BRIEFING
Manganese Chloride for Oral Solution, USP 41 page 2524. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Manganese Chloride for Oral Solution are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C196232
Comment deadline: May 31, 2018
Delete the following:
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Manganese Chloride for Oral Solution

» Manganese Chloride for Oral Solution contains not less than 90.0 percent
and not more than 110.0 percent of the labeled amount of manganese (Mn).
It may contain one or more suitable flavors, sweetening agents, thickening
agents, and stabilizers.
Packaging and storage—Preserve in tight, light-resistant, single-dose containers.
Labeling—The label contains directions for constitution of the powder and states the amount
of manganese in a given volume of the Oral Solution obtained after constitution.
Identification—It meets the requirements of the tests for Chloride 〈191〉 and for Manganese
〈191〉.
Uniformity of dosage units 〈905〉—
for powder packaged in single-unit containers: meets the requirements.
Deliverable volume 〈698〉—
for powder packaged in multiple-unit containers: meets the requirements.
pH 〈791〉: between 6.0 and 8.0, when constituted to 300 mL with water.
Osmolality and Osmolarity 〈785〉: 230 mOsmol pH 6.0 to 8.0.
Assay—
Sodium chloride solution, Manganese stock solution, and Standard preparations— Prepare as
directed in the Assay under Manganese Chloride Injection.
Assay preparation— Constitute the Manganese Chloride for Oral Solution as directed in the
labeling. Transfer about 25 mL, accurately measured, of the constituted Manganese Chloride for
Oral Solution to a 100-mL volumetric flask, dilute with water to volume, and mix. Proceed as
directed for Assay preparation in the Assay under Manganese Chloride Injection, beginning with
“Pipet 10 mL of this solution.”
Procedure— Proceed as directed in the Assay under Manganese Chloride Injection. Calculate
the quantity, in µg, of manganese in each mL of the constituted for Oral Solution taken by the
formula:
500C/V
in which C is the concentration, in µg per mL, of the manganese in the Assay preparation; and
V is the volume, in mL, of the constituted Manganese Chloride for Oral Solution taken.
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2524
BRIEFING
Manganese Sulfate Injection, USP 41 page 2526. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Manganese Sulfate Injection are currently
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marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM3: M. Puderbaugh.)
Correspondence Number—C196233
Comment deadline: May 31, 2018
Delete the following:
Manganese Sulfate Injection

» Manganese Sulfate Injection is a sterile solution of Manganese Sulfate in
W ater for Injection. It contains not less than 90.0 percent and not more
than 110.0 percent of the labeled amount of manganese (Mn).
Packaging and storage—Preserve in single-dose or in multiple-dose containers, preferably of
Type I or Type II glass.
Labeling—Label the Injection to indicate that it is to be diluted to the appropriate strength
with Sterile Water for Injection or other suitable fluid prior to administration.
USP Reference standards 〈11〉—
USP Endotoxin RS
Identification—The Assay preparation, prepared as directed in the Assay, exhibits an
absorption maximum at about 279 nm when tested as directed for Procedure in the Assay.
Bacterial Endotoxins Test 〈85〉 —It contains not more than 0.45 USP Endotoxin Unit per µg of
manganese.
pH 〈791〉: between 2.0 and 3.5.
Particulate Matter in Injections 〈788〉: meets the requirements for small-volume injections.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
Assay—
Sodium chloride solution, Manganese stock solution, and Standard preparations— Prepare as
directed in the Assay under Manganese Chloride Injection.
Assay preparation— Transfer an accurately measured volume of Injection, equivalent to about
1 mg of manganese, to a 100-mL volumetric flask, dilute with water to volume, and mix. Pipet
10 mL of this solution into a 50-mL volumetric flask, dilute with water to volume, and mix.
Procedure— Proceed as directed for Procedure in the Assay under Manganese Chloride
Injection. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2526
BRIEFING
Meclocycline Sulfosalicylate, USP 41 page 2544. It is proposed to omit this monograph for
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the following reasons:
1. No drug products formulated with Meclocycline Sulfosalicylate are currently marketed in
the United States.
2. Drug products containing Meclocycline Sulfosalicylate are currently not used in
veterinary medicine in the United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C196236
Comment deadline: May 31, 2018
Delete the following:
Meclocycline Sulfosalicylate

C22 H21 ClN2 O8 ·C7 H6 O6 S

695.05

2-Naphthacenecarboxamide, 7-chloro-4-(dimethylamino)- 1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methylene-1,11-dioxo-, [4S-(4α,4aα,5α,5aα,12aα)]-, mono(2hydroxy-5-sulfobenzoate) (salt).
(4S,4aR,5S,5aR,12aS)-7-Chloro-4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methylene-1,11-dioxo-2-naphthacene carboxamide mono(5sulfosalicylate) (salt) [73816-42-9].

» Meclocycline Sulfosalicylate has a potency equivalent to not less than 620
µg of meclocycline (C 22 H 21 ClN 2 O 8 ) per mg.
Packaging and storage—Preserve in tight containers, protected from light.
USP Reference standards 〈11〉—
USP Meclocycline Sulfosalicylate RS
Identification, Infrared Absorption 〈197K〉.
Crystallinity 〈695〉: meets the requirements.
pH 〈791〉: between 2.5 and 3.5, in a solution containing 10 mg per mL.
Water Determination, Method I 〈921〉: not more than 4.0%.
Assay—
0.001 M Ammonium edetate— Transfer 293 mg of edetic acid, accurately weighed, to a 1000mL volumetric flask, add 1 mL of methanol and 7 mL of ammonium hydroxide, and shake to
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dissolve the edetic acid. Add 900 mL of water, adjust with glacial acetic acid to a pH of 6.6,
dilute with water to volume, and mix.
Mobile phase— Prepare a mixture of 0.001 M Ammonium edetate and tetrahydrofuran (85 : 15).
Filter and degas the solution before use.
Standard stock preparation— Dissolve an accurately weighed quantity of USP Meclocycline
Sulfosalicylate RS in methanol to obtain a solution having a known concentration of about 0.5
mg of meclocycline per mL.
Standard preparation— Immediately prior to injection, dilute the Standard stock preparation
quantitatively, and stepwise if necessary, with Mobile phase to obtain a solution having a
known concentration of about 60 µg of meclocycline per mL.
Assay stock preparation— Transfer 36 mg of Meclocycline Sulfosalicylate, accurately weighed,
to a 50-mL volumetric flask, dilute with methanol to volume, and mix.
Assay preparation— Immediately prior to injection, transfer 3.0 mL of the Assay stock
preparation to a 25-mL volumetric flask, dilute with Mobile phase to volume, and mix to obtain
a solution having a nominal concentration of about 60 µg of meclocycline per mL.
Chromatographic system— The liquid chromatograph is equipped with a 340-nm detector and a
4-mm × 25-cm column that contains packing L1. The flow rate is about 0.8 mL per minute.
Chromatograph the Standard preparation, and record the peak responses as directed for
Procedure: the relative standard deviation of the meclocyline peak for replicate injections is not
more than 3.0%.
Procedure— Separately inject equal volumes (about 10 µL) of the Standard preparation and
the Assay preparation into the chromatograph, and measure the responses for the meclocycline
peak. Calculate the quantity in µg of C22 H21 ClN2 O8 in each mg of Meclocycline Sulfosalicylate
taken by the formula:
(CS / CU)(rU / rS)
in which CS is the concentration, in µg per mL, of meclocycline in the Standard preparation; CU
is the concentration, in mg per mL, of Meclocycline Sulfosalicylate in the Assay preparation;
and rU and rS are the peak responses obtained from the Assay preparation and the Standard
preparation, respectively. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2544
BRIEFING
Meclocycline Sulfosalicylate Cream, USP 41 page 2545. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Meclocycline Sulfosalicylate Cream are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C196364
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Comment deadline: May 31, 2018
Delete the following:
Meclocycline Sulfosalicylate Cream

» Meclocycline Sulfosalicylate Cream contains the equivalent of not less than
90.0 percent and not more than 125.0 percent of the labeled amount of
meclocycline (C 22 H 21 ClN 2 O 8 ).
Packaging and storage—Preserve in tight containers, protected from light.
USP Reference standards 〈11〉—
USP Meclocycline Sulfosalicylate RS
Minimum fill 〈755〉: meets the requirements.
Assay—
0.001 M Ammonium edetate— Transfer 293 mg of edetic acid, accurately weighed, to a 1000mL volumetric flask, add 1 mL of methanol and 7 mL of ammonium hydroxide, and shake to
dissolve the edetic acid. Add 900 mL of water, adjust with glacial acetic acid to a pH of 6.6,
dilute with water to volume, and mix.
Mobile phase— Prepare a mixture of 0.001 M Ammonium edetate and tetrahydrofuran (85 : 15).
Filter and degas the solution before use.
Standard stock preparation— Dissolve an accurately weighed quantity of USP Meclocycline
Sulfosalicylate RS in methanol to obtain a solution having a known concentration of about 0.5
mg of meclocycline per mL.
Standard preparation— Immediately prior to injection, dilute the Standard stock preparation
quantitatively, and stepwise if necessary, with Mobile phase, to obtain a solution having a
known concentration of about 10 µg of meclocycline per mL.
Assay stock preparation— Transfer an accurately weighed quantity of Cream, equivalent to
about 5 mg of meclocycline, to a glass-stoppered, 50-mL centrifuge tube. Add 20 mL of
methanol and 20 mL of 0.025 N sulfuric acid, and shake vigorously for 15 minutes. Transfer the
solution to a 50-mL volumetric flask, rinse the centrifuge tube with two 5-mL portions of
methanol, and add the rinsings to the flask. Dilute with methanol to volume, and mix.
Assay preparation— Centrifuge a portion of the Assay stock preparation for 5 minutes.
Immediately prior to injection, transfer 5 mL of the supernatant to a 50-mL volumetric flask,
dilute with Mobile phase to volume, mix, and filter to obtain a solution having a nominal
concentration of about 10 µg of meclocycline per mL.
Chromatographic system— The liquid chromatograph is equipped with a 340-nm detector and a
4-mm × 25-cm column that contains packing L1. The flow rate is about 0.8 mL per minute.
Chromatograph the Standard preparation, and record the peak responses as directed for
Procedure: the relative standard deviation of the meclocyline peak for replicate injections is not
more than 3.0%.
Procedure— Separately inject equal volumes (about 10 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
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responses for the meclocycline peak. Calculate the percent label claim of C22 H21 ClN2 O8 in the
portion of Cream taken by the formula:
(CS / CU)(rU / rS)(100)
in which CS is the concentration, in µg per mL, of meclocycline in the Standard preparation; CU
is the nominal concentration, in µg per mL, of meclocycline in the Assay preparation; and rU
and rS are the peak responses obtained from the Assay preparation and the Standard
preparation, respectively. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2545
BRIEFING
Mephenytoin, USP 41 page 2576. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Mephenytoin are currently marketed in the United
States.
2. Drug products containing Mephenytoin are currently not used in veterinary medicine in
the United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C196376
Comment deadline: May 31, 2018
Delete the following:
Mephenytoin

C12 H14 N2 O2

218.25

2,4-Imidazolidinedione, 5-ethyl-3-methyl-5-phenyl-, (±)-;
(±)-5-Ethyl-3-methyl-5-phenylhydantoin
[50-12-4].
DEFINITION
Mephenytoin contains NLT 98.0% and NMT 102.0% of mephenytoin (C12 H14 N2 O2 ), calculated
on the dried basis.
IDENTIFICATION
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• A. Infrared Absorption 〈197K〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile, methanol, and water (10:38:52)
System suitability solution: 0.015 mg/mL of propiophenone and 1.5 mg/mL of USP
Mephenytoin RS in Mobile phase. Sonicate if necessary.
Standard solution: 5.0 mg/mL of USP Mephenytoin RS in Mobile phase. Sonicate if
necessary.
Sample solution: 5.0 mg/mL of Mephenytoin in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 3.9-mm × 15-cm; packing L7
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Column efficiency: NLT 4000 theoretical plates for the mephenytoin peak
Relative standard deviation: NMT 2.0% for the mephenytoin peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mephenytoin (C12 H14 N2 O2 ) in the portion of Mephenytoin
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Mephenytoin RS in the Standard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
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• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm (O fficial 1-Jan-2018)
• Organic Impurities
Mobile phase: Acetonitrile, methanol, and water (10:38:52)
System suitability solution: 0.015 mg/mL of propiophenone and 1.5 mg/mL of USP
Mephenytoin RS in Mobile phase
Sample solution: 5.0 mg/mL of Mephenytoin in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 3.9-mm × 15-cm; packing L7
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Column efficiency: NLT 4000 theoretical plates for the mephenytoin peak
Relative standard deviation: NMT 2.0% for the mephenytoin peak
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Mephenytoin taken:
Result = (rU/rT) × (1/F) × 100
rU = peak response for each impurity
rT = sum of the responses of all of the peaks
F = relative response factor for the corresponding impurity (see Table 1)
Acceptance criteria: See Table 1.
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Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Desmethyl phenytoina
0.66
Mephenytoin
1.0
Methyl mephenytoinb
1.17
Propiophenone
1.5
Any individual unspecified impurity
—
Total
—
a 5-Ethyl-5-phenylimidazolidine-2,4-dione.
b 5-Ethyl-1,3-dimethyl-5-phenylimidazolidine-2,4-dione.

Acceptance
Criteria,
NMT (%)

0.86
—
1.0
2.7
1.0
—

1.0
—
1.0
1.0
0.10
1.5

SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers below 30°.
• USP Reference Standards 〈11〉
USP Mephenytoin RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2576
BRIEFING
Mephenytoin Tablets, USP 41 page 2577. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Mephenytoin Tablets are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C196377
Comment deadline: May 31, 2018
Delete the following:
Mephenytoin Tablets
DEFINITION
Mephenytoin Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
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Mephenytoin Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
mephenytoin (C12 H14 N2 O2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile, methanol, and water (10:38:52)
System suitability solution: 0.015 mg/mL of propiophenone and 1.5 mg/mL of USP
Mephenytoin RS in Mobile phase. Sonicate if necessary.
Standard solution: 5.0 mg/mL of USP Mephenytoin RS in Mobile phase. Sonicate if
necessary.
Sample solution: Nominally 5.0 mg/mL of mephenytoin prepared with NLT 500 mg from NLT
20 powdered Tablets as follows. Transfer the powder to a suitable volumetric flask. Add
60% of the flask volume of Mobile phase, sonicate for 10 min, and shake by mechanical
means for 30 min. Dilute with Mobile phase to volume, and filter, discarding a suitable
portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 3.9-mm × 15-cm; packing L7
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution[Note—See Table 1 for relative retention times.]
Suitability requirements
Column efficiency: NLT 4000 theoretical plates for the mephenytoin peak
Relative standard deviation: NMT 2.0% for the mephenytoin peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of mephenytoin (C12 H14 N2 O2 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Mephenytoin RS in the Standard solution (mg/mL)
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CU = nominal concentration of mephenytoin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: Water; 500 mL
Apparatus 2: 75 rpm
Time: 60 min
Instrumental conditions
Mode: UV
Analytical wavelength: Wavelength of maximum absorbance at about 257 nm
Standard solution: 0.2 mg/mL of USP Mephenytoin RS in Medium
Sample solution: Filter a portion of the solution under test. Dilute the filtrate, if
necessary, with Medium.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of mephenytoin (C12 H14 N2 O2 ) dissolved:
Result= (AU/AS) × CS × D × V × (1/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Mephenytoin RS in the Standard solution (mg/mL)
D = dilution factor, if used
V = volume of Medium, 500 mL
L = label claim (mg/Tablet)
Tolerances: NLT 70% (Q) of the labeled amount of mephenytoin (C12 H14 N2 O2 ) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Mobile phase: Acetonitrile, methanol, and water (10:38:52)
System suitability solution: 0.015 mg/mL of propiophenone and 1.5 mg/mL of USP
Mephenytoin RS in Mobile phase. Sonicate if necessary.
Sample solution: Nominally 5.0 mg/mL of mephenytoin prepared with NLT 500 mg from NLT
20 powdered Tablets as follows. Transfer the powder to a suitable volumetric flask. Add
60% of the flask volume of Mobile phase, sonicate for 10 min, and shake by mechanical
means for 30 min. Dilute with Mobile phase to volume, and filter, discarding a suitable
portion of the filtrate.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 3.9-mm × 15-cm; packing L7
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution[Note—See Table 1 for relative retention times.]
Suitability requirements
Column efficiency: NLT 4000 theoretical plates for the mephenytoin peak
Relative standard deviation: NMT 2.0% for the mephenytoin peak
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rT) × (1/F) × 100
rU = peak response of each impurity
rT = sum of the responses of all of the peaks
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1.

Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Desmethyl phenytoina
0.66
0.86
Mephenytoin
1.0
—
Methyl mephenytoinb
1.2
1.0
Propiophenone
1.5
2.7
Any individual
—
unspecified degradation product
1.0
Total impurities
—
—
a 5-Ethyl-5-phenylimidazolidine-2,4-dione.
b 5-Ethyl-1,3-dimethyl-5-phenylimidazolidine-2,4-dione.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store below 30°.
• USP Reference Standards 〈11〉
USP Mephenytoin RS
1S (USP42)

Recent Official Publications:

1.0
—
1.0
1.0
0.2
2.0
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USP41–NF36 Page 2577
BRIEFING
Meprednisone, USP 41 page 2583. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Meprednisone are currently marketed in the United
States.
2. Drug products containing Meprednisone are currently not used in veterinary medicine in
the United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C197621
Comment deadline: May 31, 2018
Delete the following:
Meprednisone

C22 H28 O5

372.45

Pregna-1,4-diene-3,11,20-trione, 17,21-dihydroxy-16-methyl-, (16β)-;
17,21-Dihydroxy-16β-methylpregna-1,4-diene-3,11,20-trione
[1247-42-3].
DEFINITION
Meprednisone contains NLT 97.5% and NMT 102.5% of meprednisone (C22 H28 O5 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197M〉
• B. Ultraviolet Absorption 〈197U〉
Analytical wavelength: 238 nm
Standard solution: 10 µg/mL of USP Meprednisone RS in methanol
Sample solution: 10 µg/mL in methanol
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
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• C. Thin-Layer Chromatographic Identification Test 〈201〉
Diluent: Toluene and alcohol (1:1)
Sample solution: 20 mg/mL in Diluent
Chromatographic system
Spray reagent: 10% (v/v) sulfuric acid in alcohol
Analysis: Proceed as directed in the chapter. Locate the spots on the plate by spraying
with Spray reagent and heating at 105° for 10 min.
Acceptance criteria: Meets the requirements
ASSAY
• Procedure
Diluent: Alcohol and chloroform (1:1)
Standard solution: Prepare as directed in Single-Steroid Assay 〈511〉, Standard Preparation
using USP Meprednisone RS.
Sample solution: 2 mg/mL of previously dried Meprednisone in Diluent
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum at about 238 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in Single-Steroid Assay 〈511〉, Procedure using a solvent system
consisting of chloroform, methanol, and water (180:15:1), through the fourth sentence of
the second paragraph. Then centrifuge the tubes for 5 min. Determine the absorbances of
the supernatants against a blank.
Calculate the percentage of meprednisone (C22 H28 O5 ) in the portion of Meprednisone taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Meprednisone RS in the Standard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL)
Acceptance criteria: 97.5%–102.5% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
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Acceptance criteria: NMT 1.0%
• Optical Rotation, Specific Rotation〈781S〉
Sample solution: 10 mg/mL in dioxane
Acceptance criteria: +180° to +188°
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and avoid exposure to
excessive heat.
• USP Reference Standards 〈11〉
USP Meprednisone RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2583
BRIEFING
Meprobamate Oral Suspension, USP 41 page 2585. It is proposed to omit this monograph
for the following reasons:
1. No drug products formulated as defined under Meprobamate Oral Suspension are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C197622
Comment deadline: May 31, 2018
Delete the following:
Meprobamate Oral Suspension
DEFINITION
Meprobamate Oral Suspension contains NLT 95.0% and NMT 110.0% of the labeled amount of
meprobamate (C9 H18 N2 O4 ).
IDENTIFICATION
• A.
Sample solution: 2 mL of Oral Suspension
Analysis: Mix the Sample solution with 2 mL of acetone and 2 mL of furfural in glacial
acetic acid (1 in 100), add 5 mL of hydrochloric acid, and shake.
Acceptance criteria: A purple color is produced, and, on standing, it changes to blue,
then to blue-black, and finally to black-brown.
ASSAY
• Procedure
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Sample solution: Transfer an equivalent to 400 mg of meprobamate from Oral Suspension
to a separator, and completely extract the meprobamate with 20-mL portions of
chloroform, filtering the extracts through a pledget of cotton enclosed in glass wool that
previously has been moistened with chloroform. Collect the filtrate in a conical flask, add
several glass beads to the flask, and evaporate on a steam bath to dryness. To the
residue add 20 mL of water, heat on a steam bath for several min, then add 40 mL of
hydrochloric acid, and reflux for 90 min. Remove the condenser, and continue boiling until
the volume is reduced to about 20 mL. Cool to room temperature, add 50 mL of water,
and cool in an ice bath. Add 1 drop of methyl red TS, and, while cooling continuously,
cautiously neutralize with sodium hydroxide solution (4 in 10) until the indicator begins to
change color. Add hydrochloric acid, if necessary, to restore the pink color, then carefully
neutralize with 0.1 N sodium hydroxide VS. Add 30 mL of neutral formaldehyde solution
(18% w/w).
Analysis: Titrate with 0.1 N sodium hydroxide VS until the solution becomes yellow. Add
0.2 mL of phenolphthalein TS, and continue the titration with 0.1 N sodium hydroxide VS
to a distinct pink color. Perform a blank determination. Each mL of the total volume of 0.1
N sodium hydroxide consumed after the addition of the formaldehyde solution is equivalent
to 10.91 mg of meprobamate (C9 H18 N2 O4 ).
Acceptance criteria: 95.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements for oral suspension packaged in
single-unit containers
• Deliverable Volume 〈698〉: Meets the requirements for oral suspension packaged in multipleunit containers
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Recent Official Publications:
USP41–NF36 Page 2585

1S (USP42)

BRIEFING
Mesoridazine Besylate, USP 41 page 2601. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated with Mesoridazine Besylate are currently marketed in the
United States.
2. Drug products containing Mesoridazine Besylate are currently not used in veterinary
medicine in the United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C197623
Comment deadline: May 31, 2018
Delete the following:
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Mesoridazine Besylate

C21 H26 N2 OS2 ·C6 H6 O3 S

544.75

10H-Phenothiazine, 10-[2-(1-methyl-2-piperidinyl)ethyl]-2-(methylsulfinyl)-, (±)-,
monobenzenesulfonate.
(±)-10-[2-(1-Methyl-2-piperidyl)ethyl]-2-(methylsulfinyl)phenothiazine monobenzenesulfonate
[32672-69-8].

» Mesoridazine Besylate contains not less than 98.0 percent and not more
than 102.0 percent of C 21 H 26 N 2 OS2 ·C 6 H 6 O 3 S, calculated on the dried basis.
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Mesoridazine Besylate RS
[Note—Throughout the following procedures, protect test or assay specimens, the USP
Reference Standard, and solutions containing them, by conducting the procedures without
delay, under subdued light, or using low-actinic glassware.]
Identification—
A: Infrared Absorption 〈197M〉.
B: Ultraviolet Absorption 〈197U〉—
Solution: 10 µg per mL.
Medium: methanol.
Absorptivities at 263 nm, calculated on the dried basis, do not differ by more than 3.0%.
pH 〈791〉: between 4.2 and 5.7, in a freshly prepared solution (1 in 100).
Loss on drying 〈731〉—Dry it at 105° for 4 hours: it loses not more than 0.5% of its weight.
Residue on ignition 〈281〉: not more than 0.2%.
Delete the following:
Heavy metals, Method II 〈231〉: 0.002%. (O fficial 1-Jan-2018)
Selenium 〈291〉—The absorbance of the solution from the Test Solution, prepared with 100 mg
of Mesoridazine Besylate and 100 mg of magnesium oxide, is not greater than one-half that
from the Standard Solution (0.003%).
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Ordinary impurities 〈466〉—
Test solution: a solution in methanol having a known concentration of 14.1 mg per mL
equivalent to 10 mg of mesoridazine per mL.
Standard solution: methanol.
Eluant: a mixture of chloroform, isopropyl alcohol, and ammonium hydroxide (87:12:1).
Visualization: 3, followed by spraying with 3% (v/v) aqueous hydrogen peroxide.
Application volume: 10 µL.
Limit: 3.0%.
Assay—Dissolve about 150 mg of Mesoridazine Besylate, accurately weighed, in 70 mL of
acetic anhydride, and titrate with 0.1 N perchloric acid VS, determining the endpoint
potentiometrically. Perform a blank determination, and make any necessary correction. Each mL
of 0.1 N perchloric acid is equivalent to 27.24 mg of C21 H26 N2 OS2 ·C6 H6 O3 S. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2601
BRIEFING
Mesoridazine Besylate Injection, USP 41 page 2602. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Mesoridazine Besylate Injection are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C197624
Comment deadline: May 31, 2018
Delete the following:
Mesoridazine Besylate Injection
DEFINITION
Mesoridazine Besylate Injection is a sterile solution of Mesoridazine Besylate in Water for
Injection. It contains mesoridazine besylate (C21 H26 N2 OS2 ·C6 H6 O3 S) equivalent to NLT 90.0%
and NMT 110.0% of the labeled amount of mesoridazine (C21 H26 N2 OS2 ).
Throughout the following procedures, protect samples, the Reference Standard, and solutions
containing them by conducting the procedures without delay, under subdued light, or using
low-actinic glassware.
IDENTIFICATION
• A. Identification—Organic Nitrogenous Bases 〈181〉
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Sample solution: Dilute a volume of Injection, equivalent to 50 mg of mesoridazine
besylate, with 0.01 N hydrochloric acid to 25 mL.
Analysis: Proceed as directed in the chapter, beginning with “Transfer the liquid to a
separator”.
Acceptance criteria: Meets the requirements
ASSAY
• Procedure
Conduct this procedure with minimum exposure to light.
Standard solution and Sample solution: Proceed with Injection as directed in Salts of
Organic Nitrogenous Bases 〈501〉, except use 1.0 mL each of the Standard Preparation and
the Assay Preparation in the Procedure.
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: Maximum at about 262 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of mesoridazine (C21 H26 N2 OS2 ) in the
portion of Injection taken:
Result = (AU/AS) × (CS/CU) × (Mr1/Mr2) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Mesoridazine Besylate RS in the Standard solution (µg/mL)
CU = nominal concentration of mesoridazine besylate in the Sample solution (µg/mL)
Mr1 = molecular weight of mesoridazine, 386.59
Mr2 = molecular weight of mesoridazine besylate, 544.75
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• Bacterial Endotoxins Test 〈85〉: It contains NMT 7.0 USP Endotoxin Units/mg of
mesoridazine besylate.
• pH 〈791〉: 4.0–5.0
• Other Requirements: It meets the requirements in Injections and Implanted Drug Products
〈1〉.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass,
protected from light.
• USP Reference Standards 〈11〉
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USP Endotoxin RS
USP Mesoridazine Besylate RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2602
BRIEFING
Mesoridazine Besylate Tablets, USP 41 page 2603. It is proposed to omit this monograph
for the following reasons:
1. No drug products formulated as defined under Mesoridazine Besylate Tablets are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C197626
Comment deadline: May 31, 2018
Delete the following:
Mesoridazine Besylate Tablets
DEFINITION
Mesoridazine Besylate Tablets contain mesoridazine besylate (C21 H26 N2 OS2 ·C6 H6 O3 S)
equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of mesoridazine
(C21 H26 N2 OS2 ).
Throughout the following procedures, protect samples, the Reference Standard, and solutions
containing them by conducting the procedures without delay, under subdued light, or using
low-actinic glassware.
IDENTIFICATION
• A. Identification—Organic Nitrogenous Bases 〈181〉: Meet the requirements
ASSAY
• Procedure
Mobile phase: Acetonitrile, triethylamine, and water (850:1:150)
Standard solution: 0.35 mg/mL of USP Mesoridazine Besylate RS in methanol
System suitability solution: 0.025 mg/mL of thioridazine hydrochloride in Standard
solution
Sample solution: Nominally 0.25 mg/mL of mesoridazine prepared as follows. Transfer an
amount of powder equivalent to NLT 50 mg of mesoridazine, from NLT 20 powdered
Tablets, to a suitable volumetric flask. Add 75% of the flask volume of methanol, shake by
mechanical means for 15 min, and dilute with methanol to volume. Sonicate for 30 min,
and allow dispersed material to settle. Filter through a 0.25-µm disk, discarding the first
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20 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2.5 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.0 between mesoridazine besylate and thioridazine hydrochloride,
System suitability solution
Column efficiency: NLT 750 theoretical plates for the mesoridazine peak, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of mesoridazine (C21 H26 N2 OS2 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Mesoridazine Besylate RS in the Standard solution (mg/mL)
CU = nominal concentration of mesoridazine in the Sample solution (mg/mL)
Mr1 = molecular weight of mesoridazine, 386.59
Mr2 = molecular weight of mesoridazine besylate, 544.75
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 0.01 N hydrochloric acid; 1000 mL
Apparatus 2: 100 rpm
Time: 60 min
Standard solution: USP Mesoridazine Besylate RS in Medium. [Note—A volume of methanol
not exceeding 1% of the final total volume may be used to prepare the Standard solution.
]
Sample solution: Filter the solution under test, suitably diluted with Medium, if necessary,
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to a concentration that is similar to the Standard solution.
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum at about 261 nm
Tolerances: NLT 80% (Q) of the labeled amount of mesoridazine (C21 H26 N2 OS2 ) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers. Preserve
Tablets with an opaque coating in well-closed containers.
• USP Reference Standards 〈11〉
USP Mesoridazine Besylate RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2603
BRIEFING
Metaproterenol Sulfate Inhalation Solution, USP 41 page 2608. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Metaproterenol Sulfate Inhalation Solution
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C197628
Comment deadline: May 31, 2018
Delete the following:
Metaproterenol Sulfate Inhalation Solution
DEFINITION
Metaproterenol Sulfate Inhalation Solution is a sterile solution of Metaproterenol Sulfate in
Purified Water. It may contain Sodium Chloride. It contains NLT 90.0% and NMT 110.0% of the
labeled amount of metaproterenol sulfate [(C11 H17 NO3 )2 ·H2 SO4 ].
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 50 mg/mL of USP Metaproterenol Sulfate RS
Sample solution: Inhalation Solution
Chromatographic system
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(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: Thin-layer chromatographic plate coated with a 0.25-mm layer of
chromatographic silica gel mixture
Application volume: 4 µL
Developing solvent system: Upper layer of a freshly prepared mixture of butyl alcohol,
water, and formic acid (50:25:7)
Analysis: Develop the chromatogram in Developing solvent system until the solvent front
has moved about three-fourths of the length of the plate. Locate the spots on the plate
by examination under short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution.
• B. The chromatogram of the Sample solution exhibits a major peak for metaproterenol, the
retention time of which corresponds to that exhibited in the chromatogram of the Standard
solution as obtained in the Assay.
ASSAY
• Procedure
Solution A: 11.9 mg/mL of anhydrous dibasic sodium phosphate
Solution B: 9.1 mg/mL of monobasic potassium phosphate
Mobile phase: Methanol, Solution A, and Solution B (25:147:28)
Standard solution: 2 mg/mL of USP Metaproterenol Sulfate RS in 0.01 N hydrochloric acid
Sample solution: 2 mg/mL of metaproterenol sulfate from measured volume of Inhalation
Solution diluted with 0.01 N hydrochloric acid
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 278 nm
Guard column: 4.6-mm × 5-cm; packing L7
Column: 4.6-mm × 25-cm; 10 µm; packing L7
Flow rate: 2 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 500 theoretical plates from the analyte peak
Tailing factor: NMT 3.0 for the analyte peak
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of (C11 H17 NO3 )2 ·H2 SO4 in each mL of the Inhalation Solution
taken:
Result = (rU /rS) × (CS/CU ) × 100
rU
rS
CS
CU

= peak response from the Sample solution
= peak response from the Standard solution
= concentration of USP Metaproterenol Sulfate RS in the Standard solution (mg/mL)
= nominal concentration of metaproterenol sulfate in the Sample solution (mg/mL)

Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• Color and Clarity
Standard solution: Transfer 2.0 mL of 0.100 N iodine VS to a 500-mL volumetric flask, and
dilute with water to volume.
Sample solution: A portion of the Inhalation Solution
Analysis
Samples: Standard solution and Sample solution
Visually examine in a suitable clear glass test tube against a white background.
Acceptance criteria: It is not pinkish, and it contains no precipitate. If any yellow color is
observed in the Sample solution, concomitantly determine the absorbances of the Sample
solution and the Standard solution in 1-cm cells with a suitable spectrophotometer set at
460 nm: the absorbance of the Sample solution does not exceed that of the Standard
solution.
• Sterility Tests 〈71〉: Meets the requirements
• pH 〈791〉: 2.8–4.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in small, tight containers that are well-filled or otherwise
protected from oxidation. Protect from light.
• Labeling: Label it to indicate that the Inhalation Solution is not to be used if its color is
pinkish or darker than slightly yellow or if it contains a precipitate.
• USP Reference Standards 〈11〉
USP Metaproterenol Sulfate RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2608
BRIEFING
Methacycline Hydrochloride Capsules, USP 41 page 2626. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Methacycline Hydrochloride Capsules are
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1. No drug products formulated as defined under Methacycline Hydrochloride Capsules are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C197629
Comment deadline: May 31, 2018
Delete the following:
Methacycline Hydrochloride Capsules

» Methacycline Hydrochloride Capsules contain the equivalent of not less
than 90.0 percent and not more than 120.0 percent of the labeled amount of
methacycline (C 22 H 22 N 2 O 8 ).
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Doxycycline Hyclate RS
USP Methacycline Hydrochloride RS
Identification—Shake a suitable quantity of Capsule contents with methanol to obtain a
solution containing the equivalent of about 1 mg of methacycline per mL, and filter. Using the
filtrate as the Test Solution, proceed as directed for Method II under
Identification—Tetracyclines 〈193〉.
Dissolution 〈711〉—
Medium: water; 900 mL.
Apparatus 1: 100 rpm.
Time: 60 minutes.
Procedure— Determine the amount of C22 H22 N2 O8 ·HCl dissolved from UV absorbances at the
wavelength of maximum absorbance at about 345 nm of filtered portions of the solution under
test, suitably diluted with water, in comparison with a Standard solution having a known
concentration of USP Methacycline Hydrochloride RS in the same Medium.
Tolerances— Not less than 70% (Q) of the labeled amount of C22 H22 N2 O8 ·HCl is dissolved in 60
minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Water Determination, Method I〈921〉 : not more than 7.5%.
Assay—
Mobile phase, System suitability preparation, and Chromatographic system— Proceed as
directed in the Assay under Methacycline Hydrochloride.
Standard preparation— Transfer about 28 mg of USP Methacycline Hydrochloride RS,
accurately weighed, to a 50-mL volumetric flask, add 10 mL of water, dilute with Mobile phase
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to volume, and mix.
Assay preparation— Place no fewer than 5 Capsules in a high-speed, glass blender jar
containing an accurately measured volume of water, and blend for 3 to 5 minutes to obtain a
stock solution having a concentration of about 2.5 mg of methacycline (C22 H22 N2 O8 ) per mL.
Filter, transfer 10.0 mL of the filtrate to a 50-mL volumetric flask, add 10 mL of water, dilute
with Mobile phase to volume, and mix.
Procedure— Proceed as directed in the Assay under Methacycline Hydrochloride. Calculate the
quantity, in mg, of methacycline (C22 H22 N2 O8 ) in each Capsule taken by the formula:
5(CE / 1000)(V / N)(rU / rS)
in which V is the volume, in mL, of water used to prepare the stock solution for the Assay
preparation; N is the number of Capsules taken to prepare the stock solution for the Assay
preparation; and the other terms are as defined therein. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2626
BRIEFING
Methdilazine Hydrochloride, USP 41 page 2634. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated with Methdilazine Hydrochloride are currently marketed in
the United States.
2. Drug products containing Methdilazine Hydrochloride are currently not used in veterinary
medicine in the United States.
(CHM3: M. Puderbaugh.)
Correspondence Number—C197714
Comment deadline: May 31, 2018
Delete the following:
Methdilazine Hydrochloride
C18 H20 N2 S·HCl
332.89
10H-Phenothiazine, 10-[(1-methyl-3-pyrrolidinyl)methyl]-, monohydrochloride.
10-[(1-Methyl-3-pyrrolidinyl)methyl]phenothiazine monohydrochloride [1229-35-2].

» Methdilazine Hydrochloride contains not less than 97.0 percent and not
more than 103.0 percent of C 18 H 20 N 2 S·HCl, calculated on the dried basis.
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Methdilazine Hydrochloride RS
[Note——Throughout the following procedures, protect test or assay specimens, the Reference
Standard, and solutions containing them, by conducting the procedures without delay, under
subdued light, or using low-actinic glassware.]
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Identification—
A: Infrared Absorption 〈197K〉.
B: Ultraviolet Absorption 〈197U〉—
Solution: 5 µg per mL.
Medium: water.
C: A solution of it responds to the tests for Chloride 〈191〉.
Melting range, Class I 〈741〉: between 184° and 190°.
pH 〈791〉: between 4.8 and 6.0, in a solution (1 in 100).
Loss on drying 〈731〉—Dry it in vacuum at 65° for 16 hours: it loses not more than 1.0% of its
weight.
Residue on ignition 〈281〉: not more than 0.5%.
Selenium 〈291〉—The absorbance of the solution from the Test Solution, prepared with 100 mg
of Methdilazine Hydrochloride and 100 mg of magnesium oxide, is not greater than one-half that
from the Standard Solution (0.003%).
Delete the following:
Heavy metals, Method II 〈231〉: 0.002%.
Ordinary impurities 〈466〉—

(O fficial 1-Jan-2018)

Test solution: methanol.
Standard solution: methanol.
Application volume: 10 µL.
Eluant: a mixture of toluene, isopropyl alcohol, and ammonium hydroxide (70:29:1), in a
nonequilibrated chamber.
Visualization: 5.
Assay—Transfer about 100 mg of Methdilazine Hydrochloride, accurately weighed, to a 1000mL volumetric flask, add water to volume, and mix. Transfer 5.0 mL of this solution to a 100-mL
volumetric flask, dilute with water to volume, and mix. Concomitantly determine the
absorbances of this solution and of a Standard solution of USP Methdilazine Hydrochloride RS in
the same medium having a known concentration of about 5 µg per mL, in 1-cm cells at 252 and
275 nm, with a suitable spectrophotometer, using water as the blank. Calculate the quantity, in
mg, of C18 H20 N2 S·HCl in the portion of Methdilazine Hydrochloride taken by the formula:
20C(A252 − A275 )U / (A252 − A275 )S
in which C is the concentration, in µg per mL, of USP Methdilazine Hydrochloride RS in the
Standard solution; and the parenthetic expressions are the differences in the absorbances of
the two solutions at the wavelengths indicated by the subscripts, for the solution of
Methdilazine Hydrochloride (U) and the Standard solution (S), respectively. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2634
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BRIEFING
Methdilazine Hydrochloride Oral Solution, USP 41 page 2634. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Methdilazine Hydrochloride Oral Solution
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM3: M. Puderbaugh.)
Correspondence Number—C197715
Comment deadline: May 31, 2018
Delete the following:
Methdilazine Hydrochloride Oral Solution

» Methdilazine Hydrochloride Oral Solution contains not less than 93.0
percent and not more than 107.0 percent of the labeled amount of
methdilazine hydrochloride (C 18 H 20 N 2 S·HCl).
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Methdilazine Hydrochloride RS
[Note—Throughout the following procedures, protect test or assay specimens, the USP
Reference Standard, and solutions containing them, by conducting the procedures without
delay, under subdued light, or using low-actinic glassware.]
Identification—Transfer a volume of Oral Solution, equivalent to about 4 mg of methdilazine
hydrochloride, to a 60-mL separator, add 5 mL of 0.1 N hydrochloric acid, and extract with 10
mL of ether, discarding the extract. Add 10 mL of sodium bicarbonate solution (1 in 10) to the
separator, and extract with 3 mL of chloroform. Filter the extract through a pledget of cotton.
Evaporate the chloroform, carefully removing the last trace of solvent in a small vacuum flask:
the IR absorption spectrum of a potassium bromide dispersion of the methdilazine so obtained
exhibits maxima only at the same wavelengths as that of a similar preparation of USP
Methdilazine Hydrochloride RS that has been treated in the same manner.
pH 〈791〉: between 3.3 and 4.1.
Alcohol Determination, Method II 〈611〉: between 6.5% and 7.5% of C2 H5 OH.
Assay—
Standard preparation— Dissolve a suitable quantity of USP Methdilazine Hydrochloride,
accurately weighed, in chloroform, and quantitatively dilute with chloroform to obtain a solution
having a known concentration of about 400 µg per mL.
Assay preparation— Transfer a volume of Oral Solution, equivalent to about 4 mg of
methdilazine hydrochloride, to a 60-mL separator, add 10 mL of a saturated solution of sodium
chloride, and extract with three 10-mL portions of chloroform, transferring the extracts to a
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100-mL volumetric flask.
Procedure— Transfer 10.0 mL of Standard preparation to a 100-mL volumetric flask, and add
20 mL of chloroform. To this flask and to the flask containing the Assay preparation add 4.0 mL
of buffered palladium chloride TS, dilute with alcohol to volume, and mix. Concomitantly
determine the absorbances of the solutions in 1-cm cells at the wavelength of maximum
absorbance at about 460 nm, with a suitable spectrophotometer, using a mixture of 30 mL of
chloroform, 4 mL of palladium chloride TS, and 66 mL of alcohol as the blank. Calculate the
quantity, in mg, of methdilazine hydrochloride (C18 H20 N2 S·HCl ) in each mL of the Oral Solution
taken by the formula:
(0.01C / V)(AU / AS)
in which C is the concentration, in µg per mL, of USP Methdilazine Hydrochloride RS in the
Standard preparation; V is the volume, in mL, of Oral Solution taken; and AU and AS are the
absorbances of the solutions from the Assay preparation and the Standard preparation,
respectively. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2634
BRIEFING
Methdilazine Hydrochloride Tablets, USP 41 page 2635. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Methdilazine Hydrochloride Tablets are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM3: M. Puderbaugh.)
Correspondence Number—C197716
Comment deadline: May 31, 2018
Delete the following:
Methdilazine Hydrochloride Tablets

» Methdilazine Hydrochloride Tablets contain not less than 93.0 percent and
not more than 107.0 percent of the labeled amount of methdilazine
hydrochloride (C 18 H 20 N 2 S·HCl).
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Methdilazine Hydrochloride RS
[Note—Throughout the following procedures, protect test or assay specimens, the Reference
Standard, and solutions containing them, by conducting the procedures without delay, under
subdued light, or using low-actinic glassware.]
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Identification—Transfer a portion of finely powdered Tablets, equivalent to about 8 mg of
methdilazine hydrochloride, to a 60-mL separator, add 10 mL of sodium bicarbonate solution (1
in 10), and extract with 3 mL of chloroform. Filter the extract through a pledget of cotton.
Evaporate the chloroform, carefully removing the last trace of solvent in a small vacuum flask:
the IR absorption spectrum of a potassium bromide dispersion of the methdilazine so obtained
exhibits maxima only at the same wavelengths as that of a similar preparation of USP
Methdilazine Hydrochloride RS, similarly treated and measured.
Dissolution 〈711〉—
Medium: water; 900 mL.
Apparatus 1: 100 rpm.
Time: 45 minutes.
Procedure— Determine the amount of C18 H20 N2 S·HCl dissolved from UV absorbances at the
wavelength of maximum absorbance at about 252 nm of filtered portions of the solution under
test, suitably diluted with Dissolution Medium, if necessary, in comparison with a Standard
solution having a known concentration of USP Methdilazine Hydrochloride RS in the same
Medium.
Tolerances— Not less than 75% (Q) of the labeled amount of C18 H20 N2 S·HCl is dissolved in 45
minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Assay—
Standard preparation— Dissolve a suitable quantity of USP Methdilazine Hydrochloride RS,
accurately weighed, in chloroform, and dilute quantitatively with chloroform to obtain a solution
having a known concentration of about 400 µg per mL.
Assay preparation— Weigh and finely powder not fewer than 20 Tablets, and transfer an
accurately weighed portion of the powder, equivalent to about 80 mg of methdilazine
hydrochloride, to a 200-mL volumetric flask. Add 60 mL of chloroform, shake for 20 minutes,
dilute with chloroform to volume, and mix. Filter, discarding the first 15 mL of the filtrate. Use
the subsequent filtrate as directed in the Procedure.
Procedure— Into three separate 100-mL volumetric flasks transfer 10.0 mL each of the
Standard preparation, the Assay preparation, and chloroform to provide the blank. To each
flask add 20 mL of chloroform and 4.0 mL of buffered palladium chloride TS, dilute with alcohol
to volume, and mix. Concomitantly determine the absorbances of the solutions in 1-cm cells at
the wavelength of maximum absorbance at about 460 nm, with a suitable spectrophotometer,
using the blank to set the instrument. Calculate the quantity, in mg, of methdilazine
hydrochloride (C18 H20 N2 S·HCl) in the portion of Tablets taken by the formula:
0.2C(AU / AS)
in which C is the concentration, in µg per mL, of USP Methdilazine Hydrochloride RS in the
Standard preparation; and AU and AS are the absorbances of the solutions from the Assay
preparation and the Standard preparation, respectively. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2635
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BRIEFING
Methenamine Oral Solution, USP 41 page 2636. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Methenamine Oral Solution are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C197717
Comment deadline: May 31, 2018
Delete the following:
Methenamine Oral Solution
DEFINITION
Methenamine Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of
methenamine (C6 H12 N4 ).
IDENTIFICATION
• A.
Sample solution: Heat a volume of Oral Solution, equivalent to 1 g of methenamine, with
10 mL of 2 N sulfuric acid.
Acceptance criteria: Formaldehyde is liberated, recognizable by its odor and by its
darkening of paper moistened with silver ammonium nitrate TS. On the subsequent
addition of an excess of 1 N sodium hydroxide to the solution, ammonia is evolved.
ASSAY
• Procedure
Chromotropic acid solution: Mix 100 mg of chromotropic acid with 50 mL of water in a
100-mL volumetric flask. Cool in an ice bath and, while cooling, cautiously and slowly add
50 mL of sulfuric acid. Allow the solution to reach room temperature, and add dilute
sulfuric acid (1 in 2) to volume. If excessive heat generated during mixing causes a violet
color to appear in the solution, discard the solution and prepare another, taking
precautions to avoid excessive heat.
Standard stock solution: 0.05 mg/mL of USP Methenamine RS
Standard solution: 1 µg/mL of USP Methenamine RS prepared as follows. Transfer 2.0 mL
of Standard stock solution to a 100-mL volumetric flask, then add 25 mL of Chromotropic
acid solution and 50 mL of dilute sulfuric acid (1 in 2). Place the flask in a boiling water
bath for 30 min, accurately timed, then remove it from the bath. Cool immediately to room
temperature, then add dilute sulfuric acid (1 in 2) to volume.
Standard blank: Transfer 2.0 mL of Standard stock solution to a 100-mL volumetric flask,
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then add 75 mL of dilute sulfuric acid (1 in 2). Place the flask in a boiling water bath for 30
min, accurately timed, then remove it from the bath. Cool immediately to room
temperature, then add dilute sulfuric acid (1 in 2) to volume.
Sample stock solution: Nominally 60 µg/mL of methenamine from Oral Solution
Sample solution: Nominally 1.2 µg/mL of methenamine prepared as follows. Transfer 2.0mL of Sample stock solution to a 100-mL volumetric flask, then add 25 mL of
Chromotropic acid solution and 50 mL of dilute sulfuric acid (1 in 2). Place the flask in a
boiling water bath for 30 min, accurately timed, then remove it from the bath. Cool
immediately to room temperature, then add dilute sulfuric acid (1 in 2) to volume.
Sample blank: Transfer 2.0 mL of Sample stock solution to a 100-mL volumetric flask,
then 75 mL of dilute sulfuric acid (1 in 2). Place the flask in a boiling water bath for 30
min, accurately timed, then remove it from the bath. Cool immediately to room
temperature, and add dilute sulfuric acid (1 in 2) to volume.
Instrumental conditions
Mode: Vis
Analytical wavelength: Maxima at about 570 nm
Cell: 1 cm
Blank: Dilute sulfuric acid (1 in 2)
Analysis
Samples: Standard solution, Standard blank, Sample solution, Sample blank, and Blank
Calculate the percentage of the labeled amount of methenamine (C6 H12 N4 ) in each mL of
Oral Solution taken:
Result = [(AU − BU)/(AS − BS)] × (CS/CU) × 100
AU = absorbance of the Sample solution
BU = absorbance of the Sample blank
AS = absorbance of the Standard solution
BS = absorbance of the Standard blank
CS = concentration of USP Methenamine RS in the Standard solution (µg/mL)
CU = nominal concentration of methenamine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
OTHER COMPONENTS
• Alcohol Determination, Method I〈611〉: 90.0%–110.0% of the labeled amount of C2 H5 OH
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements for Oral Solution packaged in
single-unit containers
• Deliverable Volume 〈698〉: Meets the requirements for Oral Solution packaged in multipleunit containers
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 〈11〉
USP Methenamine RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2636
BRIEFING
Methenamine Mandelate for Oral Solution, USP 41 page 2639. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Methenamine Mandelate for Oral Solution
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C197720
Comment deadline: May 31, 2018
Delete the following:
Methenamine Mandelate for Oral Solution
DEFINITION
Methenamine Mandelate for Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled
amount of methenamine mandelate (C6 H12 N4 ·C8 H8 O3 ).
IDENTIFICATION
• A. Infrared Absorption 〈197〉
Sample: A finely powdered portion, equivalent to 100 mg of methenamine mandelate
Acceptance criteria: The IR absorption spectrum of a potassium bromide dispersion of the
residue so obtained exhibits maxima only at the same wavelenths as that of a potassium
bromide dispersion of USP Methenamine Mandelate RS.
ASSAY
• Procedure
Sample solution: Accurately weigh the contents of NLT 10 containers of Methenamine
Mandelate for Oral Solution, and reduce to a fine powder. Transfer an equivalent to 60 mg
of methenamine mandelate from the powder to a 150-mL beaker. Add 15 mL of dehydrated
alcohol, stir to dissolve, and add 40 mL of chloroform.
Titrimetric system
Mode: Direct titration
Titrant: 0.05 N silver nitrate in dehydrated alcohol prepared as follows. Dissolve by
stirring 8.5 g of silver nitrate in 1000 mL of dehydrated alcohol. Transfer 100 mg of
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sodium chloride, previously dried at 110° for 2 h, to a 100-mL beaker, and dissolve in 50
mL of water. Titrate with the silver nitrate solution to the potentiometric endpoint, using
a silver billet indicator electrode and a silver–silver chloride double-junction reference
electrode containing a potassium nitrate salt bridge. Calculate the normality of the
titrant.
Endpoint detection: Potentiometric
Analysis: Titrate the Sample solution with Titrant, determining the endpoint
potentiometrically, using a silver billet indicator electrode and a silver–silver chloride
double-junction reference electrode containing a potassium nitrate salt bridge. Each mL of
0.05 N silver nitrate is equivalent to 7.308 mg of methenamine mandelate
(C6 H12 N4 ·C8 H8 O3 ).
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements for powder packaged in singleunit containers
• Deliverable Volume 〈698〉: Meets the requirements for powder packaged in multiple-unit
containers
SPECIFIC TESTS
• pH 〈791〉
Sample solution: 1 g in 30 mL of water
Acceptance criteria: 4.0–4.5
• Water Determination, Method I〈921〉: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• Labeling: Label Methenamine Mandelate for Oral Solution that contains insoluble ingredients
to indicate that the aqueous constituted Oral Solution contains dissolved methenamine
mandelate but may remain turbid because of the presence of added substances.
• USP Reference Standards 〈11〉
USP Methenamine Mandelate RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2639
BRIEFING
Methenamine Mandelate Oral Suspension, USP 41 page 2640. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Methenamine Mandelate Oral Suspension
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
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(CHM1: M. Puderbaugh.)
Correspondence Number—C197724
Comment deadline: May 31, 2018
Delete the following:
Methenamine Mandelate Oral Suspension
DEFINITION
Methenamine Mandelate Oral Suspension is Methenamine Mandelate suspended in vegetable oil.
It contains NLT 90.0% and NMT 110.0% of the labeled amount of methenamine mandelate
(C6 H12 N4 ·C8 H8 O3 ).
IDENTIFICATION
• A. Infrared Absorption 〈197〉
Sample solution: Triturate the equivalent to 100 mg of methenamine mandelate, with 10
mL of chloroform, and pass through a 0.45-µm pore size membrane filter.
Analysis: Evaporate the solvent in the Sample solution, wash the residue with five small
portions of ether, and allow it to air-dry.
Acceptance criteria: The IR absorption spectrum of a potassium bromide dispersion of the
residue so obtained exhibits maxima only at the same wavelenths as that of a potassium
bromide dispersion of USP Methenamine Mandelate RS.
ASSAY
• Procedure
Sample solution: Shake the Oral Suspension, then pipet, using a “to contain” pipet, an
amount equivalent to 1 g of methenamine mandelate, into a 100-mL volumetric flask. Add
5.0 mL of dehydrated alcohol, mix, and add methylene chloride to volume. Pipet 5 mL of
this solution into a 250-mL conical flask. Add 15 mL of dehydrated alcohol, and add 40 mL
of chloroform.
Titrimetric system
Mode: Direct titration
Titrant: 0.05 N silver nitrate in dehydrated alcohol prepared as follows. Dissolve by
stirring 8.5 g of silver nitrate in 1000 mL of dehydrated alcohol. Transfer 100 mg of
sodium chloride, previously dried at 110° for 2 h, to a 100-mL beaker, and dissolve in 50
mL of water. Titrate with the silver nitrate solution to the potentiometric endpoint, using
a silver billet indicator electrode and a silver–silver chloride double-junction reference
electrode containing a potassium nitrate salt bridge. Calculate the normality of the
titrant.
Endpoint detection: Potentiometric
Analysis: Titrate the Sample solution with Titrant, determining the endpoint
potentiometrically, using a silver billet indicator electrode and a silver–silver chloride
double-junction reference electrode containing a potassium nitrate salt bridge. Each mL of
0.05 N silver nitrate is equivalent to 7.308 mg of methenamine mandelate
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(C6 H12 N4 ·C8 H8 O3 ).
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements for Oral Suspension packaged in
single-unit containers
• Deliverable Volume 〈698〉: Meets the requirements for Oral Suspension packaged in
multiple-unit containers
SPECIFIC TESTS
• Water Determination, Method I〈921〉: NMT 0.1%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 〈11〉
USP Methenamine Mandelate RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2640
BRIEFING
Methenamine Mandelate Delayed-Release Tablets, USP 41 page 2641. It is proposed to
omit this monograph for the following reasons:
1. No drug products formulated as defined under Methenamine Mandelate Delayed-Release
Tablets are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C197737
Comment deadline: May 31, 2018
Delete the following:
Methenamine Mandelate Delayed-Release Tablets
DEFINITION
Methenamine Mandelate Delayed-Release Tablets contain NLT 95.0% and NMT 105.0% of the
labeled amount of methenamine mandelate (C6 H12 N4 ·C8 H8 O3 ).
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Sample: Triturate an equivalent to 5.0 mg of methenamine mandelate from finely powdered
Tablets with 5 mL of chloroform, and pass through a filter of 0.45-µm pore size. Evaporate
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the solvent, and allow the residue to air-dry.
Acceptance criteria: Meet the requirements
ASSAY
• Procedure
Sample solution: Transfer an equivalent to 60 mg of methenamine mandelate, from finely
powdered Tablets (NLT 20), to a 250-mL conical flask. Add 15 mL of dehydrated alcohol,
stir to dissolve, and add 40 mL of chloroform.
Titrimetric system
Mode: Direct titration
Titrant: 0.05 N silver nitrate in dehydrated alcohol prepared as follows. Dissolve by
stirring 8.5 g of silver nitrate in 1000 mL of dehydrated alcohol. Transfer 100 mg of
sodium chloride, previously dried at 110° for 2 h, to a 100-mL beaker, and dissolve in 50
mL of water. Titrate with the silver nitrate solution to the potentiometric endpoint, using
a silver billet indicator electrode and a silver–silver chloride double-junction reference
electrode containing a potassium nitrate salt bridge. Calculate the normality of the
titrant.
Endpoint detection: Potentiometric
Analysis: Titrate the Sample solution with Titrant, determining the endpoint
potentiometrically, using a silver billet indicator electrode and a silver–silver chloride
double-junction reference electrode containing a potassium nitrate salt bridge. Each mL of
0.05 N silver nitrate is equivalent to 7.308 mg of methenamine mandelate
(C6 H12 N4 ·C8 H8 O3 ).
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Disintegration 〈701〉: 2.5 h, determined as directed in Delayed-Release (Enteric-Coated)
Tablets
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Methenamine Mandelate RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2641
BRIEFING
Minoxidil, USP 41 page 2760. As part of the USP monograph modernization efforts, it is
proposed to make the following changes:
1. Revise Identification A to allow flexibility for the use of either Infrared Absorption 〈197A〉
or 〈197M〉.
2. Add Identification B using a retention time agreement based on the proposed HPLC
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method in the Assay.
3. In the Assay:
a. Remove the use of the Internal standard solution in the Standard solution and
Sample solution.
b. Add the particle size information to the Column dimensions.
c. Add the Run time.
d. Revise the Relative standard deviation requirement in the System suitability to
be consistent with Chromatography 〈621〉, System Suitability.
e. Add the Tailing factor and remove the Resolution requirement.
4. Replace the existing HPLC procedure in the Organic Impurities test with a stabilityindicating HPLC method. The isocratic LC procedure in this proposal was validated with
the Waters Nova-Pak brand of column with L1 packing. The typical retention time for
minoxidil is about 17 min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: D. Min.)
Correspondence Number—C183841
Comment deadline: May 31, 2018
Minoxidil

C9 H15 N5 O

209.25

2,4-Pyrimidinediamine, 6-(1-piperidinyl)-, 3-oxide;
2,4-Diamino-6-piperidinopyrimidine 3-oxide
[38304-91-5].
DEFINITION
Minoxidil contains NLT 97.0% and NMT 103.0% of minoxidil (C9 H15 N5 O), calculated on the
dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197M〉
〈197〉: [Note—Methods described in 〈197A〉 or 〈197M〉 may be used.]
Do not dry specimens.

1S (USP42)
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Add the following:
• B. The retention time of the minoxidil peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol, glacial acetic acid, and water (70:1:30). Add 3.0 g/L of docusate
sodium. Adjust with perchloric acid to a pH of 3.0.
Internal standard solution: 0.2 mg/mL of medroxyprogesterone acetate in Mobile phase
1S (USP42)

Standard solution: 0.25 mg/mL of USP Minoxidil RS in Internal standard solution
Mobile phase 1S (USP42)
Sample solution: 0.25 mg/mL of Minoxidil in Internal standard solution
Mobile phase 1S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 25-cm;
5-µm 1S (USP42)
packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of the minoxidil peak
System suitability
Sample: Standard solution

1S (USP42)

[Note—The relative retention times for the internal standard and minoxidil are 0.8 and
1.0, respectively.]

1S (USP42)

Suitability requirements
Resolution: NLT 2.0 between the internal standard and minoxidil
Tailing factor: NMT 2.0 1S (USP42)
Relative standard deviation: NMT 2.0% from NLT four replicate injections
1.10% 1S (USP42)
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of minoxidil (C9 H15 N5 O) in the portion of Minoxidil taken:
Result = (RU/RS)
(rU/rS) 1S (USP42)
× (CS/CU) × 100
RU
rU

1S (USP42)

rS

1S (USP42)

RS
CS
CU

= peak response ratio of minoxidil to the internal standard
of minoxidil 1S (USP42)
from the Sample solution
= peak response ratio of minoxidil to the internal standard
of minoxidil 1S (USP42)
from the Standard solution
= concentration of
USP Minoxidil RS in 1S (USP42)
the Standard solution (mg/mL)
= concentration of
Minoxidil in 1S (USP42)
the Sample solution (mg/mL)

Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.5%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
Sample solution: 0.25 mg/mL of Minoxidil in Mobile phase
Analysis
Sample: Sample solution
Calculate the total percentage of impurities in the portion of Minoxidil taken:
Result = (rU/rT) × 100
rU = sum of the peak responses of all impurities from the Sample solution
rT = sum of all the peak responses from the Sample solution
Acceptance criteria: NMT 1.5%
Mobile phase: Dissolve 2.0 g of sodium lauryl sulfate in a mixture of 600 mL of methanol,
10 mL of glacial acetic acid, and 400 mL of water. Adjust with perchloric acid to a pH of
3.0 ± 0.1.
Diluent: Methanol and water (50:50)
Standard solution: 0.005 mg/mL of USP Minoxidil RS in Diluent
Sensitivity solution: 0.125 µg/mL of USP Minoxidil RS in Diluent from the Standard solution
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Sample solution: 0.25 mg/mL of Minoxidil in Diluent prepared as follows. Transfer a suitable
amount of Minoxidil in an appropriate volumetric flask. Initially add Diluent to about 60% of
the flask volume, shake on a mechanical shaker for 20 min, and then dilute with Diluent to
volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 40 µL
Run time: NLT 3 times the retention time of the minoxidil peak
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of the Minoxidil taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of minoxidil from the Standard solution
CS = concentration of USP Minoxidil RS in the Standard solution (mg/mL)
CU = concentration of Minoxidil in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
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Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Pyrimidine oxide analoga
0.19
b
Pyrimidine analog
0.37
Minoxidil
1.00
Deoxyminoxidilc
1.45
Any individual unspecified impurity
—
Total impurities
—
a 2,6-Diamino-4-chloropyrimidine 1-oxide.
b 6-Chloropyrimidine-2,4-diamine.
c 6-(Piperidin-1-yl)pyrimidine-2,4-diamine.

Acceptance
Criteria,
NMT (%)

0.35
0.49
1.0
1.32
1.0
—

0.2
0.2
—
0.2
0.1
1.0

1S (USP42)

SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 50° and at a pressure not exceeding 5 mm of mercury for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Minoxidil RS
Recent Official Publications:
USP41–NF36 Page 2760
BRIEFING
Minoxidil Tablets, USP 41 page 2761. As part of the USP monograph modernization efforts,
it is proposed to make the following changes:
1. Replace the current infrared absorption test in Identification A with a retention time
agreement in the Assay to eliminate the use of chloroform for extraction.
2. Add an Identification B based on UV spectrum agreement as obtained in the Assay.
3. In the Assay:
a. Update the Detector in the Chromatographic system to support the addition of
Identification B.
b. Add the particle size information to the Column dimensions.
c. Remove the use of the Internal standard solution in the Standard solution and
Sample solution.
d. Replace the Resolution in Suitability requirements with Tailing factor.
e. Add the Run time.
4. Add an Analysis, including the calculation, to the Dissolution test.
5. In the Organic Impurities test:
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a. Add the Sensitivity solution and the Signal-to-noise ratio requirement in the
Suitability requirements.
b. Revise the reporting threshold from 0.05% to 0.1% to be aligned with the
International Council for Harmonisation (ICH) guidelines.
c. Revise the chemical names of specified impurities and the elution order.
6. Revise the Packaging and Storage section with an additional requirement based on the
drug product package insert.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: D. Min.)
Correspondence Number—C183842
Comment deadline: May 31, 2018
Minoxidil Tablets
DEFINITION
Minoxidil Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of minoxidil
(C9 H15 N5 O).
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197〉
Sample: Transfer a portion of finely powdered Tablets, equivalent to 10 mg of minoxidil, to
a separator. Add 25 mL of water, and extract with three 15-mL portions of chloroform.
Combine the chloroform extracts, and evaporate with the aid of a stream of nitrogen.
Wash the inside of the container with 5 mL of alcohol, add 300 mg of potassium bromide,
and evaporate under vacuum at 50° until dry.
Acceptance criteria: The IR absorption spectrum of the potassium bromide dispersion
prepared from the Sample exhibits maxima at the same wavelengths as that of a similar
preparation of USP Minoxidil RS.
The retention time of the minoxidil peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 1S (USP42)
Add the following:
• B. The UV absorption spectra of the minoxidil peak of the Sample solution corresponds to
that of the Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol, glacial acetic acid, and water (70:1:30). Add 3.0 g/L of docusate
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sodium, and adjust with perchloric acid to a pH of 3.0.
Internal standard solution: 0.2 mg/mL of medroxyprogesterone acetate in Mobile phase
1S (USP42)

Standard solution: 0.25 mg/mL of USP Minoxidil RS in Internal standard solution
Mobile phase 1S (USP42)
Sample solution: Nominally 0.25 mg/mL of minoxidil in Internal standard solution,
Mobile phase 1S (USP42)
prepared as follows. Dissolve the equivalent to 5 mg of minoxidil, from
a portion of 1S (USP42)
powdered Tablets (NLT 10), in 20.0 mL of Internal standard solution,
Mobile phase, 1S (USP42)
and shake for 5 min.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 4-mm × 25-cm;
5-µm 1S (USP42)
packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of the minoxidil peak 1S (USP42)
System suitability
Sample: Standard solution

1S (USP42)

[Note—The relative retention times for the internal standard and minoxidil are 0.8 and
1.0, respectively.]

1S (USP42)

Suitability requirements
Resolution: NLT 2.0 between the internal standard and minoxidil peaks
Tailing factor: NMT 2.0
1S (USP42)

Relative standard deviation: NMT 2.0% from NLT four replicate injections
1S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of minoxidil (C9 H15 N5 O) in the portion of
Tablets taken:
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Result = (RU/RS)
(rU/rS) 1S (USP42)
× (CS/CU) × 100
RU
rU

1S (USP42)

rS

1S (USP42)

RS
CS
CU

= peak response ratio of minoxidil to the internal standard
of minoxidil 1S (USP42)
from the Sample solution
= peak response ratio of minoxidil to the internal standard
of minoxidil 1S (USP42)
from the Standard solution
= concentration of
USP Minoxidil RS in 1S (USP42)
the Standard solution (mg/mL)
= nominal concentration of
minoxidil in 1S (USP42)
the Sample solution (mg/mL)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: pH 7.2 phosphate buffer (see Reagents, Indicators, and Solutions—Solutions,
Buffer Solutions); 900 mL
Apparatus 1: 75 rpm
Time: 15 min
Standard solution: A known concentration of USP Minoxidil RS in Medium
Sample solution: Sample per Dissolution 〈711〉.
1S (USP42)

Dilute with Medium to a concentration that is similar to that of the Standard solution.
Instrumental conditions
Mode: UV
Detector: UV 231 nm for Tablets containing up to 10 mg of minoxidil; UV 287 nm for
Tablets containing more than 10 mg of minoxidil
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of minoxidil (C9 H15 N5 O) dissolved:
Result = (AU/AS) × CS × D × (V/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Minoxidil RS in the Standard solution (mg/mL)
D = dilution factor for the Sample solution
V = volume of the Medium, 900 mL
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L = label claim (mg/Tablet)
1S (USP42)

Tolerances: NLT 75% (Q) of the labeled amount of minoxidil (C9 H15 N5 O) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Mobile phase: Dissolve 2.0 g of sodium lauryl sulfate in a mixture of
600 mL of 1S (USP42)
methanol,
10 mL of 1S (USP42)
glacial acetic acid, and
400 mL of 1S (USP42)
water. (60:1:40)
1S (USP42)

Adjust with perchloric acid to a pH of 3.0 ± 0.1, and pass through a suitable filter of 0.45µm pore size.
Diluent: Methanol and water (50:50)
Standard solution: 5 µg/mL
0.005 mg/mL 1S (USP42)
of USP Minoxidil RS in Diluent
Sensitivity solution: 0.25 µg/mL of USP Minoxidil RS in Diluent from Standard solution
1S (USP42)

Sample solution: Nominally 0.25 mg/mL of minoxidil in Diluent from NLT 20 powdered
Tablets.
Transfer a suitable amount of the powdered Tablets in an appropriate volumetric flask.
1S (USP42)

Initially add Diluent to about 60% of the flask volume, shake on a mechanical shaker for
20 min, and then dilute with Diluent to volume. Pass through a suitable filter of 0.45-µm
pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 15-cm; 3 to 10-µm packing L1
Flow rate: 0.5 mL/min
Run time: NLT 3 times the retention time of the main
minoxidil 1S (USP42)
peak
Injection volume: 40 µL
System suitability

PF 44(2): Mar.-Apr. 2018

327

Samples: Standard solution
and Sensitivity solution 1S (USP42)
Suitability requirements
Tailing factor: NMT 2.0,
Standard solution 1S (USP42)
Relative standard deviation: NMT 2.0%,
Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution

1S (USP42)

Calculate the percentage of each individual
any unspecified 1S (USP42)
impurity in the portion of the Tablets taken:
Result = (rU/rS) × (CU/CS) × 100
rU = peak response of each
any unspecified 1S (USP42)
impurity from the Sample solution
rS = peak response of minoxidil from the Standard solution
CS = concentration of USP Minoxidil RS in the Standard solution (mg/mL)
CU = nominal concentration of minoxidil in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
The reporting threshold is 0.1%.

1S (USP42)
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Table 1
Relative
Retention
Time

Name
Pyrimidine oxide analoga
Minoxidil
Pyrimidine analogc 1S (USP42)
Pyrimidine analogb
Minoxidil 1S (USP42)
Deoxominoxidil
Deoxyminoxidil 1S (USP42)

0.19
1.00
0.37 1S (USP42)
0.37
1.00 1S (USP42)

Acceptance
Criteria,
NMT (%)
—b
—b
—
—b

1.45

d

Any other unknown
unspecified 1S (USP42)
—
impurity
0.2
e
—
Total impurities
2.0
a 2,4,-Diamin-6-chloro-pyrimidine 3 oxide.
2,6-Diamino-4-chloropyrimidine 1-oxide. 1S (USP42)
b A process-related impurity that is
Process-related impurities that are 1S (USP42)
controlled in the drug substance.
c 2,4,-Diamin-6-chloro-pyrimidine.
6-Chloropyrimidine-2,4-diamine. 1S (USP42)
d 2,4,-Diamin-6-pipridino-pyrimidine.
6-(Piperidin-1-yl)pyrimidine-2,4-diamine. 1S (USP42)
e Total impurities is the sum of all the impurities, including process-related impurities.
Disregard peaks less than 0.05%.
1S (USP42)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 1S (USP42)
• USP Reference Standards 〈11〉
USP Minoxidil RS
Recent Official Publications:
USP41–NF36 Page 2761
BRIEFING
Naltrexone Hydrochloride Tablets, USP 41 page 2858. On the basis of comments
received, it is proposed to make the following changes:
1. Add Identification B based on the UV spectrum match, as obtained in the Assay. The
Detector in the Assay is revised accordingly. The existing ID test is named as
Identification A.
2. Add the particle size to the Column dimensions under the Assay based on the
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supporting data.
Clarify the System suitability requirements in the Assay.
Add a formula for calculating the percentage of the labeled amount of naltrexone
hydrochloride dissolved in the Dissolution test.
Update the Package and Storage section to include the storage condition at controlled
room temperature to be consistent with the FDA-approved package inserts.
Update the chemical name and molecular weight of USP Naltrexone Related Compound A
RS in the USP Reference Standards section.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
Stakeholders are encouraged to submit FDA-approved specifications for the organic impurities
test for the Expert Committee's consideration.
(CHM2: H. Cai.)
Correspondence Number—C198111
Comment deadline: May 31, 2018
Naltrexone Hydrochloride Tablets
DEFINITION
Naltrexone Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount
of naltrexone hydrochloride (C20 H23 NO4 ·HCl).
IDENTIFICATION
Change to read:
•A. 1S (USP42)
The retention time of the naltrexone peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the naltrexone peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Solution A: Dissolve about 1.08 g of sodium 1-octanesulfonate and about 23.8 g of sodium
acetate in 800 mL of water. Add 1.0 mL of triethylamine and 200 mL of methanol, and
adjust with glacial acetic acid to a pH of 6.5 ± 0.1.
Solution B: Dissolve about 1.08 g of sodium 1-octanesulfonate and about 23.8 g of sodium
acetate in 400 mL of water. Add 1.0 mL of triethylamine and 600 mL of methanol, and
adjust with glacial acetic acid to a pH of 6.5 ± 0.1.
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Mobile phase: See Table 1.
Time
(min)
0
35
36
53

Table 1
Solution A
(%)
100
0
100
100

Solution B
(%)
0
100
0
0

Standard solution: 2.25 mg/mL of USP Naltrexone RS prepared as follows. Transfer an
amount of USP Naltrexone RS to a suitable volumetric flask, add 15% of the final volume
of methanol and 6% of the final volume of 0.1 N hydrochloric acid, and dissolve by
swirling. Dilute with 0.1 M phosphoric acid to volume.
System suitability stock solution: 0.3 mg/mL of USP Naltrexone Related Compound A RS
prepared as follows. Transfer a quantity of USP Naltrexone Related Compound A RS to a
suitable volumetric flask, add 30% of the final volume of methanol, and dissolve by
swirling. Dilute with 0.1 M phosphoric acid to volume.
System suitability solution: 1.125 mg/mL of USP Naltrexone RS and 0.015 mg/mL of USP
Naltrexone Related Compound A RS prepared as follows. Transfer suitable volumes of
System suitability stock solution and Standard solution to an adequate volumetric flask,
and dilute with 0.1 M phosphoric acid to volume.
Sample solution: Nominally 2.5 mg/mL of naltrexone hydrochloride in 0.1 M phosphoric acid
prepared as follows. Transfer NLT 20 Tablets to a tared container, and determine the
average Tablet weight. Grind the Tablets to a homogeneous mixture. Transfer a portion of
the powdered Tablets, equivalent to 250 mg of naltrexone hydrochloride, to a 100-mL
volumetric flask. Add 80 mL of 0.1 M phosphoric acid and shake or sonicate for at least 30
min. Dilute with 0.1 M phosphoric acid to volume, mix, and filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 3.9-mm × 15-cm;
4-µm 1S (USP42)
packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples:
Standard solution and 1S (USP42)
System suitability solution

1S (USP42)

[Note—The relative retention times for noroxymorphone, 10-hydroxynaltrexone,
naltrexone, naltrexone related compound A, 2,2′-bisnaltrexone, and 10-ketonaltrexone
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are 0.55, 0.70, 1.0, 1.26, 1.80, and 1.99 respectively
naltrexone and naltrexone related compound A are 1.0 and 1.26, respectively.
1S (USP42)

]
Suitability requirements
Resolution: NLT 2.0 between naltrexone and naltrexone related compound A,
System suitability solution 1S (USP42)
Tailing factor: NMT 1.4,
Standard solution 1S (USP42)
Relative standard deviation: NMT 2.0%,
Standard solution 1S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of naltrexone hydrochloride
(C20 H23 NO4 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of naltrexone from the Sample solution
rS = peak response of naltrexone from the Standard solution
CS = concentration of USP Naltrexone RS in the Standard solution (mg/mL)
CU = nominal concentration of naltrexone hydrochloride in the Sample solution (mg/mL)
Mr1 = molecular weight of naltrexone hydrochloride, 377.86
Mr2 = molecular weight of naltrexone, 341.40
341.41 1S (USP42)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 60 min
Standard solution: A known concentration of USP Naltrexone RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter.
Buffer: 0.05 M phosphate buffer (Dissolve 7.0 g of monobasic sodium phosphate in 1 L of
water.)
Mobile phase: Mix 600 mL of Buffer, 1.1 g of sodium 1-octane sulfonate monohydrate, and
400 mL of methanol. Adjust with dilute sodium hydroxide to a pH of 6.7 ± 0.05.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 15-cm; packing L1
Temperature: 45°
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of naltrexone hydrochloride (C20 H23 NO4 ·HCl)
dissolved.
Result = (rU/rS) × CS × V × (Mr1/Mr2) × (1/L) × 100
rU = peak response of naltrexone from the Sample solution
rS = peak response of naltrexone from the Standard solution
CS= concentration of USP Naltrexone RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
Mr1= molecular weight of naltrexone hydrochloride, 377.86
Mr2= molecular weight of naltrexone, 341.41
L = label claim (mg/Tablet) 1S (USP42)
Tolerances: NLT 80% (Q) of the labeled amount of naltrexone hydrochloride
(C20 H23 NO4 ·HCl) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 1S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Naltrexone RS
USP Naltrexone Related Compound A RS
N-(3-Butenyl)-noroxymorphone hydrochloride.
17-(But-3-en-1-yl)-4,5α-epoxy-3,14-dihydroxymorphinan-6-one hydrochloride.
1S (USP42)

C20 H23 NO4 ·HCl

377.87
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377.86 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2858
BRIEFING
Oxaprozin, USP 41 page 3075 and PF 42(4) [July–Aug. 2016]. On the basis of comments
received, it was decided to cancel the proposal previously published in PF 42(4) and replace it
with the current proposal. The following changes are proposed:
1. Revise Identification A to allow flexibility for the use of either Infrared Absorption 〈197K〉
or 〈197A〉 and remove the drying requirement from the test.
2. Include the chemical names for the specified impurities and update the trivial names for
known impurities in accordance with the current USP naming convention.
3. Make a minor correction to Solution A in the Organic Impurities test for clarity and
consistency with the Assay.
4. Update the formulas in the analysis of organic impurities to be consistent with the
current USP style and revise the relative response factors to reflect the update of the
formulas.
5. Add a Signal-to-noise ratio requirement based on the Sensitivity solution in the test for
Organic Impurities.
6. Add individual unspecified impurity limits based on International Council for
Harmonisation (ICH) guidelines and reporting threshold to the test for Organic
Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: H. Cai.)
Correspondence Number—C168528
Comment deadline: May 31, 2018
Oxaprozin

C18 H15 NO3

293.32

2-Oxazolepropanoic acid, 4,5-diphenyl-;
4,5-Diphenyl-2-oxazolepropionic acid
[21256-18-8].
DEFINITION
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Oxaprozin contains NLT 98.0% and NMT 102.0% of oxaprozin (C18 H15 NO3 ), calculated on the
dried basis.
[Note—Because of light sensitivity, protect all oxaprozin samples and Standard solutions from
light.]
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉 :
or 〈197A〉 1S (USP42)
Previously dried at 105° for 2 h
1S (USP42)

• B. The retention time of the oxaprozin peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 0.1% phosphoric acid, pH 2.0 ± 0.1
Mobile phase: Acetonitrile and Solution A (45:55)
Standard solution: 0.2 mg/mL of USP Oxaprozin RS in acetonitrile
Sample solution: 0.2 mg/mL of Oxaprozin in acetonitrile
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 285 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxaprozin (C18 H15 NO3 ) in the portion of Oxaprozin taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response of oxaprozin from the Sample solution
rS = peak response of oxaprozin from the Standard solution
CS = concentration of USP Oxaprozin RS in the Standard solution (mg/mL)
CU = concentration of Oxaprozin in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.3%
• Arsenic 〈211〉, Procedures, Method II: NMT 1 ppm
Delete the following:
• Heavy Metals, Method II 〈231〉: NMT 10 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Solution A: 0.1% phosphoric acid, adjusted with phosphoric acid to a pH of 2.00 ± 0.1
pH 2.0 ± 0.1 1S (USP42)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
20
21
60
61
70

Table 1
Solution A
(%)
70
70
70
0
70
70

Solution B
(%)
30
30
30
100
30
30

Diluent A: Acetonitrile, methylene chloride, and water (48:1:1)
Diluent B: Acetonitrile and water (1:1)
Standard stock solution: 200 µg/mL of USP Oxaprozin RS in acetonitrile
Standard solution: 5 µg/mL of USP Oxaprozin RS in Diluent A from the Standard stock
solution
Sensitivity solution: 0.3 µg/mL of USP Oxaprozin RS in Diluent A from the Standard
solution 1S (USP42)
System suitability stock solution: 200 µg/mL of benzil in acetonitrile
System suitability solution: 10 µg/mL each of benzil and USP Oxaprozin RS in Diluent A
from the System suitability stock solution and Standard stock solution, respectively
Sample solution A: 1 mg/mL of Oxaprozin prepared as follows. Transfer about 100 mg of
Oxaprozin to a 100-mL volumetric flask. Add 2 mL of methylene chloride, 2 mL of water,
and 75 mL of acetonitrile. Sonicate after each solvent is added. Dilute with acetonitrile to
volume. [Note—This is used to monitor all known and unknown impurities, except imidazolic
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acid and oximide.
oxaprozin imidazole analog and oxaprozin amide. 1S (USP42)
]
Sample solution B: 1 mg/mL of Oxaprozin in Diluent B. [Note—This is used to monitor only
imidazolic acid and oximide
oxaprozin imidazole analog and oxaprozin amide. 1S (USP42)
]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 238 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution,
Sensitivity solution, 1S (USP42)
and System suitability solution
[Note—The relative retention times for oxaprozin and benzil are about 1.0 and 1.1,
respectively.]

1S (USP42)

Suitability requirements
Resolution: NLT 3.0 between oxaprozin and benzil, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution 1S (USP42)
Analysis
Samples: Sample solution A and Sample solution B
Calculate the percentage of imidazolic acid and oximide
oxaprozin imidazole analog and oxaprozin amide 1S (USP42)
in the portion of Oxaprozin taken:
Result = (rU/rT) × F
(1/F) 1S (USP42)
× 100
rU = peak area of imidazolic acid or oximide
oxaprozin imidazole analog or oxaprozin amide
from Sample solution B
rT = sum of the peak areas from Sample solution B

1S (USP42)
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F = relative response factor (see Table 2)
Calculate the percentage of any other impurity in the portion of Oxaprozin taken:
Result = (rU/rT) × F
(1/F) 1S (USP42)
× 100
rU = peak area of each individual impurity from Sample solution A
rT = sum of the peak areas from Sample solution A
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2.
The reporting threshold is 0.03%.

1S (USP42)
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Name
Imidazolic acid
Oxaprozin imidazole
analoga 1S (USP42)
Unidentified impurity 1
Benzoinb 1S (USP42)
Oximide
Oxaprozin amidec 1S (USP42)
Unidentified impurity 2
Benzoin succinated 1S (USP42)
Oxaprozin 1S (USP42)
Unidentified impurity 3
Benzil 1S (USP42)
Unidentified impurity 4
Oxaprozin bisoxazole
analoge 1S (USP42)
Unidentified impurity 5
Tetraphenylpyrazinef

0.14
0.42
0.73
0.84
1.00

1S (USP42)

1.08

1.50
1.57

1S (USP42)

Individual unspecified
impurity 1S (USP42)
Total impurities

b
c
d
e
f

Table 2
Relative
Retention
Time

—

1S (USP42)

—

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

1.15
0.87 1S (USP42)
1.21
0.83 1S (USP42)
0.91
1.10 1S (USP42)
0.85
1.18 1S (USP42)
1.00 1S (USP42)
1.29
0.78 1S (USP42)
1.46
0.68 1S (USP42)
2.09
0.48 1S (USP42)
1.00 1S (USP42)
—

0.1
0.1
0.1
0.1
—

1S (USP42)

0.1

0.1
0.1

0.06 1S (USP42)
0.5

a 3-(4,5-Diphenyl-1H-imidazol-2-yl)propanoic acid.
2-Hydroxy-1,2-diphenylethan-1-one.
3-(4,5-Diphenyloxazol-2-yl)propanamide.
4-Oxo-4-(2-oxo-1,2-diphenylethoxy)butanoic acid.
1,2-Bis(4,5-diphenyloxazol-2-yl)ethane.
2,3,5,6-Tetraphenylpyrazine. 1S (USP42)

[Note—The values of F for all known impurities, except imidazolic acid and oximide, are
found using Sample solution A. The values of F for imidazolic acid and oximide are found
using Sample solution B.]

1S (USP42)

SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 0.3%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards 〈11〉
USP Oxaprozin RS
Recent Official Publications:
USP41–NF36 Page 3075
BRIEFING
Phytonadione Compounded Oral Suspension. A new compounded preparation monograph
is proposed based on a validated stability-indicating method used to assess stability. The liquid
chromatographic procedure in the Assay is based on analyses validated using the Kinetex C18
brand of column with L1 packing. The typical retention time for phytonadione is about 11.6 min.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C194584
Comment deadline: May 31, 2018
Add the following:
Phytonadione Compounded Oral Suspension
DEFINITION
Phytonadione Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the
labeled amount of phytonadione (C31 H46 O2 ).
Prepare Phytonadione Compounded Oral Suspension 1 mg/mL as follows (see Pharmaceutical
Compounding—Nonsterile Preparations 〈795〉).
Phytonadione Injectable Emulsiona equivalent to
30 mg of phytonadione
Simple Syrup,b a sufficient quantity to make
30 mL
a Phytonadione 10-mg/mL Injectable Emulsion, Hospira, Inc., Lake Forest, IL.
b Simple Syrup, Humco, Inc., Texarkana, TX.
Open the ampule(s) of Phytonadione Injection Emulsion and withdraw the contents through a
5-µm filter needle. Remove the filter needle and transfer the Phytonadione Injection
Emulsion into a calibrated container. Add sufficient Simple Syrup to bring to final volume.
Mix well.
ASSAY
• Procedure
Mobile phase: Methanol and water (95:5)
Standard solution: 0.04 mg/mL of USP Phytonadione RS in methanol
Sample solution: Transfer 1.0 mL of Oral Suspension into a 25-mL volumetric flask and add
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methanol to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L1
Temperatures
Autosampler: 4°
Column: 35°
Flow rate: 1.2 mL/min
Injection volume: 40 µL
System suitability
Sample: Standard solution
[Note—The retention time for phytonadione is about 11.6 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of phytonadione from the Sample solution
rS = peak response of phytonadione from the Standard solution
CS = concentration of USP Phytonadione RS in the Standard solution (mg/mL)
CU = nominal concentration of phytonadione in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 3.2–4.2
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistance container. Store at controlled
room temperature or in a refrigerator.
• Beyond-Use Date: NMT 60 days after the date on which it was compounded when stored
at controlled room temperature or NMT 90 days after the date on which it was
compounded when stored in a refrigerator.
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• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Phytonadione RS
1S (USP42)

BRIEFING
Prochlorperazine Maleate Tablets, USP 41 page 3451. As part of the USP monograph
modernization efforts, the following changes are proposed:
1. Add Identification B based on the UV spectrum agreement of the major peak of the
Sample solution and the Standard solution, as obtained in the Assay.
2. Update the Detector in the Chromatographic system in the Assay to support the
addition of Identification B.
3. Revise the Relative standard deviation requirement in the Assay to reflect the current
system suitability standard for drug product monographs.
4. Update the Dissolution test to include an Analysis section to clarify the calculation
based on current USP style.
5. Include “shake by mechanical means for 20 min” as an alternative for the Sample
solution preparation in the Organic Impurities test.
6. Revise the molecular weight for USP Prochlorperazine Related Compound A RS in the USP
Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current
USP style.
(CHM3: A. Carney.)
Correspondence Number—C170045
Comment deadline: May 31, 2018
Prochlorperazine Maleate Tablets
DEFINITION
Prochlorperazine Maleate Tablets contain an amount of Prochlorperazine Maleate equivalent
to NLT 95.0% and NMT 105.0% of the labeled amount of prochlorperazine (C20 H24 ClN3 S).
[Note—Throughout the following procedures, protect the samples, Reference Standards, and
solutions from light, and conduct the procedures without delay.]
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
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Change to read:
• Procedure
Ion-pairing solution: Dissolve 4.33 g of sodium 1-octanesulfonate in 500 mL of water. Add
4.0 mL of glacial acetic acid, and dilute with water to 1 L.
Mobile phase: Acetonitrile, methanol, and Ion-pairing solution (40:15:45)
Standard solution: 0.2 mg/mL of USP Prochlorperazine Maleate RS in Mobile phase
Sample solution:
Nominally equivalent to 0.12 mg/mL of prochlorperazine in Mobile phase prepared as
follows. 1S (USP42)
Transfer an equivalent to about 12 mg of prochlorperazine from finely powdered Tablets
(NLT 20), to a 100-mL volumetric flask. Add 60 mL of Mobile phase, sonicate for 3 min,
and shake by mechanical means for 30 min. Dilute with Mobile phase to volume, and filter,
discarding the first 10 mL of filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm.
For Identification B, use a diode array detector in the range of 210–400 nm.
Column: 3.9-mm × 30-cm;
10 µm 1S (USP42)
packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
1.0% 1S (USP42)
Analysis
Samples: Standard solution and Sample solution

1S (USP42)

Calculate the percentage of the labeled amount of prochlorperazine (C20 H24 ClN3 S) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response
of prochlorperazine 1S (USP42)
from the Sample solution
rS = peak response
of prochlorperazine 1S (USP42)
from the Standard solution
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CS = concentration of USP Prochlorperazine Maleate RS in the Standard solution (mg/mL)
CU = nominal concentration of prochlorperazine in the Sample solution (mg/mL)
Mr1 = molecular weight of prochlorperazine, 373.94
Mr2 = molecular weight of prochlorperazine maleate, 606.09
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: 0.1 N hydrochloric acid; 500 mL
Apparatus 2: 75 rpm
Time: 60 min
Standard solution: USP Prochlorperazine Maleate RS at a known concentration in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter, and
dilute with Medium, if necessary, to a concentration that is similar to that of the Standard
solution.
Instrumental conditions
Mode: UV
Analytical wavelength: 254 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of prochlorperazine (C20 H24 ClN3 S)
dissolved:
Results = (AU/AS) × CS × D × (1/L) × V × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Prochlorperazine Maleate RS in the Standard solution
D = dilution factor for Sample solution, if needed
L = label claim (mg/Tablet)
V =volume of Medium, 500 mL
1S (USP42)

Tolerances: NLT 75% (Q) of the labeled amount of prochlorperazine (C20 H24 ClN3 S) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Buffer solution: 1.36 g/L of sodium acetate trihydrate in water (0.01 M). Add 2.0 mL of
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triethylamine and 6.0 mL of glacial acetic acid per liter of solution.
Solution A: Buffer solution
Solution B: Acetonitrile
Mobile phase: See Table 1. Return to original conditions, and re-equilibrate the system for
about 10 min.
Time
(min)
0
20
25
55
65

Table 1
Solution A
(%)
75
65
65
35
35

Solution B
(%)
25
35
35
65
65

Diluent: Acetonitrile and water (40:60)
Impurity stock solution: 0.16 mg/mL of USP Prochlorperazine Related Compound A RS in
Diluent
Standard stock solution: 0.16 mg/mL of USP Prochlorperazine Maleate RS in Diluent
System suitability solution: 1.6 µg/mL of USP Prochlorperazine Maleate RS and 1.6 µg/mL
of USP Prochlorperazine Related Compound A RS in Diluent from the Standard stock
solution and the Impurity stock solution, respectively
Standard solution: 0.0064 mg/mL of USP Prochlorperazine Maleate RS in Diluent from the
Standard stock solution
Sample solution: Nominally equivalent to 0.4 mg/mL of prochlorperazine in Diluent,
prepared as follows. Transfer 20 Tablets to a suitable volumetric flask, using a 250-mL
volumetric flask for 5-mg Tablets and a 500-mL volumetric flask for 10-mg Tablets. Add
Diluent to about 80% of the final flask volume, sonicate with occasional swirling for 10 min
or shake by mechanical means for 20 min, and 1S (USP42)
dilute with Diluent to volume. Centrifuge a portion of the solution, and use the clear
supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 50 ± 5°
Flow rate: 2.0 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
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Resolution: NLT 2.0 between prochlorperazine related compound A and
prochlorperazine, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual
specified or unspecified 1S (USP42)
impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU = peak response of each
corresponding 1S (USP42)
impurity from the Sample solution
rS = peak response of prochlorperazine from the Standard solution
CS = concentration of USP Prochlorperazine Maleate RS in the Standard solution (mg/mL)
CU = nominal concentration of prochlorperazine in the Sample solution (mg/mL)
Mr1 = molecular weight of prochlorperazine, 373.94
Mr2 = molecular weight of prochlorperazine maleate, 606.09
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2.
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Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Maleic acid
Prochlorperazine
sulfoxideb

0.07

—

—a

0.20

Perazinec,d
Prochlorperazine
4-chloro isomer

0.66

0.38
—

0.5
—

—

—

—
—

—
—

—

—

1S (USP42)

Prochlorperazine
related compound
Ad,e
Prochlorperazine

0.97
1.00

4-Chlorophenothiazinee,d

2.01

2-Chlorophenothiazinef ,d

2.08
2.64
2.79
2.88
—
—

1S (USP42)

—
—
Specified unknown 1d
d
—
—
Specified unknown 2
—
—
Specified unknown 3d
Any individual unspecified impurity
1.0
0.5
Total impurities
—
2.0
a Disregard.
b 2-Chloro-10-[3-(4-methylpiperazin-1-yl)propyl]-10H-phenothiazine sulfoxide.
c 10-[3-(4-Methylpiperazin-1-yl)propyl]-10H-phenothiazine.
d Process impurity controlled in the drug substance. It is included for identification
purposes only. It should not be reported for the drug product, and should not be
included in the total impurities.
e 4-Chloro-10-[3-(4-methylpiperazin-1-yl)propyl]-10H-phenothiazine.
1S (USP42)

e 4-Chloro-10H-phenothiazine.
f 2-Chloro-10H-phenothiazine.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light. Store at
controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Prochlorperazine Maleate RS
USP Prochlorperazine Related Compound A RS
4-Chloro-10-[3-(4-methylpiperazin-1-yl)propyl]-10H-phenothiazine dihydrochloride.
C20 H24 ClN3 S·2HCl
443.47
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446.86 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 3451
BRIEFING
Pyridostigmine Bromide Oral Solution, USP 41 page 3524. As part of USP monograph
modernization efforts, it is proposed to make the following changes:
1. Replace the current Assay procedure, which requires chloroform for extraction using
nonspecific UV spectrophotometry, with a validated stability-indicating liquid
chromatographic procedure. The proposed procedure is based on analyses performed
with the Prodigy ODS (3) brand of column with L1 packing manufactured by
Phenomenex. The typical retention time for pyridostigmine is about 16 min. The Inertsil
ODS-3V brand of column manufactured by GL Science is a suitable alternative for this
procedure.
2. Replace the single Identification test, based on a nonspecific UV test, with two tests,
Identification A and Identification B, based on the retention time agreement and UV
spectrum agreement using the proposed Assay. This proposed revision eliminates the
use of chloroform, which is a safety hazard.
3. Add a test for Organic Impurities based on the proposed procedure in the Assay.
4. Revise the Packaging and Storage section to reflect the packaging and storage
conditions on the labels of approved drug products.
5. Add USP Pyridostigmine Related Compound A RS and USP Pyridostigmine Related
Compound B RS to the USP Reference Standards section to support the proposed Assay
and Organic Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: C. Chisolm, K.K. Seela.)
Correspondence Number—C170232
Comment deadline: May 31, 2018
Pyridostigmine Bromide Oral Solution
DEFINITION
Pyridostigmine Bromide Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled
amount of pyridostigmine bromide (C9 H13 BrN2 O2 ).
IDENTIFICATION
Change to read:
• A.
Sample solution: Place in a separator 5 mL of Oral Solution and add 100 mL of 2.5 N
hydrochloric acid. Extract with five 20 mL portions of chloroform. Transfer 2 mL of the
aqueous solution into a 50 mL volumetric flask and add water o volume.
Acceptance criteria: The UV absorption spectrum of this solution exhibits maxima and

PF 44(2): Mar.-Apr. 2018

348

minima at the same wavelength as that of a similar solution of USP Pyridostigmine Bromide
RS, concomitantly measured.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Solution A: 38 g/L of monobasic sodium phosphate and 2 g/L of anhydrous dibasic sodium
phosphate in water.
If necessary, adjust the pH to 5.3 ± 0.1, by slight variation of the ratio of the two
ingredients
Solution B: 1 mg/mL of bromocresol green sodium salt in Solution A
Standard solution: 1.2 mg/mL of USP Pyridostigmine Bromide RS
Sample solution: Nominally 1.2 mg/mL of pyridostigmine bromide from a volume of Oral
Solution diluted with water
Spectrometric conditions
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: Maximum absorbance at about 415 nm
Blank: Chloroform
Analysis
Samples: Standard solution and Sample solution
Transfer 10 mL each of Standard solution and Sample solution to separate 125-mL
separators. Into each separator, pipet 10 mL of water, 20 mL of Solution A, and 5 mL
Solution B. Extract each solution with six 15-mL portions of chloroform, collecting the
chloroform extracts in respective 100-mL volumetric flasks, then add chloroform to volume
in each flask. Determine the absorbances of both solutions concomitantly.
Calculate the percentage of pyridostigmine bromide (C9 H13 BrN2 O2 ) in the portion of Oral
Solution taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Pyridostigmine Bromide RS in the Standard solution (mg/mL)
CU = nominal concentration of pyridostigmine bromide in the Sample solution (mg/mL)
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Buffer: 4.3 g/L of sodium dodecyl sulfate in water. Adjust with phosphoric acid to a pH
of 2.0.
Mobile phase: Acetonitrile and Buffer (32:68)
System suitability solution: 2 µg/mL each of USP Pyridostigmine Bromide RS, USP
Pyridostigmine Related Compound A RS, and USP Pyridostigmine Related Compound B RS in
Mobile phase
Standard solution: 0.3 mg/mL of USP Pyridostigmine Bromide RS in Mobile phase
Sample solution: Nominally 0.3 mg/mL of pyridostigmine bromide in Mobile phase, prepared
as follows. Transfer a suitable portion of Oral Solution to a suitable volumetric flask.
Dissolve in and dilute with Mobile phase to volume and mix.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2.5 times the retention time of pyridostigmine
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between pyridostigmine related compound A and pyridostigmine,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pyridostigmine bromide (C9 H13 BrN2 O2 ) in
the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of pyridostigmine from the Sample solution
rS = peak response of pyridostigmine from the Standard solution
CS = concentration of USP Pyridostigmine Bromide RS in the Standard solution (mg/mL)
CU = nominal concentration of pyridostigmine bromide in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 90.0%–110.0%
IMPURITIES
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Add the following:
• Organic Impurities
Mobile phase, System suitability solution, and Chromatographic system: Proceed as
directed in the Assay.
Sensitivity solution: 0.5 µg/mL of USP Pyridostigmine Bromide RS in Mobile phase
Standard solution: 2 µg/mL each of USP Pyridostigmine Bromide RS, USP Pyridostigmine
Related Compound A RS, and USP Pyridostigmine Related Compound B RS in Mobile phase
Sample solution: Nominally 1000 µg/mL of pyridostigmine bromide in Mobile phase prepared
as follows. Transfer a suitable portion of Oral Solution to a suitable volumetric flask.
Dissolve in and dilute with Mobile phase to volume and mix.
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 1.5 between pyridostigmine related compound A and pyridostigmine,
System suitability solution
Relative standard deviation: NMT 5.0% for all three peaks, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of pyridostigmine related compound A and pyridostigmine related
compound B in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of pyridostigmine related compound A or pyridostigmine related
compound B from the Sample solution
rS = peak response of pyridostigmine related compound A or pyridostigmine related
compound B from the Standard solution
CS = concentration of USP Pyridostigmine Related Compound A RS or USP Pyridostigmine
Related Compound B RS in the Standard solution (µg/mL)
CU = nominal concentration of pyridostigmine bromide in the Sample solution (µg/mL)
Calculate the percentage of each unspecified degradation product in the portion of Oral
Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified degradation product from the Sample solution
rS = peak response of pyridostigmine from the Standard solution
CS = concentration of USP Pyridostigmine Bromide RS in the Standard solution (µg/mL)
CU = nominal concentration of pyridostigmine bromide in the Sample solution (µg/mL)
Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
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Table 1

Name
Pyridostigmine related compound B
Pyridostigmine related compound A
Pyridostigmine
Any individual unspecified degradation product
Total degradation products

Relative
Retention
Time
0.78
0.92
1.0
—
—

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

1S (USP42)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature. 1S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Pyridostigmine Bromide RS
USP Pyridostigmine Related Compound A RS
Pyridin-3-yl dimethylcarbamate.
C8 H10 N2 O2
166.18
USP Pyridostigmine Related Compound B RS
3-Hydroxy-1-methylpyridin-1-ium bromide.
C6 H8 BrNO
190.04
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 3524
BRIEFING
Pyridostigmine Bromide Extended-Release Tablets. Because there is no existing USP
monograph for this dosage form, a new monograph, based on validated methods of analysis, is
proposed. The liquid chromatographic procedures for the Assay and the Organic Impurities test
are based on analyses performed with the Inertsil ODS(3) brand of column with L1 packing
manufactured by GL Sciences. The typical retention time for pyridostigmine is about 6 min.
(CHM4: C. Chisolm, K. K. Seela.)
Correspondence Number—C182928
Comment deadline: May 31, 2018
Add the following:
Pyridostigmine Bromide Extended-Release Tablets
DEFINITION

PF 44(2): Mar.-Apr. 2018

352

Pyridostigmine Bromide Extended-Release Tablets contain NLT 95.0% and NMT 105.0% of the
labeled amount of pyridostigmine bromide (C9 H13 BrN2 O2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Dissolve 1 g of sodium 1-heptanesulfonate in 895 mL of water, and add 5
mL of triethylamine. Adjust with phosphoric acid to a pH of 3.0. Add 100 mL of acetonitrile
and mix.
Standard stock solution: 0.9 mg/mL of USP Pyridostigmine Bromide RS in Mobile phase
Standard solution: 0.09 mg/mL of USP Pyridostigmine Bromide RS in Mobile phase from the
Standard stock solution
Sample stock solution: Nominally 1.8 mg/mL of pyridostigmine bromide, prepared as
follows. Transfer NLT 10 crushed Tablets to an appropriate volumetric flask. Add Mobile
phase to about 50% of the flask volume, sonicate for 30 min, and mix. Add 50% of the
flask volume of Mobile phase, sonicate for 30 min, and mix. Add 40% of the flask volume of
water, and mix until Tablets are disintegrated. Dilute with Mobile phase to volume.
Sample solution: Nominally 0.09 mg/mL of pyridostigmine bromide in Mobile phase,
prepared from Sample stock solution. Pass a portion of the solution through a suitable
filter of 0.45-µm pore size, and discard the first 5 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 1.7 times the retention time of pyridostigmine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of pyridostigmine bromide (C9 H13 BrN2 O2 ) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of pyridostigmine from the Sample solution
rS = peak response of pyridostigmine from the Standard solution
CS = concentration of USP Pyridostigmine Bromide RS in the Standard solution (mg/mL)
CU = nominal concentration of pyridostigmine bromide in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Times: 1, 2, and 6 h
Standard solution: 0.2 mg/mL of USP Pyridostigmine Bromide RS in Medium
Sample solution: Pass a suitable portion of the solution under test through a suitable
filter.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 270 nm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of pyridostigmine bromide (C9 H13 BrN2 O2 ) in the sample
withdrawn from the vessel at each time point (i):
Ci = (AU/AS) × CS
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Pyridostigmine Bromide RS in the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of pyridostigmine bromide (C9 H13 BrN2 O2 )
dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Result 4 = ({C4 × [V − (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100
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Ci = concentration of pyridostigmine bromide in the portion of sample withdrawn at the
specified time point (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of the Sample solution withdrawn at each time point (mL)
Tolerances: See Table 1.
Table 1
Time Point
(i)
1
2
3

Time
(h)
1
2
6

Amount
Dissolved
(%)
43–63
60–80
NLT 85

The percentages of the labeled amount of pyridostigmine bromide (C9 H13 BrN2 O2 ) dissolved
at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Mobile phase and Standard stock solution: Prepare as directed in the Assay.
System suitability solution: 0.54 mg/mL of USP Pyridostigmine Bromide RS and 1 µg/mL of
USP Pyridostigmine Related Compound B RS in Mobile phase
Sensitivity solution: 0.3 µg/mL of USP Pyridostigmine Bromide RS in Mobile phase from
Standard stock solution
Standard solution: 0.001 mg/mL of USP Pyridostigmine Bromide RS in Mobile phase from
Standard stock solution
Sample stock solution: Nominally 1.8 mg/mL of pyridostigmine bromide prepared as
follows. Transfer NLT 10 crushed Tablets to an appropriate volumetric flask. Add Diluent to
about 50% of the flask volume, sonicate for 30 min, and mix. Add water to about 40% of
the flask volume and mix until the Tablets are disintegrated. Dilute with water to volume.
Sample solution: Nominally 0.54 mg/mL of pyridostigmine bromide in Mobile phase from
Sample stock solution. Pass a portion of the solution through a suitable filter of 0.45-µm
pore size, and discard the first 5 mL of the filtrate.
Chromatographic system: Proceed as directed in the Assay except for the Run time.
Run time: NLT 5 times the retention time of pyridostigmine
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 5.0 between pyridostigmine related compound B and pyridostigmine,
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System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual degradation product in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (1/F) ×100
rU = peak response of each degradation product from the Sample solution
rS = peak response of pyridostigmine from the Standard solution
CS = concentration of USP Pyridostigmine Bromide RS in the Standard solution (mg/mL)
CU = nominal concentration of pyridostigmine bromide in the Sample solution (mg/mL)
F = relative response factor for each degradation product (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
Table 2
Relative
Retention
Name
Time
Pyridostigmine related compound B
0.63
Any individual unspecified degradation
—
product
Total degradation products
—

Relative
Response
Factor
0.6
1.0
—

Acceptance
Criteria,
NMT (%)
0.2
0.2
0.8

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Pyridostigmine Bromide RS
USP Pyridostigmine Related Compound B RS
3-Hydroxy-1-methylpyridin-1-ium bromide.
C6 H8 BrNO
190.04
1S (USP42)

BRIEFING
Ropinirole Tablets, USP 41 page 3669. As part of the USP monograph modernization effort,
it is proposed to make the following changes:
1. Add Identification B with the UV spectrum agreement based on the Assay.
2. Revise the Chromatographic system in the Assay to support the proposed Identification
B.
3. Add Run time to Dissolution Test 2 to strengthen the public standard.
4. Remove the stringent constraints for pH adjustment in the Medium preparation in
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Dissolution Test 2, as the validation data does not indicate the need for stringent pH
control.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: K. K. Seela, C. Chisolm.)
Correspondence Number—C184607
Comment deadline: May 31, 2018
Ropinirole Tablets
DEFINITION
Ropinirole Tablets contain ropinirole hydrochloride equivalent to NLT 90.0% and NMT 110.0%
of the labeled amount of ropinirole free base (C16 H24 N2 O).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: 3.85 g/L of ammonium acetate. Adjust with phosphoric acid to a pH of 2.5.
Mobile phase: Acetonitrile, methanol, and Buffer (7:3:40)
System suitability solution: 0.1 mg/mL of USP Ropinirole Hydrochloride RS and 0.5 µg/mL
of USP Ropinirole Related Compound B RS in Buffer
Standard solution: 0.1 mg/mL of USP Ropinirole Hydrochloride RS in Buffer
Sample solution: Nominally 0.1 mg/mL of ropinirole in Buffer (from NLT 5 Tablets)
1S (USP42)

prepared as follows.
Transfer NLT 5 Tablets into a suitable volumetric flask and 1S (USP42)
add 50% of the flask volume with Buffer. Shake mechanically for 30 min. Dilute with Buffer
to volume. Pass a portion of the supernatant through a suitable membrane filter of 0.45µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 250 nm.
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For Identification B, use a diode array detector in the range of 200–400 nm. 1S (USP42)
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time:
NLT 1S (USP42)
2 times the retention time of ropinirole
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between ropinirole and ropinirole related compound B, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ropinirole (C16 H24 N2 O) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of the Sample solution
rS = peak response of the Standard solution
CS = concentration of USP Ropinirole Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of ropinirole in the Sample solution (mg/mL)
Mr1 = molecular weight of ropinirole, 260.37
Mr2 = molecular weight of ropinirole hydrochloride, 296.84
Acceptance criteria: 90.0%–110.0% of ropinirole free base
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1
Medium: 2.9 g/L of sodium citrate dihydrate and 3.3 g/L of anhydrous citric acid in
water, pH 4.0; 500 mL
Apparatus 1: 50 rpm
Time: 15 min
Mobile phase: Acetonitrile and Medium (1:4)
Standard solution: 4.5 µg/mL
0.0045 mg/mL 1S (USP42)
of USP Ropinirole Hydrochloride RS in Medium
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Sample solution: Pass a portion of the solution through a suitable filter of 0.45-µm pore
size, discarding the first few milliliters. Dilute with Medium to a concentration similar to
the Standard solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 3.0-mm × 7-cm; 5-µm packing L1
Flow rate: 0.6 mL/min
Injection volume: 50 µL
Run time:
NLT 1S (USP42)
3 times the retention time of ropinirole
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ropinirole (C16 H24 N2 O) dissolved:
Result = (rU/rS) × (CS/L) × D × (Mr1/Mr2) × V × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Ropinirole Hydrochloride RS in the Standard solution
(mg/mL)
L = label claim (mg/Tablet)
D = dilution factor for the Sample solution
Mr1 = molecular weight of ropinirole, 260.37
Mr2 = molecular weight of ropinirole hydrochloride, 296.84
V = volume of Medium, 500 mL
Tolerances: NLT 85% (Q) of the labeled amount of ropinirole is dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 2.1 g/L of citric acid in water. Adjust with a solution containing 121.2 g/L of tris
(hydroxymethyl)methylamine in water to a pH of 4.0 ± 0.1
1S (USP42)

; 500 mL, deaerated.
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Apparatus 1: 50 rpm
Time: 15 min
Standard solution: (L/500) µg/mL
mg/mL 1S (USP42)
of USP Ropinirole Hydrochloride RS in Medium, in which L is the label claim in mg/Tablet
Buffer and Mobile phase: Prepare as directed in the Assay.
Sample solution: Pass a portion of the solution through a polyethylene
suitable 1S (USP42)
filter of 15- to 20-µm pore size, discarding the first few milliliters.
[Note—A polyethylene filter may be suitable.] 1S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.0 mL/min
1 mL/min 1S (USP42)
Injection volume: 200 µL for Tablets with a label claim of 0.25, 0.5, 1.0, and 2.0
mg/Tablet; 100 µL for all other strengths
Run time: NLT 1.3 times the retention time of ropinirole 1S (USP42)
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ropinirole (C16 H24 N2 O) dissolved:
Result = (rU/rS) × (CS/L) × (Mr1/Mr2) × V × 100
rU = peak response of the Sample solution
rS = peak response of the Standard solution
CS = concentration of USP Ropinirole Hydrochloride RS in the Standard solution
(mg/mL)
L = label claim (mg/Tablet)
Mr1 = molecular weight of ropinirole, 260.37
Mr2 = molecular weight of ropinirole hydrochloride, 296.84
V = volume of Medium, 500 mL
Tolerances: NLT 80% (Q) of the labeled amount of ropinirole is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
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IMPURITIES
Change to read:
• Organic Impurities
Buffer: 1.8 g/L of dibasic potassium phosphate in water. Adjust with phosphoric acid to a
pH of 7.4.
Solution A: Methanol and Buffer (20:80)
Solution B: Methanol and Buffer (80:20)
Diluent: Dissolve 5 g of sodium dodecyl sulfate in 800 mL of water. Adjust with phosphoric
acid or sodium hydroxide to a pH of 6.8. Add 200 mL of methanol, and mix.
Mobile phase: See Table 1.
Time
(min)
0
8
30
40
60
60.1
70

Table 1
Solution A
(%)
85
85
30
10
10
85
85

Solution B
(%)
15
15
70
90
90
15
15

System suitability solution: 0.3 µg/mL of USP Ropinirole Hydrochloride RS in Diluent and
0.5 µg/mL of USP Ropinirole Related Compound B RS in Diluent
Standard solution: 0.2 µg/mL of ropinirole prepared from USP Ropinirole Hydrochloride RS in
Diluent
Sample solution: Nominally 100 µg/mL of ropinirole from finely powdered Tablets (NLT 20)
NLT 20 Tablets 1S (USP42)
prepared as follows.
Finely powder the Tablets and 1S (USP42)
transfer a portion to a suitable volumetric flask. Add 70% of the flask volume with Diluent.
Shake mechanically for 30 min. Dilute with Diluent to volume. Pass a portion of the
supernatant through a suitable membrane filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 50°
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
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Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between ropinirole and ropinirole related compound B, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak area of each individual impurity from the Sample solution
rS = peak area from the Standard solution
CS = concentration of ropinirole in the Standard solution (µg/mL)
CU = nominal concentration of ropinirole in the Sample solution (µg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2.

Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Monopropyl ropinirolea
0.24
1.1
0.6
Ropinirole N-oxideb
0.27
1.0
0.5
c
Cyclopentanylindolinone
0.55
1.0
0.5
Hydroxy ropiniroled
0.64
0.33
0.5
Ropinirole related compound B
0.95
1.4
0.6
Ropinirole
1.00
—
—
e
—
—
Ethyl ropinirole
1.20
Propylidene ropinirolef
1.35
1.6
0.4
Any unspecified degradation product
—
1.0
0.3
Total impurities
—
—
2.0
a 4-[2-(Propylamino)ethyl]indolin-2-one.
b N-[2-(2-Oxoindolin-4-yl)ethyl]-N-propylpropan-1-amine oxide.
c 1,2a,3,4-Tetrahydro-2H-cyclopenta(cd)indol-2-one.
d 4-[2-(Dipropylamino)ethyl]-1-hydroxy-1,3-dihydro-2H-indol-2-one.
e 4-[2-(Dipropylamino)ethyl]-1-ethyl-1,3-dihydro-2H-indol-2-one; process impurity
included for identification only.
f (Z)-4-[2-(Dipropylamino)ethyl]-3-propylideneindolin-2-one.
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 〈11〉
USP Ropinirole Hydrochloride RS
USP Ropinirole Related Compound B RS
4-[2-(Dipropylamino)ethyl]indoline-2,3-dione hydrochloride.
C16 H22 N2 O2 ·HCl
310.82
Recent Official Publications:
USP41–NF36 Page 3669
BRIEFING
Saccharin Calcium, USP 41 page 3688. As part of the USP monograph modernization effort,
and on the basis of comments and data received, revisions are proposed for the Saccharin,
Saccharin Calcium, and Saccharin Sodium monographs. See the Briefings for the Saccharin and
Saccharin Sodium monographs, also appearing in this issue of PF. The proposed changes for
this monograph include:
1. According to the decision made during the Pharmacopeial Discussion Group (PDG) faceto-face meeting in September 2017 at Rockville, MD, the Saccharin, Saccharin Calcium,
and Saccharin Sodium monographs are suppressed from the PDG harmonization
workplan. More details can be found on the USP website:
www.usp.org/sites/default/files/usp/document/harmonization/meeting/pdg_rockville_highlights.pdf.
2. The acceptance criteria in the Definition and the Assay are revised from NLT 99.0% and
NMT 101.0% to NLT 98.0% and NMT 102.0% to account for the performance of the
proposed Assay HPLC method.
3. The titrimetric method in the Assay is replaced with an HPLC method. The proposed
HPLC method is based on analyses performed using the Waters XBridge BEH C18 brand
of column with L1 packing. The retention time for saccharin calcium is about 7.3 min.
4. In the Readily Carbonizable Substances Test section, the description of Matching fluid A
is added for further clarification of the method. In addition, delete "[94.5%–95.5%
(w/w) of sulfuric acid (H2 SO4 )]" in order to be consistent with the harmonized
document.
5. In the Color of Solution test, revise the Note to include the Standard stock solution.
6. In the USP Reference Standards section, remove the chemical information for USP oToluenesulfonamide RS and USP p-Toluenesulfonamide RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC2: J. Liu.)
Correspondence Number—C157103
Comment deadline: May 31, 2018
Saccharin Calcium
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C14 H8 CaN2 O6 S2 ·3½H2 O
467.48
C14 H8 CaN2 O6 S2
404.44
1,2-Benzisothiazol-3(2H)-one, 1,1-dioxide, calcium salt, hydrate (2:7);
1,2-Benzisothiazolin-3-one 1,1-dioxide calcium salt hydrate (2:7)
[6381-91-5].
Anhydrous
[6485-34-3].
DEFINITION
Change to read:
Saccharin Calcium contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0% 1S (USP42)
of saccharin calcium (C14 H8 CaN2 O6 S2 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Sample: Dry at 105° to constant weight.
Acceptance criteria: Meets the requirements
• B.
Sample solution: 100 mg/mL
Analysis: To the Sample solution add 2 drops of methyl red TS, and neutralize with 6 N
ammonium hydroxide. Add 3 N hydrochloric acid, dropwise, until the solution is acid to the
indicator. Add ammonium oxalate TS.
Acceptance criteria: A white precipitate is formed when the ammonium oxalate is added.
This precipitate is insoluble in 6 N acetic acid but dissolves in hydrochloric acid.
• C. Calcium salts moistened with hydrochloric acid impart a transient yellowish-red color to a
nonluminous flame.
ASSAY
Change to read:
• Procedure
Sample solution: 3 mg/mL of Saccharin Calcium in glacial acetic acid. [Note—Slight
heating may be needed to dissolve the sample.]
Analysis: Titrate Sample solution with 0.1 N perchloric acid, determining the endpoint
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potentiometrically. Perform a blank determination, and make any necessary correction
(see Titrimetry 〈541〉). Each mL of 0.1 N perchloric acid is equivalent to 20.22 mg of
C14 H8 CaN2 O6 S2 .
Acceptance criteria: 99.0%–101.0% on the anhydrous basis
Solution A: 50 mM dibasic potassium phosphate (K2 HPO4 ) buffer in 0.1% (v/v)
phosphoric acid solution
Solution B: Methanol
Mobile phase: See Table 1.
Time
(min)
0
7.0
8.0
10.0
10.1
15.0

Table 1
Solution A
(%)
90
90
5
5
90
90

Solution B
(%)
10
10
95
95
10
10

Diluent: Methanol and water (50:50 v/v)
System suitability solution: 0.1 mg/mL of phthalic anhydride and 0.1 mg/mL of USP
Saccharin Calcium RS in Diluent
Standard solution: 0.1 mg/mL of USP Saccharin Calcium RS in Diluent
Sample solution: 0.1 mg/mL of Saccharin Calcium in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 20°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: 15 min
System suitability
Samples: System suitability solution and Standard solution
[Note—The retention times for phthalic anhydride and saccharin calcium are about 6.3
and 7.3 min, respectively. Phthalic anhydride is a potential impurity.]
Suitability requirements
Resolution: NLT 2.0 between the phthalic anhydride and saccharin calcium peaks,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
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Relative standard deviation: NMT 0.5% for five replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of saccharin calcium in the portion of Saccharin Calcium taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of saccharin calcium from the Sample solution
rS = peak area of saccharin calcium from the Standard solution
CS = concentration of USP Saccharin Calcium RS in the Standard solution (mg/mL)
CU = concentration of Saccharin Calcium in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis

1S (USP42)

IMPURITIES
Delete the following:
• Heavy Metals, Method I〈231〉
Sample: 4 g in 46 mL
Analysis: Add 4 mL of dilute hydrochloric acid (1 in 12), mix, and rub the inner wall of the
vessel with a glass rod until crystallization begins. Allow the solution to stand for 1 h, then
pass through a dry filter, discarding the first 10 mL of the filtrate, and use 25 mL of the
subsequent filtrate for the Sample preparation.
Acceptance criteria: NMT 10 ppm (O fficial 1-Jan-2018)
• Limit of Toluenesulfonamides
Internal standard solution: 0.25 mg/mL of caffeine in methylene chloride
Standard stock solution: 20.0 µg/mL of USP o-Toluenesulfonamide RS and 20.0 µg/mL of
USP p-Toluenesulfonamide RS in methylene chloride
Standard solution: Evaporate 5.0 mL of Standard stock solution to dryness in a stream of
nitrogen. Dissolve the residue in 1.0 mL of the Internal standard solution.
Sample stock solution: 200 mg/mL in water. If necessary, adjust with 1 N sodium
hydroxide or 1 N hydrochloric acid to a pH of 7–8 before final dilution.
Sample solution: Shake 50 mL of the Sample stock solution with four quantities each of
50 mL of methylene chloride. Combine the lower layers, dry over anhydrous sodium
sulfate, and filter. Wash the filter and the sodium sulfate with 10 mL of methylene
chloride. Combine the solution and the washings, and evaporate almost to dryness in a
water bath at a temperature not exceeding 40°. Using a small quantity of methylene
chloride, quantitatively transfer the residue into a suitable 10-mL tube, evaporate to
dryness in a stream of nitrogen, and dissolve the residue in 1.0 mL of the Internal
standard solution.
Blank solution: Evaporate 200 mL of methylene chloride to dryness in a water bath at a
temperature not exceeding 40°. Dissolve the residue in 1 mL of methylene chloride.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 10-m fused silica; coated with a 2-µm film of phase G3
Temperatures
Injector: 250°
Column: 180°
Detector: 250°
Carrier gas: Nitrogen
Flow rate: 10 mL/min
Injection volume: 1 µL
Injection type: Split ratio, 2:1
System suitability
Samples: Standard solution and Blank solution
[Note—The substances are eluted in the following order: o-toluenesulfonamide, ptoluenesulfonamide, and caffeine.]
Suitability requirements: There are no peaks present in the Blank solution at the
retention times of the Internal standard solution, o-toluenesulfonamide, and ptoluenesulfonamide; Blank solution
Resolution: NLT 1.5 between o-toluenesulfonamide and p-toluenesulfonamide,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: See Table 2. If any peaks due to o-toluenesulfonamide and ptoluenesulfonamide appear in the chromatogram obtained with the Sample solution, the
ratio of their areas to that of the Internal standard solution is NMT the corresponding
ratio in the chromatogram obtained with the Standard solution.
Table 2
Acceptance Criteria,
Name
NMT (ppm)
o-Toluenesulfonamide
10
p-Toluenesulfonamide
10
• Limit of Benzoate and Salicylate
Sample solution: 50 mg/mL
Analysis: To 10 mL of the Sample solution add 5 drops of 6 N acetic acid and 3 drops of
ferric chloride TS.
Acceptance criteria: No precipitate or violet color appears.
SPECIFIC TESTS
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• Water Determination 〈921〉, Method I: NMT 15.0%
Change to read:
• Readily Carbonizable Substances Test 〈271〉
Matching fluid A: Cobaltous chloride CS, ferric chloride CS, cupric sulfate CS, and water
(0.1: 0.4: 0.1: 4.4) 1S (USP42)
Sample solution: 40 mg/mL in sulfuric acid [94.5%–95.5% (w/w) of sulfuric acid (H2 SO4 )
maintained at 1S (USP42)
48°–50° for 10 min
Acceptance criteria: The Sample solution has no more color than Matching fluid A, when
viewed against a white background.
• Clarity of Solution
[Note—The Sample solution is to be compared to Reference suspension A and to water in
diffused daylight 5 min after preparation of Reference suspension A.]
Diluent: 200-g/L solution of sodium acetate
Hydrazine solution: 10.0 mg/mL of hydrazine sulfate. [Note—Allow to stand for 4–6 h.]
Methenamine solution: Transfer 2.5 g of methenamine to a 100-mL glass-stoppered flask,
add 25.0 mL of water, insert the glass stopper, and mix to dissolve.
Primary opalescent suspension: Transfer 25.0 mL of Hydrazine solution to the
Methenamine solution in the 100-mL glass-stoppered flask. Mix, and allow to stand for 24
h. [Note—This suspension is stable for 2 months, provided it is stored in a glass container
free from surface defects. The suspension must not adhere to the glass and must be well
mixed before use.]
Opalescence standard: Transfer 15.0 mL of the Primary opalescent suspension and dilute
to 1000 mL. [Note—This suspension should not be used beyond 24 h after preparation.]
Reference suspension A: Opalescence standard and water (1 in 20)
Reference suspension B: Opalescence standard and water (1 in 10)
Sample solution: 200 mg/mL in Diluent
Analysis
Samples: Diluent, Reference suspension A, Reference suspension B, Sample solution, and
water
Transfer a sufficient portion of the Sample solution to a test tube of colorless, transparent,
neutral glass with a flat base and an internal diameter of 15–25 mm to obtain a depth of
40 mm. Similarly transfer portions of Reference suspension A, Reference suspension B,
water, and Diluent to separate matching test tubes. Compare solutions in diffused
daylight, viewing vertically against a black background (see Nephelometry, Turbidimetry,
and Visual Comparison 〈855〉, Procedure, Visual Comparison). [Note—The diffusion of light
must be such that Reference suspension A can readily be distinguished from water, and
that Reference suspension B can readily be distinguished from Reference suspension A.]
Acceptance criteria: The Sample solution shows the same clarity as that of water, or
Diluent, or its opalescence is NMT that of Reference suspension A.
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Change to read:
• Color of Solution
Diluent A: 200-g/L solution of sodium acetate
Diluent B: 10-g/L solution of hydrochloric acid
Standard stock solution: Ferric chloride CS, cobaltous chloride CS, cupric sulfate CS, and
Diluent B (3.0: 3.0: 2.4: 1.6)
Standard solution: Standard stock solution and Diluent B (1:99). [Note—Prepare the
Standard stock solution and 1S (USP42)
Standard solution immediately before use.]
Sample solution: Use the Sample solution from the test for Clarity of Solution.
Analysis
Samples: Diluent A, Standard solution, Sample solution, and water
Transfer a sufficient portion of the Sample solution to a test tube of colorless, transparent,
neutral glass with a flat base and an internal diameter of 15–25 mm to obtain a depth of
40 mm. Similarly transfer portions of the Standard solution, Diluent A, and water to
separate matching test tubes. Compare solutions in diffused daylight, viewing vertically
against a white background (see Nephelometry, Turbidimetry, and Visual Comparison
〈855〉, Procedure, Visual Comparison).
Acceptance criteria: The Sample solution has the appearance of water or Diluent A, or is
not more intensely colored than the Standard solution.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• Labeling: Where the quantity of saccharin calcium is indicated in the labeling of any
preparation containing Saccharin Calcium, this shall be expressed in terms of saccharin
(C7 H5 NO3 S).
Change to read:
• USP Reference Standards 〈11〉
USP Saccharin Calcium RS
USP o-Toluenesulfonamide RS
C7 H9 NO2 S
171.22
1S (USP42)

USP p-Toluenesulfonamide RS
C7 H9 NO2 S
171.22
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 3688
BRIEFING
Saccharin Sodium, USP 41 page 3689. As part of the USP monograph modernization effort,
and on the basis of comments and data received, revisions are proposed for the Saccharin,
Saccharin Calcium, and Saccharin Sodium monographs. See the Briefings for the Saccharin and
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Saccharin Calcium monographs, also appearing in this issue of PF. The proposed changes for
this monograph include:
1. According to the decision made during the Pharmacopeial Discussion Group (PDG) faceto-face meeting in September 2017 at Rockville, MD, the Saccharin, Saccharin Calcium,
and Saccharin Sodium monographs are suppressed from the PDG harmonization
workplan. Subsequently, the sentence “Portions of this monograph that are national USP
text, and are not part of the harmonized text, are marked with symbols (♦♦) to specify
this fact.” is deleted. More details can be found on the USP website:
www.usp.org/sites/default/files/usp/document/harmonization/meeting/pdg_rockville_highlights.pdf.
2. Additionally, the (♦♦) symbols are removed from Identification C, the Limit of
Toluenesulfonamides test, and the Packaging and Storage and Labeling sections, due to
the suppression of this monograph from the PDG workplan.
3. The acceptance criteria in the Definition and the Assay are revised from NLT 99.0% and
NMT 101.0% to NLT 98.0% and NMT 102.0% to account for the performance of the
proposed Assay HPLC method.
4. The titrimetric method in the Assay is replaced with an HPLC method. The proposed
HPLC method is based on analyses performed using the Waters XBridge BEH C18 brand
of column with L1 packing. The retention time for saccharin sodium is about 7.3 min.
5. In the Readily Carbonizable Substances Test delete "[94.5%–95.5% (w/w) of sulfuric
acid (H2 SO4 )]" in order to be consistent with the harmonized document.
6. In the Color of Solution test, revise the Note to include the Standard stock solution.
7. In the USP Reference Standards section, remove the chemical information for USP oToluenesulfonamide RS and USP p-Toluenesulfonamide RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC2: J. Liu.)
Correspondence Number—C157104
Comment deadline: May 31, 2018
Saccharin Sodium
Change to read:
Portions of this monograph that are national USP text, and are not part of the harmonized text,
are marked with symbols (♦♦) to specify this fact.

1S (USP42)
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C7 H4 NNaO3 S·2H2 O
241.20
C7 H4 NNaO3 S
205.17
1,2-Benzisothiazol-3(2H)-one, 1,1-dioxide, sodium salt, dihydrate;
1,2-Benzisothiazolin-3-one 1,1-dioxide sodium salt dihydrate
[6155-57-3].
Anhydrous
[128-44-9].
DEFINITION
Change to read:
Saccharin Sodium contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0% 1S (USP42)
of saccharin sodium (C7 H4 NNaO3 S), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Sample: Dry at 105° to constant weight.
Acceptance criteria: Meets the requirements
• B.
Sample solution: 100 mg/mL
Potassium pyroantimonate solution: Dissolve 2 g of potassium pyroantimonate in 95 mL
of hot water. Cool quickly, and add 50 mL of a potassium hydroxide solution (50 mg/mL)
and 1 mL of sodium hydroxide solution (8.5 in 100). Allow to stand for 24 h, filter, and
dilute with water to 150 mL.
Analysis: To 10 mL of the Sample solution add 2 mL of 15% potassium carbonate, and
heat to boiling. No precipitate is formed. Add 4 mL of Potassium pyroantimonate solution,
and heat to boiling. Allow to cool in ice water and, if necessary, rub the inside of the test
tube with a glass rod.
Acceptance criteria: A dense precipitate is formed.
Change to read:
• ♦
1S (USP42)

C. Sodium salts impart an intense yellow color to a nonluminous flame.♦
1S (USP42)
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ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 150 mg of Saccharin Sodium in 50 mL of glacial acetic acid.
[Note—Slight heating may be needed to dissolve the sample.]
Analysis: Titrate the Sample solution with 0.1 N perchloric acid, determining the endpoint
potentiometrically. Perform a blank determination, and make any necessary correction
(see Titrimetry 〈541〉). Each mL of 0.1 N perchloric acid is equivalent to 20.52 mg of
saccharin sodium (C7 H4 NNaO3 S).
Acceptance criteria: 99.0%–101.0% on the anhydrous basis
Solution A: 50 mM dibasic potassium phosphate (K2 HPO4 ) buffer in 0.1% (v/v)
phosphoric acid solution
Solution B: Methanol
Mobile phase: See Table 1.
Time
(min)
0
7.0
8.0
10.0
10.1
15.0

Table 1
Solution A
(%)
90
90
5
5
90
90

Solution B
(%)
10
10
95
95
10
10

Diluent: Methanol and water (50:50 v/v)
System suitability solution: 0.1 mg/mL of phthalic anhydride and 0.1 mg/mL of USP
Saccharin Sodium RS in Diluent
Standard solution: 0.1 mg/mL of USP Saccharin Sodium RS in Diluent
Sample solution: 0.1 mg/mL of Saccharin Sodium in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 20°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: 15 min
System suitability
Samples: System suitability solution and Standard solution
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[Note—The retention times for phthalic anhydride and saccharin sodium are about 6.3
and 7.3 min, respectively. Phthalic anhydride is a potential impurity.]
Suitability requirements
Resolution: NLT 2.0 between the phthalic anhydride and saccharin sodium peaks,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 0.5% for five replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of saccharin sodium in the portion of Saccharin Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of saccharin sodium from the Sample solution
rS = peak area of saccharin sodium from the Standard solution
CS = concentration of USP Saccharin Sodium RS in the Standard solution (mg/mL)
CU = concentration of Saccharin Sodium in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis

1S (USP42)

IMPURITIES
Delete the following:
• Heavy Metals, Method I〈231〉
Sample: 4 g in 46 mL of water
Analysis: Add 4 mL of dilute hydrochloric acid (1 in 12), mix, and rub the inner wall of the
vessel with a glass rod until crystallization begins. Allow the solution to stand for 1 h, then
pass through a dry filter, discarding the first 10 mL of the filtrate. Use 25 mL of the
subsequent filtrate for the Test Preparation.
Acceptance criteria: NMT 10 ppm (O fficial 1-Jan-2018)
Change to read:
• ♦
1S (USP42)

Limit of Toluenesulfonamides
Internal standard solution: 0.25 mg/mL of caffeine in methylene chloride
Standard stock solution: 20.0 µg/mL of USP o-Toluenesulfonamide RS and 20.0 µg/mL of
USP p-Toluenesulfonamide RS in methylene chloride
Standard solution: Evaporate 5.0 mL of Standard stock solution to dryness in a stream of
nitrogen. Dissolve the residue in 1.0 mL of the Internal standard solution.
Sample stock solution: 200 mg/mL in water. If necessary, adjust with 1 N sodium
hydroxide or 1 N hydrochloric acid to a pH of 7–8 before final dilution.
Sample solution: Shake 50 mL of the Sample stock solution with four quantities each of
50 mL of methylene chloride. Combine the lower layers, dry over anhydrous sodium
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sulfate, and filter. Wash the filter and the sodium sulfate with 10 mL of methylene
chloride. Combine the solution and the washings, and evaporate almost to dryness in a
water bath at a temperature not exceeding 40°. Using a small quantity of methylene
chloride, quantitatively transfer the residue into a suitable 10-mL tube, evaporate to
dryness in a stream of nitrogen, and dissolve the residue in 1.0 mL of the Internal
standard solution.
Blank solution: Evaporate 200 mL of methylene chloride to dryness in a water bath at a
temperature not exceeding 40°. Dissolve the residue in 1 mL of methylene chloride.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 10-m fused silica; coated with a 2-µm film of phase G3
Temperatures
Injection port: 250°
Column: 180°
Detector: 250°
Carrier gas: Nitrogen
Flow rate: 10 mL/min
Injection volume: 1 µL
Injection type: Split ratio, 2:1
System suitability
Samples: Standard solution and Blank solution
[Note—The substances are eluted in the following order: o-toluenesulfonamide, ptoluenesulfonamide, and caffeine.]
Suitability requirements: No peaks at the retention times for the internal standard, otoluenesulfonamide, or p-toluenesulfonamide, Blank solution
Resolution: NLT 1.5 between o-toluenesulfonamide and p-toluenesulfonamide,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: See Table 2. If any peaks due to o-toluenesulfonamide and ptoluenesulfonamide appear in the chromatogram of the Sample solution, the ratio of their
areas to that of caffeine (internal standard) is NMT the corresponding ratio in the
chromatogram of the Standard solution.
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Table 2

Name
o-Toluenesulfonamide
p-Toluenesulfonamide

Acceptance
Criteria,
NMT (ppm)
10
10

♦
1S (USP42)

• Limit of Benzoate and Salicylate
Sample solution: 50 mg/mL
Analysis: To 10 mL of the Sample solution add 5 drops of 6 N acetic acid, and then add 3
drops of ferric chloride TS.
Acceptance criteria: No precipitate or violet color appears.
SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 15.0%
• Readily Carbonizable Substances Test 〈271〉
Matching fluid A: Cobaltous chloride CS, ferric chloride CS, cupric sulfate CS, and water
(0.1: 0.4: 0.1: 4.4)
Sample solution: 40 mg/mL in sulfuric acid [94.5%–95.5% (w/w) of sulfuric acid (H2 SO4 )],
1S (USP42)

maintained at 48°–50° for 10 min
Acceptance criteria: The Sample solution has no more color than Matching fluid A, when
viewed against a white background.
• Acidity or Alkalinity
Sample solution: 100 mg/mL in carbon dioxide-free water
Analysis: To 10 mL of the Sample solution add 1 drop of phenolphthalein TS.
Acceptance criteria: No red or pink color is produced. Then add 1 drop of 0.1 N sodium
hydroxide: a red or pink color is produced.
• Clarity of Solution
[Note—The Sample solution is to be compared to Reference suspension A in diffused
daylight 5 min after preparation of Reference suspension A.]
Hydrazine solution: 10.0 mg/mL of hydrazine sulfate in water. [Note—Allow to stand for
4–6 h.]
Methenamine solution: Transfer 2.5 g of methenamine to a 100-mL glass-stoppered flask,
add 25.0 mL of water, insert the glass stopper, and mix to dissolve.
Primary opalescent suspension: Transfer 25.0 mL of Hydrazine solution to the
Methenamine solution in the 100-mL glass-stoppered flask. Mix, and allow to stand for 24
h. [Note—This suspension is stable for 2 months, provided it is stored in a glass container
free from surface defects. The suspension must not adhere to the glass and must be well
mixed before use.]
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Opalescence standard: Transfer 15.0 mL of the Primary opalescent suspension, dilute
with water to 1000 mL, and mix. [Note—This suspension should not be used beyond 24 h
after preparation.]
Reference suspension A: Opalescence standard and water (1 in 20)
Reference suspension B: Opalescence standard and water (1 in 10)
Sample solution: 200 mg/mL in water
Analysis
Samples: Reference suspension A, Reference suspension B, Sample solution, and water
Transfer a sufficient portion of the Sample solution to a test tube of colorless, transparent,
neutral glass with a flat base and an internal diameter of 15–25 mm to obtain a depth of
40 mm. Similarly transfer portions of Reference suspension A, Reference suspension B, and
water to separate matching test tubes. Compare solutions in diffused daylight, viewing
vertically against a black background (see Nephelometry, Turbidimetry, and Visual
Comparison 〈855〉, Procedure, Visual Comparison). [Note—The diffusion of light must be
such that Reference suspension A can readily be distinguished from water, and that
Reference suspension B can readily be distinguished from Reference suspension A.]
Acceptance criteria: The Sample solution shows the same clarity as that of water, or its
opalescence is NMT that of Reference suspension A.
Change to read:
• Color of Solution
Diluent: 10-g/L solution of hydrochloric acid
Standard stock solution: Ferric chloride CS, cobaltous chloride CS, cupric sulfate CS, and
Diluent (3.0: 3.0: 2.4: 1.6)
Standard solution: Standard stock solution and Diluent (1 in 100). [Note—Prepare the
Standard stock solution and 1S (USP42)
Standard solution immediately before use.]
Sample solution: Use the Sample solution from the test for Clarity of Solution.
Analysis
Samples: Standard solution, Sample solution, and water
Transfer a sufficient portion of the Sample solution to a test tube of colorless, transparent,
neutral glass with a flat base and an internal diameter of 15–25 mm to obtain a depth of
40 mm. Similarly transfer portions of the Standard solution and water to separate,
matching test tubes. Compare the solutions in diffused daylight, viewing vertically against
a white background (see Nephelometry, Turbidimetry, and Visual Comparison 〈855〉,
Procedure, Visual Comparison).
Acceptance criteria: The Sample solution has the appearance of water or is not more
intensely colored than the Standard solution.
ADDITIONAL REQUIREMENTS
Change to read:
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1S (USP42)

Packaging and Storage: Preserve in well-closed containers. Store at room temperature.♦
1S (USP42)

Change to read:
• ♦
1S (USP42)

Labeling: Where the quantity of saccharin sodium is indicated in the labeling of any
preparation containing Saccharin Sodium, this shall be expressed in terms of saccharin
(C7 H5 NO3 S).♦
1S (USP42)

Change to read:
• USP Reference Standards 〈11〉
USP Saccharin Sodium RS
USP o-Toluenesulfonamide RS
C7 H9 NO2 S
171.22
1S (USP42)

USP p-Toluenesulfonamide RS
C7 H9 NO2 S
171.22
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 3689
BRIEFING
Sisomicin Sulfate, USP 41 page 3768. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated with Sisomicin Sulfate are currently marketed in the United
States.
2. Drug products containing Sisomicin Sulfate are currently not used in veterinary medicine
in the United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C197452
Comment deadline: May 31, 2018
Delete the following:
Sisomicin Sulfate
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1385.45

d-Streptamine, (2S-cis)-4-O-[3-amino-6-(aminomethyl)-3,4-dihydro-2H-pyran-2-yl]-2-deoxy6-O-[3-deoxy-4-C-methyl-3-(methylamino)-β-l-arabinopyranosyl]-, sulfate (2:5)(salt).
O-3-Deoxy-4-C-methyl-3-(methylamino)-β-l-arabinopyranosyl-(1→4)-O-[2,6-diamino-2,3,4,6tetradeoxy- α-d-glycero hex-4-enopyranosyl-(1 → 6)]-2-deoxy-l-streptamine sulfate (2:5)(salt)
[53179-09-2].

» Sisomicin Sulfate has a potency equivalent to not less than 580 µg of
sisomicin (C 19 H 37 N 5 O 7 ) per mg, calculated on the dried basis.
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Sisomicin Sulfate RS
Identification—
A: Prepare a solution containing 10 mg of sisomicin per mL. Apply 5 µL of this solution, 5 µL of a
solution of USP Sisomicin Sulfate RS containing 10 mg of sisomicin per mL, and 5 µL of a mixture
of the two solutions (1:1) to a suitable thin-layer chromatographic plate (see Chromatography
〈621〉) coated with a 0.25-mm layer of chromatographic silica gel mixture. Allow the spots to
dry, place the plate in a developing chamber fitted for continuous-flow thin-layer
chromatography, and develop the chromatogram in a solvent system consisting of a mixture of
methanol, ammonium hydroxide, and chloroform (60:30:25) for 3 hours. Remove the plate from
the developing chamber, allow the solvent to evaporate, and heat the plate at 110° for 15
minutes. Spray the plate with a 1 in 100 solution of ninhydrin in butanol to which 1 mL of
pyridine has been added: sisomicin appears as a brown spot, and the spots obtained from the
test solution and from the mixture of test solution and Standard solution, respectively,
correspond in distance from the origin to that of the spot from the Standard solution.
B: It responds to the tests for Sulfate 〈191〉.
Specific rotation 〈781S〉: between +100° and +110°.
Test solution: 10 mg per mL, in water.
pH 〈791〉: between 3.5 and 5.5, in a solution containing 40 mg of sisomicin per mL.
Loss on drying 〈731〉—Dry about 100 mg in vacuum at a pressure not exceeding 5 mm of
mercury at 110° for 3 hours: it loses not more than 15.0% of its weight.
Residue on ignition 〈281〉: not more than 1.0%, the charred residue being moistened with 2 mL
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of nitric acid and 5 drops of sulfuric acid.
Assay—Proceed as directed under Antibiotics—Microbial Assays 〈81〉.
Recent Official Publications:
USP41–NF36 Page 3768

1S (USP42)

BRIEFING
Sisomicin Sulfate Injection, USP 41 page 3769. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Sisomicin Sulfate Injection are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C197453
Comment deadline: May 31, 2018
Delete the following:
Sisomicin Sulfate Injection

» Sisomicin Sulfate Injection is a sterile solution of Sisomicin Sulfate in
W ater for Injection. It contains the equivalent of not less than 90.0 percent
and not more than 120.0 percent of the labeled amount of sisomicin
(C 19 H 37 N 5 O 7 ). It may contain one or more suitable buffers, chelating agents,
and preservatives.
Packaging and storage—Preserve in single-dose or in multiple-dose containers, preferably of
Type I glass.
Change to read:
USP Reference standards 〈11〉—
USP Sisomicin Sulfate RS
(CN 1-May-2018)

Identification—It responds to Identification test A under Sisomicin Sulfate.
Bacterial Endotoxins Test 〈85〉—It contains not more than 0.5 USP Endotoxin Unit per mg of
sisomicin.
pH 〈791〉: between 2.5 and 5.5.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
Assay—Proceed as directed under Antibiotics—Microbial Assays 〈81〉, using an accurately
measured volume of Sisomicin Sulfate Injection diluted quantitatively and stepwise with Buffer
B.3 to yield a Test Dilution having a concentration assumed to be equal to the median dose
level of the Standard (0.1 µg of sisomicin per mL). 1S (USP42)
Recent Official Publications:
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USP41–NF36 Page 3769
BRIEFING
Sodium Phenylbutyrate Oral Powder. Because there is no existing USP monograph for this
drug product, a new monograph based on validated methods of analysis is being proposed.
1. The liquid chromatographic procedures in the Assay and Dissolution test are based on
analyses performed with the Hypersil Gold brand of column with L1 packing. The typical
retention times for phenylbutyrate in the Assay and Dissolution test are about 8 and 5
min, respectively.
2. The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Acquity UPLC BEH brand of column with L1 packing. The
typical retention time for phenylbutyrate is about 10 min.
(CHM3: B. Almasi.)
Correspondence Number—C188182
Comment deadline: May 31, 2018
Add the following:
Sodium Phenylbutyrate Oral Powder
DEFINITION
Sodium Phenylbutyrate Oral Powder contains NLT 90.0% and NMT 110.0% of the labeled
amount of sodium phenylbutyrate (C10 H11 NaO2 ).
IDENTIFICATION
• A. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Methanol, water, and glacial acetic acid (49:50:1)
Diluent: Methanol and water (20:80)
Standard solution: 2.5 mg/mL of USP Sodium Phenylbutyrate RS in Diluent. Sonicate, if
necessary, to dissolve.
Sample solution: Nominally 2.5 mg/mL of sodium phenylbutyrate in Diluent prepared as
follows. Transfer an amount of Oral Powder equivalent to about 500 mg of sodium
phenylbutyrate to a 200-mL volumetric flask. Add about 140 mL of Diluent, and sonicate
for 10 min with intermittent shaking. Dilute with Diluent to volume. Pass through a suitable
filter of 0.45-µm pore size.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 260 nm. For Identification A, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sodium phenylbutyrate (C10 H11 NaO2 ) in
the portion of Oral Powder taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Sodium Phenylbutyrate RS in the Standard solution (mg/mL)
CU = nominal concentration of sodium phenylbutyrate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: Simulated intestinal fluid without enzyme; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Mobile phase: Methanol, water, and glacial acetic acid (49:50:1)
Standard solution: (L/900) mg/mL of USP Sodium Phenylbutyrate RS, where L is the label
claim of sodium phenylbutyrate in milligrams for each dosage strength prepared as follows.
Transfer the appropriate amount of USP Sodium Phenylbutyrate RS to a volumetric flask.
Add 40% of the final volume of methanol, and sonicate, if necessary, to dissolve. Dilute
with Medium to volume.
Sample solution: Transfer carefully an amount of Oral Powder equivalent to each dosage
strength, based on the label claim, to the dissolution vessel containing the Medium.
Perform the dissolution test and pass a portion of the solution under test through a
suitable filter of 0.45-µm pore size.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.7 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sodium phenylbutyrate (C10 H11 NaO2 )
dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Sodium Phenylbutyrate RS in the Standard solution (mg/mL)
L = label claim (mg/dosage strength)
V = volume of Medium, 900 mL
Tolerances: NLT 85% (Q) of the labeled amount of sodium phenylbutyrate (C10 H11 NaO2 ) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meets the requirements
IMPURITIES
• Organic Impurities
Mobile phase: Methanol, water, and glacial acetic acid (44:55:1)
Diluent: Methanol and water (20:80)
System suitability stock solution A: 0.08 mg/mL of USP Phenylbutyrate Related
Compound A RS in Diluent. Sonicate to dissolve, if necessary.
System suitability stock solution B: 0.06 mg/mL of USP Phenylbutyrate Related
Compound B RS in Diluent. Sonicate to dissolve, if necessary.
System suitability solution: 4 mg/mL of USP Sodium Phenylbutyrate RS, 0.008 mg/mL of
USP Phenylbutyrate Related Compound A RS, and 0.006 mg/mL of USP Phenylbutyrate
Related Compound B RS prepared as follows. Dissolve a suitable amount of USP Sodium
Phenylbutyrate RS with 50% of the total flask volume of methanol and sonicate, if
necessary, to dissolve. Add suitable volumes of System suitability stock solution A and
System suitability stock solution B to the same flask and dilute with Diluent to volume.
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Sensitivity solution: 1.5 µg/mL each of USP Phenylbutyrate Related Compound A RS and
USP Phenylbutyrate Related Compound B RS from System suitability stock solution A and
System suitability stock solution B in Diluent
Standard solution: 0.008 mg/mL of USP Phenylbutyrate Related Compound A RS and 0.006
mg/mL of USP Phenylbutyrate Related Compound B RS from System suitability stock
solution A and System suitability stock solution B in Diluent
Sample solution: Nominally 4 mg/mL of sodium phenylbutyrate in Diluent prepared as
follows. Transfer an amount of Oral Powder equivalent to about 200 mg of sodium
phenylbutyrate to a 50-mL volumetric flask. Add about 35 mL of Diluent and sonicate for
10 min with intermittent shaking. Dilute with Diluent to volume. Pass through a suitable
filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Column temperature: 35°
Flow rate: 0.2 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 6.0 between the phenylbutyrate related compound B and
phenylbutyrate peaks, System suitability solution
Relative standard deviation: NMT 5.0% for the phenylbutyrate related compound A
and phenylbutyrate related compound B peaks, Standard solution
Signal-to-noise ratio: NLT 10 for the phenylbutyrate related compound A and
phenylbutyrate related compound B peaks, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of phenylbutyrate related compound A or phenylbutyrate related
compound B in the portion of Oral Powder taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of phenylbutyrate related compound A or phenylbutyrate related
compound B from the Sample solution
rS = peak response of phenylbutyrate related compound A or phenylbutyrate related
compound B from the Standard solution
CS = concentration of USP Phenylbutyrate Related Compound A RS or USP Phenylbutyrate
Related Compound B RS in the Standard solution (mg/mL)
CU = nominal concentration of sodium phenylbutyrate in the Sample solution (mg/mL)
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Calculate the percentage of any individual unspecified impurity in the portion of Oral Powder
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual unspecified impurity from the Sample solution
rS = peak response of phenylbutyrate related compound A from the Standard solution
CS = concentration of USP Phenylbutyrate Related Compound A RS in the Standard
solution (mg/mL)
CU = nominal concentration of sodium phenylbutyrate in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
Table 1

Name
Phenylbutyrate related compound A
Phenylbutyrate related compound B
Sodium phenylbutyrate
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
0.30
0.68
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.15
0.15
—
0.10
0.3

SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 102 cfu/g. The total molds and yeasts count does
not exceed 10 cfu/g. It meets the requirements of the test for absence of Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 〈11〉
USP Sodium Phenylbutyrate RS
USP Phenylbutyrate Related Compound A RS
3-Benzoylpropionic acid;
4-Oxo-4-phenylbutanoic acid.
C10 H10 O3
178.18
USP Phenylbutyrate Related Compound B RS
α-Tetralone;
3,4-Dihydronaphthalen-1(2H)-one.
C10 H10 O
146.19
1S (USP42)

BRIEFING
Sodium Phenylbutyrate Tablets. Because there is no existing USP monograph for this drug
product, a new monograph based on validated methods of analysis is being proposed.
1. The liquid chromatographic procedure in the Assay is based on analyses performed with
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the Hypersil Gold brand of column with L1 packing. The typical retention time for
phenylbutyrate is about 7 min.
2. The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Acquity UPLC BEH brand of column with L1 packing. The
typical retention time for phenylbutyrate is about 9 min.
(CHM3: B. Almasi.)
Correspondence Number—C189430
Comment deadline: May 31, 2018
Add the following:
Sodium Phenylbutyrate Tablets
DEFINITION
Sodium Phenylbutyrate Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
sodium phenylbutyrate (C10 H11 NaO2 ).
IDENTIFICATION
• A. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Methanol, water, and glacial acetic acid (49:50:1)
Diluent: Methanol and water (20:80)
Standard solution: 2.5 mg/mL of USP Sodium Phenylbutyrate RS in Diluent
Sample solution: Nominally 2.5 mg/mL of sodium phenylbutyrate prepared as follows.
Finely powder NLT 10 Tablets and transfer a suitable portion equivalent to about 500 mg
of sodium phenylbutyrate to a 200-mL volumetric flask, add about 140 mL of Diluent, and
sonicate for 10 min with intermittent shaking. Dilute with Diluent to volume and mix well.
Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 260 nm. For Identification A, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 20 µL
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System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sodium phenylbutyrate (C10 H11 NaO2 ) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Sodium Phenylbutyrate RS in the Standard solution (mg/mL)
CU = nominal concentration of sodium phenylbutyrate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: Simulated intestinal fluid without enzyme; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Standard solution: (L/900) mg/mL of USP Sodium Phenylbutyrate RS in Medium, where L is
the label claim in mg/Tablet. Sonicate, if necessary, to dissolve.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Instrument conditions
Mode: UV
Analytical wavelength: 260 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sodium phenylbutyrate (C10 H11 NaO2 )
dissolved:
Result = (AU/AS) × (CS/L) × V × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Sodium Phenylbutyrate RS in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
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V = volume of Medium, 900 mL
Tolerances: NLT 85% (Q) of the labeled amount of sodium phenylbutyrate (C10 H11 NaO2 ) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Mobile phase: Methanol, water, and glacial acetic acid (44:55:1)
Diluent: Methanol and water (20:80)
System suitability stock solution A: 0.08 mg/mL of USP Phenylbutyrate Related
Compound A RS in Diluent. Sonicate to dissolve, if necessary.
System suitability stock solution B: 0.06 mg/mL of USP Phenylbutyrate Related
Compound B RS in Diluent. Sonicate to dissolve, if necessary.
System suitability solution: 4 mg/mL of USP Sodium Phenylbutyrate RS, 0.008 mg/mL of
USP Phenylbutyrate Related Compound A RS, and 0.006 mg/mL of USP Phenylbutyrate
Related Compound B RS prepared as follows. Dissolve a suitable amount of USP Sodium
Phenylbutyrate RS with 50% of the total flask volume of methanol and sonicate, if
necessary, to dissolve. Add suitable volumes of System suitability stock solution A and
System suitability stock solution B to the same flask and dilute with Diluent to volume.
Sensitivity solution: 1.5 µg/mL each of USP Phenylbutyrate Related Compound A RS and
USP Phenylbutyrate Related Compound B RS from System suitability stock solution A and
System suitability stock solution B in Diluent
Standard solution: 0.008 mg/mL of USP Phenylbutyrate Related Compound A RS and 0.006
mg/mL of USP Phenylbutyrate Related Compound B RS from System suitability stock
solution A and System suitability stock solution B in Diluent
Sample solution: Nominally 4 mg/mL of sodium phenylbutyrate in Diluent prepared as
follows. Transfer a suitable quantity from NLT 20 powdered Tablets, equivalent to about
200 mg of sodium phenylbutyrate, to a 50-mL volumetric flask. Add about 35 mL of Diluent
and sonicate with intermittent shaking. Dilute with Diluent to volume. Pass through a
suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Column temperature: 35°
Flow rate: 0.2 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
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Suitability requirements
Resolution: NLT 6.0 between the phenylbutyrate related compound B and
phenylbutyrate peaks, System suitability solution
Relative standard deviation: NMT 5.0% for the phenylbutyrate related compound A
and phenylbutyrate related compound B peaks, Standard solution
Signal-to-noise ratio: NLT 10 for the phenylbutyrate related compound A and
phenylbutyrate related compound B peaks, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of phenylbutyrate related compound A or phenylbutyrate related
compound B in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of phenylbutyrate related compound A or phenylbutyrate related
compound B from the Sample solution
rS = peak response of phenylbutyrate related compound A or phenylbutyrate related
compound B from the Standard solution
CS = concentration of USP Phenylbutyrate Related Compound A RS or USP Phenylbutyrate
Related Compound B RS in the Standard solution (mg/mL)
CU = nominal concentration of sodium phenylbutyrate in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual unspecified impurity from the Sample solution
rS = peak response of phenylbutyrate related compound A from the Standard solution
CS = concentration of USP Phenylbutyrate Related Compound A RS in the Standard
solution (mg/mL)
CU = nominal concentration of sodium phenylbutyrate in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
Table 1

Name
Phenylbutyrate related compound A
Phenylbutyrate related compound B
Sodium phenylbutyrate
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
0.30
0.68
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.10
0.05
—
0.10
0.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
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• USP Reference Standards 〈11〉
USP Sodium Phenylbutyrate RS
USP Phenylbutyrate Related Compound A RS
3-Benzoylpropionic acid;
4-Oxo-4-phenylbutanoic acid.
C10 H10 O3
178.18
USP Phenylbutyrate Related Compound B RS
α-Tetralone;
3,4-Dihydronaphthalen-1(2H)-one.
C10 H10 O
146.19
1S (USP42)

BRIEFING
Sodium Thiosulfate, USP 41 page 3814 and PF 43(2) [Mar.–Apr. 2017]. On the basis of
comments received, the revision proposal published in PF 43(2) is canceled and replaced with
this new proposal to modernize the monograph with the following changes:
1. The titration-based Assay is replaced with an ion chromatographic procedure, and
accordingly the acceptance criteria are widened to 98.0%–102.0%. The ion
chromatographic procedure is validated with the Dionex IonPac AS12A brand of column
with L105 packing. The typical retention time for thiosulfate is about 7 min.
2. Identification C is added based on the retention time agreement as obtained in the
proposed Assay.
3. The Limit of Chloride, Sulfate, and Sulfite test is added based on an ion
chromatographic procedure. The proposed ion chromatographic procedure is validated
using the Dionex IonPac AS12A brand of column with L105 packing. The typical
retention times for chloride, sulfite, and sulfate are about 3.7, 10.3, and 12.3 min,
respectively.
4. The Calcium test based on visual analysis is replaced with the Limit of Calcium and
Potassium test based on inductively coupled plasma–mass spectrometry (ICP–MS).
5. The Limit of Iron, Selenium, and Aluminum test based on ICP–MS and the Limit of Zinc
test based on atomic absorption spectrophotometry are included.
6. The tests for Limit of Sulfide, Limit of Carbonate, Nitrogen Compounds, and Total NonPurgeable Organic Carbon Content are included.
7. The Bacterial Endotoxins Test, Microbial Enumeration Tests, Insoluble Matter test, and
pH test are proposed to be included under Specific Tests.
8. A temperature requirement is added to the Packaging and Storage section.
9. Labeling requirements are proposed to be included in the Additional Requirements
section.
10. USP Sodium Chloride RS, USP Sodium Sulfate Anhydrous RS, USP Sodium Sulfide RS, and
USP Sucrose RS are added to the USP Reference Standards section to support the
proposed tests.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: D. Min.)
Correspondence Number—C193211
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Comment deadline: May 31, 2018
Sodium Thiosulfate
Na2 S2 O3 ·5H2 O
248.18
Na2 S2 O3
158.11
Thiosulfuric acid, disodium salt, pentahydrate;
Disodium thiosulfate pentahydrate
[10102-17-7].
Anhydrous
[7772-98-7].
DEFINITION
Change to read:
Sodium Thiosulfate contains NLT 99.0% and NMT 100.5%
NLT 98.0% and NMT 102.0% 1S (USP42)
of sodium thiosulfate (Na2 S2 O3 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 〈197A〉
• B. Identification Tests—General 〈191〉, Chemical Identification Tests, Sodium
Sample solution: 0.1 g/mL in water
Acceptance criteria: Meets the requirements
Add the following:
• C. The retention time of the thiosulfate peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Sample: 800 mg
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Titrant: 0.1 N iodine VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 30 mL of water. Adjust with a suitable solution of dilute
hydrochloric acid or dilute sodium hydroxide to a pH of 6.2–6.7, if necessary. Titrate with
Titrant, adding 3 mL of starch TS as the endpoint is approached. Each mL of Titrant is
equivalent to 15.81 mg of sodium thiosulfate (Na2 S2 O3 ).
Acceptance criteria: 99.0%–100.5% on the anhydrous basis
Mobile phase: 13.5 mM of sodium carbonate and 1.5 mM of sodium bicarbonate in water
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Standard solution: 0.1 mg/mL of USP Sodium Thiosulfate RS in water
Sample solution: 0.1 mg/mL of Sodium Thiosulfate in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity with suppression
Columns
Guard: 4-mm × 5-cm; 13-µm packing L110
Analytical: 4-mm × 20-cm; 9-µm packing L105
Flow rate: 1.5 mL/min
Injection volume: 25 µL
Run time: NLT 2 times the retention time of thiosulfate
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sodium thiosulfate (Na2 S2 O3 ) in the portion of Sodium
Thiosulfate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of thiosulfate from the Sample solution
rS = peak response of thiosulfate from the Standard solution
CS = concentration of USP Sodium Thiosulfate RS in the Standard solution (mg/mL)
CU = concentration of Sodium Thiosulfate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis

1S (USP42)

IMPURITIES
Change to read:
• Calcium
Limit of Calcium and Potassium 1S (USP42)
Sample solution: Dissolve 1 g in 20 mL of water.
Analysis: To the Sample solution add a few mL of ammonium oxalate TS.
Acceptance criteria: No turbidity is produced.
Internal standard solution: Commercially available 1000-ppm scandium solution
Standard solutions: 2.5-, 5.0-, 7.5-, and 10-ppm solutions for calcium and potassium
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prepared as follows. Transfer suitable amounts of commercially available calcium and
potassium Standard solutions to a 50-mL volumetric flask, and add 0.5 mL of Internal
standard solution and 0.5 mL of nitric acid. Dilute with water to volume.
Sample solution: 20 mg/mL of Sodium Thiosulfate prepared as follows. Transfer 1 g of
Sodium Thiosulfate to a 50-mL volumetric flask, and add 0.5 mL of Internal standard
solution and 0.5 mL of nitric acid. Dilute with water to volume.
Blank solution: Transfer 2.0 mL of Internal standard solution and 0.5 mL of nitric acid to a
50-mL volumetric flask. Dilute with water to volume.
Instrumental conditions
(See Plasma Spectrochemistry 〈730〉.)
Mode: ICP
Detector: Mass spectrometer
System suitability
Samples: Standard solutions
Suitability requirements: Before analyzing the Samples, the instrument must pass a
suitable performance check. Generate the calibration curve using the corresponding
Standard solutions for each element under test. The linear regression coefficient is NLT
0.99.
Analysis
Samples: Standard solutions and Sample solution
Determine the concentration of each element in the Sample solution using the
corresponding calibration curve.
Acceptance criteria: See Table 1.
Table 1

Element
Calcium
Potassium

Isotope
(amu)
44
39

Acceptance
Criteria,
NMT (ppm)
100
50

1S (USP42)

Add the following:
• Limit of Iron, Selenium, and Aluminum
Internal standard solution: Transfer 2.0 mL each of commercially available 1000-ppm
yttrium (for iron), 10,000-ppm germanium (for selenium), and 1000-ppm scandium (for
aluminum) Standards to a 500-mL volumetric flask. Add 25 mL of nitric acid, and dilute
with water to volume.
Standard solutions: 2-, 5-, and 10-ppb solutions for aluminum, iron, and selenium
prepared as follows. Transfer suitable amounts of commercially available aluminum, iron,
and selenium Standard solutions to a 50-mL volumetric flask, add 0.25 mL of Internal
standard solution, 0.5 mL of nitric acid, and 0.25 mL of 100-ppm gold solution. Dilute with
water to volume.
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Sample solution: 20 mg/mL of Sodium Thiosulfate prepared as follows. Transfer 1 g of
Sodium Thiosulfate to a closed digestion vessel, and add 6 mL of nitric acid and 6 mL of
hydrogen peroxide. Heat the vessel to 180°. Dilute with water to a final volume of 50 mL.
Blank solution: Transfer 0.25 mL of Internal standard solution, 0.50 mL of nitric acid, and
0.25 mL of 100-ppm gold solution to a 50-mL volumetric flask. Dilute with water to
volume.
Instrumental conditions
(See Plasma Spectrochemistry 〈730〉.)
Mode: ICP
Detector: Mass spectrometer
System suitability
Samples: Standard solutions
Suitability requirements: Before analyzing the Samples, the instrument must pass a
suitable performance check. Generate the calibration curve using the corresponding
Standard solutions for each element under test. The linear regression coefficient is NLT
0.999.
Analysis
Samples: Standard solutions and Sample solution
Determine the concentration of each element in the Sample solution using the
corresponding calibration curve.
Acceptance criteria: See Table 2.
Table 2

Element
Aluminum
Iron
Selenium

Isotope
(amu)
27
57
82

Acceptance
Criteria,
NMT (ppm)
2
20
30

1S (USP42)

Add the following:
• Limit of Chloride, Sulfate, and Sulfite
Solution A: 2.7 mM of sodium carbonate and 0.3 mM of sodium bicarbonate in water
Solution B: 13.5 mM of sodium carbonate and 1.5 mM of sodium bicarbonate in water
Mobile phase: See Table 3.
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Time
(min)
0
12
15
20
23
35

Table 3
Solution A
(%)
100
100
0
0
100
100

Solution B
(%)
0
0
100
100
0
0

Diluent: 2.0 g/L of d-mannitol in water
Standard stock solution 1: 2 mg/mL of USP Sodium Sulfate Anhydrous RS in Diluent
Standard stock solution 2: 1 mg/mL of sodium sulfite in Diluent
Standard stock solution 3: 0.4 mg/mL of USP Sodium Chloride RS in Diluent
Standard stock solutions: 20 µg/mL of USP Sodium Sulfate Anhydrous RS in Diluent from
Standard stock solution 1, 10 µg/mL of sodium sulfite in Diluent from Standard stock
solution 2, and 4 µg/mL of USP Sodium Chloride RS in Diluent from Standard stock solution
3
Standard solutions: 0.2, 0.4, 1, 2, 4, and 10 µg/mL of USP Sodium Sulfate Anhydrous RS;
0.1, 0.2, 0.5, 1, 2, and 5 µg/mL of sodium sulfite; and 0.04, 0.08, 0.2, 0.4, 0.8, and 2
µg/mL of USP Sodium Chloride RS in Diluent from Standard stock solutions
System suitability solutions: 2 µg/mL of USP Sodium Sulfate Anhydrous RS, 1 µg/mL of
sodium sulfite, and 0.4 µg/mL of USP Sodium Chloride RS in Diluent from Standard stock
solutions
Sample solution: 2 mg/mL of Sodium Thiosulfate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity with suppression
Columns
Guard: 4-mm × 5-cm; 13-µm packing L110
Analytical: 4-mm × 20-cm; 9-µm packing L105
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solutions and System suitability solutions
[Note—For relative retention times, see Table 4. Generate the calibration curve using the
corresponding Standard solutions for sulfate, sulfite, and chloride.]
Suitability requirements
Linear regression coefficient: NLT 0.995 for sulfate, sulfite, and chloride, Standard
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solutions
Resolution: NLT 2 between sulfate and sulfite, System suitability solution
Relative standard deviation: NMT 15%, System suitability solution
Analysis
Samples: Standard solutions and Sample solution
Determine the concentrations of chloride, sulfite, and sulfate in the Sample solution using
the corresponding calibration curve.
Acceptance criteria: See Table 4.

Name
Chloride
Sulfite
Sulfate

Table 4
Relative
Retention
Time
0.22
0.84
1.0

Acceptance
Criteria,
NMT (%)
0.02
0.1
0.5

1S (USP42)

Add the following:
• Limit of Sulfide
Lead nitrate solution: 1.6 mg/mL of lead nitrate in water
Standard solution: Equivalent to 50 µg/mL of sulfide prepared using USP Sodium Sulfide RS
in 0.01 N sodium hydroxide
Sample solution: 250 mg/mL of Sodium Thiosulfate in water
Blank: 1.0 mL of water
System suitability
Samples: Standard solution and Blank
Prepare the Samples as per Table 5 in suitable glass vials or test tubes. Add 100 µL of
Lead nitrate solution to each of the Samples and mix. Compare the color of the
solutions.
Suitability requirements
Standard solution: Gray or tan color or precipitate
Blank: Clear and colorless
Analysis
Sample: Lead nitrate solution and Sample solution
Add 100 µL of Lead nitrate solution to the Sample solution and mix. Compare the color of
the solutions.
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Water
(mL)
1.0
1.0
—

Table 5
Standard Solution
(µL)
—
50
—

Sample Solution
(mL)
—
—
1.0

Acceptance criteria: The Sample solution must be lighter in color than that of the
Standard solution (NMT 10 ppm). 1S (USP42)
Add the following:
• Limit of Zinc
Standard stock solution: 25 ppm of zinc solution prepared as follows. Transfer 2.5 mL of
commercially available 1000 ppm zinc standard solution to a 100-mL volumetric flask, and
add 0.5 mL of concentrated hydrochloric acid. Dilute with water to volume.
Standard solutions: 0.125, 0.25, 0.5, and 1.0 ppm of zinc solutions prepared as follows.
Transfer 0.5, 1.0, 2.0, and 4.0 mL of Standard stock solution to a 100-mL volumetric
flask, and add 0.5 mL of concentrated hydrochloric acid. Dilute with water to volume.
Sample solution: 20 mg/mL of Sodium Thiosulfate prepared as follows. Transfer 2 g of
Sodium Thiosulfate to a 50-mL of volumetric flask. Add 10 mL of water to dissolve. Add 4
mL of concentrated hydrochloric acid. Heat the flask for 30 min. Transfer the solution to a
100-mL volumetric flask while still warm and rinse with water. Dilute with water to volume.
Centrifuge. Use the supernatant.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 213.9 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
System suitability
Samples: Standard solutions
Suitability requirements: Before analyzing the Samples, the instrument must pass a
suitable performance check. Generate the calibration curve using the corresponding
Standard solutions.
Linear regression coefficient: NLT 0.995
Analysis
Samples: Standard solutions and Sample solution
Determine the concentration of zinc (ppm) in the Sample solution using the calibration
curve.
Acceptance criteria: NMT 25 ppm
Delete the following:

1S (USP42)

PF 44(2): Mar.-Apr. 2018

396

• Heavy Metals 〈231〉
Test preparation: Dissolve 1 g in 10 mL of water.
Analysis: To the Test preparation slowly add 5 mL of 3 N hydrochloric acid, evaporate on
a steam bath nearly to dryness, and heat the residue at 150° for 1 h. Add 15 mL of water
to the residue, boil gently for 2 min, and filter. Heat the filtrate to boiling, and add
sufficient bromine TS to produce a clear solution and to provide a slight excess of
bromine. Boil the solution to expel the excess bromine, cool to room temperature, add 1
drop of phenolphthalein TS, and neutralize with 1 N sodium hydroxide. Dilute with water to
25 mL.
Acceptance criteria: NMT 20 ppm (O fficial 1-Jan-2018)
Add the following:
• Limit of Carbonate
All carbonate solutions must be prepared fresh and stored in tightly sealed vials in a cool
area away from excessive heat.
Standard stock solution: 1 mg/mL of carbonate prepared as follows. Dissolve 0.177 g of
sodium carbonate in a 100-mL volumetric flask, and dilute with water to volume.
Standard solutions: Prepare solutions of 0.5, 1.0, and 2.5 µg/mL of carbonate in water
from Standard stock solution.
Sample solution: Transfer 1.0 g of Sodium Thiosulfate to a 100-mL volumetric flask, add
20 mL of water, and swirl to dissolve. Add 0.1 N iodine VS until a persistent yellow color is
observed. Dilute with water to volume.
System suitability
Samples: Standard solutions
Suitability requirements: Before analyzing the Samples, the total organic carbon (TOC)
analyzer must pass a suitable performance check. Generate the calibration curve using
the Standard solutions.
Linear regression coefficient: NLT 0.990
Relative standard deviation: NMT 10% for each Standard
Analysis
Sample: Sample solution
Calculate the percentage of carbonate present in the portion of Sodium Thiosulfate taken:
Result = [(C × V)/W] × 100
C = concentration of carbonate in the Sample solution (g/mL)
V = sample volume, 100 mL
W = weight of sample taken (g)
Acceptance criteria: NMT 0.02%

1S (USP42)

Add the following:
• Nitrogen Compounds
Standard stock solution: 0.0382 mg/mL of ammonium chloride in water. [Note—This
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solution is equivalent to 0.01 mg of nitrogen (N) and should be freshly prepared.]
Sample solution: Dissolve 1.5 g of Sodium Thiosulfate in 10 mL of water in a suitable flask,
and add 10 mL of 25% sulfuric acid to dissolve. Connect the flask to a water-cooled reflux
condenser, heat to boiling, and reflux for about 5 min. Cool, and rinse down the condenser
with a small amount of water. Pass through a filter that has been washed free of
ammonia, into a flask, and wash the residue with 10–15 mL of water. Add to the flask 30
mL of freshly boiled 10% sodium hydroxide solution and distill. Collect the distillate into a
100-mL volumetric flask, add 2 mL of 10% sodium hydroxide, and dilute with water to the
volume. Use 50 mL of the dilution.
Standard solution: Dissolve 0.25 g of Sodium Thiosulfate in 1 mL of Standard stock
solution and 9 mL of water in a suitable flask, and proceed as directed in the Sample
solution, except to collect 35 mL of distillate into a 50-mL volumetric flask. Add 2 mL of
10% sodium hydroxide, and dilute with water to volume.
Analysis: Add 2 mL of alkaline mercuric–potassium iodide TS to the Standard solution and
Sample solution, and mix well.
Acceptance criteria: The Sample solution is not darker in color than the Standard solution
(NMT 0.002%). 1S (USP42)
Add the following:
• Total Non-Purgeable Organic Carbon Content
Diluent: Dilute 120 mL of 6 N phosphoric acid with water to 2000 mL.
Standard stock solution: Equivalent to 250 µg/mL of total organic carbon (TOC) prepared
as follows. Weigh 9 mg of USP Sucrose RS in a suitable flask, add 15 mL of Diluent, and
mix to dissolve.
Standard solutions: 0.5, 2.0, and 10 µg/mL of TOC in Diluent from Standard stock solution
Sample solution: Transfer 5.0 g of Sodium Thiosulfate to a 100-mL volumetric flask,
dissolve in Diluent, and dilute with Diluent to volume. Centrifuge and allow to stand
overnight prior to testing in order to allow the precipitate to settle. Use the supernatant.
System suitability
Samples: Standard solutions
Suitability requirements: Before analyzing the Samples, the TOC analyzer must pass a
suitable performance check. Generate the calibration curve using the Standard
solutions.
Linear regression coefficient: NLT 0.99
Relative standard deviation: NMT 15% for 2 and 10 µg/mL
Analysis
Sample: Sample solution
Calculate the amount, in ppm, of non-purgeable organic content present in the portion of
Sodium Thiosulfate taken:
Result = (C × V)/W
C = concentration of non-purgeable organic content in the Sample solution (µg/mL)
V = sample volume, 100 mL
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W = weight of sample taken (g)
Acceptance criteria: NMT 10 ppm

1S (USP42)

SPECIFIC TESTS
Add the following:
• Insoluble Matter
Sample solution: 100 mg/mL of Sodium Thiosulfate in water
Analysis: Heat the Sample solution to boiling in a covered beaker at about 100° for 1 h.
Pass the hot solution through a suitable crucible filter of 10-µm pore size. Wash the
beaker and filter with hot water, dry at 105°, cool in a desiccator, and weigh.
Acceptance criteria: NMT 0.005% 1S (USP42)
• Water Determination 〈921〉, Method III
Sample: 1.0 g
Analysis: Dry the Sample under vacuum at 40°–45° for 16 h.
Acceptance criteria: 32.0%–37.0%
Add the following:
• Bacterial Endotoxins Test 〈85〉: Meets the requirements

1S (USP42)

Add the following:
• Microbial Enumeration Tests 〈61〉: The total aerobic microbial count is NMT 102 cfu/g,
and the total yeasts and molds count is NMT 2 × 101 cfu/g. 1S (USP42)
Add the following:
• pH 〈791〉
Sample solution: 10% solution in water
Acceptance criteria: 6.0–8.0 1S (USP42)
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at room temperature. 1S (USP42)
Add the following:
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label
states that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms. 1S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Sodium Chloride RS
USP Sodium Sulfate Anhydrous RS
USP Sodium Sulfide RS 1S (USP42)
USP Sodium Thiosulfate RS
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USP Sucrose RS 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 3814
BRIEFING
Spironolactone, USP 41 page 3825 and PF 42(1) [Jan.–Feb. 2016]. On the basis of
comments received, it is proposed to republish the PF 42(1) proposal with modifications to the
Acceptance criteria under the Organic Impurities test to be consistent with the FDA-approved
specifications. As part of the USP monograph modernization efforts, the following revisions are
proposed:
1. Revise Identification A to allow the flexibility of using either Infrared Absorption 〈197A〉
or 〈197K〉.
2. Delete Identification C and replace Identification B with the retention time agreement of
the spironolactone peak from the Sample solution and the Standard solution as obtained
in the Assay.
3. Add the Column particle size and Run time for the Chromatographic system under the
Assay in accordance with the validation data.
4. Revise the Relative standard deviation under the Assay from NMT 1.5% to NMT 1.10%
in accordance with Chromatography 〈621〉, System Suitability.
5. Replace the Ordinary Impurities test with an HPLC-based Organic Impurities test. The
proposed test is validated using the Zorbax Eclipse XDB-C18 brand of column with L1
packing. The typical retention time for spironolactone is about 24.5 min.
6. Add six new Reference Standards to the USP Reference Standards section in support of
the proposed test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: Y. Yang, S. Ramakrishna.)
Correspondence Number—C175507
Comment deadline: May 31, 2018
Spironolactone

C24 H32 O4 S

416.57

Pregn-4-ene-21-carboxylic acid, 7-(acetylthio)-17-hydroxy-3-oxo-, -lactone, (7 α,17α)-;
17-Hydroxy-7α-mercapto-3-oxo-17α-pregn-4-ene-21-carboxylic acid -lactone acetate
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[52-01-7].
DEFINITION
Spironolactone contains NLT 97.0% and NMT 103.0% of spironolactone (C24 H32 O4 S),
calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
〈197〉: [Note—Methods described in 〈197A〉 or 〈197K〉 may be used.]

1S (USP42)

Change to read:
• B. Ultraviolet Absorption 〈197U〉
Sample solution: 10 µg/mL in methanol
Analytical wavelength: 238 nm
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
Delete the following:
• C.
Sample solution: Add 100 mg to a mixture of 10 mL of water and 2 mL of 1 N sodium
hydroxide.
Analysis: Boil the mixture for 3 min, cool, and add 1 mL each of glacial acetic acid and lead
acetate TS.
Acceptance criteria: A brown-to-black precipitate of lead sulfide is formed. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol and water (60:40)
Standard solution: 0.5 mg/mL of USP Spironolactone RS in a mixture of acetonitrile and
water (1:1)
Sample solution: 0.5 mg/mL of Spironolactone in a mixture of acetonitrile and water (1:1)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm;
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5-µm 1S (USP42)
packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of spironolactone
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.5%
1.10% 1S (USP42)
Analysis
Samples: Standard solution and Sample solution

1S (USP42)

Calculate the percentage of spironolactone (C24 H32 O4 S) in the portion of Spironolactone
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of spironolactone from the Sample solution
rS = peak response of spironolactone from the Standard solution
CS = concentration of USP Spironolactone RS in the Standard solution (mg/mL)
CU = concentration of Spironolactone in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
• Limit of Mercapto Compounds
Sample solution: Shake 2.0 g with 30 mL of water, and filter.
Analysis: To 15 mL of the Sample solution add 3 mL of starch TS, and titrate with 0.010 N
iodine. Perform a blank determination, and make any necessary correction.
Acceptance criteria: NMT 0.10 mL of 0.010 N iodine is consumed.
Delete the following:
• Ordinary Impurities 〈466〉
Standard solution: Chloroform
Test solution: Chloroform
Eluant: Butyl acetate
Visualization: 5 1S (USP42)
Add the following:
• Organic Impurities
Diluent: Acetonitrile and water (50:50)
Mobile phase: Acetonitrile, tetrahydrofuran, methanol, and water (15:20:425:540)
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Standard stock solutions: 2 mg/mL of USP Spironolactone RS and 0.2 mg/mL each of USP
Spironolactone Related Compound A RS, USP Spironolactone Related Compound B RS, USP
Spironolactone Related Compound C RS, USP Spironolactone Related Compound D RS, USP
Spironolactone Epimer Mixture RS, and USP Spironolactone Related Compound I RS
prepared separately as follows. Dissolve each suitable amount of the corresponding USP
Reference Standard in a suitable volumetric flask in about 10% of the total volume of
tetrahydrofuran. Dilute with Diluent to volume.
Standard solution: 0.002 mg/mL of USP Spironolactone RS and 0.006 mg/mL of USP
Spironolactone Related Compound A RS in Diluent from the corresponding Standard stock
solutions
System suitability solution: 0.02 mg/mL of USP Spironolactone RS and 0.006 mg/mL each
of USP Spironolactone Related Compound A RS, USP Spironolactone Related Compound B
RS, USP Spironolactone Related Compound C RS, USP Spironolactone Related Compound D
RS, USP Spironolactone Epimer Mixture RS, and USP Spironolactone Related Compound I
RS in Diluent from the corresponding Standard stock solutions
Sensitivity solution: 0.001 mg/mL of USP Spironolactone RS in Diluent from the
corresponding Standard stock solution
Sample solution: 2 mg/mL of Spironolactone prepared as follows. Dissolve a suitable
amount of Spironolactone in about 10% of the total volume of tetrahydrofuran and dilute
with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2.8 times the retention time of the spironolactone peak
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.2 between spironolactone and spironolactone related compound B,
System suitability solution
Relative standard deviation: NMT 5.0% for the spironolactone peak, Standard
solution
Signal-to-noise ratio: NLT 20, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of spironolactone related compound A in the portion of
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Spironolactone taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of spironolactone related compound A from the Sample solution
rS = peak response of spironolactone related compound A from the Standard solution
CS = concentration of USP Spironolactone Related Compound A RS in the Standard
solution (mg/mL)
CU = concentration of Spironolactone in the Sample solution (mg/mL)
Calculate the percentage of each impurity, other than spironolactone related compound A,
in the portion of Spironolactone taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each impurity, other than spironolactone related compound A, from
the Sample solution
rS = peak response of spironolactone from the Standard solution
CS = concentration of USP Spironolactone RS in the Standard solution (mg/mL)
CU = concentration of Spironolactone in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
Table 1

Name
Spironolactone related compound
Spironolactone
Spironolactone related compound
Spironolactone related compound
Spironolactone related compound
Spironolactone epimer
Spironolactone related compound
Any unspecified impurity
Total impurities

B
A
C
D
I

Relative
Retention
Time
0.95
1.0
1.2
1.5
1.6
1.7
1.9
—
—

1S (USP42)

SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 10 mg/mL in alcohol
Acceptance criteria: −41° to −45°
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS

Acceptance
Criteria,
NMT (%)
0.2
—
0.2
0.2
0.3
0.3
0.1
0.10
1.0
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• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 〈11〉
USP Spironolactone RS
USP Spironolactone Related Compound A RS
(2′R)-3′,4′-Dihydro-5′H-spiro[androst-4,6-diene-17,2′-furan]-3,5′-dione.
C22 H28 O3
340.46
USP Spironolactone Related Compound B RS
(2′R)-7α-(Acetylthio)-5′H-spiro[androst-4-ene-17,2′-furan]-3,5′-dione.
C24 H30 O4 S
414.56
USP Spironolactone Related Compound C RS
(2′R)-3′,4′-Dihydro-5′H-spiro[androst-4-ene-17,2′-furan]-3,5′-dione.
C22 H30 O3
342.47
USP Spironolactone Related Compound D RS
(2′R)-7α-(Acetyldisulfanyl)-3′,4′-dihydro-5′H-spiro[androst-4-ene-17,2′-furan]-3,5′dione.
C24 H32 O4 S2
448.64
USP Spironolactone Epimer Mixture RS
It contains a mixture of approximately 39% of Spironolactone and 56% of 7epispironolactone:
(2′R)-7β-(Acetylthio)-3′,4′-dihydro-5′H-spiro[androst-4-ene-17,2′-furan]-3,5′-dione.
C24 H32 O4 S
416.57
USP Spironolactone Related Compound I RS
S-[17α-(Ethoxymethyl)-17-hydroxy-3-oxoandrost-4-en-7α-yl]ethanethioate.
C24 H36 O4 S
420.61
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 3825
BRIEFING
Spironolactone Tablets, USP 41 page 3827. As part of the USP monograph modernization
efforts, the following changes are proposed:
1. Replace Identification A, based on thin-layer chromatography, with the retention time
agreement of the major peak of the Sample solution and the Standard solution, as
obtained in the Assay.
2. Add Identification B based on UV spectrum matching as obtained in the Assay.
3. Update the Detector in the Chromatographic system for the Assay to support the
addition of Identification B.
4. Add the Run time for the Chromatographic system under the Assay in accordance with
the validation data.
5. Add a calculation equation to the Dissolution test.
6. Add an Organic Impurities test based on a validated liquid chromatographic procedure.
The proposed procedure is based on analyses performed with the Zorbax Eclipse XDBC18 brand of column with L1 packing. The typical retention time for spironolactone is
about 23.5 min.
7. USP Spironolactone Related Compound A RS and USP Spironolactone Related Compound
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B RS are added to the USP Reference Standards section to support the proposed
changes.
8. In the Organic Impurities test, the acceptance criteria for spironolactone related
compound B, spironolactone related compound C, and any unspecified degradation
product are proposed based on International Council for Harmonisation Q3B(R2)
guidelines. The acceptance criteria for spironolactone related compound A and total
degradation products are proposed based on FDA-approved specifications from a
sponsor. Manufacturers are strongly encouraged to submit their approved specifications
to USP if they are different from those proposed in this revision.
9. Update the Packaging and Storage section to be consistent with approved package
inserts.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: Y. Yang, S. Ramakrishna.)
Correspondence Number—C131428
Comment deadline: May 31, 2018
Spironolactone Tablets
DEFINITION
Spironolactone Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of
spironolactone (C24 H32 O4 S).
IDENTIFICATION
Change to read:
• A.
Standard solution: 4 mg/mL of USP Spironolactone RS in methanol
Sample solution: Equivalent to 4 mg/mL of spironolactone from finely powdered Tablets in
methanol
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Developing solvent system: Chloroform, ethyl acetate, and methanol (20:20:10)
Application volume: 10 µL
Analysis: Develop the plate until the solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the developing chamber, mark the solvent
front, and allow the solvent to evaporate. Locate the spots on the plate by viewing under
short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution.
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The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
Add the following:
• B. The UV absorption spectrum of the major peak of the Sample solution exhibits maxima
and minima at the same wavelengths as those of the Standard solution, as obtained in the
Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol and water (60:40)
Diluent: Acetonitrile and water (50:50)
Standard solution: 0.5 mg/mL of USP Spironolactone RS in Diluent
Sample stock solution: Nominally 1 mg/mL of spironolactone prepared as follows. Transfer
NLT 10 Tablets to a suitable volumetric flask. Add a sufficient quantity of Diluent, shake
for about 30 min, and sonicate for 30 min or until the Tablets are disintegrated. Cool the
solution to room temperature, dilute with Diluent to volume, and centrifuge a suitable
portion of the mixture.
Sample solution: Nominally 0.5 mg/mL of spironolactone in Diluent from Sample stock
solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm.
For Identification B, use a diode array detector in the range of 210–400 nm.
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of the spironolactone peak 1S (USP42)
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution

1S (USP42)

Calculate the percentage of the labeled amount of spironolactone (C24 H32 O4 S) in the
portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak response of spironolactone from the Sample solution
rS = peak response of spironolactone from the Standard solution
CS = concentration of USP Spironolactone RS in the Standard solution (mg/mL)
CU = nominal concentration of spironolactone in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: 0.1 N hydrochloric acid containing 0.1% of sodium lauryl sulfate; 1000 mL
Apparatus 2: 75 rpm
Time: 60 min
Standard solution: A known concentration of USP Spironolactone RS in Medium. [Note—A
volume of alcohol not exceeding 1% of the final volume of the solution may be used to
prepare the Standard solution.]
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
with Medium, as necessary in comparison with the Standard solution.
Instrumental conditions
Mode: UV
Analytical wavelength: 242 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of spironolactone (C24 H32 O4 S)
dissolved:using UV absorption of the samples used.
Result = (AU/AS) × CS × D × V × (1/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (mg/mL)
D = dilution for the Sample solution
V = volume of Medium, 1000 mL
L = label claim (mg/Tablet) 1S (USP42)
Tolerances: NLT 75% (Q) of the labeled amount of spironolactone (C24 H32 O4 S) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
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• Organic Impurities
Diluent: Acetonitrile and water (50:50)
Mobile phase: Acetonitrile, tetrahydrofuran, methanol, and water (15:20:425:540)
Sensitivity solution: 0.002 mg/mL of USP Spironolactone RS prepared as follows. Dissolve
a suitable amount of USP Spironolactone RS in a volumetric flask in about 10% of the total
volume of tetrahydrofuran. Dilute with Diluent to volume.
Standard solution: 0.004 mg/mL each of USP Spironolactone RS, USP Spironolactone
Related Compound A RS, and USP Spironolactone Related Compound B RS prepared as
follows. Dissolve suitable amounts of USP Spironolactone RS, USP Spironolactone Related
Compound A RS, and USP Spironolactone Related Compound B RS in a volumetric flask in
about 10% of the total volume of tetrahydrofuran. Dilute with Diluent to volume.
Sample solution: Nominally 2 mg/mL of spironolactone prepared as follows. Transfer a
suitable number of Tablets into a volumetric flask. Add about 10% of the total volume of
tetrahydrofuran and swirl to disintegrate. Add NLT 80% of the total volume of Diluent.
Shake by mechanical means for 30 min. Follow by sonication for 30 min and then cool to
room temperature. Dilute with Diluent to volume. Centrifuge and use the supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2.5 times the retention time of the spironolactone peak
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Resolution: NLT 1.2 between spironolactone and spironolactone related compound B,
Standard solution
Relative standard deviation: NMT 5.0% for the spironolactone peak, Standard
solution
Signal-to-noise ratio: NLT 10 for the spironolactone peak, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of spironolactone related compound A in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of spironolactone related compound A from the Sample solution
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rS = peak response of spironolactone related compound A from the Standard solution
CS = concentration of USP Spironolactone Related Compound A RS in the Standard
solution (mg/mL)
CU = nominal concentration of spironolactone in the Sample solution (mg/mL)
Calculate the percentage of any degradation product, other than spironolactone related
compound A, in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any degradation product, other than spironolactone related
compound A, from the Sample solution
rS = peak response of spironolactone from the Standard solution
CS = concentration of USP Spironolactone RS in the Standard solution (mg/mL)
CU = nominal concentration of spironolactone in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Spironolactone related compound B
Spironolactone
Spironolactone related compound A
Spironolactone related compound Ca
Spironolactone related compound Db,c
Spironolactone epimerc,d

Relative
Retention
Time
0.95
1.0
1.2
1.5
1.6
1.7

Acceptance
Criteria,
NMT (%)
0.2
—
1.0
0.2
—
—

1.9
—
Spironolactone related compound Ie,c
Any unspecified degradation product
—
0.2
Total degradation products
—
2.0
a (2′R)-3′,4′-Dihydro-5′H-spiro[androst-4-ene-17,2′-furan]-3,5′-dione.
b (2′R)-7α-(Acetyldisulfanyl)-3′,4′-dihydro-5′H-spiro[androst-4-ene-17,2′-furan]3,5′-dione.
c These impurities are controlled in the drug substance and are included in the table
for identification only. They are not to be reported for the drug product and should not
be included in the total degradation products.
d (2′R)-7β-(Acetylthio)-3′,4′-dihydro-5′H-spiro[androst-4-ene-17,2′-furan]-3,5′dione.
e S-[17α-(Ethoxymethyl)-17-hydroxy-3-oxoandrost-4-en-7α-yl]ethanethioate.
1S (USP42)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature. 1S (USP42)
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Change to read:
• USP Reference Standards 〈11〉
USP Spironolactone RS
USP Spironolactone Related Compound A RS
(2′R)-3′,4′-Dihydro-5′H-spiro[androst-4,6-diene-17,2′-furan]-3,5′-dione.
C22 H28 O3
340.46
USP Spironolactone Related Compound B RS
(2′R)-7α-(Acetylthio)-5′H-spiro[androst-4-ene-17,2′-furan]-3,5′-dione.
C24 H30 O4 S
414.56
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 3827
BRIEFING
Succinylcholine Chloride, USP 41 page 3841. On the basis of comments received, it is
proposed to revise the Mobile phase in the test for Limit of Choline to improve the performance
of the method. A Column temperature is also added to the Limit of Choline test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.-H. Yeh.)
Correspondence Number—C197631
Comment deadline: May 31, 2018
Succinylcholine Chloride

C14 H30 Cl2 N2 O4 (anhydrous)
361.31
C14 H30 Cl2 N2 O4 ·2H2 O
397.34
Ethanaminium, 2,2'-[(1,4-dioxo-1,4-butanediyl)bis(oxy)]bis[N,N,N-trimethyl]-, dichloride;
Choline chloride succinate (2:1)
[71-27-2].
Dihydrate
[6101-15-1].
DEFINITION
Succinylcholine Chloride contains NLT 96.0% and NMT 102.0% of succinylcholine chloride
(C14 H30 Cl2 N2 O4 ), calculated on the anhydrous basis.
[Caution—Succinylcholine chloride is a neuromuscular blocking agent. Great care should be
taken when handling to avoid inhalation of dust or contact with skin.]
IDENTIFICATION
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• A. Infrared Absorption 〈197K〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride: Meets the
requirements
ASSAY
• Procedure
Mobile phase: Prepare a 1 in 10 solution of 1 N aqueous tetramethylammonium chloride in
methanol. Adjust with hydrochloric acid to a pH of about 3.0.
Standard solution: 8.8 mg/mL of USP Succinylcholine Chloride RS prepared as follows.
Transfer a suitable amount of USP Succinylcholine Chloride RS to a suitable volumetric
flask and dissolve in 40% of the total volume of water. Dilute with Mobile phase to volume
while mixing.
Sample solution: 8.8 mg/mL of Succinylcholine Chloride prepared as follows. Transfer a
suitable amount of Succinylcholine Chloride to a suitable volumetric flask and dissolve in
40% of the total volume of water. Dilute with Mobile phase to volume while mixing.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4-mm × 25-cm; 10-µm packing L3
Flow rate: 0.75 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.5
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of succinylcholine chloride (C14 H30 Cl2 N2 O4 ) in the portion of
Succinylcholine Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Succinylcholine Chloride RS in the Standard solution (mg/mL)
CU = concentration of Succinylcholine Chloride in the Sample solution (mg/mL)
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Acceptance criteria: 96.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%
• Organic Impurities
Buffer: 3.85 g/L of anhydrous sodium 1-pentanesulfonate, 2.9 g/L of sodium chloride, and
1% (v/v) 1 N sulfuric acid in water
Mobile phase: Acetonitrile and Buffer (5:95)
System suitability solution: 0.5 mg/mL each of USP Citric Acid RS and USP Succinic Acid
RS in Mobile phase
Standard solution: 0.05 mg/mL of USP Succinylmonocholine Chloride RS in Mobile phase
Sample solution: 10 mg/mL of Succinylcholine Chloride in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Autosampler temperature: 4°
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.9 between citric acid and succinic acid, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Succinylcholine Chloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak area of each impurity from the Sample solution
rS = peak area of succinylmonocholine chloride from the Standard solution
CS = concentration of USP Succinylmonocholine Chloride RS in the Standard solution
(mg/mL)
CU = concentration of Succinylcholine Chloride in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1.
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Table 1
Relative
Retention
Time

Name
Edetate disodiuma
Succinic acid
Unidentified
impurity 1b
Unidentified
impurity 2b
Succinylmonocholine
Succinylcholine
Any unspecified impurity

Relative
Response
Factor

0.18
0.22

—
1.6

0.32

1.0

0.32
0.49
1.0
—
—

1.0
1.0
—
1.0
—

Acceptance
Criteria,
NMT (%)
—
0.1

0.4
0.4
—
0.2

Total impuritiesb,c
1.5
a Included for identification purposes only. Begin integration after this peak, if
present.
b May occur as a doublet. Acceptance criteria is for the sum of both peaks.
c Total impurities include the sum of the results in the tests for Organic Impurities
and Limit of Choline.
Change to read:
• Limit of Choline
Mobile phase: 0.62 g/L of methanesulfonic acid. Alternatively, the Mobile phase can be
generated electrolytically using an automatic eluant generator.
Solution A: 0.62 g/L of methanesulfonic acid
Solution B: 4.8 g/L of methanesulfonic acid
Mobile phase: See Table 2. [Note—Alternatively, the Mobile phase can be generated
electrolytically using an automatic eluant generator.]
Time
(min)
0
3
17
18
36
37
43

Table 2
Solution A
(%)
100
100
100
0
0
100
100

Solution B
(%)
0
0
0
100
100
0
0

1S (USP42)

System suitability solution: 10 µg/mL of USP Choline Chloride RS and 5 µg/mL of USP
Potassium Chloride RS
Standard solution: 8 µg/mL of USP Choline Chloride RS

PF 44(2): Mar.-Apr. 2018

414

Sample solution: 2 mg/mL of Succinylcholine Chloride. Store at 4° immediately following
preparation.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity with suppression
Cell temperature: 35°
Columns
Guard: 2-mm × 5-cm; packing L98
Analytical: 2-mm × 25-cm; packing L97
Temperatures
Autosampler: 4°
Column: 35° 1S (USP42)
Flow rate: 0.25 mL/min
Injection volume: 5 µL
Run time: NLT 3 times the retention time of choline
1S (USP42)

System suitability
Sample: System suitability solution
[Note—The relative retention times for potassium and choline are 0.6 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 5.0 between choline and potassium
Relative standard deviation: NMT 3.0% for choline
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of choline in the portion of Succinylcholine Chloride taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of choline from the Sample solution
rS = peak response of choline from the Standard solution
CS = concentration of USP Choline Chloride RS in the Standard solution (mg/mL)
CU = concentration of Succinylcholine Chloride in the Sample solution (mg/mL)
Mr1 = molecular weight of choline, 104.17
Mr2 = molecular weight of choline chloride, 139.62
Acceptance criteria: NMT 0.3%
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SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 10.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 〈11〉
USP Choline Chloride RS
USP Citric Acid RS
USP Potassium Chloride RS
USP Succinic Acid RS
USP Succinylcholine Chloride RS
USP Succinylmonocholine Chloride RS
Ethanaminium, 2-(carboxy-1-oxopropoxy)-N,N,N-trimethyl-, chloride.
C9 H18 ClNO4
239.70
Recent Official Publications:
USP41–NF36 Page 3841
BRIEFING
Testosterone Cypionate, USP 41 page 4002. As a part of USP monograph modernization
efforts, the following revisions are proposed:
1. Revise Identification A to allow flexibility for the use of either Infrared Absorption 〈197K〉
or 〈197A〉.
2. Add Identification B with a retention time agreement based on the proposed Assay.
3. Replace the GC procedure in the Assay, which uses a packed glass column and an
internal standard, with a chromatographic procedure similar to that proposed in the
Organic Impurities test. The HPLC procedure is based on analyses performed with the
Luna C18(2) brand of column with L1 packing manufactured by Phenomenex. The typical
retention time for testosterone cypionate is about 38 min.
4. Add the test for Organic Impurities with a liquid chromatographic procedure based on a
validated method.
5. Include proposed acceptance criteria for specified, unspecified, and total impurities in
the Organic Impurities test from an FDA-approved manufacturer. Manufacturers are
strongly encouraged to submit their specifications to USP if they are different from
those proposed in this revision.
6. Replace the titration-based Free Cyclopentanepropionic Acid test with a
chromatographic procedure in the test for Limit of Cyclopentanepropionic Acid. The
HPLC procedure is performed using the Luna C18(2) brand of column with L1 packing
manufactured by Phenomenex. The typical retention time for cyclopentanepropionic acid
is about 2 min.
7. Delete the nonspecific test for Melting Range or Temperature because there are
sufficient tests in the monograph to ensure the quality of the drug substance.
8. Add new Reference Standards to the USP Reference Standards section to support the
proposed Assay and the tests for Organic Impurities and Limit of Cyclopentanepropionic
Acid.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.-H. Yeh.)
Correspondence Number—C143763
Comment deadline: May 31, 2018
Testosterone Cypionate

C27 H40 O3

412.60

Androst-4-en-3-one, 17-(3-cyclopentyl-1-oxopropoxy)-,(17β)-;
Testosterone cyclopentanepropionate
[58-20-8.].
DEFINITION
Testosterone Cypionate contains NLT 97.0% and NMT 103.0% of testosterone cypionate
(C27 H40 O3 ), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
〈197〉: [Note—Methods described in 〈197K〉 or 〈197A〉 may be used.]

1S (USP42)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Internal standard solution: 0.8 mg/mL of USP Cholesteryl Caprylate RS in a mixture of
methanol and chloroform (4:1)
Standard solution: 1.0 mg/mL of USP Testosterone Cypionate RS in the Internal standard
solution
Sample solution: 1.0 mg/mL of Testosterone Cypionate in the Internal standard solution

PF 44(2): Mar.-Apr. 2018

417

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 3-mm × 1.2-m glass column packed with 1% (w/w) phase G6 on packing S1AB
Column temperature: 260°
Carrier gas: Helium
Flow rate: 50 mL/min
Injection volume: 1 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3 between the internal standard and testosterone cypionate
Relative standard deviation: NMT 2% for the peak area ratio of testosterone
cypionate to internal standard
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of testosterone cypionate (C27 H40 O3 ) in the portion of
Testosterone Cypionate taken:
Result = (RU /RS) × (CS/CU ) × 100
RU = peak area ratio of testosterone cypionate to the internal standard from the
Sample solution
RS = peak area ratio of testosterone cypionate to the internal standard from the
Standard solution
CS = concentration of USP Testosterone Cypionate RS in the Standard solution (mg/mL)
CU = concentration of Testosterone Cypionate in the Sample solution (mg/mL)
[Note—Protect solutions containing Testosterone Cypionate from light.]
Mobile phase: Acetonitrile and water (67:33)
Standard solution: 2.0 mg/mL of USP Testosterone Cypionate RS in Mobile phase.
Sonicate to dissolve as needed.
Sample solution: 2.0 mg/mL of Testosterone Cypionate in Mobile phase. Sonicate to
dissolve as needed.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 242 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
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Flow rate: 1.8 mL/min
Injection volume: 10 µL
Run time: NLT 1.2 times the retention time of testosterone cypionate
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.10%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of testosterone cypionate (C27 H40 O3 ) in the portion of
Testosterone Cypionate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of testosterone cypionate from the Sample solution
rS = peak response of testosterone cypionate from the Standard solution
CS = concentration of USP Testosterone Cypionate RS in the Standard solution (mg/mL)
CU = concentration of Testosterone Cypionate in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%
Add the following:
• Organic Impurities
[Note—Protect solutions containing Testosterone Cypionate from light.]
Mobile phase and Sample solution: Prepare as directed in the Assay.
System suitability solution: 2.0 mg/mL of USP Testosterone Cypionate RS and 0.002
mg/mL of USP Testosterone Cypionate Related Compound B RS in Mobile phase. Sonicate
to dissolve as needed.
Sensitivity solution: 0.001 mg/mL of USP Testosterone Cypionate RS in Mobile phase.
Sonicate to dissolve as needed.
Standard solution: 0.002 mg/mL each of USP Testosterone Cypionate RS, USP
Testosterone RS, USP Testosterone Cypionate Related Compound A RS, and USP
Testosterone Cypionate Related Compound B RS in Mobile phase. Sonicate to dissolve as
needed.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC

PF 44(2): Mar.-Apr. 2018

419

Detector: UV 242 nm. For testosterone cypionate related compound B, use 284 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1.8 mL/min
Injection volume: 10 µL
Run time: NLT 1.3 times the retention time of testosterone cypionate
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 5.0 between the testosterone cypionate and testosterone cypionate
related compound B peaks, at 284 nm, System suitability solution
Relative standard deviation: NMT 5.0% for each Reference Standard peak, Standard
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of testosterone, testosterone cypionate related compound A, and
testosterone cypionate related compound B (use 284 nm) in the portion of Testosterone
Cypionate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of testosterone, testosterone cypionate related compound A, or
testosterone cypionate related compound B from the Sample solution
rS = peak response of the corresponding Reference Standard from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(mg/mL)
CU = concentration of Testosterone Cypionate in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of
Testosterone Cypionate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual unspecified impurity from the Sample solution
rS = peak response of testosterone cypionate from the Standard solution
CS = concentration of USP Testosterone Cypionate RS in the Standard solution (mg/mL)
CU = concentration of Testosterone Cypionate in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. The reporting threshold for impurities is 0.05%.
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Table 1

Name
Testosterone
Testosterone cypionate related compound A
Testosterone cypionate related compound B
Testosterone cypionate
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
0.05
0.46
0.82
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.1
0.1
0.1
—
0.10
0.4

1S (USP42)

Delete the following:
• Free Cyclopentanepropionic Acid
Sample solution: Dissolve 500 mg of Testosterone Cypionate in 10 mL of alcohol that
previously has been neutralized to a faint blue color following the addition of 2 or 3 drops
of bromothymol blue TS.
Analysis: Promptly titrate the Sample solution with 0.01 N sodium hydroxide VS
Acceptance criteria: NMT 0.70 mL of 0.01 N sodium hydroxide is required (0.20% of
cyclopentanepropionic acid). 1S (USP42)
Add the following:
• Limit of Cyclopentanepropionic Acid
[Note—Protect solutions containing Testosterone Cypionate from light.]
Solution A: 0.1% phosphoric acid in water prepared by diluting 1 mL of phosphoric acid
with water to 1 L
Solution B: Acetonitrile
Mobile phase: See Table 2.
Time
(min)
0
10
25
25.1
35

Table 2
Solution A
(%)
70
5
5
70
70

Solution B
(%)
30
95
95
30
30

Standard solution: 0.04 mg/mL of USP Cyclopentylpropanoic Acid RS in acetonitrile.
[Note—USP Cyclopentylpropanoic Acid RS is cyclopentanepropionic acid.]
Sample solution: 20.0 mg/mL of Testosterone Cypionate in acetonitrile. Sonicate to
dissolve as needed.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

PF 44(2): Mar.-Apr. 2018

421

Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 5-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cyclopentylpropanoic acid in the portion of Testosterone
Cypionate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of cyclopentylpropanoic acid from the Sample solution
rS = peak response of cyclopentylpropanoic acid from the Standard solution
CS = concentration of USP Cyclopentylpropanoic Acid RS in the Standard solution
(mg/mL)
CU = concentration of Testosterone Cypionate in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.20% of cyclopentanepropionic acid

1S (USP42)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature 〈741〉: 98°–104° 1S (USP42)
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 20 mg/mL, in chloroform
Acceptance criteria: +85° to +92°
• Loss on Drying 〈731〉
Analysis: Dry under vacuum over silica gel for 4 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Change to read:
• USP Reference Standards 〈11〉
USP Cholesteryl Caprylate RS
C35 H60 O2
512.86
USP Cyclopentylpropanoic Acid RS
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3-Cyclopentylpropanoic acid.
C8 H14 O2
142.20
USP Testosterone RS
1S (USP42)

USP Testosterone Cypionate RS
USP Testosterone Cypionate Related Compound A RS
Androst-4-en-3,6-dione-17β-yl 3-cyclopentylpropanoate.
C27 H38 O4
426.60
USP Testosterone Cypionate Related Compound B RS
Androst-4,6-dien-3-one-17β-yl 3-cyclopentylpropanoate.
C27 H38 O3
410.60
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 4002
BRIEFING
Testosterone Cypionate Injection, USP 41 page 4003. As part of the USP monograph
modernization efforts, the following revisions are proposed:
1. Replace the TLC-based Identification A with the UV spectrum agreement, as obtained in
the proposed Assay.
2. Add Identification B with a retention time agreement based on the proposed Assay.
3. Replace the GC procedure in the Assay, which uses a packed glass column and an
internal standard, with a chromatographic procedure similar to that proposed in the
Organic Impurities test. The HPLC procedure is based on analyses performed with the
Luna C18(2) brand of column with L1 packing manufactured by Phenomenex. The typical
retention time for testosterone cypionate is about 38 min.
4. Add an Organic Impurities test with an HPLC procedure similar to the proposed Assay.
5. Include proposed acceptance criteria for specified, unspecified, and total degradation
products in the Organic Impurities test from an FDA-approved manufacturer.
Manufacturers are strongly encouraged to submit their specifications to USP if they are
different from those proposed in this revision.
6. Update the storage conditions in the Packaging and Storage section based on an
approved drug label.
7. Add new Reference Standards to the USP Reference Standards section to support the
proposed Assay and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.-H. Yeh.)
Correspondence Number—C143764
Comment deadline: May 31, 2018
Testosterone Cypionate Injection
DEFINITION
Testosterone Cypionate Injection is a sterile solution of Testosterone Cypionate in a suitable
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Testosterone Cypionate Injection is a sterile solution of Testosterone Cypionate in a suitable
vegetable oil. It contains NLT 90.0% and NMT 110.0% of the labeled amount of
testosterone cypionate (C27 H40 O3 ). It may contain a suitable solubilizing agent.
IDENTIFICATION
Delete the following:
• A.
Standard solution: 400 µg/mL of USP Testosterone Cypionate RS in chloroform
Sample solution: Nominally 400 µg/mL of testosterone cypionate from a volume of
Injection in chloroform
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic siliceous earth on a 20- × 20-cm thinlayer chromatographic plate
Application volume: 10 µL
Developing solvent system 1: Chloroform and corn oil (90:10)
Developing solvent system 2: Methanol and water (90:10), previously saturated with
corn oil
Spray reagent: Alcohol and sulfuric acid (3:1)
Analysis
Samples: Standard solution and Sample solution
Place the TLC plate in a developing chamber containing and equilibrated with Developing
solvent system 1 and allow the solvent front to move about three-fourths of the length of
the plate. Remove the plate, and allow the chloroform to evaporate. Apply 10 µL each of
the Sample solution and Standard solution on a line 2.5 cm from the bottom edge and 1.5
cm apart. Place the plate in a developing chamber containing and equilibrated with
Developing solvent system 2. Develop the chromatogram until the solvent front has
moved to 10 cm above the line of application. Remove the plate, and heat in an oven at
105° for a few min. Spray the plate with Spray reagent, and heat in an oven at 105° for
1–2 min. Observe the plate under long-wavelength UV light.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution. 1S (USP42)
Add the following:
• A. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
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ASSAY
Change to read:
• Procedure
Internal standard solution: 0.8 mg/mL of USP Cholesteryl Caprylate RS in a mixture of
methanol and chloroform (4:1)
Standard solution: 1.0 mg/mL of USP Testosterone Cypionate RS in Internal standard
solution
Sample solution: Nominally 1.0 mg/mL of testosterone cypionate in Internal standard
solution prepared as follows. Transfer 1 mL of Injection, into a glass-stoppered, 50-mL
centrifuge tube. Add 30 mL of a mixture of methanol and water (9:1), insert the stopper,
and shake for 15 min. Centrifuge, remove the dilute methanol layer without disturbing the
oil, and transfer it to a 200-mL volumetric flask. Repeat the extraction with three
additional 30-mL portions of the dilute methanol, collecting the combined extracts in the
volumetric flask. Dilute the combined extracts with the dilute methanol to volume, and chill
the contents of the flask to −8°. Remove the flask from the freezer, and immediately filter
a portion of the contents. Allow the filtrate to reach room temperature, transfer a portion
of it, equivalent to 3 mg of testosterone cypionate, to a suitable vial, and evaporate to
dryness. Add, by pipet, 3 mL of Internal standard solution, and shake vigorously to
dissolve the residue.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Fame ionization
Column: 3-mm × 1.2-m glass column packed with 1% (w/w) phase G6 on packing S1AB
Column temperature: 260°
Carrier gas: Helium
Flow rate: 50 mL/min
Injection volume: 1 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3 between the internal standard and testosterone cypionate
Relative standard deviation: NMT 2% peak area ratio of testosterone cypionate to
the internal standard
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of testosterone cypionate (C27 H40 O3 ) in
the portion of Injection taken:
Result = (RU/RS) × (CS/CU) × 100
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RU = peak response ratio of testosterone cypionate to the internal standard from the
Sample solution
RS = peak response ratio of testosterone cypionate to the internal standard from the
Standard solution
CS = concentration of USP Testosterone Cypionate RS in the Standard solution (mg/mL)
CU = nominal concentration of testosterone cypionate in the Sample solution (mg/mL)
[Note—Protect solutions containing testosterone cypionate from light.]
Mobile phase: Acetonitrile and water (67:33)
Diluent: Acetonitrile and tetrahydrofuran (90:10)
Standard solution: 2.0 mg/mL of USP Testosterone Cypionate RS in Diluent. Sonicate to
dissolve as needed.
Sample solution: Nominally 2.0 mg/mL of testosterone cypionate from a portion of
Injection prepared as follows. Transfer an appropriate amount of Injection to a suitable
volumetric flask. Add 10% of the flask volume of tetrahydrofuran and disperse the sample
by mixing on a vortex mixer. Add 80% of the flask volume of acetonitrile, sonicate for 2–3
min, and dilute with acetonitrile to volume. Centrifuge a portion of the solution and use
the clear supernatant. [Note—Centrifuging at a speed of 3500 rpm for 30 min may be
suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 242 nm. For Identification A, use a diode array detector in the range of
210–400 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1.8 mL/min
Injection volume: 10 µL
Run time: NLT 1.2 times the retention time of testosterone cypionate
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.10%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of testosterone cypionate (C27 H40 O3 ) in
the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of testosterone cypionate from the Sample solution
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rS = peak response of testosterone cypionate from the Standard solution
CS = concentration of USP Testosterone Cypionate RS in the Standard solution (mg/mL)
CU = nominal concentration of testosterone cypionate in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
[Note—Protect solutions containing testosterone cypionate from light.]
Mobile phase, Diluent, and Sample solution: Prepare as directed in the Assay.
System suitability solution: 2.0 mg/mL of USP Testosterone Cypionate RS and 0.004
mg/mL of USP Testosterone Cypionate Related Compound B RS in Diluent. Sonicate to
dissolve as needed.
Sensitivity solution: 0.002 mg/mL of USP Testosterone Cypionate RS in Diluent. Sonicate
to dissolve as needed.
Standard solution: 0.004 mg/mL each of USP Testosterone Cypionate RS and USP
Testosterone RS in Diluent. Sonicate to dissolve as needed.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 242 nm. For testosterone cypionate related compound B, use 284 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1.8 mL/min
Injection volume: 10 µL
Run time: NLT 1.3 times the retention time of testosterone cypionate
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—The relative retention times for testosterone cypionate related compound B and
testosterone cypionate are 0.82 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5.0 between the testosterone cypionate and testosterone cypionate
related compound B peaks, at 284 nm, System suitability solution
Relative standard deviation: NMT 5.0% for each Reference Standard peak, Standard
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
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Calculate the percentage of testosterone in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of testosterone from the Sample solution
rS = peak response of testosterone from the Standard solution
CS = concentration of USP Testosterone RS in the Standard solution (mg/mL)
CU = nominal concentration of testosterone cypionate in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified degradation product in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual unspecified degradation product from the Sample
solution
rS = peak response of testosterone cypionate from the Standard solution
CS = concentration of USP Testosterone Cypionate RS in the Standard solution (mg/mL)
CU = nominal concentration of testosterone cypionate in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. The reporting threshold for impurities is 0.1%.
Table 1

Name
Testosterone
Testosterone cypionate
Any individual unspecified degradation product
Total degradation products

Relative
Retention
Time
0.05
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.2
—
0.2
0.8

1S (USP42)

SPECIFIC TESTS
• Other Requirements: It meets the requirements in Injections and Implanted Drug Products
〈1〉.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, protected from light.
Store at controlled room temperature. 1S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Cholesteryl Caprylate RS
C35 H60 O2
512.86
USP Testosterone RS
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1S (USP42)

USP Testosterone Cypionate RS
USP Testosterone Cypionate Related Compound B RS
Androst-4,6-dien-3-one-17β-yl 3-cyclopentylpropanoate.
C27 H38 O3
410.60
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 4003
BRIEFING
Tiagabine Hydrochloride, USP 41 page 4075. On the basis of comments received, it is
proposed to make the following revisions:
1. Add the chemical information for the free base and monohydrate forms of Tiagabine
Hydrochloride.
2. Revise the formula for calculating impurities to be consistent with the sponsor’s method
in the Organic Impurities test and update the names of the impurities in Table 2.
3. Include the Run time and revise the calculation formula to incorporate the molecular
weight correction in the Assay.
4. Include the Run time and the particle size (10 µm) of the Column used in the Limit of
(S)-(+) Isomer test.
5. Add a Note to the USP Reference Standards section stating that USP Tiagabine
Hydrochloride RS is available in monohydrate form.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: S. Ramachandran.)
Correspondence Number—C198022
Comment deadline: May 31, 2018
Tiagabine Hydrochloride
Change to read:

C20 H25 NO2 S2 ·HCl

412.00

3-Piperidinecarboxylic acid, 1-[4,4-bis(3-methyl-2-thienyl)-3-butenyl]-, hydrochloride, (R)-;
(−)-(R)-1-[4,4-Bis(3-methyl-2-thienyl)-3-butenyl]nipecotic acid, hydrochloride
[145821-59-
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Free baseC20 H25 NO2 S2
375.55
[115103-54-3].
MonohydrateC20 H25 NO2 S2 ·HCl·H2 O
[145821-57-4]. 1S (USP42)

429

430.02

DEFINITION
Tiagabine Hydrochloride contains NLT 97.5% and NMT 102.5% of tiagabine hydrochloride
(C20 H25 NO2 S2 ·HCl), calculated on the anhydrous basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
Sample: Transfer about 5 mg of Tiagabine Hydrochloride to a test tube. Add 4 mL of 2propanol, and sonicate for complete dissolution
to dissolve, 1S (USP42)
if necessary. Evaporate the solvent under inert atmosphere at 50°, using a nitrogen
evaporator, for 2 h.
Standard solution: A similar preparation of USP Tiagabine Hydrochloride RS
Analysis: The IR spectrum of the Sample corresponds to the IR spectrum of similarly
prepared USP Tiagabine Hydrochloride RS. 1S (USP42)
Acceptance criteria: Meets the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: 1.38 g/L of monobasic sodium phosphate. Adjust with phosphoric acid to a pH
of 2.0.
Mobile phase: Acetonitrile and Solution A (35:65)
Diluent: Methanol and water (50:50)
Internal standard solution: 0.4 mg/mL of butylparaben in Diluent
Standard stock solution: 1 mg/mL of USP Tiagabine Hydrochloride RS in Diluent
Standard solution: Transfer suitable volumes of the Standard stock solution and Internal
standard solution into a suitable volumetric flask and dilute with Diluent to volume.
Sample stock solution: 1 mg/mL of Tiagabine Hydrochloride in Diluent
Sample solution: Transfer suitable volumes of the Sample stock solution and Internal
standard solution into a suitable volumetric flask and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
1 mL/min 1S (USP42)
Injection volume: 20 µL
Run time: NLT 3.5 times the retention time of tiagabine 1S (USP42)
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 5.5 between tiagabine and butylparaben
Relative standard deviation: NMT 1.5% for the peak response ratios
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of tiagabine hydrochloride (C20 H25 NO2 S2 ·HCl) in the portion of
Tiagabine Hydrochloride taken:
Result = (RU/RS) × (CS/CU) ×
(Mr1/Mr2) × 1S (USP42)
100
RU

= peak area ratio of tiagabine hydrochloride to the internal standard from the
Sample solution
RS = peak area ratio of tiagabine hydrochloride to the internal standard from the
Standard solution
CS = concentration of USP Tiagabine Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Tiagabine Hydrochloride in the Sample solution (mg/mL)
= molecular weight of tiagabine hydrochloride, 412.00
Mr1
Mr2 = molecular weight of tiagabine hydrochloride monohydrate, 430.02 1S (USP42)
Acceptance criteria: 97.5%–102.5% on the anhydrous basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm

(O fficial 1-Jan-2018)

Change to read:
• Limit of (S)-(+) Isomer
Mobile phase: Hexane, isopropyl alcohol, alcohol, and trifluoroacetic acid (80: 14: 6: 0.5).
[Note—Increase or decrease the percentage of hexane or alcohol, but keep the
percentage of isopropyl alcohol constant. Make other adjustments, if necessary (see
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Chromatography 〈621〉, System Suitability).]
Standard solution: 0.1 mg/mL of USP Racemic Tiagabine Hydrochloride Mixture RS
prepared as follows. Transfer a suitable quantity of USP Racemic Tiagabine Hydrochloride
Mixture RS into a suitable volumetric flask, dissolve in a few drops of methanol, and dilute
with isopropyl alcohol to volume.
Sample solution: 2 mg/mL of Tiagabine Hydrochloride prepared as follows. Transfer a
suitable quantity of Tiagabine Hydrochloride in a suitable volumetric flask, dissolve in a few
drops of methanol, and dilute with isopropyl alcohol to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 25-cm;
10-µm 1S (USP42)
packing L40
Flow rate: 0.8 mL/min
Injection volume: 10 µL
Run time: NLT 1.5 times the retention of the (R)-(−) isomer
System suitability
Sample: Standard solution

1S (USP42)

[Note—The relative retention times of the (S)-(+) isomer and the (R)-(−) isomer are
about 0.76 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between the (S)-(+) and (R)-(−) isomers
Analysis
Sample: Sample solution
Calculate the percentage of the (S)-(+) isomer in the portion of Tiagabine Hydrochloride
taken:
Result = (rU/rT) × 100
rU = peak response of the (S)-(+) isomer from the Sample solution
rT = sum of the peak responses of the (S)-(+) isomer and (R)-(−) isomer from the Sample
solution
Acceptance criteria: NMT 0.5%
Change to read:
• Organic Impurities
Solution A: Water adjusted with phosphoric acid to a pH of 2.3
Solution B: Acetonitrile

PF 44(2): Mar.-Apr. 2018

432

Mobile phase: See Table 1.
Time
(min)
0
30
40
45

Table 1
Solution A
(%)
75
45
10
10

Solution B
(%)
25
55
90
90

Standard stock solution: 1 mg/mL of USP Tiagabine Hydrochloride RS in water
Standard solution: 0.001 mg/mL of USP Tiagabine Hydrochloride RS in water from the
Standard stock solution
System suitability stock solution: 1 mg/mL of USP Tiagabine Related Compound A RS in
water 1S (USP42)
System suitability solution: 0.1 mg/mL each of USP Tiagabine Hydrochloride RS and USP
Tiagabine Related Compound A RS in water prepared from Standard stock solution
and System suitability stock solution 1S (USP42)
Sample solution: 1 mg/mL of Tiagabine Hydrochloride in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
1 mL/min 1S (USP42)
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 9.0 between tiagabine hydrochloride and tiagabine related compound
A, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Interference check: Inject water as the blank; no interfering peaks are observed.
1S (USP42)

Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Tiagabine Hydrochloride taken:
Result = (rU/rT) × F
(1/F) 1S (USP42)
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× 100
rU = peak response of each impurity from the Sample solution
rT = sum of all the peak responses, excluding the solvent peaks, from the Sample solution
F = relative response factor for each impurity (see Table 2)
Acceptance criteria: See Table 2.
Impurity Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT
(%)

Name
(R)-1-[4,4-Bis(3-methyl-2-thienyl)3,4-dihydroxybutyl]-3piperidinecarboxylic acid
0.51
0.75
0.2
(R)-1-[4,4-Bis(3-methyl-2-thienyl)-3oxybutyl]-3-piperidinecarboxylic acid
0.79
0.63
0.1
(R)-1-[4-(3-Methyl-2-thienyl)-4-(2thienyl)-3-butenyl]-3piperidinecarboxylic acid
0.93
1.00
0.1
Tiagabine
1.0
—
—
(R)-1-[[4-(x-methyl-2-thienyl)-4-(ymethyl-2-thienyl)]-3-butenyl]-3piperidinecarboxylic acida
1.13
1.00
0.6
(R)-Methyl 1-[4,4-bis(3-methyl-2thienyl)-3-butenyl]-3piperidinecarboxylate
1.32
1.01
0.2
Tiagabine related compound A
1.39
1.04
0.2
4,4-Bis(3-methyl-2-thienyl)-3-buten1-ol
1.98
0.97
0.2
Bis(3-methyl-2-thienyl) methanone
2.27
0.39
0.1
4,4-Bis(3-methyl-2-thienyl)-3-buten1-ol, methanesulfonate
2.33
0.96
0.1
2,2-Bis(3-methyl-2-thienyl)
tetrahydrofuran
2.54
0.94
0.1
Any unknown
—
impurity
1.00
0.1
a Where possible x,y combinations include (3,4), (4,3), (4,4), (5,5), (4,5), (5,4), (3,5),
and (5,3).
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Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Tiagabine diol analoga
0.51
0.75
0.2
b
Tiagabine keto analog
0.79
0.63
0.1
Desmethyl tiagabinec
0.93
1.00
0.1
Tiagabine
1.0
—
—
Tiagabine isomersd
1.13
1.00
0.6
Tiagabine methyl estere
1.32
1.01
0.2
Tiagabine related compound A
1.39
1.04
0.2
Tiagabine alcohol analogf
1.98
0.97
0.2
g
Bisthiophenylmethanone
2.27
0.39
0.1
Tiagabine alcohol mesylateh
2.33
0.96
0.1
i
Bisthiophenyl tetrahydrofuran
2.54
0.94
0.1
Any unknown impurity
—
1.00
0.1
Total impurities
—
—
1.0
a (3R)-1-[3,4-Dihydroxy-4,4-bis(3-methylthiophen-2-yl)butyl]piperidine-3-carboxylic
acid.
b (R)-1-[4,4-Bis(3-methylthiophen-2-yl)-3-oxobutyl]piperidine-3-carboxylic acid.
c (R,ZE)-1-[4-(3-Methylthiophen-2-yl)-4-(thiophen-2-yl)but-3-en-1-yl]piperidine-3carboxylic acid.
d (R)-1-[4-(x-Methylthiophen-2-yl)-4-(y-methylthiophen-2-yl)but-3-en-1yl]piperidine-3-carboxylic acid; where possible, x,y combinations include (3,4), (4,3),
(4,4), (5,5), (4,5), (5,4), (3,5), and (5,3).
e Methyl (R)-1-[4,4-bis(3-methylthiophen-2-yl)but-3-en-1-yl]piperidine-3carboxylate.
f 4,4-Bis(3-methylthiophen-2-yl)but-3-en-1-ol.
g Bis(3-methylthiophen-2-yl)methanone.
h 4,4-Bis(3-methylthiophen-2-yl)but-3-en-1-yl methanesulfonate.
i 2,2-Bis(3-methylthiophen-2-yl)tetrahydrofuran.
1S (USP42)

SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 6.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at a
temperature not higher than 30°.
Change to read:
• USP Reference Standards 〈11〉
USP Racemic Tiagabine Hydrochloride Mixture RS
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(S)-(+),(R)-(−)-1-[4,4-Bis(3-methyl-2-thienyl)-3 butenyl]nipecotic acid,
hydrochloride.
C20 H25 NO2 S2 ·HCl
412.00
USP Tiagabine Hydrochloride RS
[Note—Available in monohydrate form.]

1S (USP42)

USP Tiagabine Related Compound A RS
(R)-Ethyl-1-[4,4-bis(3-methy-2-thienyl)-3-butenyl]-3-piperidinecarboxylate,
hydrochloride.
C22 H29 NO2 S2 ·HCl
440.06
Recent Official Publications:
USP41–NF36 Page 4075
BRIEFING
Triamterene and Hydrochlorothiazide Capsules, USP 41 page 4198. As part of USP
monograph modernization efforts, it is proposed to make the following changes:
1. Replace the current TLC-based Identification A with the UV spectrum agreement of the
major peaks as obtained in the Assay.
2. Add a Diluent, Diluted standard solution, and Diluted sample solution to the Assay to
support the proposed Identification A.
3. Update the Detector in the Chromatographic system in the Assay to support the
revision of Identification A.
4. Add the particle size of the HPLC column and the Run time to the Assay.
5. Add a Note related to the relative retention times for the analytes in Dissolution Test 2.
6. Revise the Packaging and Storage section with an additional requirement based on the
drug package insert.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: D. Min.)
Correspondence Number—C193422
Comment deadline: May 31, 2018
Triamterene and Hydrochlorothiazide Capsules
DEFINITION
Triamterene and Hydrochlorothiazide Capsules contain NLT 90.0% and NMT 110.0% of the
labeled amounts of triamterene (C12 H11 N7 ) and hydrochlorothiazide (C7 H8 ClN3 O4 S2 ).
[Note—The Capsule and Tablet dosage forms should not be considered bioequivalent. If patients
are to be transferred from one dosage form to the other, retitration and appropriate changes
in dosage may be necessary.]
IDENTIFICATION
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Change to read:
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution A: 2 mg/mL of USP Triamterene RS in methoxyethanol
Standard solution B: USP Hydrochlorothiazide RS in methoxyethanol to a concentration
similar to that of the Sample solution
Sample solution: Dissolve a portion of the Capsule contents, equivalent to 50 mg of
triamterene, in 25 mL of methoxyethanol, and filter.
Chromatographic system
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 2 µL
Developing solvent system: Ethyl acetate, glacial acetic acid, and water (80:10:10)
Analysis: Locate the spots under short-wavelength and long-wavelength UV light.
Acceptance criteria: The intensity and RF value of the principal spots from the Sample
solution correspond to those from Standard solution A and Standard solution B.
The UV spectra of the major peaks of the Diluted sample solution correspond to those of
the Diluted standard solution, as obtained in the Assay. 1S (USP42)
• B. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: Transfer 6.9 g of monobasic sodium phosphate and 1.43 g of propylamine
hydrochloride to a 1-L volumetric flask. Dissolve in 900 mL of water, adjust with 1 N
sodium hydroxide to a pH of 5.5, and dilute with water to volume.
Mobile phase: Acetonitrile and Buffer (20:80)
Diluent: Acetonitrile, glacial acetic acid, and water (10:5:85) 1S (USP42)
Standard solution:
0.25 mg/mL of USP Hydrochlorothiazide RS and 0.25(J) mg/mL of USP Triamterene RS
prepared as follows. 1S (USP42)
Transfer 25 mg of USP Hydrochlorothiazide RS into a 100-mL volumetric flask. Add 25J mg
of USP Triamterene RS, J being the ratio of the labeled amount, in milligrams, of
triamterene to the labeled amount, in milligrams, of hydrochlorothiazide/Capsule. Add 10
mL of acetonitrile, 10 mL of water, and 5 mL of glacial acetic acid, sonicating for 2–3 min
after each addition. Cool to room temperature, and dilute with water to volume.
Diluted standard solution: 0.125 mg/mL of USP Hydrochlorothiazide RS and 0.125(J)
mg/mL of USP Triamterene RS from Standard solution in Diluent 1S (USP42)
Sample solution:
Nominally 0.25 mg/mL of hydrochlorothiazide prepared as follows. 1S (USP42)
Transfer a portion nominally equivalent to 50 mg of hydrochlorothiazide from NLT 20
Capsules (remove, as completely as possible, the contents of Capsules) to a 200-mL
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volumetric flask. Add 20 mL of acetonitrile, and sonicate for 10 min. Add 20 mL of boiling
water, sonicate for 5 min, and mix. Add 10 mL of acetic acid, sonicate for 10 min, and mix.
Add 140 mL of water, mix, and allow to cool to room temperature. Dilute with water to
volume, mix, and filter, discarding the first 3 mL of the filtrate.
Diluted sample solution: Nominally 0.125 mg/mL of hydrochlorothiazide from Sample
solution in Diluent 1S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm.
For Identification A, use a diode array detector in the range of 190–400 nm.
Column: 3.9-mm × 30-cm;
10-µm 1S (USP42)
packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of triamterene 1S (USP42)
System suitability
Sample: Standard solution

1S (USP42)

[Note—The relative retention times for hydrochlorothiazide and triamterene are 0.65 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 3.0 between hydrochlorothiazide and triamterene
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution, and Sample solution
Diluted standard solution, Sample solution, and Diluted sample solution. [Note—The
Diluted standard solution and Diluted sample solution are used for Identification A.]
1S (USP42)

Calculate the percentage of the labeled amount of triamterene (C12 H11 N7 ) and
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of triamterene or hydrochlorothiazide from the Sample solution
rS = peak response of triamterene or hydrochlorothiazide from the Standard solution
CS = concentration of triamterene or hydrochlorothiazide
USP Triamterene RS or USP Hydrochlorothiazide RS 1S (USP42)
in the Standard solution (mg/mL)
CU = nominal concentration of triamterene or hydrochlorothiazide in the Sample solution
(mg/mL)
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Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 1.
Medium: 0.1 M acetic acid containing 1% polysorbate 20; 900 mL
Apparatus 2: 100 rpm
Time: 120 min
Standard solution: A known concentration of USP Triamterene RS and USP
Hydrochlorothiazide RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter.
Dilute with water as needed in comparison with the Standard solution.
Instrumental conditions
Mode: UV
Analytical wavelengths: 357 nm for triamterene; 271 nm for hydrochlorothiazide
(corrected for interference from triamterene on the basis of the absorbances of
triamterene at 271 and 357 nm)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of triamterene (C12 H11 N7 ) and
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) dissolved. from the UV absorbance
1S (USP42)

Tolerances: NLT 80% (Q) each
1S (USP42)

of the labeled amounts of triamterene (C12 H11 N7 ) and hydrochlorothiazide
(C7 H8 ClN3 O4 S2 ) are dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 4.0% Tetrasodium ethylenediaminetetraacetate, 2.0% polysorbate 40, and
0.05% pancreatin prepared as follows. Add the polysorbate 40 and tetrasodium
ethylenediaminetetraacetate to water, and mix thoroughly. Adjust with phosphoric acid
to a pH of 8.0 ± 0.05. Heat to 37°, and add the pancreatin powder. Mix thoroughly, and
transfer immediately to the dissolution vessel; 900 mL
Apparatus 1 (use 10-mesh baskets): 100 rpm
Time: 8 h
Buffer: 0.08 M monobasic sodium phosphate
Mobile phase: Methanol and Buffer (25:75)
Standard stock solution: 0.22 mg/mL of USP Triamterene RS and 0.11 mg/mL of USP
Hydrochlorothiazide RS prepared as follows. To the triamterene and hydrochlorothiazide
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in a suitable volumetric flask add methanol to fill about 1/5 of the flask volume, sonicate
for 10 min, and heat in a steam bath until completely dissolved. Dilute with Medium to
volume.
Standard solution:
0.055 mg/mL of USP Triamterene RS in Medium prepared as follows. 1S (USP42)
Transfer 25 mL of Standard stock solution into a 100-mL volumetric flask, dilute with
Medium to volume, and mix gently to minimize foaming.
Sample solution: Pass a portion of the solution under test through a suitable filter.
[Note—Do not use nylon filters.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Columns
Guard: Packing L7
Analytical: 3.9-mm × 30-cm; packing L11
Flow rate: 2 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for hydrochlorothiazide and triamterene are about
1.0 and 3.6, respectively.] 1S (USP42)
Suitability requirements
Resolution: NLT 2.0 for the triamterene and hydrochlorothiazide peaks
Relative standard deviation: NMT 2.0% for the triamterene and hydrochlorothiazide
peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of the labeled amount of triamterene (C12 H11 N7 ) and
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU = peak response of triamterene or hydrochlorothiazide from the Sample solution
rS = peak response of triamterene or hydrochlorothiazide from the Standard solution
CS = concentration of triamterene or hydrochlorothiazide
USP Triamterene RS or USP Hydrochlorothiazide RS 1S (USP42)
in the Standard solution (mg/mL)
L = label claim (mg/Capsule)
V = volume of Medium, 900 mL
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Tolerances: NLT 70% (Q) of the labeled amount of triamterene (C12 H11 N7 ) and NLT 80%
(Q) of the labeled amount of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) are dissolved.
Test 3: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Analysis: Proceed as directed in Test 1.
Tolerances: NLT 75% (Q) of the labeled amounts of triamterene (C12 H11 N7 ) and
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) are dissolved.
• Uniformity of Dosage Units 〈905〉, Content Uniformity: Meet the requirements with respect
to triamterene and hydrochlorothiazide.
IMPURITIES
Change to read:
• Organic Impurities
Solution A: 6.8 g/L of sodium acetate trihydrate in water. Adjust with glacial acetic acid to
a pH of 5.0.
Solution B: Acetonitrile and methanol (75:25)
Mobile phase: Solution B and Solution A (10:90)
Standard stock solution: 0.15 mg/mL of USP Benzothiadiazine Related Compound A RS in
acetonitrile
Standard solution:
0.015 mg/mL of USP Benzothiadiazine Related Compound A RS prepared as follows.
1S (USP42)

Transfer 10.0 mL of this solution
Standard stock solution 1S (USP42)
to a 100-mL volumetric flask, add 50 mL of acetonitrile, and 6 mL of glacial acetic acid,
and dilute with water to volume.
Sample solution:
Nominally 1.5 mg/mL of hydrochlorothiazide prepared as follows. 1S (USP42)
Transfer a portion nominally equivalent to 150 mg of hydrochlorothiazide from Capsules
(remove, as completely as possible, the contents of NLT 20 Capsules) to a 100-mL
volumetric flask. Add 60 mL of acetonitrile and 6 mL of glacial acetic acid, and sonicate for
10 min. Cool, and dilute with water to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 273 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 2 mL/min
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Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention times for hydrochlorothiazide and triamterene relative to
benzothiadiazine related compound A are about 1.5 and 10, respectively.
The relative retention times for benzothiadiazine related compound A,
hydrochlorothiazide, and triamterene are about 1.0, 1.5, and 10, respectively.
1S (USP42)

]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of benzothiadiazine related compound A in the hydrochlorothiazide
contained in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of benzothiadiazine related compound A from the Sample solution
rS = peak response of benzothiadiazine related compound A from the Standard solution
CS = concentration of USP Benzothiadiazine Related Compound A RS in the Standard
solution (mg/mL)
CU = nominal concentration of hydrochlorothiazide in the Sample solution (mg/mL)
Acceptance criteria: NMT 1.0% of benzothiadiazine related compound A
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature. 1S (USP42)
• Labeling: Label the Capsules to indicate the Dissolution test with which the product
complies.
• USP Reference Standards 〈11〉
USP Benzothiadiazine Related Compound A RS
4-Amino-6-chloro-1,3-benzenedisulfonamide.
C6 H8 ClN3 O4 S2
285.73
USP Hydrochlorothiazide RS
USP Triamterene RS
Recent Official Publications:
USP41–NF36 Page 4198
BRIEFING
Vancomycin Hydrochloride Compounded Oral Solution. A new compounded preparation
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monograph is proposed based on a validated stability-indicating method used to assess
stability. The liquid chromatographic procedure in the Assay is based on analyses using the
HxSil C18 brand of column with L1 packing. The typical retention time for vancomycin is about
14.8 min.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C179187
Comment deadline: May 31, 2018
Add the following:
Vancomycin Hydrochloride Compounded Oral Solution
DEFINITION
Vancomycin Hydrochloride Compounded Oral Solution contains NLT 90.0% and NMT 110.0%
of the labeled amount of vancomycin B (C66 H75 Cl2 N9 O24 ).
Prepare Vancomycin Hydrochloride Compounded Oral Solution 50 mg/mL as follows (see
Pharmaceutical Compounding—Nonsterile Preparations 〈795〉).
Vancomycin (as Vancomycin Hydrochloride)
5 g (calculate)a
SyrSpend SF PH4 (Liquid Cherry Flavored),b a sufficient quantity to make
100 mL
a Calculate the amount of vancomycin hydrochloride needed based on the potency
equivalent (activity) of vancomycin.
b Fagron Inc., St. Paul, MN.
Calculate the amount of Vancomycin Hydrochloride needed based on the potency equivalent
(activity) of vancomycin. Pour the Vancomycin Hydrochloride into a suitable container. Wet
the powder with a small amount of SyrSpend SF PH4 (Liquid Cherry Flavored) and triturate
to make a smooth paste. Add the SyrSpend SF PH4 (Liquid Cherry Flavored) to make the
contents pourable. Transfer the contents stepwise and quantitatively to a calibrated
container using the remainder of the SyrSpend SF PH4 (Liquid Cherry Flavored). Add
sufficient SyrSpend SF PH4 (Liquid Cherry Flavored) to bring to final volume. Shake to mix
well.
ASSAY
• Procedure
Solution A: 50 mM ammonium acetate adjusted with ammonium hydroxide to a pH of 8.0
Solution B: Methanol and water (35:65)
Mobile phase: See Table 1.
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Time
(min)
0
20
25
25.01

Table 1
Solution A
(%)
50
30
0
50

Solution B
(%)
50
70
100
50

Standard solution: 0.5 mg/mL of vancomycin prepared from USP Vancomycin B RS in
water
Sample solution: Transfer 1 mL of Oral Solution to a 100-mL volumetric flask and dilute
with water to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 2.1-mm × 15-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 0.2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for vancomycin is about 14.8 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of vancomycin (C66 H75 Cl2 N9 O24 ) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of vancomycin from the Sample solution
rS = peak response of vancomycin from the Standard solution
CS = concentration of USP Vancomycin B RS in the Standard solution (mg/mL)
CU = nominal concentration of vancomycin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
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• pH 〈791〉: 2.5–3.5
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant plastic containers. Store in a
refrigerator.
• Beyond-Use Date: NMT 60 days after the date on which it was compounded when stored in
a refrigerator.
• Labeling: Label it to state the Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Vancomycin B RS
1S (USP42)

BRIEFING
Vitamin A, USP 41 page 4327. On the basis of comments received, it is proposed to remove
the expression of vitamin A content in USP Units from the Labeling section due to the new
labeling requirements from FDA to label the content of vitamins in metric units.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: H. Dinh.)
Correspondence Number—C196534
Comment deadline: May 31, 2018
Vitamin A
DEFINITION
Vitamin A contains a suitable form of retinol (C20 H30 O; vitamin A alcohol) and possesses
vitamin A activity equivalent to NLT 95.0% of that declared on the label. It may consist of
retinol or esters of retinol formed from edible fatty acids, principally acetic and palmitic
acids. It may be diluted with edible oils; or it may be incorporated in solid edible carriers or
excipients; and it may contain suitable antimicrobial agents, dispersants, and antioxidants.
IDENTIFICATION
• A. Color Reaction with Antimony III
Sample solution: Vitamin A equivalent to 6 µg/mL of retinol in chloroform
Analysis: To 1 mL of the Sample solution add 10 mL of antimony trichloride TS.
Acceptance criteria: A transient blue color appears at once.
• B. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: USP Retinyl Acetate RS and USP Retinyl Palmitate RS in methylene
chloride, each equivalent to about 0.2 mg/mL of retinol (C20 H30 O)
Sample solution for the liquid form of Vitamin A: Dissolve a volume, equivalent to about
5 mg of retinol, in methylene chloride to obtain 10.0 mL of solution.
Sample solution for the solid form of Vitamin A: Transfer a quantity, equivalent to
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about 5 mg of retinol, to a separator, add 75 mL of water, and shake vigorously for 1 min.
Extract with 10.0 mL of methylene chloride by shaking for 1 min, and centrifuge to clarify
the methylene chloride extract.
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume
Standard solution: 15 µL
Sample solution: 10 µL
Developing solvent system: Cyclohexane and ether (4:1)
Developing distance: 10 cm
Spray reagent: Phosphomolybdic acid TS
System suitability
Sample: Standard solution
Suitability requirements: The chromatogram shows two main blue–green spots of the
corresponding esters. The RF values are 0.45 ± 0.10 and 0.7 ± 0.1 for retinyl acetate
and retinyl palmitate, respectively.
Analysis
Samples: Standard solution and the appropriate Sample solution
Allow the solvent front to move a distance of 10 cm, remove the plate, and air-dry. Spray
the plate with Spray reagent.
Acceptance criteria: The appropriate Sample solution exhibits a main blue–green spot at
an RF value that corresponds to one of the two main spots from the Standard solution and
is consistent with the labeled ester. The appropriate Sample solution of Vitamin A labeled
as containing retinol exhibits the main blue–green spot at an approximate RF value of 0.1.
ASSAY
• Vitamin A Assay 〈571〉
Sample: Use a suitable quantity of Vitamin A.
Analysis: Proceed as directed in Vitamin A Assay 〈571〉, Assay, Chemical Methods or
Chromatographic Methods, depending on the form of Vitamin A under test.
Acceptance criteria: Equivalent to NLT 95.0% of the labeled amount of vitamin A activity
SPECIFIC TESTS
• Absorbance Ratio
[Note—This test is required only if Vitamin A Assay 〈571〉, Assay, Chemical Methods are used
for the Assay.]
Sample: Use a suitable quantity of Vitamin A.
Analysis: Proceed as directed in Vitamin A Assay 〈571〉, Assay, Chemical Methods,
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Procedure 1 or Procedure 2.
Acceptance criteria
Procedure 1: The ratio of the corrected absorbance [A325] to the observed absorbance
A325 is NLT 0.85.
Procedure 2: The absorption maximum is between 325 and 327 nm. The absorbance
ratios are as follows: A300/A326 is NMT 0.60; A350/A326 is NMT 0.54; and A370/A326 is NMT
0.14.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, preferably under an atmosphere of an
inert gas, protected from light.
Change to read:
• Labeling: Label it to indicate the form in which the vitamin is present, and to indicate the
presence of any antimicrobial agent, dispersant, antioxidant, or other added substance,
and to indicate the vitamin A activity in terms of the equivalent amount of retinol, in mg/g.
The vitamin A activity may be stated also in USP Units, on the basis that 1 USP Vitamin A
Unit equals the biological activity of 0.3 µg of the all-trans-isomer of retinol.
1S (USP42)

Delete the following:
• •USP Reference Standards 〈11〉
USP Retinyl Acetate RS
USP Retinyl Palmitate RS
(CN 1-May-2018)

Recent Official Publications:
USP41–NF36 Page 4327
BRIEFING
Vitamin A Capsules, USP 41 page 4328. On the basis of comments received, it is proposed
to remove the expression of vitamin A content in USP Units from the Labeling section due to
new labeling requirements from FDA to label the content of vitamins in metric units.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C197400
Comment deadline: May 31, 2018
Vitamin A Capsules
DEFINITION
Vitamin A Capsules contain NLT 95.0% and NMT 120.0% of the labeled amount of vitamin A.
IDENTIFICATION
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• A.
Sample solution: Equivalent to 6 µg/mL of retinol from Capsules in methylene chloride
Analysis: To 1 mL of Sample solution add 10 mL of antimony trichloride TS.
Acceptance criteria: A transient blue color appears at once.
Change to read:
• B. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: 0.5 mg/mL of retinol from USP Retinyl Acetate RS or USP Retinyl
Palmitate RS in methylene chloride
Sample solution: Dissolve or extract with methylene chloride the contents of a quantity of
Capsules to obtain a solution with a nominal concentration of 0.5 mg/mL of retinol.
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL,
8-mm band 1S (USP42)
Developing solvent system: Cyclohexane and ether (4:1)
Spray reagent: Phosphomolybdic acid TS
Analysis: Proceed as directed in the chapter, using the Developing solvent system. Locate
the spots on the plate using the Spray reagent.
Acceptance criteria: The blue–green spot formed is indicative of the presence of retinol,
and its RF value corresponds to that of the Standard solution. (The approximate RF values
of the predominant spots, corresponding to the different forms of retinol, are 0.1 for the
alcohol form, 0.45 for the acetate form, and 0.7 for the palmitate form.)
ASSAY
• Vitamin A Assay 〈571〉
Analysis: Use the appropriate procedure described in Vitamin A Assay 〈571〉, Assay,
Chromatographic Methods.
[Note—The procedure used is stated in the labeling only if Procedure 1 is not used.]
Acceptance criteria: 95.0%–120.0%
PERFORMANCE TESTS
• Disintegration 〈701〉
Immersion fluid: Use 0.05 M acetate buffer, prepared by mixing 2.99 g of sodium acetate
and 1.66 mL of glacial acetic acid with water to obtain 1000 mL of solution with a pH of
4.5 ± 0.05.
Temperature: 37 ± 2°
Time: 45 min
Acceptance criteria: Meet the requirements
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• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• Labeling: Label the Capsules to indicate the form in which the vitamin is present, and to
indicate the vitamin A activity in terms of the equivalent amount of retinol in mg/Capsule.
The vitamin A activity may be stated also in USP Units/Capsule, on the basis that 1 USP
Vitamin A Unit equals the biological activity of 0.3 µg of the all-trans isomer of retinol.
1S (USP42)

• USP Reference Standards 〈11〉
USP Retinyl Acetate RS
USP Retinyl Palmitate RS
Recent Official Publications:
USP41–NF36 Page 4328
BRIEFING
Vitamin A Oral Liquid Preparation, USP 41 page 4329. On the basis of comments received,
it is proposed to remove the expression of vitamin A content in USP Units from the Labeling
section due to the new labeling requirements from FDA to label the content of vitamins in
metric units.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C197402
Comment deadline: May 31, 2018
Vitamin A Oral Liquid Preparation
DEFINITION
Vitamin A Oral Liquid Preparation is an emulsion, suspension, or solution that contains retinyl
acetate or retinyl palmitate in an amount equivalent to NLT 90.0% and NMT 120.0% of the
labeled amount of vitamin A, as retinol (C20 H30 O).
IDENTIFICATION
[Note—Use low-actinic glassware.]
• A.
Sample solution: Equivalent to 6 µg/mL of retinol from Oral Liquid Preparation in methylene
chloride
Analysis: To 1 mL of Sample solution add 10 mL of antimony trichloride TS.
Acceptance criteria: A transient blue color appears at once.
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• B. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: 0.5 mg/mL of retinol from USP Retinyl Acetate RS or USP Retinyl
Palmitate RS in methylene chloride
Sample solution: Dissolve or extract with methylene chloride a quantity of Oral Liquid
Preparation to obtain a solution with a nominal concentration of 0.5 mg/mL of retinol.
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Application volume: 10 µL, 8-mm band
Developing solvent system: Cyclohexane and ether (4:1)
Developing distance: 10 cm
Spray reagent: 0.2 g/mL of phosphomolybdic acid in alcohol. Filter, and use only the
clear filtrate.
Analysis: Apply the Sample solution at the starting point of the chromatogram, and
proceed as directed in the chapter. Allow the solvent front to move 10 cm, remove the
plate, and air-dry. Spray with Spray reagent.
Acceptance criteria: The blue–green spot formed is indicative of the presence of retinol,
and its RF value corresponds to that of the Standard solution. The approximate RF values
of the predominant spots, corresponding to the different forms of retinol, are 0.1 for the
alcohol form, 0.45 for the acetate form, and 0.7 for the palmitate form.
ASSAY
Change to read:
• Vitamin A
[Note—Use low-actinic glassware.]
Mobile phase: n-Hexane
Standard solution 1: 13 µg/mL of retinol from USP Retinyl Acetate RS in n-hexane
Standard solution 2: 13 µg/mL of retinol from USP Retinyl Palmitate RS in n-hexane
System suitability solution: Mix equal volumes of Standard solution 1 and Standard
solution 2.
Sample solution
For Oral Liquid Preparation in oil vehicles packaged in single-unit containers:
Deliver the contents of NLT 30 single-unit containers, following the directions for use as
stated in the labeling. Weigh directly the individual contents delivered from each singleunit container, and calculate the average. [Note—Do not weigh the contents delivered
by difference between full containers and empty containers. Capsules intended as
single-unit containers are not rinsed after expulsion of the contents.] Mix the contents
to obtain a homogeneous sample. Transfer an amount of the composite to a suitable
volumetric flask. Dissolve with hexane, and dilute with hexane quantitatively and
stepwise, if necessary, to obtain a solution containing the equivalent of about 13 µg/mL
of retinol, based on the labeled amount.
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For Oral Liquid Preparation in oil vehicles packaged in multiple-unit containers:
Dissolve an accurately measured volume of Oral Liquid Preparation in a suitable volume
of hexane, and dilute with hexane, quantitatively and stepwise, if necessary, to obtain a
solution containing the equivalent of about 13 µg/mL of retinol, based on the labeled
amount.
For Oral Liquid Preparation in aqueous vehicles: Transfer a weighed quantity, or an
accurately measured volume of Oral Liquid Preparation, into a separatory funnel, and
extract quantitatively with hexane or other suitable solvent. Dilute with hexane,
quantitatively and stepwise, if necessary, to obtain a solution containing the equivalent
of about 13 µg/mL of retinol, based on the labeled amount.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm;
3-µm 1S (USP42)
packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution 1 or Standard solution 2 and Sample solution
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in each
individual container:
Result = (rU/rS) × (C/W) × D × U × (100/L)
rU = peak response of the corresponding all-trans-retinyl ester from the Sample solution
rS = peak response of the all-trans-retinyl ester from the appropriate Standard solution
C = concentration of retinol (C20 H30 O) in the appropriate Standard solution (mg/mL)
W = weight or volume of Oral Liquid Preparation composite taken (mg or mL)
D = dilution factor (dilution volume/aliquot volume)
U = for multiple-unit containers: labeled volume of each dosage unit (mL); or for singleunit containers: average mass (mg) of the contents delivered from each individual
container, following the directions for use as stated in the labeling
L = label claim of vitamin A as retinol (C20 H30 O) (mg/dosage unit)
Acceptance criteria: 90.0%–120.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)

PF 44(2): Mar.-Apr. 2018

451

PERFORMANCE TESTS
• Deliverable Volume 〈698〉
For multiple-unit containers: Meets the requirements
• Uniformity of Dosage Units 〈905〉
For single-unit containers
Analysis: Empty the single-unit containers, following the directions for use as stated in
the labeling. [Note—Do not weigh the contents delivered by difference between full
containers and empty containers. Capsules intended for use as single-unit containers
are not rinsed after expulsion of the contents.]
Acceptance criteria: The contents so delivered, and weighed directly, meet the
requirements.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. It may be packaged in
single-unit containers. [Note—Capsules may be suitable as single-unit containers provided
they are packaged as described in Good Packaging Practices 〈1177〉, Packaging, Critical
Secondary Container.]
Change to read:
• Labeling: The label states that the product is Vitamin A Oral Liquid Preparation. Label the
Oral Liquid Preparation to indicate the ester form in which the vitamin is present, and to
indicate the amount of vitamin A delivered in each dosage unit in terms of the equivalent
amount of retinol in mg/dosage unit. The amount of vitamin A delivered may be stated also
in USP Units/dosage unit, on the basis that 1 USP Vitamin A Unit equals the biological
activity of 0.3 µg of all-trans-retinol.
1S (USP42)

Capsules used as single-unit containers may be exempted from the requirements of
individual labeling, provided they are packaged in an appropriately labeled secondary
container, including directions for use and delivery of each dosage unit of Oral Liquid
Preparation. Label the Oral Liquid Preparation packaged in multiple-unit containers to
indicate the volume of each dosage unit.
• USP Reference Standards 〈11〉
USP Retinyl Acetate RS
USP Retinyl Palmitate RS
Recent Official Publications:
USP41–NF36 Page 4329
BRIEFING
Vitamin A Tablets, USP 41 page 4330. On the basis of comments received, it is proposed to
remove the expression of vitamin A content in USP Units from the Labeling section due to new
labeling requirements from FDA to label the content of vitamins in metric units.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
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Correspondence Number—C197401
Comment deadline: May 31, 2018
Vitamin A Tablets
DEFINITION
Vitamin A Tablets contain retinyl acetate or retinyl palmitate in an amount equivalent to NLT
95.0% and NMT 120.0% of the labeled amount of vitamin A, as retinol (C20 H30 O).
IDENTIFICATION
[Note—Use low-actinic glassware.]
• A.
Sample solution: Equivalent to 6 µg/mL of retinol from powdered Tablets in methylene
chloride
Analysis: To 1 mL of Sample solution add 10 mL of antimony trichloride TS.
Acceptance criteria: A transient blue color appears at once.
• B. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: Equivalent to 0.5 mg/mL of retinol from USP Retinyl Acetate RS or USP
Retinyl Palmitate RS in methylene chloride
Sample solution: To a portion of finely powdered Tablets, equivalent to 5 mg of retinol,
add 15 mL of water, sonicate, and shake vigorously for 2 min. Extract with 10 mL of
methylene chloride by shaking for 2 min. Centrifuge, and use the lower layer of methylene
chloride extract.
Application volume: 10 µL, 8-mm band
Developing solvent system: Cyclohexane and ether (4:1)
Spray reagent: Phosphomolybdic acid TS
Analysis: Proceed as directed in the chapter, using the Developing solvent system. Locate
the spots on the plate using the Spray reagent.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution.
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
[Note—Use low-actinic glassware.]
Mobile phase: n-Hexane
Standard solution 1: Equivalent to 15 µg/mL of retinol from USP Retinyl Acetate RS in nhexane
Standard solution 2: Equivalent to 15 µg/mL of retinol from USP Retinyl Palmitate RS in n-
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hexane
System suitability solution: Mix equal volumes of Standard solution 1 and Standard
solution 2.
Sample solution: Finely powder NLT 20 Tablets. To a portion of the powder, equivalent to
5 Tablets, accurately weighed, add 15 mL of water, and sonicate for 5 min. Add 15 mL of
n-hexane, and shake for 15 min on a wrist-action shaker in a water bath maintained at
60°. Add 10 mL of dimethyl sulfoxide, and shake for an additional period of 30 min on a
wrist-action shaker in a water bath maintained at 60°. [Note—Set up the wrist-action
shaker to ensure that the contents of the container are mixed vigorously and thoroughly.]
Centrifuge, and transfer the hexane layer to a 100-mL volumetric flask. Repeat the
extraction with three additional 15-mL portions of n-hexane by thoroughly shaking each
for 5 min. Dilute the extracts in the volumetric flask with n-hexane to volume. Further
dilute this solution with n-hexane to obtain a solution with a concentration equivalent to
15 µg/mL of retinol.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl palmitate and all-trans-retinyl acetate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution 1 or Standard solution 2 and Sample solution
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
rS = peak area of the all-trans-retinyl ester from the appropriate Standard solution
CS = concentration of retinol in the appropriate Standard solution (µg/mL)
CU = nominal concentration of vitamin A, as retinol, in the Sample solution (µg/mL)
Acceptance criteria: 95.0%–120.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
PERFORMANCE TESTS
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• Dissolution 〈711〉
[Note—Perform this test under light conditions that minimize photo degradation.]
Medium: 1% (w/v) sodium ascorbate and 1% (w/v) octoxynol 9 in 0.05 M phosphate
buffer with a pH of 6.8; 900 mL
Apparatus 2: 75 rpm
Time: 45 min
Solution A: Methanol and water (90:10)
Solution B: Methanol and isopropyl alcohol (55:45)
Mobile phase: See Table 1.
Time
(min)
0
8
13
13.1
15

Table 1
Solution A
(%)
100
0
0
100
100

Solution B
(%)
0
100
100
0
0

Standard solution: Dissolve a suitable amount of USP Retinyl Acetate RS or USP Retinyl
Palmitate RS in isopropyl alcohol, and dilute with Medium to obtain a concentration similar
to that expected in the Sample solution. [Note—The amount of isopropyl alcohol should be
5%–10%.]
Sample solution: Withdraw a portion of the solution under test, pass through a suitable
filter of 0.45-µm pore size, and use the pooled sample as the test specimen.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5 for retinyl acetate and NMT 2.0 for retinyl palmitate
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of retinyl acetate or retinyl palmitate
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dissolved:
Result = (rU/rS) × (CS × V/L) × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
rS = peak area of the all-trans-retinyl ester from the appropriate Standard solution
CS = concentration of retinol in the appropriate Standard solution (µg/mL)
V = volume of Medium, 900 mL
L = label claim of vitamin A, as retinol (µg/Tablet)
Tolerances: NLT 75% (Q) of the labeled amount of retinyl acetate or retinyl palmitate is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Protect Tablets from light.
Change to read:
• Labeling: Label it to indicate the chemical form of vitamin A present and to indicate the
vitamin A activity in terms of the equivalent amount of retinol Vitamin A activity may be
stated also in USP units. USP units of activity for vitamins, where such exist or formerly
existed, are equivalent to the corresponding international units, where such formerly
existed. International units (IU) for vitamins also have been discontinued; however, the
use of IU on the labels of vitamin products continues. Where articles are labeled in terms
of Units in addition to the required labeling, the relationship of the USP Units or IU to mass
is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol (vitamin A alcohol) or
0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol
equivalent (RE).
in mg/Tablet. 1S (USP42)
• USP Reference Standards 〈11〉
USP Retinyl Acetate RS
USP Retinyl Palmitate RS
Recent Official Publications:
USP41–NF36 Page 4330
BRIEFING
Vitamin E, USP 41 page 4331. On the basis of comments received, the following changes
are proposed:
1. Change the d and dl terms for vitamin E isomers to RRR and all-rac terms, respectively,
to harmonize with European Pharmacopoeia 9.5 monographs.
2. Modify the footnote in the Labeling section regarding the relationship between formerly
USP Units and mass.
3. Add to the Labeling section the requirement to express vitamin E content in mg/g, or, in
terms of the equivalent amount of RRR-alpha tocopherol, in mg/g.
4. Change the Acceptance criteria for the all-rac isomers from “show no optical rotation
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activity” to “−0.01° to +0.01°” in the test for Optical Rotation to harmonize with the
European Pharmacopoeia 9.5 monograph for all-rac-alpha Tocopherol.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: H. Dinh.)
Correspondence Number—C196535
Comment deadline: May 31, 2018
Vitamin E
DEFINITION
Change to read:
Vitamin E is a form of alpha tocopherol (C29 H50 O2 ). It includes the following: dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol (C29 H50 O2 ); dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopheryl acetate (C31 H52 O3 ); dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopheryl acid succinate (C33 H54 O5 ). It contains NLT 96.0% and NMT 102.0% of
C29 H50 O2 , C31 H52 O3 , or C33 H54 O5 .
IDENTIFICATION
Change to read:
• A.
[Note—Use low-actinic glassware.]
Sample solutions
Alpha tocopherol: 1 mg/mL in dehydrated alcohol
Alpha tocopheryl acetate: Transfer 220 mg of dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopheryl acetate to a round-bottom, glass-stoppered, 150-mL flask, and
dissolve in 25 mL of dehydrated alcohol. Add 20 mL of diluted sulfuric acid in alcohol (1
in 7), and reflux in an all-glass apparatus for 3 h, protected from sunlight. Cool, transfer
to a 200-mL volumetric flask, and add diluted sulfuric acid in alcohol (1 in 72) to volume.
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Alpha tocopheryl acid succinate: [Caution—Wear safety goggles.] Transfer an
amount of the sample, equivalent to 200 mg of alpha tocopherol, to a round-bottom,
glass-stoppered, 250-mL flask, dissolve in 50 mL of dehydrated alcohol, and reflux for 1
min. While the solution is boiling, add, through the condenser, 1 g of potassium
hydroxide pellets, one at a time to avoid overheating.
Continue refluxing for 20 min and, without cooling, add 2 mL of hydrochloric acid dropwise
through the condenser. [Note—This technique is essential to prevent oxidative action by
air while the sample is in an alkaline medium.]
Cool, and transfer the contents of the flask to a 500-mL separator, rinsing the flask with
100 mL each of water and of ether, and adding the rinsings to the separator. Shake
vigorously, allow the layers to separate, and collect each of the two layers in individual
separators. Extract the aqueous layer with two 50-mL portions of ether, and add these
extracts to the main ether extract. Wash the combined ether extracts with four 100-mL
portions of water, then evaporate the ether solution on a water bath under reduced
pressure or in an atmosphere of nitrogen until about 7–8 mL remain. Complete the
evaporation, removing the last traces of ether without the application of heat.
Immediately dissolve the residue in diluted sulfuric acid in alcohol (1 in 72), transfer to a
200-mL volumetric flask, and dilute with the alcoholic sulfuric acid to volume.
Analysis
Sample: Use the appropriate Sample solution.
To 10 mL of Sample solution add 2 mL of nitric acid, with swirling, and heat at about 75° for
15 min.
Acceptance criteria: A bright red or orange color develops.
Change to read:
• B. Optical Rotation 〈781〉
Sample solutions
Alpha tocopherol: Dissolve 100 mg of alpha tocopherol in 50 mL of ether.
Alpha tocopheryl acetate: Transfer a volume of the Sample solution for Alpha
tocopheryl acetate from Identification A, equivalent to 100 mg of the test article, to a
separator, and add 200 mL of water. Extract with ether, first with 75 mL, then with 25
mL, and combine the ether extracts in another separator.
Alpha tocopheryl acid succinate: Transfer a volume of Sample solution for Alpha
tocopheryl acid succinate from Identification A, equivalent to 100 mg of the test article,
to a separator, and add 200 mL of water. Extract with ether, first with 75 mL, then with
25 mL, and combine the ether extracts in another separator.
Analysis
Sample: Use the appropriate Sample solution.
To the entire volume of a Sample solution, as prepared above, add 20 mL of a solution (1 in
10) of potassium ferricyanide in sodium hydroxide solution (1 in 125), and shake for 3 min.
Wash the ether solution with four 50-mL portions of water, discard the washings, and dry
over anhydrous sodium sulfate. Evaporate the dried ether solution on a water bath under
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reduced pressure or in an atmosphere of nitrogen until 7–8 mL remain, then complete the
evaporation, removing the last traces of ether without the application of heat.
Immediately dissolve the residue in 5.0 mL of 2,2,4-trimethylpentane, and determine the
optical rotation using as c the number of grams of total tocopherols, determined in the
appropriate Assay, in each 100 mL of solution used for the test.
Acceptance criteria
d
RRR 1S (USP42)
Isomers: NLT +24°
dl
All-rac 1S (USP42)
Forms: Show no optical rotation activity
−0.01° to +0.01° 1S (USP42)
• C. The retention time of the major peak of alpha tocopherol of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Alpha Tocopherol
[Note—Use low-actinic glassware.]
Internal standard solution: 10 mg/mL of squalane in cyclohexane
System suitability solution: 0.1 mg/mL each of USP Alpha Tocopherol RS and USP Alpha
Tocopheryl Acetate RS in cyclohexane
Standard solution: 10 mg/mL of USP Alpha Tocopherol RS in Internal standard solution
Sample solution: 10 mg/mL of Vitamin E (dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol) in Internal standard solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused silica capillary; bonded with a 0.25-µm film of phase G2
Temperatures
Injection port: 290°
Column: 280°
Detector: 290°
Carrier gas: Helium
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Flow rate: 1 mL/min
Injection type: Split; split ratio, 100:1
Injection volume: 1 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.5 between alpha tocopherol and alpha tocopheryl acetate, System
suitability solution
Relative standard deviation: NMT 2.0% for the peak response ratios of alpha
tocopherol to the internal standard from replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol (C29 H50 O2 ) in the portion of Vitamin E taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of alpha tocopherol to the internal standard from the Sample
solution
RS = peak response ratio of alpha tocopherol to the internal standard from the Standard
solution
CS = concentration of USP Alpha Tocopherol RS in the Standard solution (mg/mL)
CU = concentration of Vitamin E in the Sample solution (mg/mL)
Acceptance criteria: 96.0%–102.0% of dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol (C29 H50 O2 )
Change to read:
• Alpha Tocopheryl Acetate
[Note—Use low-actinic glassware.]
Internal standard solution, System suitability solution, Standard solution, Sample
solution, Chromatographic system, and System suitability: Proceed as directed in
the Assay for Alpha Tocopherol except as follows. For the Standard solution, Sample
solution, and Relative standard deviation, substitute alpha tocopheryl acetate for alpha
tocopherol, and substitute USP Alpha Tocopheryl Acetate RS for USP Alpha Tocopherol
RS.
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopheryl acetate (C31 H52 O3 ) in the portion of Vitamin E taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of alpha tocopheryl acetate to the internal standard from the
Sample solution
RS = peak response ratio of alpha tocopheryl acetate to the internal standard from the
Standard solution
CS = concentration of USP Alpha Tocopheryl Acetate RS in the Standard solution (mg/mL)
CU = concentration of Vitamin E in the Sample solution (mg/mL)
Acceptance criteria: 96.0%–102.0% of dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopheryl acetate (C31 H52 O3 )
Change to read:
• Alpha Tocopheryl Acid Succinate
[Note—Use low-actinic glassware.]
Internal standard solution, System suitability solution, Chromatographic system,
and System suitability: Proceed as directed in the Assay for Alpha Tocopherol. For the
Relative standard deviation, substitute alpha tocopheryl acid succinate for alpha
tocopherol.
Standard solution: Transfer 30.0 mg of USP Alpha Tocopheryl Acid Succinate RS into a
20-mL vial. Add 2.0 mL of methanol, 1.0 mL of 2,2-dimethoxypropane, and 0.1 mL of
hydrochloric acid to the vial. Cap tightly, and sonicate. Allow to stand in the dark for 1 h
± 5 min. Remove from the dark, uncap, and evaporate just to dryness on a steam bath
with the aid of a stream of nitrogen. Add 3.0 mL of Internal standard solution, and mix on
a vortex mixer to dissolve.
Sample solution: Transfer 30.0 mg of Vitamin E (dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocoopheryl acid succinate) into a 20-mL vial. Add 2.0 mL of methanol, 1.0 mL of
2,2-dimethoxypropane, and 0.1 mL of hydrochloric acid to the vial. Cap tightly, and
sonicate. Allow to stand in the dark for 1 h ± 5 min. Remove from the dark, uncap, and
evaporate just to dryness on a steam bath with the aid of a stream of nitrogen. Add 3.0
mL of Internal standard solution, and mix on a vortex mixer to dissolve.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of d-
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RRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopheryl acid succinate (C33 H54 O5 ) in the portion of Vitamin E taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of alpha tocopheryl acid succinate to the internal standard from
the Sample solution
RS = peak response ratio of alpha tocopheryl acid succinate to the internal standard from
the Standard solution
CS = concentration of USP Alpha Tocopheryl Acid Succinate RS in the Standard solution
(mg/mL)
CU = concentration of Vitamin E in the Sample solution (mg/mL)
Acceptance criteria: 96.0%–102.0% of Vitamin E as dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopheryl acid succinate (C33 H54 O5 )
SPECIFIC TESTS
• Acidity
Diluent: Alcohol and ether (1:1), neutralized to phenolphthalein with 0.1 N sodium
hydroxide
Sample: 1.0 g
Analysis: Dissolve the Sample in 25 mL of Diluent, add 0.5 mL of phenolphthalein TS, and
titrate with 0.10 N sodium hydroxide until the solution remains faintly pink after shaking for
30 s.
Acceptance criteria: Alpha tocopheryl acid succinate requires 18.0–19.3 mL of 0.10 N
sodium hydroxide; the other forms of Vitamin E require NMT 1.0 mL of 0.10 N sodium
hydroxide.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, protected from light. Protect dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol with a blanket of an inert gas,
and store at room temperature. 1S (USP42)
Change to read:
• Labeling: Label Vitamin E to indicate the chemical form and to indicate whether it is the dRRR 1S (USP42)
or the dlall-rac 1S (USP42)
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form. The Vitamin E activity may be expressed in
mg/g, or, 1S (USP42)
in terms of the equivalent amount of d
RRR 1S (USP42)
-alpha tocopherol, in mg/g, based on the following relationship between the former USP
Units (equal to the former International Units) and mass.1
• USP Reference Standards 〈11〉
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
1 In terms of
former 1S (USP42)
USP Units, 1 mg of dl
all-rac 1S (USP42)
-alpha tocopherol = 1.1 former USP Vitamin E Units; 1 mg of dl
all-rac 1S (USP42)
-alpha tocopheryl acetate = 1 former USP Vitamin E unit; 1 mg of dl
all-rac 1S (USP42)
-alpha tocopheryl acid succinate = 0.89 former USP Vitamin E Units; 1 mg of d
RRR 1S (USP42)
-alpha tocopherol = 1.49 former USP Vitamin E Units; 1 mg of d
RRR 1S (USP42)
-alpha tocopheryl acetate = 1.36 former USP Vitamin E Units; and 1 mg of d
RRR 1S (USP42)
-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E Units. In terms of d
RRR 1S (USP42)
-alpha tocopherol equivalents, 1 mg of d
RRR 1S (USP42)
-alpha tocopheryl acetate = 0.91; 1 mg of d
RRR 1S (USP42)
-alpha tocopheryl acid succinate = 0.81; 1 mg of dl
all-rac 1S (USP42)
-alpha tocopherol = 0.74; 1 mg of dl
all-rac 1S (USP42)
-alpha tocopheryl acetate = 0.67; and 1 mg of dl
all-rac 1S (USP42)
-alpha tocopheryl acid succinate = 0.60.
Note that 1 mg of Institute of Medicine (IOM) alpha tocopherol equivalent = 1 mg of 2 R-alpha tocopherol =
1 mg of RRR-alpha tocopherol = 2 mg of all-rac-alpha tocopherol. 1S (USP42)

Recent Official Publications:
USP41–NF36 Page 4331
BRIEFING
Vitamin E Capsules, USP 41 page 4333. On the basis of comments received, the following
changes are proposed:
1. Change the d and dl terms for vitamin E isomers to RRR and all-rac terms, respectively,
to harmonize with European Pharmacopoeia 9.5 monographs.
2. Change the Acceptance criteria for the all-rac isomers from “show essentially no optical
rotation” to “−0.01° to +0.01°” in the test for Optical Rotation to be consistent with
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the Vitamin E monograph also appearing in this issue of PF.
3. Add to the Labeling section the requirement to express vitamin E content in mg/Capsule
due to new labeling requirements from FDA to label the content of vitamins in metric
units.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C197394
Comment deadline: May 31, 2018
Vitamin E Capsules
DEFINITION
Change to read:
Vitamin E Capsules contain Vitamin E or Vitamin E Preparation, where Vitamin E is a form of
alpha tocopherol (C29 H50 O2 ) that includes dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol (C29 H50 O2 ), dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopheryl acetate (C31 H52 O3 ), and dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopheryl acid succinate (C33 H54 O5 ); and Vitamin E Preparation is a combination of a
single form of Vitamin E with one or more inert substances. Vitamin E Capsules contain NLT
95.0% and NMT 120.0% of the labeled amount of Vitamin E.
IDENTIFICATION
Change to read:
• A.
[Note—Use low-actinic glassware.]
Sample solutions
Alpha tocopherol: Nominally 1 mg/mL in dehydrated alcohol
Alpha tocopheryl acetate: Transfer 220 mg of dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopheryl acetate from the Capsule contents to a round-bottom, glass-
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stoppered, 150-mL flask, and dissolve in 25 mL of dehydrated alcohol. Add 20 mL of
diluted sulfuric acid in alcohol (1 in 7), and reflux in an all-glass apparatus for 3 h,
protected from sunlight. Cool, transfer to a 200-mL volumetric flask, and add diluted
sulfuric acid in alcohol (1 in 72) to volume.
Alpha tocopheryl acid succinate: [Caution—Wear safety goggles.] Transfer an
amount of Capsule contents, equivalent to 200 mg of alpha tocopherol, to a roundbottom, glass-stoppered, 250-mL flask, dissolve in 50 mL of dehydrated alcohol, and
reflux for 1 min. While the solution is boiling, add, through the condenser, 1 g of
potassium hydroxide pellets, one at a time to avoid overheating.
Continue refluxing for 20 min and, without cooling, add 2 mL of hydrochloric acid dropwise
through the condenser. [Note—This technique is essential to prevent oxidative action by
air while the sample is in an alkaline medium.]
Cool, and transfer the contents of the flask to a 500-mL separator, rinsing the flask with
100 mL each of water and of ether, and adding the rinsings to the separator. Shake
vigorously, allow the layers to separate, and collect each of the two layers in individual
separators. Extract the aqueous layer with two 50-mL portions of ether, and add these
extracts to the main ether extract. Wash the combined ether extracts with four 100-mL
portions of water, then evaporate the ether solution on a water bath under reduced
pressure or in an atmosphere of nitrogen until about 7–8 mL remain. Complete the
evaporation, removing the last traces of ether without the application of heat.
Immediately dissolve the residue in diluted sulfuric acid in alcohol (1 in 72), transfer to a
200-mL volumetric flask, and dilute with diluted sulfuric acid in alcohol (1 in 72) to
volume.
Analysis
Sample: Use the appropriate Sample solution.
To 10 mL of Sample solution add 2 mL of nitric acid, with swirling, and heat at about 75° for
15 min.
Acceptance criteria: A bright red or orange color develops.
Change to read:
• B. Optical Rotation 〈781〉
Sample solutions
Alpha tocopherol: Dissolve an amount of the sample equivalent to 100 mg of alpha
tocopherol in 50 mL of ether.
Alpha tocopheryl acetate: Transfer a volume of the Sample solution for Alpha
tocopheryl acetate from Identification A, equivalent to 100 mg of the test article, to a
separator, and add 200 mL of water. Extract with ether, first with 75 mL, then with 25
mL, and combine the ether extracts in another separator.
Alpha tocopheryl acid succinate: Transfer a volume of the Sample solution for Alpha
tocopheryl acid succinate from Identification A, equivalent to 100 mg of the test article,
to a separator, and add 200 mL of water. Extract with ether, first with 75 mL, then with
25 mL, and combine the ether extracts in another separator.
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Analysis
Sample: Use the appropriate Sample solution.
To the entire volume of a Sample solution, as prepared above, add 20 mL of a solution (1 in
10) of potassium ferricyanide in sodium hydroxide solution (1 in 125), and shake for 3 min.
Wash the ether solution with four 50-mL portions of water, discard the washings, and dry
over anhydrous sodium sulfate. Evaporate the dried ether solution on a water bath under
reduced pressure or in an atmosphere of nitrogen until 7–8 mL remain, then complete the
evaporation, removing the last traces of ether without the application of heat.
Immediately dissolve the residue in 5.0 mL of 2,2,4-trimethylpentane, and determine the
optical rotation using as c the number of grams of total tocopherols, determined in the
appropriate Assay, in each 100 mL of solution used for the test.
Acceptance criteria
For Capsules labeled to contain dRRR 1S (USP42)
isomers: NLT +24°
For Capsules labeled to contain dl
all-rac 1S (USP42)
forms: Show essentially no optical rotation
−0.01° to +0.01° 1S (USP42)
• C. The retention time of the major peak of alpha tocopherol of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Alpha Tocopherol
[Note—Use low-actinic glassware.]
Internal standard solution: 10 mg/mL of squalane in cyclohexane
System suitability solution: 0.1 mg/mL each of USP Alpha Tocopherol RS and USP Alpha
Tocopheryl Acetate RS in cyclohexane
Standard solution: 10 mg/mL of USP Alpha Tocopherol RS in Internal standard solution
Sample solution: Weigh NLT 10 Capsules in a tared weighing bottle. With a sharp knife or
by other appropriate means, carefully open the Capsules, without loss of the shell
material, and transfer the combined Capsule content to a 100-mL beaker. Remove any
adhering substance from the emptied Capsules by washing with several small portions of
n-hexane. Discard the washings, and allow the empty Capsules to dry in a current of dry
air until the odor of n-hexane is no longer perceptible. Weigh the empty Capsules in the
original tared weighing bottle, and calculate the average net weight/Capsule. Dissolve a
portion of the combined Capsule contents in Internal standard solution to prepare a
Vitamin E (dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
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-alpha tocopherol) solution with a nominal concentration of 10 mg/mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused silica capillary; bonded with a 0.25-µm film of phase G2
Temperatures
Injection port: 290°
Column: 280°
Detector: 290°
Carrier gas: Helium
Flow rate: 1 mL/min
Injection type: Split; split ratio, 100:1
Injection volume: 1 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.5 between alpha tocopherol and alpha tocopheryl acetate, System
suitability solution
Relative standard deviation: NMT 2.0% for peak response ratios of alpha tocopherol
to the internal standard from replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of Vitamin E (dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol) in the portion of the Capsule contents taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of alpha tocopherol to the internal standard from the Sample
solution
RS = peak response ratio of alpha tocopherol to the internal standard from the Standard
solution
CS = concentration of USP Alpha Tocopherol RS in the Standard solution (mg/mL)
CU = nominal concentration of Vitamin E as dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–120.0% of the labeled amount of Vitamin E as d-
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RRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol (C29 H50 O2 )
Change to read:
• Alpha Tocopheryl Acetate: Proceed as directed in the Assay for Alpha Tocopherol except
as follows. For the Standard solution and Sample solution, substitute alpha tocopheryl
acetate for alpha tocopherol, and substitute USP Alpha Tocopheryl Acetate RS for USP
Alpha Tocopherol RS.
Acceptance criteria: 95.0%–120.0% of the labeled amount of Vitamin E as dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopheryl acetate (C31 H52 O3 )
Change to read:
• Alpha Tocopheryl Acid Succinate
Internal standard solution, System suitability solution, Chromatographic system,
System suitability, and Analysis: Proceed as directed in the Assay for Alpha
Tocopherol.
Standard solution: Transfer 30.0 mg of USP Alpha Tocopheryl Acid Succinate RS into a
20-mL vial. Add 2.0 mL of methanol, 1.0 mL of 2,2-dimethoxypropane, and 0.1 mL of
hydrochloric acid to the vial. Cap tightly, and sonicate. Allow to stand in the dark for 1 h
± 5 min. Remove from the dark, uncap, and evaporate just to dryness on a steam bath
with the aid of a stream of nitrogen. Add 3.0 mL of Internal standard solution, and mix on
a vortex mixer to dissolve.
Sample solution: Weigh NLT 10 Capsules in a tared weighing bottle. With a sharp knife or
by other appropriate means, carefully open the Capsules, without loss of the shell
material, and transfer the combined Capsule content to a 100-mL beaker. Remove any
adhering substance from the emptied Capsules by washing with several small portions of
n-hexane. Discard the washings, and allow the empty Capsules to dry in a current of dry
air until the odor of n-hexane is no longer perceptible. Weigh the empty Capsules in the
original tared weighing bottle, and calculate the average net weight/Capsule. Transfer a
portion of the combined Capsule contents, equivalent to 30.0 mg of Vitamin E (dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopheryl acid succinate), into a 20-mL vial. Add 2.0 mL of methanol, 1.0 mL of
2,2-dimethoxypropane, and 0.1 mL of hydrochloric acid to the vial. Cap tightly, and
sonicate. Allow to stand in the dark for 1 h ± 5 min. Remove from the dark, uncap, and
evaporate just to dryness on a steam bath with the aid of a stream of nitrogen. Add 3.0
mL of Internal standard solution, and mix on a vortex mixer to dissolve.
Acceptance criteria: 95.0%–120.0% of Vitamin E as dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
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-alpha tocopheryl acid succinate (C33 H54 O5 )
PERFORMANCE TESTS
• Disintegration 〈701〉
Buffer solution: Dissolve 2.99 g of sodium acetate and 1.66 mL of glacial acetic acid in
water to obtain 1000 mL of solution having a pH of 4.5 ± 0.05.
Medium: Buffer solution
Time: 45 min
Acceptance criteria: Meet the requirements
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Protect Capsules containing dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol from light.
Change to read:
• Labeling: Label to indicate the chemical form of Vitamin E present and to indicate whether
the d
RRR 1S (USP42)
or dl
all-rac 1S (USP42)
form is present, excluding any different forms that may be introduced as a minor
constituent of the vehicle. Designate the quantity of Vitamin E present
in mg/Capsule. 1S (USP42)
• USP Reference Standards 〈11〉
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
Recent Official Publications:
USP41–NF36 Page 4333
BRIEFING
Vitamin E Preparation, USP 41 page 4335. On the basis of comments received, the
following changes are proposed:
1. Change the d and dl terms for vitamin E isomers to RRR and all-rac terms, respectively,
to harmonize with European Pharmacopoeia 9.5 monographs.
2. Add to the Labeling section the requirement to express vitamin E content in mg/g.
3. Change the Acceptance criteria for the all-rac isomers from “show essentially no optical
rotation” to “−0.01° to +0.01°” in the test for Optical Rotation to harmonize with the
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European Pharmacopoeia 9.5 monograph for all-rac-alpha Tocopherol.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: H. Dinh.)
Correspondence Number—C196536
Comment deadline: May 31, 2018
Vitamin E Preparation
DEFINITION
Change to read:
Vitamin E Preparation is a combination of a single form of Vitamin E with one or more inert
substances. It may be in a liquid or solid form. It contains NLT 95.0% and NMT 120.0% of the
labeled amount of Vitamin E. Vitamin E Preparation labeled to contain a dl
all-rac 1S (USP42)
form of Vitamin E may contain also a small amount of a d
RRR 1S (USP42)
-form of Vitamin E, occurring as a minor constituent of an added substance.
IDENTIFICATION
[Note—Use low-actinic glassware.]
• A.
Sample solution: [Caution—Wear safety goggles.] Transfer an amount of Preparation,
equivalent to 200 mg of alpha tocopherol, to a round-bottom, glass-stoppered, 250-mL
flask. Dissolve in 50 mL of dehydrated alcohol, and reflux for 1 min. While the solution is
boiling, add, through the condenser, 1 g of potassium hydroxide pellets, one at a time to
avoid overheating.
Continue refluxing for 20 min and, without cooling, add 2 mL of hydrochloric acid dropwise
through the condenser. [Note—This technique is essential to prevent oxidative action by
air while the sample is in an alkaline medium.]
Cool, and transfer the contents of the flask to a 500-mL separator, rinsing the flask with 100
mL each of water and of ether, and adding the rinsings to the separator. Shake vigorously,
allow the layers to separate, and collect each of the two layers in individual separators.
Extract the aqueous layer with two 50-mL portions of ether, and add these extracts to the
main ether extract. Wash the combined ether extracts with four 100-mL portions of water,
then evaporate the ether solution on a water bath under reduced pressure or in an
atmosphere of nitrogen until about 7–8 mL remain. Complete the evaporation, removing the
last traces of ether without the application of heat. Immediately dissolve the residue in
dehydrated alcohol, transfer to a 250-mL volumetric flask, and dilute with dehydrated
alcohol to volume.
Analysis: To 10 mL of the Sample solution, add 2 mL of nitric acid, with swirling, and heat
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at about 75° for 15 min.
Acceptance criteria: A bright red or orange color develops.
Change to read:
• B. Optical Rotation 〈781〉
Sample solution: A volume of the Sample solution from Identification A, equivalent to 100
mg of Preparation
Analysis: Transfer the Sample solution to a separator, and add 200 mL of water. Extract
with ether, first with 75 mL, then with 25 mL, and combine the ether extracts in another
separator. To the combined ether extracts, add 20 mL of a solution (1 in 10) of potassium
ferricyanide in sodium hydroxide solution (1 in 125), and shake for 3 min. Wash the ether
solution with four 50-mL portions of water, discard the washings, and dry over anhydrous
sodium sulfate. Evaporate the dried ether solution on a water bath under reduced
pressure or in an atmosphere of nitrogen until about 7–8 mL remain, then complete the
evaporation, removing the last traces of ether without the application of heat.
Immediately dissolve the residue in 5.0 mL of 2,2,4-trimethylpentane, and determine the
optical rotation using c as the number of grams of total tocopherols, as determined in the
appropriate Assay, in each 100 mL of solution used for the test.
Acceptance criteria
d
RRR 1S (USP42)
Isomers: NLT +24°
dl
All-rac 1S (USP42)
Forms: Show essentially no optical rotation
−0.01° to +0.01° 1S (USP42)
• C. The retention time of the major peak of the Sample solution corresponds that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Alpha Tocopherol
[Note—Use low-actinic glassware.]
Internal standard solution: 10 mg/mL of squalane in cyclohexane
System suitability solution: 0.1 mg/mL each of USP Alpha Tocopherol RS and USP Alpha
Tocopheryl Acetate RS in cyclohexane
Standard solution: 10 mg/mL of USP Alpha Tocopherol RS in Internal standard solution
Sample solution
For the Preparation in liquid form: Dissolve a portion of Preparation in Internal standard
solution to prepare a Vitamin E (dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
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-alpha tocopherol) solution with a nominal concentration of 10 mg/mL.
For the Preparation in solid form: Transfer a portion of Preparation, equivalent to 50
mg of alpha tocopherol, into a flask suitable for refluxing. Add 5 mL of water, and heat
on a water bath at 60° for 10 min. Add 25 mL of alcohol, and reflux for 30 min. Cool, and
transfer to a separator with the aid of 50 mL of water and 50 mL of ether. Shake
vigorously, allow the layers to separate, and collect each layer in individual separators.
Extract the aqueous layer with two 25-mL portions of ether, combining the extracts with
the original ether layer. Wash the combined extract with one 25-mL portion of water,
filter the ether solutions through 1 g of anhydrous sodium sulfate, and, with the aid of a
stream of nitrogen, evaporate the ether solution on a water bath controlled at a
temperature that will not cause the ether solution to boil over. Remove the container
from the water bath when 5 mL remains, and complete the evaporation without the
application of heat. Dissolve the residue in Internal standard solution to prepare a
Vitamin E (dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol) solution with a nominal concentration of 10 mg/mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused silica capillary; bonded with a 0.25-µm film of phase G2
Temperatures
Injection port: 290°
Column: 280°
Detector: 290°
Carrier gas: Helium
Flow rate: 1 mL/min
Injection type: Split; split ratio, 100:1
Injection volume: 1 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.5 between alpha tocopherol and alpha tocopheryl acetate, System
suitability solution
Relative standard deviation: NMT 2.0% for the peak response ratios of alpha
tocopherol to the internal standard from replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of Vitamin E (d-
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RRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol) in the portion of Preparation taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of alpha tocopherol to the internal standard from the Sample
solution
RS = peak response ratio of alpha tocopherol to the internal standard from the Standard
solution
CS = concentration of USP Alpha Tocopherol RS in the Standard solution (mg/mL)
CU = nominal concentration of Vitamin E as dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–120.0% of the labeled amount of Vitamin E as dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol (C29 H50 O2 )
• Alpha Tocopheryl Acetate: Proceed as directed in the Assay for Alpha Tocopherol except
as follows. For the Standard solution and Sample solution, substitute alpha tocopheryl
acetate for alpha tocopherol, and substitute USP Alpha Tocopheryl Acetate RS for USP
Alpha Tocopherol RS.
Acceptance criteria: 95.0%–120.0%
Change to read:
• Alpha Tocopheryl Acid Succinate
Internal standard solution, System suitability solution, Chromatographic system,
System suitability, and Analysis: Proceed as directed in the Assay for Alpha
Tocopherol.
Standard solution: Transfer 30.0 mg of USP Alpha Tocopheryl Acid Succinate RS into a
20-mL vial. Add 2.0 mL of methanol, 1.0 mL of 2,2-dimethoxypropane, and 0.1 mL of
hydrochloric acid to the vial. Cap tightly, and sonicate. Allow to stand in the dark for 1 h
± 5 min. Remove from the dark, uncap, and evaporate just to dryness on a steam bath
with the aid of a stream of nitrogen. Add 3.0 mL of Internal standard solution, and mix on
a vortex mixer to dissolve.
Sample solution
For the Preparation in liquid form: Transfer a portion of Preparation, equivalent to 30.0
mg of Vitamin E (dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopheryl acid succinate), into a 20-mL vial. Add 2.0 mL of methanol, 1.0 mL of
2,2-dimethoxypropane, and 0.1 mL of hydrochloric acid to the vial. Cap tightly, and
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sonicate. Allow to stand in the dark for 1 h ± 5 min. Remove from the dark, uncap, and
evaporate just to dryness on a steam bath with the aid of a stream of nitrogen. Add 3.0
mL of Internal standard solution, and mix on a vortex mixer to dissolve.
For the Preparation in solid form: Transfer a portion of Preparation, equivalent to 30
mg of Vitamin E (dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopheryl acid succinate), into a flask suitable for refluxing. Add 5 mL of water,
and heat on a water bath at 60° for 10 min. Add 25 mL of alcohol, and reflux for 30 min.
Cool, and transfer to a separator with the aid of 50 mL of water and 50 mL of ether.
Shake vigorously, allow the layers to separate, and collect each layer in individual
separators. Extract the aqueous layer with two 25-mL portions of ether, combining the
extracts with the original ether layer. Wash the combined extract with one 25-mL
portion of water, filter the ether solutions through 1 g of anhydrous sodium sulfate, and,
with the aid of a stream of nitrogen, evaporate the ether solution on a water bath
controlled at a temperature that will not cause the ether solution to boil over. Remove
the container from the water bath when 5 mL remains. Quantitatively transfer the
remains into a 20-mL vial, and complete the evaporation without the application of heat.
Add 2.0 mL of methanol, 1.0 mL of 2,2- dimethoxypropane, and 0.1 mL of hydrochloric
acid to the vial. Cap tightly, and sonicate. Allow to stand in the dark for 1 h ± 5 min.
Remove from the dark, uncap, and evaporate just to dryness on a steam bath with the
aid of a stream of nitrogen. Add 3.0 mL of Internal standard solution, and mix on a
vortex mixer to dissolve.
Acceptance criteria: 95.0%–120.0%
SPECIFIC TESTS
• Acidity (for liquid forms of Vitamin E Preparation)
Diluent: Alcohol and ether (1:1), neutralized to phenolphthalein with 0.1 N sodium
hydroxide
Sample solution: Dissolve 1 g of Preparation in 25 mL of Diluent.
Analysis: To 25 mL of the Sample solution add 0.5 mL of phenolphthalein TS, and titrate
with 0.10 N sodium hydroxide until the solution remains faintly pink after shaking for 30 s.
Acceptance criteria: NMT 1.0 mL of 0.10 N sodium hydroxide is required.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, protected from light. Protect
Preparation containing dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
-alpha tocopherol with a blanket of inert gas.
Change to read:
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• Labeling: Label it to indicate the chemical form of Vitamin E present, and to indicate
whether the dRRR- 1S (USP42)
or dl
all-rac 1S (USP42)
form is present, excluding any different forms that may be introduced as a minor
constituent of the vehicle. Designate the quantity of Vitamin E present, Vitamin E
content is expressed in mg/g. 1S (USP42)
• USP Reference Standards 〈11〉
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
Recent Official Publications:
USP41–NF36 Page 4335
BRIEFING
Zolmitriptan, USP 41 page 4395. On the basis of comments received, it is proposed to
revise the monograph as follows:
1. Revise the test for Limit of Zolmitriptan R-Isomer and Other Impurities to include the
correct elution order of zolmitriptan related compound F and zolmitriptan related
compound G and the corresponding RRF values and the limits.
2. Provide additional helpful information regarding the instrumental conditions for the Limit
of Zolmitriptan R-Isomer and Other Impurities test.
3. Revise the concentration of the Internal standard solution in the test for Limit of
Zolmitriptan R-Isomer and Other Impurities for easy solution preparation.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
The manufacturers of the drug substance are encouraged to submit their comments.
Manufacturers who may have a single HPLC procedure that can be used to quantify zolmitriptan
related compound B, zolmitriptan related compound E, zolmitriptan related compound F, and
zolmitriptan related compound G are encouraged to submit their procedure along with the
validation data for a potential revision of the monograph.
(CHM4: R. Ravichandran, S. Ramachandran.)
Correspondence Number—C181424
Comment deadline: May 31, 2018
Zolmitriptan

PF 44(2): Mar.-Apr. 2018

C16 H21 N3 O2

475

287.36

2-Oxazolidinone, 4-[[3-[2-(dimethylamino)ethyl]-1H-indol-5-yl]methyl]-, (S)-;
(S)-4-[[3-[2-(Dimethylamino)ethyl]indol-5-yl]methyl]-2-oxazolidinone
[139264-17-8].
DEFINITION
Zolmitriptan contains NLT 97.0% and NMT 102.0% of zolmitriptan (C16 H21 N3 O2 ), calculated
on the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. The migration time of the major peak of the Sample solution corresponds to that of the
System suitability solution, as obtained in the test for Limit of Zolmitriptan R-Isomer and
Other Impurities.
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and water trifluoroacetic acid, and triethylamine (135: 865: 1:
0.25)
(135:865). For every liter of the mixture add 1 mL of trifluoroacetic acid and 0.25 mL of
triethylamine. 1S (USP42)
System suitability solution: 0.12 µg/mL of USP Zolmitriptan Related Compound E RS and
25 µg/mL of USP Zolmitriptan RS in Mobile phase
Standard solution: 0.025 mg/mL of USP Zolmitriptan RS in Mobile phase
Sample solution: 0.025 mg/mL of Zolmitriptan in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.0-mm × 12.5-cm; 5-µm packing L1
Flow rate: 1 mL/min
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Injection volume: 20 µL
Run time: About 3 times the retention time of zolmitriptan
System suitability
Sample: System suitability solution
[Note—The relative retention times for zolmitriptan and zolmitriptan related compound E
are 1.0 and 1.6, respectively.]
Suitability requirements
Resolution: NLT 5 between zolmitriptan and zolmitriptan related compound E
Tailing factor: NMT 2.0 for zolmitriptan
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of zolmitriptan (C16 H21 N3 O2 ) in the portion of Zolmitriptan taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Zolmitriptan RS in the Standard solution (mg/mL)
CU = concentration of Zolmitriptan in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
• Limit of Zolmitriptan Related Compound H
Perform this test only if zolmitriptan related compound H is a known process impurity. If
this test is performed, then this is to be included in total impurities.
Standard solution: 0.1 mg/mL of USP Zolmitriptan Related Compound H RS in methanol
Sample solution: 200 mg/mL of Zolmitriptan in methanol
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 15-m; 1-µm coating of dimethylpolysiloxane phase G1
Temperatures
Injection port: 200°
Column: 130°
Detector: 250°
Carrier gas: Helium at 6 mL/min
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Injection volume: 3 µL
Injection type: Split ratio, 10:1
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of zolmitriptan related compound H in the portion of Zolmitriptan
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of zolmitriptan related compound H from the Sample solution
rS = peak response of zolmitriptan related compound H from the Standard solution
CS = concentration of USP Zolmitriptan Related Compound H RS in the Standard solution
(mg/mL)
CU = concentration of Zolmitriptan in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.1% of zolmitriptan related compound H
Change to read:
• Limit of Zolmitriptan R-Isomer and Other Impurities
Buffer: 19.1 g/L of sodium borate decahydrate in water. Adjust with phosphoric acid to a
pH of 2.2.
Run buffer: 50 mg/mL of hydroxypropylcyclodextrin
hydroxypropyl-β-cyclodextrin 1S (USP42)
in Buffer
Diluent: 0.02 M hydrochloric acid
Internal standard solution: 0.2 mg/mL
0.05 mg/mL 1S (USP42)
of tryptamine hydrochloride in Diluent
System suitability solution: 0.01 mg/mL of tryptamine hydrochloride from the Internal
standard solution; 1 mg/mL of USP Zolmitriptan RS; and 0.01 mg/mL each of USP
Zolmitriptan Related Compound F RS, USP Zolmitriptan Related Compound G RS, and USP
Zolmitriptan R-Isomer RS in Diluent
Standard solution: 0.01 mg/mL of tryptamine hydrochloride from Internal standard solution
and 0.001 mg/mL of USP Zolmitriptan RS in Diluent
Sample solution: 0.01 mg/mL of tryptamine hydrochloride from Internal standard solution
and 1 mg/mL of Zolmitriptan in Diluent. Filter the solution and protect from light.
Capillary rinsing procedure: Use separate Run buffer vials for the capillary rinse and
sample analysis. Condition the capillary by rinsing with 0.1 N sodium hydroxide followed by
Run buffer before each injection. [Note—It may be suitable to rinse with 0.1 N sodium
hydroxide using a pressure of 20 psi for NLT 1 min and then to rinse with Run buffer using
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a pressure of 20 psi for NLT 3 min.] 1S (USP42)
Electrophoretic system
Mode: CE
Detector: UV 200 nm
Column: 75-µm
(ID) 1S (USP42)
× 50-cm
effective length, 60-cm total length capillary 1S (USP42)
uncoated fused-silica
Capillary temperature: 25°
Injection pressure: 0.5 psi for 5 s 1S (USP42)
Applied voltage: 15 kV
Run time:
NLT 1S (USP42)
1.5 times the migration time of zolmitriptan
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for relative migration times.]
Suitability requirements
Resolution: NLT 1.5 between the zolmitriptan and zolmitriptan R-isomer peaks, System
suitability solution
Relative standard deviation: NMT 5% for the peak response ratio of the zolmitriptan
and tryptamine peaks, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the corrected peak responses:
Result = (r/m)
r = peak response
m = migration time of the peak (min)
Calculate the percentage of each impurity in the portion of Zolmitriptan taken:
Result = (RU/RS) × (CS/CU) × (1/F) × 100
RU = corrected peak response ratio of the impurity to the internal standard from the
Sample solution
RS = corrected peak response ratio of zolmitriptan to the internal standard from the
Standard solution
CS = concentration of USP Zolmitriptan RS in the Standard solution (mg/mL)
CU = concentration of Zolmitriptan in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
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Acceptance criteria: See Table 1. Disregard the peak due to zolmitriptan related
compound E. Disregard peaks less than 0.10% of the area of the principal peak from the
Sample solution.
The reporting threshold is 0.10%. 1S (USP42)

Name
Zolmitriptan related
compound F
G 1S (USP42)
Zolmitriptan related
compound G
F 1S (USP42)
Tryptamine
Zolmitriptan
Zolmitriptan R-isomer
Any individual unspecified
impurity

Table 1
Relative
Migration
Time

Relative
Response
Factor

0.71
0.68 1S (USP42)

0.63
0.52 1S (USP42)

0.1

0.68
0.71 1S (USP42)
0.78
1.0
1.07

0.39
0.41 1S (USP42)
1.0
—
1.0

1.2
—
—
0.2

—

1.0

Acceptance
Criteria,
NMT (%)

0.1

Change to read:
• Organic Impurities
Mobile phase: Acetonitrile and water trifluoroacetic acid and triethylamine (135: 865: 1:
0.25)
(135:865). For every liter of the mixture add 1 mL of trifluoroacetic acid and 0.25 mL of
triethylamine. 1S (USP42)
System suitability solution: 0.5 µg/mL of USP Zolmitriptan Related Compound E RS and
0.1 mg/mL of USP Zolmitriptan RS in Mobile phase
Sample solution: 0.1 mg/mL of Zolmitriptan in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.0-mm × 12.5-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time:
NLT 1S (USP42)
6 times the retention time of zolmitriptan
System suitability
Sample: System suitability solution
[Note—See Table 2 for relative retention times.]
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Suitability requirements
Resolution: NLT 5 between the zolmitriptan and zolmitriptan related compound E peaks
Tailing factor: NMT 3.0 for zolmitriptan
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Zolmitriptan taken:
Result = (rU/rT) × 100
rU = peak response of each impurity from the Sample solution
rT = sum of the peak responses from the Sample solution
Acceptance criteria: See Table 2. Disregard peaks less than 0.05% of the area of the
principal peak from the Sample solution.
The reporting threshold is 0.05%. 1S (USP42)
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Zolmitriptan related compound Ba
0.36
0.2
Zolmitriptan
1.0
—
Zolmitriptan related compound E
1.6
0.2
b
—
Zolmitriptan related compound F
2.3
Any individual unspecified impurity
—
0.1
—
Total impuritiesc
0.5
a (S)-2-Amino-3-{3-[2-(dimethylamino)ethyl]-1H-indol-5-yl}propan-1-ol.
b Included for identification purposes only. Not reported here as it is monitored under
the Limit of Zolmitriptan R-Isomer and Other Impurities test. Not to be included in
total impurities.
c Includes all impurities except zolmitriptan related compound F. Also includes
zolmitriptan related compound H from the test for Limit of Zolmitriptan Related
Compound H if it is a known process impurity, as well as impurities from the test for
Limit of Zolmitriptan R-Isomer and Other Impurities with the exception of zolmitriptan
related compound F.
SPECIFIC TESTS
• Water Determination 〈921〉, Method I, Method Ia: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• USP Reference Standards 〈11〉
USP Zolmitriptan RS
USP Zolmitriptan R-Isomer RS
(R)-4-[[3-[2-(Dimethylamino)ethyl]indol-5-yl]methyl]-2-oxazolidinone.

PF 44(2): Mar.-Apr. 2018

481

C16 H21 N3 O2
287.36
USP Zolmitriptan Related Compound E RS
(S)-N,N-Dimethyl-2-{5-[(2-oxooxazolidin-4-yl)methyl]-1H-indol-3-yl}ethanamine
oxide.
C16 H21 N3 O3
303.36
USP Zolmitriptan Related Compound F RS
2,2′-[4-(Dimethylamino)butane-1,1-diyl]bis{5-[(S)-(2-oxooxazolidin-4-yl)methyl]-3-(2dimethylaminoethyl)indole}.
C38 H53 N7 O4
671.87
USP Zolmitriptan Related Compound G RS
(S)-4-(4-Aminobenzyl)oxazolidin-2-one.
C10 H12 N2 O2
192.21
USP Zolmitriptan Related Compound H RS
4,4-Diethoxy-N,N-dimethylbutan-1-amine.
C10 H23 NO2
189.30
Recent Official Publications:
USP41–NF36 Page 4395
BRIEFING
Chinese Skullcap Root. Because there is no existing USP monograph for this dietary
supplement, a new monograph is being proposed. Validation data for the liquid chromatographic
procedure in the test for Content of Flavone Glucuronides and Flavone Aglycons was obtained
using the Agilent Zorbax Extend C18 brand of column with L1 packing. The typical retention
times for baicalein 7-O-glucuronide, wogonin 7-O-glucuronide, baicalein, and wogonin are 12.4,
22.9, 31.7, and 41.1 min, respectively.
(BDSHM: C. Ma.)
Correspondence Number—C189170
Comment deadline: May 31, 2018
Add the following:
Chinese Skullcap Root
DEFINITION
Chinese Skullcap Root consists of the dried roots of Scutellaria baicalensis Georgi (Family
Lamiaceae) collected in spring or autumn by removing fibrous roots and rough skin. It
contains NLT 11% of total flavone glucuronides calculated as the sum of baicalein 7-Oglucuronide (C21 H18 O11 ) and wogonin 7-O-glucuronide (C22 H20 O11 ) on the dried basis; and
NMT 3.5% of total flavone aglycons calculated as the sum of baicalein (C15 H10 O5 ) and
wogonin (C16 H12 O5 ) on the dried basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 1.0 mg/mL of USP Baicalein 7-O-Glucuronide RS and 0.5 mg/mL of
USP Baicalein RS in methanol. Sonicate to dissolve.
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Standard solution B: 50 mg/mL of USP Scutellaria baicalensis Root Dry Extract RS in
methanol. Sonicate for 15 min, centrifuge, and use the supernatant.
Sample solution: 100 mg/mL of finely powdered Chinese Skullcap Root in methanol.
Sonicate for 15 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 3 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Toluene, ethyl acetate, methanol, and formic acid
(6:4:1:2)
Developing distance: 6 cm
Derivatization reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry the plate at 100° for 3 min. Treat the plate with
Derivatization reagent A, and dry for 5 min with a current of cool air. Immediately treat
the plate with Derivatization reagent B, dry for 5 min with a current of cool air, and
examine under UV light at 366 nm.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Standard solution A exhibits two dark bands, one due to
baicalein 7-O-glucuronide in the lower-third section and one due to baicalein in the
middle-third section. Standard solution B exhibits four dark bands: two corresponding in
RF and color to the bands due to baicalein 7-O-glucuronide and baicalein in Standard
solution A; one above baicalein 7-O-glucuronide due to wogonin 7-O-glucuronide; and
one above baicalein due to wogonin. Standard solution B exhibits a yellow band
immediately below baicalein, two blue bands below the yellow band, a light-yellow band
coeluted with wogonin 7-O-glucuronide, and a yellow band below baicalein 7-Oglucuronide.
Acceptance criteria: The Sample solution exhibits four dark bands: two corresponding in
RF and color to the bands due to baicalein 7-O-glucuronide and baicalein in Standard
solution A and Standard solution B; and one above baicalein 7-O-glucuronide due to
wogonin 7-O-glucuronide and one above baicalein due to wogonin, both corresponding in
RF and color to similar bands in Standard solution B. The Sample solution exhibits additional
colorful bands including a yellow band immediately below baicalein, two blue bands below
the yellow band, a light-yellow band coeluted with wogonin 7-O-glucuronide, a yellow
band below baicalein 7-O-glucuronide, and some other faint bands corresponding in RF and
color to similar bands in Standard solution B. There are no significant red bands observed
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in the upper half of the chromatogram (the leaves of S. lateriflora, S. scordiifolia, S.
barbata, and S. indica display multiple red bands in the upper-half section above
baicalein).
• B. HPLC
Analysis: Proceed as directed in the test for Content of Flavone Glucuronides and Flavone
Aglycons.
Acceptance criteria: The Sample solution exhibits the most intense peak corresponding to
baicalein 7-O-glucuronide and a smaller peak corresponding to baicalein in Standard
solution A. The Sample solution also exhibits peaks due to wogonin 7-O-glucuronide,
wogonin, and two peaks with similar peak areas as wogonin between baicalein 7-Oglucuronide and wogonin 7-O-glucuronide due to unidentified constituents at retention
times corresponding to the same constituents in Standard solution B. No other peak in the
chromatogram between the relative retention time of 0.5 for baicalein 7-O-glucuronide
and 1.2 for wogonin is more intense than the peak corresponding to wogonin. The content
ratio of wogonin 7-O-glucuronide relative to baicalein 7-O-glucuronide is NLT 0.1 and NMT
0.3; and the content ratio of total flavone glucuronides to total flavone aglycons is NLT
3.0.
COMPOSITION
• Content of Flavone Glucuronides and Flavone Aglycons
[Note—Protect solutions from light and proceed under low actinic light. The Standard
solutions and the Sample solution are stable for 24 h at room temperature.]
Solution A: 0.1% phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
10
15
25
30
35
40
45
50
50.1
55

Table 1
Solution A
(%)
78
75
75
68
60
60
50
5
5
78
78

Solution B
(%)
22
25
25
32
40
40
50
95
95
22
22

Solvent: Methanol and water (7:3)
Standard stock solution: 0.50 mg/mL of USP Baicalein 7-O-Glucuronide RS and 0.10
mg/mL of USP Baicalein RS in methanol
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Standard solution A: 0.10 mg/mL of USP Baicalein 7-O-Glucuronide RS and 0.02 mg/mL of
USP Baicalein RS from Standard stock solution diluted with Solvent
Standard solution B: 1 mg/mL of USP Scutellaria baicalensis Root Dry Extract RS in
Solvent. Sonicate for 15 min, centrifuge, and pass through a suitable membrane filter of
0.45-µm or finer pore size.
Sample solution: Transfer about 100 mg of finely powdered Chinese Skullcap Root
accurately weighed into a suitable flask, add 50.0 mL of Solvent, and close tightly. Weigh
the filled flask accurately, and sonicate for 30 min. Cool to room temperature and adjust
to the initial weight by adding Solvent, if needed. Before injection, pass through a suitable
membrane filter of 0.45-µm or finer pore size, and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 3 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 1.5 between the peak of baicalein 7-O-glucuronide and the small peak
before it, Standard solution B
Tailing factor: NMT 2.0 for the baicalein 7-O-glucuronide and baicalein peaks, Standard
solution A
Relative standard deviation: NMT 2.0% for the baicalein 7-O-glucuronide and
baicalein peaks in repeated injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Scutellaria baicalensis Root Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Scutellaria baicalensis Root Dry Extract RS
being used, identify the peaks corresponding to baicalein 7-O-glucuronide, wogonin 7-Oglucuronide, baicalein, and wogonin in the Sample solution.
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Table 2
Conversion
Factor for Flavone
Glucuronides

Conversion
Factor for Flavone
Aglycons

1.00

—

0.86
—
—

—
1.00
0.82

Separately calculate the percentages of baicalein 7-O-glucuronide and wogonin 7-Oglucuronide against USP Baicalein 7-O-Glucuronide RS; and the percentages of baicalein
and wogonin against USP Baicalein RS in the portion of Chinese Skullcap Root taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of baicalein 7-O-glucuronide or baicalein from Standard solution A
CS = concentration of USP Baicalein 7-O-Glucuronide RS or USP Baicalein RS in Standard
solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Chinese Skullcap Root taken to prepare the Sample solution (mg)
F = conversion factor for the relevant analyte (see Table 2)
Calculate the content of the total flavone glucuronides as the sum of the percentages of
baicalein 7-O-glucuronide and wogonin 7-O-glucuronide.
Calculate the content of the total flavone aglycons as the sum of the percentages of
baicalein and wogonin.
Acceptance criteria
Total flavone glucuronides: NLT 11% on the dried basis
Total flavone aglycons: NMT 3.5% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
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• Botanical Characteristics
Macroscopic: The roots are conical and twisted, 8–25 cm long, 1–3 cm in diameter; the
upper part rough with twisted longitudinal wrinkles or irregular reticular stripes; the lower
part with longitudinal striations and fine wrinkles. The outer surface is brownish yellow or
dark yellow with sparse and warty rootlet scars. Texture is hard and fragile, easily broken.
The fracture is yellow but reddish brown in the center. The old roots have a dark-brown
fracture with a withered or hollow center.
Microscopic
Transverse section: The cork consists of multiple layers of cells, up to 20 layers, mostly
broken. The phelloderm is narrow with scattered sclereids. The phloem is broad with
scattered sclereids in the outer part. The cambium is distinct. In the xylem, vessels are
singly scattered or aggregated into groups and surrounded by lignified fiber bundles;
xylem rays are broad. The parenchymatous cells contain starch granules and clusters of
calcium oxalate. The central part of an old root usually appears with more than one cork
tissue whorl.
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 1.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 18.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method
2: NLT 28.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 6.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 1.0%
• Loss on Drying 〈731〉
Sample: The roots, finely powdered
Analysis: Dry the Sample at 105° for 5 h.
Acceptance criteria: NMT 12.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store at controlled room temperature.
• Labeling: The label states the Latin binomial following the official name of the plant
contained in the article.
• USP Reference Standards 〈11〉
USP Baicalein RS
USP Baicalein 7-O-Glucuronide RS
USP Scutellaria baicalensis Root Dry Extract RS
1S (USP42)

BRIEFING
Chinese Skullcap Root Powder. Because there is no existing USP monograph for this
dietary supplement, a new monograph is being proposed. Validation data for the liquid
chromatographic procedure in the test for Content of Flavone Glucuronides and Flavone
Aglycons was obtained using the Agilent Zorbax Extend C18 brand of column with L1 packing.
The typical retention times for baicalein 7-O-glucuronide, wogonin 7-O-glucuronide, baicalein,
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and wogonin are 12.4, 22.9, 31.7, and 41.1 min, respectively.
(BDSHM: C. Ma.)
Correspondence Number—C189173
Comment deadline: May 31, 2018
Add the following:
Chinese Skullcap Root Powder
DEFINITION
Chinese Skullcap Root Powder is the dried roots of Chinese Skullcap (Scutellaria baicalensis
Georgi) reduced to a fine or very fine powder. It contains NLT 11% of total flavone
glucuronides calculated as the sum of baicalein 7-O-glucuronide (C21 H18 O11 ) and wogonin
7-O-glucuronide (C22 H20 O11 ) on the dried basis; and NMT 3.5% of total flavone aglycons
calculated as the sum of baicalein (C15 H10 O5 ) and wogonin (C16 H12 O5 ) on the dried basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 1.0 mg/mL of USP Baicalein 7-O-Glucuronide RS and 0.5 mg/mL of
USP Baicalein RS in methanol. Sonicate to dissolve.
Standard solution B: 50 mg/mL of USP Scutellaria baicalensis Root Dry Extract RS in
methanol. Sonicate for 15 min, centrifuge, and use the supernatant.
Sample solution: 100 mg/mL of Chinese Skullcap Root Powder in methanol. Sonicate for 15
min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 3 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Toluene, ethyl acetate, methanol, and formic acid
(6:4:1:2)
Developing distance: 6 cm
Derivatization reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry the plate at 100° for 3 min. Treat the plate with
Derivatization reagent A, and dry for 5 min with a current of cool air. Immediately treat
the plate with Derivatization reagent B, dry for 5 min with a current of cool air, and
examine under UV light at 366 nm.
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System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Standard solution A exhibits two dark bands, one due to
baicalein 7-O-glucuronide in the lower-third section and one due to baicalein in the
middle-third section. Standard solution B exhibits four dark bands: two corresponding in
RF and color to the bands due to baicalein 7-O-glucuronide and baicalein in Standard
solution A; one above baicalein 7-O-glucuronide due to wogonin 7-O-glucuronide; and
one above baicalein due to wogonin. Standard solution B exhibits a yellow band
immediately below baicalein, two blue bands below the yellow band, a light-yellow band
coeluted with wogonin 7-O-glucuronide, and a yellow band below baicalein 7-Oglucuronide.
Acceptance criteria: The Sample solution exhibits four dark bands: two corresponding in
RF and color to the bands due to baicalein 7-O-glucuronide and baicalein in Standard
solution A and Standard solution B; and one above baicalein 7-O-glucuronide due to
wogonin 7-O-glucuronide and one above baicalein due to wogonin, both corresponding in
RF and color to similar bands in Standard solution B. The Sample solution exhibits additional
colorful bands including a yellow band immediately below baicalein, two blue bands below
the yellow band, a light-yellow band coeluted with wogonin 7-O-glucuronide, a yellow
band below baicalein 7-O-glucuronide, and some other faint bands corresponding in RF and
color to similar bands in Standard solution B. There are no significant red bands observed
in the upper half of the chromatogram (the leaves of S. lateriflora, S. scordiifolia, S.
barbata, and S. indica display multiple red bands in the upper-half section above
baicalein).
• B. HPLC
Analysis: Proceed as directed in the test for Content of Flavone Glucuronides and Flavone
Aglycons.
Acceptance criteria: The Sample solution exhibits the most intense peak corresponding to
baicalein 7-O-glucuronide and a smaller peak corresponding to baicalein in Standard
solution A. The Sample solution also exhibits peaks due to wogonin 7-O-glucuronide,
wogonin, and two peaks with similar peak areas as wogonin between baicalein 7-Oglucuronide and wogonin 7-O-glucuronide due to unidentified constituents at retention
times corresponding to the same constituents in Standard solution B. No other peak in the
chromatogram between the relative retention time of 0.5 for baicalein 7-O-glucuronide
and 1.2 for wogonin is more intense than the peak corresponding to wogonin. The content
ratio of wogonin 7-O-glucuronide relative to baicalein 7-O-glucuronide is NLT 0.1 and NMT
0.3; and the content ratio of total flavone glucuronides to total flavone aglycons is NLT
3.0.
COMPOSITION
• Content of Flavone Glucuronides and Flavone Aglycons
[Note—Protect solutions from light and proceed under low actinic light. The Standard
solutions and the Sample solution are stable for 24 h at room temperature.]
Solution A: 0.1% phosphoric acid in water
Solution B: Acetonitrile
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Mobile phase: See Table 1.
Time
(min)
0
10
15
25
30
35
40
45
50
50.1
55

Table 1
Solution A
(%)
78
75
75
68
60
60
50
5
5
78
78

Solution B
(%)
22
25
25
32
40
40
50
95
95
22
22

Solvent: Methanol and water (7:3)
Standard stock solution: 0.50 mg/mL of USP Baicalein 7-O-Glucuronide RS and 0.10
mg/mL of USP Baicalein RS in methanol
Standard solution A: 0.10 mg/mL of USP Baicalein 7-O-Glucuronide RS and 0.02 mg/mL of
USP Baicalein RS from Standard stock solution diluted with Solvent
Standard solution B: 1 mg/mL of USP Scutellaria baicalensis Root Dry Extract RS in
Solvent. Sonicate for 15 min, centrifuge, and pass through a suitable membrane filter of
0.45-µm or finer pore size.
Sample solution: Transfer about 100 mg of Chinese Skullcap Root Powder accurately
weighed into a suitable flask, add 50.0 mL of Solvent, and close tightly. Weigh the filled
flask accurately, and sonicate for 30 min. Cool to room temperature and adjust to the
initial weight by adding Solvent, if needed. Before injection, pass through a suitable
membrane filter of 0.45-µm or finer pore size, and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 3 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 1.5 between the peak of baicalein 7-O-glucuronide and the small peak
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before it, Standard solution B
Tailing factor: NMT 2.0 for the baicalein 7-O-glucuronide and baicalein peaks, Standard
solution A
Relative standard deviation: NMT 2.0% for the baicalein 7-O-glucuronide and
baicalein peaks in repeated injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Scutellaria baicalensis Root Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Scutellaria baicalensis Root Dry Extract RS
being used, identify the peaks corresponding to baicalein 7-O-glucuronide, wogonin 7-Oglucuronide, baicalein, and wogonin in the Sample solution.

Analyte
Baicalein 7-Oglucuronide
Wogonin 7-Oglucuronide
Baicalein
Wogonin

Table 2
Conversion
Factor for Flavone
Glucuronides

Conversion
Factor for Flavone
Aglycons

1.00

—

0.86
—
—

—
1.00
0.82

Separately calculate the percentages of baicalein 7-O-glucuronide and wogonin 7-Oglucuronide against USP Baicalein 7-O-Glucuronide RS; and the percentages of baicalein
and wogonin against USP Baicalein RS in the portion of Chinese Skullcap Root Powder
taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of baicalein 7-O-glucuronide or baicalein from Standard solution A
CS = concentration of USP Baicalein 7-O-Glucuronide RS or USP Baicalein RS in Standard
solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Chinese Skullcap Root Powder taken to prepare the Sample solution (mg)
F = conversion factor for the relevant analyte (see Table 2)
Calculate the content of the total flavone glucuronides as the sum of the percentages of
baicalein 7-O-glucuronide and wogonin 7-O-glucuronide.
Calculate the content of the total flavone aglycons as the sum of the percentages of
baicalein and wogonin.
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Acceptance criteria
Total flavone glucuronides: NLT 11% on the dried basis
Total flavone aglycons: NMT 3.5% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Yellowish-white or yellowish-green powder
Microscopic: Phloem fibers are fusiform, 60–250 µm long, 9–33 µm in diameter, with thick
walls and fine pit canals, singly scattered or aggregated in bundles. Sclereids are subround, sub-square, or rectangular, with thick or very thick walls. Cork cells are brownish
yellow and polygonal in surface view. Reticulate vessels are dominating, 24–72 µm in
diameter. Lignified fibers are mostly broken with sparse oblique pits, about 12 µm in
diameter. Starch granules are abundant, simple granules spheroidal, 2–10 µm in diameter,
hilum distinct, compound granules composed of 2–3 simple granules.
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 18.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method
2: NLT 28.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 6.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 1.0%
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 5 h.
Acceptance criteria: NMT 12.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store at controlled room temperature.
• Labeling: The label states the Latin binomial following the official name of the plant
contained in the article.
• USP Reference Standards 〈11〉
USP Baicalein RS
USP Baicalein 7-O-Glucuronide RS
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USP Scutellaria baicalensis Root Dry Extract RS
1S (USP42)

BRIEFING
Chinese Skullcap Root Dry Extract. Because there is no existing USP monograph for this
dietary supplement, a new monograph is being proposed. Validation data for the liquid
chromatographic procedure in the test for Content of Flavone Glucuronides and Flavone
Aglycons was obtained using the Agilent Zorbax Extend C18 brand of column with L1 packing.
The typical retention times for baicalein 7-O-glucuronide, wogonin 7-O-glucuronide, baicalein,
and wogonin are 12.4, 22.9, 31.7, and 41.1 min, respectively.
(BDSHM: C. Ma.)
Correspondence Number—C189174
Comment deadline: May 31, 2018
Add the following:
Chinese Skullcap Root Dry Extract
DEFINITION
Chinese Skullcap Root Dry Extract is prepared from Chinese Skullcap Root (Scutellaria
baicalensis Georgi) by extraction with water or hydroalcoholic mixtures. It contains NLT
90% and NMT 110% of the labeled amount of total flavone glucuronides calculated as the
sum of baicalein 7-O-glucuronide (C21 H18 O11 ) and wogonin 7-O-glucuronide (C22 H20 O11 ) on
the dried basis; and NLT 90% and NMT 110% of the labeled amount of total flavone
aglycons calculated as the sum of baicalein (C15 H10 O5 ) and wogonin (C16 H12 O5 ) on the
dried basis. It may contain suitable added substances as carriers.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 1.0 mg/mL of USP Baicalein 7-O-Glucuronide RS and 0.5 mg/mL of
USP Baicalein RS in methanol. Sonicate to dissolve.
Standard solution B: 50 mg/mL of USP Scutellaria baicalensis Root Dry Extract RS in
methanol. Sonicate for 15 min, centrifuge, and use the supernatant.
Sample solution: 50 mg/mL of Chinese Skullcap Root Dry Extract in methanol. Sonicate for
15 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 3 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Toluene, ethyl acetate, methanol, and formic acid
(6:4:1:2)
Developing distance: 6 cm
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Derivatization reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry the plate at 100° for 3 min. Treat the plate with
Derivatization reagent A, and dry for 5 min with a current of cool air. Immediately treat
the plate with Derivatization reagent B, dry for 5 min with a current of cool air, and
examine under UV light at 366 nm.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Standard solution A exhibits two dark bands, one due to
baicalein 7-O-glucuronide in the lower-third section and one due to baicalein in the
middle-third section. Standard solution B exhibits four dark bands: two corresponding in
RF and color to the bands due to baicalein 7-O-glucuronide and baicalein in Standard
solution A; one above baicalein 7-O-glucuronide due to wogonin 7-O-glucuronide; and
one above baicalein due to wogonin. Standard solution B exhibits a yellow band
immediately below baicalein, two blue bands below the yellow band, a light-yellow band
coeluted with wogonin 7-O-glucuronide, and a yellow band below baicalein 7-Oglucuronide.
Acceptance criteria: The Sample solution exhibits four dark bands: two corresponding in
RF and color to the bands due to baicalein 7-O-glucuronide and baicalein in Standard
solution A and Standard solution B; and one above baicalein 7-O-glucuronide due to
wogonin 7-O-glucuronide and one above baicalein due to wogonin, both corresponding in
RF and color to similar bands in Standard solution B. The Sample solution exhibits additional
colorful bands including a yellow band immediately below baicalein, two blue bands below
the yellow band, a light-yellow band coeluted with wogonin 7-O-glucuronide, a yellow
band below baicalein 7-O-glucuronide, and some other faint bands corresponding in RF and
color to similar bands in Standard solution B. There are no significant red bands observed
in the upper half of the chromatogram (the leaves of S. lateriflora, S. scordiifolia, S.
barbata, and S. indica display multiple red bands in the upper-half section above
baicalein).
• B. HPLC
Analysis: Proceed as directed in the test for Content of Flavone Glucuronides and Flavone
Aglycons.
Acceptance criteria: The Sample solution exhibits the most intense peak corresponding to
baicalein 7-O-glucuronide and a smaller peak corresponding to baicalein in Standard
solution A. The Sample solution also exhibits peaks due to wogonin 7-O-glucuronide,
wogonin, and two peaks with similar peak areas as wogonin between baicalein 7-Oglucuronide and wogonin 7-O-glucuronide due to unidentified constituents at retention
times corresponding to the same constituents in Standard solution B. No other peak in the
chromatogram between the relative retention time of 0.5 for baicalein 7-O-glucuronide
and 1.2 for wogonin is more intense than the peak corresponding to wogonin. The content
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ratio of wogonin 7-O-glucuronide relative to baicalein 7-O-glucuronide is NLT 0.1 and NMT
0.3; and the content ratio of total flavone glucuronides to total flavone aglycons is NLT
4.0.
COMPOSITION
• Content of Flavone Glucuronides and Flavone Aglycons
[Note—Protect solutions from light and proceed under low actinic light. The Standard
solutions and the Sample solution are stable for 24 h at room temperature.]
Solution A: 0.1% phosphoric acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
10
15
25
30
35
40
45
50
50.1
55

Table 1
Solution A
(%)
78
75
75
68
60
60
50
5
5
78
78

Solution B
(%)
22
25
25
32
40
40
50
95
95
22
22

Solvent: Methanol and water (7:3)
Standard stock solution: 0.50 mg/mL of USP Baicalein 7-O-Glucuronide RS and 0.10
mg/mL of USP Baicalein RS in methanol
Standard solution A: 0.10 mg/mL of USP Baicalein 7-O-Glucuronide RS and 0.02 mg/mL of
USP Baicalein RS from Standard stock solution diluted with Solvent
Standard solution B: 1 mg/mL of USP Scutellaria baicalensis Root Dry Extract RS in
Solvent. Sonicate for 15 min, centrifuge, and pass through a suitable membrane filter of
0.45-µm or finer pore size.
Sample solution: Transfer about 50 mg of Chinese Skullcap Root Dry Extract accurately
weighed into a suitable flask, add 50.0 mL of Solvent, and close tightly. Weigh the filled
flask accurately, and sonicate for 30 min. Cool to room temperature and adjust to the
initial weight by adding Solvent, if needed. Before injection, pass through a suitable
membrane filter of 0.45-µm or finer pore size, and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 276 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 3 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 1.5 between the peak of baicalein 7-O-glucuronide and the small peak
before it, Standard solution B
Tailing factor: NMT 2.0 for the baicalein 7-O-glucuronide and baicalein peaks, Standard
solution A
Relative standard deviation: NMT 2.0% for the baicalein 7-O-glucuronide and
baicalein peaks in repeated injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Scutellaria baicalensis Root Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Scutellaria baicalensis Root Dry Extract RS
being used, identify the peaks corresponding to baicalein 7-O-glucuronide, wogonin 7-Oglucuronide, baicalein, and wogonin in the Sample solution.

Analyte
Baicalein 7-Oglucuronide
Wogonin 7-Oglucuronide
Baicalein
Wogonin

Table 2
Conversion
Factor for Flavone
Glucuronides

Conversion
Factor for Flavone
Aglycons

1.00

—

0.86
—
—

—
1.00
0.82

Separately calculate the percentages of baicalein 7-O-glucuronide and wogonin 7-Oglucuronide against USP Baicalein 7-O-Glucuronide RS; and the percentages of baicalein
and wogonin against USP Baicalein RS in the portion of Chinese Skullcap Root Dry Extract
taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU = peak area of the relevant analyte from the Sample solution
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rS = peak area of baicalein 7-O-glucuronide or baicalein from Standard solution A
CS = concentration of USP Baicalein 7-O-Glucuronide RS or USP Baicalein RS in Standard
solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Chinese Skullcap Root Dry Extract taken to prepare the Sample solution
(mg)
F = conversion factor for the relevant analyte (see Table 2)
Calculate the content of the total flavone glucuronides as the sum of the percentages of
baicalein 7-O-glucuronide and wogonin 7-O-glucuronide.
Calculate the percentage of the labeled amount of total flavone glucuronides in the portion
of Chinese Skullcap Root Dry Extract taken:
Result = (P/L) × 100
P = content of total flavone glucuronides as determined previously (%)
L = labeled amount of total flavone glucuronides (%)
Calculate the content of the total flavone aglycons as the sum of the percentages of
baicalein and wogonin.
Calculate the percentage of the labeled amount of total flavone aglycons in the portion of
Chinese Skullcap Root Dry Extract taken:
Result = (P/L) × 100
P = content of total flavone aglycons as determined previously (%)
L = labeled amount of total flavone aglycons (%)
Acceptance criteria
Total flavone glucuronides: 90%–110% of the labeled amount on the dried basis
Total flavone aglycons: 90%–110% of the labeled amount on the dried basis
CONTAMINANTS
• Botanical Extracts 〈565〉, Preparations, General Pharmacopeial Requirements, Pesticide
Residues: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 104
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 6.0%
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 5 h.
Acceptance criteria: NMT 8.0%
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• Botanical Extracts 〈565〉, Preparations, General Pharmacopeial Requirements, Residual
Solvents: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store in a cold place.
• Labeling: The label states the Latin binomial following the official name of the plant from
which the article was prepared. The labeling indicates the content of total flavone
glucuronides and the content of total flavone aglycons in percentage on the dried basis. It
meets other labeling requirements in Botanical Extracts 〈565〉.
• USP Reference Standards 〈11〉
USP Baicalein RS
USP Baicalein 7-O-Glucuronide RS
USP Scutellaria baicalensis Root Dry Extract RS
1S (USP42)

BRIEFING
Chrysanthemum Flower. Because there is no existing USP monograph for this dietary
supplement, a new monograph is being proposed. Validation data for the liquid chromatographic
procedure in the test for Content of Caffeoylquinic Acids and Flavone Glycosides was obtained
using the Phenomenex Luna C18 brand of column with L1 packing. The typical retention times
for the caffeoylquinic acids are 10.0, 10.9, 29.0, 30.4, and 36.7 min for chlorogenic acid,
cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, and isochlorogenic acid C,
respectively. The typical retention times for the flavone glycosides are 22.3, 24.0, 33.0, 40.1,
49.8, and 52.3 min for luteolin-7-O-glucoside, luteolin-7-O-glucuronide, apigenin-7-O-glucoside,
diosmetin-7-O-glucoside, apigenin-7-O-6′′-malonylglucoside, and linarin, respectively.
(BDSHM: C. Ma.)
Correspondence Number—C186605
Comment deadline: May 31, 2018
Add the following:
Chrysanthemum Flower
DEFINITION
Chrysanthemum Flower consists of the dried flower heads of Chrysanthemum × morifolium
(Ramat.) Hemsl. [syn. Dendranthema × grandiflorum (Ramat.) Kitam.] (Family Asteraceae,
alt. Compositae) collected in the blooming period. It contains NLT 1.2% of total
caffeoylquinic acids calculated as the sum of chlorogenic acid (C16 H18 O9 ),
cryptochlorogenic acid (C16 H18 O9 ), isochlorogenic acid B (C25 H24 O12 ), isochlorogenic acid A
(C25 H24 O12 ), and isochlorogenic acid C (C25 H24 O12 ) on the dried basis; and NLT 1.0% of
total flavone glycosides calculated as the sum of luteolin-7-O-glucoside (C21 H20 O11 ),
luteolin-7-O-glucuronide (C21 H18 O12 ), apigenin-7-O-glucoside (C21 H20 O10 ), diosmetin-7-Oglucoside (C22 H22 O11 ), apigenin-7-O-6′′-malonylglucoside (C24 H22 O13 ), and linarin
(C28 H32 O14 ) on the dried basis.
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IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.1 mg/mL each of USP Chlorogenic Acid RS, USP Luteolin 7-OGlucoside RS, USP Apigenin-7-glucoside RS, and USP Isochlorogenic Acid A RS in methanol
Standard solution B: 10 mg/mL of USP Chrysanthemum × morifolium Flower Dry Extract
RS in 70% methanol. Sonicate for 20 min, centrifuge, and use the supernatant.
Sample solution: 250 mg of finely powdered Chrysanthemum Flower in 25 mL of 70%
methanol. Sonicate for 20 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 5 µL, as 8-mm bands
Relative humidity: 47%, exposing the plate to the atmosphere of a saturated solution of
potassium thiocyanate (KSCN) in a sealed chamber for 10 min
Temperature: 20 ± 5°
Developing solvent system: n-Butyl acetate, formic acid, and water (15:8:8) prepared
as follows. Shake for 5 s and let stand for 3 min until the solution is clearly separated
into two layers. Use the upper layer.
Derivatization reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry in air. Treat the plate with Derivatization reagent A and
dry in air. Immediately treat the plate with Derivatization reagent B, dry in air, and
examine under UV light at 366 nm.
System suitability
Samples: Standard solution A, Standard solution B, and Sample solution
Suitability requirements: In the middle-third section, Standard solution A exhibits a blue
band due to isochlorogenic acid A. In the lower-half section, Standard solution A exhibits
a green band due to apigenin-7-O-glucoside, a yellow band due to luteolin-7-Oglucoside below the green band, and a blue band due to chlorogenic acid below the
yellow band. Standard solution B exhibits a blue band, a green band, a yellow band, and
another blue band corresponding in RF and color to the bands due to isochlorogenic acid
A, apigenin-7-O-glucoside, luteolin-7-O-glucoside, and chlorogenic acid, respectively, in
Standard solution A. Standard solution B also exhibits one or two weak blue bands below
isochlorogenic acid A; a green band between apigenin-7-O-glucoside and luteolin-7-Oglucoside; a yellow band below luteolin-7-O-glucoside; a faint yellow band immediately
above or partially coeluting with chlorogenic acid; and one minor yellow band below
chlorogenic acid.
Acceptance criteria: The Sample solution exhibits a blue band, a green band, a yellow
band, and another blue band corresponding in RF and color to the bands due to
isochlorogenic acid A, apigenin-7-O-glucoside (a distinction from Chrysanthemum indicum
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flower, which does not display a pair of clear adjacent green bands with one due to
apigenin-7-O-glucoside), luteolin-7-O-glucoside, and chlorogenic acid, respectively, in
Standard solution A and Standard solution B. The Sample solution exhibits additional bands
corresponding in RF and color to similar bands in Standard solution B, which include one or
two weak blue bands below isochlorogenic acid A; a green band between apigenin-7-Oglucoside and luteolin-7-O-glucoside; a yellow band below luteolin-7-O-glucoside; a faint
yellow band immediately above or partially coeluting with chlorogenic acid; and one minor
yellow band below chlorogenic acid.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Caffeoylquinic Acids and Flavone
Glycosides.
Acceptance criteria: The Sample solution exhibits an intense peak corresponding to
chlorogenic acid and a peak corresponding to isochlorogenic acid A in Standard solution A;
peaks corresponding to luteolin-7-O-glucoside and apigenin-7-O-glucoside in Standard
solution B; additional caffeoylquinic acid peaks corresponding to cryptochlorogenic acid,
isochlorogenic acid B, and isochlorogenic acid C; and additional flavone glycoside peaks
corresponding to luteolin-7-O-glucuronide, diosmetin-7-O-glucoside, apigenin-7-O-6′′malonylglucoside (a distinction from Chrysanthemum indicum flower, which does not
display a significant peak due to apigenin-7-O-6′′-malonylglucoside), and linarin in
Standard solution C. The Sample solution also exhibits a peak with a relative retention
time of about 2.8 relative to chlorogenic acid; sometimes two peaks are visible due to
coelution. Isochlorogenic acid A has a peak intensity similar to or lower than chlorogenic
acid but higher than isochlorogenic acid C. Linarin has a lower peak intensity or is not
detected.
COMPOSITION
• Content of Caffeoylquinic Acids and Flavone Glycosides
[Note—Protect solutions from light and proceed under low-actinic light. The Standard
solutions and the Sample solution are stable for 24 h at room temperature.]
Solution A: 0.1% glacial acetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0
10
14
20
35
40
45
55
55.1
60
60.1
65

Table 1
Solution A
(%)
90
82
81
81
80
78
75
65
5
5
90
90

Solution B
(%)
10
18
19
19
20
22
25
35
95
95
10
10

Solvent: Methanol and water (7:3)
Standard solution A: 0.1 mg/mL each of USP Chlorogenic Acid RS and USP Isochlorogenic
Acid A RS in Solvent
Standard solution B: 0.05 mg/mL each of USP Luteolin 7-O-Glucoside RS and USP
Apigenin-7-glucoside RS in Solvent
Standard solution C: 5 mg/mL of USP Chrysanthemum × morifolium Flower Dry Extract RS
in Solvent. Sonicate for 30 min, and pass through a suitable membrane filter of 0.45-µm or
finer pore size.
Sample solution: Transfer about 100 mg of finely powdered Chrysanthemum Flower,
accurately weighed, into a suitable flask, add 10.0 mL of Solvent, and close tightly. Weigh
the filled flask accurately, and sonicate for 30 min. Cool to room temperature and adjust
to the initial weight by adding Solvent, if needed. Before injection, pass through a suitable
membrane filter of 0.45-µm or finer pore size and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 327 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
Suitability requirements
Resolution: NLT 1.5 between the peaks of chlorogenic acid and cryptochlorogenic acid;
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the peaks of isochlorogenic acid B and isochlorogenic acid A; and the peaks of
luteolin-7-O-glucoside and luteolin-7-O-glucuronide, Standard solution C
Tailing factor: NMT 2.0 for the peaks of chlorogenic acid, isochlorogenic acid A,
luteolin-7-O-glucoside, and apigenin-7-O-glucoside, Standard solution A and Standard
solution B
Relative standard deviation: NMT 2.0% for the peaks of chlorogenic acid,
isochlorogenic acid A, luteolin-7-O-glucoside, and apigenin-7-O-glucoside in repeated
injections, Standard solution A and Standard solution B
Chromatogram similarity: The chromatogram of Standard solution C is similar to the
reference chromatogram provided with the lot of USP Chrysanthemum × morifolium
Flower Dry Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Using the chromatograms of Standard solution A, Standard solution B, Standard solution C,
and the reference chromatogram provided with the lot of USP Chrysanthemum ×
morifolium Flower Dry Extract RS being used, identify the peaks of caffeoylquinic acids
corresponding to chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B,
isochlorogenic acid A, and isochlorogenic acid C; and the peaks of flavone glycosides
corresponding to luteolin-7-O-glucoside, luteolin-7-O-glucuronide, apigenin-7-O-glucoside,
diosmetin-7-O-glucoside, apigenin-7-O-6′′-malonylglucoside, and linarin, in the Sample
solution.
[Note—The relative retention times in Table 2 are relative to chlorogenic acid.]
Table 2

Analyte

Approximate
Relative Retention
Time

Chlorogenic acida
1.0
b
Cryptochlorogenic acid
1.1
Isochlorogenic acid Bc
2.9
d
Isochlorogenic acid A
3.1
Isochlorogenic acid Ce
3.7
a (1S,3R,4R,5R)-3-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,4,5trihydroxycyclohexane-1-carboxylic acid.
b (1S,3R,4S,5R)-4-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,3,5trihydroxycyclohexane-1-carboxylic acid.
c (1S,3R,4R,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,5dihydroxycyclohexane-1-carboxylic acid.
d (1S,3R,4S,5R)-3,5-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,4dihydroxycyclohexane-1-carboxylic acid.
e (1R,3R,4S,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,5dihydroxycyclohexane-1-carboxylic acid.
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[Note—These compounds are often referred to as 3-/4-/5-/mono-/di- substituted quinic
acids. Due to the confusion in historic and evolving IUPAC ring numbering, that
nomenclature is not used in this pharmacopeia. Instead, the compounds are described by
their conformational structures in Table 3.]
Table 3. Graphic Conformational Structures of Caffeoylquinic Acids

Caffeoylquinic acids
Chlorogenic acid
Cryptochlorogenic acid
Isochlorogenic acid A
Isochlorogenic acid B
Isochlorogenic acid C

R1
H
H
caffeoyl
H
caffeoyl

R2
H
caffeoyl
H
caffeoyl
caffeoyl

R3
caffeoyl
H
caffeoyl
caffeoyl
H

Separately calculate the percentages of chlorogenic acid and cryptochlorogenic acid
against the USP Chlorogenic Acid RS; and the percentages of isochlorogenic acid B,
isochlorogenic acid A, and isochlorogenic acid C against the USP Isochlorogenic Acid A RS
in the portion of Chrysanthemum Flower taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of chlorogenic acid or isochlorogenic acid A from Standard solution A
CS = concentration of USP Chlorogenic Acid RS or USP Isochlorogenic Acid A RS in
Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Chrysanthemum Flower used to prepare the Sample solution (mg)
Calculate the content of total caffeoylquinic acids as the sum of chlorogenic acid,
cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, and isochlorogenic
acid C.
[Note—The relative retention times in Table 4 are relative to luteolin-7-O-glucoside.]
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Table 4
Approximate
Relative Retention
Analyte
Time
Luteolin-7-O-glucoside
1.0
Luteolin-7-O-glucuronide
1.04
Apigenin-7-O-glucoside
1.5
Diosmetin-7-O-glucoside
1.8
Apigenin-7-O-6′′-malonylglucoside
2.2
Linarin
2.3

Conversion Factor
1.0
1.0
1.0
1.0
1.2
1.0

Separately calculate the percentages of luteolin-7-O-glucoside, luteolin-7-O-glucuronide,
diosmetin-7-O-glucoside, and linarin against USP Luteolin 7-O-Glucoside RS; and the
percentages of apigenin-7-O-glucoside and apigenin-7-O-6′′-malonylglucoside against
USP Apigenin-7-glucoside RS in the portion of Chrysanthemum Flower taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of luteolin-7-O-glucoside or apigenin-7-O-glucoside from Standard
solution B
CS = concentration of USP Luteolin 7-O-Glucoside RS or USP Apigenin-7-glucoside RS in
Standard solution B (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Chrysanthemum Flower used to prepare the Sample solution (mg)
F = conversion factor for the relevant analyte (see Table 4)
Calculate the content of total flavone glycosides as the sum of luteolin-7-O-glucoside,
luteolin-7-O-glucuronide, apigenin-7-O-glucoside, diosmetin-7-O-glucoside, apigenin-7-O6′′-malonylglucoside, and linarin.
Acceptance criteria
Total caffeoylquinic acids: NLT 1.2% on the dried basis
Total flavone glycosides: NLT 1.0% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia Coli: Meets the requirements
SPECIFIC TESTS
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• Botanical Characteristics
Macroscopic: The flowers may be in different shapes due to different locations of origin
and differences in processing: irregularly spherical, flat spherical, butterfly, obconical, or
cylindrical; 1.5–2.5 cm, exceptional up to 4 cm, in diameter. Involucre hemispherical with
3–4 layers of yellow–green or brown–green bracts, outer bracts smaller, ovate, or ovate
lanceolate. Several layers of lingulate female flowers, whitish or white–yellow, in the outer
layers, with or without glandular dots. The tubular bisexual flowers are in the center,
yellow, hidden by lingulate flowers or exposed, with 5 splits at the end.
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 2.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 20.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method
2: NLT 30.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 8.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 1.0%
• Loss on Drying 〈731〉
Sample: The flowers finely powdered
Analysis: Dry the Sample at 105° for 6 h.
Acceptance criteria: NMT 12.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store at controlled room temperature.
• Labeling: The label states the Latin binomial following the official name of the plant
contained in the article.
• USP Reference Standards 〈11〉
USP Apigenin-7-glucoside RS
USP Chlorogenic Acid RS
USP Chrysanthemum × morifolium Flower Dry Extract RS
USP Isochlorogenic Acid A RS
USP Luteolin 7-O-Glucoside RS
1S (USP42)

BRIEFING
Chrysanthemum Flower Powder. Because there is no existing USP monograph for this
dietary supplement, a new monograph is being proposed. Validation data for the liquid
chromatographic procedure in the test for Content of Caffeoylquinic Acids and Flavone
Glycosides was obtained using the Phenomenex Luna C18 brand of column with L1 packing. The
typical retention times for the caffeoylquinic acids are 10.0, 10.9, 29.0, 30.4, and 36.7 min for
chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, and
isochlorogenic acid C, respectively. The typical retention times for the flavone glycosides are
22.3, 24.0, 33.0, 40.1, 49.8, and 52.3 min for luteolin-7-O-glucoside, luteolin-7-O-glucuronide,
apigenin-7-O-glucoside, diosmetin-7-O-glucoside, apigenin-7-O-6′′-malonylglucoside, and
linarin, respectively.
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(BDSHM: C. Ma.)
Correspondence Number—C186761
Comment deadline: May 31, 2018
Add the following:
Chrysanthemum Flower Powder
DEFINITION
Chrysanthemum Flower Powder is the dried flower heads of Chrysanthemum [Chrysanthemum
× morifolium (Ramat.) Hemsl.] reduced to a fine or very fine powder. It contains NLT 1.2%
of total caffeoylquinic acids calculated as the sum of chlorogenic acid (C16 H18 O9 ),
cryptochlorogenic acid (C16 H18 O9 ), isochlorogenic acid B (C25 H24 O12 ), isochlorogenic acid A
(C25 H24 O12 ), and isochlorogenic acid C (C25 H24 O12 ) on the dried basis; and NLT 1.0% of
total flavone glycosides calculated as the sum of luteolin-7-O-glucoside (C21 H20 O11 ),
luteolin-7-O-glucuronide (C21 H18 O12 ), apigenin-7-O-glucoside (C21 H20 O10 ), diosmetin-7-Oglucoside (C22 H22 O11 ), apigenin-7-O-6′′-malonylglucoside (C24 H22 O13 ), and linarin
(C28 H32 O14 ) on the dried basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.1 mg/mL each of USP Chlorogenic Acid RS, USP Luteolin 7-OGlucoside RS, USP Apigenin-7-glucoside RS, and USP Isochlorogenic Acid A RS in methanol
Standard solution B: 10 mg/mL of USP Chrysanthemum × morifolium Flower Dry Extract
RS in 70% methanol. Sonicate for 20 min, centrifuge, and use the supernatant.
Sample solution: 250 mg of Chrysanthemum Flower Powder in 25 mL of 70% methanol.
Sonicate for 20 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 5 µL, as 8-mm bands
Relative humidity: 47%, exposing the plate to the atmosphere of a saturated solution of
potassium thiocyanate (KSCN) in a sealed chamber for 10 min
Temperature: 20 ± 5°
Developing solvent system: n-Butyl acetate, formic acid, and water (15:8:8) prepared
as follows. Shake for 5 s and let stand for 3 min until the solution is clearly separated
into two layers. Use the upper layer.
Derivatization reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry in air. Treat the plate with Derivatization reagent A and
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dry in air. Immediately treat the plate with Derivatization reagent B, dry in air, and
examine under UV light at 366 nm.
System suitability:
Samples: Standard solution A, Standard solution B, and Sample solution
Suitability requirements: In the middle-third section, Standard solution A exhibits a blue
band due to isochlorogenic acid A. In the lower-half section, Standard solution A exhibits
a green band due to apigenin-7-O-glucoside, a yellow band due to luteolin-7-Oglucoside below the green band, and a blue band due to chlorogenic acid below the
yellow band. Standard solution B exhibits a blue band, a green band, a yellow band, and
another blue band corresponding in RF and color to the bands due to isochlorogenic acid
A, apigenin-7-O-glucoside, luteolin-7-O-glucoside, and chlorogenic acid, respectively, in
Standard solution A. Standard solution B also exhibits one or two weak blue bands below
isochlorogenic acid A; a green band between apigenin-7-O-glucoside and luteolin-7-Oglucoside; a yellow band below luteolin-7-O-glucoside; a faint yellow band immediately
above or partially coeluting with chlorogenic acid; and one minor yellow band below
chlorogenic acid.
Acceptance criteria: The Sample solution exhibits a blue band, a green band, a yellow
band, and another blue band corresponding in RF and color to the bands due to
isochlorogenic acid A, apigenin-7-O-glucoside (a distinction from Chrysanthemum indicum
flower, which does not display a pair of clear adjacent green bands with one due to
apigenin-7-O-glucoside), luteolin-7-O-glucoside, and chlorogenic acid, respectively, in
Standard solution A and Standard solution B. The Sample solution exhibits additional bands
corresponding in RF and color to similar bands in Standard solution B, which include one or
two weak blue bands below isochlorogenic acid A; a green band between apigenin-7-Oglucoside and luteolin-7-O-glucoside; a yellow band below luteolin-7-O-glucoside; a faint
yellow band immediately above or partially coeluting with chlorogenic acid; and one minor
yellow band below chlorogenic acid.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Caffeoylquinic Acids and Flavone
Glycosides.
Acceptance criteria: The Sample solution exhibits an intense peak corresponding to
chlorogenic acid and a peak corresponding to isochlorogenic acid A in Standard solution A;
peaks corresponding to luteolin-7-O-glucoside and apigenin-7-O-glucoside in Standard
solution B; additional caffeoylquinic acid peaks corresponding to cryptochlorogenic acid,
isochlorogenic acid B, and isochlorogenic acid C; and additional flavone glycoside peaks
corresponding to luteolin-7-O-glucuronide, diosmetin-7-O-glucoside, apigenin-7-O-6′′malonylglucoside (a distinction from Chrysanthemum indicum flower, which does not
display a significant peak due to apigenin-7-O-6′′-malonylglucoside), and linarin in
Standard solution C. The Sample solution also exhibits a peak with a relative retention
time of about 2.8 relative to chlorogenic acid; sometimes two peaks are visible due to
coelution. Isochlorogenic acid A has a peak intensity similar to or lower than chlorogenic
acid but higher than isochlorogenic acid C. Linarin has a lower peak intensity or is not
detected.
COMPOSITION
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• Content of Caffeoylquinic Acids and Flavone Glycosides
[Note—Protect solutions from light and proceed under low-actinic light. The Standard
solutions and the Sample solution are stable for 24 h at room temperature.]
Solution A: 0.1% glacial acetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
10
14
20
35
40
45
55
55.1
60
60.1
65

Table 1
Solution A
(%)
90
82
81
81
80
78
75
65
5
5
90
90

Solution B
(%)
10
18
19
19
20
22
25
35
95
95
10
10

Solvent: Methanol and water (7:3)
Standard solution A: 0.1 mg/mL each of USP Chlorogenic Acid RS and USP Isochlorogenic
Acid A RS in Solvent
Standard solution B: 0.05 mg/mL each of USP Luteolin 7-O-Glucoside RS and USP
Apigenin-7-glucoside RS in Solvent
Standard solution C: 5 mg/mL of USP Chrysanthemum × morifolium Flower Dry Extract RS
in Solvent. Sonicate for 30 min, and pass through a suitable membrane filter of 0.45-µm or
finer pore size.
Sample solution: Transfer about 100 mg of Chrysanthemum Flower Powder, accurately
weighed, into a suitable flask, add 10.0 mL of Solvent, and close tightly. Weigh the filled
flask accurately, and sonicate for 30 min. Cool to room temperature and adjust to the
initial weight by adding Solvent, if needed. Before injection, pass through a suitable
membrane filter of 0.45-µm or finer pore size and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 327 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
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Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
Suitability requirements
Resolution: NLT 1.5 between the peaks of chlorogenic acid and cryptochlorogenic acid;
the peaks of isochlorogenic acid B and isochlorogenic acid A; and the peaks of
luteolin-7-O-glucoside and luteolin-7-O-glucuronide, Standard solution C
Tailing factor: NMT 2.0 for the peaks of chlorogenic acid, isochlorogenic acid A,
luteolin-7-O-glucoside, and apigenin-7-O-glucoside, Standard solution A and Standard
solution B
Relative standard deviation: NMT 2.0% for the peaks of chlorogenic acid,
isochlorogenic acid A, luteolin-7-O-glucoside, and apigenin-7-O-glucoside in repeated
injections, Standard solution A and Standard solution B
Chromatogram similarity: The chromatogram of Standard solution C is similar to the
reference chromatogram provided with the lot of USP Chrysanthemum × morifolium
Flower Dry Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Using the chromatograms of Standard solution A, Standard solution B, Standard solution C,
and the reference chromatogram provided with the lot of USP Chrysanthemum ×
morifolium Flower Dry Extract RS being used, identify the peaks of caffeoylquinic acids
corresponding to chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B,
isochlorogenic acid A, and isochlorogenic acid C; and the peaks of flavone glycosides
corresponding to luteolin-7-O-glucoside, luteolin-7-O-glucuronide, apigenin-7-O-glucoside,
diosmetin-7-O-glucoside, apigenin-7-O-6′′-malonylglucoside, and linarin, in the Sample
solution.
[Note—The relative retention times in Table 2 are relative to chlorogenic acid.]
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Table 2
Approximate
Relative Retention
Time

Analyte

Chlorogenic acida
1.0
b
Cryptochlorogenic acid
1.1
Isochlorogenic acid Bc
2.9
d
Isochlorogenic acid A
3.1
Isochlorogenic acid Ce
3.7
a (1S,3R,4R,5R)-3-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,4,5trihydroxycyclohexane-1-carboxylic acid.
b (1S,3R,4S,5R)-4-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,3,5trihydroxycyclohexane-1-carboxylic acid.
c (1S,3R,4R,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,5dihydroxycyclohexane-1-carboxylic acid.
d (1S,3R,4S,5R)-3,5-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,4dihydroxycyclohexane-1-carboxylic acid.
e (1R,3R,4S,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,5dihydroxycyclohexane-1-carboxylic acid.
[Note—These compounds are often referred to as 3-/4-/5-/mono-/di- substituted quinic
acids. Due to the confusion in historic and evolving IUPAC ring numbering, that
nomenclature is not used in this pharmacopeia. Instead, the compounds are described by
their conformational structures in Table 3.]
Table 3. Graphic Conformational Structures of Caffeoylquinic Acids

Caffeoylquinic acids
Chlorogenic acid
Cryptochlorogenic acid
Isochlorogenic acid A
Isochlorogenic acid B
Isochlorogenic acid C

R1
H
H
caffeoyl
H
caffeoyl

R2
H
caffeoyl
H
caffeoyl
caffeoyl

R3
caffeoyl
H
caffeoyl
caffeoyl
H

Separately calculate the percentages of chlorogenic acid and cryptochlorogenic acid
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against the USP Chlorogenic Acid RS; and the percentages of isochlorogenic acid B,
isochlorogenic acid A, and isochlorogenic acid C against the USP Isochlorogenic Acid A RS
in the portion of Chrysanthemum Flower Powder taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of chlorogenic acid or isochlorogenic acid A from Standard solution A
CS = concentration of USP Chlorogenic Acid RS or USP Isochlorogenic Acid A RS in
Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Chrysanthemum Flower Powder used to prepare the Sample solution (mg)
Calculate the content of total caffeoylquinic acids as the sum of chlorogenic acid,
cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, and isochlorogenic
acid C.
[Note—The relative retention times in Table 4 are relative to luteolin-7-O-glucoside.]
Table 4
Approximate
Relative Retention
Analyte
Time
Luteolin-7-O-glucoside
1.0
Luteolin-7-O-glucuronide
1.04
Apigenin-7-O-glucoside
1.5
Diosmetin-7-O-glucoside
1.8
Apigenin-7-O-6′′-malonylglucoside
2.2
Linarin
2.3

Conversion Factor
1.0
1.0
1.0
1.0
1.2
1.0

Separately calculate the percentages of luteolin-7-O-glucoside, luteolin-7-O-glucuronide,
diosmetin-7-O-glucoside, and linarin against USP Luteolin 7-O-Glucoside RS; and the
percentages of apigenin-7-O-glucoside and apigenin-7-O-6′′-malonylglucoside against
USP Apigenin-7-glucoside RS in the portion of Chrysanthemum Flower Powder taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of luteolin-7-O-glucoside or apigenin-7-O-glucoside from Standard
solution B
CS = concentration of USP Luteolin 7-O-Glucoside RS or USP Apigenin-7-glucoside RS in
Standard solution B (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Chrysanthemum Flower Powder used to prepare the Sample solution (mg)
F = conversion factor for the relevant analyte (see Table 4)
Calculate the content of total flavone glycosides as the sum of luteolin-7-O-glucoside,
luteolin-7-O-glucuronide, apigenin-7-O-glucoside, diosmetin-7-O-glucoside, apigenin-7-O6′′-malonylglucoside, and linarin.
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Acceptance criteria
Total caffeoylquinic acids: NLT 1.2% on the dried basis
Total flavone glycosides: NLT 1.0% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia Coli: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Pale-yellow powder
Microscopic: Contains numerous yellow spherical pollen grains, 32–37 µm in diameter, with
three apertures; the endothecium cells of the pollen sacs are in mesh with thickened
stripes. The anticlinal walls of the corolla epidermal cells are wavy. The epidermal cells of
the bracts are slender with radial striations. Numerous T-shaped hairs, the apical cells of
the hairs are longer and larger; the arms are about equally long, the stalk is composed of
2–4 cells, and some are broken. The heads of glandular hairs are in the shape of the sole,
composed of 6–8 cells that are arranged in couples opposite each other. Tiny clusters of
calcium oxalate are abundant.
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 20.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method
2: NLT 30.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 8.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 1.0%
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 6 h.
Acceptance criteria: NMT 12.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store at controlled room temperature.
• Labeling: The label states the Latin binomial following the official name of the plant
contained in the article.
• USP Reference Standards 〈11〉
USP Apigenin-7-glucoside RS
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Chlorogenic Acid RS
Chrysanthemum × morifolium Flower Dry Extract RS
Isochlorogenic Acid A RS
Luteolin 7-O-Glucoside RS

1S (USP42)

BRIEFING
Chrysanthemum Flower Dry Extract. Because there is no existing USP monograph for this
dietary supplement, a new monograph is being proposed. Validation data for the liquid
chromatographic procedure in the test for Content of Caffeoylquinic Acids and Flavone
Glycosides was obtained using the Phenomenex Luna C18 brand of column with L1 packing. The
typical retention times for the caffeoylquinic acids are 10.0, 10.9, 29.0, 30.4, and 36.7 min for
chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, and
isochlorogenic acid C, respectively. The typical retention times for the flavone glycosides are
22.3, 24.0, 33.0, 40.1, 49.8, and 52.3 min for luteolin-7-O-glucoside, luteolin-7-O-glucuronide,
apigenin-7-O-glucoside, diosmetin-7-O-glucoside, apigenin-7-O-6′′-malonylglucoside, and
linarin, respectively.
(BDSHM: C. Ma.)
Correspondence Number—C186763
Comment deadline: May 31, 2018
Add the following:
Chrysanthemum Flower Dry Extract
DEFINITION
Chrysanthemum Flower Dry Extract is prepared from Chrysanthemum Flower [Chrysanthemum
× morifolium (Ramat.) Hemsl.] by extraction with hydroalcoholic mixtures. It contains NLT
90% and NMT 110% of the labeled amount of total caffeoylquinic acids calculated as the
sum of chlorogenic acid (C16 H18 O9 ), cryptochlorogenic acid (C16 H18 O9 ), isochlorogenic acid
B (C25 H24 O12 ), isochlorogenic acid A (C25 H24 O12 ), and isochlorogenic acid C (C25 H24 O12 )
on the dried basis; and NLT 90% and NMT 110% of labeled amount of total flavone
glycosides calculated as the sum of luteolin-7-O-glucoside (C21 H20 O11 ), luteolin-7-Oglucuronide (C21 H18 O12 ), apigenin-7-O-glucoside (C21 H20 O10 ), diosmetin-7-O-glucoside
(C22 H22 O11 ), apigenin-7-O-6′′-malonylglucoside (C24 H22 O13 ), and linarin (C28 H32 O14 ) on
the dried basis. It may contain suitable added substances as carriers.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.1 mg/mL each of USP Chlorogenic Acid RS, USP Luteolin 7-OGlucoside RS, USP Apigenin-7-glucoside RS, and USP Isochlorogenic Acid A RS in methanol
Standard solution B: 10 mg/mL of USP Chrysanthemum × morifolium Flower Dry Extract
RS in 70% methanol. Sonicate for 20 min, centrifuge, and use the supernatant.
Sample solution: 10 mg/mL of Chrysanthemum Flower Dry Extract in 70% methanol.
Sonicate for 20 min, centrifuge, and use the supernatant.
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Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 5 µL, as 8-mm bands
Relative humidity: 47%, exposing the plate to the atmosphere of a saturated solution of
potassium thiocyanate (KSCN) in a sealed chamber for 10 min
Temperature: 20 ± 5°
Developing solvent system: n-Butyl acetate, formic acid, and water (15:8:8) prepared
as follows. Shake for 5 s and let stand for 3 min until the solution is clearly separated
into two layers. Use the upper layer.
Derivatization reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry in air. Treat the plate with Derivatization reagent A and
dry in air. Immediately treat the plate with Derivatization reagent B, dry in air, and
examine under UV light at 366 nm.
System suitability
Samples: Standard solution A, Standard solution B, and Sample solution
Suitability requirements: In the middle-third section, Standard solution A exhibits a blue
band due to isochlorogenic acid A. In the lower-half section, Standard solution A exhibits
a green band due to apigenin-7-O-glucoside, a yellow band due to luteolin-7-Oglucoside below the green band, and a blue band due to chlorogenic acid below the
yellow band. Standard solution B exhibits a blue band, a green band, a yellow band, and
another blue band corresponding in RF and color to the bands due to isochlorogenic acid
A, apigenin-7-O-glucoside, luteolin-7-O-glucoside, and chlorogenic acid, respectively, in
Standard solution A. Standard solution B also exhibits one or two weak blue bands below
isochlorogenic acid A; a green band between apigenin-7-O-glucoside and luteolin-7-Oglucoside; a yellow band below luteolin-7-O-glucoside; a faint yellow band immediately
above or partially coeluting with chlorogenic acid; and one minor yellow band below
chlorogenic acid.
Acceptance criteria: The Sample solution exhibits a blue band, a green band, a yellow
band, and another blue band corresponding in RF and color to the bands due to
isochlorogenic acid A, apigenin-7-O-glucoside (a distinction from Chrysanthemum indicum
flower, which does not display a pair of clear adjacent green bands with one due to
apigenin-7-O-glucoside), luteolin-7-O-glucoside, and chlorogenic acid, respectively, in
Standard solution A and Standard solution B. The Sample solution exhibits additional bands
corresponding in RF and color to similar bands in Standard solution B, which include one or
two weak blue bands below isochlorogenic acid A; a green band between apigenin-7-Oglucoside and luteolin-7-O-glucoside; a yellow band below luteolin-7-O-glucoside; a faint
yellow band immediately above or partially coeluting with chlorogenic acid; and one minor
yellow band below chlorogenic acid.
• B. HPLC
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Analysis: Proceed as directed in the test for Content of Caffeoylquinic Acids and Flavone
Glycosides.
Acceptance criteria: The Sample solution exhibits an intense peak corresponding to
chlorogenic acid and a peak corresponding to isochlorogenic acid A in Standard solution A;
peaks corresponding to luteolin-7-O-glucoside and apigenin-7-O-glucoside in Standard
solution B; additional caffeoylquinic acid peaks corresponding to cryptochlorogenic acid,
isochlorogenic acid B, and isochlorogenic acid C; and additional flavone glycoside peaks
corresponding to luteolin-7-O-glucuronide, diosmetin-7-O-glucoside, apigenin-7-O-6′′malonylglucoside (a distinction from Chrysanthemum indicum flower, which does not
display a significant peak due to apigenin-7-O-6′′-malonylglucoside), and linarin in
Standard solution C. The Sample solution also exhibits a peak with a relative retention
time of about 2.8 relative to chlorogenic acid; sometimes two peaks are visible due to
coelution. Linarin has a lower peak intensity or is not detected.
COMPOSITION
• Content of Caffeoylquinic Acids and Flavone Glycosides
[Note—Protect solutions from light and proceed under low-actinic light. The Standard
solutions and the Sample solution are stable for 24 h at room temperature.]
Solution A: 0.1% glacial acetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
10
14
20
35
40
45
55
55.1
60
60.1
65

Table 1
Solution A
(%)
90
82
81
81
80
78
75
65
5
5
90
90

Solution B
(%)
10
18
19
19
20
22
25
35
95
95
10
10

Solvent: Methanol and water (7:3)
Standard solution A: 0.1 mg/mL each of USP Chlorogenic Acid RS and USP Isochlorogenic
Acid A RS in Solvent
Standard solution B: 0.05 mg/mL each of USP Luteolin 7-O-Glucoside RS and USP
Apigenin-7-glucoside RS in Solvent
Standard solution C: 5 mg/mL of USP Chrysanthemum × morifolium Flower Dry Extract RS
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in Solvent. Sonicate for 30 min, and pass through a suitable membrane filter of 0.45-µm or
finer pore size.
Sample solution: Transfer about 50 mg of Chrysanthemum Flower Dry Extract, accurately
weighted, into a suitable flask, add 10.0 mL of Solvent, and close tightly. Weigh the filled
flask accurately, and sonicate for 30 min. Cool to room temperature and adjust to the
initial weight by adding Solvent, if needed. Before injection, pass through a suitable
membrane filter of 0.45-µm or finer pore size and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 327 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
Suitability requirements
Resolution: NLT 1.5 between the peaks of chlorogenic acid and cryptochlorogenic acid;
the peaks of isochlorogenic acid B and isochlorogenic acid A; and the peaks of
luteolin-7-O-glucoside and luteolin-7-O-glucuronide, Standard solution C
Tailing factor: NMT 2.0 for the peaks of chlorogenic acid, isochlorogenic acid A,
luteolin-7-O-glucoside, and apigenin-7-O-glucoside, Standard solution A and Standard
solution B
Relative standard deviation: NMT 2.0% for the peaks of chlorogenic acid,
isochlorogenic acid A, luteolin-7-O-glucoside, and apigenin-7-O-glucoside in repeated
injections, Standard solution A and Standard solution B
Chromatogram similarity: The chromatogram of Standard solution C is similar to the
reference chromatogram provided with the lot of USP Chrysanthemum × morifolium
Flower Dry Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Using the chromatograms of Standard solution A, Standard solution B, Standard solution C,
and the reference chromatogram provided with the lot of USP Chrysanthemum ×
morifolium Flower Dry Extract RS being used, identify the peaks of caffeoylquinic acids
corresponding to chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B,
isochlorogenic acid A, and isochlorogenic acid C; and the peaks of flavone glycosides
corresponding to luteolin-7-O-glucoside, luteolin-7-O-glucuronide, apigenin-7-O-glucoside,
diosmetin-7-O-glucoside, apigenin-7-O-6′′-malonylglucoside, and linarin in the Sample
solution.
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[Note—The relative retention times in Table 2 are relative to chlorogenic acid.]
Table 2

Analyte

Approximate
Relative Retention
Time

Chlorogenic acida
1.0
b
Cryptochlorogenic acid
1.1
Isochlorogenic acid Bc
2.9
d
Isochlorogenic acid A
3.1
Isochlorogenic acid Ce
3.7
a (1S,3R,4R,5R)-3-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,4,5trihydroxycyclohexane-1-carboxylic acid.
b (1S,3R,4S,5R)-4-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,3,5trihydroxycyclohexane-1-carboxylic acid.
c (1S,3R,4R,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,5dihydroxycyclohexane-1-carboxylic acid.
d (1S,3R,4S,5R)-3,5-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,4dihydroxycyclohexane-1-carboxylic acid.
e (1R,3R,4S,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,5dihydroxycyclohexane-1-carboxylic acid.
[Note—These compounds are often referred to as 3-/4-/5-/mono-/di- substituted quinic
acids. Due to the confusion in historic and evolving IUPAC ring numbering, that
nomenclature is not used in this pharmacopeia. Instead, the compounds are described by
their conformational structures in Table 3.]
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Table 3. Graphic Conformational Structures of Caffeoylquinic Acids

Caffeoylquinic acids
Chlorogenic acid
Cryptochlorogenic acid
Isochlorogenic acid A
Isochlorogenic acid B
Isochlorogenic acid C

R1
H
H
caffeoyl
H
caffeoyl

R2
H
caffeoyl
H
caffeoyl
caffeoyl

R3
caffeoyl
H
caffeoyl
caffeoyl
H

Separately calculate the percentages of chlorogenic acid and cryptochlorogenic acid
against the USP Chlorogenic Acid RS; and the percentages of isochlorogenic acid B,
isochlorogenic acid A, and isochlorogenic acid C against the USP Isochlorogenic Acid A RS
in the portion of Chrysanthemum Flower Dry Extract taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of chlorogenic acid or isochlorogenic acid A from Standard solution A
CS = concentration of USP Chlorogenic Acid RS or USP Isochlorogenic Acid A RS in
Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Chrysanthemum Flower Dry Extract used to prepare the Sample solution
(mg)
Calculate the content of total caffeoylquinic acids as the sum of chlorogenic acid,
cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, and isochlorogenic
acid C.
Calculate the percentage of the labeled amount of total caffeoylquinic acids in the portion
of Chrysanthemum Flower Dry Extract taken:
Result = (P/L) × 100
P = content of total caffeoylquinic acids as determined previously (%)
L = labeled amount of total caffeoylquinic acids (%)
[Note—The relative retention times in Table 4 are relative to luteolin-7-O-glucoside.]
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Table 4
Approximate
Relative Retention
Analyte
Time
Luteolin-7-O-glucoside
1.0
Luteolin-7-O-glucuronide
1.04
Apigenin-7-O-glucoside
1.5
Diosmetin-7-O-glucoside
1.8
Apigenin-7-O-6′′-malonylglucoside
2.2
Linarin
2.3

Conversion Factor
1.0
1.0
1.0
1.0
1.2
1.0

Separately calculate the percentages of luteolin-7-O-glucoside, luteolin-7-O-glucuronide,
diosmetin-7-O-glucoside, and linarin against USP Luteolin 7-O-Glucoside RS; and the
percentages of apigenin-7-O-glucoside and apigenin-7-O-6′′-malonylglucoside against
USP Apigenin-7-glucoside RS in the portion of Chrysanthemum Flower Dry Extract taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of luteolin-7-O-glucoside or apigenin-7-O-glucoside from Standard
solution B
CS = concentration of USP Luteolin 7-O-Glucoside RS or USP Apigenin-7-glucoside RS in
Standard solution B (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Chrysanthemum Flower Dry Extract used to prepare the Sample solution
(mg)
F = conversion factor for the relevant analyte (see Table 4)
Calculate the content of total flavone glycosides as the sum of luteolin-7-O-glucoside,
luteolin-7-O-glucuronide, apigenin-7-O-glucoside, diosmetin-7-O-glucoside, apigenin-7-O6′′-malonylglucoside, and linarin.
Calculate the percentage of the labeled amount of total flavone glycosides in the portion of
Chrysanthemum Flower Dry Extract taken:
Result = (P/L) × 100
P = content of total flavone glycosides as determined previously (%)
L = labeled amount of total flavone glycosides (%)
Acceptance criteria
Total caffeoylquinic acids: 90%–110% on the dried basis
Total flavone glycosides: 90%–110% on the dried basis
CONTAMINANTS
• Botanical Extracts 〈565〉, Preparations, General Pharmacopeial Requirements, Pesticide
Residues: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
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• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia Coli: Meets the requirements
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 5 h.
Acceptance criteria: NMT 5.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 5.0%
• Botanical Extracts 〈565〉, Preparations, General Pharmacopeial Requirements, Residual
Solvents: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store in a cold place.
• Labeling: The label states the Latin binomial following the official name of the plant from
which the article was prepared. The labeling indicates the content of total flavone
glycosides and the content of total caffeoylquinic acids in percentages on the dried basis.
It meets the other labeling requirements under Botanical Extracts 〈565〉.
• USP Reference Standards 〈11〉
USP Apigenin-7-glucoside RS
USP Chlorogenic Acid RS
USP Chrysanthemum × morifolium Flower Dry Extract RS
USP Isochlorogenic Acid A RS
USP Luteolin 7-O-Glucoside RS
1S (USP42)

BRIEFING
Wild Chrysanthemum Flower. Because there is no existing USP monograph for this dietary
supplement, a new monograph is being proposed. Validation data for the liquid chromatographic
procedure in the test for Content of Caffeoylquinic Acids and Flavone Glycosides was obtained
using the Phenomenex Luna C18 brand of column with L1 packing. The typical retention times
for the caffeoylquinic acids are 10.0, 10.9, 29.0, 30.4, and 36.7 min for chlorogenic acid,
cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, and isochlorogenic acid C,
respectively. The typical retention times for the flavone glycosides are 22.3, 24.0, and 52.3 min
for luteolin-7-O-glucoside, luteolin-7-O-glucuronide, and linarin, respectively.
(BDSHM: C. Ma.)
Correspondence Number—C186759
Comment deadline: May 31, 2018
Add the following:
Wild Chrysanthemum Flower
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DEFINITION
Wild Chrysanthemum Flower consists of the dried flower heads of Chrysanthemum indicum L.
[syn. Dendranthema indicum (L.) Des Moul.] (Family Asteraceae, alt. Compositae) collected
in the early opening stage. It contains NLT 0.5% of total caffeoylquinic acids calculated as
the sum of chlorogenic acid (C16 H18 O9 ), cryptochlorogenic acid (C16 H18 O9 ), isochlorogenic
acid B (C25 H24 O12 ), isochlorogenic acid A (C25 H24 O12 ), and isochlorogenic acid C
(C25 H24 O12 ); and NLT 0.4% of total flavone glycosides calculated as the sum of luteolin7-O-glucoside (C21 H20 O11 ), luteolin-7-O-glucuronide (C21 H18 O12 ) and linarin (C28 H32 O14 )
on the dried basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.1 mg/mL each of USP Chlorogenic Acid RS, USP Linarin RS, USP
Luteolin 7-O-Glucoside RS, and USP Isochlorogenic Acid A RS in methanol
Standard solution B: 10 mg/mL of USP Chrysanthemum indicum Flower Dry Extract RS in
70% methanol. Sonicate for 20 min, centrifuge, and use the supernatant.
Standard solution C: 10 mg/mL of USP Chrysanthemum × morifolium Flower Dry Extract
RS in 70% methanol. Sonicate for 20 min, centrifuge, and use the supernatant.
Sample solution: 500 mg of finely powdered Wild Chrysanthemum Flower in 25 mL of 70%
methanol. Sonicate for 20 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 5µL, as 8-mm bands
Relative humidity: 47%, exposing the plate to the atmosphere of a saturated solution of
potassium thiocyanate (KSCN) in a sealed chamber for 10 min
Temperature: 20 ± 5°
Developing solvent system: n-Butyl acetate, formic acid, and water (15:8:8) prepared
as follows. Shake for 5 s and let stand for 3 min until the solution is clearly separated
into two layers. Use the upper layer.
Derivatization reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry in air. Treat the plate with Derivatization reagent A and
dry in air. Immediately treat the plate with Derivatization reagent B, dry in air, and
examine under UV light at 366 nm.
System suitability
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
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Suitability requirements: In the middle-third section, Standard solution A exhibits a blue
band due to isochlorogenic acid A. In the lower-third section, Standard solution A
exhibits a yellow band due to luteolin-7-O-glucoside, a green band due to linarin below
the yellow band, and a blue band due to chlorogenic acid below the green band.
Standard solution B exhibits a blue band, a yellow band, a green band, and another blue
band corresponding in RF and color to the bands due to isochlorogenic acid A, luteolin7-O-glucoside, linarin, and chlorogenic acid, respectively, in Standard solution A.
Standard solution B also exhibits a yellow band in the upper-third section; two weak
blue bands below isochlorogenic acid A; a faint yellow band immediately above or
partially coeluting with chlorogenic acid; and one or two minor yellow bands below
chlorogenic acid.
Acceptance criteria: The Sample solution exhibits a blue band, a yellow band, a green
band, and another blue band corresponding in RF and color to the bands due to
isochlorogenic acid A, luteolin-7-O-glucoside, linarin, and chlorogenic acid, respectively, in
Standard solution A and Standard solution B. The Sample solution exhibits additional bands
corresponding in RF and color to similar bands in Standard solution B, which include a
yellow band in the upper-third section (a distinction from Chrysanthemum × morifolium
flower); two weak blue bands below isochlorogenic acid A; a faint yellow band immediately
above or partially coeluting with chlorogenic acid; and one or two minor yellow bands
below chlorogenic acid. The Sample solution does not exhibit a pair of adjacent green
bands above luteolin-7-O-glucoside as observed in the chromatogram of Standard solution
C (a distinction from Chrysanthemum × morifolium flower).
• B. HPLC
Analysis: Proceed as directed in the test for Content of Caffeoylquinic Acids and Flavone
Glycosides.
Acceptance criteria: The Sample solution exhibits an intense peak corresponding to
chlorogenic acid and a peak corresponding to isochlorogenic acid A in Standard solution A;
a peak corresponding to luteolin-7-O-glucoside in Standard solution B; additional
caffeoylquinic acid peaks corresponding to cryptochlorogenic acid, isochlorogenic acid B,
and isochlorogenic acid C; and additional flavone glycoside peaks corresponding to
luteolin-7-O-glucuronide, and linarin in Standard solution C. Isochlorogenic acid A has a
peak intensity higher than those of isochlorogenic acid B and isochlorogenic acid C. The
Sample solution exhibits no significant peak corresponding to diosmetin-7-O-glucoside or
apigenin-7-O-6′′-malonylglucoside (a distinction from Chrysanthemum × morifolium
flower, which displays two significant peaks, one due to diosmetin-7-O-glucoside and the
other due to apigenin-7-O-6′′-malonylglucoside between isochlorogenic acid C and
linarin).
COMPOSITION
• Content of Caffeoylquinic Acids and Flavone Glycosides
[Note—Protect solutions from light and proceed under low-actinic light. The Standard
solutions and the Sample solution are stable for 24 h at room temperature.]
Solution A: 0.1% glacial acetic acid in water
Solution B: Acetonitrile
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Mobile phase: See Table 1.
Time
(min)
0
10
14
20
35
40
45
55
55.1
60
60.1
65

Table 1
Solution A
(%)
90
82
81
81
80
78
75
65
5
5
90
90

Solution B
(%)
10
18
19
19
20
22
25
35
95
95
10
10

Solvent: Methanol and water (7:3)
Standard solution A: 0.1 mg/mL each of USP Chlorogenic Acid RS and USP Isochlorogenic
Acid A RS in Solvent
Standard solution B: 0.05 mg/mL of USP Luteolin 7-O-Glucoside RS in Solvent
Standard solution C: 10 mg/mL of USP Chrysanthemum indicum Flower Dry Extract RS in
Solvent. Sonicate for 30 min, and pass through a suitable membrane filter of 0.45-µm or
finer pore size.
Standard solution D: 5 mg/mL of USP Chrysanthemum × morifolium Flower Dry Extract RS
in Solvent. Sonicate for 30 min, and pass through a suitable membrane filter of 0.45-µm or
finer pore size.
Sample solution: Transfer about 250 mg of finely powdered Wild Chrysanthemum Flower,
accurately weighed, into a suitable flask, add 10.0 mL of Solvent, and close tightly. Weigh
the filled flask accurately, and sonicate for 30 min. Cool to room temperature and adjust
to the initial weight by adding Solvent, if needed. Before injection, pass through a suitable
membrane filter of 0.45-µm or finer pore size and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 327 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
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Samples: Standard solution A, Standard solution B, Standard solution C, and Standard
solution D
Suitability requirements
Resolution: NLT 1.5 between the peaks of chlorogenic acid and cryptochlorogenic acid;
the peaks of isochlorogenic acid B and isochlorogenic acid A; the peaks of luteolin7-O-glucoside and luteolin-7-O-glucuronide; and the peak of linarin and the small peak
before linarin, Standard solution C
Tailing factor: NMT 2.0 for the peaks of chlorogenic acid, isochlorogenic acid A, and
luteolin-7-O-glucoside, Standard solution A and Standard solution B
Relative standard deviation: NMT 2.0% for the peaks of chlorogenic acid,
isochlorogenic acid A, and luteolin-7-O-glucoside in repeated injections, Standard
solution A and Standard solution B
Chromatogram similarity: The chromatograms of Standard solution C and Standard
solution D are similar to the reference chromatograms provided with the lot of USP
Chrysanthemum indicum Flower Dry Extract RS and the lot of USP Chrysanthemum ×
morifolium Flower Dry Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Using the chromatograms of Standard solution A, Standard solution B, Standard solution C,
and the reference chromatogram provided with the lot of USP Chrysanthemum indicum
Flower Dry Extract RS being used, identify the peaks of caffeoylquinic acids corresponding
to chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A,
and isochlorogenic acid C; and the peaks of flavone glycosides corresponding to luteolin7-O-glucoside, luteolin-7-O-glucuronide, and linarin, in the Sample solution.
[Note—The relative retention times in Table 2 are relative to chlorogenic acid.]
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Analyte

Table 2
Approximate Relative Retention Time

1.0
Chlorogenic acida
b
1.1
Cryptochlorogenic acid
2.9
Isochlorogenic acid Bc
d
3.1
Isochlorogenic acid A
3.7
Isochlorogenic acid Ce
a (1S,3R,4R,5R)-3-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,4,5trihydroxycyclohexane-1-carboxylic acid.
b (1S,3R,4S,5R)-4-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,3,5trihydroxycyclohexane-1-carboxylic acid.
c (1S,3R,4R,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,5dihydroxycyclohexane-1-carboxylic acid.
d (1S,3R,4S,5R)-3,5-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,4dihydroxycyclohexane-1-carboxylic acid.
e (1R,3R,4S,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,5dihydroxycyclohexane-1-carboxylic acid.
[Note—These compounds are often referred to as 3-/4-/5-/mono-/di- substituted quinic
acids. Due to the confusion in historic and evolving IUPAC ring numbering, that
nomenclature is not used in this pharmacopeia. Instead, the compounds are described by
their conformational structures in Table 3.]
Table 3. Graphic Conformational Structures of Caffeoylquinic Acids

Caffeoylquinic acids
Chlorogenic acid
Cryptochlorogenic acid
Isochlorogenic acid A
Isochlorogenic acid B
Isochlorogenic acid C

R1
H
H
caffeoyl
H
caffeoyl

R2
H
caffeoyl
H
caffeoyl
caffeoyl

R3
caffeoyl
H
caffeoyl
caffeoyl
H

Separately calculate the percentages of chlorogenic acid and cryptochlorogenic acid
against the USP Chlorogenic Acid RS; and the percentages of isochlorogenic acid B,
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isochlorogenic acid A, and isochlorogenic acid C against the USP Isochlorogenic Acid A RS
in the portion of Wild Chrysanthemum Flower taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of chlorogenic acid or isochlorogenic acid A from Standard solution A
CS = concentration of USP Chlorogenic Acid RS or USP Isochlorogenic Acid A RS in
Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Wild Chrysanthemum Flower used to prepare the Sample solution (mg)
Calculate the content of total caffeoylquinic acids as the sum of chlorogenic acid,
cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, and isochlorogenic
acid C.
[Note—The relative retention times in Table 4 are relative to luteolin-7-O-glucoside.]
Table 4
Analyte
Approximate Relative Retention Time
Luteolin-7-O-glucoside
1.0
Luteolin-7-O-glucuronide
1.04
Diosmetin-7-O-glucoside
1.8
Apigenin-7-O-6″″-malonylglucoside
2.2
Linarin
2.3
Separately calculate the percentages of luteolin-7-O-glucoside, luteolin-7-O-glucuronide,
and linarin against USP Luteolin 7-O-Glucoside RS in the portion of Wild Chrysanthemum
Flower taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of luteolin-7-O-glucoside from Standard solution B
CS = concentration of USP Luteolin 7-O-Glucoside RS in Standard solution B (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Wild Chrysanthemum Flower used to prepare the Sample solution (mg)
Calculate the content of total flavone glycosides as the sum of luteolin-7-O-glucoside,
luteolin-7-O-glucuronide, and linarin.
Acceptance criteria
Total caffeoylquinic acids: NLT 0.5% on the dried basis
Total flavone glycosides: NLT 0.4% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
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• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: The flower heads are irregular spherical, brownish-yellow, 0.3–1 cm in
diameter. The involucre consists of 4–5 layers of bracts: the outer layers of bracts are
oval or strip, with white hairs on the external surfaces and membranous edges; the inner
bracts are elongated elliptic, membranous, without hairs on external surfaces. Remaining
pedicel may be visible. Lingulate flowers are one layer, yellow or brown–yellow, crumpled.
The tubular flowers are numerous and dark yellow.
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 2.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 12.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method
2: NLT 25.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 8.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 2.0%
• Loss on Drying 〈731〉
Sample: The flowers finely powdered
Analysis: Dry the Sample at 105° for 6 h.
Acceptance criteria: NMT 14.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store at controlled room temperature.
• Labeling: The label states the Latin binomial following the official name of the plant
contained in the article.
• USP Reference Standards 〈11〉
USP Chlorogenic Acid RS
USP Chrysanthemum indicum Flower Dry Extract RS
USP Chrysanthemum × morifolium Flower Dry Extract RS
USP Isochlorogenic Acid A RS
USP Linarin RS
USP Luteolin 7-O-Glucoside RS
1S (USP42)

BRIEFING
Wild Chrysanthemum Flower Powder. Because there is no existing USP monograph for
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this dietary supplement, a new monograph is being proposed. Validation data for the liquid
chromatographic procedure in the test for Content of Caffeoylquinic Acids and Flavone
Glycosides was obtained using the Phenomenex Luna C18 brand of column with L1 packing. The
typical retention times for the caffeoylquinic acids are 10.0, 10.9, 29.0, 30.4, and 36.7 min for
chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, and
isochlorogenic acid C, respectively. The typical retention times for the flavone glycosides are
22.3, 24.0, and 52.3 min for luteolin-7-O-glucoside, luteolin-7-O-glucuronide, and linarin,
respectively.
(BDSHM: C. Ma.)
Correspondence Number—C186765
Comment deadline: May 31, 2018
Add the following:
Wild Chrysanthemum Flower Powder
DEFINITION
Wild Chrysanthemum Flower Powder consists of the dried flower heads of Wild
Chrysanthemum (Chrysanthemum indicum L.) reduced to a fine or very fine powder. It
contains NLT 0.5% of total caffeoylquinic acids calculated as the sum of chlorogenic acid
(C16 H18 O9 ), cryptochlorogenic acid (C16 H18 O9 ), isochlorogenic acid B (C25 H24 O12 ),
isochlorogenic acid A (C25 H24 O12 ), and isochlorogenic acid C (C25 H24 O12 ); and NLT 0.4% of
total flavone glycosides calculated as the sum of luteolin-7-O-glucoside (C21 H20 O11 ),
luteolin-7-O-glucuronide (C21 H18 O12 ), and linarin (C28 H32 O14 ) on the dried basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.1 mg/mL each of USP Chlorogenic Acid RS, USP Linarin RS, USP
Luteolin 7-O-Glucoside RS, and USP Isochlorogenic Acid A RS in methanol
Standard solution B: 10 mg/mL of USP Chrysanthemum indicum Flower Dry Extract RS in
70% methanol. Sonicate for 20 min, centrifuge, and use the supernatant.
Standard solution C: 10 mg/mL of USP Chrysanthemum × morifolium Flower Dry Extract
RS in 70% methanol. Sonicate for 20 min, centrifuge, and use the supernatant.
Sample solution: 500 mg of Wild Chrysanthemum Flower Powder in 25 mL of 70%
methanol. Sonicate for 20 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 5µL, as 8-mm bands
Relative humidity: 47%, exposing the plate to the atmosphere of a saturated solution of
potassium thiocyanate (KSCN) in a sealed chamber for 10 min
Temperature: 20 ± 5°
Developing solvent system: n-Butyl acetate, formic acid, and water (15:8:8) prepared
as follows. Shake for 5 s and let stand for 3 min until the solution is clearly separated
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into two layers. Use the upper layer.
Derivatization reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry in air. Treat the plate with Derivatization reagent A and
dry in air. Immediately treat the plate with Derivatization reagent B, dry in air, and
examine under UV light at 366 nm.
System suitability
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Suitability requirements: In the middle-third section, Standard solution A exhibits a blue
band due to isochlorogenic acid A. In the lower-third section, Standard solution A
exhibits a yellow band due to luteolin-7-O-glucoside, a green band due to linarin below
the yellow band, and a blue band due to chlorogenic acid below the green band.
Standard solution B exhibits a blue band, a yellow band, a green band, and another blue
band corresponding in RF and color to the bands due to isochlorogenic acid A, luteolin7-O-glucoside, linarin, and chlorogenic acid, respectively, in Standard solution A.
Standard solution B also exhibits a yellow band in the upper-third section; two weak
blue bands below isochlorogenic acid A; a faint yellow band immediately above or
partially coeluting with chlorogenic acid; and one or two minor yellow bands below
chlorogenic acid.
Acceptance criteria: The Sample solution exhibits a blue band, a yellow band, a green
band, and another blue band corresponding in RF and color to the bands due to
isochlorogenic acid A, luteolin-7-O-glucoside, linarin, and chlorogenic acid, respectively, in
Standard solution A and Standard solution B. The Sample solution exhibits additional bands
corresponding in RF and color to similar bands in Standard solution B, which include a
yellow band in the upper-third section (a distinction from Chrysanthemum × morifolium
flower); two weak blue bands below isochlorogenic acid A; a faint yellow band immediately
above or partially coeluting with chlorogenic acid; and one or two minor yellow bands
below chlorogenic acid. The Sample solution does not exhibit a pair of adjacent green
bands above luteolin-7-O-glucoside as observed in the chromatogram of Standard solution
C (a distinction from Chrysanthemum × morifolium flower).
• B. HPLC
Analysis: Proceed as directed in the test for Content of Caffeoylquinic Acids and Flavone
Glycosides.
Acceptance criteria: The Sample solution exhibits an intense peak corresponding to
chlorogenic acid and a peak corresponding to isochlorogenic acid A in Standard solution A;
a peak corresponding to luteolin-7-O-glucoside in Standard solution B; additional
caffeoylquinic acid peaks corresponding to cryptochlorogenic acid, isochlorogenic acid B,
and isochlorogenic acid C; and additional flavone glycoside peaks corresponding to
luteolin-7-O-glucuronide and linarin in Standard solution C. Isochlorogenic acid A has a
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peak intensity higher than those of isochlorogenic acid B and isochlorogenic acid C. The
Sample solution exhibits no significant peak corresponding to diosmetin-7-O-glucoside or
apigenin-7-O-6′′-malonylglucoside (a distinction from Chrysanthemum × morifolium
flower, which displays two significant peaks, one due to diosmetin-7-O-glucoside and the
other due to apigenin-7-O-6′′-malonylglucoside between isochlorogenic acid C and
linarin).
COMPOSITION
• Content of Caffeoylquinic Acids and Flavone Glycosides
[Note—Protect solutions from light and proceed under low-actinic light. The Standard
solutions and the Sample solution are stable for 24 h at room temperature.]
Solution A: 0.1% glacial acetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
10
14
20
35
40
45
55
55.1
60
60.1
65

Table 1
Solution A
(%)
90
82
81
81
80
78
75
65
5
5
90
90

Solution B
(%)
10
18
19
19
20
22
25
35
95
95
10
10

Solvent: Methanol and water (7:3)
Standard solution A: 0.1 mg/mL each of USP Chlorogenic Acid RS and USP Isochlorogenic
Acid A RS in Solvent
Standard solution B: 0.05 mg/mL of USP Luteolin 7-O-Glucoside RS in Solvent
Standard solution C: 10 mg/mL of USP Chrysanthemum indicum Flower Dry Extract RS in
Solvent. Sonicate for 30 min, and pass through a suitable membrane filter of 0.45-µm or
finer pore size.
Standard solution D: 5 mg/mL of USP Chrysanthemum × morifolium Flower Dry Extract RS
in Solvent. Sonicate for 30 min, and pass through a suitable membrane filter of 0.45-µm or
finer pore size.
Sample solution: Transfer about 250 mg of Wild Chrysanthemum Flower Powder,
accurately weighed, into a suitable flask, add 10.0 mL of Solvent, and close tightly. Weigh
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the filled flask accurately, and sonicate for 30 min. Cool to room temperature and adjust
to the initial weight by adding Solvent, if needed. Before injection, pass through a suitable
membrane filter of 0.45-µm or finer pore size and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 327 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A, Standard solution B, Standard solution C, and Standard
solution D
Suitability requirements
Resolution: NLT 1.5 between the peaks of chlorogenic acid and cryptochlorogenic acid;
the peaks of isochlorogenic acid B and isochlorogenic acid A; the peaks of luteolin7-O-glucoside and luteolin-7-O-glucuronide; and the peak of linarin and the small peak
before linarin, Standard solution C
Tailing factor: NMT 2.0 for the peaks of chlorogenic acid, isochlorogenic acid A, and
luteolin-7-O-glucoside, Standard solution A and Standard solution B
Relative standard deviation: NMT 2.0% for the peaks of chlorogenic acid,
isochlorogenic acid A, and luteolin-7-O-glucoside in repeated injections, Standard
solution A and Standard solution B
Chromatogram similarity: The chromatograms of Standard solution C and Standard
solution D are similar to the reference chromatograms provided with the lot of USP
Chrysanthemum indicum Flower Dry Extract RS and the lot of USP Chrysanthemum ×
morifolium Flower Dry Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Using the chromatograms of Standard solution A, Standard solution B, Standard solution C,
and the reference chromatogram provided with the lot of USP Chrysanthemum indicum
Flower Dry Extract RS being used, identify the peaks of caffeoylquinic acids corresponding
to chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A,
and isochlorogenic acid C; and the peaks of flavone glycosides corresponding to luteolin7-O-glucoside, luteolin-7-O-glucuronide, and linarin, in the Sample solution.
[Note—The relative retention times in Table 2 are relative to chlorogenic acid.]
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Analyte

Table 2
Approximate Relative Retention Time

Chlorogenic acida
1.0
b
Cryptochlorogenic acid
1.1
Isochlorogenic acid Bc
2.9
d
Isochlorogenic acid A
3.1
Isochlorogenic acid Ce
3.7
a (1S,3R,4R,5R)-3-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,4,5trihydroxycyclohexane-1-carboxylic acid.
b (1S,3R,4S,5R)-4-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,3,5trihydroxycyclohexane-1-carboxylic acid.
c (1S,3R,4R,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,5dihydroxycyclohexane-1-carboxylic acid.
d (1S,3R,4S,5R)-3,5-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,4dihydroxycyclohexane-1-carboxylic acid.
e (1R,3R,4S,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,5dihydroxycyclohexane-1-carboxylic acid.
[Note—These compounds are often referred to as 3-/4-/5-/mono-/di- substituted quinic
acids. Due to the confusion in historic and evolving IUPAC ring numbering, that
nomenclature is not used in this pharmacopeia. Instead, the compounds are described by
their conformational structures in Table 3.]
Table 3. Graphic Conformational Structures of Caffeoylquinic Acids

Caffeoylquinic acids
Chlorogenic acid
Cryptochlorogenic acid
Isochlorogenic acid A
Isochlorogenic acid B
Isochlorogenic acid C

R1
H
H
caffeoyl
H
caffeoyl

R2
H
caffeoyl
H
caffeoyl
caffeoyl

R3
caffeoyl
H
caffeoyl
caffeoyl
H

Separately calculate the percentages of chlorogenic acid and cryptochlorogenic acid
against the USP Chlorogenic Acid RS; and the percentages of isochlorogenic acid B,
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isochlorogenic acid A, and isochlorogenic acid C against the USP Isochlorogenic Acid A RS
in the portion of Wild Chrysanthemum Flower Powder taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of chlorogenic acid or isochlorogenic acid A from Standard solution A
CS = concentration of USP Chlorogenic Acid RS or USP Isochlorogenic Acid A RS in
Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Wild Chrysanthemum Flower Powder used to prepare the Sample solution
(mg)
Calculate the content of total caffeoylquinic acids as the sum of chlorogenic acid,
cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, and isochlorogenic
acid C.
[Note—The relative retention times in Table 4 are relative to luteolin-7-O-glucoside.]
Table 4
Analyte
Approximate Relative Retention Time
Luteolin-7-O-glucoside
1.0
Luteolin-7-O-glucuronide
1.04
Diosmetin-7-O-glucoside
1.8
Apigenin-7-O-6″″-malonylglucoside
2.2
Linarin
2.3
Separately calculate the percentages of luteolin-7-O-glucoside, luteolin-7-O-glucuronide,
and linarin against USP Luteolin 7-O-Glucoside RS in the portion of Wild Chrysanthemum
Flower Powder taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of luteolin-7-O-glucoside from Standard solution B
CS = concentration of USP Luteolin 7-O-Glucoside RS in Standard solution B (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Wild Chrysanthemum Flower Powder used to prepare the Sample solution
(mg)
Calculate the content of total flavone glycosides as the sum of luteolin-7-O-glucoside,
luteolin-7-O-glucuronide, and linarin.
Acceptance criteria
Total caffeoylquinic acids: NLT 0.5% on the dried basis
Total flavone glycosides: NLT 0.4% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
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• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Pale-yellow powder
Microscopic: The pollen grains are yellow, spherical, 20–33 µm in diameter, with 4–5 pores.
The heads of glandular hairs are sole shaped, composed of 4–6 cells, 35–120 µm in length
and 33–67 µm in width. Nonglandular hairs with arms slightly circuitous or T-shaped; apical
cell is unequally furcated, with walls slightly thickened, sometimes thickened only on one
side; the base is composed of 1–5 cells uniseriate arranged, 20–40 µm in diameter.
Epidermal cells of bract are polygonal in surface view, anticlinal walls straight or sinuous,
with longitudinal cuticular striations; stomata are infinitive, rounded or oval, 18–25 µm in
diameter, with 3–6 subsidiary cells. Small clusters of calcium oxalate are occasionally
visible.
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 12.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method
2: NLT 25.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 8.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 2.0%
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 6 h.
Acceptance criteria: NMT 14.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store at controlled room temperature.
• Labeling: The label states the Latin binomial following the official name of the plant
contained in the article.
• USP Reference Standards 〈11〉
USP Chlorogenic Acid RS
USP Chrysanthemum indicum Flower Dry Extract RS
USP Chrysanthemum × morifolium Flower Dry Extract RS
USP Isochlorogenic Acid A RS
USP Linarin RS
USP Luteolin 7-O-Glucoside RS
1S (USP42)
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BRIEFING
Wild Chrysanthemum Flower Dry Extract. Because there is no existing USP monograph for
this dietary supplement, a new monograph is being proposed. Validation data for the liquid
chromatographic procedure in the test for Content of Caffeoylquinic Acids and Flavone
Glycosides was obtained using the Phenomenex Luna C18 brand of column with L1 packing. The
typical retention times for the caffeoylquinic acids are 10.0, 10.9, 29.0, 30.4, and 36.7 min for
chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, and
isochlorogenic acid C, respectively. The typical retention times for the flavone glycosides are
22.3, 24.0, and 52.3 min for luteolin-7-O-glucoside, luteolin-7-O-glucuronide, and linarin,
respectively.
(BDSHM: C. Ma.)
Correspondence Number—C186767
Comment deadline: May 31, 2018
Add the following:
Wild Chrysanthemum Flower Dry Extract
DEFINITION
Wild Chrysanthemum Flower Dry Extract is prepared from Wild Chrysanthemum Flower
(Chrysanthemum indicum L.) by extraction with hydroalcoholic mixtures. It contains NLT
90% and NMT 110% of the labeled amount of total caffeoylquinic acids calculated as the
sum of chlorogenic acid (C16 H18 O9 ), cryptochlorogenic acid (C16 H18 O9 ), isochlorogenic acid
B (C25 H24 O12 ), isochlorogenic acid A (C25 H24 O12 ), and isochlorogenic acid C (C25 H24 O12 );
and NLT 90% and NMT 110% of the labeled amount of total flavone glycosides calculated
as the sum of luteolin-7-O-glucoside (C21 H20 O11 ), luteolin-7-O-glucuronide (C21 H18 O12 ),
and linarin (C28 H32 O14 ) on the dried basis. It may contain suitable added substances as
carriers.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.1 mg/mL each of USP Chlorogenic Acid RS, USP Linarin RS, USP
Luteolin 7-O-Glucoside RS, and USP Isochlorogenic Acid A RS in methanol
Standard solution B: 10 mg/mL of USP Chrysanthemum indicum Flower Dry Extract RS in
70% methanol. Sonicate for 20 min, centrifuge, and use the supernatant.
Standard solution C: 10 mg/mL of USP Chrysanthemum × morifolium Flower Dry Extract
RS in 70% methanol. Sonicate for 20 min, centrifuge, and use the supernatant.
Sample solution: 10 mg/mL of Wild Chrysanthemum Flower Dry Extract in 70% methanol.
Sonicate for 20 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 5µL, as 8-mm bands
Relative humidity: 47%, exposing the plate to the atmosphere of a saturated solution of
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potassium thiocyanate (KSCN) in a sealed chamber for 10 min
Temperature: 20 ± 5°
Developing solvent system: n-Butyl acetate, formic acid, and water (15:8:8) prepared
as follows. Shake for 5 s and let stand for 3 min until the solution is clearly separated
into two layers. Use the upper layer.
Derivatization reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry in air. Treat the plate with Derivatization reagent A and
dry in air. Immediately treat the plate with Derivatization reagent B, dry in air, and
examine under UV light at 366 nm.
System suitability
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Suitability requirements: In the middle-third section, Standard solution A exhibits a blue
band due to isochlorogenic acid A. In the lower-third section, Standard solution A
exhibits a yellow band due to luteolin-7-O-glucoside, a green band due to linarin below
the yellow band, and a blue band due to chlorogenic acid below the green band.
Standard solution B exhibits a blue band, a yellow band, a green band, and another blue
band corresponding in RF and color to the bands due to isochlorogenic acid A, luteolin7-O-glucoside, linarin, and chlorogenic acid, respectively, in Standard solution A.
Standard solution B also exhibits a yellow band in the upper-third section; two weak
blue bands below isochlorogenic acid A; a faint yellow band immediately above or
partially coeluting with chlorogenic acid; and one or two minor yellow bands below
chlorogenic acid.
Acceptance criteria: The Sample solution exhibits a blue band, a yellow band, a green
band, and another blue band corresponding in RF and color to the bands due to
isochlorogenic acid A, luteolin-7-O-glucoside, linarin, and chlorogenic acid, respectively, in
Standard solution A and Standard solution B. The Sample solution exhibits additional bands
corresponding in RF and color to similar bands in Standard solution B, which include a
yellow band in the upper-third section (a distinction from Chrysanthemum × morifolium
flower); two weak blue bands below isochlorogenic acid A; a faint yellow band immediately
above or partially coeluting with chlorogenic acid; and one or two minor yellow bands
below chlorogenic acid. The Sample solution does not exhibit a pair of adjacent green
bands above luteolin-7-O-glucoside as observed in the chromatogram of Standard solution
C (a distinction from Chrysanthemum × morifolium flower).
• B. HPLC
Analysis: Proceed as directed in the test for Content of Caffeoylquinic Acids and Flavone
Glycosides.
Acceptance criteria: The Sample solution exhibits an intense peak corresponding to
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chlorogenic acid and a peak corresponding to isochlorogenic acid A in Standard solution A;
a peak corresponding to luteolin-7-O-glucoside in Standard solution B; additional
caffeoylquinic acid peaks corresponding to cryptochlorogenic acid, isochlorogenic acid B,
and isochlorogenic acid C; and additional flavone glycoside peaks corresponding to
luteolin-7-O-glucuronide and linarin in Standard solution C. Isochlorogenic acid A has a
peak intensity higher than those of isochlorogenic acid B and isochlorogenic acid C. The
Sample solution exhibits no significant peak corresponding to diosmetin-7-O-glucoside or
apigenin-7-O-6′′-malonylglucoside (a distinction from Chrysanthemum × morifolium
flower, which displays two significant peaks, one due to diosmetin-7-O-glucoside and the
other due to apigenin-7-O-6′′-malonylglucoside between isochlorogenic acid C and
linarin).
COMPOSITION
• Content of Caffeoylquinic Acids and Flavone Glycosides
[Note—Protect solutions from light and proceed under low-actinic light. The Standard
solutions and the Sample solution are stable for 24 h at room temperature.]
Solution A: 0.1% glacial acetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
10
14
20
35
40
45
55
55.1
60
60.1
65

Table 1
Solution A
(%)
90
82
81
81
80
78
75
65
5
5
90
90

Solution B
(%)
10
18
19
19
20
22
25
35
95
95
10
10

Solvent: Methanol and water (7:3)
Standard solution A: 0.1 mg/mL each of USP Chlorogenic Acid RS and USP Isochlorogenic
Acid A RS in Solvent
Standard solution B: 0.05 mg/mL of USP Luteolin 7-O-Glucoside RS in Solvent
Standard solution C: 10 mg/mL of USP Chrysanthemum indicum Flower Dry Extract RS in
Solvent. Sonicate for 30 min, and pass through a suitable membrane filter of 0.45-µm or
finer pore size.
Standard solution D: 5 mg/mL of USP Chrysanthemum × morifolium Flower Dry Extract RS
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in Solvent. Sonicate for 30 min, and pass through a suitable membrane filter of 0.45-µm or
finer pore size.
Sample solution: Transfer about 100 mg of Wild Chrysanthemum Flower Dry Extract,
accurately weighed, into a suitable flask, add 10.0 mL of Solvent, and close tightly. Weigh
the filled flask accurately, and sonicate for 30 min. Cool to room temperature and adjust
to the initial weight by adding Solvent, if needed. Before injection, pass through a suitable
membrane filter of 0.45-µm or finer pore size and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 327 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A, Standard solution B, Standard solution C, and Standard
solution D
Suitability requirements
Resolution: NLT 1.5 between the peaks of chlorogenic acid and cryptochlorogenic acid;
the peaks of isochlorogenic acid B and isochlorogenic acid A; the peaks of luteolin7-O-glucoside and luteolin-7-O-glucuronide; and the peak of linarin and the small peak
before linarin, Standard solution C
Tailing factor: NMT 2.0 for the peaks of chlorogenic acid, isochlorogenic acid A, and
luteolin-7-O-glucoside, Standard solution A and Standard solution B
Relative standard deviation: NMT 2.0% for the peaks of chlorogenic acid,
isochlorogenic acid A, and luteolin-7-O-glucoside in repeated injections, Standard
solution A and Standard solution B
Chromatogram similarity: The chromatograms of Standard solution C and Standard
solution D are similar to the reference chromatograms provided with the lot of USP
Chrysanthemum indicum Flower Dry Extract RS and the lot of USP Chrysanthemum ×
morifolium Flower Dry Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Using the chromatograms of Standard solution A, Standard solution B, Standard solution C,
and the reference chromatogram provided with the lot of USP Chrysanthemum indicum
Flower Dry Extract RS being used, identify the peaks of caffeoylquinic acids corresponding
to chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A,
and isochlorogenic acid C; and the peaks of flavone glycosides corresponding to luteolin7-O-glucoside, luteolin-7-O-glucuronide, and linarin, in the Sample solution.
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[Note—The relative retention times in Table 2 are relative to chlorogenic acid.]

Analyte

Table 2
Approximate Relative Retention Time

Chlorogenic acida
1.0
b
Cryptochlorogenic acid
1.1
Isochlorogenic acid Bc
2.9
d
Isochlorogenic acid A
3.1
Isochlorogenic acid Ce
3.7
a (1S,3R,4R,5R)-3-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,4,5trihydroxycyclohexane-1-carboxylic acid.
b (1S,3R,4S,5R)-4-{[(E)-3-(3,4-Dihydroxyphenyl)acryloyl]oxy}-1,3,5trihydroxycyclohexane-1-carboxylic acid.
c (1S,3R,4R,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,5dihydroxycyclohexane-1-carboxylic acid.
d (1S,3R,4S,5R)-3,5-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,4dihydroxycyclohexane-1-carboxylic acid.
e (1R,3R,4S,5R)-3,4-Bis{[(E)-3-(3,4-dihydroxyphenyl)acryloyl]oxy}-1,5dihydroxycyclohexane-1-carboxylic acid.
[Note—These compounds are often referred to as 3-/4-/5-/mono-/di- substituted quinic
acids. Due to the confusion in historic and evolving IUPAC ring numbering, that
nomenclature is not used in this pharmacopeia. Instead, the compounds are described by
their conformational structures in Table 3.]
Table 3. Graphic Conformational Structures of Caffeoylquinic Acids

Caffeoylquinic acids
Chlorogenic acid
Cryptochlorogenic acid
Isochlorogenic acid A
Isochlorogenic acid B
Isochlorogenic acid C

R1
H
H
caffeoyl
H
caffeoyl

R2
H
caffeoyl
H
caffeoyl
caffeoyl

R3
caffeoyl
H
caffeoyl
caffeoyl
H

Separately calculate the percentages of chlorogenic acid and cryptochlorogenic acid
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against the USP Chlorogenic Acid RS; and the percentages of isochlorogenic acid B,
isochlorogenic acid A, and isochlorogenic acid C against the USP Isochlorogenic Acid A RS
in the portion of Wild Chrysanthemum Flower Dry Extract taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of chlorogenic acid or isochlorogenic acid A from Standard solution A
CS = concentration of USP Chlorogenic Acid RS or USP Isochlorogenic Acid A RS in
Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Wild Chrysanthemum Flower Dry Extract used to prepare the Sample
solution (mg)
Calculate the content of total caffeoylquinic acids as the sum of chlorogenic acid,
cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, and isochlorogenic
acid C.
Calculate the percentage of the labeled amount of total caffeoylquinic acids in the portion
of Wild Chrysanthemum Flower Dry Extract taken:
Result = (P/L) × 100
P = content of total caffeoylquinic acids as determined previously (%)
L = labeled amount of total caffeoylquinic acids (%)
[Note—The relative retention times in Table 4 are relative to luteolin-7-O-glucoside.]
Table 4
Analyte
Approximate Relative Retention Time
Luteolin-7-O-glucoside
1.0
Luteolin-7-O-glucuronide
1.04
Diosmetin-7-O-glucoside
1.8
Apigenin-7-O-6″″-malonylglucoside
2.2
Linarin
2.3
Separately calculate the percentages of luteolin-7-O-glucoside, luteolin-7-O-glucuronide,
and linarin against USP Luteolin 7-O-Glucoside RS in the portion of Wild Chrysanthemum
Flower Dry Extract taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of luteolin-7-O-glucoside from Standard solution B
CS = concentration of USP Luteolin 7-O-Glucoside RS in Standard solution B (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Wild Chrysanthemum Flower Dry Extract used to prepare the Sample
solution (mg)
Calculate the content of total flavone glycosides as the sum of luteolin-7-O-glucoside,
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luteolin-7-O-glucuronide, and linarin.
Calculate the percentage of the labeled amount of total flavone glycosides in the portion of
Wild Chrysanthemum Flower Dry Extract taken:
Result = (P/L) × 100
P = content of total flavone glycosides as determined previously (%)
L = labeled amount of total flavone glycosides (%)
Acceptance criteria
Total caffeoylquinic acids: 90%–110% on the dried basis
Total flavone glycosides: 90%–110% on the dried basis
CONTAMINANTS
• Botanical Extracts 〈565〉, Preparations, General Pharmacopeial Requirements, Pesticide
Residues: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 5 h.
Acceptance criteria: NMT 5.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 5.0%
• Botanical Extracts 〈565〉, Preparations, General Pharmacopeial Requirements, Residual
Solvents: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store in a cold place.
• Labeling: The label states the Latin binomial following the official name of the plant from
which the article was prepared. The labeling indicates the content of total flavone
glycosides and the content of total caffeoylquinic acids in percentages on the dried basis.
It meets the other labeling requirements under Botanical Extracts 〈565〉.
• USP Reference Standards 〈11〉
USP Chlorogenic Acid RS
USP Chrysanthemum indicum Flower Dry Extract RS
USP Chrysanthemum × morifolium Flower Dry Extract RS
USP Isochlorogenic Acid A RS
USP Linarin RS
USP Luteolin 7-O-Glucoside RS
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1S (USP42)

BRIEFING
Ginkgo Capsules, USP 41 page 4663. On the basis of comments received and submitted
laboratory results, it is proposed to make the following changes:
1. Revise the Sample solution preparation in the test for Content of Terpene Lactones and
significantly reduce the total analysis time for each sample.
2. Revise the test for Content of Flavonol Glycosides to use one Standard solution.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BDSHM: N. Davydova.)
Correspondence Number—C200575
Comment deadline: May 31, 2018
Ginkgo Capsules
DEFINITION
Ginkgo Capsules are prepared with Powdered Ginkgo Extract and contain, in the labeled
amount of Powdered Ginkgo Extract, NLT 22.0% and NMT 27.0% of flavonol glycosides and
NLT 5.4% and NMT 12.0% of terpene lactones, calculated as the sum of bilobalide
(C15 H18 O8 ), ginkgolide A (C20 H24 O9 ), ginkgolide B (C20 H24 O10 ), and ginkgolide C
(C20 H24 O11 ).
IDENTIFICATION
• A. HPLC: The retention times of the quercetin, isorhamnetin, and kaempferol peaks of the
Sample solution correspond to those of the Standard solution, as obtained in the test for
Content of Flavonol Glycosides. In the chromatogram of the Sample solution, the ratio of
the kaempferol peak to the quercetin peak is NLT 0.7, and the isorhamnetin peak is NLT
0.1 times the size of the quercetin peak.
• B. HPLC: The retention times of the bilobalide, ginkgolide A, ginkgolide B, and ginkgolide C
peaks of the Sample solution correspond to those of the Standard solutions, as obtained in
the test for Content of Terpene Lactones.
STRENGTH
Change to read:
• Content of Flavonol Glycosides
Mobile phase: Methanol, water, and phosphoric acid (100:100:1)
Standard solution A: 0.2 mg/mL of USP Quercetin RS in methanol
Standard solution B: 0.2 mg/mL of USP Kaempferol RS in methanol
Standard solution C: 0.05 mg/mL of USP Isorhamnetin RS in methanol
Standard solution: 0.2 mg/mL of USP Quercetin RS, 0.2 mg/mL of USP Kaempferol RS,
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and 0.05 mg/mL of USP Isorhamnetin RS in methanol 1S (USP42)
Sample solution: Weigh and finely powder the contents of NLT 20 Capsules. Transfer an
accurately weighed quantity of the powder, equivalent to about 50 mg of flavonol
glycosides, to a 50-mL volumetric flask. Add 20 mL of methanol, and sonicate for 3 min.
Add 20 mL of 1.5 N hydrochloric acid, and sonicate again for 10 min. Allow to cool to room
temperature, and dilute with methanol to volume. Centrifuge, and transfer a portion of the
clear supernatant to a rubber-capped, low-actinic glass vial. Heat in a steam bath for 25
min, and cool to room temperature in an ice bath.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 370 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution A, Standard solution B, and Standard solution C
Standard solution 1S (USP42)
[Note—The relative retention times for quercetin, kaempferol, and isorhamnetin are about
1.0, 1.8, and 2.0, respectively.; Standard solution A, Standard solution B, and Standard
solution C.
1S (USP42)

]
Suitability requirements
Relative standard deviation: NMT 2.0% for quercetin in repeated injections, Standard
solution A
1S (USP42)

Analysis
Sample: Standard solution A, Standard solution B, Standard solution C,
Standard solution 1S (USP42)
and Sample solution
Calculate the quantity, in mg, of each flavonol glycoside in the portion of Capsules taken:
Result = (rU/rS) × CS × F × 50
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of the relevant analyte from Standard solution A, Standard solution B, or
Standard solution C
the Standard solution 1S (USP42)
CS = concentration of the relevant analyte in Standard solution A, Standard solution B, or
Standard solution C
the Standard solution 1S (USP42)
(mg/mL)

PF 44(2): Mar.-Apr. 2018

543

F = mean molecular mass factor to convert each analyte into flavonol glycoside with a
mean molecular mass of 756.7 (2.504 for quercetin, 2.437 for isorhamnetin, and
2.588 for kaempferol)
Calculate the total quantity, in mg, of flavonol glycosides in the portion of Capsules taken
by adding the individual quantities calculated. Calculate the total quantity, in mg/Capsule,
of flavonol glycosides and the percentage of flavonol glycosides in the labeled amount of
Powdered Ginkgo Extract.
Acceptance criteria: 22.0%–27.0% of flavonol glycosides
Change to read:
• Content of Terpene Lactones
Solvent: Methanol and water (9:1)
1S (USP42)

Buffer solution: Dissolve 1.19 g of dibasic sodium phosphate and 8.25 g of monobasic
potassium phosphate in 1000 mL of water, and adjust to a pH of 5.8.
Diluent: Methanol and water (1:1)
Solution A: Water
Solution B: Methanol
Mobile phase: See Table 1.
Time
(min)
0
23
28
30
35
40
50

Table 1
Solution A
(%)
75
52
52
25
10
75
75

Solution B
(%)
25
48
48
75
90
25
25

Standard solutions: Using the labeled content of the individual terpene lactones, prepare
five solutions of the USP Ginkgo Terpene Lactones RS in Diluent within the range of 5–500
µg/mL for each of the relevant terpene lactones. Use sonication to dissolve the analytes if
necessary. Pass through a filter of 0.45-µm or finer pore size.
Sample solution: Weigh and finely powder the contents of NLT 20 Capsules. Transfer an
accurately weighed quantity of the powder, equivalent to about 120 mg of Powdered
Ginkgo Extract, to a 30-mL glass centrifuge tube with a screw cap and PTFE gasket. Add
10.0 mL of Solvent, seal the tube, and mix well on a vortex mixer. Heat in a water bath at
90° for 30 min. Mix the hot suspension on a vortex mixer, and repeat the heating at 90°
for 30 min. Cool, centrifuge, transfer the supernatant to a flask, and return the residue to
the glass tube. Repeat the extraction two more times, each time using 10.0 mL of
Solvent. Combine the extracts, allow them to cool to room temperature, and evaporate to
dryness under vacuum in a water bath maintained at 50°. Add 10 mL of Buffer solution to
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the residue, and sonicate for 5 min.
25-mL beaker. Add 10 mL of Buffer solution to the residue, and sonicate for 10 min.
1S (USP42)

Quantitatively transfer the solution to a glass chromatographic tube filled with
chromatographic siliceous earth capable of holding 20 mL of aqueous phase.1 Rinse the
beaker with two 5-mL portions of Buffer solution, and transfer the washings to the
column. [Note—Do not exceed 20 mL of total aqueous phase or the holding capacity of
the chromatographic tube.] Allow the Buffer solution to be absorbed into the column.
After 15 min, elute the column with 100 mL of ethyl acetate, collect the ethyl acetate
solution, and evaporate to dryness under vacuum in a water bath maintained at 50°.
Dissolve the residue in 20.0 mL of Diluent.
Pass a portion of the solution through a filter of 0.45-µm or finer pore size and discard
the first few milliliters of the filtrate. 1S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Evaporative light-scattering. [Note—The parameters of the detector are
adjusted to achieve the best signal-to-noise ratio, according to manufacturer
recommendations.]
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 25 ± 1°
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Samples: Standard solutions
Suitability requirements
Chromatogram similarity: The chromatograms of the Standard solutions are similar to
the reference chromatogram provided with the lot of USP Ginkgo Terpene Lactones RS
being used.
Relative standard deviation: NMT 2.0% for bilobalide in repeated injections
Correlation coefficient: NLT 0.995 for the regression line as determined in Analysis
Analysis
Samples: Standard solutions and Sample solution
Record the chromatograms, and identify the peaks of the relevant analytes in the
chromatogram of the Standard solutions by comparison with the reference chromatogram
of the USP Ginkgo Terpene Lactones RS lot being used. Measure the areas of the analyte
peaks. Plot the logarithms of the relevant peak responses versus the logarithms of
concentrations, in mg/mL, of each analyte of the Standard solutions, and determine the
regression line using a least-squares analysis.
From the graphs, determine the concentration, C, in mg/mL, of the relevant analyte in the
Sample solution.
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Separately calculate the quantities, in mg, of bilobalide (C15 H18 O8 ), ginkgolide A
(C20 H24 O9 ), ginkgolide B (C20 H24 O10 ), and ginkgolide C (C20 H24 O11 ) in the portion of
Capsules taken:
Result = C × 20
C = concentration of the relevant analyte in the Sample solution (mg/mL)
Calculate the total quantity of terpene lactones in the portion of Capsules taken by adding
the quantities calculated for each analyte. Calculate the total quantity, in mg, of terpene
lactones per Capsule and the percentage of terpene lactones in the labeled amount of
Powdered Ginkgo Extract.
Acceptance criteria: 5.4%–12.0% of terpene lactones, calculated as the sum of
bilobalide, ginkgolide A, ginkgolide B, and ginkgolide C
PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Dissolution
Medium: 0.1 N hydrochloric acid; 500 mL
Apparatus 2: 75 rpm
Time: 45 min
Standard solutions: Prepare as directed in the test for Content of Terpene Lactones.
Sample solution: Combine 25-mL portions of the solution under test from each of the six
dissolution vessels in a separation funnel. Extract with four 50-mL portions of ethyl
acetate. Combine the extracts, and evaporate under vacuum to dryness. Dissolve the
residue with sonication in 5.0 mL of a mixture of water and methanol (1:1).
Analysis: Proceed as directed in the test for Content of Terpene Lactones to determine
the concentration, C, in mg/mL, of ginkgolide B in the Sample solution.
Calculate the percentage of ginkgolide B dissolved:
Result = 5000C/3G
C = concentration of ginkgolide B in the Sample solution (mg/mL)
G = content of ginkgolide B as determined in the test for Content of Terpene Lactones
(mg/Capsule)
Tolerances: NLT 75% of the content of ginkgolide B is dissolved.
• Weight Variation 〈2091〉: Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in tight, light-resistant containers, and store at room
temperature.
• Labeling: The label states the Latin binomial and, following the official name, the article
used to prepare the Capsules. Label the Capsules to indicate the content, in mg/Capsule,
of Powdered Ginkgo Extract.
• USP Reference Standards 〈11〉
USP Ginkgo Terpene Lactones RS
USP Isorhamnetin RS
USP Kaempferol RS
USP Quercetin RS
1 Suitable commercially available material is Extrelut® NT 20 from E Merck Science.

Recent Official Publications:
USP41–NF36 Page 4663
BRIEFING
Ginkgo Tablets, USP 41 page 4665. On the basis of comments received and submitted
laboratory results, it is proposed to make the following changes:
1. Revise the Sample solution preparation in the test for Content of Terpene Lactones and
significantly reduce the total analysis time for each sample.
2. Revise the test for Content of Flavonol Glycosides to use one Standard solution.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BDSHM: N. Davydova.)
Correspondence Number—C200576
Comment deadline: May 31, 2018
Ginkgo Tablets
DEFINITION
Ginkgo Tablets are prepared from Powdered Ginkgo Extract and contain, in the labeled
amount of Powdered Ginkgo Extract, NLT 22.0% and NMT 27.0% of flavonol glycosides and
NLT 5.4% and NMT 12.0% of terpene lactones, consisting of bilobalide (C15 H18 O8 ),
ginkgolide A (C20 H24 O9 ), ginkgolide B (C20 H24 O10 ), and ginkgolide C (C20 H24 O11 ).
IDENTIFICATION
• A. HPLC: The retention times of the quercetin, isorhamnetin, and kaempferol peaks of the
Sample solution correspond to those of the Standard solution, as obtained in the test for
Content of Flavonol Glycosides. In the chromatogram of the Sample solution, the ratio of
the kaempferol peak to the quercetin peak is NLT 0.7, and the isorhamnetin peak is NLT
0.1 times the size of the quercetin peak.
• B. HPLC: The retention times of the bilobalide, ginkgolide A, ginkgolide B, and ginkgolide C
peaks of the Sample solution correspond to those of the Standard solutions, as obtained in
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the test for Content of Terpene Lactones.
STRENGTH
Change to read:
• Content of Flavonol Glycosides
Mobile phase: Methanol, water, and phosphoric acid (100:100:1)
Standard solution A: 0.2 mg/mL of USP Quercetin RS in methanol
Standard solution B: 0.2 mg/mL of USP Kaempferol RS in methanol
Standard solution C: 0.05 mg/mL of USP Isorhamnetin RS in methanol
Standard solution: 0.2 mg/mL of USP Quercetin RS, 0.2 mg/mL of USP Kaempferol RS,
and 0.05 mg/mL of USP Isorhamnetin RS in methanol 1S (USP42)
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer an accurately weighed
quantity of the powder, equivalent to about 50 mg of flavonol glycosides, to a 50-mL
volumetric flask. Add 20 mL of methanol, and sonicate for 3 min. Add 20 mL of 1.5 N
hydrochloric acid, and sonicate again for 10 min. Allow to cool to room temperature, and
dilute with methanol to volume. Centrifuge, and transfer a portion of the clear supernatant
to a rubber-capped, low-actinic glass vial. Heat in a steam bath for 25 min, and cool to
room temperature in an ice bath.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 370 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution A, Standard solution B, and Standard solution C
Standard solution 1S (USP42)
[Note—The relative retention times for quercetin, kaempferol, and isorhamnetin are about
1.0, 1.8, and 2.0, respectively. Standard solution A, Standard solution B, and Standard
solution C.
1S (USP42)

]
Suitability requirements
Relative standard deviation: NMT 2.0% for quercetin in repeated injections, Standard
solution A
1S (USP42)

Analysis
Samples: Standard solution A, Standard solution B, Standard solution C,
Standard solution 1S (USP42)
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and Sample solution
Calculate the quantity, in mg, of each flavonol glycoside in the portion of Tablets taken:
Result = (rU/rS) × CS × F × 50
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of the relevant analyte from Standard solution A, Standard solution B, or
Standard solution C
the Standard solution 1S (USP42)
CS = concentration of the relevant analyte in Standard solution A, Standard solution B, or
Standard solution C
the Standard solution 1S (USP42)
(mg/mL)
F = mean molecular mass factor to convert each analyte into flavonol glycoside with a
mean molecular mass of 756.7 (2.504 for quercetin, 2.437 for isorhamnetin, and
2.588 for kaempferol)
Calculate the total quantity, in mg, of flavonol glycosides in the portion of Tablets taken by
adding the individual quantities calculated. Calculate the total quantity, in mg/Tablet, of
flavonol glycosides and the percentage of flavonol glycosides in the labeled amount of
Powdered Ginkgo Extract.
Acceptance criteria: 22.0%–27.0% of flavonol glycosides
Change to read:
• Content of Terpene Lactones
Solvent: Methanol and water (9:1)
1S (USP42)

Buffer solution: Dissolve 1.19 g of dibasic sodium phosphate and 8.25 g of monobasic
potassium phosphate in 1000 mL of water, and adjust to a pH of 5.8.
Diluent: Methanol and water (1:1)
Solution A: Water
Solution B: Methanol
Mobile phase: See Table 1.
Time
(min)
0
23
28
30
35
40
50

Table 1
Solution A
(%)
75
52
52
25
10
75
75

Solution B
(%)
25
48
48
75
90
25
25

Standard solutions: Using the labeled content of the individual terpene lactones, prepare
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five solutions of the USP Ginkgo Terpene Lactones RS in Diluent within the range of 5–500
µg/mL for each of the relevant terpene lactones. Use sonication to dissolve the analytes if
necessary. Pass through a filter of 0.45-µm or finer pore size.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer an accurately weighed
quantity of the powder, equivalent to about 120 mg of Powdered Ginkgo Extract, to a 30mL glass centrifuge tube with a cap and PTFE gasket. Add 10.0 mL of Solvent, seal the
tube, and mix well on a vortex mixer. Heat in a water bath at 90° for 30 min. Mix the hot
suspension on a vortex mixer, and repeat the heating at 90° for 30 min. Cool, centrifuge,
transfer the supernatant to a flask, and return the residue to the glass tube. Repeat the
extraction two more times, each time using 10.0 mL of Solvent. Combine the extracts,
allow them to cool to room temperature, and evaporate to dryness under vacuum in a
water bath maintained at 50°. Add 10 mL of Buffer solution to the residue, and sonicate
for 5 min.
25-mL beaker. Add 10 mL of Buffer solution to the residue, and sonicate for 10 min.
1S (USP42)

Quantitatively transfer the solution to a glass chromatographic tube filled with
chromatographic siliceous earth capable of holding 20 mL of aqueous phase.1 Rinse the
beaker with two 5-mL portions of Buffer solution, and transfer the washings to the
column. [Note—Do not exceed 20 mL of total aqueous phase or the holding capacity of
the chromatographic tube.] Allow the Buffer solution to be absorbed into the column.
After 15 min, elute the column with 100 mL of ethyl acetate, collect the ethyl acetate
solution, and evaporate to dryness under vacuum in a water bath maintained at 50°.
Dissolve the residue in 20.0 mL of Diluent.
Pass a portion of the solution through a filter of 0.45-µm or finer pore size and discard
the first few milliliters of the filtrate. 1S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Evaporative light-scattering. [Note—The parameters of the detector are
adjusted to achieve the best signal-to-noise ratio, according to manufacturer
recommendations.]
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 25 ± 1°
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Samples: Standard solutions
Suitability requirements
Chromatogram similarity: The chromatograms of the Standard solutions are similar to
the reference chromatogram provided with the lot of USP Ginkgo Terpene Lactones RS
being used.
Relative standard deviation: NMT 2.0% for bilobalide in repeated injections
Correlation coefficient: NLT 0.995 for the regression line as determined in Analysis
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Analysis
Samples: Standard solutions and Sample solution
Record the chromatograms, and identify the peaks of the relevant analytes in the
chromatogram of the Standard solutions by comparison with the reference chromatogram
of the USP Ginkgo Terpene Lactones RS lot being used. Measure the areas of the analyte
peaks. Plot the logarithms of the relevant peak responses versus the logarithms of
concentrations, in mg/mL, of each analyte of the Standard solutions, and determine the
regression line using a least-squares analysis.
From the graphs, determine the concentration, C, in mg/mL, of the relevant analyte in the
Sample solution.
Separately calculate the quantities, in mg, of bilobalide (C15 H18 O8 ), ginkgolide A
(C20 H24 O9 ), ginkgolide B (C20 H24 O10 ), and ginkgolide C (C20 H24 O11 ) in the portion of
Tablets taken:
Result = C × 20
C = concentration of the relevant analyte in the Sample solution (mg/mL)
Calculate the total quantity of terpene lactones in the portion of Tablets taken by adding
the quantities calculated for each analyte. Calculate the total quantity, in mg, of terpene
lactones per Tablet and the percentage of terpene lactones in the labeled amount of
Powdered Ginkgo Extract.
Acceptance criteria: 5.4%–12.0% of terpene lactones, consisting of bilobalide, ginkgolide
A, ginkgolide B, and ginkgolide C
PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Dissolution
Medium: 0.1 N hydrochloric acid; 500 mL
Apparatus 2: 75 rpm
Time: 45 min
Standard solutions: Prepare as directed in the test for Content of Terpene Lactones.
Sample solution: Combine 25-mL portions of the solution under test from each of the six
dissolution vessels in a separation funnel. Extract with four 50-mL portions of ethyl
acetate. Combine the extracts, and evaporate under vacuum to dryness. Dissolve the
residue with sonication in 5.0 mL of a mixture of water and methanol (1:1).
Analysis: Proceed as directed in the test for Content of Terpene Lactones to determine
the concentration, C, in mg/mL, of ginkgolide B in the Sample solution.
Calculate the percentage of ginkgolide B dissolved:
Result = 5000C/3G
C = concentration of ginkgolide B in the Sample solution (mg/mL)
G = content of ginkgolide B as determined in the test for Content of Terpene Lactones
(mg/Tablet)

PF 44(2): Mar.-Apr. 2018

551

Tolerances: NLT 75% of the content of ginkgolide B is dissolved.
• Weight Variation 〈2091〉: Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at room
temperature.
• Labeling: The label states the Latin binomial and, following the official name, the article
used to prepare the Tablets. Label the Tablets to indicate the content, in mg/Tablet, of
Powdered Ginkgo Extract.
• USP Reference Standards 〈11〉
USP Ginkgo Terpene Lactones RS
USP Isorhamnetin RS
USP Kaempferol RS
USP Quercetin RS
1 Suitable commercially available material is Extrelut® NT 20 from E Merck Science.

Recent Official Publications:
USP41–NF36 Page 4665
BRIEFING
Guarana Seed. A new USP monograph for this dietary ingredient is being proposed.
Validation data for the liquid chromatographic procedure in the test for Content of Caffeine and
Flavonoids was obtained on the Agilent ZORBAX SB C18 brand of column (5 µm) with L1
packing. The typical retention times for theobromine, theophylline, procyanidin B1 ,
epigallocatechin, catechin, caffeine, procyanidin B2 , and epicatechin are 6.6, 10.5, 12.9, 15.0,
19.2, 21.0, 24.7, and 28.1 min, respectively.
(BDSHM: M. Monagas.)
Correspondence Number—C190934
Comment deadline: May 31, 2018
Add the following:
Guarana Seed
DEFINITION
Guarana Seed consists of the dried seeds of Paullinia cupana Kunth [syn. P. cupana var.
sorbilis (Mart.) Ducke] (Family Sapindaceae). It contains NLT 3.5% of caffeine (C8 H10 N4 O2 )
on the dried basis and NLT 1.5% of total flavonoids calculated as the sum of procyanidin B1
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(C30 H26 O12 ), epigallocatechin (C15 H14 O7 ), catechin (C15 H14 O6 ), procyanidin B2
(C30 H26 O12 ), and epicatechin (C15 H14 O6 ), on the dried basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 1.0 mg/mL of USP Caffeine RS in methanol
Standard solution B: 0.5 mg/mL each of USP (−)-Epicatechin RS and USP Procyanidin B2
RS in methanol
Sample solution: 1 g of Guarana Seed, finely powdered, in 10 mL of methanol. Sonicate
for 10 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Silica gel, precoated plates, with fluorescence indicator F 254 , for HPTLC, size
20 cm × 10 cm
Application volume: 4 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Toluene, acetone, and anhydrous formic acid (9:9:2)
Developing distance: 70 mm from the lower edge of the plate
Derivatization reagent: 170 mL of ice-cooled methanol mixed with 20 mL of glacial
acetic acid, 10 mL of sulfuric acid, and 1 mL of p-anisaldehyde
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in an unsaturated chamber, remove the
plate from the chamber, and dry in air. Examine under UV light at 254 nm. Treat the plate
with Derivatization reagent, heat for 3 min at 100°, and examine under white light.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Prior to derivatization, under UV light at 254 nm, Standard
solution A exhibits a quenching band in the upper-third section due to caffeine. After
derivatization, under white light, Standard solution B exhibits a reddish-brown band in
the middle-third section due to epicatechin and a light-brown band in the lower-third
section corresponding to procyanidin B2 .
Acceptance criteria: Prior to derivatization, under UV light at 254 nm, the Sample solution
exhibits a quenching band corresponding in RF and color to caffeine in Standard solution A.
After derivatization, under white light, the Sample solution exhibits brown bands
corresponding in RF and color to epicatechin (in coelution with catechin) and procyanidin
B2 in Standard solution B. The Sample solution also exhibits two additional light-brown
bands between epicatechin and procyanidin B2 , a reddish-brown band below procyanidin
B2 , and two gray bands close to the application position.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Caffeine and Flavonoids.
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Acceptance criteria: The Sample solution exhibits a principal dominant peak with a
retention time corresponding to caffeine in Standard solution A and peaks due to catechin,
procyanidin B2 , and epicatechin in Standard solution B. Minor peaks due to theobromine,
theophylline, procyanidin B1 , and epigallocatechin, as well as one unknown peak eluting
just before epicatechin, and another unknown peak eluting at a relative retention time
(RRT) of about 1.1 with respect to epicatechin are observed at the retention times
corresponding to the same constituents in Standard solution C. No other peak in the
chromatogram of the Sample solution is more intense than the peak for procyanidin B1 .
The area ratio of catechin to epicatechin is about 1:1.
COMPOSITION
• Content of Caffeine and Flavonoids
[Note—The Standard solutions and the Sample solution are stable for 24 h at room
temperature.]
Solution A: 1.36 g/L of monobasic potassium phosphate; adjusted with 3.0% phosphoric
acid to a pH of 3.1
Solution B: Acetonitrile and methanol (70:30)
Mobile phase: See Table 1.
Time
(min)
0
15
20
30
35
40
45
50

Table 1
Solution A
(%)
90
90
85
85
70
70
90
90

Solution B
(%)
10
10
15
15
30
30
10
10

Solvent: Methanol and water (80:20)
Standard solution A: 0.50 mg/mL of USP Caffeine RS in Solvent
Standard solution B: 0.20 mg/mL of USP (−)-Epicatechin RS, 0.3 mg/mL of USP (+)Catechin RS, and 0.10 mg/mL of USP Procyanidin B2 RS in Solvent
Standard solution C: 25 mg/mL of USP Guarana Seed Dry Extract RS in water and
methanol (80:20). Sonicate for 10 min. Before injection, pass through a suitable membrane
filter of 0.22-µm pore size.
Sample solution: Weigh about 500 mg of Guarana Seed, finely powdered, into a 100-mL
round-bottom flask. Add 60 mL of Solvent and keep in a water bath under reflux at 70° for
30 min. Cool and transfer the extract along with residue into a 100-mL volumetric flask.
Rinse the round-bottom flask with Solvent, transfer to the 100-mL volumetric flask, and
add Solvent to volume. Before injection, pass through a suitable membrane filter of
0.22-µm pore size and discard the first portion of the filtrate.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm × 250-mm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
Suitability requirements
Resolution: NLT 3.0 between caffeine and catechin, Standard solution C
Tailing factor: NMT 1.5 for caffeine, Standard solution A; NMT 1.5 for catechin,
epicatechin, and procyanidin B2 , Standard solution B
Relative standard deviation: NMT 2.0% for caffeine in repeated injections, Standard
solution A; NMT 5.0% for catechin, epicatechin, and procyanidin B2 in repeated
injections, Standard solution B
Chromatogram similarity: The chromatogram of Standard solution C is similar to the
reference chromatogram provided with the lot of USP Guarana Seed Dry Extract RS
being used.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Inject the Samples and register the chromatogram between 0.8 (RRT of theobromine) and
1.4 (RRT of epicatechin). Using the chromatogram of Standard solution C and the
reference chromatogram provided with the lot of USP Guarana Seed Dry Extract RS being
used, identify the retention times of the relevant peaks in the Sample solution.
Calculate the percentage of caffeine in the portion of Guarana Seed taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of caffeine from the Sample solution
rS = peak area of caffeine from Standard solution A
CS = concentration of USP Caffeine RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Guarana Seed used to prepare the Sample solution (mg)
Calculate the percentages of procyanidin B1 , epigallocatechin, catechin, procyanidin B2 , and
epicatechin in the portion of Guarana Seed taken:
Result = (rU/rS) × CS × (V/W) × 1/F × 100
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rU = peak area of the relevant analyte from the Sample solution
rS = peak area of catechin, procyanidin B2 , or epicatechin from Standard solution B
CS = concentration of USP (+)-Catechin RS, USP Procyanidin B2 RS, or USP (−)Epicatechin RS in Standard solution B (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Guarana Seed used to prepare the Sample solution (mg)
F = relative response factor for the relevant analyte (For epigallocatechin use F=0.35
based on epicatechin, and for procyanidin B1 use F=0.89 based on procyanidin B2 .)
Calculate the content of total flavonoids as the sum of the percentages of procyanidin B1 ,
epigallocatechin, catechin, procyanidin B2 , and epicatechin.
Acceptance criteria
Caffeine: NLT 3.5% on the dried basis
Flavonoids: NLT 1.5% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: When a single seed is present in the fruit, the seed is globose, or
subspherical to ellipsoidal, and lightly compressed laterally. When 2–3 seeds are present in
the fruit, the seeds are usually unequally convex on both sides, usually presenting a short
apical projection. In general, the seed is 0.6–0.8 cm in diameter, and covered by a
tegument, which should be absent in the pharmacopeial article. The seed presents two
large, thick, fleshy, firm, unequal, flat-convex cotyledons of brown color. The aryl scar
remains on the cotyledons, but blackened. The embryo is poorly developed and has a
short radicular-caulinar axis at the bottom.
Microscopic: The cotyledons are composed of a uniseriate epidermis, formed by
tangentially elongated cells, and by a parenchyma of rounded or rounded-polyhedral cells,
40–80 µm in diameter. The cotyledons contain simple or combined starch grains in varied
forms (globose, polygonal, oval, or elliptical), 10–25 µm in diameter. The hilum of starch
grains is central and sometimes branched. Most grains are agglutinated and deformed due
to heating during roasting.
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 3.0%
• Loss on Drying 〈731〉
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Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 4.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store at controlled room temperature.
• Labeling: The label states the Latin binomial following the official name of the plant
contained in the article.
• USP Reference Standards 〈11〉
USP Caffeine RS
USP (+)-Catechin RS
USP (−)-Epicatechin RS
USP Guarana Seed Dry Extract RS
USP Procyanidin B2 RS
1S (USP42)

BRIEFING
Guarana Seed Powder. A new USP monograph for this dietary ingredient is being proposed.
Validation data for the liquid chromatographic procedure in the test for Content of Caffeine and
Flavonoids was obtained on the Agilent ZORBAX SB C18 brand of column (5 µm) with L1
packing. The typical retention times for theobromine, theophylline, procyanidin B1 ,
epigallocatechin, catechin, caffeine, procyanidin B2 , and epicatechin are 6.6, 10.5, 12.9, 15.0,
19.2, 21.0, 24.7, and 28.1 min, respectively.
(BDSHM: M. Monagas.)
Correspondence Number—C190934
Comment deadline: May 31, 2018
Add the following:
Guarana Seed Powder
DEFINITION
Guarana Seed Powder consists of the dried seeds of Paullinia cupana Kunth [syn. P. cupana
var. sorbilis (Mart.) Ducke] (Family Sapindaceae) reduced to a fine or very fine powder. It
contains NLT 3.5% of caffeine (C8 H10 N4 O2 ) on the dried basis and NLT 1.5% of total
flavonoids calculated as the sum of procyanidin B1 (C30 H26 O12 ), epigallocatechin
(C15 H14 O7 ), catechin (C15 H14 O6 ), procyanidin B2 (C30 H26 O12 ), and epicatechin (C15 H14 O6 ),
on the dried basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 1.0 mg/mL of USP Caffeine RS in methanol
Standard solution B: 0.5 mg/mL each of USP (−)-Epicatechin RS and USP Procyanidin B2
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RS in methanol
Sample solution: 1 g of Guarana Seed Powder in 10 mL of methanol. Sonicate for 10 min,
centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Silica gel, precoated plates, with fluorescence indicator F 254 , for HPTLC, size
20 cm × 10 cm
Application volume: 4 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Toluene, acetone, and anhydrous formic acid (9:9:2)
Developing distance: 70 mm from the lower edge of the plate
Derivatization reagent: 170 mL of ice-cooled methanol mixed with 20 mL of glacial
acetic acid, 10 mL of sulfuric acid, and 1 mL of p-anisaldehyde
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in an unsaturated chamber, remove the
plate from the chamber, and dry in air. Examine under UV light at 254 nm. Treat the plate
with Derivatization reagent, heat for 3 min at 100°, and examine under white light.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Prior to derivatization, under UV light at 254 nm, Standard
solution A exhibits a quenching band in the upper-third section due to caffeine. After
derivatization, under white light, Standard solution B exhibits a reddish-brown band in
the middle-third section due to epicatechin and a light-brown band in the lower-third
section corresponding to procyanidin B2 .
Acceptance criteria: Prior to derivatization, under UV light at 254 nm, the Sample solution
exhibits a quenching band corresponding in RF and color to caffeine in Standard solution A.
After derivatization, under white light, the Sample solution exhibits brown bands
corresponding in RF and color to epicatechin (in coelution with catechin) and procyanidin
B2 in Standard solution B. The Sample solution also exhibits two additional light-brown
bands between epicatechin and procyanidin B2 , a reddish-brown band below procyanidin
B2 , and two gray bands close to the application position.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Caffeine and Flavonoids.
Acceptance criteria: The Sample solution exhibits a principal dominant peak with a
retention time corresponding to caffeine in Standard solution A and peaks due to catechin,
procyanidin B2 , and epicatechin in Standard solution B. Minor peaks due to theobromine,
theophylline, procyanidin B1 , and epigallocatechin, as well as one unknown peak eluting
just before epicatechin, and another unknown peak eluting at a relative retention time
(RRT) of about 1.1 with respect to epicatechin are observed at the retention times
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corresponding to the same constituents in Standard solution C. No other peak in the
chromatogram of the Sample solution is more intense than the peak for procyanidin B1 .
The area ratio of catechin to epicatechin is about 1:1.
COMPOSITION
• Content of Caffeine and Flavonoids
[Note—The Standard solutions and the Sample solution are stable for 24 h at room
temperature.]
Solution A: 1.36 g/L of monobasic potassium phosphate; adjusted with 3.0% phosphoric
acid to a pH of 3.1
Solution B: Acetonitrile and methanol (70:30)
Mobile phase: See Table 1.
Time
(min)
0
15
20
30
35
40
45
50

Table 1
Solution A
(%)
90
90
85
85
70
70
90
90

Solution B
(%)
10
10
15
15
30
30
10
10

Solvent: Methanol and water (80:20)
Standard solution A: 0.50 mg/mL of USP Caffeine RS in Solvent
Standard solution B: 0.20 mg/mL of USP (−)-Epicatechin RS, 0.3 mg/mL of USP (+)Catechin RS, and 0.10 mg/mL of USP Procyanidin B2 RS in Solvent
Standard solution C: 25 mg/mL of USP Guarana Seed Dry Extract RS in water and
methanol (80:20). Sonicate for 10 min. Before injection, pass through a suitable membrane
filter of 0.22-µm pore size.
Sample solution: Weigh about 500 mg of Guarana Seed Powder into a 100-mL roundbottom flask. Add 60 mL of Solvent and keep in a water bath under reflux at 70° for 30
min. Cool and transfer the extract along with residue into a 100-mL volumetric flask. Rinse
the round-bottom flask with Solvent, transfer to the 100-mL volumetric flask, and add
Solvent to volume. Before injection, pass through a suitable membrane filter of 0.22-µm
pore size and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 275 nm
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Column: 4.6-mm × 250-mm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
Suitability requirements
Resolution: NLT 3.0 between caffeine and catechin, Standard solution C
Tailing factor: NMT 1.5 for caffeine, Standard solution A; NMT 1.5 for catechin,
epicatechin, and procyanidin B2 , Standard solution B
Relative standard deviation: NMT 2.0% for caffeine in repeated injections, Standard
solution A; NMT 5.0% for catechin, epicatechin, and procyanidin B2 in repeated
injections, Standard solution B
Chromatogram similarity: The chromatogram of Standard solution C is similar to the
reference chromatogram provided with the lot of USP Guarana Seed Dry Extract RS
being used.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Inject the Samples and register the chromatogram between 0.8 (RRT of theobromine) and
1.4 (RRT of epicatechin). Using the chromatogram of Standard solution C and the
reference chromatogram provided with the lot of USP Guarana Seed Dry Extract RS being
used, identify the retention times of the relevant peaks in the Sample solution.
Calculate the percentage of caffeine in the portion of Guarana Seed Powder taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of caffeine from the Sample solution
rS = peak area of caffeine from Standard solution A
CS = concentration of USP Caffeine RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Guarana Seed Powder used to prepare the Sample solution (mg)
Calculate the percentages of procyanidin B1 , epigallocatechin, catechin, procyanidin B2 , and
epicatechin in the portion of Guarana Seed Powder taken:
Result = (rU/rS) × CS × (V/W) × 1/F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of catechin, procyanidin B2 , or epicatechin from Standard solution B
CS = concentration of USP (+)-Catechin RS, USP Procyanidin B2 RS, or USP (−)Epicatechin RS in Standard solution B (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Guarana Seed Powder used to prepare the Sample solution (mg)
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F = relative response factor for the relevant analyte (For epigallocatechin use F=0.35
based on epicatechin, and for procyanidin B1 use F=0.89 based on procyanidin B2 .)
Calculate the content of total flavonoids as the sum of the percentages of procyanidin B1 ,
epigallocatechin, catechin, procyanidin B2 , and epicatechin.
Acceptance criteria
Caffeine: NLT 3.5% on the dried basis
Flavonoids: NLT 1.5% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Brownish powder
Microscopic: The powder shows rounded or oval starch granules, 30 µm long and 18 µm
wide, individual or combined. Fragments of the following parts are also observed: episperm
cells with lobed and thickened cell walls forming palisade layers; cotyledons composed of
rounded cells containing starch; fragments of embryo with thin-walled elongated cells.
Other features observed include: polyhedral endosperm cells with thick cellulose walls;
polyhedral sclereids with channeled walls, and rare spiral vessels.
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 3.0%
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 4.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at controlled room temperature.
• Labeling: The label states the Latin binomial following the official name of the plant
contained in the article.
• USP Reference Standards 〈11〉
USP Caffeine RS
USP (+)-Catechin RS
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USP (−)-Epicatechin RS
USP Guarana Seed Dry Extract RS
USP Procyanidin B2 RS
1S (USP42)

BRIEFING
Guarana Seed Dry Extract. A new USP monograph for this dietary ingredient is being
proposed. Validation data for the liquid chromatographic procedure in Identification B and in the
test for Content of Caffeine was obtained on the Agilent ZORBAX SB C18 brand of column (5
µm) with L1 packing. The typical retention times for theobromine, theophylline, procyanidin B1 ,
epigallocatechin, catechin, caffeine, procyanidin B2 , and epicatechin are 6.6, 10.5, 12.9, 15.0,
19.2, 21.0, 24.7, and 28.1 min, respectively. This monograph is only intended for aqueous
extracts from Guarana Seed containing no added caffeine or enriched in caffeine, and having a
content ratio of caffeine to total flavonoids of NMT 3%. USP seeks input from stakeholders
about the specifications of other commercial Guarana Seed Dry Extract not covered under this
monograph for the possible development of other USP standards.
(BDSHM: M. Monagas.)
Correspondence Number—C190940
Comment deadline: May 31, 2018
Add the following:
Guarana Seed Dry Extract
DEFINITION
Guarana Seed Dry Extract is prepared from the dried seeds of Paullinia cupana Kunth [syn. P.
cupana var. sorbilis (Mart.) Ducke] (Family Sapindaceae) by water extraction. Plant to
native extract ratio is 5–7:1. It contains NLT 90.0% and NMT 110.0% of the labeled amount
of caffeine (C8 H10 N4 O2 ), calculated on the dried basis. It may contain suitable added
substances as carriers.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 1 mg/mL of USP Caffeine RS in methanol
Standard solution B: 0.5 mg/mL each of USP (−)-Epicatechin RS and USP Procyanidin B2
RS in methanol
Sample solution: 1 g of Guarana Seed Dry Extract in 10 mL of methanol. Sonicate for 10
min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Silica gel, precoated plates, with fluorescence indicator F 254 , for HPTLC, size
20 cm × 10 cm
Application volume: 4 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
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Temperature: About 25°
Developing solvent system: Toluene, acetone, and anhydrous formic acid (9:9:2)
Developing distance: 70 mm from the lower edge of the plate
Derivatization reagent: 170 mL of ice-cooled methanol mixed with 20 mL of glacial
acetic acid, 10 mL of sulfuric acid, and 1 mL of p-anisaldehyde
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in an unsaturated chamber, remove the
plate from the chamber, and dry in air. Examine under UV light at 254 nm. Treat the plate
with Derivatization reagent, heat for 3 min at 100°, and examine under white light.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Prior to derivatization under UV light at 254 nm, Standard
solution A exhibits a quenching band in the upper-third section due to caffeine. After
derivatization, under white light, Standard solution B exhibits a reddish-brown band in
the middle-third section due to epicatechin and a light-brown band in the lower-third
section corresponding to procyanidin B2 .
Acceptance criteria: Prior to derivatization, under UV light at 254 nm, the Sample solution
exhibits a quenching band corresponding in RF and color to caffeine in Standard solution A.
After derivatization, under white light, the Sample solution exhibits brown bands
corresponding in RF and color to epicatechin (in coelution with catechin) and procyanidin
B2 in Standard solution B. The Sample solution also exhibits two additional light-brown
bands between epicatechin and procyanidin B2 , a reddish-brown band below procyanidin
B2 , and two gray bands close to the application position.
• B. HPLC for Flavonoids
Solution A, Solution B, Mobile phase, Solvent, Standard solution A, Standard solution
B, Sample solution, Chromatographic system, System suitability, and Analysis:
Proceed as directed in the test for Content of Caffeine.
Calculate the percentages of procyanidin B1 , epigallocatechin, catechin, procyanidin B2 , and
epicatechin in the portion of Guarana Seed Dry Extract taken:
Result = (rU/rS) × CS × (V/W) × 1/F ×100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of catechin, procyanidin B2 , or epicatechin from Standard solution B
CS = concentration of USP (+)-Catechin RS, USP Procyanidin B2 RS, or USP (−)Epicatechin RS in Standard solution B (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Guarana Seed Dry Extract used to prepare the Sample solution (mg)
F = relative response factor for the relevant analyte (For epigallocatechin use F=0.35
based on epicatechin, and for procyanidin B1 use F=0.89 based on procyanidin B2 .)
Calculate the content of total flavonoids as the sum of the percentages of procyanidin B1 ,
epigallocatechin, catechin, procyanidin B2 , and epicatechin.
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Acceptance criteria: The Sample solution exhibits a principal dominant peak with a
retention time corresponding to caffeine in Standard solution A. Minor but significant peaks
due theobromine, theophylline, procyanidin B1 , epigallocatechin, catechin, procyanidin B2 ,
and epicatechin, as well as one unknown peak eluting just before epicatechin, and
another unknown peak eluting at a relative retention time (RRT) of about 1.1 with respect
to epicatechin are observed at the retention times corresponding to the same
constituents in Standard solution B and in the chromatogram of USP Guarana Seed Dry
Extract RS. No other peak in the chromatogram of the Sample solution is more intense
than the peak for procyanidin B1 . The content ratio of catechin to epicatechin is about
2:1. The content ratio of caffeine to total flavonoids is NMT 3%.
COMPOSITION
• Content of Caffeine
[Note—The Standard solutions and the Sample solution are stable for 24 h at room
temperature.]
Solution A: 1.36 g/L of monobasic potassium phosphate; adjusted with 3.0% phosphoric
acid to a pH of 3.1
Solution B: Acetonitrile and methanol (70:30)
Mobile phase: See Table 1.
Time
(min)
0
15
20
30
35
40
45
50

Table 1
Solution A
(%)
90
90
85
85
70
70
90
90

Solution B
(%)
10
10
15
15
30
30
10
10

Solvent: Water and methanol (80:20)
Standard solution A: 0.50 mg/mL of USP Caffeine RS in methanol and water (80:20)
Standard solution B: 25 mg/mL of USP Guarana Seed Dry Extract RS in Solvent. Sonicate
for 30 min. Before injection, pass through a suitable membrane filter of 0.22-µm pore size.
Sample solution: 5 mg/mL of Guarana Seed Dry Extract in Solvent. Sonicate for 30 min.
Before injection, pass through a suitable membrane filter of 0.22-µm pore size and discard
the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 275 nm
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Column: 4.6-mm × 250-mm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 3.0 between caffeine and catechin, Standard solution B
Tailing factor: NMT 1.5 for caffeine, Standard solution A
Relative standard deviation: NMT 2.0% for caffeine in repeated injections, Standard
solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Guarana Seed Dry Extract RS
being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Inject the Samples and register the chromatogram between 0.8 (RRT of theobromine) and
1.4 (RRT of epicatechin). Using the chromatogram of Standard solution B and the
reference chromatogram provided with the lot of USP Guarana Seed Dry Extract RS being
used, identify the retention times of the relevant peaks in the Sample solution.
Calculate the percentage of caffeine in the portion of Guarana Seed Dry Extract taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of caffeine from the Sample solution
rS = peak area of caffeine from Standard solution A
CS = concentration of USP Caffeine RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Guarana Seed Dry Extract used to prepare the Sample solution (mg)
Calculate the percentage of the labeled amount of caffeine (C8 H10 N4 O2 ) in the portion of
Guarana Seed Dry Extract taken:
Result = (P/L) × 100
P = content of caffeine, previously determined (%)
L = label claim of caffeine (%)
Acceptance criteria: 90.0%–110.0% of the labeled amount of caffeine calculated on the
dried basis
CONTAMINANTS
• Botanical Extracts 〈565〉, Preparations, General Pharmacopeial Requirements, Pesticide
Residues: Meets the requirements
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• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 6.0%
• Botanical Extracts 〈565〉, Preparations, General Pharmacopeial Requirements, Residual
Solvents: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store at controlled room temperature.
• Labeling: The label states the Latin binomial following the official name of the plant from
which the article was prepared. It meets the other labeling requirements under Botanical
Extracts 〈565〉.
• USP Reference Standards 〈11〉
USP Caffeine RS
USP (+)-Catechin RS
USP (−)-Epicatechin RS
USP Guarana Seed Dry Extract RS
USP Procyanidin B2 RS
1S (USP42)

BRIEFING
Conjugated Linoleic Acids—Triglycerides, PF 42(4) [July–Aug. 2016]. On the basis of
comments received, the previous proposal in PF 42(4) for a new monograph has been canceled
and is being replaced with a new proposal. The following changes are proposed:
1. Combine the test for Limit of Polymerized Triglycerides and the test for Content of
Conjugated Linoleic Acids—Tri-, Di-, and Monoglycerides into a single test for Content of
Conjugated Linoleic Acids—Tri-, Di-, and Monoglycerides and Polymerized Triglycerides.
This test uses a single HPLC procedure that is better in terms of precision and accuracy
than the HPLC methods in the previously proposed tests. The new HPLC method is
similar to that in the test for Limit of Oligomers in the USP monograph for Omega-3 Acid
Triglycerides, which is based on analyses performed with three Waters Styragel brand
columns (HR 0.5, 1, and 2) with L21 packing, connected in series. The typical retention
times for polymerized triglycerides, triglycerides, diglycerides, and monoglycerides are
23.5, 24.3, 25.2, and 27.0 min, respectively.
2. Change the Acceptance criteria in the test for Content of Conjugated Linoleic Acids—
Tri-, Di-, Monoglycerides and Polymerized Triglycerides to reflect a broader
representation of the products on the market.
3. The liquid chromatographic procedure in the test for Limit of Benzo[a]pyrene is based
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on analyses performed with the Varian Chromspher 5 PAH brand of column with L118
packing and the Phenomenex Lichrosorb RP-18 brand of guard column with L1 packing.
The typical retention time for benzo[a]pyrene is 6.7 min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: H. Dinh.)
Correspondence Number—C188010
Comment deadline: May 31, 2018
Add the following:
Conjugated Linoleic Acids—Triglycerides
DEFINITION
Conjugated Linoleic Acids—Triglycerides are derived from plant seed oils such as safflower oil.
They consist of NLT 77% conjugated linoleic acids—triglycerides and NLT 78% of the total
fatty acids are conjugated linoleic acids (CLAs). They contain a 1:1 ratio of the active
conjugated linoleic isomers (C18:2 cis-9, trans-11 and C18:2 trans-10, cis-12). Tocopherol
may be added as an antioxidant.
IDENTIFICATION
• A. It meets the requirements in the test for Fats and Fixed Oils, Fatty Acid Composition
under Specific Tests.
• B. It meets the requirements in the test for Content of Conjugated Linoleic Acids—Tri-, Di-,
Monoglycerides and Polymerized Triglycerides.
COMPOSITION
• Content of Conjugated Linoleic Acids—Tri-, Di-, Monoglycerides and Polymerized
Triglycerides
Mobile phase: Tetrahydrofuran
System suitability solution: 0.5 mg/mL of monodocosahexaenoin, 0.3 mg/mL of
didocosahexaenoin, and 0.2 mg/mL of tridocosahexaenoin1 in Mobile phase
Standard solution: Transfer about 50 mg of USP Conjugated Linoleic Acids—Triglycerides
RS to a 10-mL volumetric flask. Dissolve in and dilute with Mobile phase to volume.
Sample solution: Transfer about 50 mg of Conjugated Linoleic Acids—Triglycerides to a
10-mL volumetric flask. Dissolve in and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Differential refractometer
Columns: Three in series, 7.8-mm × 30-cm each; 5-µm packing L21, with the following
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pore sizes:
Column 1: 50 nm
Column 2: 10 nm
Column 3: 5 nm
Column sequence: Injector–Column 1–Column 2–Column 3–Detector
Flow rate: 0.8 mL/min
Injection volume: 40 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Elution order: Tridocosahexaenoin, didocosahexaenoin, and monodocosahexaenoin,
System suitability solution
Resolution: NLT 2.0 between monodocosahexaenoin and didocosahexaenoin; NLT 1.0
between didocosahexaenoin and tridocosahexaenoin, Standard solution
Chromatogram similarity: The chromatogram of the Standard solution is similar to the
reference chromatogram provided with the lot of USP Conjugated Linoleic
Acids—Triglycerides RS being used.
Analysis
Sample: Sample solution
Identify the peaks for polymerized triglycerides (peak or peaks that elute before the CLAtriglycerides peak), CLA-triglycerides, CLA-diglycerides, and CLA-monoglycerides in the
Sample solution by comparing with those of the Standard solution.
Separately calculate the percentages of polymerized triglycerides, CLA-triglycerides, CLAdiglycerides, and CLA-monoglycerides in the portion of Conjugated Linoleic
Acids—Triglycerides taken:
Result = (rU/rT) × 100
rU = peak response of polymerized triglycerides, CLA-triglycerides, CLA-diglycerides, or
CLA-monoglycerides from the Sample solution
rT = sum of all the peak responses from the Sample solution
Acceptance criteria
Polymerized triglycerides: NMT 3.0%
CLA-triglycerides: NLT 77.0%
CLA-diglycerides: NMT 23.0%
CLA-monoglycerides: NMT 1.0%
IMPURITIES
• Limit of Benzo[a]pyrene
[Note—An equivalent method such as the one described in ISO 22959 can be used instead.]
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[Caution—Benzo[a]pyrene is a known carcinogen. Perform all work under an appropriate
hood.]
Mobile phase: Acetonitrile and water (88:12)
Standard stock solution: 0.5 mg/mL of benzo[a]pyrene in toluene. Store in the dark at 4°.
Discard this solution after 6 months.
Standard solutions: Prepare four solutions having concentrations of 0.004, 0.02, 0.1, and
0.2 µg/mL of benzo[a]pyrene by diluting the Standard stock solution with acetonitrile.
Extraction column: Solid-phase extraction (SPE),2 freshly conditioned by washing the
column with 5 mL of dichloromethane followed by 5 mL of n-hexane.
Sample solution: Transfer about 0.5 g of Conjugated Linoleic Acids—Triglycerides to a 10mL centrifuge tube. Add 3 mL of n-hexane to the tube and mix to dissolve the sample.
Transfer this solution to the Extraction column. Rinse the sample tube with 2 mL of nhexane and transfer to the Extraction column. Wash the Extraction column with 10 mL of
n-hexane. Elute the benzo[a]pyrene with 5 mL of dichloromethane, and collect the eluate
in a 10-mL centrifuge tube. Evaporate the eluate in a water bath at 35° under a gentle
stream of nitrogen until the tube is completely dry. Dissolve the residue with about 1 mL
of petroleum ether and transfer the solution quantitatively to a preweighed 2-mL vial.
Evaporate the solution in the 2-mL vial until almost dry. Rinse the tube with 1 mL of
petroleum ether and transfer the solution to the vial. Continue evaporating the solution
until the vial is completely dry. Weigh the vial and determine the mass of the residue. The
mass should be NMT 45 mg; otherwise repeat the Sample solution preparation steps. Cap
the vial and store at 4°. Before use, dissolve the residue with a 300-µL mixture of
tetrahydrofuran and acetonitrile (1:1). Pass the solution through a filter of 0.45-µm pore
size.
Blank: Prepare as directed for the Sample solution but without the Conjugated Linoleic
Acids—Triglycerides.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Fluorometric
Excitation wavelength: 384 nm
Emission wavelength: 406 nm
Columns
Guard: 4.6-mm × 7.5-cm; 5-µm packing L1
Analytical: 4.6-mm × 25-cm; 5-µm packing L118
Flow rate: 1.0 mL/min
Injection volume: 10 µL. [Note—If an autosampler is used, the sample loop should be
flushed with acetonitrile between injections.]
Analysis
Samples: Standard solutions, Sample solution, and Blank
Inject the Standard solutions and construct a four-point calibration curve using the peak
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response area versus concentration (ng/µL). Separately inject the Blank and Sample
solution, and determine the benzo[a]pyrene concentration (ng/µL) of each from the
standard calibration curve.
Calculate the benzo[a]pyrene content, in µg/kg, in the portion of Conjugated Linoleic
Acids—Triglycerides taken:
Result = (C − C0) × (V/M)
C = concentration of benzo[a]pyrene in the Sample solution as determined from the
calibration curve (ng/µL)
C0 = concentration of benzo[a]pyrene in the Blank as determined from the calibration
curve (ng/µL)
V = volume of acetonitrile and tetrahydrofuran (1:1) added to the vial, 300 µL
M = mass of Conjugated Linoleic Acids—Triglycerides used to prepare the Sample
solution (g)
Acceptance criteria: NMT 2 µg/kg
SPECIFIC TESTS
• Water Determination 〈921〉, Method I, Method Ia: NMT 0.1%
• Fats and Fixed Oils 〈401〉, Procedures, Acid Value: NMT 2.0
• Fats and Fixed Oils 〈401〉, Procedures, Peroxide Value: NMT 5.0
• Fats and Fixed Oils 〈401〉, Procedures, Fatty Acid Composition
Standard solution: Prepare as directed in the chapter for the Test solution, except use
100 mg of USP Conjugated Linoleic Acids—Triglycerides RS.
Sample solution: Prepare as directed for the Standard solution, except replace USP
Conjugated Linoleic Acids—Triglycerides RS with Conjugated Linoleic Acids—Triglycerides.
System suitability
Sample: Standard solution
[Note—See Table 1 for the relative retention times for the fatty acid components.]
Suitability requirements
Resolution: NLT 1.5 between CLA isomer cis-9, trans-11 and CLA isomer trans-10, cis12
Chromatogram similarity: The chromatogram of the Standard solution is similar to the
reference chromatogram provided with the lot of USP Conjugated Linoleic
Acids—Triglycerides RS being used.
Acceptance criteria: Conjugated Linoleic Acids—Triglycerides exhibit the composition
profile of fatty acids in Table 1.
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Table 1
Fatty
Acid
Palmitic acid
Stearic acid
Oleic acid
Linoleic acid
Conjugated linoleic acid
CLA isomer cis-9, trans-11
CLA isomer trans-10, cis-12
CLA isomer trans-trans

Shorthand
Notation
16:0
18:0
18:1
18:2
18:2
18:2
18:2
18:2

Relative
Retention
Time
0.82
0.92
0.93
0.96
—
1.00
1.01
1.03

Area
(%)
≤9
≤5
≤20
≤3
≥78
≥37.5
≥37.5
≤2.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store in a cool, dry
place, and protect from light, heat, and air.
• USP Reference Standards 〈11〉
USP Conjugated Linoleic Acids—Triglycerides RS
1S (USP42)

1 Suitable grades of monodocosahexaenoin, didocosahexaenoin, and tridocosahexaenoin may be obtained
from Nu-C hek Prep, Inc.
2 C hromspher PI PAH HPLC column, 3.0-mm × 8-cm; 5-µm packing; Agilent part #C P28159;
www.agilent.com.

BRIEFING
Excipients, USP and NF Excipients, Listed by Functional Category, page 5169 of USP 41
and PF 43(6) [Nov.–Dec. 2017]. It is proposed to add Anise Oil and Star Anise Oil to the Flavors
and Fragrance category to complement the Anise Oil monograph and the proposed new
monograph for Star Anise Oil, which also appear in this issue of PF.
(HDQ: G. Holloway.)
Correspondence Number—C92676; C199551
In the following reference table, the grouping of excipients by functional category is intended
to summarize commonly identified purposes that these excipients serve in drug product
formulations. The association of a functional category with a particular dosage form in this
table is not absolute and does not limit the use of an excipient to a single type of dosage
form or delivery system.
Change to read:
Flavors and Fragrance

Anise Oil

1S (NF37)
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1S (NF37)

BRIEFING
Anise Oil, NF 36 page 5205. In response to an FDA request received in January 2010 to
remove the botanical source Illicium verum Hook. f. (Fam. Illiciaceae) from the Definition of the
Anise Oil monograph and to develop a new monograph for Star Anise Oil from Illicium verum
Hook. f. appearing elsewhere in this issue of PF, it is proposed to make the following revisions:
1. Add a CAS number for Anise Oil.
2. Remove Illicium verum Hook. f. (Fam. Illiciaceae) as a botanical source from the
Definition.
3. Add an identification test, Chromatographic Identity, based on a gas chromatographic
(GC) method. The proposed GC method is based on analyses performed with the DBWAX brand of column with phase G16. The trans-anethole, safrole, foeniculin, and
pseudoisoeugenyl 2-methylbutyrate peaks elute at approximately 42.5, 44.6, 62.0 and
73.7 min, respectively. Foeniculin is a marker for Star Anise Oil. Pseudoisoeugenyl 2methylbutyrate can be only found in Anise Oil so it is a marker for Anise Oil. Safrole is
included in the analyses as a marker for the adulteration of Anise Oil with oil from the
toxic Star Anise plant, Illicium anisatum L. (also called Japanese Star Anise).
4. Add Identification B based on the Refractive Index test under Specific Tests.
5. Add the Assay for Content of trans-Anethole that employs the same GC method as
Identification A.
6. In the Limit of Phenols test, specify the type of litmus paper suitable for the test.
7. In Specific Tests, delete the tests for Specific Gravity, Optical Rotation, and Congealing
Temperature.
8. In the Packaging and Storage section, add “protect from light” as an additional
requirement for storage.
9. Add a USP Reference Standards section comprising USP Anethole RS, USP Anise Oil RS,
USP Foeniculin RS, USP Pseudoisoeugenyl 2-methylbutyrate RS, and USP Safrole RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: G. Holloway.)
Correspondence Number—C92676
Comment deadline: May 31, 2018
Anise Oil
[8007-70-3].
UNII: 6Y89129C8H
DEFINITION
Change to read:
Anise Oil is the volatile oil distilled with steam from the dried, ripe fruit of Pimpinella ansium L.
(Fam. Apiaceae). or from the dried ripe fruit of Illicium verum Hook. f. (Fam. Illiciaceae)
It contains NLT 87% and NMT 94% of trans-anethole. 1S (NF37)
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[Note—If solid material has separated, carefully warm the Anise Oil until it is completely liquefied,
and mix before using.]
IDENTIFICATION
Add the following:
• A. Chromatographic Identity
Peak identification and sensitivity solution: 60 mg/mL of USP Anethole RS, 3 mg/mL of
USP Pseudoisoeugenyl 2-methylbutyrate RS, and 0.1 mg/mL each of USP Foeniculin RS
and USP Safrole RS in n-hexane
Standard: USP Anise Oil RS
Sample: Anise Oil
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m; coated with 0.25-µm film of phase G16
Temperatures
Injection port: 200°
Detector: 220°
Column: See Table 1.
Table 1
Initial
Temperature
(°)
60
60

Temperature
Ramp
(°/min)
—
2

Final
Temperature
(°)
60
210

Hold Time
at Final
Temperature
(min)
5
15

Carrier gas: Helium
Flow rate: 1.0 mL/min
Injection volume: 0.4 µL
Injection type: Split; split ratio, 100:1
System suitability
Sample: Peak identification and sensitivity solution
[Note—The relative retention times for the trans-anethole, safrole, foeniculin, and
pseudoisoeugenyl 2-methylbutyrate peaks are 1.0, 1.04, 1.5, and 1.7, respectively.]
Suitability requirements
Signal-to-noise ratio: NLT 10 for the foeniculin and safrole peaks
Analysis
Samples: Peak identification and sensitivity solution, Standard, and Sample
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Identify the safrole, foeniculin, and pseudoisoeugenyl 2-methylbutyrate peaks in the
chromatogram of the Sample based on those in the chromatogram of the Peak
identification and sensitivity solution.
Calculate the percentage of safrole, foeniculin, and pseudoisoeugenyl 2-methylbutyrate in
the portion of Anise Oil taken:
Result = (rU/rT) × 100
rU = peak area of safrole , foeniculin, or pseudoisoeugenyl 2-methylbutyrate from the
Sample
rT = sum of all the peak areas, excluding the solvent peak
Acceptance criteria
Chromatographic similarity: Examine the chromatograms of the Sample and the
Standard. The chromatogram of the Sample is similar to that of the Standard.
Safrole: NMT 0.01%
Foeniculin: NMT 0.01%
Pseudoisoeugenyl 2-methylbutyrate: NLT 0.30%
1S (NF37)

Add the following:
• B. Refractive Index: Meets the requirements for Refractive Index in Specific Tests
1S (NF37)

ASSAY
Add the following:
• Content of trans-Anethole
Peak identification and sensitivity solution, Sample, and Chromatographic system:
Proceed as directed in Identification A.
Analysis
Samples: Peak identification and sensitivity solution and Sample
Identify the trans-anethole peak in the chromatogram of the Sample based on that in the
chromatogram of the Peak identification and sensitivity solution.
Calculate the percentage of trans-anethole in the portion of Anise Oil taken:
Result = (rU/rT) × 100
rU = peak area of trans-anethole from the Sample
rT = sum of all the peak areas, excluding the solvent peak
Acceptance criteria: 87%–94%
IMPURITIES
Delete the following:

1S (NF37)
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• Heavy Metals, Method II〈231〉: NMT 40 ppm

(O fficial 1-Jan-2018)

Change to read:
• Limit of Phenols
Sample solution: Recently distilled Anise Oil in 90% alcohol (1 in 3)
Acceptance criteria: The Sample solution is neutral to moistened
neutral 1S (NF37)
litmus paper, and no blue or brownish color develops upon the addition of 1 drop of ferric
chloride TS to 5 mL of the Sample solution.
SPECIFIC TESTS
• Solubility in 90% Alcohol: 1 volume dissolves in 3 volumes of 90% alcohol.
Delete the following:
• Specific Gravity 〈841〉: 0.978–0.988

1S (NF37)

Delete the following:
• Congealing Temperature 〈651〉: NLT 15°

1S (NF37)

Delete the following:
• Optical Rotation, Angular Rotation〈781A〉: −2° to +1°
• Refractive Index 〈831〉: 1.553–1.560 at 20°

1S (NF37)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-filled, tight containers, and
protect from light. 1S (NF37)
Avoid exposure to excessive heat.
• Labeling: The label states the Latin binomial name and, following the official name, the part
of the plant source from which the article was derived. The label also states that if solid
material has separated, carefully warm the oil until it is completely liquefied, and mix before
using.
Add the following:
• USP Reference Standards 〈11〉
USP Anethole RS
USP Anise Oil RS
USP Foeniculin RS
USP Pseudoisoeugenyl 2-methylbutyrate RS
USP Safrole RS
1S (NF37)

Recent Official Publications:
USP41–NF36 Page 5205
BRIEFING
Potassium Sorbate, NF 36 page 5536. As part of the USP monograph modernization effort,
it is proposed to make the following changes:
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1. Delete one of the chemical names that corresponds with the monograph title and modify
another chemical name.
2. Update the monograph Definition. Correspondingly, change the Acceptance criteria in
the Assay.
3. Replace the wet chemistry identification method with an IR spectroscopic method in
Identification B.
4. Replace the titrimetric-based Assay method with an HPLC method performed with the
Waters XSelect HSS C18 SB brand of column with L1 packing (as primary column) or the
Waters XBridge brand of column with L1 packing (as alternative column). The typical
retention times for potassium sorbate cis, cis isomer; potassium sorbate cis, trans
isomer; potassium sorbate trans, cis isomer; and potassium sorbate are 11.0, 11.8,
12.2, and 13.2 min on the primary column, respectively, and 13.5, 14.8, 14.9, and 15.9
min on the alternative column, respectively.
5. Add a test for Content of Potassium using an atomic absorption spectroscopic method
to the Assay section.
6. Add a test for Limit of Aldehyde to the Impurities section.
7. Add the USP Reference Standards section which includes USP Potassium Sorbate RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: P. Zhang.)
Correspondence Number—C179441
Comment deadline: May 31, 2018
Potassium Sorbate
Change to read:

C6 H7 KO2

150.22

2,4-Hexadienoic acid, (E,E)-, potassium salt;
2,4-Hexadienoic acid, potassium salt;
Potassium (2E,4E)-hexa-2,4-dienoate; 1S (NF37)
Potassium (E,E)-sorbate;
Potassium sorbate
1S (NF37)
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[590-00-1; 24634-61-5].
UNII: 1VPU26JZZ4
UNII: X045WJ989B
DEFINITION
Change to read:
Potassium Sorbate contains NLT 98.0% and NMT 101.0%
102.0% 1S (NF37)
of potassium sorbate (C6 H7 KO2 ), calculated on the dried basis.
IDENTIFICATION
• A. Identification Tests—General 〈191〉, Chemical Identification Tests, Potassium
Sample: Dissolve 1 g of Potassium Sorbate in 10 mL of water.
Acceptance criteria: Meets the requirements
Change to read:
• B.
Infrared Absorption 〈197A〉 or 〈197K〉 1S (NF37)
Sample: 0.2 g of Potassium Sorbate
Analysis: Dissolve the Sample in 2 mL of water, and add a few drops of bromine TS.
Acceptance criteria: The color is discharged.
1S (NF37)

ASSAY
Delete the following:
• Procedure
Sample: 300 mg of Potassium Sorbate
Blank: 40 mL of glacial acetic acid
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 40 mL of glacial acetic acid, warming, if necessary, to
dissolve the solution. Cool to room temperature, and add 1 drop of crystal violet TS.
Titrate with Titrant to a blue-green endpoint. Perform a blank determination.
Calculate the percentage of potassium sorbate (C6 H7 KO2 ) in the Sample taken:
Result = {[(VS − VB) × N × F]/W} ×100
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VS = Titrant consumed by the Sample (mL)
VB = Titrant consumed by the Blank (mL)
N = actual normality of the Titrant (mEq/mL)
F = equivalency factor, 150.2 mg/mEq
W = Sample weight (mg)
Acceptance criteria: 98.0%–101.0% on the dried basis

1S (NF37)

Add the following:
• Procedure 1: Content of Potassium Sorbate
Solution A: 0.1% (v/v) trifluoroacetic acid in water
Solution B: 0.1% (v/v) trifluoroacetic acid in methanol
Mobile phase: See Table 1.
Time
(min)
0
17.0
18.0
23.0
23.1
30.0

Table 1
Solution A
(%)
75
75
5
5
75
75

Solution B
(%)
25
25
95
95
25
25

Diluent: Water and methanol (1:1, v/v)
System suitability solution: 0.1 mg/mL of USP Potassium Sorbate RS in Diluent with UV
irradiation for 2 h1
Standard solution: 0.1 mg/mL of USP Potassium Sorbate RS in Diluent
Sample solution: 0.1 mg/mL of Potassium Sorbate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 264 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: 30 min
System suitability
Samples: System suitability solution and Standard solution
[Note—The approximate relative retention times of related substances are listed in Table
2.]
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Suitability requirements
Resolution: NLT 1.5 between potassium sorbate and potassium sorbate trans, cis
isomer, System suitability solution
Tailing factor: NMT 2.0, determined from potassium sorbate, Standard solution
Relative standard deviation: NMT 2.0%, determined from potassium sorbate,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of potassium sorbate in the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of potassium sorbate from the Sample solution
rS = peak area of potassium sorbate from the Standard solution
CS = concentration of USP Potassium Sorbate RS in the Standard solution (mg/mL)
CU = concentration of Potassium Sorbate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
Table 2

Name
Potassium sorbate cis, cis isomera
Potassium sorbate cis, trans isomerb
Potassium sorbate trans, cis isomerc
Potassium sorbate
a Potassium (Z,Z)-sorbate.
b Potassium (Z,E)-sorbate.
c Potassium (E,Z)-sorbate.

Relative
Retention
Time
0.83
0.89
0.92
1.0

[Note—Potassium sorbate cis, trans isomer and potassium sorbate trans, cis isomer might
co-elute in some columns, which has no effects on assay analysis. All the four isomers
are in their corresponding sorbic acid forms in the HPLC column because of the acidic
mobile phase condition.]
1S (NF37)

Add the following:
• Procedure 2: Content of Potassium
Diluent: 1% hydrochloric acid solution
Sodium chloride solution: 0.2 g/mL of sodium chloride in Diluent
Blank solution: 4 mg/mL of sodium chloride from Sodium chloride solution in Diluent
Standard stock solution: 57.21 µg/mL of potassium chloride, previously dried at 105° for 2
h, in water. This solution contains 30 µg/mL of potassium.
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Standard solutions: Transfer 2.0-, 4.0-, and 6.0-mL portions of the Standard stock
solution to separate 100-mL volumetric flasks. To each flask, add 2.0 mL of the Sodium
chloride solution. Dilute the content of each flask with Diluent to volume and mix to obtain
solutions with known concentrations of 0.6, 1.2, and 1.8 µg/mL of potassium.
Sample stock solution: 0.46 mg/mL of Potassium Sorbate in water
Sample solution: Transfer 1.0 mL of the Sample stock solution to a 100-mL volumetric
flask. Add 2.0 mL of the Sodium chloride solution and dilute with Diluent to volume. The
concentration of this solution is 4.6 µg/mL of Potassium Sorbate.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 766.5 nm (potassium emission line)
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Standard curve
Samples: Standard solutions
Plot: Absorbance values versus their corresponding concentrations (µg/mL) of potassium.
The correlation coefficient is NLT 0.995.
Analysis
Sample: Sample solution
From the Standard curve, determine the concentration of potassium in the Sample solution.
Calculate the percentage of potassium in the portion of Potassium Sorbate taken:
Result = (CS/CU) × 100
CS = concentration of potassium in the Sample solution from the Standard curve (µg/mL)
CU = concentration of Potassium Sorbate in the Sample solution (µg/mL)
Acceptance criteria: 24.5%–27.6%

1S (NF37)

IMPURITIES
Add the following:
• Limit of Aldehyde
Decolorized fuchsin solution: Dissolve 0.1 g of basic fuchsin in 60 mL of water. Add a
solution containing 1 g of anhydrous sodium sulfite in 10 mL of water. Slowly and with
continuous shaking add 2 mL of hydrochloric acid. Dilute with water to 100 mL. Allow to
stand protected from light for at least 12 h, decolorize with activated charcoal and filter.
If the solution becomes cloudy, filter before use. If on standing the solution becomes
violet, decolorize again by adding activated charcoal.
Acetaldehyde standard solution: 100 µg/mL of acetaldehyde (C2 H4 O). Dissolve 1.0 g of
acetaldehyde in 2-propanol and dilute with the same solvent to 100.0 mL. Dilute 5.0 mL of
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the solution with 2-propanol to 500.0 mL. Prepare immediately before use.
Standard solution: Add 1 mL of Decolorized fuchsin solution to a mixture of 1.5 mL of
Acetaldehyde standard solution, 4 mL of 2-propanol, and 4.5 mL of water.
Sample solution: Dissolve 1.0 g of the sample in a mixture of 30 mL of water and 50 mL of
2-propanol, adjust with 1 N hydrochloric acid to a pH of 4 and dilute with water to 100
mL.
Analysis: To 10 mL of the Sample solution add 1 mL of Decolorized fuchsin solution and
allow to stand for 30 min. Any color in the solution is not more intense than that in the
Standard solution prepared at the same time.
Acceptance criteria: NMT 0.15%, as acetaldehyde (C2 H4 O) 1S (NF37)
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 10 ppm

(O fficial 1-Jan-2018)

SPECIFIC TESTS
• Acidity or Alkalinity
Sample solution: 1.1 g of Potassium Sorbate in 20 mL of water
Analysis: Add phenolphthalein TS to the Sample solution.
Acceptance criteria: If the solution is colorless, titrate with 0.10 N sodium hydroxide to a
pink color that persists for 15 s: NMT 1.1 mL of 0.10 N sodium hydroxide is required. If the
solution is pink in color, titrate with 0.10 N hydrochloric acid to discharge the pink color:
NMT 0.80 mL of 0.10 N hydrochloric acid is required.
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light, and avoid
exposure to excessive heat.
Add the following:
• USP Reference Standards 〈11〉
USP Potassium Sorbate RS
1S (NF37)

1 UV irradiation conditions of wavelengths of 254, 300, and 365 nm at 18 Watts for 2 h have been used.
Other equivalent UV conditions are also suitable as long as ~1% degradation of potassium sorbate (based on
area%) can be achieved after the irradiation. Quartz glassware is preferred. 1S (NF37)

Recent Official Publications:
USP41–NF36 Page 5536
BRIEFING
Saccharin, NF 36 page 5555. As part of the USP monograph modernization effort, and on
the basis of comments and data received, revisions are proposed for the Saccharin, Saccharin
Calcium, and Saccharin Sodium monographs. See the Briefings for the Saccharin Calcium and
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Saccharin Sodium monographs, also appearing in this issue of PF. The proposed changes for
this monograph include:
1. According to the decision made during the Pharmacopeial Discussion Group (PDG) faceto-face meeting in September 2017 at Rockville, MD, the Saccharin, Saccharin Calcium,
and Saccharin Sodium monographs are suppressed from the PDG harmonization
workplan. Subsequently, the sentence “Portions of this monograph that are national USP
text, and are not part of the harmonized text, are marked with symbols (♦♦) to specify
this fact.” is deleted. More details can be found on the USP website:
www.usp.org/sites/default/files/usp/document/harmonization/meeting/pdg_rockville_highlights.pdf.
2. Additionally, the (♦♦) symbols are removed from the tests for Limit of
Toluenesulfonamides and Melting Range or Temperature and the Packaging and Storage
section, due to the suppression of this monograph from the PDG workplan.
3. The acceptance criteria in the Definition and the Assay are revised from NLT 99.0% and
NMT 101.0% to NLT 98.0% and NMT 102.0% to account for the performance of the
proposed Assay HPLC method.
4. The titrimetric method in the Assay is replaced with an HPLC method. The proposed
HPLC method is based on analyses performed using the Waters XBridge BEH C18 brand
of column with L1 packing. The retention time for saccharin is about 7.3 min.
5. In the Readily Carbonizable Substances Test section, the description of Matching fluid A
is added for the clarification of the method. In addition, delete "[94.5%–95.5% (w/w) of
sulfuric acid (H2 SO4 )]," in order to be consistent with the harmonized document.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC2: J. Liu.)
Correspondence Number—C157102
Comment deadline: May 31, 2018
Saccharin
Change to read:
Portions of this monograph that are national USP text, and are not part of the harmonized text,
are marked with symbols (♦♦) to specify this fact.

1S (NF37)
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183.18

1,2-Benzisothiazol-3(2H)-one, 1,1-dioxide;
1,2-Benzisothiazolin-3-one 1,1-dioxide
[81-07-2].
UNII: FST467XS7D
DEFINITION
Change to read:
Saccharin contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0% 1S (NF37)
of saccharin (C7 H5 NO3 S), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
ASSAY
Change to read:
• Procedure
Sample: 500 mg
Analysis: Dissolve the Sample in 40 mL of alcohol. Add 40 mL of water and phenolphthalein
TS. Titrate with 0.1 N sodium hydroxide. Perform a blank titration, if necessary, and make
the appropriate correction. Each mL of 0.1 N sodium hydroxide is equivalent to 18.32 mg
of saccharin (C7 H5 NO3 S).
Acceptance criteria: 99.0%–101.0% on the dried basis
Solution A: 50 mM dibasic potassium phosphate (K2 HPO4 ) buffer in 0.1% (v/v)
phosphoric acid solution
Solution B: Methanol
Mobile phase: See Table 1.
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Time
(min)
0
7.0
8.0
10.0
10.1
15.0

Table 1
Solution A
(%)
90
90
5
5
90
90

Solution B
(%)
10
10
95
95
10
10

Diluent: Methanol and water (50:50 v/v)
System suitability solution: 0.1 mg/mL of phthalic anhydride and 0.1 mg/mL of USP
Saccharin RS in Diluent
Standard solution: 0.1 mg/mL of USP Saccharin RS in Diluent
Sample solution: 0.1 mg/mL of Saccharin in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 20°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: 15 min
System suitability
Samples: System suitability solution and Standard solution
[Note—The retention times for phthalic anhydride and saccharin are about 6.3 and 7.3
min, respectively. Phthalic anhydride is a potential impurity.]
Suitability requirements
Resolution: NLT 2.0 between the phthalic anhydride and saccharin peaks, System
suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 0.5% for five replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of saccharin in the portion of Saccharin taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of saccharin from the Sample solution
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rS = peak area of saccharin from the Standard solution
CS = concentration of USP Saccharin RS in the Standard solution (mg/mL)
CU = concentration of Saccharin in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

1S (NF37)

IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%, using an ignition temperature of 600 ± 50°
Delete the following:
♦Heavy Metals, Method II〈231〉: NMT 10 ppm (O fficial 1-Jan-2018)
♦

•

Change to read:
• ♦
1S (NF37)

Limit of Toluenesulfonamides
Internal standard solution: 0.25 mg/mL of caffeine in methylene chloride
Standard stock solution: 20.0 µg/mL of USP o-Toluenesulfonamide RS and 20.0 µg/mL of
USP p-Toluenesulfonamide RS in methylene chloride
Standard solution: Evaporate 5.0 mL of the Standard stock solution to dryness in a
stream of nitrogen. Dissolve the residue in 1 mL of the Internal standard solution.
Sample solution: Suspend 10 g of Saccharin in 20 mL of water, and dissolve using 5–6 mL
of 10 N sodium hydroxide. If necessary, adjust the solution with 1 N sodium hydroxide or 1
N hydrochloric acid to a pH of 7–8, and dilute with water to 50 mL. Shake the solution
with four quantities each of 50 mL of methylene chloride. Combine the lower layers, dry
over anhydrous sodium sulfate, and filter. Wash the filter and the sodium sulfate with 10
mL of methylene chloride. Combine the solution and the washings, and evaporate almost
to dryness in a water bath at a temperature not exceeding 40°. Using a small quantity of
methylene chloride, quantitatively transfer the residue into a suitable 10-mL tube,
evaporate to dryness in a stream of nitrogen, and dissolve the residue in 1.0 mL of the
Internal standard solution.
Blank solution: Evaporate 200 mL of methylene chloride to dryness in a water bath at a
temperature not exceeding 40°. Dissolve the residue in 1 mL of methylene chloride.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 10-m fused silica; coated with a 2-µm film of phase G3
Temperatures
Injector: 250°
Column: 180°
Detector: 250°
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Carrier gas: Nitrogen
Flow rate: 10 mL/min
Injection volume: 1 µL
Injection type: Split ratio, 2:1
System suitability
Samples: Standard solution and Blank solution
[Note—The substances are eluted in the following order: o-toluenesulfonamide, ptoluenesulfonamide, and caffeine.]
Suitability requirements: No peaks at the retention times for the internal standard, otoluenesulfonamide, or p-toluenesulfonamide; Blank solution
Resolution: NLT 1.5 between o-toluenesulfonamide and p-toluenesulfonamide,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: See Table 2. If any peaks due to o-toluenesulfonamide and ptoluenesulfonamide appear in the chromatogram of the Sample solution, the ratio of their
areas to that of the Internal standard solution is NMT the corresponding ratio in the
chromatogram of the Standard solution.
Table 2
Acceptance Criteria
Name
o-Toluenesulfonamide
p-Toluenesulfonamide

NMT 1S (NF37)
(ppm)
10
10

♦
1S (NF37)

• Limit of Benzoate and Salicylate
Sample solution: 10 mL of a hot, saturated solution of saccharin
Analysis: Add ferric chloride TS dropwise to the Sample solution.
Acceptance criteria: No precipitate or violet color appears in the liquid.
SPECIFIC TESTS
Change to read:
• ♦
1S (NF37)

Melting Range or Temperature 〈741〉: 226°–230°♦
1S (NF37)

• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
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Acceptance criteria: NMT 1.0%
Change to read:
• Readily Carbonizable Substances Test 〈271〉
Matching fluid A: Cobaltous chloride CS, ferric chloride CS, cupric sulfate CS, and water
(0.1: 0.4: 0.1: 4.4) 1S (NF37)
Sample solution: 40 mg/mL in sulfuric acid [94.5%–95.5% (w/w) of sulfuric acid (H2 SO4 )];
1S (NF37)

maintained at 48°–50° for 10 min
Acceptance criteria: The Sample solution has no more color than Matching fluid A, when
viewed against a white background.
• Clarity of Solution
[Note—The Sample solution is to be compared to Reference suspension A in diffused
daylight 5 min after preparation of Reference suspension A.]
Diluent: 200-g/L solution of sodium acetate
Hydrazine solution: 10.0 mg/mL of hydrazine sulfate. [Note—Allow to stand for 4–6 h.]
Methenamine solution: Transfer 2.5 g of methenamine to a 100-mL glass-stoppered flask,
add 25.0 mL of water, insert the glass stopper, and mix to dissolve.
Primary opalescent suspension: Transfer 25.0 mL of Hydrazine solution to the
Methenamine solution in the 100-mL glass-stoppered flask. Mix, and allow to stand for 24
h. [Note—This suspension is stable for 2 months, provided it is stored in a glass container
free from surface defects. The suspension must not adhere to the glass and must be well
mixed before use.]
Opalescence standard: Dilute 15.0 mL of the Primary opalescent suspension with water
to 1000 mL. [Note—This suspension should not be used beyond 24 h after preparation.]
Reference suspension A: Opalescence standard and water (1 in 20)
Reference suspension B: Opalescence standard and water (1 in 10)
Sample solution: 200 mg/mL in Diluent
Analysis
Samples: Diluent, Reference suspension A, Reference suspension B, Sample solution, and
water
Transfer a sufficient portion of the Sample solution to a test tube of colorless, transparent,
neutral glass with a flat base and an internal diameter of 15–25 mm to obtain a depth of
40 mm. Similarly transfer portions of Reference suspension A, Reference suspension B,
water, and Diluent to separate matching test tubes. Compare the solutions in diffused
daylight, viewing vertically against a black background (see Nephelometry, Turbidimetry,
and Visual Comparison 〈855〉, Procedure, Visual Comparison). [Note—The diffusion of light
must be such that Reference suspension A can readily be distinguished from water, and
that Reference suspension B can readily be distinguished from Reference suspension A.]
Acceptance criteria: The Sample solution shows the same clarity as that of water or
Diluent, or its opalescence is NMT that of Reference suspension A.
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• Color of Solution
Diluent A: 200-g/L solution of sodium acetate
Diluent B: 10-g/L solution of hydrochloric acid
Standard stock solution: Ferric chloride CS, cobaltous chloride CS, cupric sulfate CS, and
Diluent B (3.0: 3.0: 2.4: 1.6)
Standard solution: Standard stock solution and Diluent B (1 in 100). [Note—Prepare the
Standard stock solution and Standard solution immediately before use.]
Sample solution: Use the Sample solution from the test for Clarity of Solution.
Analysis
Samples: Diluent A, Standard solution, Sample solution, and water
Transfer a sufficient portion of the Sample solution to a test tube of colorless, transparent,
neutral glass with a flat base and an internal diameter of 15–25 mm to obtain a depth of
40 mm. Similarly transfer portions of the Standard solution, Diluent A, and water to
separate, matching test tubes. Compare the solutions in diffused daylight, viewing
vertically against a white background (see Nephelometry, Turbidimetry, and Visual
Comparison 〈855〉, Procedure, Visual Comparison).
Acceptance criteria: The Sample solution has the appearance of water or Diluent A, or is
not more intensely colored than the Standard solution.
ADDITIONAL REQUIREMENTS
Change to read:
• ♦
1S (NF37)

Packaging and Storage: Preserve in well-closed containers. Store at room temperature.♦
1S (NF37)

• USP Reference Standards 〈11〉
USP Saccharin RS
USP o-Toluenesulfonamide RS
USP p-Toluenesulfonamide RS
Recent Official Publications:
USP41–NF36 Page 5555
BRIEFING
Sorbic Acid, NF 36 page 5582. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1. Delete one of the chemical names that corresponds with the monograph title and modify
another chemical name.
2. Update the monograph Definition. Correspondingly, change the Acceptance criteria in
the Assay.
3. Include the use of attenuated total reflectance (ATR) analysis based on Infrared
Absorption 〈197A〉 in Identification A.
4. Replace the titrimetric-based Assay method with an HPLC method performed with the
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Waters XSelect HSS C18 SB brand of column with L1 packing (as primary column) or the
Waters XBridge brand of column with L1 packing (as alternative column). The typical
retention times for sorbic acid cis, cis isomer; sorbic acid cis, trans isomer; sorbic acid
trans, cis isomer; and sorbic acid are 11.0, 11.8, 12.2, and 13.2 min on the primary
column, respectively, and 13.5, 14.7, 14.9, and 15.8 min on the alternative column,
respectively.
5. Add a test for Limit of Aldehyde to the Impurities section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: P. Zhang.)
Correspondence Number—C179440
Comment deadline: May 31, 2018
Sorbic Acid
Change to read:

C6 H8 O2

112.13

2,4-Hexadienoic acid, (E,E)-; 2,4-Hexadienoic acid;
(2E,4E)-Hexa-2,4-dienoic acid; 1S (NF37)
(E,E)-Sorbic acid Sorbic acid
1S (NF37)

[110-44-1].
UNII: X045WJ989B
DEFINITION
Change to read:
Sorbic Acid contains NLT 99.0%
98.0% 1S (NF37)
and NMT 101.0%
102.0% 1S (NF37)
of sorbic acid (C6 H8 O2 ), calculated on the anhydrous basis.
IDENTIFICATION
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Change to read:
• A. Infrared Absorption
〈197A〉 or 1S (NF37)
〈197K〉
• B. A 1-in-400,000 solution in isopropyl alcohol exhibits an absorbance maximum at 254 ± 2
nm.
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 250 mg of Sorbic Acid in a mixture of 50 mL of methanol and 25
mL of water that previously has been neutralized with 0.02 N sodium hydroxide. Add
phenolphthalein TS.
Analysis: Titrate with 0.1 N sodium hydroxide VS to the first pink color that persists for at
least 30 s. Each mL of 0.1 N sodium hydroxide is equivalent to 11.21 mg of C6 H8 O2 .
Acceptance criteria: 99.0%–101.0% on the anhydrous basis
Solution A: 0.1% (v/v) trifluoroacetic acid in water
Solution B: 0.1% (v/v) trifluoroacetic acid in methanol
Mobile phase: See Table 1.
Time
(min)
0
17.0
18.0
23.0
23.1
30.0

Table 1
Solution A
(%)
75
75
5
5
75
75

Solution B
(%)
25
25
95
95
25
25

Diluent: Water and methanol (1:1, v/v)
System suitability solution: 0.1 mg/mL of USP Sorbic Acid RS in Diluent with UV
irradiation for 2 h1
Standard solution: 0.1 mg/mL of USP Sorbic Acid RS in Diluent
Sample solution: 0.1 mg/mL of Sorbic Acid in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 264 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 40°
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Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: 30 min
System suitability
Samples: System suitability solution and Standard solution
[Note—The approximate relative retention times of related substances are listed in Table
2.]
Suitability requirements
Resolution: NLT 1.5 between sorbic acid and sorbic acid trans, cis isomer, System
suitability solution
Tailing factor: NMT 2.0, determined from sorbic acid, Standard solution
Relative standard deviation: NMT 2.0%, determined from sorbic acid, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sorbic acid in the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of sorbic acid from the Sample solution
rS = peak area of sorbic acid from the Standard solution
CS = concentration of USP Sorbic Acid RS in the Standard solution (mg/mL)
CU = concentration of Sorbic Acid in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
Table 2

Name
Sorbic acid cis, cis isomera
Sorbic acid cis, trans isomerb
Sorbic acid trans, cis isomerc
Sorbic acid
a (Z,Z)-Sorbic acid.
b (Z,E)-Sorbic acid.
c (E,Z)-Sorbic acid.

Relative
Retention
Time
0.83
0.89
0.92
1.0

[Note—Sorbic acid cis, trans isomer and sorbic acid trans, cis isomer might co-elute in some
columns, which has no effect on assay analysis.] 1S (NF37)
IMPURITIES
Add the following:
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• Limit of Aldehyde
Decolorized fuchsin solution: Dissolve 0.1 g of basic fuchsin in 60 mL of water. Add a
solution containing 1 g of anhydrous sodium sulfite in 10 mL of water. Slowly and with
continuous shaking add 2 mL of hydrochloric acid. Dilute with water to 100 mL. Allow to
stand protected from light for at least 12 h, decolorize with activated charcoal and filter.
If the solution becomes cloudy, filter before use. If on standing the solution becomes
violet, decolorize again by adding activated charcoal.
Acetaldehyde standard solution: 100 µg/mL of acetaldehyde (C2 H4 O). Dissolve 1.0 g of
acetaldehyde in 2-propanol and dilute with the same solvent to 100.0 mL. Dilute 5.0 mL of
the solution with 2-propanol to 500.0 mL. Prepare immediately before use.
Standard solution: Add 1 mL of Decolorized fuchsin solution to a mixture of 1.5 mL of
Acetaldehyde standard solution, 4 mL of 2-propanol, and 4.5 mL of water.
Sample solution: Dissolve 1.0 g of the sample in a mixture of 30 mL of water and 50 mL of
2-propanol, adjust with 0.1 N hydrochloric acid or 0.1 N sodium hydroxide to a pH of 4 and
dilute with water to 100 mL.
Analysis: To 10 mL of the Sample solution add 1 mL of Decolorized fuchsin solution and
allow to stand for 30 min. Any color in the solution is not more intense than that in the
Standard solution prepared at the same time.
Acceptance criteria: NMT 0.15%, as acetaldehyde (C2 H4 O) 1S (NF37)
• Residue on Ignition 〈281〉: NMT 0.2%
Delete the following:
• Heavy Metals, Method II〈231〉: 10 ppm

(O fficial 1-Jan-2018)

SPECIFIC TESTS
• Melting Range or Temperature 〈741〉: 132°–135°
• Water Determination 〈921〉, Method I: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light, and avoid
exposure to excessive heat.
• USP Reference Standards 〈11〉
USP Sorbic Acid RS
1 UV irradiation conditions of wavelengths of 254, 300, and 365 nm at 18 Watts for 2 h have been used.
Other equivalent UV conditions are also suitable as long as ~1% degradation of sorbic acid (based on area%)
can be achieved after the irradiation. Quartz glassware is preferred. 1S (NF37)

Recent Official Publications:
USP41–NF36 Page 5582
BRIEFING
Star Anise Oil. This new monograph was developed in response to an FDA request received
in January 2010 to remove the botanical source Illicium verum Hook. f. (Fam. Illiciaceae) from
the Definition of the Anise Oil monograph and to develop a new monograph for Star Anise Oil.
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See the Briefing for the Anise Oil monograph appearing elsewhere in this issue of PF. The
acceptance criterion for the Refractive Index test under Specific Tests is aligned with that
listed in ISO 11016:1999, Oil of star anise, Chinese type (Illicium verum Hook. f.). A gas
chromatographic (GC) method is employed in Identification A and in the Assay. The proposed
GC method is based on analyses performed with the DB-WAX brand of column with phase G16.
The trans-anethole, safrole, foeniculin, and pseudoisoeugenyl 2-methylbutyrate peaks elute at
approximately 42.5, 44.6, 62.0, and 73.7 min, respectively. Foeniculin is a marker for Star Anise
Oil. Pseudoisoeugenyl 2-methylbutyrate can be only found in Anise Oil so it a marker for Anise
Oil. Safrole is included in the analyses as a marker for the adulteration of Star Anise Oil with oil
from the toxic Star Anise plant, Illicium anisatum L. (also called Japanese Star Anise).
(EXC1: G. Holloway.)
Correspondence Number—C138178
Comment deadline: May 31, 2018
Add the following:
Star Anise Oil
[68952-43-2].
DEFINITION
Star Anise Oil is the volatile oil distilled with steam from the dried, ripe fruit of Illicium verum
Hook. f. It contains NLT 86% and NMT 93% of trans-anethole.
[Note—If solid material has separated, carefully warm the Star Anise Oil until it is completely
liquefied, and mix before using.]
IDENTIFICATION
• A. Chromatographic Identity
Peak identification and sensitivity solution: 60 mg/mL of USP Anethole RS, 1 mg/mL of
USP Foeniculin RS, and 0.1 mg/mL each of USP Pseudoisoeugenyl 2-methylbutyrate RS
and USP Safrole RS in n-hexane
Standard: USP Star Anise Oil RS
Sample: Star Anise Oil
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m; coated with a 0.25-µm film of phase G16
Temperatures
Injection port: 200°
Detector: 220°
Column: See Table 1.
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Table 1
Initial
Temperature
(°)
60
60

Temperature
Ramp
(°/min)
—
2

Final
Temperature
(°)
60
210

Hold Time
at Final
Temperature
(min)
5
15

Carrier gas: Helium
Flow rate: 1.0 mL/min
Injection volume: 0.4 µL
Injection type: Split; split ratio, 100:1
System suitability
Sample: Peak identification and sensitivity solution
[Note—The relative retention times for the trans-anethole, safrole, foeniculin, and
pseudoisoeugenyl 2-methylbutyrate peaks are 1.0, 1.04, 1.5, and 1.7, respectively.]
Suitability requirements
Signal-to-noise ratio: NLT 10 for the pseudoisoeugenyl 2-methylbutyrate and safrole
peaks
Analysis
Samples: Peak identification and sensitivity solution, Standard, and Sample
Identify the safrole, foeniculin, and pseudoisoeugenyl 2-methylbutyrate peaks in the
chromatogram of the Sample based on those in the chromatogram of the Peak
identification and sensitivity solution.
Calculate the percentage of safrole, foeniculin, and pseudoisoeugenyl 2-methylbutyrate in
the portion of Star Anise Oil taken:
Result = (rU/rT) × 100
rU = peak area of safrole or foeniculin or pseudoisoeugenyl 2-methylbutyrate from the
Sample
rT = sum of all the peak areas, excluding the solvent peak
Acceptance criteria
Chromatographic similarity: Examine the chromatograms of the Sample and the
Standard. The chromatogram of the Sample is similar to that of the Standard.
Safrole: NMT 0.01%
Foeniculin: NLT 0.10%
Pseudoisoeugenyl 2-methylbutyrate: NMT 0.01%
• B. Refractive Index: Meets the requirements for Refractive Index in Specific Tests
ASSAY
• Content of trans-Anethole
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Peak identification and sensitivity solution, Sample, and Chromatographic system:
Proceed as directed in Identification A.
Analysis
Samples: Peak identification and sensitivity solution and Sample
Identify the trans-anethole peak in the chromatogram of the Sample based on that in the
chromatogram of the Peak identification and sensitivity solution.
Calculate the percentage of trans-anethole in the portion of Star Anise Oil taken:
Result = (rU/rT) × 100
rU = peak area of trans-anethole from the Sample
rT = sum of all the peak areas, excluding the solvent peak
Acceptance criteria: 86%–93%
IMPURITIES
• Limit of Phenols
Sample solution: Recently distilled Star Anise Oil in 90% alcohol (1 in 3)
Acceptance criteria: The Sample solution is neutral to moistened neutral litmus paper, and
no blue or brownish color develops upon the addition of 1 drop of ferric chloride TS to 5
mL of the Sample solution.
SPECIFIC TESTS
• Solubility in 90% Alcohol: 1 volume dissolves in 3 volumes of 90% alcohol.
• Refractive Index 〈831〉: 1.553–1.556 at 20°
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-filled, tight containers, and protect from light.
Avoid exposure to excessive heat.
• Labeling: The label states the Latin binomial name and, following the official name, the part
of the plant source from which the article was derived. The label also states that if solid
material has separated, carefully warm the oil until it is completely liquefied, and mix before
using.
• USP Reference Standards 〈11〉
USP Anethole RS
USP Foeniculin RS
USP Pseudoisoeugenyl 2-methylbutyrate RS
USP Safrole RS
USP Star Anise Oil RS
1S (NF37)
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
reports or statements of Expert Committees
original research reports
evaluations of new and existing pharmacopeial methods
commentaries
articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
INSTRUCTIONS TO AUTHORS
Contributions in the form of original research reports, evaluations of new and existing
compendial methods, and other commentaries and articles relevant to drug standards or to
USP–NF revision will be considered for publication in Pharmacopeial Forum under the section
Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that
they have not been published previously in any language or medium and that they are not
simultaneously under consideration by any other publication. All manuscripts are subject to
review by USP headquarters staff, Committee members, or qualified outside referees, and if
accepted for publication they will be subject to editing by USP staff. Accepted manuscripts
become the property of the USP Convention (USPC) and may not be subsequently published
elsewhere without written permission from the USPC. Authors are also responsible for obtaining
permission for reprinting any illustrations that have been published elsewhere.
Abstract—Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References—Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright—Copyright transfer documents will be sent to authors after manuscripts have been
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accepted for publication.
Disclosure of Potential Conflicts of Interest—Maintaining independence and impartiality are
critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/ethics
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/conflicts-of-interest/
Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions—Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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Pharmacopeial Forum's Public Review and Comment Process

This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP website). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP website.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.
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Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP website (http://www.usp.org/getinvolved/donate/submission-guidelines). Note that the Expert Committee listing and the
Scientific Staff Directory also are located on the USP website (see below for links).
Proposed and Adopted Revisions to the USP–NF
Section
Content
How Readers Can Respond
Proposed
Proposals for Interim
Review material and send comments within
Interim
Revision Announcements
90 days of the PF publication in which the
Revision
(IRAs) that will be
standard was proposed (or per the
Announcements published as official USP
comment deadline listed in the Briefing
or NF standards
section). Direct comments to the USP
BRIEFING: Scientific
Scientific Liaison using the contact
rationale for proposed
information provided at the end of each
changes. May include
Proposed IRA
other information useful
to the analyst, such as
the brand name of the
column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph
or general chapter.
In-Process
Proposals for standards
Review material and send comments within
Revision
that will be published as
90 days of the PF publication in which the
official in a future USP–
revision was proposed (or per the
NF book or Supplement.
comment deadline listed in the Briefing
section). Direct comments to the USP
BRIEFING: Scientific
Scientific Liaison using the contact
rationale for
information provided at the end of each
proposed changes.
proposed revision. For general inquiries or
May include other
in cases where a Scientific Liaison is not
information useful to
identified, use the general USP telephone
the analyst, such as
number 301-881-0666 or fax number 301the brand name of
998-6839 or stdsmonographs@usp.org.
the column used in
developing the
proposed procedure
and the USP Expert
Committee and USP
Scientific Liaisons
who handle the
monograph or general
chapter.

PF 44(3): May.-Jun. 2018

Section
Stage 2
Harmonization
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Content
Revision proposals from
the Pharmacopoeial
Discussion Group (PDG),
which comprises the
European
Pharmacopoeia, the
Japanese
Pharmacopoeia, and
USP. The Stage 2 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The
draft is published in its
entirety.

How Readers Can Respond
Review material and provide comments to
the USP Scientific Liaison using the
contact information provided at the end of
each Stage 2 Harmonization.

BRIEFING: Scientific
rationale for the
potential inclusion or
change or for the
proposed change.
Stimuli to the
Revision
Process

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

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

Other Sections
Expert Committees
A listing of the 2015–2020 Expert Committees that work on the development of USP
compendial standards (http://www.usp.org/expert-committees)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards (http://www.usp.org/help/scientificsupport/standards-development-staff)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.uspnf.com/pharmacopeial-forum for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's website.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example: new text Where the symbols appear together with no enclosed
text, such as
, it means that text has been deleted and no new text was proposed to
replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the
date the proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, (2) modifications of
revisions previously proposed under In-Process Revision, or (3) proposed revisions for articles
awaiting approval by FDA. Readers should review material in this section and provide comments
to the Scientific Liaison using the contact information appearing at the end of each proposal.
Information on how to comment can be found under the “Participation” section of
www.usp.org. It is important to send comments promptly, before the comment deadline listed
after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text: new text if slated for an IRA; new text if slated for USP–NF; new
text if slated for a Supplement to USP–NF; new text for articles awaiting approval by
FDA. The same symbols indicate recent revisions that are already official. Where the symbols
appear together with no enclosed text, such as

, or

, or

, or

, it means that
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text has been deleted and no new text was proposed to replace it.
In revisions, the closing symbol is accompanied by an identifier that indicates the particular IRA,
Supplement, or the USP or NF as the publication where the revision will appear if approved. For
example, 2S (USP 34) indicates that the proposed revision is slated for the Second Supplement
to USP 34, and USP35 and NF30 indicates that the revisions are proposed for USP 35 and NF
30, respectively. In the case of revisions for articles awaiting approval by FDA, the symbols are
followed by TBD indicating that the official publication is To Be Determined. For example, (TBD)
does not yet have a target official publication.
Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING

〈 64〉 Probiotic Tests, PF 43(2) [Mar.–Apr. 2017]. A new general chapter on probiotic tests is
being reproposed with revisions based on the comments received on the previous proposal.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(NBDS: M. Monagas, S. Yoo.)
Correspondence Number—C200427
Comment deadline: July 31, 2018
Add the following:

〈 64〉 PROBIOTIC TESTS
INTRODUCTION
This chapter provides testing procedures for identification, enumeration, contamination,
and other requirements for probiotics. Probiotics are live microorganisms that, when
administered in adequate amounts, confer health benefits to the host. Probiotics are
typically identified at the strain level as characteristics are considered strain-specific.
This chapter applies to probiotics produced in specialized fermenters under strict hygiene
conditions for dietary supplements or pharmaceutical applications. Fermentation media are
tailored to the specific requirements of the microbial species or strain and typically
contain nutrients such as proteins, carbohydrates, vitamins, and minerals. The culture is
allowed to multiply and grow under carefully defined conditions. After the microbial cells
are grown, the cultured cells are harvested, often by centrifugation. Suitable protectants
may be added to the concentrated probiotic microorganisms (biomass), and the biomass is
freeze-dried or spray-dried to a powdered form. The dried biomass then undergoes
formulation, which may involve blending one or more strains with suitable excipients.
Formulated probiotic ingredients can be further processed into dosage forms, e.g.,
tablets, capsules, softgels, powders, or gels.
IDENTIFICATION
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Probiotics as defined in this chapter can be identified at the genus and species level or at
the strain level according to the monograph requirements. Since regulatory filings for
commercial probiotics are commonly made at the strain level supported by information from
safety assessment and human studies, identification at the strain level may be required to
verify the strain declared in labeling of commercial products. In this chapter, strain-specific
identification using polymerase chain reaction (PCR) with strain-specific primers is
recommended for the identification of probiotics. Currently, a testing procedure for
identification of Lactobacillus and Bifidobacterium strains by PCR with specific primers is
listed in this chapter. Additional testing procedures for identification of probiotic strains
including non-spore-forming bacteria, spore-forming bacteria, and yeasts or molds will be
listed in this chapter once they become available.
• Identification for Non-Spore-Forming Bacterial Strains
Identification for Lactobacillus and Bifidobacterium strains by PCR with specific
primers
Unless otherwise specified in the individual monograph, use the following general
procedure. All reagents and solutions used in this test should be molecular biology
grade.
Buffer: 10 mM tris-hydrochloride, 1 mM sodium ethylenediaminetetraacetic acid (EDTA)
buffer1
PCR master mix: Taq DNA polymerase (62.5 U/mL), 2.5X Taq reaction buffer [125 mM
potassium chloride (KCl), 75 mM tris-hydrochloride pH 8.3, and 4 mM magnesium
(Mg+2)], and 500 µM of each deoxynucleotide (dNTP). Prepared PCR master mix
solutions are commercially available.2
Sample: 100 mg/mL suspension of the probiotic powder in Buffer
Primer set: Use the primers for the strain specified in the individual monograph. Dilute
the forward and reverse primers in Buffer to a stock concentration of 100 µM, and dilute
further with Buffer to 25 µM. The diluted forward primer and diluted reverse primer
25-µM dilutions can be stored at −20°.
PCR sample preparations: For each Primer set,3 prepare a solution containing 1 µL of
the Sample, 10 µL of PCR master mix, 1 µL of the diluted forward primer (25 µM), 1 µL
of the diluted reverse primer (25 µM), and 12 µL of Sterile Purified Water.
PCR negative control: Prepare as directed for the PCR sample preparations, replacing
the Sample with 1 µL of Sterile Purified Water.
PCR positive control (if available): Prepare as directed for the PCR sample preparations,
replacing the Sample with 1 µL of the corresponding Reference Standard.
Analysis: Perform PCR amplification on each of the PCR sample preparations, PCR positive
control, and the PCR negative control using an appropriate thermal cycler.4 Unless
otherwise specified in the individual monograph, incubate at 95° for 7 min (step 1) for
direct heat-induced DNA extraction.
Thermal cycle: 95° for 30 s (step 2); annealing temperature specified in the individual
monograph for 30 s (step 3); and at 72° for 30 s (step 4). Repeat steps 2–4 for
between 30 and 34 cycles, incubate at 72° for 5 min, and hold at 4°. Perform
electrophoretic separation of the PCR amplification products for each of the PCR
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sample preparations, PCR positive control, and for the PCR negative control. An
automated on-chip electrophoresis system with a DNA kit can be used.
Prepare or use a commercially available 1% (w/v) agarose gel in a 1X tris-acetic
acid–EDTA buffer (40 mM tris-hydrochloride, 1% glacial acetic acid, and 1 mM EDTA).
Stain the gel with 0.5 mg/mL of ethidium bromide in water and de-stain with water.
[Caution—Ethidium bromide is considered a toxic substance and a potential mutagen.
Use appropriate personal protective equipment (including nitrile gloves) when handling
this reagent.]
Use a DNA ladder standard (1 KB plus)5 suitable for determining the size of linear doublestranded DNA fragments between 100 and 12,000 base pairs. The ladder standard
should be used in the first and last lanes on the gel to allow for proper comparison of
amplicons. Analysis of the PCR negative control must result in the absence of any
amplification products. If amplification occurs, repeat the PCR sample preparations,
and the PCR negative control, followed by PCR amplification and analysis.
Acceptance criteria: Refer to the acceptance criteria in the individual monograph.
ENUMERATION
Currently, a testing procedure for enumeration of Lactobacillus and Bifidobacterium species is
listed in this chapter. Additional testing procedures for enumeration of probiotic strains,
including non-spore-forming bacteria, spore-forming bacteria, and yeasts and molds, will be
listed in this chapter once they become available. Alternative microbiological procedures,
including automated methods, may be used provided that their equivalence has been
demonstrated.
• Enumeration for Non-Spore-Forming Bacteria Strains
Lactobacillus and Bifidobacterium species
Unless otherwise specified in the individual monograph, use the following general
procedure.
Lactobacilli MRS agar (medium for Lactobacillus and Bifidobacterium species): Prepare
according to Table 1 or use a commercially available mixture.6
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Table 1. Lactobacilli MRS Agar
Reagent

Quantity
(g)

Proteose peptone #3a
10.0
Beef extract
10.0
Yeast extract
5.0
Dextrose
20.0
Polysorbate 80
1.0
Ammonium citrate
2.0
Sodium acetate
5.0
Magnesium sulfate
0.1
b
Manganese sulfate
0.05
Dipotassium phosphate
2.0
Agar
15.0
a A suitable peptone for microbiological analysis is available from BD Bacto™
(www.bd.com).
b A suitable manganese sulfate is available from Sigma-Aldrich
(www.sigmaaldrich.com).
Suspend the Lactobacilli MRS agar in 1 L of Purified Water in an appropriately sized conical
flask or beaker (sufficiently large to not boil over). Cover the flask or beaker with
aluminum foil and heat to boiling with stirring on a hot plate. Allow to boil for 1 min to
completely dissolve the medium, and then autoclave the solution at 121° for 15 min.
Cool to 45° and use immediately. Boiled agar medium may also be aseptically transferred
into individual media bottles in 100- or 200-mL aliquots before sterilizing, and then
autoclaved and stored for later use. The broth can be stored at 4°. Allow broth to come
to room temperature before use.
Lactobacilli MRS broth: Prepare according to Table 2 or use a suitable commercially
available broth.7
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Table 2. Lactobacilli MRS Broth
Reagent

Quantity
(g)

Proteose peptone #3a
10.0
Beef extract
10.0
Yeast extract
5.0
Dextrose
20.0
Polysorbate 80
1.0
Ammonium citrate
2.0
Sodium acetate
5.0
Magnesium sulfate
0.1
b
Manganese sulfate
0.05
Dipotassium phosphate
2.0
a A suitable peptone for microbiological analysis is available from BD Bacto™
(www.bd.com).
b A suitable manganese sulfate is available from Sigma-Aldrich
(www.sigmaaldrich.com).
Suspend Lactobacilli MRS broth in 1 L of Purified Water in an appropriately sized conical
flask or beaker (sufficiently large to not boil over). Cover the flask or beaker with
aluminum foil and heat to boiling with stirring on a hot plate. Allow to boil for 1 min to
completely dissolve the broth ingredients, and then autoclave the solution at 121° for
15 min. Broth may also be aseptically transferred into individual media bottles in 100- or
200-mL aliquots before sterilizing, and then autoclaved and stored for later use. The
broth can be stored at 4°. Allow broth to come to room temperature before use.
Peptone diluent: Prepare a solution of 0.1% peptone8 in water (w/v) and adjust with a
lactic acid solution to a pH of 7.0. Using an autoclave, steam sterilize the solution at
121° for NLT 15 min, and then allow to cool in the unopened autoclave. Dispense into
sterile containers as needed for preparing samples.
Sample preparation: Unless otherwise specified in the individual monograph, transfer an
amount equivalent to 11.0 g of probiotic powder into a sterile polyethylene bag,
commercially known as a stomacher bag. Add 99 mL of previously sterilized (room
temperature) Lactobacilli MRS broth to the bag. Blend in a mechanical blender until a
uniform mixture is achieved or in a stomacher9 at 230 rpm for 30 s. Hold the mixture at
room temperature for 30 min to allow rehydration of the sample, and then blend for an
additional 30 s at 230 rpm. This is the primary 10−1 dilution. Using sterilized, filtered
pipet tips, make serial dilutions by aseptically transferring 1.0 mL of the primary 10−1
dilution to sterile media bottles, each containing 99.0 mL of Peptone diluent (10−3
dilution). Repeat this operation until the desired dilution series is obtained. Dilutions are
expected to contain 25–250 cfu/mL. Shake the media bottles to mix completely before
proceeding with the Analysis.
Analysis: Using three sterile, filtered 1-mL pipet tips, aseptically transfer 1.0 mL of the
Sample preparation separately into three appropriately labeled, sterile 15-mm × 100-mm
Petri plates, and then pour about 10–15 mL of the Lactobacilli MRS agar at about 45°

PF 44(3): May.-Jun. 2018

19

onto each plate, flaming the lip of the bottle between pours. Place the lid on each plate
after adding the agar medium, and then gently swirl the plates to mix the Sample
preparation and the agar medium. Avoid spillage onto the lid of the dish when swirling
the plates. Repeat this procedure for additional dilutions of the Sample preparation.
Prepare a blank plate containing only Lactobacilli MRS agar and a second blank plate
containing 1.0 mL of Peptone diluent mixed with Lactobacilli MRS agar. Allow the plates
to sit at room temperature on a level surface until the agar solidifies, and then incubate
the plates at 36°–40° for 72 h under anaerobic conditions.10 After 72 h of incubation,
count the colonies and record the results as viable colony-forming units (cfu) per gram,
taking into account the appropriate dilution factor of the Sample preparation. Only
count plates containing 25–250 colonies. Determine the average plate count, in colonyforming units per gram.
Acceptance criteria: Refer to the acceptance criteria in the individual monograph.
PERFORMANCE TESTS
Performance tests are recommended for any dosage forms of probiotics, including tablets,
capsules, softgels, gelcaps, powders, or chewable gels, etc.
• Disintegration and Dissolution 〈2040〉, Disintegration: Meet the requirements
• Weight Variation 〈2091〉: Meet the requirements
CONTAMINANTS
The level of the standard contaminant-indicator organisms as well as the absence of
pathogenic microorganisms specified in the individual monographs must be determined to
ensure the quality of probiotics. Recommended standard indicator organisms and specified
microorganisms are listed in Table 3 and Table 4. Alternative microbiological procedures,
including automated methods, may be used, provided that their equivalence has been
demonstrated. Principles of validation of alternative microbiological methods are also
described in Validation of Alternative Microbiological Methods 〈1223〉. Methods (e.g.,
dilution, buffer, or membrane filtration) may be suitably modified to overcome potential
interferences such as acid production resulting from growth of probiotic organisms during
the enrichment step, leading to possible false-negative results. Method suitability to detect
the presence of microorganisms in the product to be tested must be established. Method
suitability must be confirmed if changes in the testing performance occur, or changes in the
product composition that may affect the outcome of the test are introduced.
Unless otherwise specified in the individual monograph, the recommended tests and
acceptance criteria for contaminant microorganisms in probiotic ingredients or finished
products for oral use are listed in Table 3.
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Table 3. Recommended Tests for Contaminant Microorganisms in Probiotic Ingredients
or Finished Products for Oral Use
Acceptance
Probiotic
Test
Criteria
Strain
Test
Methods
(cfu/g)
Non-spore-forming
Non-lactic acid
bacteria
bacteria
ISO 13559 (IDF 153)a
NMT 5 × 103
Total yeasts and
Microbial Enumeration
molds
Tests 〈2021〉
NMT 100
Spore-forming
Total yeasts and
Microbial Enumeration
bacteria
molds
Tests 〈2021〉
NMT 100
Total aerobic
Microbial Enumeration
Yeasts and molds
microbial count
Tests 〈2021〉
NMT 1 × 103
a Available from the International Organization for Standardization (www.iso.org).
Unless otherwise specified in the individual monograph, the recommended tests and
acceptance criteria for specified microorganisms in probiotics are listed in Table 4.
Table 4. Recommended Tests for Specified Microorganisms in Probiotic Ingredients or
Finished Products for Oral Use
Test
Acceptance
Probiotic Strain
Test
Methods
Criteria
Absence of Specified
None
Escherichia Microorganisms
detected in
coli
〈2022〉
10 g
Non-spore-forming bacteria, sporeAbsence of Specified
None
forming bacteria, or yeasts and
Salmonella
Microorganisms
detected in
molds
species
〈2022〉
10 g
The absence of Listeria monocytogenes, Staphylococcus aureus, or Pseudomonas
aeruginosa in addition to the absence of the specified microorganisms listed in Table 4
should be tested and confirmed if a probiotic ingredient or a finished product containing a
probiotic ingredient(s) poses a risk associated with the contamination of the above
microorganisms based on formal risk assessment programs such as Hazard Analysis and
Critical Control Points (HACCP). The absence of Clostridium perfringens and Cronobacter
sakazakii in addition to the absence of the listed specified microorganisms should be tested
and confirmed if a probiotic ingredient or finished product is intended for infant use. The
methods for Listeria monocytogenes, Staphylococcus aureus, Pseudomonas aeruginosa,
Clostridium perfringens, and Cronobacter sakazakii must be officially accepted methods or
appropriately validated methods.
ADDITIONAL REQUIREMENTS
• Packaging and Storage
Shipping and storage conditions will necessarily be adapted to the particular strains
being sold. Unless otherwise specified in the individual monograph, probiotic ingredients
should be stored in high-barrier foil-laminate bags and kept at or below 4° for long-term
storage. Dosage forms of probiotics should be stored in tight containers in a cool, dry
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place.
• Labeling
For probiotic ingredients, the strain designation should be listed on the label for each
strain. An ingredient or a dosage form of probiotics should be labeled with the genus,
species, and strain names. In cases where there is suitable scientific rationale, such as
scientific substantiation of health benefits that are not strain specific, a dosage form
of probiotics may be labeled with the genus and species names. A total formulated
enumeration of all probiotic ingredients throughout the product shelf life should be
included at minimum in cfu/g or cfu/serving. 1S (USP42)
1 Suitable buffers (e.g., TE Buffer 1X, molecular biology grade) are available from Promega
(www.promega.com).
2 DNA primers are commercially available (custom manufacture) from Integrated DNA Technologies
(www.idtdna.com) and other commercial sources.
3 5 PRIME MasterMix Polymerase from VWR Scientific (www.vwr.com) or other chemical/microbiology
suppliers.
4 Suitable thermal cyclers are available from Eppendorf (www.eppendorf.com/OC -en/).
5 Suitable 1 KB plus DNA ladders are available from ThermoFisher Scientific (www.thermofisher.com).
6 Difco™ Lactobacilli MRS Agar, or equivalent. Suitable Lactobacilli MRS agars are available from VWR
Scientific (www.vwr.com) or other chemical/microbiological suppliers.
7 Difco™ Lactobacilli MRS Broth or equivalent. Suitable Lactobacilli MRS broths are available from VWR
Scientific (www.vwr.com) or other chemical/microbiological suppliers.
8 Suitable peptone for microbiological analysis is available from BD Bacto (www.bd.com).
9 Suitable stomacher (e.g., Stomacher 400 C irculator) for mechanical sample blending is available from
Seward (www.seward.co.uk).
10 Suitable anaerobic systems are available from BD GasPak EZ C ontainer System (www.bd.com).

BRIEFING

〈 671〉 Containers—Performance Testing, USP 41 page 6436. The Packaging and
Distribution Expert Committee is proposing the following revisions, which are meant to update
the current chapter. Listed below are the key changes being proposed:
1. Add USP Desiccant, Small RS; USP Desiccant, Medium RS; and USP Desiccant, Large RS
to aid stakeholders in the execution of the chapter.
2. Add a new water-filled method as an alternative approach to the desiccant-filled
method in the Moisture Vapor Transmission for Plastic Packaging Systems section.
3. Develop a new informational chapter, The Application of Moisture Vapor Transmission
Rates for Solid Oral Dosage Forms in Plastic Packaging Systems 〈1671〉, appearing in this
issue of PF, that is meant to support the current chapter revision by:
a. Describing the methodology of providing evidence for the moisture barrier
equivalency of two similar packaging systems (e.g., bottle A to bottle B, blister
1 to blister 2, or bottle A to blister 1) based on the moisture vapor transmission
rate (MVTR) measurements following barrier protection determination described
in this chapter.
b. Defining the upper limit of the MVTR for a solid oral dosage form.
c. Comparing the desiccant-based and water-based MVTR methods.
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d. Explaining how to leverage MVTR data to complement and, possibly, reduce
stability studies when a new packaging system or a new drug product packaging
configuration is introduced.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCPD: D. Hunt.)
Correspondence Number—C180282; C199323
Comment deadline: July 31, 2018

〈 671〉 CONTAINERS—PERFORMANCE TESTING
Change to read:

INTRODUCTION
MOISTURE VAPOR TRANSMISSION FOR
PLASTIC 1S (USP42)
PACKAGING SYSTEMS
Introduction
Desiccant Methods for Packaging Systems for Oral Dosage Forms
1S (USP42)

Water Method for Packaging Systems

1S (USP42)

CLASSIFICATION SYSTEM FOR PLASTIC PACKAGING SYSTEMS
Introduction
Classification Based on Desiccant Method
for Solid Oral Dosage Forms 1S (USP42)
Classification Based on Water Method
for Liquid Oral Dosage Forms 1S (USP42)
SPECTRAL TRANSMISSION
Apparatus
Procedure
Limits
GLOSSARY
1S (USP42)

Change to read:
INTRODUCTION
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It is the purpose of this chapter to provide standards for the functional properties of
packaging systems used for solid oral dosage forms (SODFs) and liquid oral dosage forms
(LODFs). The tests in this chapter may be applied to
packaging systems for 1S (USP42)
other dosage forms with the appropriate justification. The
These 1S (USP42)
tests that follow are provided to
1S (USP42)

determine the moisture vapor transmission rate (MVTR) i.e., water vapor permeation rate, for
plastic packaging systems for manufacturers, packagers, and repackagers (Table 1). This
chapter also includes a classification system that allows pharmacists and institutional
repackagers to select appropriate containers to repackage SODFs and LODFs. Definitions that
apply to this classification system are provided in Packaging and Storage Requirements 〈659〉.
Guidance on the application of these methods to determine the MVTR and the use of MVTR
data to support the demonstration of the equivalence of plastic packaging systems when
repackaging SODFs is contained in The Application of Moisture Vapor Transmission Rates for
Solid Oral Dosage Forms in Plastic Packaging Systems 〈1671〉. Definitions of a blister, blister
card, barrier blister types, moisture vapor transmission rate, and test specimen are contained in
〈1671〉, Glossary.
The chapter also contains a method for the determination of spectral transmission of plastic
containers. 1S (USP42)
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Table 1. Moisture Vapor Transmission Test Methods for
Plastic 1S (USP42)
Packaging Systems
Moisture Vapor
Transmission for
Plastic 1S (USP42)
Packaging
Systems

Section

Subsection

Desiccant Method
(Methods 1, 2, and
3)
Water Method
(Method
4) 1S (USP42)
Multiple-unit
containers with seal
intact or broached
state
1S (USP42)

Application

and single-unit or
unit-dose containers
Manufacturers
Packagers
Repackagers

Users

1S (USP42)

Classification System for
Plastic 1S (USP42)
Packaging Systems

Classification Based on Desiccant
Method
for SODF (Methods 5, 6, and
7) 1S (USP42)
Multiple-unit
containers
with closure
Single-unit
applied and seal
and unit-dose
intact or
containers in
broached state
sealed state
1S (USP42)

Manufacturers
Packagers
Repackagers
Pharmacies

Classification
Based on
Water Method
for LODF
(Method
8) 1S (USP42)
Multiple- and
single1S (USP42)

unit
containers

1S (USP42)

Manufacturers
Packagers
Repackagers
Pharmacies

Manufacturers
Packagers
Repackagers
Pharmacies

Change to read:
MOISTURE VAPOR TRANSMISSION FOR
PLASTIC 1S (USP42)
PACKAGING SYSTEMS
Introduction
The purpose of the moisture vapor transmission test method, which is based upon American
Society for Testing and Materials (ASTM) method D7709,1 is to obtain reliable and specific
MVTRs that can be used to distinguish barrier performance of packaging systems used for
regulated articles by manufacturers, packagers, and repackagers. This test method will
establish a value that represents the MVTR of the container–closure system being evaluated.
There may be additional packaging systems where the test methods in this section could be
applied; however, any deviation should be described. If other methods are used to measure
MVTR, these methods should be described in sufficient detail to justify their use.
Desiccant Methods for Packaging Systems for Oral Dosage Forms
1S (USP42)

This section describes moisture vapor transmission test methods for multiple-unit containers
(see Method 1), high-barrier
and ultra-high barrier 1S (USP42)
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single-unit and unit-dose containers (see Method 2), and low-barrier single-unit and unit-dose
containers (see Method 3). used to package SODFs
1S (USP42)

This method includes the following:
A specific moisture vapor transmission value for a container rather than a classification
Sufficient sensitivity and precision to allow differentiation among moisture barrier
performance for containers
Conditions used for testing packaging systems that are the same as those used for
accelerated stability testing of the primary packaging of regulated articles [typically
40°/75% relative humidity (RH)]
EQUIPMENT
The following equipment should be used to complete the test method:
A balance for weighing the test specimens that has sufficient capacity to weigh the
test specimens throughout the period of the test. (see Weighing on an Analytical
Balance 〈1251〉
1S (USP42)

The balance must have sensitivity adequate to measure small differences in weight from
one time point to the next. The weighing uncertainty must be less than 5% of the
weight gain from one time point to the next. The weighing uncertainty is typically three
times the balance resolution/sensitivity. As an example, a balance with a resolution of
0.1 mg is acceptable for packaging systems whose weight gain per time interval is more
than or equal to 6 mg [(0.1 × 3)/5%], which is 60 times the balance sensitivity.
A chamber capable of maintaining 40 ± 2° and 75% ± 5% RH. Other chamber conditions
can be used,
but should be noted in the report, 1S (USP42)
as long as the balance sensitivity is adequate to measure small weight differences from
one time point to the next time point.
DESICCANT
Method 1: The desiccant is anhydrous calcium chloride in granular form. Other desiccants,
such as a molecular sieve or silica gel, may be suitable. If anhydrous calcium chloride is used,
pre-dry at 215 ± 5° for 7¼ ± ¼ h to ensure that any hexahydrate present is fully converted to
the anhydrate. Cool the desiccant in a desiccator for at least 2 h before use. [Note—It has
been shown2 that anhydrous calcium chloride may contain calcium hexahydrate, which loses
water only when the temperature reaches 200°.]
Methods 2 and 3: The desiccant is silica gel molded in a form to fit the size and shape of the
blister cavity used. Other desiccants may be suitable, such as a molecular sieve. If silica gel is
used, pre-dry in a circulating hot air oven at one of two conditions: 155 ± 5° for 3¼ ± ¼ h or
150 ± 5° for 4¼ ± ¼ h. If a molecular sieve is used, pre-dry according to the manufacturer’s
specifications. Cool the desiccant in a desiccator for at least 2 h before use.
Use USP Desiccant, Small RS; USP Desiccant, Medium RS; and USP Desiccant, Large RS.
These desiccants should be at or near their original values when stored in their original and
unopened containers, and thus drying should not be required. Prior to use, if the average
weight of 10 tablets exceeds the weight specified on the Certificate of Analysis (CoA) by more
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than 3%, drying shall be performed. Dry at 250 ± 5° for 1–2 h. Always keep bottle tightly
closed and stored in the driest conditions possible. 1S (USP42)
PROCEDURE
Method 1: Use 15 multiple-unit containers and 15 closures representative of the system to be
tested. Prepare the test specimens by filling each multiple-unit container to two-thirds
of capacity 1S (USP42)
with Desiccant and then, for screw-type closures, applying the closure using the torque that is
within the range of tightness specified in Table 2. For other closure types, apply the closure
according to the intended method.
If the intended use of the container shall have an impervious seal, then 1S (USP42)
ensure that a proper seal has been made with the intended membrane to the land area of the
bottle finish
opening. 1S (USP42)
Identify each multiple-unit container with indelible ink. Do not use a label. If there is a need to
increase the precision of the method, the user can test the system without the closure as long
as an impervious seal remains on the container. If desired, weigh each multiple-unit container
at ambient temperature and RH. Record this weight for time 0, but do not use it in the
calculation of permeation. Place all containers in the test chamber (40°/75% RH) within 1 h of
weighing. Weigh all multiple-unit containers at time intervals of 7 days ± 1 h. Weigh the
multiple-unit containers at 7, 14, 21, 28, and 35 days to get
five 1S (USP42)
steady-state data points. (The time interval from time 0 to day 7 is the period of equilibration.)
Prior to weighing at each time interval, equilibrate the containers for about 30 min at the
weighing temperature and RH. Limit the time out of the chamber to less than 2 h. Record the
weights in an appropriate manner for later computation of the regression line.
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Table 2. Torque Applicable to Screw-Type Container
Suggested Tightness Range
Suggested Tightness Range
Closure
with
with
Diametera
Manually Applied Torqueb
Manually Applied Torqueb
(millimeters)
(inch-pounds)
(Newton-meters)
8
5
0.56
10
6
0.68
13
8
0.90
15
5–9
0.56–1.02
18
7–10
0.79–1.13
20
8–12
0.90–1.36
22
9–14
1.02–1.58
24
10–18
1.13–2.03
28
12–21
1.36–2.37
30
13–23
1.47–2.60
33
15–25
1.69–2.82
38
17–26
1.92–2.94
43
17–27
1.92–3.05
48
19–30
2.15–3.39
53
21–36
2.37–4.07
58
23–40
2.60–4.52
63
25–43
2.82–4.86
66
26–45
2.94–5.08
70
28–50
3.16–5.65
83
32–65
3.62–7.35
86
40–65
4.52–7.35
89
40–70
4.52–7.91
100
45–70
5.09–7.91
110
45–70
5.09–7.91
120
55–95
6.22–10.74
132
60–95
6.78–10.74
a The torque designated for the next larger closure diameter is to be applied in testing
containers having a closure diameter intermediate to the diameters listed.
b A suitable apparatus is available from SecurePak, http://www.secure-pak.com. An MRA
model of a spring torque tester with indicators on both the removal and application sides is
available in the following ranges: 1) 0–25 in-lbs, read in 1-in-lb increments; 2) 0–50 in-lbs,
read in 2-in-lb increments; and 3) 0–100 in-lbs, read in 5-in-lb increments.
Method 2: Use 10 test units for this method. Provide a minimum of 10 blister cavities for each
test unit. If the
blister 1S (USP42)
card contains fewer than 10 cavities, bundle the cards to form a single
1S (USP42)

test unit of at least 10 cavities. This is required to provide sufficient weight gain at each time

27
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interval. Fill with predried Desiccant, and seal the blisters on equipment that is capable of
correctly filling and sealing the blister. The Desiccant should fill the cavity. The total weight of
the Desiccant must be sufficient to meet the quantity required to avoid partial saturation of
the Desiccant before completion of the test. Fill the blisters in a low-humidity atmosphere (as
low as possible, but not greater than 50% RH). Do not expose the desiccants to room humidity
for more than 30 min before sealing. Identify each test specimen with indelible ink; do not use a
label. A test unit will be one or more test specimens. Bundle test specimens into test units, and
1S (USP42)

It should be noted that bundling of the blisters during storage can impact air flow and
correspondingly increase data variability.
Weigh each test unit at ambient temperature and RH. Record this weight for time 0. Place all
test units in the test chamber (40°/75% RH) within 1 h of weighing. Weigh all test units at time
intervals of 7 days ± 1 h. Weigh the test units at 7, 14, 21, 28, and 35 days to get five
steady-state data points. (The time interval from time 0 to day 7 is the period of equilibration.)
Prior to weighing at each time interval, equilibrate the containers for 30 ± 5 min at the
controlled weighing temperature and RH. Limit the time out of the chamber to less than 2 h.
Record the weights in an appropriate manner for later computation of the regression line.
Ultra-high barrier blisters may not show the full measure of precision and sensitivity this
method can provide. For ultra-high barrier blisters, test units should have more than 10
cavities, but NMT 30 cavities. Examples are foil–foil blisters or very small blisters formed from
other materials. An alternative approach is to double or triple the length of weighing intervals to
achieve at least a 6-mg weight gain per time interval by the test specimen.
Method 3: Prepare the test units as directed in Method 2. Place all test units in the test
chamber (40°/75% RH) within 1 h of weighing. Weigh the test units at the end of 2 days (48 ±
1 h). At this time, the difference in weight (the weight gain) is divided by the number of blister
cavities 1S (USP42)
and days (2) in each test unit and this is taken as the MVTR in mg/day/blister
cavity. 1S (USP42)
The number of blisters tested depends on the barrier characteristics of the material, the size of
the blister, and the sensitivity of the balance used in the test. For this method, the
requirement of five consecutive weighings is waived because the Desiccant quickly becomes
saturated when packed in a low-barrier package and stored at 40°/75% RH. [Note—For lowbarrier single-unit and unit-dose containers, the weight gain after the second day displays a
curvilinear profile typical of approaching saturation of the desiccant. To obtain five weighings
within 2 days is not viable and is likely to increase variability. Methods 2 and 3 may require that
the blister cards be bundled in multiples to achieve periodic weight gains of sufficient magnitude
to use the balance sensitivity; when bundled, these cards or test specimens are called test
units. The weight gain in each weighing period must be 20 times the sensitivity of the balance,
and the balance sensitivity is three times the balance precision. In other words, the minimal
weight gain per time interval should be at least 60 times the balance precision.]
CALCULATIONS
Methods 1 and 2: Perform the regression analysis for each test unit (see Regression equation).
Typically, the initial data point (at day 0) is not included in fitting the regression line. The slope
of the regression line is the MVTR of each test unit. For Method 1, the slope is the MVTR for
the corresponding multiple-unit container. For Method 2, the MVTR of each blister cavity is
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calculated by dividing the slope by the number of cavities in each test unit.
Method 3: Calculate the weight gain in mg/day/blister
cavity 1S (USP42)
from day 0 to day 2 using the 10 test units (see Calculations). The MVTR of each blister
cavity 1S (USP42)
is calculated by dividing the weight gain by 2 (for 2 days) and the number of blisters
blister cavities 1S (USP42)
in each test unit.
Regression equation:
W = I + MT
Calculations:

Intercept (I) = W − MT
W
I
M
T
N
W
T

= measured weight (mg)
= regression line intercept (point where regression line intersects the vertical axis)
= regression line slope
= time point
= number of data points (each point consists of a weight and a time)
= overall weight mean
= overall time point mean

equals the sum of cross-products (for example, for each of the N data points, subtract the
overall weight mean from the measured weight and the overall time point mean from the time
point and multiply the two differences to get a cross-product, then sum all N cross-products).
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equals the sum of squared deviations (for example, for each of the N data points, subtract the
overall time point mean from the time point and square the difference, then use the sum of all N
squared differences).
RESULTS
Method 1: Report the MVTR as the average value, in mg/day/container, and the standard
deviation of the 15 slopes. Properly describe the container–closure system tested.
Method 2: Report the MVTR as the average value, in mg/day/cavity, and the standard
deviation of the 10 test unit slopes. Properly describe the container–closure system tested.
Method 3: Report the MVTR as the average value from day 0 to day 2, in mg/day/blister
cavity, 1S (USP42)
and the standard deviation of the 10 test unit slopes. Properly describe the container–closure
system tested.
Water Method for Packaging Systems
This section describes moisture vapor transmission test methods (see Method 4) for lowbarrier, high-barrier, and ultra-high barrier single-unit and unit-dose containers.
Method 4 includes the following:
A specific moisture vapor transmission value for a packaging system rather than a
classification.
Sufficient sensitivity and precision to allow differentiation among moisture barrier
performance for plastic blister packaging systems.
Inverse environmental conditions (40°/25% RH) from those that are used for the
desiccant method and stability testing of the primary packaging of regulated articles
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(40°/75% RH). These inverse conditions achieve the same pressure difference when
water is used in place of desiccant.
MVTR determination is based upon weight loss instead of weight gain.
EQUIPMENT
The following equipment should be used to complete the test method:
A humidity-controlled glove box capable of maintaining relative humidity at 25% ± 5%.
A balance for weighing the test specimens that has sufficient capacity to weigh the
test specimens throughout the period of the test. The balance must have sensitivity
adequate to measure small differences in weight from one time point to the next. The
weighing uncertainty must be less than 5% of the weight gain from one time point to
the next. The weighing uncertainty is typically three times the balance
resolution/sensitivity. As an example, a balance with a resolution of 0.1 mg is
acceptable for packaging systems whose weight gain per time interval is more than or
equal to 6 mg [(0.1 × 3)/5%], which is 60 times the balance sensitivity.
A chamber capable of maintaining 40 ± 2°/25% ± 5% RH.
AMOUNT OF WATER FOR TEST CONTAINERS
For blisters, approximately 10–100 mg of water per blister cavity (about 1–10 drops),
depending upon expected MVTR, is adequate for all blister types at 40°/25% RH. As an
example, consider the preparation of a low-barrier MVTR package, e.g., a polyvinyl chloride
(PVC) water-filled blister. The expected MVTR is about 1.5 mg water/(day × cavity) at 40° and
a 75% RH vapor–pressure difference. The initial amount of water required to create 100% RH at
40° in this blister (approximately 0.5 cc volume) is 0.025 mg, on the basis of absolute humidity.
For a typical MVTR study of a low-barrier blister, 7 days are allowed for equilibration, followed
by a study period of 28 days for obtaining 3–5 weight determinations. This is a total exposure
time, or permeation time, of 35 days. According to the Water based method equation, a
minimum of 52.5 mg of water is needed.
Water based method equation: 1.5 mg water/(day × cavity) × 35 days + 0.025 mg = 52.5
mg water/cavity
The recommended amount of water for this blister system is about 100 mg per cavity.
Equation 1 can be used to determine the minimum amount of water for all blister types, and this
amount should then be multiplied by a factor between 2 and 3 to achieve an excess.
PROCEDURE
Method 4: Use 10 test units for this method. Provide a minimum of 10 blister cavities for each
test unit. If the blister card contains fewer than 10 cavities, bundle the cards to form a test
unit of at least 10 cavities. This is required to provide sufficient weight loss at each time
interval.
Fill blister cavities with a sufficient quantity of water. Care should be taken to insure the
cavities are not overfilled and that water does not end up on the seal area.
Identify each test specimen with indelible ink; do not use a label. High-barrier plastic blister
cards may be bundled to increase weight loss between weight determinations. Low-barrier
plastic blister cards do not need to be bundled, regardless of the number of cavities per card.
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For bundled test units, it should be noted that bundling of the blisters during testing can impact
air flow and correspondingly increase data variability.
Place test units in the humidity-controlled glove box at 25% RH for 60 min. Remove test units
from the glove box and record initial weight to nearest 0.1 mg and time. Place all test units in
the test chamber (40°/25% RH) and weigh at time intervals of 7 days ± 1 h. Weigh the test
units at 7, 14, 21, 28, and 35 days to get five steady-state data points. Additional time points
can be added to provide for laboratory operations and higher barrier blisters. At each time
point, place the test units in the humidity-controlled glove box and allow to equilibrate for 60
min, then weigh, and record the time. After weighing, samples are placed back into the test
chamber. [Note—It is imperative that the weighing order of test units be consistent among all
time point weight determinations.]
Ultra-high barrier blisters may not show the full measure of precision and sensitivity this
method can provide. For ultra-high barrier blisters, test units should have more than 10
cavities, but NMT 30 cavities. Examples are foil–foil blisters or very small blisters formed from
other materials. An alternative approach is to double or triple the length of weighing intervals to
achieve at least a 6-mg weight gain per time interval by the test specimen.
All test units should be inspected for the presence of water at each time point. Opaque and
cold-form foil blisters should be opened at the conclusion of the test to insure the presence of
water in each cavity since visual inspection is not possible.
CALCULATIONS
Method 4: Perform the linear regression analysis for each test unit by following the Calculations
in Methods 1 and 2 in Desiccant Methods for Packaging Systems, except the slope in Water
Method for Packaging Systems is negative because of the moisture egresses and weight loss
with time in the water method. The MVTR of each blister cavity is calculated by dividing the
absolute value of the slope by the number of cavities in each test unit.
RESULTS
Method 4: Report the MVTR as the average value, in mg/day/cavity, and the standard
deviation of the 10 test unit slopes. Properly describe the container–closure system tested.
1S (USP42)

Change to read:
CLASSIFICATION SYSTEM FOR PLASTIC PACKAGING SYSTEMS
Introduction
A classification system is included to provide methods that allow pharmacists and institutional
repackagers to select appropriate containers for repackaging. Repackaging is the act of taking
a finished drug product from the container in which it was distributed by the original
manufacturer and placing it into a different container without further manipulation of the drug.
The classification system provided can also be used by the drug product manufacturer for
testing packaging systems that have had the primary seal broached.
Classification Based on Desiccant Method
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for Solid Oral Dosage Forms

1S (USP42)

This section describes the methods for assigning the classification for multiple-unit containers
(Method 4
5 1S (USP42)
), multiple-unit containers with induction seals (Method 5
6 1S (USP42)
), and single-unit and unit-dose containers (Method 6
7 1S (USP42)
) used by pharmacists and institutional repackagers.
DESICCANT
Methods 4 and 5
5 and 6: 1S (USP42)
Place a quantity of 4- to 8-mesh, anhydrous calcium chloride3 in a shallow container, taking
care to exclude any fine powder, dry at 215 ± 5° for 7¼ ± ¼ h, and cool in a desiccator.
[Note—It has been shown2 that anhydrous calcium chloride may contain calcium hexahydrate,
which loses water only when the temperature reaches 200°.]
Method 6
7: 1S (USP42)
Dry suitable desiccant pellets as described by the desiccant manufacturer. Use pellets weighing
approximately 400 mg each and having a diameter of approximately 8 mm. [Note—If necessary
because of limited unit-dose container size, pellets weighing less than 400 mg each and having
a diameter of less than 8 mm may be used.]
Use USP Desiccant, Small RS; USP Desiccant, Medium RS; or USP Desiccant, Large RS. These
desiccants should be at or near their original values when stored in their original and unopened
containers, and thus drying should not be required. Prior to use, if the average weight of 10
tablets exceeds the weight specified on the CoA by more than 3%, drying shall be performed.
Dry at 250 ± 5° for 1–2 h. Always keep bottle tightly closed and stored in the driest conditions
possible. 1S (USP42)
PROCEDURE
Method 4
5: 1S (USP42)
Select 12 containers of a uniform size and type. Clean the sealing surfaces with a lint-free
cloth, and close and open each container 30 times within the range of tightness specified in
Table 2. Add Desiccant to 10 of the containers, designated “test containers”, filling each to
within 13 mm of the closure if the container volume is 20 mL or more, or filling each to twothirds of capacity if the container volume is less than 20 mL. If the interior of the container is
more than 63 mm in depth, an inert filler or spacer may be placed in the bottom to minimize the
total weight of the container and Desiccant; the layer of Desiccant in such a container must be
NLT 5 cm in depth. Close each container immediately after adding Desiccant, and apply the
torque designated in Table 2 when closing screw-capped containers. To each of the remaining
two containers, designated “controls”, add a sufficient number of glass beads to attain a
weight approximately equal to that of each of the test containers, and close, applying the
torque designated in Table 2 when closing screw-capped containers. Record the weight of the
individual containers to the nearest 0.1 mg if the container volume is less than 20 mL, to the
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nearest milligram if the container volume is 20 mL or more but less than 200 mL, or to the
nearest centigram (10 mg) if the container volume is 200 mL or more, and store at 75% ± 3%
RH and a temperature of 23 ± 2°. [Note—A saturated system of 35 g of sodium chloride with
each 100 mL of water placed in the bottom of a desiccator maintains the specified humidity.
Other methods may be employed to maintain these conditions.] After 336 ± 1 h (14 days),
record the weight of the individual containers in the same manner. Completely fill 5 empty
containers of the same size and type as that of the containers under test with water or a
noncompressible, free-flowing solid, such as well-tamped fine glass beads, to the level
indicated by the closure surface when in place. Transfer the contents of each to a graduated
cylinder, and determine the average container volume, in milliliters.
Method 5
6: 1S (USP42)
Proceed as directed under Method 4
5, 1S (USP42)
except fit containers with impervious seals obtained by heat-sealing the bottles with an
aluminum foil–polyethylene laminate or other suitable seal. If there is a need to increase the
precision of the method, the user can test the system without the closure as long as an
impervious seal remains on the container. Keeping the cap on causes variation and the
absorption of water by the cap liner is not part of the moisture permeation.
Method 6
7: 1S (USP42)
Use this procedure for packs (e.g., punch-out cards) and blister cards that incorporate one or
more separately sealed unit-dose containers or blisters. Seal a sufficient number of packs, such
that NLT 4 packs and a total of NLT 10 unit-dose containers or blisters filled with 1 pellet in
each unit are tested. Seal a corresponding number of empty packs, each pack containing the
same number of unit-dose containers or blisters as used in the test packs, to provide the
controls. Store all of the containers at 75% ± 3% RH and at a temperature of 23 ± 2°.
[Note—A saturated system of 35 g of sodium chloride with each 100 mL of water placed in the
bottom of a desiccator maintains the specified humidity. Other methods may be employed to
maintain these conditions.] After 24 h, and at each multiple thereof (see Classification), remove
the packs from the chamber, and allow them to equilibrate for about 45 min. Record the
weights of the individual packs, and return them to the chamber. Weigh the control packs as a
unit, and divide the total weight by the number of control packs to obtain the average empty
pack weight. [Note—If any indicating pellets turn pink during the procedure, or if the average
pellet weight increase in any pack exceeds 10%, terminate the test, and regard only earlier
determinations as valid.] The test and control containers are weighed after every 24 h and
after suitable test intervals for the final weighings. WF and CF are as follows: 24 h for Class D,
48 h for Class C, 7 days for Class B, and NLT 28 days for Class A.
CALCULATIONS
Methods 4 and 5
5 and 6: 1S (USP42)
Calculate the rate of moisture vapor transmission, in mg/day/L:
(1000/14V)[(T F − T I ) − (CF − CI )]
V

= volume of the container (mL)
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= final weight of each test container (mg)
= initial weight of each test container (mg)
= average final weight of the two controls (mg)
= average initial weight of the two controls (mg)

Method 6
7: 1S (USP42)
Calculate, to two significant figures, the average rate of moisture vapor transmission, in
mg/day, for each unit-dose container or blister in each pack taken:
[1/(N × X)][(WF − WI ) − (CF − CI )]
N
X
WF
WI
CF
CI

= number of days expired in the test period (beginning after the initial 24-h equilibration
period)
= number of separately sealed units per pack
= final weight of each test pack (mg)
= initial weight of each test pack (mg)
= final weight of the control packs (mg)
= initial weight of the control packs (mg)
RESULTS
CLASSIFICATION

1S (USP42)

Method 4
5: 1S (USP42)
Packaging systems are
classified as 1S (USP42)
“tight” if NMT 1 of the 10 test containers exceeds 100 mg/day/L in moisture vapor
transmission, and none exceeds 200 mg/day/L. Packaging systems are
classified as 1S (USP42)
“well-closed” if NMT 1 of the 10 test containers exceeds 2000 mg/day/L in moisture vapor
transmission, and none exceeds 3000 mg/day/L.
Method 5
6: 1S (USP42)
Packaging systems meet the
“tight” classification 1S (USP42)
requirements if the moisture vapor transmission exceeds 10 mg/day/L in NMT 1 of the 10 test
containers, and none exceeds 25 mg/day/L.
Method 6
7: 1S (USP42)
Class A: No pack tested exceeds 0.5 mg/day/unit in average blister MVTR; Class B: No pack
tested exceeds 5 mg/day/unit in average blister MVTR; Class C: No pack tested exceeds 20
mg/day/unit in average blister MVTR; and Class D: None of the packs tested meet any of the
above average blister MVTR requirements.
Classification Based on Water Method
for Liquid Oral Dosage Forms 1S (USP42)
The following procedure and classification scheme
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(Method 8) 1S (USP42)
is provided to evaluate the moisture vapor transmission characteristics of multiple-unit
containers. The information gathered should be used to make an informed judgment regarding
the suitability of the packaging system for LODFs
classify multiple-unit containers as “tight” for liquid oral dosage forms. 1S (USP42)
[Note—Determine the weights of individual container–closure systems (bottle; inner seal, if
used; and closure), both as tare weights and fill weights, to the nearest 0.1 mg if the bottle
capacity is less than 200 mL, to the nearest milligram if the bottle capacity is 200 mL or more
but less than 1000 mL, or to the nearest centigram (10 mg) if the bottle capacity is 1000 mL or
more.]
PROCEDURE
Method 8: 1S (USP42)
Select 12 bottles of a uniform size and type, and clean the sealing surfaces with a lint-free
cloth. Fit each bottle with a seal, closure liner (if applicable), and closure. Number each
container–closure system, and record the tare weight.
Remove the closures and, using a pipet, fill 10 bottles with water to the fill capacity. Fill two
containers with glass beads, to the same weight as the filled test containers. If using screw
closures, apply a torque that is within the range specified in Table 2, and store the sealed
containers at a temperature of 25 ± 2° and 40% ± 2% RH. After 336 ± 1 h (14 days), record
the weight of the individual containers, and calculate the water weight loss rate, in %/year, for
each bottle taken:
[(W1i − WT) − (W14i − WT) − (WC1 − WC14)] × 365 × 100/(W1i − WT) × 14
W1i
WT
W14i
WC1
WC14

= initial weight of each individual bottle (i) (mg)
= tare weight (mg)
= weight of each individual bottle (i) at 14 days (mg)
= initial weight of the control container at day 1 (mg)
= weight of the control container at 14 days (mg)
RESULTS
CLASSIFICATION

Method 8: 1S (USP42)
The packaging system meets the requirements for “tight”
classification 1S (USP42)
if the percentage of water weight loss does not exceed 2.5%/year in NMT 1 of the 10 test
containers and does not exceed 5.0%/year in any of them.
Change to read:
SPECTRAL TRANSMISSION
A packaging system intended to provide protection from light or offered as a light-resistant
container meets the requirements for Spectral Transmission, where such protection or
resistance is by virtue of the specific properties of the material of which the plastic container is
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composed, including any coating. A clear and colorless or a translucent packaging system that
has light protection by means of an opaque enclosure by application of a suitable coating or
wrapping (see General Notices) is exempt from the requirements for Spectral Transmission.
1S (USP42)

Apparatus
Use a spectrophotometer of suitable sensitivity and accuracy, adapted for measuring the
amount of light transmitted by plastic materials used for pharmaceutical containers. In addition,
the spectrophotometer is capable of measuring and recording light transmitted in diffused, as
well as parallel, rays.
Procedure
Select sections to represent the average wall
1S (USP42)

thickness. Cut circular sections from two or more areas of the container
packaging system, 1S (USP42)
and trim them as necessary to give segments of a size convenient for mounting in the
spectrophotometer. After cutting, wash and dry each specimen, taking care to avoid
scratching the surfaces. If the specimen is too small to cover the opening in the specimen
holder, mask the uncovered portion of the opening with opaque paper or masking tape,
provided that the length of the specimen is greater than that of the slit in the
spectrophotometer. Immediately before mounting in the specimen holder, wipe the specimen
with lens tissue. Mount the specimen with the aid of a tacky wax, or by other convenient
means, taking care to avoid leaving fingerprints or other marks on the surfaces through which
light must pass. Place the section in the spectrophotometer with its cylindrical axis parallel to
the plane of the slit and approximately centered with respect to the slit. When properly placed,
the light beam is normal to the surface of the section and reflection losses are at a minimum.
Continuously measure the transmittance of the section with reference to air in the spectral
region of interest with a recording instrument or at intervals of about 20 nm with a manual
instrument, in the region of 290–450 nm.
Limits
The observed spectral transmission does not exceed the limits given in Table 3 for containers
intended for parenteral use. The observed spectral transmission for plastic containers for
products intended for oral or topical administration does not exceed 10% at any wavelength in
the range of 290–450 nm.
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Size (mL)
1
2
5
10
20
50
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Table 3. Limits for Plastic Classes I to VI
Containers 1S (USP42)
Maximum Percentage of Spectral Transmission at Any Wavelength
Between 290 and 450 nm
50
45
40
35
30
15

[Note—Any container of a size intermediate to those listed above exhibits a spectral
transmission not greater than that of the next larger size container listed in Table 3. For
containers larger than 50 mL, the limits for 50 mL apply.]
Delete the following:
GLOSSARY
Blister: Formed, lidded, and sealed plastic or foil dome that contains the capsule or tablet
(usually a single unit or unit dose).
Low-barrier blister: Blisters made from low-barrier materials, formed and sealed so that the
moisture vapor transmission rate when tested at 40°/75% RH is greater than 1.0
mg/cavity/day.
High-barrier blister: Blisters made from high-barrier material, formed and sealed so that the
moisture vapor transmission rate when tested at 40°/75% RH is less than 1.0 mg/cavity/day.
Ultra-high barrier blister: Blisters made from ultra-high barrier material, formed and sealed so
that the moisture vapor transmission rate when tested at 40°/75% RH is less than 0.01
mg/cavity/day.
Blister card: A contiguous group of blisters formed and sealed with lid in place. The number of
blisters per card commonly ranges from 1 to 10 but may be more. The blister card may
sometimes be referred to as a packaging system.
Cavity: Formed, lidded, and sealed plastic or foil dome (see Blister).
Moisture vapor transmission rate: The steady-state moisture vapor transmission (in unit
time) through a packaging system, under specific conditions of temperature and humidity.
These test methods use gravimetric measurement to determine the rate of weight gain as a
result of moisture vapor transmission into the packaging system and subsequent uptake by a
desiccant enclosed within the packaging system.
Test specimen (or specimen): For multiple-unit containers, the bottle is the test specimen,
and for single-unit or unit-dose containers, the blister card containing multiple blister cavities is
the test specimen. For blisters, more than 1 card (or specimen) may be grouped into a test unit
for conducting the test.
Test unit: For multiple-unit containers, the bottle is the test unit as well as being the test
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specimen, and for single-unit or unit-dose containers, the test unit is a group of test specimens
(blister cards) processed together for temperature and humidity exposure and for weighing at
each time point. The purpose of the test unit for single-unit or unit-dose containers is to gain
the advantage of additive weight gain resulting from more blister cavities than are present on a
single card. The test unit, when applied to bottles, is used to maintain naming congruence
among test methods 1, 2, and 3.
1S (USP42)

1 ASTM D7709. Standard Test Methods for Measuring Water Vapor Transmission Rate (WVTR) of
Pharmaceutical Bottles and Blisters published by ASTM International, 100 Barr Harbor Drive, P.O. Box C 700,
West C onshohocken, PA 19428-2959. USP41
2 C hen Y, Li Y. Determination of water vapor transmission rate (WVTR) of HDPE bottles for pharmaceutical
products. Int J Pharm. 2008;358(1-2):137–143. USP41
3 Suitable 4- to 8-mesh, anhydrous calcium chloride is available from VWR International.

USP41

Recent Official Publications:
USP41–NF36 Page 6436
BRIEFING

〈 795〉 Pharmaceutical Compounding—Nonsterile Preparations, USP 41 page 6546. This
proposed chapter revision is posted online at www.uspnf.com/notices/general-chapter-795proposed-revisions with line numbers. Submit comments using the electronic submission form at
https://usp.az1.qualtrics.com/jfe/form/SV_aWexhZowjRBbKnP.
The Compounding Expert Committee proposes to revise this chapter to improve clarity, respond
to stakeholder input, and align with Hazardous Drugs—Handling in Healthcare Settings 〈800〉.
Major proposed revisions to the chapter include:
1. Reorganization of the existing chapter to improve clarity and place key procedural
information in boxes for easy reference.
2. Expanded guidance for assigning beyond-use dates (BUD) for compounded nonsterile
preparations (CNSP) in the absence of stability information.
3. Removal of specific information on handling of hazardous drugs and addition of
references to 〈800〉.
Additionally, minor editorial changes have been made to update this chapter to current USP
style.
The following Briefing list includes monographs and/or chapters that both reference the
General Chapter under revision and require revision to keep references to the General Chapter
accurate. Other monographs and/or chapters may also be listed, even where the reference to
the General Chapter remains unchanged, as additional notice to stakeholders where there is
believed to be potential for the change in the general chapter itself to affect pass-fail
determinations for particular monograph articles.
Chapter Dependencies (click to expand).
〈7 〉 LABELING
〈800 〉 HAZARDOUS DRUGSHANDLING IN
HEALTHCARE SETTINGS

〈797 〉 PHARMACEUTICAL
COMPOUNDINGSTERILE PREPARATIONS
〈1066 〉 PHYSICAL ENVIRONMENTS THAT
PROMOTE SAFE MEDICATION USE
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〈1151 〉 PHARMACEUTICAL DOSAGE FORMS
〈1163 〉 QUALITY ASSURANCE IN
PHARMACEUTICAL COMPOUNDING
〈1197 〉 GOOD DISTRIBUTION PRACTICES FOR
BULK PHARMACEUTICAL EXCIPIENTS
Acetazolamide Compounded Oral Suspension
Alprazolam Compounded Oral Suspension
Amlodipine Compounded Oral Suspension
Atenolol Compounded Oral Solution
Atenolol Compounded Oral Suspension,
Veterinary
Baclofen Compounded Oral Suspension
Benazepril Hydrochloride Compounded Oral
Suspension, Veterinary
Bethanechol Chloride Compounded Oral
Suspension
Calcium Hydroxide Topical Solution
Captopril Compounded Oral Suspension
Cherry Syrup
Chocolate Syrup
Clonazepam Compounded Oral Suspension
Cocaine and Tetracaine Hydrochlorides and
Epinephrine Topical Solution
Compound Cardamom Tincture
Dapsone Compounded Oral Suspension
Diltiazem Hydrochloride Compounded Oral
Suspension
Dipyridamole Compounded Oral Suspension
Dolasetron Mesylate Compounded Oral
Suspension
Enalapril Maleate Compounded Oral Suspension
Enrofloxacin Compounded Oral Suspension,
Veterinary
Famciclovir Compounded Oral Suspension
Flucytosine Compounded Oral Suspension
Ganciclovir Compounded Oral Suspension
Hydralazine Hydrochloride Compounded Oral
Solution
Ketoconazole Compounded Oral Suspension
Lamotrigine Compounded Oral Suspension
Leucovorin Calcium Compounded Oral
Suspension
Lisinopril Compounded Oral Suspension
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〈1160 〉 PHARMACEUTICAL CALCULATIONS
IN PHARMACY PRACTICE
〈1191 〉 STABILITY CONSIDERATIONS IN
DISPENSING PRACTICE
Acacia Syrup
Allopurinol Compounded Oral Suspension
Amiodarone Hydrochloride Compounded
Oral Suspension
Ascorbic Acid Compounded Oral Solution
Atenolol Compounded Oral Suspension
Azathioprine Compounded Oral
Suspension
Beclomethasone Dipropionate
Compounded Oral Solution
Bethanechol Chloride Compounded Oral
Solution
Buprenorphine Compounded Buccal
Solution, Veterinary
Captopril Compounded Oral Solution
Cefazolin Ophthalmic Solution
Chloroquine Phosphate Compounded Oral
Suspension
Cisapride Compounded Oral Suspension,
Veterinary
Clopidogrel Compounded Oral Suspension
Codeine Phosphate Compounded Oral
Solution
Compound Orange Spirit
Diltiazem Hydrochloride Compounded Oral
Solution
Diluted Acetic Acid
Dolasetron Mesylate Compounded Oral
Solution
Doxycycline Compounded Oral Suspension,
Veterinary
Enalapril Maleate Compounded Oral
Suspension, Veterinary
Ethambutol Hydrochloride Compounded
Oral Suspension
Flecainide Acetate Compounded Oral
Suspension
Folic Acid Compounded Oral Solution
Granisetron Hydrochloride Compounded
Oral Suspension
Isradipine Compounded Oral Suspension
Labetalol Hydrochloride Compounded Oral
Suspension
Lansoprazole Compounded Oral
Suspension
Licorice Fluidextract
Marbofloxacin Compounded Oral
Suspension, Veterinary
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Metolazone Compounded Oral Suspension
Metoprolol Tartrate Compounded Oral
Suspension
Morphine Sulfate Compounded Suppositories
Omeprazole Oral Suspension
Ondansetron Compounded Topical Gel
Pantoprazole Oral Suspension
Pergolide Compounded Oral Suspension,
Veterinary
Phenoxybenzamine Hydrochloride Compounded
Oral Suspension
Piroxicam Compounded Oral Suspension
Prednisolone Compounded Oral Suspension,
Veterinary
Progesterone Compounded Vaginal Inserts
Pyrazinamide Compounded Oral Suspension
Quinidine Sulfate Compounded Oral Suspension
Rifampin Compounded Oral Suspension
Sildenafil Compounded Oral Suspension
Sodium Hypochlorite Compounded Topical
Solution
Sotalol Hydrochloride Compounded Oral
Suspension
Spironolactone Compounded Oral Suspension,
Veterinary
Sugar-Free Suspension Structured Vehicle
Suspension Structured Vehicle
Tadalafil Compounded Oral Suspension
Terbinafine Compounded Oral Suspension
Tetracycline Hydrochloride Compounded Oral
Suspension
Tiagabine Hydrochloride Compounded Oral
Suspension
Tolu Balsam Tincture
Tramadol Hydrochloride Compounded Oral
Suspension
Tramadol Hydrochloride and Acetaminophen
Compounded Oral Suspension
Valacyclovir Compounded Oral Suspension
Vehicle for Oral Solution
Vehicle for Oral Suspension
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Metoprolol Tartrate Compounded Oral
Solution
Metronidazole Benzoate Compounded Oral
Suspension
Naratriptan Compounded Oral Suspension
Ondansetron Compounded Oral
Suspension
Orange Syrup
Pentoxifylline Compounded Oral
Suspension
Phenobarbital Compounded Oral
Suspension
Piroxicam Compounded Cream
Potassium Bromide Compounded Oral
Solution, Veterinary
Prednisolone Sodium Phosphate
Compounded Oral Solution
Propylthiouracil Compounded Oral
Suspension
Pyrimethamine Compounded Oral
Suspension
Rifabutin Compounded Oral Suspension
Selegiline Hydrochloride Compounded
Topical Gel
Sodium Bromide Compounded Oral
Solution, Veterinary
Sodium Phenylbutyrate Compounded Oral
Suspension
Spironolactone Compounded Oral
Suspension
Spironolactone and Hydrochlorothiazide
Compounded Oral Suspension
Sumatriptan Compounded Oral
Suspension
Tacrolimus Compounded Oral Suspension
Temozolomide Compounded Oral
Suspension
Terbutaline Sulfate Compounded Oral
Suspension
Theophylline Compounded Oral
Suspension
Tolu Balsam Syrup
Topiramate Compounded Oral Suspension
Tramadol Hydrochloride Compounded Oral
Suspension, Veterinary
Ursodiol Compounded Oral Suspension
Vanilla Tincture
Vehicle for Oral Solution, Sugar Free
Verapamil Hydrochloride Compounded Oral
Solution
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Verapamil Hydrochloride Compounded Oral
Suspension
Zonisamide Compounded Oral Suspension
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Xanthan Gum Solution

(CMP: J. Sun.)
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〈 795〉 PHARMACEUTICAL COMPOUNDING—NONSTERILE PREPARATIONS
Add the following:
1. INTRODUCTION AND SCOPE
1.1 Scope
2. PERSONNEL QUALIFICATIONS—TRAINING, EVALUATION, AND REQUALIFICATION
3. PERSONAL HYGIENE AND GARBING
3.1 Personnel Preparation
3.2 Hand Hygiene
3.3 Garb and Glove Requirements
4. BUILDINGS AND FACILITIES
5. CLEANING AND SANITIZING
6. EQUIPMENT AND COMPONENTS
6.1 Equipment
6.2 Components
7. SOPs AND MASTER FORMULATION AND COMPOUNDING RECORDS
7.1 Creating and Following SOPs
7.2 Creating Master Formulation Records
7.3 Creating Compounding Records
8. RELEASE TESTING
9. LABELING
10. ESTABLISHING BEYOND-USE DATES
10.1 Terminology
10.2 Parameters to Consider in Establishing a BUD
10.3 Establishing a BUD for a CNSP
11. QUALITY ASSURANCE AND QUALITY CONTROL
12. CNSP HANDLING, PACKAGING, STORAGE, AND TRANSPORT
12.1 Handling of CNSPs
12.2 Packaging of CNSPs
12.3 Storing CNSPs within the Compounding Facility
12.4 Shipping and Transporting CNSPs
13. COMPLAINT HANDLING AND ADVERSE EVENT REPORTING
13.1 Complaint Handling
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13.2 Adverse Event Reporting
14. DOCUMENTATION
GLOSSARY
APPENDIX
1S (USP42)

Change to read:
INTRODUCTION
The purpose of this chapter is to provide compounders with guidance on applying good
compounding practices for the preparation of nonsterile compounded formulations for dispensing
and/or administration to humans or animals. Compounding is an integral part of pharmacy
practice and is essential to the provision of healthcare. This chapter and applicable monographs
on formulation help define good compounding practices. Furthermore, this chapter provides
general information to enhance the compounder's ability in the compounding facility to
extemporaneously compound preparations that are of acceptable strength, quality, and purity.
Pharmacists, other healthcare professionals, and others engaged in the compounding of drug
preparations should comply with applicable state and federal compounding laws, regulations,
and guidelines.
CATEGORIES OF COMPOUNDING
In the three general categories of nonsterile compounding described in this section, different
levels of experience, training, and physical facilities are associated with each category.
Criteria used to determine overall classification include:
degree of difficulty or complexity of the compounding process
stability information and warnings
packaging and storage requirements
dosage forms
complexity of calculations
local versus systemic biological disposition
level of risk to the compounder
potential for risk of harm to the patient.
See Pharmaceutical Compounding—Sterile Preparations 〈797〉 for risk levels associated with
sterile preparations. Specialty areas such as radiopharmaceuticals require special training and
are beyond the scope of this chapter. Compounders shall acquire and maintain knowledge and
skills in all areas (e.g., dosage form, patient population, and medical specialty) for which they
compound.
Description of Categories
SIMPLE
Making a preparation that has a United States Pharmacopeia (USP) compounding monograph
or that appears in a peer-reviewed journal article that contains specific quantities of all
components, compounding procedure and equipment, and stability data for that formulation
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with appropriate BUDs; or reconstituting or manipulating commercial products that may require
the addition of one or more ingredients as directed by the manufacturer. Examples include
Captopril Oral Solution, Indomethacin Topical Gel, and Potassium Bromide Oral Solution,
Veterinary.
MODERATE
Making a preparation that requires special calculations or procedures (such as calibration of
dosage unit mold cavities) to determine quantities of components per preparation or per
individualized dosage units; or making a preparation for which stability data for that specific
formulation are not available. Examples include Morphine Sulfate Suppositories, diphenhydramine
hydrochloride troches, and mixing two or more manufactured cream products when the stability
of the mixture is not known.
COMPLEX
Making a preparation that requires special training, environment, facilities, equipment, and
procedures to ensure appropriate therapeutic outcomes. Examples of possible complex
preparation types include transdermal dosage forms, modified-release preparations, and some
inserts and suppositories for systemic effects.
RESPONSIBILITIES OF THE COMPOUNDER
The compounder is responsible for compounding preparations of acceptable strength, quality,
and purity and in accordance with the prescription or medication order. The compounder is also
responsible for dispensing the finished preparation, with appropriate packaging and labeling, and
in compliance with the requirements established by the applicable state agencies, state boards
of pharmacy, federal law, and other regulatory agencies where appropriate. Individuals who are
engaged in drug or dietary supplement compounding shall be proficient in compounding and
should continually expand their compounding knowledge by participating in seminars and/or
studying appropriate literature. They shall be knowledgeable about the contents of this chapter
and should be familiar with 〈797〉, Pharmaceutical Dosage Forms 〈1151〉, Pharmaceutical
Calculations in Pharmacy Practice 〈1160〉, Quality Assurance in Pharmaceutical Compounding
〈1163〉, Prescription Balances and Volumetric Apparatus Used in Compounding 〈1176〉, 〈1191〉,
Written Prescription Drug Information—Guidelines 〈1265〉, and all applicable compounding laws,
guidelines, and standards.
To ensure the quality of compounded preparations, compounders shall adhere to the following
general principles (additional information on these general principles is provided in the sections
that follow).
General Principles of Compounding
1. Personnel are appropriately trained and are capable of performing and qualified to
perform their assigned duties. Such training should be documented.
2. Compounding ingredients of the appropriate identity, purity, and quality are purchased
from reliable sources and are properly stored according to manufacturer specifications
or USP standards.
3. Bulk component containers are labeled with appropriate Occupational Safety and Health
Administration (OSHA) hazard communication labels (see www.OSHA.gov), and Material
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Safety Data Sheets (MSDSs) are available to compounding personnel for all drugs and
chemicals used in compounding.
All equipment used in compounding is clean, properly maintained, and used
appropriately.
The compounding environment is suitable for its intended purpose; and procedures are
implemented to prevent cross-contamination, especially when compounding with drugs
(e.g., hazardous drugs and known allergens like penicillin) that require special
precautions.
Only authorized personnel are allowed in the immediate vicinity of the drug compounding
operations.
There is assurance that processes are always carried out as intended or specified and
are reproducible.
Compounding conditions and procedures are adequate for preventing errors.
All aspects of compounding are appropriately documented.
Adequate procedures and records exist for investigating and correcting failures or
problems in compounding, testing, or the preparation itself.
COMPOUNDING PROCESS

The compounder is responsible for ensuring that each individual incidence of compounding
meets the criteria given in this section (additional information on these criteria is provided in
the sections that follow).
Criteria When Compounding Each Drug Preparation
1. The dose, safety, and intended use of the preparation or device has been evaluated for
suitability in terms of:
the chemical and physical properties of the components
dosage form
therapeutic appropriateness and route of administration, including local and
systemic biological disposition
legal limitations, if any.
2. A Master Formulation Record should be created before compounding a preparation for
the first time. This record shall be followed each time that preparation is made. In
addition, a Compounding Record should be completed each time a preparation is
compounded.
3. Ingredients used in the formulation have their expected identity, quality, and purity. If
the formulation is for humans, ingredients are not on a list of federally recognized drugs
or specific drug products that have been withdrawn or removed from the market for
safety or efficacy reasons (see www.FDA.gov). If the formulation is for food-producing
animals, ingredients are not on a list of components prohibited for use in food-producing
animals. Certificates of Analysis, when applicable, and MSDSs have been consulted for
all ingredients used.
4. Compounding is done in an appropriately clean and sanitized area dedicated to this
activity (see the section Compounding Facilities).
5. Only one preparation is compounded at one time in a specific workspace.
6. Appropriate compounding equipment has been selected and inspected for cleanliness
and correct functioning and is properly used.
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7. A reliable BUD is established to ensure that the finished preparation has its accepted
potency, purity, quality, and characteristics, at least until the labeled BUD.
8. Personnel engaged in compounding maintain good hand hygiene and wear clean clothing
appropriate to the type of compounding performed (e.g., hair bonnets, coats, gowns,
gloves, facemasks, shoes, aprons, or other items) as needed for protection of personnel
from chemical exposures and for prevention of drug contamination.
9. The preparation is made in accordance with this chapter, other official standards
referenced in this chapter, and relevant scientific data and information.
10. Critical processes (including but not limited to weighing, measuring, and mixing) are
verified by the compounder to ensure that procedures, when used, will consistently
result in the expected qualities in the finished preparation.
11. The final preparation is assessed using factors such as weight, adequacy of mixing,
clarity, odor, color, consistency, pH, and analytical testing as appropriate; and this
information is recorded on the Compounding Record (see 〈1163〉).
12. The preparation is packaged as recommended in the Packaging and Drug Preparation
Containers section of this chapter.
13. The preparation container is labeled according to all applicable state and federal laws.
The labeling shall include the BUD and storage and handling information. The labeling
should indicate that “this is a compounded preparation.”
14. The Master Formulation Record and the Compounding Record have been reviewed by
the compounder to ensure that errors have not occurred in the compounding process
and that the preparation is suitable for use.
15. The preparation is delivered to the patient or caregiver with the appropriate
consultation.
COMPOUNDING FACILITIES
Compounding facilities shall have an adequate space that is specifically designated for
compounding of prescriptions. This space shall provide for the orderly placement of equipment
and materials to prevent mixups among ingredients, containers, labels, in-process materials,
and finished preparations and is designed, arranged, and used to prevent adventitious crosscontamination. Areas used for sterile preparations shall be separated and distinct from the
nonsterile compounding area (see Pharmaceutical Compounding—Sterile Preparations 〈797〉,
Environmental Quality and Control).
Potable water shall be supplied for hand and equipment washing. This water meets the
standards prescribed in the Environmental Protection Agency’s National Primary Drinking Water
Regulations (40 CFR Part 141). Purified Water (see Purified Water monograph) shall be used for
compounding nonsterile drug preparations when formulations indicate the inclusion of water.
Purified Water should be used for rinsing equipment and utensils. In those cases when a water
is used to prepare a sterile preparation, follow the appropriate monographs and general
chapters (see Water for Pharmaceutical Purposes 〈1231〉).
The plumbing system shall be free of defects that could contribute to contamination of any
compounded preparation. Adequate hand and equipment washing facilities shall be easily
accessible to the compounding areas. Such facilities shall include, but are not limited to, hot
and cold water, soap or detergent, and an air-drier or single-use towels. The areas used for
compounding shall be maintained in clean, orderly, and sanitary conditions and shall be
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maintained in a good state of repair. Waste shall be held and disposed of in a sanitary and
timely manner and in accordance with local, state, and federal guidelines.
The entire compounding and storage area should be well lighted. Heating, ventilation, and air
conditioning systems shall be controlled to avoid decomposition and contamination of chemicals
(see Packaging and Storage Requirements 〈659〉 and the manufacturers’ labeled storage
conditions). Appropriate temperature and humidity monitoring should be maintained as required
for certain components and compounded dosage forms. All components, equipment, and
containers shall be stored off the floor and in a manner to prevent contamination and permit
inspection and cleaning of the compounding and storage area.
Hazardous drugs shall be stored, prepared, and handled by appropriately trained personnel
under conditions that protect the healthcare workers and other personnel. The following are
references for the safe handling of antineoplastic and hazardous drugs in healthcare settings:
OSHA Technical Manual—Section VI: Chapter 2, Controlling Occupational Exposure to
Hazardous Drugs
NIOSH Alert: Preventing Occupational Exposure to Antineoplastic and Other Hazardous
Drugs in Health Care Settings[DHHS (NIOSH) Publication No. 2004-165] and updates.
Disposal of all hazardous drug wastes shall comply with all applicable federal and state
regulations. All personnel who perform routine custodial waste removal and cleaning activities in
storage and preparation areas for hazardous drugs shall be trained in appropriate procedures to
protect themselves and prevent contamination.
COMPOUNDING EQUIPMENT
The equipment and utensils used for compounding of a drug preparation shall be of
appropriate design and capacity. The equipment shall be of suitable composition that the
surfaces that contact components are neither reactive, additive, nor sorptive and therefore will
not affect or alter the purity of the compounded preparations. The types and sizes of
equipment depend on the dosage forms and the quantities compounded (see 〈1176〉 and
equipment manufacturers' instruction manuals).
Equipment shall be stored to protect it from contamination and shall be located to facilitate
its use, maintenance, and cleaning. Automated, mechanical, electronic, and other types of
equipment used in compounding or testing of compounded preparations shall be routinely
inspected, calibrated as necessary, and checked to ensure proper performance. Immediately
before compounding operations, the equipment shall be inspected by the compounder to
determine its suitability for use. After use, the equipment shall be appropriately cleaned.
Extra care should be used when cleaning equipment used in compounding preparations that
require special precaution (e.g., antibiotics and cytotoxic and other hazardous materials). When
possible, special equipment should be dedicated for such use, or when the same equipment is
being used for all drug products, appropriate procedures shall be in place to allow meticulous
cleaning of equipment before use with other drugs. If possible, disposable equipment should be
used to reduce chances of bioburden and cross-contamination.
COMPONENT SELECTION, HANDLING, AND STORAGE
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The following guidelines shall be followed when selecting, handling, and storing components
for compounded preparations.
1. A United States Pharmacopeia (USP), National Formulary (NF), or Food Chemicals
Codex (FCC) substance is the recommended source of ingredients for compounding all
preparations.
2. Compounders shall first attempt to use components manufactured in an FDA-registered
facility. When components cannot be obtained from an FDA-registered facility,
compounders shall use their professional judgment in selecting an acceptable and
reliable source and shall establish purity and safety by reasonable means, which should
include Certificate of Analysis, manufacturer reputation, and reliability of source.
3. Official compounded preparations are prepared from ingredients that meet requirements
of the compendial monograph for those individual ingredients for which monographs are
provided. These preparations may be labeled USP or NF as appropriate.
4. When components of compendial quality are not obtainable, components of high quality
such as those that are chemically pure, analytical reagent grade, or American Chemical
Society–certified may be used. However, these components should be used cautiously
because the standards for analytical reagents or American Chemical Society–grade
materials do not consider whether any impurity present raises human or animal safety
concerns.
5. For components in containers that have an expiration date from the manufacturer or
distributor, the material may be used in compounding before that expiration date (a)
when the material is stored in its original container under conditions to avoid
decomposition of the chemicals (see 〈1191〉 and 〈659〉, unless other conditions are noted
on the label), (b) when there is minimal exposure of the remaining material each time
material is withdrawn from the container, and (c) when any withdrawals from the
container are performed by those trained in the proper handling of the material. If the
component has been transferred to a different container, that container shall be
identified with the component name, original supplier, lot or control number, transfer
date, and expiration date and shall provide integrity that is equivalent to or better than
that of the original container.
6. For components that do not have expiration dates assigned by the manufacturer or
supplier, the compounder shall label the container with the date of receipt and assign a
conservative expiration date, not to exceed three years after receipt, to the
component (see Labeling 〈7〉, Expiration Date and Beyond-Use Date) (CN 1-May-2018)
based on the nature of the component and its degradation mechanism, the container in
which it is packaged, and the storage conditions.
7. If a manufactured drug product is used as the source of active ingredient, the drug
product shall be manufactured in an FDA-registered facility, and the manufacturer’s
product container shall be labeled with a batch control number and expiration date.
When compounding with manufactured drug products, the compounder shall consider all
ingredients, including excipients, present in the drug product relative to the intended
use of the compounded preparation and the effect of manipulating the drug product on
the therapeutic appropriateness and stability of the components.
8. If the preparation is intended for use as a dietary or nutritional supplement, then the
compounder must adhere to this chapter and must also comply with any federal and
state requirements. Generally, dietary supplements are prepared from ingredients that
meet USP, FCC, or NF standards. Where such standards do not exist, substances may
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be used in dietary supplements if they have been shown to have acceptable food-grade
quality using other suitable procedures.
9. When a component is derived from ruminant animals (e.g., bovine, caprine, ovine), the
supplier shall provide written assurance that the component is in compliance with all
federal laws governing processing, use, and importation requirements for these
materials.
10. When compounding for humans, the compounder should consult the list of components
that have been withdrawn or removed from the market for safety or efficacy reasons by
FDA (see www.FDA.gov). When compounding for food-producing animals, the
compounder should consult the list of components prohibited for use in food-producing
animals.
11. All components used in the compounding of preparations must be stored as directed by
the manufacturer, or according to USP, NF, or FCC monograph requirements, in a clean
area, and under appropriate temperature and humidity conditions (controlled room
temperature, refrigerator, or freezer). All components shall be stored off the floor,
handled and stored to prevent contamination, and rotated so that the oldest stock is
used first. All containers shall be properly labeled.
STABILITY CRITERIA AND BEYOND-USE DATING
The BUD is the date after which a compounded preparation shall not be used and is
determined from the date when the preparation is compounded. Because compounded
preparations are intended for administration immediately or following short-term storage, their
BUDs are assigned on the basis of criteria different from those applied to assigning expiration
dates to manufactured drug products.
BUDs should be assigned conservatively. When assigning a BUD, compounders shall consult
and apply drug-specific and general stability documentation and literature when available and
should consider:
the nature of the drug and its degradation mechanism
the dosage form and its components
the potential for microbial proliferation in the preparation
the container in which it is packaged
the expected storage conditions
the intended duration of therapy (see Labeling 〈7〉, Expiration Date and Beyond-Use
Date.) (CN 1-May-2018)
When a manufactured product is used as the source of the API for a nonsterile compounded
preparation, the product expiration date cannot be used solely to assign a BUD for the
compounded preparation. Instead, the compounder shall refer to the manufacturer for stability
information and to the literature for applicable information on stability, compatibility, and
degradation of ingredients; shall consider stability factors in 〈1191〉; and shall use his or her
compounding education and experience. All stability data shall be carefully interpreted in
relation to the actual compounded formulation.
At all steps in the compounding, dispensing, and storage process, the compounder shall
observe the compounded drug preparation for signs of instability. For more specific details of
some of the common physical signs of deterioration (see 〈1191〉, Observing Products for
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Evidence of Instability). However, excessive chemical degradation and other drug concentration
loss due to reactions may be invisible more often than visible.
General Guidelines for Assigning Beyond-Use Dates
In the absence of stability information that is applicable to a specific drug and preparation,
the following table presents maximum BUDs recommended for nonsterile compounded drug
preparations that are packaged in tight, light-resistant containers and stored at controlled
room temperature, unless otherwise indicated (see 〈659〉). Drugs or chemicals known to be labile
to decomposition will require shorter BUDs.
BUD by Type of Formulationa
For Nonaqueous Formulations—The BUD is not later than the time remaining until the
earliest expiration date of any API or 6 months, whichever is earlier.
For Water-Containing Oral Formulations—The BUD is not later than 14 days when stored
at controlled cold temperatures.
For Water-Containing Topical/Dermal and Mucosal Liquid and Semisolid
Formulations—The BUD is not later than 30 days.
a These maximum BUDs are recommended for nonsterile compounded drug preparations in
the absence of stability information that is applicable to a specific drug or preparation. The
BUD shall not be later than the expiration date on the container of any component.
Susceptible preparations should contain suitable antimicrobial agents to protect against
bacteria, yeast, and mold contamination inadvertently introduced during or after the
compounding process. When antimicrobial preservatives are contraindicated in such
compounded preparations, storage of the preparation at controlled cold temperature is
necessary; to ensure proper storage and handling of such compounded preparations by the
patient or caregiver, appropriate patient instruction and consultation is essential. Antimicrobial
preservatives should not be used as a substitute for good compounding practices.
For information on assigning BUDs when repackaging drug products for dispensing or
administration, see General Notices and Requirements, Preservation, Packaging, Storage, and
Labeling, Labeling, Expiration Date and Beyond-Use Date, and Packaging and
Repackaging—Single-Unit Containers 〈1136〉.
Assurance of sterility in a compounded sterile preparation is mandatory. Compounding and
packaging of sterile drugs (including ophthalmic preparations) requires strict adherence to
guidelines presented in 〈797〉 and in the manufacturers' labeling instructions.
PACKAGING AND DRUG PREPARATION CONTAINERS
The compounder shall ensure that the containers and container closures used in packaging
compounded preparations meet USP requirements (see 〈659〉; Containers—Glass 〈660〉; Plastic
Packaging Systems and their Materials of Construction 〈661〉; Plastic Materials of Construction
〈661.1〉; Plastic Packaging Systems for Pharmaceutical Use 〈661.2〉; Containers—Performance
Testing 〈671〉; 〈1136〉); and when available, compounding monographs. Compounders are not
expected to perform the tests described in these chapters but should be knowledgeable about
the standards described in them. Container suppliers shall supply, upon request, verification of
USP container compliance. Containers and container closures intended for the compounding of
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sterile preparations must be handled as described in 〈797〉.
The containers and closures shall be made of suitable clean material in order not to alter the
quality, strength, or purity of the compounded drug preparation. The container used depends
on the physical and chemical properties of the compounded preparation. Container–drug
interaction should be considered for substances that have sorptive or leaching properties.
The containers and closures shall be stored off the floor, handled and stored to prevent
contamination, and rotated so that the oldest stock is used first. The containers and container
closures shall be stored in such a way as to permit inspection and cleaning of the storage area.
COMPOUNDING DOCUMENTATION
Documentation, written or electronic, enables a compounder, whenever necessary, to
systematically trace, evaluate, and replicate the steps included throughout the preparation
process of a compounded preparation. All compounders who dispense prescriptions must comply
with the record-keeping requirements of their state boards of pharmacy. When the compounder
compounds a preparation according to the manufacturer's labeling instructions, then further
documentation is not required. All other compounded preparations require further
documentation as described in this section.
These records should be retained for the same period of time that is required for any
prescription under state law. The record may be a copy of the prescription in written or
machine-readable form and should include a Master Formulation Record and a Compounding
Record.
Master Formulation Record
This record shall include:
official or assigned name, strength, and dosage form of the preparation
calculations needed to determine and verify quantities of components and doses of
active pharmaceutical ingredients
description of all ingredients and their quantities
compatibility and stability information, including references when available
equipment needed to prepare the preparation, when appropriate
mixing instructions that should include:
1. order of mixing
2. mixing temperatures or other environmental controls
3. duration of mixing
4. other factors pertinent to the replication of the preparation as compounded.
sample labeling information, which shall contain, in addition to legally required
information:
1. generic name and quantity or concentration of each active ingredient
2. assigned BUD
3. storage conditions
4. prescription or control number, whichever is applicable.
container used in dispensing
packaging and storage requirements
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description of final preparation
quality control procedures and expected results.
Compounding Record
The Compounding Record shall contain:
official or assigned name, strength, and dosage of the preparation
Master Formulation Record reference for the preparation
names and quantities of all components
sources, lot numbers, and expiration dates of components
total quantity compounded
name of the person who prepared the preparation, name of the person who performed
the quality control procedures, and name of the compounder who approved the
preparation
date of preparation
assigned control or prescription number
assigned BUD
duplicate label as described in the Master Formulation Record
description of final preparation
results of quality control procedures (e.g., weight range of filled capsules, pH of
aqueous liquids)
documentation of any quality control issues and any adverse reactions or preparation
problems reported by the patient or caregiver.
Standard Operating Procedures
All significant procedures performed in the compounding area should be covered by written
standard operating procedures (SOPs). Procedures should be developed for the facility,
equipment, personnel, preparation, packaging, and storage of compounded preparations to
ensure accountability, accuracy, quality, safety, and uniformity in compounding. Implementing
SOPs establishes procedural consistency and also provides a reference for orientation and
training of personnel.
Material Safety Data Sheets File
MSDSs shall be readily accessible to all employees working with drug substances or bulk
chemicals located on the compounding facility premises. Employees should be instructed on
how to retrieve and interpret needed information.
QUALITY CONTROL
The safety, quality, and performance of compounded preparations depend on correct
ingredients and calculations, accurate and precise measurements, appropriate formulation
conditions and procedures, and prudent pharmaceutical judgment. As a final check, the
compounder shall review each procedure in the compounding process. To ensure accuracy and
completeness, the compounder shall observe the finished preparation to ensure that it appears
as expected and shall investigate any discrepancies and take appropriate corrective action
before the prescription is dispensed to the patient.
Compounding Controls
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1. The Master Formulation Record, the Compounding Record, and associated written
procedures shall be followed in execution of the compounding process. Any deviation in
procedures shall be documented.
2. The compounder shall check and recheck each procedure at each stage of the process.
If possible, a trained second person should verify each critical step in the compounding
process.
3. The compounder shall have established written procedures that describe the tests or
examinations conducted on the compounded preparation (e.g., the degree of weight
variation among capsules) to ensure their uniformity and integrity.
4. Appropriate control procedures shall be established to monitor the output and to verify
the performance of compounding processes and equipment that may be responsible for
causing variability in the final compounded preparations.
5. For further guidance on recommended quality control procedures, see 〈1163〉.
PATIENT COUNSELING
At the time of dispensing the prescription, the patient or the patient's agent shall be
counseled about proper use, storage, handling, and disposal of the compounded preparation.
The patient or the patient’s agent shall also be instructed to report any adverse event and to
observe and report to the compounder any changes in the physical characteristics of the
compounded preparation (see 〈1191〉, Responsibility of Pharmacists). The compounder shall
investigate and document any reported problem with a compounded preparation and shall take
corrective action.
TRAINING
All personnel involved in the compounding, evaluation, packaging, and dispensing of
compounded preparations shall be properly trained for the type of compounding conducted. It is
the responsibility of the compounder to ensure that a training program has been implemented
and that it is ongoing. Compounding personnel should be evaluated at least annually. Steps in
the training procedure include the following:
All employees involved in pharmaceutical compounding shall read and become familiar
with this chapter. They should also be familiar with the contents of the USP
Pharmacists' Pharmacopeia and other relevant publications, including how to read and
interpret MSDSs.
All employees shall read and become familiar with each of the procedures related to
compounding, including those involving the facility, equipment, personnel, actual
compounding, evaluation, packaging, storage, and dispensing.
All personnel who compound hazardous drugs shall be fully trained in the storage,
handling, and disposal of these drugs. This training shall occur before preparing or
handling hazardous drugs. For information on training for personnel who compound
hazardous drugs, see the references in Compounding Facilities earlier in this chapter.
All training activities shall be documented. The compounder shall meet with employees
to review their work and answer any questions the employees may have concerning
compounding procedures.
The compounder shall demonstrate the procedures for the employee and shall observe
and guide the employee throughout the training process. The employee will then repeat
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the procedure without any assistance from, but under the direct supervision of, the
compounder.
When the employee has demonstrated to the compounder a verbal and functional
knowledge of the procedure, then and only then will the employee be permitted to
perform the procedure without direct supervision. However, the compounder should be
physically present and shall approve all ingredients and their quantities and the final
preparation.
When the compounder is satisfied with the employee’s knowledge and proficiency, the
compounder will sign the documentation records to show that the employee was
appropriately trained.
The compounder shall continually monitor the work of the employee and ensure that the
employee's calculations and work are accurate and adequately performed.
The compounder is solely responsible for the finished preparation.
COMPOUNDING FOR ANIMAL PATIENTS
A compounder's responsibility for providing patients with high-quality compounded
preparations extends beyond the human species. All portions of this chapter apply to
compounded preparations formulated for animal patients. Intended use of any animal patient
(e.g., companion, performance, food) shall be determined before compounding for that patient.
Because humans can consume animal patients as food, care must be taken to prevent drug
residues from entering the human food chain when compounded preparations are used in animal
patients. For this reason, all compounders preparing formulations for animals shall possess a
functional knowledge of drug regulation and disposition in animal patients. Veterinarians are
required by law to provide food-producing animal caregivers with an accurate length of time to
withhold treated animal tissues (e.g., meat, milk, eggs) from the human food supply. This
length of time is referred to as a withdrawal time (WDT) and must also, by law, be included on
the dispensing label of every prescription prepared for a food-producing species.
Drug use in any performance animal is strictly regulated by federal and state governments, in
addition to the governing bodies of each of the specific disciplines. Penalties for violation of
these rules may be severe for all contributing to the violation, including the veterinarian,
pharmacist, and caregiver.
The pharmacist shall be knowledgeable about the individual species' limitations in physiology
and metabolic capacity that can result in toxicity when certain drugs or excipients are used in
compounded preparations. For this reason, compounders making preparations for animals should
use, when possible, formulations specifically developed for animal patients. If such formulations
are not available, the compounder shall conduct a literature review to determine whether a
specific component of the formula is toxic to the target species. Extrapolating compounding
formulations intended for use in humans may not be appropriate for animal species and may
contribute to negative outcomes.
Veterinarians and pharmacists making preparations for animal patients should be familiar with
all state and federal regulations regarding drug use in animals, including but not limited to the
Food, Drug, and Cosmetic Act; the Animal Drug Amendment; the Animal Medicinal Drug Use
Clarification Act; and FDA's Compliance Policy Guideline for Compounding of Drugs for Use in
Animal Patients.

PF 44(3): May.-Jun. 2018

55

GLOSSARY
Active Pharmaceutical Ingredient (API): Any substance or mixture of substances intended
to be used in the compounding of a drug preparation, thereby becoming the active ingredient in
that preparation and furnishing pharmacological activity or other direct effect in the diagnosis,
cure, mitigation, treatment, or prevention of disease in humans and animals or affecting the
structure and function of the body.
Added Substances: Ingredients that are necessary to compound a preparation but are not
intended or expected to cause a pharmacologic response if administered alone in the amount or
concentration contained in a single dose of the compounded preparation. The term is used
synonymously with the terms inactive ingredients, excipients, and pharmaceutical ingredients.
Beyond-Use Date (BUD): The date after which a compounded preparation shall not be used;
determined from the date the preparation is compounded.
Component: Any ingredient used in the compounding of a drug preparation, including any
active ingredient or added substance that is used in its preparation.
Compounder: A professional authorized by the appropriate jurisdiction to perform compounding
pursuant to a prescription or medication order by a licensed prescriber.
Compounding: The preparation, mixing, assembling, altering, packaging, and labeling of a drug,
drug-delivery device, or device in accordance with a licensed practitioner's prescription,
medication order, or initiative based on the practitioner/patient/pharmacist/compounder
relationship in the course of professional practice. Compounding includes the following:
Preparation of drug dosage forms for both human and animal patients
Preparation of drugs or devices in anticipation of prescription drug orders based on
routine, regularly observed prescribing patterns
Reconstitution or manipulation of commercial products that may require the addition of
one or more ingredients
Preparation of drugs or devices for the purposes of, or as an incident to, research
(clinical or academic), teaching, or chemical analysis
Preparation of drugs and devices for prescriber's office use where permitted by federal
and state law.
Hazardous Drug: Any drug identified by at least one of the following six criteria:
Carcinogenicity
Teratogenicity or developmental toxicity
Reproductive toxicity in humans
Organ toxicity at low doses in humans or animals
Genotoxicity
New drugs that mimic existing hazardous drugs in structure or toxicity [for examples see
current National Institute for Occupational Safety and Health (NIOSH) publications].
Manufacturing: The production, propagation, conversion, or processing of a drug or device,
either directly or indirectly, by extraction of the drug from substances of natural origin or by
means of chemical or biological synthesis. Manufacturing may also include any packaging or
repackaging of the substance(s) or labeling or relabeling of containers for resale by pharmacies,
practitioners, or other persons.
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Preparation: For the purposes of this chapter, a compounded drug dosage form or dietary
supplement or a device to which a compounder has introduced a drug. This term will be used to
describe compounded formulations; the term product will be used to describe manufactured
pharmaceutical dosage forms. (For the definitions of official substance and official products,
see General Notices and Requirements.)
Stability: The extent to which a preparation retains, within specified limits and throughout its
period of storage and use, the same properties and characteristics that it possessed at the
time of compounding (see Stability Considerations in Dispensing Practice 〈1191〉, the table
Criteria for Acceptable Levels of Stability).
Vehicle: A component for internal or external use that is used as a carrier or diluent in which
liquids, semisolids, or solids are dissolved or suspended. Examples include, but are not limited
to, water, syrups, elixirs, oleaginous liquids, solid and semisolid carriers, and proprietary
products.

1. INTRODUCTION AND SCOPE
This chapter describes the minimum standards to be followed when preparing compounded
nonsterile preparations (CNSPs) for humans and animals. For purposes of this chapter,
nonsterile compounding is defined as combining, admixing, diluting, pooling, reconstituting other
than as provided in the manufacturer package insert, or otherwise altering a drug or bulk drug
substance to create a nonsterile medication. Reconstituting a conventionally manufactured
nonsterile product in accordance with the directions contained in the approved labeling
provided by the product’s manufacturer is not considered compounding as long as the product
is prepared for an individual patient and not stored for future use.
1.1 Scope
COMPOUNDED NONSTERILE PREPARATIONS AFFECTED
CNSPs that may be affected by this chapter include but are not limited to the following
dosage forms:
Solid oral preparations
Liquid oral preparations
Rectal preparations
Vaginal preparations
Topical preparations (i.e., creams, gels, irrigations for non-internal and non-surgical
body cavities)
Nasal and sinus preparations intended for local application
Otic preparations
HANDLING OF HAZARDOUS DRUGS
Compounding of nonsterile hazardous drugs must also comply with Hazardous Drugs—Handling
in Healthcare Settings 〈800〉.
AFFECTED PERSONNEL AND SETTINGS
This chapter applies to all persons who prepare CNSPs and all places where CNSPs are
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prepared. This includes but is not limited to pharmacists, technicians, physicians, veterinarians,
dentists, naturopaths, chiropractors, and nurses, in all places including but not limited to
pharmacies, hospitals and other healthcare institutions, patient treatment sites, and physicians’
or veterinarians’ practice sites.
The compounding facility’s leadership and all personnel involved in preparing, storing,
packaging, and transporting CNSPs are responsible for 1) ensuring that the applicable practices
and quality standards in this chapter are continually and consistently applied to their
operations, and 2) proactively identifying and remedying potential problems within their
operations. Personnel engaged in the compounding of CNSPs must also comply with applicable
laws and regulations of the regulatory jurisdiction.
The compounding facility must designate one or more individuals (i.e., the designated person)
to be responsible and accountable for the performance and operation of the facility and
personnel in the preparation of CNSPs. The responsibilities of the designated person include but
are not limited to:
Developing and implementing a training program
Routinely monitoring and observing compounding activities and taking immediate
corrective action if deficient practices are observed
Demonstrating the procedures for personnel and observing and guiding personnel
throughout the training process
Evaluating whether individuals with certain conditions, such as rashes or respiratory
illnesses, will be allowed to work in compounding areas before their conditions are
resolved because these conditions carry the risk of contaminating the environment and
CNSPs
Ensuring that standard operating procedures (SOPs) are fully implemented. The
designated person must ensure that follow-up is carried out if problems, deviations, or
errors are identified
Establishing, monitoring, and documenting procedures for the handling and storage of
CNSPs and/or components of CNSPs
If the compounding facility has only one person responsible for all the compounding in the
facility, then that person will become the designate.
2. PERSONNEL QUALIFICATIONS—TRAINING, EVALUATION, AND REQUALIFICATION
All personnel involved in the preparation and handling of CNSPs must be trained, must
demonstrate competency, and must undergo annual refresher training. Training and
competency of personnel must be documented as described in 14. Documentation.
The designated person must develop a written training program that describes the required
training, the frequency of training, and the process for evaluating the competency of personnel
involved in nonsterile compounding and handling of CNSPs. This program must equip personnel
with knowledge and training in the required skills necessary to perform their assigned tasks.
In addition to the initial and annual competency training and evaluation described in this
section, the designated person should routinely monitor and observe compounding activities
and must take immediate corrective action if deficient practices are observed. SOPs must
describe procedures for the monitoring and observing of compounding activities and personnel.
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Before independently beginning to prepare CNSPs, personnel must complete training and be
able to demonstrate proficiency in the theoretical principles and hands-on skills of nonsterile
manipulations for the type of compounding they will be performing. Proficiency must be
demonstrated in at least the following core competencies:
Hand hygiene
Garbing
Cleaning and sanitizing
Component selection, handling, and transport
Performing calculations
Measuring and mixing
Use of equipment
Documentation of the compounding process (e.g., Master Formulation Records and
Compounding Records)
Steps in the training procedure must include the following:
Read and understand this chapter
Have access to USP compounding monographs, other applicable general chapters, and
other relevant literature
Understand and interpret Certificates of Analysis (COAs) and Safety Data Sheets (SDS)
Read and understand procedures related to their compounding duties, including those
regarding the facility, equipment, personnel, garbing, actual compounding processes,
evaluation, packaging, storage, transport, and dispensing
Additionally, the designated person must demonstrate the procedures for personnel, and must
observe and guide personnel throughout the training process. The personnel will then be
expected to repeat the procedures independently, but under the direct supervision of the
designated person. An employee will be permitted to perform the procedure without direct
supervision only after independently demonstrating understanding and competency to the
designated person. Upon completion of the training program, the designated person must
document that the employee has been trained and successfully completed competency
assessments (see 14. Documentation).
If the facility has only one person in the compounding operation, that person must document
that they have obtained appropriate training outside of the facility and demonstrated
competency, and they must comply with the other requirements of this chapter.
3. PERSONAL HYGIENE AND GARBING
Compounding personnel must maintain personal hygiene. Individuals that may have a higher
risk of contaminating the CNSP and the environment (e.g., due to rashes, sunburn, recent
tattoos or oozing sores, conjunctivitis, active respiratory infection) must report these
conditions to the designated person. The designated person must evaluate whether these
individuals will be allowed to work in compounding areas before their conditions are resolved
because of the risk of contaminating the environment and CNSPs.
3.1 Personnel Preparation
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Personnel engaged in compounding must maintain hand hygiene and wear clean clothing
required for the type of compounding performed.
Before entering a designated compounding area, compounding staff must remove any items
that are not easily cleanable and that might interfere with garbing. At a minimum, personnel
must:
Remove personal outer garments (e.g., bandanas, coats, hats, jackets, scarves,
sweaters, vests)
Remove all hand, wrist, and other exposed jewelry or piercing that can interfere with
the effectiveness of the garb or hand hygiene (e.g., watches, rings that may tear
gloves)
Remove headphones and earphones
Keep nails clean and neatly trimmed to minimize particle shedding and avoid glove
punctures
3.2 Hand Hygiene
Hand hygiene is required when initially entering the compounding area and when re-entering
the compounding area after a break. Hand hygiene is also required before initiating any
compounding activity related to a new CNSP. Perform hand hygiene as described in Box 3-1. If
gloves are already donned, wash hands with donned gloves. Gloves must be changed if they
have been compromised (i.e., if they are torn or contain holes).
Box 3-1. Hand Hygiene Procedures
Wash hands and forearms up to the elbows with soap and water for at least 30 s.
Alcohol hand sanitizers alone are not sufficient.
Dry hands and forearms to the elbows completely with disposable towels or wipes.
Allow hands and forearms to dry thoroughly before donning gloves.
3.3 Garb and Glove Requirements
Gloves are required to be worn for all compounding activities. Other garb (e.g., shoe covers,
head and facial hair covers, face masks, gowns) must be appropriate for the type of
compounding performed as needed for the protection of personnel from chemical exposures and
for prevention of preparation contamination. Garb must be stored to prevent contamination
(e.g., away from sinks to avoid splashing onto garb). Visibly soiled garb or garb with tears or
punctures must be changed immediately.
EXITING AND REENTERING COMPOUNDING AREA
When compounding personnel exit the compounding area during a work shift, if the gown is
used but not soiled, it can be removed and retained in the compounding area and re-donned
during the same work shift only. Gloves, shoe covers, hair covers, facial hair covers, face
masks, or head coverings, if used, may not be reused and must be replaced with new ones.
Non-disposable garb, such as goggles or respirators, if used, should be cleaned and sanitized
with 70% isopropyl alcohol before re-use.
4. BUILDINGS AND FACILITIES
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Compounding facilities must have a space that is specifically designated for compounding.
Areas related to nonsterile compounding must be separated from areas not directly related to
compounding. Areas intended for nonsterile compounding must be separated and distinct from
the areas intended for sterile compounding (see Pharmaceutical Compounding—Sterile
Preparations 〈797〉), except where permitted as described in 〈800〉. Compounding areas used to
compound hazardous CNSPs must not be used for compounding nonhazardous CNSPs (see
〈800〉).
Compounding facilities must be designed and controlled to provide a well-lighted working
environment, with temperature and humidity controls for the comfort of compounding personnel
wearing the required garb. Heating, ventilation, and air conditioning systems must be designed
and controlled to prevent decomposition and contamination of chemicals, components, and
CNSPs (see also 12. CNSP Handling, Packaging, Storage, and Transport). Temperature and
humidity must be maintained as required for components and compounded preparations.
The facility must provide for the orderly placement of equipment and materials to prevent
mix-ups among ingredients, containers, labels, in-process materials, and finished CNSPs. The
space must be designed, arranged, and used in a way that prevents cross-contamination from
noncompounding areas.
The surfaces of ceilings, walls, floors, fixtures, shelving, counters, and cabinets in a
compounding area must be cleanable and must be kept clean. Carpet is not allowed in the
compounding area. Surfaces should be resistant to damage by cleaning and sanitizing agents.
A source of hot and cold water and an easily accessible sink must be available for
compounding. The sink must be emptied of all items and cleaned before being used to clean any
equipment used in nonsterile compounding. The plumbing system must be free of defects that
may contribute to the contamination of any CNSP. Purified Water should be used for rinsing
equipment and utensils.
The areas used for compounding must be maintained in a clean, orderly, and sanitary
condition, and in a good state of repair. All components, equipment, and containers must be
stored off the floor and in a manner that will prevent contamination and permit inspection and
cleaning of the compounding and storage area. Waste must not be allowed to accumulate and
must be disposed of in a sanitary manner. Waste disposal must comply with applicable laws and
regulations of the regulatory jurisdiction.
5. CLEANING AND SANITIZING
Cleaning and sanitizing of the surfaces in the nonsterile compounding areas must occur on a
regular basis at the minimum frequencies specified in Table 1. Cleaning and sanitizing must be
repeated when spills occur and when surfaces, floors, and walls are visibly soiled.
Cleaning and sanitizing agents must be selected and used with consideration of
compatibilities, effectiveness, and the potential to leave residues.
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Table 1. Minimum Frequency for Cleaning and Sanitizing Surfaces in Nonsterile
Compounding Areas
Site
Minimum Frequency
Daily, after spills, and when surface contamination (e.g.,
Floors
splashes) is known or suspected
Every 3 months, after spills, and when surface
Walls
contamination (e.g., splashes) is known or suspected
Every 3 months, after spills, and when surface
Ceilings
contamination (e.g., splashes) is known or suspected
Every 3 months, after spills, and when surface
Storage shelving contamination (e.g., splashes) is known or suspected
6. EQUIPMENT AND COMPONENTS
6.1 Equipment
The equipment and supplies used for compounding a CNSP must be suitable for the specific
compounding process. Equipment surfaces that contact components must not be reactive,
additive, or sorptive, and must not alter the quality of the CNSPs. When feasible, disposable or
dedicated equipment should be used to reduce the chance of bioburden and crosscontamination.
Equipment must be stored in a manner to protect it from contamination and must be located
to facilitate its use, maintenance, and cleaning. Automated, mechanical, electronic, and other
types of equipment used in the compounding or testing of compounded preparations must be
inspected prior to use and verified for accuracy at the frequency recommended by the
manufacturer, and at least annually. Immediately after compounding, the equipment must be
cleaned to prevent cross-contamination of the next preparation.
Any weighing, measuring, or other manipulation of an active pharmaceutical ingredient (API)
or added substance in powder form that could generate airborne contamination from drug
particles must occur inside a containment device such as a containment ventilated enclosure
(CVE) (i.e., powder containment hood). The CVE must be cleaned as described in Table 2. The
CVE must be certified annually. If the CVE is not equipped with an exhaust alarm, the device
should be certified every 6 months according to requirements such as the current Controlled
Environment Testing Association (CETA) or American Society of Heating, Refrigerating, and AirConditioning Engineers (ASHRE) guidelines, or other jurisdictional standards.
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Table 2. Minimum Frequency for Cleaning and Sanitizing Equipment in Nonsterile
Compounding Areas
Site
Minimum Frequency
At the beginning and end of each shift, after
spills,
and when surface contamination is known or
suspected. Clean and sanitize the horizontal
work
surface of the CVE between compounding of
CVE and work surfaces outside the CVE
different drugs.
Before first use and thereafter in accordance
with
Equipment used in compounding
the manufacturer’s recommendations. If no
operations
recommendation is available, after each use.
6.2 Components
Compounding personnel must establish, maintain, and follow written SOPs for the selection
and inventory control of all components, including all ingredients (i.e., APIs, inactive
ingredients), containers, and closures, from receipt to use in a CNSP.
SDSs must be readily accessible to all personnel working with drug substances or bulk
chemicals located in the compounding facility. Personnel must be instructed on how to retrieve
and interpret needed information.
COMPONENT SELECTION
The designated person is responsible for component selection. Compounders must use
qualified vendors. A vendor is qualified when there is evidence to support its ability to supply a
material that consistently meets all quality specifications. Qualification must include an
evaluation of the vendor’s reliability and registration/accreditation as required by applicable
laws and regulations of the regulatory jurisdiction.
In the US, APIs used in compounding must be manufactured by an FDA-registered facility.
Outside of the US, APIs used in compounding must comply with applicable laws and regulations
of the regulatory jurisdiction. Each API must be accompanied by a valid COA that includes the
specifications and test results and shows that the API meets an official USP–NF monograph, if
one exists, and any additional specifications required to appropriately use the API in preparing
the CNSP.
All ingredients other than APIs should be obtained from an FDA-registered facility. Outside of
the US, the facility must comply with applicable laws and regulations of the regulatory
jurisdiction. These ingredients should be accompanied by a valid COA that verifies that the
ingredient meets an official monograph, if one exists, and any additional specifications for the
ingredient. If ingredients other than APIs cannot be obtained from an FDA-registered facility,
the designated person must select a material that is suitable for the intended use. The
designated person must establish the identity, strength, purity, and quality of the API by
reasonable means. These means may include visual inspections, evaluation of the COAs, and/or
verification by analytically testing a sample to determine conformance with the COA.
Purified Water, or an equivalent quality of water, must be used to reconstitute conventionally
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manufactured nonsterile products when water quality is not stated in the manufacturer’s
labeling (see Water for Pharmaceutical Purposes 〈1231〉).
COMPONENT RECEIPT
Upon receipt, each lot of the component must be visually inspected to ensure that the
labeling correctly identifies the component, and that the component meets the expected
appearance. The lot must be examined for evidence of deterioration and other aspects of
unacceptable quality (e.g., foreign objects, whether the outer packaging is damaged and
whether temperature-sensing indicators show that the component has been exposed to
excessive temperature excursions). If there is a compendial monograph for any ingredient
received, the COA for the ingredient must be verified to ensure that the ingredient has met the
acceptance criteria of all specified monograph tests for that lot and includes the test results. If
the Master Formulation Record specifies certain component characteristics, the vendor-supplied
COA must be verified to ensure that the component possesses those characteristics.
Any ingredient found to be of unacceptable quality must be promptly rejected, clearly labeled
as rejected, and segregated from active stock to ensure that they are not inadvertently used.
Any other lots of that ingredient from that vendor must be examined to determine whether the
other lots demonstrate the same unacceptable quality.
The date of receipt by the compounding facility must be clearly and indelibly marked on each
ingredient package, except for containers of conventionally manufactured products. For each
ingredient, information including the receipt date, quantity received, supplier name, lot number,
expiration date, and results of any in-house or third-party testing performed must be
documented. The compounding facility must keep a written record of each shipment of
components received in accordance with the recordkeeping requirements described in 14.
Documentation.
COMPONENT EVALUATION BEFORE USE
Before use, compounding personnel must visually re-inspect all components. Ingredient
packages must be inspected to detect container breaks, looseness of the cap or closure, or
deviation from the expected appearance, aroma, or texture of the contents that might have
occurred during storage.
Compounding personnel must ascertain before use that ingredients are of the correct identity
and have been stored under required conditions.
If the correct identity, strength, purity, and quality of ingredients and other components
intended for preparation of CNSPs cannot be confirmed (e.g., containers of ingredients with
damaged or incomplete labeling), they must be immediately rejected. If they are not
immediately discarded, they must be clearly labeled as rejected, and segregated to prevent
their use before disposal.
COMPONENT HANDLING AND STORAGE
All ingredients used to prepare CNSPs must be handled and stored in accordance with the
manufacturer’s instructions or per applicable laws and regulations of the regulatory jurisdiction.
The handing and storage must prevent contamination, mix-ups, and deterioration (e.g., loss of
identity, strength, purity, and quality). If specific instructions are not available, ingredients
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must be stored in tightly closed containers under controlled temperature, humidity, and lighting
conditions as detailed in this chapter. Moisture-sensitive ingredients must be stored in tight,
well-closed containers.
Packages of ingredients that lack a vendor’s expiration date must not be used after 1 year
from the date of receipt by the compounding facility. Once removed from the original container
for compounding (e.g., weighing or mixing), components not used in compounding (e.g., excess
after weighing) must be discarded and not returned to the original container.
The containers and closures used to package CNSPs must be stored off the floor, handled
and stored in a manner that prevents contamination, and rotated so that the oldest stock is
used first. The containers and container closures must be stored in a manner that permits
inspection and cleaning of the storage area.
COMPONENT SPILL AND DISPOSAL
The facility must maintain chemical hazard and disposal information (e.g., SDSs) and must
review and update its chemical hazard and disposal information annually. If a new chemical is
used at the compounding facility, the chemical hazard and disposal information must be made
accessible to compounding personnel before the chemical is made available for compounding.
The facility must have a spill kit in the designated compounding area. The condition and
expiration date of the chemical spill kit should be verified annually and replaced as necessary.
The capacity of the spill kit should be affixed to the packaging of the spill kit if not readily
visible on the manufacturer’s label.
In the case of spills, immediate remediation is necessary. The facility must have an SOP for
the management of nonhazardous component spills and disposal. These activities must be
documented and corrective action taken, if necessary. For information on the handling of
hazardous drugs, see 〈800〉.
All personnel who may be required to remediate a spill must receive training in spill
management of chemicals used and stored at the compounding facility. Refresher training must
be conducted annually and documented for all personnel who may be required to clean up a
spill.
The disposal of components must comply with applicable laws and regulations of the
regulatory jurisdiction.
7. SOPS AND MASTER FORMULATION AND COMPOUNDING RECORDS
The compounding facility must establish and follow written SOPs for compounding CNSPs. A
Master Formulation Record and Compounding Record is required for each CNSP.
7.1 Creating and Following SOPs
Facilities preparing CNSPs must develop SOPs on all aspects of the compounding operation.
All personnel who conduct or oversee compounding activities must be trained in the SOPs and
are responsible for ensuring that they are followed. All compounding personnel must:
Be able to immediately recognize potential problems, deviations, or errors associated
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with preparing a CNSP (e.g., related to equipment, facilities, materials, personnel,
compounding process, or testing) that could potentially result in contamination or other
adverse impacts on CNSP quality associated with their work duties
Document and report any problems, deviations, or errors to the designated person, who
must take corrective action
The designated person must ensure that SOPs are fully implemented. The designated person
must ensure that follow-up occurs if problems, deviations, or errors are identified.
7.2 Creating Master Formulation Records
A Master Formulation is a detailed record of procedures that describes how the CNSP is to be
prepared. A Master Formulation Record must be prepared for each unique formulation of a
CNSP. CNSPs are then prepared according to the Master Formulation Record and the
preparation information is documented on a Compounding Record. Box 7-1 lists the information
that must be included in a Master Formulation Record. Any changes or alterations to the Master
Formulation Record must be performed only by the designated person, and all changes must be
documented.
Box 7-1. Master Formulation Record
A Master Formulation Record must include at least the following information:
Name, strength, and dosage form of the CNSP
Physical description of the final CNSP
Ingredient identities and amounts, and container–closure systems, including
necessary
characteristics of components (e.g., particle size, salt form, purity grade, solubility)
Complete instructions for preparing the CNSP, including equipment, supplies, and a
description of
the compounding steps
Beyond-use date (BUD) assignment and storage requirements
Reference source of the BUD assignment and storage requirements
Quality control procedures (e.g., pH, visual inspection)
Any other information needed to describe the operation and ensure its repeatability
(e.g.,
adjusting pH, temperature)
7.3 Creating Compounding Records
A Compounding Record documents the compounding of each CNSP. It must be created for
each CNSP. The Compounding Record or inventory control system must permit traceability of all
ingredients. The Master Formulation Record can be used as the basis for preparing the
Compounding Record. For example, a copy of the Master Formulation Record can be made that
contains spaces for recording the information needed to complete the Compounding Record. It
is critical that the Compounding Record document in detail any deviations from the process
outlined in the Master Formulation Record and any problems or errors experienced during the
compounding of the CNSP. Box 7-2 lists the information that must be included in a Compounding
Record. Each Compounding Record must be reviewed for completeness before the CNSP is
released. The person completing the review must sign or initial and date the Compounding
Record.
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Box 7-2. Compounding Records
Compounding Records must include at least the following information:
Name, strength, and dosage form of the CNSP
Physical description of the final CNSP
Master Formulation Record reference for the CNSP
Date and time of preparation of the CNSP
Assigned internal identification number (e.g., prescription or lot number)
Signature or initials of individuals involved in each step
Name, vendor or manufacturer, lot number, and expiration date of each ingredient
and
container–closure system
Weight or measurement of each ingredient
Documentation of the calculations made to determine and verify quantities and/or
concentrations of components, if appropriate
Documentation of quality control procedures in accordance with the SOP (e.g., pH,
visual inspection)
Any deviations from the Master Formulation Record, and any problems or errors
experienced
during the compounding of the CNSP
Total quantity compounded
BUD assignment and storage requirements
Reference source of the BUD assignment and storage requirements
8. RELEASE TESTING
At the completion of compounding and before release and dispensing, the CNSP must be
visually inspected to determine whether the physical appearance is as expected. The
inspection must also confirm that the CNSP and its labeling match the Compounding Record and
the prescription or medication order. Some CNSPs, as noted in their Master Formulation Record,
also must be visually checked for certain characteristics (e.g., emulsions must be checked for
phase separation). All checks and inspections, and any other tests necessary to ensure the
quality of the CNSP (e.g., pH, assays), must be detailed in the facility’s SOPs and completed
before release. Additional quality assurance and quality control activities are described in 11.
Quality Assurance and Quality Control. Pre-release inspection also must include a visual
inspection of container–closure integrity (e.g., checking for leakage, cracks in the container, or
improper seals). CNSPs with observed defects must be immediately discarded, or marked and
segregated from acceptable units in a manner that prevents them from being released or
dispensed.
When a CNSP will not be promptly released or dispensed after preparation, a release
inspection must be conducted immediately before it is released or dispensed to ensure that the
CNSP or the container–closure system does not exhibit any defects that may develop during
storage (e.g., separation beyond what would be expected, precipitation, cloudiness,
discoloration, or leakage).
9. LABELING
The term “labeling” designates all labels and other written, printed, or graphic matter on an
article’s immediate container or on, or in, any package or wrapper in which the article is
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enclosed, except any outer shipping container. The term “label” designates the part of the
labeling on the immediate container. See Labeling 〈7〉, Labels and Labeling for Products and
Other Categories, Compounded Preparations.
Every dispensed CNSP must be labeled with adequate, legible identifying information to
prevent errors during storage, dispensing, and use. All labeling must be in compliance with
applicable laws and regulations of the regulatory jurisdiction.
The label on the CNSP must, at a minimum, display the following information:
Assigned internal identification number (e.g., prescription or lot number)
Chemical and/or generic name(s), or active ingredient(s), and amounts or
concentrations
Dosage form
Total amount or volume
Storage conditions
BUD
Indication that the preparation is compounded
The labeling on the CSNP must, at a minimum, display the following information:
Route of administration
Any special handling instructions
Any warning statements that are applicable
Name, address, and contact information of the compounding facility if the CNSP is to be
sent outside of the facility or healthcare system in which it was compounded
Labeling operations must be controlled to prevent labeling errors and CNSP mix-ups. A final
check must be conducted to verify that the correct and complete label has been affixed to the
finished CNSP. All labels must also comply with applicable laws and regulations of the regulatory
jurisdiction.
10. ESTABLISHING BEYOND-USE DATES
Each CNSP label must state the date beyond which the preparation cannot be used and must
be discarded (i.e., the BUD). The parameters described in this section must be considered
before establishing these dates.
10.1 Terminology
A number of terms are used to describe the time period during which a drug can be expected
to retain its desired characteristics so that it can be safely administered to a patient to
achieve the desired therapeutic effect.
The “expiration date” identifies the time during which a conventionally manufactured drug
product may be expected to maintain its labeled identity, strength, purity, and quality, provided
that it is kept under the labeled storage conditions. The expiration date limits the time during
which a conventionally manufactured product may be dispensed or used. Expiration dates are
determined based on product-specific studies that evaluate the specific formulation of a
conventionally manufactured product in the specific container in which it is to be stored and
under the conditions to which it could be exposed. Temperature, humidity, and light are some
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of the factors that can affect whether and how much a product degrades over time. An
expiration date is determined by taking representative samples from batches, placing them in
storage under controlled conditions, and then testing them at scheduled intervals to determine
whether they meet specifications throughout their labeled shelf lives. When an expiration date
is stated only in terms of the month and the year, it is a representation that the intended
expiration date is the last day of the stated month.
A BUD is the time period after which a CNSP must not be used. BUDs for CNSPs are calculated
in terms of hours, days, or months.
The term “expiration date” is not appropriate for CNSPs because the types of full stability
studies conducted by manufacturers to establish expiration dates for conventionally
manufactured products are not typically performed for CNSPs. A BUD cannot be extended past
the expiration date of any component in the CNSP.
10.2 Parameters to Consider in Establishing a BUD
BUDs for CNSPs should be established conservatively to ensure that the preparation maintains
its required characteristics to minimize the risk to patients of receiving a contaminated or
degraded preparation.
When establishing a BUD for a CNSP, it is critical that personnel carefully consider all of the
possible ways that the physical or chemical characteristics of the CNSP could change over
time. The following factors must be considered:
The chemical and physical stability properties of the API and any added substances in
the preparation (e.g., if the API and added substances in the preparation are known to
degrade over time and/or under certain storage conditions, which would reduce the
strength of the preparation and/or produce harmful impurities)
The compatibility of the container–closure system with the finished preparation (e.g.,
consider leachables, interactions, adsorption, and storage conditions of the
components)
Degradation of the container–closure system, which can lead to a reduction in integrity
of the CNSP
The potential for microbial proliferation in the CNSP
10.3 Establishing a BUD for a CNSP
The BUDs indicate the days after the CNSP is prepared and beyond which the CNSP cannot
be used. The day that the preparation is compounded is considered Day 1.
If there is a USP–NF compounded preparation monograph for the CNSP, the BUD specified in
the monograph must be used, unless a shorter BUD is required as described below. If there is
no USP–NF compounded preparation monograph for the CNSP, Table 3 represents the maximum
BUDs for CNSPs that are packaged in tight, light-resistant containers unless there is a CNSPspecific stability study as described below. The BUDs in Table 3 are based on the ability of the
CNSP to maintain chemical and physical stability and to suppress microbial growth. APIs or
ingredients known to be susceptible to decomposition will require shorter BUDs (see 10.3
Establishing a BUD for a CNSP, Shorter Buds May Be Required).
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Table 3. Maximum BUD by Type of Preparation in the Absence of CNSP-Specific Stability
Information
BUDs
Type of Preparation
(days)
Storage Temperaturea
Solid dosage formsb
180
Controlled room temperature
Preserved aqueous
dosage formsc
30
Controlled room temperature
Non-preserved aqueous
dosage formsc
14
Refrigerator
Nonaqueous dosage formsd
90
Controlled room temperature
a See Packaging and Storage Requirements 〈659〉.
b Capsules, tablets, granules, powders.
c An aqueous preparation is one that has a water activity (Aw) of >0.6 (e.g., emulsions,
gels, creams, solutions, sprays, or suspensions).
d Any preparation other than solid dosage forms that have a reduced Aw of ≤0.6 (e.g.,
suppositories, ointments, fixed oils, or waxes).
The aqueous and nonaqueous dosage forms in Table 3 are defined based on the water
activity (Aw) of the most similar drug product described in Application of Water Activity
Determination to Nonsterile Pharmaceutical Products 〈1112〉. In general, the use of Aw aids in
assessing the susceptibility of CNSPs to microbial contamination and the potential for API
degradation due to hydrolysis. Reduced Aw greatly assists in the prevention of microbial
proliferation in conventionally manufactured products and is expected to convey the same
benefit to CNSPs. The list of manufactured products in Application of Water Activity
Determination to Nonsterile Pharmaceutical Products 〈1112〉, Table 2 is not exhaustive.
However, it does provide guidance on the Aw value of a particular CNSP and can assist
personnel in determining the BUD by dosage form based on Table 3.
Susceptible CNSPs should contain suitable antimicrobial agents to protect against bacteria,
yeast, and mold contamination from proliferation if inadvertently introduced during or after the
compounding process. When antimicrobial agents are used, the compounder is responsible for
ensuring an effective final preservative concentration for the particular CNSP (i.e., taking into
account dilutions). When antimicrobial preservatives are contraindicated in a CNSP, storage of
the preparation in a refrigerator is required if such storage does not change the physical or
chemical properties of the CNSP (i.e., precipitation).
The BUDs specified in Table 3 for aqueous dosage forms and nonaqueous dosage forms may
be extended up to maximum of 180 days if there is a stability study (published or unpublished)
using a stability-indicating assay for the specific API, CNSP, and container–closure that will be
used.
If the BUD of the CNSP is extended beyond the BUDs in Table 3, an aqueous CNSP must first
be tested for antimicrobial effectiveness (see Antimicrobial Effectiveness Testing 〈51〉) at the
end of the proposed BUD unless such testing was done as part of the referenced stability
study. The test must be conducted once for a particular CNSP. If changes are made to the
ingredients or storage conditions of the CNSP, the test must be conducted for the new
preparation. When a range of API concentrations are compounded in the same CNSP
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formulation and stored under the same conditions, the antimicrobial effectiveness test can be
conducted for the highest and lowest concentrations, and the results can be similarly
extrapolated for the concentrations within the range studied (e.g., bracketed study design).
SHORTER BUDS MAY BE REQUIRED
A shorter BUD must be established under the following circumstances:
If the API or any other ingredients in the CNSP have an expiration date that is earlier
than the BUD date that could be assigned from Table 3, the expiry date supersedes the
BUD and must be the assigned shortest date
If the CNSP includes components from conventionally manufactured product(s), the BUD
of the CNSP must not exceed the shortest remaining expiration date of any of those
conventionally manufactured product(s)
If the CNSP includes components from other compounded preparations, the BUD of the
final CNSP must not exceed the shortest remaining BUD of any of those compounded
preparations
APIs or ingredients known to be susceptible to decomposition will require shorter BUDs.
The assigned BUD must not exceed 180 days regardless of stability information or
antimicrobial activity.
11. QUALITY ASSURANCE AND QUALITY CONTROL
A quality assurance (QA) and quality control (QC) program is necessary to ensure that
consistently high-quality CNSPs are prepared. QA is a set of written processes that, at a
minimum, verifies, monitors, and reviews the adequacy of the compounding process. QC is the
observation of techniques and activities that demonstrate that requirements are met.
Each facility must have a formal, written QA and QC program that establishes a system of
adherence to procedures, prevention and detection of errors and other quality problems, and
appropriate corrective actions when needed. A facility’s QA program must be formally
established and documented in SOPs that ensure that all aspects of the preparation of CNSPs
are conducted in accordance with this chapter and applicable federal, state, and local laws and
regulations. For further guidance on recommended quality control procedures, see Quality
Assurance in Pharmaceutical Compounding 〈1163〉.
The roles and duties of personnel responsible for each aspect of the QA program must be
described in the SOPs. Designated personnel responsible for the QA program must have the
training, experience, responsibility, and authority to perform these duties.
An annual assessment of the quality assurance and quality control programs must be
documented. Noted deficiencies must be addressed through corrective action, which must be
described in the facility’s SOPs.
12. CNSP HANDLING, PACKAGING, STORAGE, AND TRANSPORT
SOPs must describe processes or techniques for storing, handling, packaging, and
transporting CNSPs. Personnel who will be storing, handling, packaging, and transporting CNSPs
within the facility must be trained in accordance with the facility’s SOPs.
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12.1 Handling of CNSPs
The designated person has the responsibility to establish, monitor, and document a program
that will provide both the information and protections needed for safe handling and storage of
CNSPs and/or any of the components of CNSPs. Garb, spill kits, and SDSs must be readily
accessible. Hazard labels (if appropriate) should be on all chemical containers.
12.2 Packaging of CNSPs
Personnel must select and use packaging materials that will maintain the physical and
chemical integrity and stability of the CNSPs. The containers and closures must be made of
suitable clean material so as to not alter the identity, strength, purity, or quality, of the CNSP.
Packaging materials must protect CNSPs from damage, leakage, contamination, degradation,
and adsorption, while simultaneously protecting transport personnel from exposure.
Container–drug interaction must be considered for substances that have sorptive or leaching
properties. If the CNSP is sensitive to light, light-resistant packaging materials must be used.
12.3 Storing CNSPs within the Compounding Facility
To ensure that CNSP quality is retained during storage within the compounding facility,
compounding personnel must monitor conditions in the storage area. A controlled room
temperature area (see 〈659〉) must be either monitored manually at least once daily on days
that compounding is performed or by a continuous temperature recording device to determine
whether the temperature remains within the appropriate range for the CNSP. The results of the
temperature readings must be documented on a temperature log or stored in the continuous
temperature recording device, and must be retrievable. All temperature monitoring equipment
must be calibrated or verified for accuracy at least every 12 months or as recommended by the
manufacturer.
The humidity of the storage room temperature area should be maintained at or below 60%.
The compounding facility must adhere to SOPs to detect and prevent temperature excursions
within the controlled temperature area. When it is known that a CNSP has been exposed to
temperatures either below or above the storage temperature limits for the CNSP, personnel
must determine whether the CNSP integrity or quality has been compromised and, if so, the
CNSP must be discarded.
12.4 Shipping and Transporting CNSPs
The facility must have written SOPs that describe appropriate shipping containers, insulating
materials, and packaging materials based on the chemical and physical characteristics of the
CNSP. The SOPs must indicate the mode of transportation and any special handling instructions
that are required so the properly packed CNSPs are delivered in an undamaged and stable
condition. When shipping or transporting CNSPs that require special handling outside of the
compounding facility, personnel must include specific handling instructions on the exterior of
the container.
13. COMPLAINT HANDLING AND ADVERSE EVENT REPORTING
Compounding facilities must develop and implement SOPs for complaint receipt,
acknowledgment, and handling. Complaints may include concerns or reports on the quality and
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labeling of, or possible adverse reactions to, a specific CNSP.
13.1 Complaint Handling
The designated person must review all complaints to determine whether the complaint
indicates a potential quality problem with the CNSP. If it does, a thorough investigation into the
cause of the problem must be initiated and completed. The investigation must consider whether
the quality problem extends to other CNSPs. Corrective action, if necessary, must be
implemented for all potentially affected CNSPs. Consider whether to initiate a recall of
potentially affected CNSPs and whether to cease nonsterile compounding processes until all
underlying problems have been identified and corrected.
A readily retrievable written or electronic record of each complaint must be kept by the
facility, regardless of the source of the complaint (e.g., e-mail, telephone, mail). The record
must contain the name of the complainant, the date the complaint was received, the nature of
the complaint, and the response to the complaint. In addition, to the extent that the
information is known, the following should be recorded: the name and strength of the CNSP,
the prescription or medication order number, and the lot number, if one is assigned.
The record must also include the findings of any investigation and any follow-up. Records of
complaints must be easily retrievable for review and evaluation for possible trends and must be
retained in accordance with the record-keeping requirements in 14. Documentation. A CNSP
that is returned in connection with a complaint must be quarantined until it is destroyed after
completion of the investigation and in accordance with applicable laws and regulations of the
regulatory jurisdiction.
13.2 Adverse Event Reporting
Reports of potential adverse events involving a CNSP must be reviewed by the designated
person. If the investigation into an adverse event reveals a quality problem with a CNSP that is
likely to affect other patients, those patients and prescribers potentially affected must be
informed. The designated person must review all adverse event reports as part of the QA and
QC programs (see 11. Quality Assurance and Quality Control). Adverse events must be reported
in accordance with facility SOPs and all applicable state and local laws and regulations. In
addition, adverse events associated with a CNSP should be reported to the FDA through the
MedWatch program for human drugs and through Form FDA 1932a for animal drugs.
14. DOCUMENTATION
All facilities where CNSPs are prepared must have and maintain written or electronic
documentation to demonstrate compliance with this chapter. This documentation must include,
but is not limited to, the following:
Personnel training, competency assessment, and qualification records including
corrective actions for any failures
Equipment records (e.g., calibration, verification, and maintenance reports)
Receipt of components
SOPs, Master Formulation Records, and Compounding Records
Release testing, including corrective actions for any failures
Information related to complaints and adverse events including corrective actions taken
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Documentation must comply with all applicable laws and regulations of the regulatory
jurisdiction. Records must be legible and stored in a manner that prevents their deterioration
and/or loss. All required compounding records for a particular CNSP (e.g., Master Formulation
Record, Compounding Record, and testing results) must be readily retrievable for at least 3
years after preparation or as required by the applicable laws and regulations of the regulatory
jurisdiction, whichever is longer.
GLOSSARY
Active pharmaceutical ingredient (API): Any substance or mixture of substances intended
to be used in the compounding of a preparation, thereby becoming the active ingredient in that
preparation and furnishing pharmacological activity or other direct effect in the diagnosis, cure,
mitigation, treatment, or prevention of disease in humans and animals or affecting the structure
and function of the body.
Added substances: Ingredients that are necessary to compound a preparation but are not
intended or expected to cause a pharmacologic response if administered alone in the amount or
concentration contained in a single dose of the compounded preparation. The term is used
synonymously with the terms inactive ingredients, excipients, and pharmaceutical ingredients.
Article: An official article is an article that is recognized in USP or NF. Official articles include
both official substances and official products. An official substance is a drug substance,
excipient, dietary ingredient, other ingredient, or component of a finished device for which the
monograph title includes no indication of the nature of the finished form. An official product is a
drug product, dietary supplement, compounded preparation, or finished device for which a
monograph is provided (see General Notices, 2.20 Official Articles).
Batch: More than one unit of CNSP prepared in a single process and intended to have uniform
characteristics and quality within specified limits.
Beyond-use date (BUD): The date or time beyond which a CNSP must be discarded. The date
or time is determined from the date or time when the preparation was compounded.
Certificate of analysis (COA): A report from the supplier of a component, container, or
closure that accompanies the supplier’s material and contains the specifications and results of
all analyses and a description of the material.
Cleaning: The process of removing soil (e.g., organic and inorganic material) from objects and
surfaces, normally accomplished by manually or mechanically using water with detergents or
enzymatic products.
Component: Any ingredient used in the compounding of a drug preparation, including any
active ingredient or added substance that is used in its preparation.
Compounded nonsterile preparation (CNSP): A preparation intended to be nonsterile
created by combining, admixing, diluting, pooling, reconstituting other than as provided in the
manufacturer package insert, or otherwise altering of a drug or bulk drug substance.
Compounder: Personnel trained to compound preparations.
Compounding: The combining, admixing, diluting, pooling, reconstituting other than as
provided in the manufacturer package insert, or otherwise altering of a drug or bulk drug
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substance to create a nonsterile medication. Reconstituting a conventionally manufactured
nonsterile product in accordance with the directions contained in approved labeling provided by
the product’s manufacturer is not considered compounding as long as the product is prepared
for an individual patient and not stored for future use.
Container–closure system: The sum of packaging components that together contain and
protect the dosage form. This includes primary packaging components and secondary packaging
components, if the latter are intended to provide additional protection to the CNSP.
Containment ventilated enclosure (CVE): A full or partial enclosure that uses ventilation
principles to capture, contain, and remove airborne contaminants through high-efficiency
particulate air (HEPA) filtration and to prevent their release into the work environment.
Conventionally manufactured product: A pharmaceutical dosage form, usually the subject of
an FDA-approved application that is manufactured under current good manufacturing practice
conditions. Conventionally manufactured products are not compounded preparations.
Designated person: The compounding facility must designate one or more individuals to be
responsible and accountable for the performance and operation of the facility and personnel in
the preparation of CNSPs.
Disinfectant: A chemical agent used on inanimate surfaces and objects to destroy fungi,
viruses, and bacteria, but not necessarily their spores.
Expiration date: The date until which a conventionally manufactured drug product may be
expected to maintain its labeled identity, strength, purity, and quality, provided that it is kept
under the labeled storage conditions.
Hazardous drug: Any drug identified by at least one of the following six criteria:
carcinogenicity, teratogenicity or developmental toxicity, reproductive toxicity in humans,
organ toxicity at low dose in humans or animals, genotoxicity, or new drugs that mimic existing
hazardous drugs in structure or toxicity. See 〈800〉.
Label: A display of written, printed, or graphic matter on the immediate container of any
article.
Labeling: All labels and other written, printed, or graphic matter that are 1) on any article or
any of its containers or wrappers, or 2) accompanying such an article.
Purified Water: The minimal quality of source water for the production of Purified Water is
drinking water whose attributes are prescribed by the US Environmental Protection Agency
(EPA), the EU, Japan, or the World Health Organization (WHO). This source water may be
purified using unit operations that include deionization, distillation, ion exchange, reverse
osmosis, filtration, or other suitable purification procedures. (See Water for Pharmaceutical
Purposes 〈1231〉, 3. Waters Used for Pharmaceutical Manufacturing and Testing Purposes, 3.1
Bulk Monographed Waters and Steam, 3.1.1 Purified Water.)
Preservative: A substance added to inhibit microbial growth or to prevent decomposition or
undesirable chemical changes up until the BUD.
Quality assurance (QA): A set of written processes that, at a minimum, verifies, monitors,
and reviews the adequacy of the compounding process.
Quality control (QC): The sampling, testing, and documentation of results that, taken
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together, ensure that specifications have been met before release of the CNSP.
Reconstitution: The process of adding a diluent to a powdered medication to prepare a
solution or suspension.
Release testing: Testing or visual inspection performed to ensure that a preparation meets
appropriate quality characteristics.
Sanitizing agent: An agent for reducing, on inanimate surfaces, the number of all forms of
microbial life including fungi, viruses, and bacteria. (See Disinfectants and Antiseptics 〈1072〉.)
Specification: The tests, analytical methods, and acceptance criteria to which an API or other
ingredient, CNSP, component, container–closure system, equipment, or other material used in
compounding CNSPs must conform to be considered acceptable for its intended use.
Stability: The extent to which a CNSP retains physical and chemical properties and
characteristics within specified limits until its BUD.
APPENDIX
Acronyms
API
ASHRE
BUD
CETA
CNSP
COA
CVE
FDA
QA
QC
SDS
SOP

Active pharmaceutical ingredient
American Society of Heating, Refrigerating, and Air-Conditioning Engineers
Beyond-use date
Controlled Environment Testing Association
Compounded nonsterile preparation
Certificate of Analysis
Containment ventilated enclosure
Food and Drug Administration
Quality assurance
Quality control
Safety Data Sheet
Standard operating procedures

1S (USP42)

Recent Official Publications:
USP41–NF36 Page 6546
BRIEFING

〈 1151〉 Pharmaceutical Dosage Forms, page 8648 of the First Supplement to USP 41. This
general information chapter is being revised to provide the following information.
1. Figure 1 is removed and replaced by a list of dosage forms that are recognized in official
article titles. Figure 1 previously provided three tiers including routes of administration,
dosage forms, and release patterns. The proposed listing of dosage forms alone is seen
to put focus on the principal purpose of the chapter. Discussions of routes of
administration and release profiles are retained within the General Considerations
section.
2. Plasters and tapes have been removed from the listing of dosage forms that are
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recognized in official article titles since their use as dosage forms in official article
names is not preferred. From the descriptions given in the body of the chapter, such
products resemble transdermal systems but with a conspicuous difference being that
the action is intended to be local after topical application. Discussions on how to
address these products are ongoing.
The term “dermal” has been removed from use in naming the topical route of
administration. The term “topical” is sufficiently broad for referring to the external
surface of the body.
The discussion of Foams is revised to incorporate information presented in the Stimuli
article, Pharmaceutical Foams, published in PF 43(1) [Jan.–Feb. 2017].
The term “pellets” is no longer preferred in reference to implantable dosage forms. As a
result, the Implants and Pellets sections are revised. In addition, the Pellets section is
revised to recognize their use in veterinary medicine, to remove the size range
previously given, and to provide a concise discussion of this dosage form.
The description of the Preparation of Lozenges is revised to recognize similarity with the
Preparation of chewable Gels.
Rinses are added to the list of dosage forms that are used in official article titles. For
the purposes of the chapter and to avoid redundant text, a rinse can be classified
under Solutions and this is noted.
Cross reference is given within the Powders, Solutions, and Suspensions sections in
recognition of the use of powders as solutions and suspensions for reconstitution.
The continuing revision of the Glossary eliminates the use of the term “attribute” used
in distinction from the term “descriptive term”. Definitions are revised to clearly
distinguish terms that are used in official article titles from terms that are not used or
terms that are merely not preferred.

Additionally, minor editorial changes have been made to update the chapter to current USP
style.
The following Briefing list includes monographs and/or chapters that both reference the
General Chapter under revision and require revision to keep references to the General Chapter
accurate. Other monographs and/or chapters may also be listed, even where the reference to
the General Chapter remains unchanged, as additional notice to stakeholders where there is
believed to be potential for the change in the general chapter itself to affect pass-fail
determinations for particular monograph articles.
Chapter Dependencies (click to expand).
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〈1 〉 INJECTIONS AND IMPLANTED DRUG PRODUCTS
(PARENTERALS)PRODUCT QUALITY TESTS
〈3 〉 TOPICAL AND TRANSDERMAL DRUG
PRODUCTSPRODUCT QUALITY TESTS
〈5 〉 INHALATION AND NASAL DRUG PRODUCTSGENERAL
INFORMATION AND PRODUCT QUALITY TESTS
〈232 〉 ELEMENTAL IMPURITIESLIMITS
〈771 〉 OPHTHALMIC PRODUCTSQUALITY TESTS
〈1059 〉 EXCIPIENT PERFORMANCE
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〈1177 〉 GOOD PACKAGING PRACTICES
Belladonna Tincture
Pow dered Opium

〈2 〉 ORAL DRUG PRODUCTSPRODUCT
QUALITY TESTS
〈4 〉 MUCOSAL DRUG
PRODUCTSPRODUCT QUALITY TESTS
〈51 〉 ANTIMICROBIAL EFFECTIVENESS
TESTING
〈697 〉 CONTAINER CONTENT FOR
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〈795 〉 PHARMACEUTICAL
COMPOUNDINGNONSTERILE
PREPARATIONS
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CHARACTERIZATION
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PHARMACEUTICAL COMPOUNDING
Belladonna Extract
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(GCDF: W. Brown.)
Correspondence Number—C200670
Comment deadline: July 31, 2018

〈 1151〉 PHARMACEUTICAL DOSAGE FORMS
Change to read:
GENERAL CONSIDERATIONS
This chapter provides general descriptions of and definitions for drug products, or dosage
forms, commonly used to administer the drug substance (active pharmaceutical ingredient;
API). It discusses general principles involved in the manufacture or compounding of these
dosage forms. A glossary is provided as a nomenclature resource.
A dosage form is a combination of drug substance(s) and/or excipient(s) to facilitate dosing,
administration, and delivery of the medicine to the patient. The design, materials,
manufacturing, and testing of all dosage forms target drug product quality.1 A testing protocol
must consider not only the physical, chemical, and biological properties of the dosage form as
appropriate, but also the administration route and desired dosing regimen. The interrelationships
of dosage forms and routes of administration have been summarized in the compendial
taxonomy for pharmaceutical dosage forms (see Figure 1).2 The organization of this general
information chapter is mainly focused on the physical attributes of each particular dosage form
(Tier Two), generally without specific reference to the route of administration. Those dosage
form terms with asterisk notation (*) are not preferred and should not be used for new drug
product titles. Information specific to the route of administration is given when needed.
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Figure 1. Compendial taxonomy for pharmaceutical dosage forms.
A dosage form is a pharmaceutical preparation consisting of drug substance(s) and/or
excipient(s) to facilitate dosing, administration, and delivery of the content of the drug product
to the patient. The design, materials, manufacturing, and testing of all dosage forms target
drug product quality. A testing protocol must consider not only the physical, chemical,
microbiological, and biological properties of the dosage form as appropriate, but also the
administration route and desired dosing regimen. These considerations, organized by route of
administration, are detailed in general chapters Injections and Implanted Drug Products
(Parenterals)—Product Quality Tests 〈1〉, Oral Drug Products—Product Quality Tests 〈2〉, Topical
and Transdermal Drug Products—Product Quality Tests 〈3〉, Mucosal Drug Products—Product
Quality Tests 〈4〉, Inhalation and Nasal Drug Products—General Information and Product Quality
Tests 〈5〉, and Ophthalmic Products—Quality Tests 〈771〉.1 The organization of this general
information chapter is by the quality attributes of each particular dosage form, generally
without specific reference to the route of administration. The list below provides those dosage
forms used in official article titles. The Glossary contains other terms that have been used in
current official article titles but are not preferred and should not be used for new drug product
titles.
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Official Dosage Forms Used in Official Article Titles
Aerosols
Injections
Rinses
Capsules
Inserts
Shampoos
Creams
Irrigations
Soaps
Emulsions
Liquids
Solutions
Films
Lotions
Sprays
Foams
Lozenges
Strips
Gases
Ointments
Suppositories
Gels
Pastes
Suspensions
Granules
Pellets
Systems
Gums
Pills
Tablets
Implants
Powders
1S (USP42)

Tests to ensure compliance with USP standards for dosage form performance fall into one of
the following areas.
Dose Uniformity
(See also Uniformity of Dosage Units 〈905〉.) Consistency in dosing for a patient or consumer
requires that the variation in the drug substance content of each dosage unit be accurately
controlled throughout the manufactured batch or compounded lot of drug product. Uniformity of
dosage units typically is demonstrated by one of two procedures: content uniformity or weight
variation. The procedure for content uniformity requires the appropriate assay of the drug
substance content of individual units. The procedure for weight variation uses the weight of
the individual units to estimate their content. Weight variation may be used where the
underlying distribution of the drug substance in the blend is presumed to be uniform and wellcontrolled, as in solutions. In such cases, the content of the drug substance may be
adequately estimated by the net weight. Content uniformity does not rely on the assumption of
blend uniformity and can be applied in all cases. Successful development and manufacture of
dosage forms requires careful evaluation of the drug substance particle or droplet size,
incorporation techniques, and excipient properties.
Stability
Drug product stability involves the evaluation of chemical stability, physical stability, and
performance over time. The chemical stability of the drug substance in the dosage form matrix
must support the expiration dating for the commercially prepared dosage forms and a beyonduse date for a compounded dosage form. Test procedures for potency must be stability
indicating (see Validation of Compendial Procedures 〈1225〉). Degradation products should be
quantified. In the case of dispersed or emulsified systems, consideration must be given to the
potential for settling or separation of the formulation components. Any physical changes to the
dosage form must be easily reversed (e.g., by shaking) prior to dosing or administration. For
tablets, capsules, oral suspensions, and implants, in vitro release test procedures such as
dissolution and disintegration provide a measure of continuing consistency in performance over
time (see Dissolution 〈711〉, Disintegration 〈701〉, and Drug Release 〈724〉).
Bioavailability
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(See also In Vitro and In Vivo Evaluation of Dosage Forms 〈1088〉 and Assessment of Drug
Product Performance—Bioavailability, Bioequivalence, and Dissolution 〈1090〉.) Bioavailability is
influenced by factors such as the method of manufacture or compounding, particle size, crystal
form (polymorph) of the drug substance, the properties of the excipients used to formulate the
dosage form, and physical changes as the drug product ages. Assurance of consistency in
bioavailability over time (bioequivalence) requires close attention to all aspects of the
production (or compounding) and testing of the dosage form. With proper justification, in vitro
release testing (e.g., disintegration and dissolution) may be used as a surrogate to
demonstrate consistent availability of the drug substance from the formulated dosage.
Release Profile
Two principal categories of drug release are recognized: immediate-release and modifiedrelease.
“Immediate-release” is observed when no deliberate effort has been made to modify the drug
substance release profile. For example, capsules and tablets are considered immediate-release
even if a disintegrating agent or a lubricant has been used.
“Modified-release” is a term used when the rate and/or time of release of the drug substance
is altered as compared to what would be observed or anticipated for an immediate-release
product. Two modified-release profiles, delayed-release and extended-release, are recognized.
The term “modified-release” is not used for official article titles.
“Delayed-release” is used when deliberate formulation achieves a delay in the release of the
drug substance for some period of time after initial administration. For oral products,
expressions such as “enteric-coated” or “gastro-resistant” have also been used where release
of the drug substance is prevented in the gastric environment but promoted in the intestinal
environment. However, the term “delayed-release” is used for official article titles.
“Extended-release” is used when the deliberate formulation achieves prolongation of drug
substance release compared to that observed or anticipated for an immediate-release dosage
form. Expressions such as “prolonged-release”, “repeat-action”, “controlled-release”, “longacting”, and “sustained-release” have also been used to describe such dosage forms. However,
the term “extended-release” is used for official article titles.
The Nomenclature Guidelines2 should be consulted for naming conventions for products with
a single drug substance or for products with a combination of more than one drug substance
displaying the combination of release profiles of immediate-release and extended-release,
immediate-release and delayed-release, or extended-release and delayed-release. 1S (USP41)
Manufacture
Although detailed instructions about the manufacture of any of these dosage forms are
beyond the scope of this general information chapter, general manufacturing principles have
been included.3 Information relative to extemporaneous compounding of dosage forms can be
found in Pharmaceutical Compounding—Nonsterile Preparations 〈795〉 and Pharmaceutical
Compounding—Sterile Preparations 〈797〉.
Route of Administration
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The primary routes of administration for pharmaceutical dosage forms can be defined as
parenteral (see 〈1〉), gastrointestinal (see 〈2〉), topical/dermal
1S (USP42)

(see 〈3〉), mucosal and
(see 〈4〉), 1S (USP42)
inhalation (see 〈5〉),
and ophthalmic (see 〈771〉). 1S (USP42)
Each has subcategories as needed. Many tests used to ensure quality generally are applied
across all of the administration routes, but some tests are specific for individual routes. For
example, products intended for injection must be evaluated using Sterility Tests 〈71〉, Bacterial
Endotoxins Test 〈85〉, or Pyrogen Test 〈151〉, and the manufacturing process (and sterilization
technique) employed for parenterals (by injection) should ensure compliance with these tests.
Tests for particulate matter may be required for certain dosage forms depending on the route
of administration (e.g., by injection—Particulate Matter in Injections 〈788〉, or mucosal
—Particulate Matter in Ophthalmic Solutions 〈789〉). Additionally, dosage forms intended for the
inhalation route of administration must be monitored for particle size and spray pattern (for a
metered-dose inhaler or dry powder inhaler) and droplet size (for nasal sprays). Further
information regarding administration routes and suggested testing can be found in the Guide to
General Chapters, Chapter Charts, Charts 4–8, 10, and 13.
An appropriate manufacturing process and testing regimen helps ensure that a dosage form
can meet the appropriate quality attributes for the intended route of administration.
Packaging and Storage
Suitable packaging is determined for each product. For additional information about meeting
packaging requirements listed in the individual labeling, refer to Packaging and Storage
Requirements 〈659〉, Containers—Performance Testing 〈671〉, Good Packaging Practices 〈1177〉,
and Good Repackaging Practices 〈1178〉. Product labeling must specify storage requirements
that describe environmental conditions, limitations, and restrictions. For instance, exposure to
excessive temperature, humidity, and light can influence the ability of the packaging to protect
the product.
Labeling Statements
Some dosage forms or articles have mandatory labeling statements that are given in the Code
of Federal Regulations (e.g., 21 CFR §201.320 and 21 CFR §369.21). The text of 21 CFR should
be consulted to determine the current recommendations.
Change to read:
PRODUCT QUALITY TESTS, GENERAL
International Council for Harmonisation (ICH) Guidance Q6A (available at www.ich.org)
recommends specifications (list of tests, references to analytical procedures, and acceptance
criteria) to ensure that drug products are safe and effective at the time of release and over
their shelf life. Tests that are universally applied to ensure safety, efficacy, strength, quality,
and purity include description, identification, assay, and impurities.

PF 44(3): May.-Jun. 2018

82

Description
The Definition section (see General Notices, 4.10 Monographs) (CN 1-May-2018) in a USP
monograph describes the drug product and specifies the range of acceptable assayed content
of the drug substance(s) present in the dosage form. For certain products, the Definition
includes any relevant additional information, such as the presence or absence of other
components, excipients, or adjuvants, cautionary statements on toxicity and stability, etc.
While appearance information to aid in identification is used in a regulatory submission (e.g., a
qualitative description of size, shape, color, etc.) it is typically not required as part of a USP
monograph. This information is drug product specific.
Identification
Identification tests are discussed in General Notices, 5.40 Identification. (CN 1-May-2018)
Identification tests should establish the identity of the drug substance(s) present in the drug
product and should discriminate between compounds of closely related structure that are likely
to be present. Identification tests should be specific for the drug substance(s). For example,
the infrared absorption spectrum is often used (see Mid-Infrared Spectroscopy 〈854〉 and
Spectrophotometric Identification Tests 〈197〉). If no suitable infrared spectrum can be
obtained, other analytical methods can be used. Near-infrared (NIR) or Raman
spectrophotometric methods could also be acceptable as the sole identification method of the
drug product formulation (see Near-Infrared Spectroscopy 〈1119〉 and Raman Spectroscopy
〈1120〉). Identification by a chromatographic retention time from a single procedure is not
regarded as specific. The use of retention times from two chromatographic procedures for
which the separation is based on different principles or a combination of tests in a single
procedure can be acceptable (see Chromatography 〈621〉 and Thin-Layer Chromatographic
Identification Test 〈201〉).
Assay
A specific and stability-indicating test should be used to determine the strength (drug
substance content) of the drug product. Some examples of these procedures are Antibiotics—
Microbial Assays 〈81〉, 〈621〉, or Assay for Steroids 〈351〉. In cases when the use of a nonspecific
assay is justified (e.g., Titrimetry 〈541〉), other supporting analytical procedures should be used
to achieve specificity. When evidence of excipient interference with a nonspecific assay exists,
a procedure with demonstrated specificity should be used.
Impurities
Process impurities, synthetic byproducts, and other inorganic and organic impurities may be
present in the drug substance and excipients used in the manufacture of the drug product.
These impurities are evaluated by tests in the drug substance and excipients monographs.
Impurities arising from degradation of the drug substance or from the drug-product
manufacturing process should be monitored. Residual Solvents 〈467〉 is applied to all products
where relevant.
In some cases, testing for heavy metal impurities is appropriate.

(O fficial 1-Jan-2018)

In addition to the universal tests listed, the following tests may be considered on a case-bycase basis.
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Physicochemical Properties
Examples include pH 〈791〉, Viscosity—Capillary Methods 〈911〉 or Viscosity—Rotational
Methods 〈912〉, and Specific Gravity 〈841〉.
Particle Size
For some dosage forms, particle size can have a significant effect on dissolution rates,
bioavailability, therapeutic outcome, and stability. Procedures such as those found in Inhalation
and Nasal Drug Products: Aerosols, Sprays, and Powders—Performance Quality Tests 〈601〉 and
Particle Size Distribution Estimation by Analytical Sieving 〈786〉 could be used.
Uniformity of Dosage Units
See the discussion of Dose Uniformity in the General Considerations section.
Water Content
A test for water content is included when appropriate (see Water Determination 〈921〉).
Microbial Limits
The type of microbial test(s) and acceptance criteria are based on the nature of the
nonsterile drug product, method of manufacture, and the route of administration (see Microbial
Enumeration Tests 〈61〉, Tests for Specified Microorganisms 〈62〉, and Microbiological
Examination of Nonsterile Products: Acceptance Criteria for Pharmaceutical Preparations and
Substances for Pharmaceutical Use 〈1111〉).
Antimicrobial Preservative Content
Acceptance criteria for preservative content in multidose products should be established.
They are based on the levels of antimicrobial preservative necessary to maintain the product’s
microbiological quality at all stages throughout its proposed usage and shelf life (see
Antimicrobial Effectiveness Testing 〈51〉).
Antioxidant Content
If antioxidants are present in the drug product, tests of their content should be performed to
maintain the product’s quality at all stages throughout its proposed usage and shelf life.
Sterility
Depending on the route of administration (e.g., ophthalmic preparations, implants, aqueousbased preparations for oral inhalation, and injections) sterility of the product is demonstrated
as appropriate (see 〈71〉).
Dissolution
A test to measure the release of the drug substance(s) from the drug product normally is
included for dosage forms such as tablets, capsules, suspensions, granules for suspensions,
implants, transdermal delivery systems, and medicated chewing gums. Single-point
measurements typically are used for immediate-release dosage forms. For modified-release
dosage forms, appropriate test conditions and sampling procedures are established as needed
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(see 〈711〉 and 〈724〉). In some cases, dissolution testing may be replaced by disintegration
testing (see 〈701〉).
Breaking Force and Friability
These parameters are evaluated as in-process controls. Acceptance criteria depend on
packaging, supply chain, and intended use (see Tablet Friability 〈1216〉 and Tablet Breaking
Force 〈1217〉).
Leachables
When evidence exists that leachables from the container–closure systems (e.g., rubber
stopper, cap liner, or plastic bottle) have an impact on the safety or efficacy of the drug
product, a test is included to evaluate the presence of leachables.
Other Tests
Depending on the type and composition of the dosage form, other tests such as alcohol
content, redispersibility, particle size distribution, rheological properties, reconstitution time,
endotoxins/pyrogens, particulate matter, functionality testing of delivery systems, delivered
dose uniformity, viscosity, and osmolarity may be necessary.
Change to read:
DOSAGE FORMS
Aerosols
Aerosols are dosage forms packaged under pressure and contain therapeutic agent(s) and a
propellant that are released upon actuation of an appropriate valve system. Upon actuation of
the valve system, the drug substance is released as a plume of fine particles or droplets. Only
one dose is released from the preparation upon actuation of a metered valve. In the case of
topical products and depending on the nature of the drug substance and the conditions being
treated, actuation of the valve may result in a metered release of a controlled amount of the
formulation or the continuous release of the formulation as long as the valve is depressed.
The aerosol dosage form refers only to those products packaged under pressure that release
a fine mist of particles or droplets when actuated (see Glossary). Other products that produce
dispersions of fine droplets or particles will be covered in subsequent sections (e.g., Powders
and Sprays).
TYPICAL COMPONENTS
Typical components of aerosols are the formulation containing one or more drug substance(s)
and propellant, the container, the valve, and the actuator. Each component plays a role in
determining various characteristics of the emitted plume, such as droplet or particle size
distribution, uniformity of delivery of the therapeutic agent, delivery rate, and plume velocity
and geometry. The metering valve and actuator act in tandem to generate the plume of
droplets or particles. The metering valve delivers an accurate volume of the pressurized liquid
formulation from the container. The actuator directs the metered volume to a small orifice that
is open to the atmosphere. Upon actuation, the formulation is forced through the opening,
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forming the fine mist of particles that are directed to the site of administration.
Aerosol preparations may consist of either a two-phase (gas and liquid) or a three-phase
(gas, liquid, and solid or liquid) formulation. The two-phase formulation consists of drug
substance(s) dissolved in liquefied propellant. Co-solvents such as alcohol may be added to
enhance the solubility of the drug substance(s). Three-phase inhalation and nasal aerosol
systems consist of suspended drug substance(s) in propellant(s), co-solvents, and potentially
other suitable excipients. The suspension or emulsion of the finely divided drug substance is
typically dispersed in the liquid propellant with the aid of suitable biocompatible surfactants or
other excipients.
Propellants for aerosol formulations are typically low molecular weight hydrofluorocarbons or
hydrocarbons that are liquid when constrained in the container, exhibit a suitable vapor
pressure at room temperature, and are biocompatible and nonirritating. Compressed gases do
not supply a constant pressure over use and typically are not used as propellants.
Metal containers can withstand the vapor pressure produced by the propellant. Excess
formulation may be added to the container to ensure that the full number of labeled doses can
be accurately administered. The container and closure must be able to withstand the pressures
anticipated under normal use conditions as well as when the system is exposed to elevated
temperatures.
TYPES OF AEROSOL DOSAGE FORMS
Aerosol dosage forms can be delivered via various routes. The container, actuator, and
metering valve, as well as the formulation, are designed to target the site of administration.
Inhalation aerosols, commonly known as metered-dose inhalers (MDIs), are intended to
produce fine particles or droplets for inhalation through the mouth and deposition in the
pulmonary tree. The design of the delivery system is intended to release measured mass and
appropriate quality of the active substance with each actuation.
Nasal aerosols, commonly known as nasal MDIs, produce fine particles or droplets for delivery
through the nasal vestibule and deposition in the nasal cavity. Each actuation of the valve
releases a measured mass of the drug substance with appropriate quality characteristics.
Lingual aerosols are intended to produce fine particles or droplets for deposition on the
surface of the tongue. The design of the delivery system releases one dose with each
actuation.
Topical aerosols produce fine particles or droplets for application to the skin.
LABELING FOR PROPER USE
Refer to 21 CFR §201.320 and 21 CFR §369.21.
Capsules
Capsules are solid dosage forms in which the drug substance and/or excipients are enclosed
within a soluble container or shell or coated on the capsule shell. The shells may be composed
of two pieces (a body and a cap), or they may be composed of a single piece. Two-piece
capsules are commonly referred to as hard-shell capsules, and one-piece capsules are often
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referred to as soft-shell capsules. This two-piece and one-piece capsule distinction, although
imprecise, reflects differing levels of plasticizers in the two compositions and the fact that onepiece capsules typically are more pliable than two-piece capsules.
The shells of capsules are usually made from gelatin. However, they may also be made from
cellulose polymers or other suitable material. Most capsules are designed for oral administration.
When no deliberate effort has been made to modify the drug substance release rate, capsules
are referred to as immediate-release.
TWO-PIECE OR HARD-SHELL CAPSULES
Two-piece capsules consist of two telescoping cap and body pieces in a range of standard
sizes.
ONE-PIECE OR SOFT-SHELL CAPSULES
One-piece capsules typically are used to deliver a drug substance as a solution or
suspension. Liquid formulations placed into one-piece capsules may offer advantages by
comparison with dry-filled capsules and tablets in achieving content uniformity of potent drug
substance(s) or acceptable dissolution of drug substance(s) with poor aqueous solubility.
Because the contact between the shell wall and its liquid contents is more intimate than in dryfilled capsules, undesired interactions may be more likely to occur (including gelatin crosslinking
and pellicle formation).
MODIFIED-RELEASE CAPSULES
The release of drug substance(s) from capsules can be modified in several ways. There are
two categories of modified-release capsule formulations recognized by USP.
Delayed-release capsules: Capsules are sometimes formulated to include enteric-coated
granules to protect acid-labile drug substances from the gastric environment or to prevent
adverse events such as irritation. Enteric-coated multiparticulate capsule dosage forms may
reduce variability in bioavailability associated with gastric emptying times for larger particles
(i.e., tablets) and to minimize the likelihood of a therapeutic failure when coating defects occur
during manufacturing. Alternatively, a coating may be applied to the capsule shell to achieve
delayed release of the contents.
Extended-release capsules: Extended-release capsules are formulated in such a manner as
to make the contained drug substance available over an extended period of time following
ingestion.
1S (USP41) Requirements for dissolution (see 〈711〉) are typically specified in the
individual monograph.
Methods for modifying drug substance release from capsules include coating the filled capsule
shells or the contents, in the case of dry-filled capsules.
PREPARATION
Two-piece capsules: Two-piece gelatin capsules are usually formed from blends of gelatins
that have relatively high gel strength in order to optimize shell clarity and toughness or from
hypromellose. They may also contain colorants such as Drug & Cosmetic (D&C) and Food, Drug,
& Cosmetic (FD&C) dyes4 or various pigments, opaquing agents such as titanium dioxide,
dispersing agents, plasticizers, and preservatives. Gelatin capsule shells normally contain
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between 12% and 16% water.
The shells are manufactured in one set of operations and later filled in a separate
manufacturing process. Two-piece shell capsules are made by a process that involves dipping
shaped pins into gelatin or hypromellose solutions, followed by drying, cutting, and joining
steps.
Powder formulations for two-piece gelatin capsules generally consist of the drug substance
and at least one excipient. Both the formulation and the method of filling can affect release of
the drug substance. In the filling operation, the body and cap of the shell are separated before
filling. Following the filling operation, the machinery rejoins the body and cap and ensures
satisfactory closure of the capsule by exerting appropriate force on the two pieces. The joined
capsules can be sealed after filling by a band at the joint of the body and cap or by a designed
locking joint between the cap and body. In compounding prescription practice, two-piece
capsules may be hand-filled. This permits the prescriber the choice of selecting either a single
drug substance or a combination of drug substances at the exact dose level considered best
for an individual patient.
One-piece capsules: One-piece capsules are formed, filled, and sealed in a single process on
the same machine and are available in a wide variety of sizes, shapes, and colors. The most
common type of one-piece capsule is that produced by a rotary die process that results in a
capsule with a seam. The soft gelatin shell is somewhat thicker than that of two-piece
capsules and is plasticized by the addition of polyols such as glycerin, sorbitol, or other suitable
materials. The ratio of the plasticizer to the gelatin can be varied to change the flexibility of
the shell depending on the nature of the fill material, its intended usage, or environmental
conditions.
In most cases, one-piece capsules are filled with liquids. Typically, drug substances are
dissolved or suspended in a liquid vehicle. Classically, an oleaginous vehicle such as a vegetable
oil was used. However, nonaqueous, water-miscible liquid vehicles such as the lower molecular
weight polyethylene glycols are now more common. The physicochemical properties of the
vehicle can be chosen to ensure stability of the drug substance as well as to influence the
release profile from the capsule shell.
Creams
(See Emulsions.)
Emulsions
An emulsion is a dispersed colloidal system consisting of two immiscible liquid phases generally
stabilized with one or more suitable agents.
Typical pharmaceutical emulsions are prepared from immiscible aqueous and organic (oil)
liquids. Complex multiple-phase systems may exist in an emulsion. Whether the organic or the
aqueous phase is the dispersed phase depends on the volumes of the two phases, the
emulsifier chosen, and the method of preparation. When an oil phase is dispersed in an aqueous
phase, the emulsion is termed an oil-in-water (O/W) emulsion and water is referred to as the
continuous phase. When water is dispersed in oil, the emulsion is referred to as a water-in-oil
(W/O) emulsion. Emulsions have dispersed phases typically ranging from 0.1 to 100 µm.
Emulsions are opaque while microemulsions are usually transparent or translucent.
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Microemulsions have dispersed phases less than 0.1 µm.
Emulsions may exhibit three types of instability: flocculation, creaming, and coalescence.
Flocculation describes the process by which the dispersed phase comes out of suspension in
the form of flakes. Coalescence is another form of instability—small droplets within the media
continuously combine to form progressively larger droplets. Emulsions can also undergo
creaming, where one of the phases migrates to the top (or the bottom, depending on the
relative densities of the two phases) of the emulsion. To prevent flocculation, creaming, and
coalescence of the emulsions, manufacturers commonly add surfactants, pH-modifying agents,
or emulsifying agents to increase the stability of emulsions so that the emulsion does not
change significantly with time.
Emulsions are widely used as pharmaceutical dosage forms. Oral emulsions have been
prepared to improve taste, solubility, stability, or bioavailability. Emulsions for topical
administration are referred to as creams, lotions, and sometimes ointments. Parenteral
emulsions have been used for anesthetics, parenteral nutrition, and to deliver poorly watersoluble drugs.
CREAMS
Creams are semisolid emulsion dosage forms. They often contain more than 20% water and
volatiles, and/or typically contain less than 50% hydrocarbons, waxes, or polyols as the vehicle
for the drug substance. Creams are generally intended for external application to the skin or to
the mucous membranes. Creams have a relatively soft, spreadable consistency and can be
formulated as either a W/O emulsion (e.g., Cold Cream or Fatty Cream as in the European
Pharmacopoeia) or as an oil-in-water emulsion (e.g., Betamethasone Valerate Cream). Creams
are generally described as either nonwashable or washable, reflecting the fact that an emulsion
with an aqueous external continuous phase is more easily removed than one with a nonaqueous
external phase (W/O emulsion).
LOTIONS
Lotions are an emulsified liquid dosage form intended for external application to the skin.
Historically, some topical suspensions such as calamine lotion have been called lotions but that
nomenclature is not currently preferred. Lotions share many characteristics with creams. The
distinguishing factor is that they are more fluid than semisolid and thus pourable. Due to their
fluid character, lotions are more easily applied to large skin surfaces than semisolid
preparations. Lotions may contain antimicrobial agents as preservatives.
INJECTABLE EMULSIONS
Injectable emulsions are sterile liquid dosage forms of drug substances dissolved or dispersed
in a suitable emulsion medium. Injectable emulsions are for parenteral administration of poorly
water-soluble drugs.
OINTMENTS
Ointments are sometimes semisolid emulsion dosage forms (see Dosage Forms, Ointments).
PREPARATION
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Chapter 〈795〉 provides general information regarding the preparation of emulsions.
Creams: Creams may be formulated from a variety of oils, both mineral and vegetable, and
from fatty alcohols, fatty acids, and fatty esters. Emulsifying agents include nonionic
surfactants, detergents, and soaps. Soaps are usually formed in situ during the preparation of
creams from a fatty acid in the oil phase hydrolyzed by a base dissolved in the aqueous phase.
Preparation usually involves separating the formula components into two portions: lipid and
aqueous. The lipid portion contains all water-insoluble components and the aqueous portion
contains the water-soluble components. Both phases are heated to a temperature above the
melting point of the highest melting component. The phases are then mixed and the mixture is
stirred until reaching ambient temperature or until the mixture has congealed. Mixing is generally
continued during the cooling process to promote uniformity. Traditionally, the aqueous phase is
added to the lipid phase, but comparable results have been obtained with the reverse
procedure. High-shear homogenization may be employed to reduce particle or droplet size and
to improve the physical stability of the resultant dosage form.
The drug substance(s) can be added to the phase in which it is soluble at the beginning of
the manufacturing process, or it can be added after the cream is prepared by a suitable
dispersion process such as levigation or milling with a roller mill. Creams usually require the
addition of a preservative(s) unless they are compounded immediately prior to use and intended
to be consumed in a relatively short period of time.
Lotions: Lotions are usually prepared by dissolving or dispersing the drug substance into the
more appropriate phase (oil or water), adding the appropriate emulsifying or suspending agents,
and mixing the oil and water phases to form a uniform fluid emulsion.
Injectable emulsions: Chapter 〈1〉 provides guidance on sterile preparations. Emulsions
intended for parenteral administration can be formulated using the same principles as creams
and lotions. The formulation should be designed for ease of administration. The particle size of
the dispersed phase can vary by route of administration. For example, emulsions intended for
intravenous administration should comply with Globule Size Distribution in Lipid Injectable
Emulsions 〈729〉. The procedure to assure sterility should be validated by media fills.
Preservatives are generally not used in injectable emulsions.
Ointments: (See Dosage Forms, Ointments.)
Films
Films are thin sheets that are placed in the oral cavity. They contain one or more layers. A
layer may or may not contain the drug substance. Typically, these thin sheets are formed by
casting or extrusion that results in a dispersion of the components through the film. Films are
classified by the site of application. “Oral films” can be formulated to deliver medication to the
mouth such as oral hygiene products or to deliver medication to the gastrointestinal tract for
absorption. “Buccal films” and “sublingual films” are formulated to facilitate absorption through
the proximal mucosal membranes avoiding first pass metabolism or degradation in the
gastrointestinal tract and providing a quick onset of action.
Films can be formulated with edible polymers such as pullulan or with water-soluble polymers
such as modified cellulose, edible gums, and copolymers. The dissolution rate of the film is
controlled to facilitate incorporation of the medication into saliva or for absorption by the
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proximal mucosa. These films must be substantial enough to maintain their integrity during
manufacture and packaging, and permit handling by the patient. Because of the rapid
dissolution, taste and mouth feel are important considerations.
Foams
Foams are preparations that comprise gas bubbles distributed in a liquid. The liquid contains
the drug substance and suitable excipients. Medicated foams may be packaged in pressurized
containers or in other special dispensing devices. For medicated foams dispensed from
nonpressurized containers, the use of mechanical force is required to generate the foam. Foams
are intended for application to the skin or mucous membranes. The medicated foam is formed at
the time of application. Surfactants are used to ensure the distribution of the gas in the liquid
and to stabilize the foam. Medicated foams have a semisolid consistency and can be formulated
to quickly break down into liquid or to remain as foam to ensure prolonged contact.
Foams are dispersions of gas in a liquid or solid continuous phase wherein the liquid or solid
contains the drug substance and suitable excipients. Typical excipients intended for foam
dosage forms include surfactants to ensure distribution of the gas/propellant in the formulation,
aqueous or nonaqueous vehicles, and propellants (for pressurized systems). Foams are
produced by mechanical means or via interaction of propellant gas and the formulation under
pressure. Foams dispensed from nonpressurized containers use mechanical force to mix the
formulation and air resulting in foam generation. Foams dispensed from pressurized containers
use the propellant present in the gas phase to increase pressure inside the container. When
the nozzle of the actuator is opened, the liquid phase is pushed out through specific actuators
resulting in foam generation. 1S (USP42)
Medicated foams intended to treat severely injured skin or open wounds must be sterile.
PREPARATION
A foam may contain one or more drug substances, surfactants, and aqueous or nonaqueous
liquids, and is produced with or without the aid of propellants. When a propellant is not used,
mechanical work is required to generate the foam. If the propellant is in the internal
(discontinuous) phase, a stable foam is discharged. If the propellant is in the external
(continuous) phase, a quick-breaking foam is discharged. Quick-breaking foams formulated with
alcohol create a cooling sensation after application to the skin and may have antimicrobial
properties.
1S (USP42)

Gases
Medical gases are products that are administered directly as a gas. A medical gas has a
direct pharmacological action or acts as a diluent for another medical gas. Gases used as
excipients for administration of aerosol products, as adjuvants in packaging, or produced by
other dosage forms, are not included in this definition.
COMPONENTS
Medical gases may be single components or defined mixtures of components. Mixtures can
also be extemporaneously prepared at the point of use.
ADMINISTRATION
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Medical gases may be administered to the patient using several methods: nasal cannulas,
face masks, atmospheric tents, and endotracheal tubes for the pulmonary route; hyperbaric
chambers for the pulmonary and dermal
topical 1S (USP42)
routes of administration; jetted tubes that are directed at dental tissue to promote drying in
preparation for fillings and crowns; tubes for expanding the intestines to facilitate medical
imaging during colonoscopy; tubes for expanding the pelvis via transuterine inflation in
preparation for fallopian tubal ligation; and tubes for expanding angioplasty devices. The dose
of medical gas is typically metered by a volume rate of flow under ambient temperature and
pressure conditions. Administration of a highly compressed gas generally requires a regulator to
decrease the pressure, a variable-volume flow controller, and suitable tubing to conduct the
gas to the patient. For pulmonary administration, the gas flow will be directed to the nose or
mouth by a suitable device or into the trachea through a mechanical ventilator. When medical
gases are administered chronically, provision for humidification is common. Care should be
exercised to avoid microbial contamination.
SPECIAL CONSIDERATIONS
The container and system fittings should be appropriate for the medical gas. Adaptors should
not be used to connect containers to patient-use supply system piping or equipment. Large
quantities of gases such as oxygen or nitrogen can be stored in the liquid state in a cryogenic
container and converted into a gas, as needed, by evaporation. Additional rules concerning the
construction and use of cryogenic containers are promulgated by governmental agencies (e.g.,
U.S. Department of Commerce).
Containers, tubing, and administration masks employed for gases containing oxygen are free
of any compound that would be sensitive to oxidation or that would be irritating to the
respiratory tract.
A significant fraction of the dose of a medical gas may be released into the general vicinity of
the patient due to incomplete absorption. Adequate ventilation may be necessary to protect
health care workers and others from exposure to the gas (e.g., nitrous oxide).
Gels
A gel is solid or semisolid. Gels can be classified in two groups, chemical and physical gels.
Chemical gels are usually covalently crosslinked gels, while physical gels consist of small
molecules or molecular chains that are physically crosslinked into networks, solutions, or
colloidal dispersions that are stiffened by a gelling agent. Typically, gels hold their form being
self-supporting. Some gels may exhibit a range of behavior under mechanical forces. Gels may
be thixotropic, forming semisolids on standing and becoming less viscous on agitation. Like
emulsions, gels can be characterized as having a continuous phase as well as a dispersed
phase. A variety of routes are available for gel administration such as topical, mucosal, or oral.
In veterinary medicine, gels can also be administered via mammary infusion.
Gels may consist of a network of small discrete particles (e.g., Aluminum Hydroxide Gel,
Bentonite Magma, or Psyllium Hemicellulose). As these gels may be thixotropic, forming
semisolids on standing and becoming less viscous on agitation, they should be shaken before
use to ensure homogeneity and should be so labeled.
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Gels can consist of organic macromolecules uniformly distributed throughout a liquid in such a
manner that no apparent boundaries exist between the dispersed macromolecules and the liquid
continuous phase. These gels may be made from natural or synthetic macromolecules (e.g.,
carbomer, hypromellose, or starch) or natural gums (e.g., tragacanth). Although these gels are
commonly aqueous based, alcohols and oils may be used as the continuous phase.
Chewable gels are used to deliver drug substances or dietary supplements via the oral route.
Chewable gels can consist of all or some of the following components—gelling agent(s), sugars,
water, sweeteners, and flavoring agents. The sweeteners and flavoring are intended to
enhance patient acceptance and mask the taste of the delivered labeled drug substance or
dietary supplement. Chewable gels maintain their molded shape, are elastic, and yield to
mastication. They are intended to be chewed before swallowing. Chewable gels are also known
as “gummies” in the confectionary and dietary supplement industries but that term is not used
in official article titles. 1S (USP41)
PREPARATION
Gels may be formed by dispersing the gelling agent in the continuous phase (e.g., by
heating starch), by crosslinking the dispersed phase (gelling agent), by changing the pH (as for
Carbomer Copolymer), or by reducing the continuous phase by heat or vacuum (as for gels
formed with sucrose).
Care should be taken to ensure uniformity of the drug substances by dispersing them by
vigorous mixing or milling, or by shaking if the preparation is less viscous.
Chewable gels are formulated with one or more gelling agents (such as gelatin or starch),
sugars (such as sucrose,
fructose, 1S (USP42)
or corn syrup), flavoring agents, sweeteners, colorants, and water. The ingredients are blended
and heated to form a viscous solution that is poured into molds (e.g., corn starch molds). After
cooling, the individual units are separated from the molds. 1S (USP41)
Granules
Granules are solid dosage forms that are composed of agglomerations of smaller particles.
These multicomponent compositions are prepared for oral administration and are used to
facilitate flexible dosing regimens as granules or as suspensions, address stability challenges,
allow taste masking, or facilitate flexibility in administration (for instance, to pediatric patients,
geriatric patients, or animals). Granular dosage forms may be formulated for direct oral
administration and may facilitate compounding of multiple drug substances by allowing
compounding pharmacists to blend various granular compositions in the retail or hospital
pharmacy. More commonly, granules are reconstituted to a suspension by the addition of water
or a supplied liquid diluent immediately prior to delivery to the patient. Effervescent granules
are formulated to liberate gas (carbon dioxide) upon addition of water. Common examples of
effervescent granules include antacid and potassium supplementation preparations. Common
therapeutic classes formulated as granule dosage forms include antibiotics, certain laxatives
(such as senna extract products), electrolytes, and various cough and cold remedies that
contain multiple drug substances.
PREPARATION
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Granules are often the precursors used in tablet compression or capsule filling. Although this
application represents a pharmaceutical intermediate and not a final dosage form, numerous
commercial products are based on granules. In the typical manufacture of granules, the drug
substance(s) is blended with excipients (processing aids) and wetted with an appropriate
pharmaceutical binding solution, solvent, or blend of solvents to promote agglomeration. This
composition is dried and sized to yield the desired material properties.
Frequently, granules are used because the drug substance is unstable in aqueous
environments and cannot be exposed to water for periods sufficient to accommodate
manufacture, storage, and distribution in a suspension. Preparation of the liquid dosage form
from the granules immediately prior to dispensing allows acceptable stability for the duration of
use. Granules manufactured for this purpose are packaged in quantities sufficient for a limited
time period—usually one course of therapy that typically does not exceed 2 weeks. In addition
to the drug substances, other ingredients may be added to ensure acceptable stability (e.g.,
buffers, antioxidants, or chelating agents) or to provide color, sweetness, and flavor; and for
suspensions, to provide acceptable viscosity to ensure adequate suspension of the particulate
to enable uniform dosing.
Effervescent granules are typically formulated from sodium or potassium bicarbonate and an
acid such as citric or tartaric acid. To prevent untimely generation of carbon dioxide,
manufacturers should take special precautions to limit residual water in the product due to
manufacture and to select packaging that protects the product from moisture. The
manufacture of effervescent granules can require specialized facilities designed to maintain
very low humidity (approximately 10% relative humidity). Effervescent powder mixtures are
purposely formed into relatively course granules to reduce the rate of dissolution and provide a
more controlled effervescence.
Reconstitution of granules must ensure complete wetting of all ingredients and sufficient time
and agitation to allow the soluble components to dissolve. Specific instructions for
reconstitution provided by the manufacturer should be carefully followed.
Reconstituted suspensions should be thoroughly mixed or shaken before use to resuspend the
dispersed particulates. This is especially true of suspension preparations dosed from multipledose containers. For particularly viscous suspensions prone to air entrapment, instructions may
advise the user how to shake the preparation to resuspend settled particulates while minimizing
air entrapment.
For granules reconstituted to form suspensions for oral administration, acceptable suspension
of the particulate phase depends on the particle size of the dispersed phase as well as the
viscosity of the vehicle. Temperature can influence the viscosity, which influences suspension
properties and the ease of removal of the dose from the bottles. In addition, temperature
cycling can lead to changes in the particle size of the dispersed phase via Ostwald ripening.
Thus, clear instructions should be provided regarding the appropriate storage temperature for
the product.
Gums
Medicated gum is a pliable dosage form that is designed to be chewed rather than swallowed.
Medicated gums release the drug substance(s) into the saliva. Medicated gums can deliver
therapeutic agents for local action in the mouth or for systemic absorption via the buccal or
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gastrointestinal routes (e.g., nicotine or aspirin). Most gums are manufactured using the
conventional melting process derived from the confectionary industry or alternatively may be
directly compressed from gum powder. Medicated gums are formulated from insoluble synthetic
gum bases such as polyisoprene, polyisobutylene, isobutyleneisoprene copolymer, styrene
butadiene rubber, polyvinyl acetate, polyethylene, ester gums, or polyterpenes. Plasticizers and
softeners such as propylene glycol, glycerin, oleic acid, or processed vegetable oils are added
to keep the gum base pliable and to aid in the incorporation of the drug substance(s),
sweeteners, and flavoring agents. Sugars as well as artificial sweeteners and flavorings are
incorporated to improve taste, and dyes may be used to enhance appearance. Some medicated
gums are coated with magnesium stearate to reduce tackiness and improve handling during
packaging. A preservative may be added.
PREPARATION
Melted gum: The gum base is melted at a temperature of about 115° until it has the viscosity
of thick syrup and, at that point, is filtered through a fine-mesh screen. This molten gum base
is transferred to mixing tanks where the sweeteners, plasticizers, and typically the drug
substance are added and mixed. Colorings, flavorings, and preservatives are added and mixed
while the melted gum is cooling. The cooled mixture is shaped by extrusion or rolling and
cutting. Dosage units of the desired shape and potency are packaged individually. Additional
coatings such as powder coatings to reduce tackiness or film or sugar coatings may be added
to improve taste or facilitate bulk packaging.
Directly compressed gum: The gum base is supplied in a free-flowing granular powder form.
The powder gum base is then dry blended with sweeteners, flavors, the drug substance, and
lubricant. The blend is then processed through a conventional tablet press and tableted into
desired shapes. The resulting medicated gum tablets can be further coated with sugar or
sugar-free excipients. These tablets can be packaged in blisters or bottles as needed.
SPECIAL CONSIDERATIONS
Medicated gums are typically dispensed in unit-dose packaging. The patient instructions also
may include a caution to avoid excessive heat.
Implants
Implants are long-acting dosage forms that provide continuous release of the drug substance
often for periods of months to years. They are administered by the parenteral route
and are sterile. Some implants approved as animal drugs to be administered subcutaneously
to the ears are not required to be sterile. Typically, 1S (USP42)
for systemic delivery they may be placed subcutaneously, or for local delivery they can be
placed in a specific region in the body (e.g., in the sinus, in an artery, in the eye, in the brain,
etc.).
Implants are usually administered by means of a suitable injector or by surgical procedure.
1S (USP42)

Several types of implants are available. Pellet implants are small, sterile, solid masses
composed of a drug substance with or without excipients. They are usually administered by
means of a suitable special injector (e.g., trocar) or by surgical incision. Release of the drug
substance from pellets is typically controlled by diffusion and dissolution kinetics. The size of
the pellets and rate of erosion will influence the release rate, which typically follows first-order

PF 44(3): May.-Jun. 2018

95

kinetics. Drug substance release from pellets for periods of 6 months or more is possible.
Some 1S (USP42)
resorbable microparticles are a type of implant that provides extended release of a drug
substance over periods varying from a few weeks to months. They can be administered
subcutaneously or intramuscularly for systemic delivery, or they may be deposited in a desired
location in the body for site-specific delivery. Injectable
1S (USP42)

Resorbable microparticles (or microspheres) generally range from 20–100 µm in diameter. They
are composed of a drug substance dispersed within a biocompatible, bioresorbable
bioabsorbable 1S (USP42)
polymeric excipient (matrix). Poly(lactide-co-glycolide) polymers have been used frequently.
These excipients typically resorb by hydrolysis of ester linkages. The microparticles are
typically 1S (USP42)
administered by suspension in an aqueous vehicle followed by injection with a conventional
syringe and needle. Release of the drug substance from the microparticles begins after
physiological fluid enters the polymer matrix, dissolving some of the drug substance that is then
released by a diffusion-controlled process. Drug release also can occur as the
polymer molecular weight decreases and as the 1S (USP42)
matrix erodes.
Polymer implants can be formed as a single-shaped mass such as a cylinder. The polymer
matrix must be biocompatible (see The Biocompatibility of Materials Used in Drug Containers,
Medical Devices, and Implants 〈1031〉), but it can be either biodegradable or nonbiodegradable
bioabsorbable or nonbioabsorbable. 1S (USP42)
Shaped polymer implants are administered by means of a suitable special injector. Release
kinetics are typically not zero-order, but zero-order kinetics are possible. Drug substance
release can be controlled by the diffusion of the drug substance from the bulk polymer matrix or
by the properties of a rate-limiting polymeric membrane coating. Polymer implants are used to
deliver potent small molecules like steroids (e.g., estradiol for cattle) and large molecules like
peptides [e.g., luteinizing hormone-releasing hormone (LHRH)]. Example durations of drug
substance release are 2 and 3 months for biodegradable
bioabsorbable 1S (USP42)
implants and up to 3 years for nonbiodegradable
nonbioabsorbable 1S (USP42)
implants. An advantage of biodegradable
bioabsorbable 1S (USP42)
implants is that they do not require removal after the release of all drug substance content.
Nonbiodegradable
Nonbioabsorbable 1S (USP42)
polymer implants can be removed before or after a drug substance release is complete or may
be left in situ. An implant can have a tab with a hole in it to facilitate suturing it in place (e.g.,
for an intravitreal implant for local ocular delivery). Such implants may provide therapeutic
release for periods as long as 2.5 years.
Drug substance-eluting stents combine the mechanical effect of the stent to maintain arterial
patency with the prolonged pharmacologic effect of the incorporated drug substance (to
reduce restenosis, inhibit clot formation, or combat infection). As an example, a metal stent
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can be coated with a nonbiodegradable or biodegradable
nonbioabsorbable or bioabsorbable 1S (USP42)
polymer-containing drug substance. The resultant coating is a polymeric matrix that controls
the extended release of the drug substance.
In veterinary medicine, drug substance(s) in pellets
implants 1S (USP42)
may be implanted subcutaneously in the animal’s ear (cattle).
PREPARATION
Pellet implants are made by drug substance compression or molding.
1S (USP42)

Cylindrical polymeric implants are typically
commonly 1S (USP42)
made by melt extrusion of a blend of drug substance and polymer, resulting in a rod that is cut
into shorter lengths. Polymer implants can also be made by injection molding. Still other
implants are assembled from metal tubes and injection-molded plastic components.
Sterility can be achieved by terminal sterilization or by employing aseptic manufacturing
procedures.
Injections
(See Emulsions, Powders, Solutions, and Suspensions.)
Injections are not treated as a dosage form in this chapter. Chapter 〈1〉 provides quality and
other information about injectable products. Information on specific dosage form terminology
can be found in the Glossary. For appropriate injection nomenclature, see Nomenclature 〈1121〉.
Excess volume in injections: Each container of an injection is filled with a volume in slight
excess of the labeled “size” or the volume that is to be withdrawn. The excess volumes
recommended in Table 1 are usually sufficient to permit withdrawal and administration of the
labeled volumes.
Table 1
Recommended Excess Volume
Labeled Size
(mL)
0.5
1.0
2.0
5.0
10.0
20.0
30.0
50.0 or more

For Mobile
Liquids
(mL)
0.10
0.10
0.15
0.30
0.50
0.60
0.80
2%
Inserts

For Viscous
Liquids
(mL)
0.12
0.15
0.25
0.50
0.70
0.90
1.20
3%
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Inserts are solid dosage forms that are inserted into a naturally occurring (nonsurgical) body
cavity other than the mouth or rectum (see Suppositories). The drug substance in inserts is
delivered for local or systemic action. Vaginal inserts are usually globular or oviform and weigh
about 5 g each. Inserts intended to dissolve in vaginal secretions are usually made from watersoluble or water-miscible vehicles such as polyethylene glycol or glycerinated gelatin.
PREPARATION
For general considerations, see 〈795〉. Inserts vary considerably in their preparation. Inserts
may be molded (using technology similar to that used to prepare lozenges, suppositories, or
plastics), compressed from powders (as in tableting), or formulated as special applications of
capsules (soft gelatin capsules and hard gelatin capsules have been employed for
extemporaneously compounded preparations). Inserts may be formulated to melt at body
temperature or disintegrate upon insertion. Design of the dosage form should take into
consideration the fluid volume available at the insertion site and minimize the potential to cause
local irritation. Most inserts are formulated to ensure retention at the site of administration.
Irrigations
(See Solutions.)
Liquids
As a dosage form, a liquid consists of a pure chemical in its liquid state. Examples include
mineral oil, isoflurane, and ether. This dosage form term is not applied to solutions.
Lotions
(See Emulsions.)
Lozenges
Lozenges are solid oral dosage forms that are designed to dissolve or disintegrate slowly in
the mouth. They contain one or more drug substances that are slowly liberated from the,
typically, flavored and sweetened base. They are frequently intended to provide local action in
the oral cavity or the throat but also include those intended for systemic absorption after
dissolution. The typical therapeutic categories of drug substances delivered in lozenges are
antiseptics, analgesics, decongestants, antitussives, and antibiotics. Molded lozenges are
called cough drops or pastilles but these terms are not used in official article titles. 1S (USP41)
Lozenges prepared by compression or by stamping or cutting from a uniform bed of paste are
sometimes known as troches (a term not used in official article titles). 1S (USP41) Compressed
or stamped lozenges are often produced in a circular shape.
Lozenges can be made using sugars such as sucrose and dextrose, or can provide the
benefits of a sugar-free formulation that is usually based on sorbitol or mannitol. Polyethylene
glycols and hypromellose are sometimes included to slow the rate of dissolution.
PREPARATION
Excipients used in molded lozenge manufacture include gelatin, fused sucrose, sorbitol, or
another carbohydrate base.

PF 44(3): May.-Jun. 2018

98

Molded lozenges using a sucrose or sorbitol base containing drug substances such as phenol,
dextromethorphan, fentanyl, dyclonine hydrochloride, and menthol are prepared by cooking the
sugar (sucrose, corn syrup, and sorbitol) and water at about 150° to reduce the water content
to less than 2%. The molten sugar solution is transferred to a cooling belt or cooling table, and
medicaments, flavorings, and colorings are added and thoroughly mixed while cooling. Individual
dosage units of the desired shape are formed by filling the molten mass into molds. These
Molded lozenges can be prepared by mixing the ingredients with water and heating to reduce
the water content. The viscous solution is then poured into molds (e.g., corn starch molds).
The 1S (USP42)
lozenges are quickly cooled in the molds to trap the base in the glassy state. Once formed, the
lozenges are removed from the molds and packaged. Care is taken to avoid excessive moisture
during storage to prevent crystallization of the sugar base.
Compressed lozenges are made using excipients that may include a filler, binder, sweetening
agent, flavoring agent, and lubricant. Sugars such as sucrose, sorbitol, and mannitol are often
included because they can act as a filler and binder as well as serve as sweetening agents.
Approved FD&C and D&C dyes or lakes (dyes adsorbed onto insoluble aluminum hydroxide) may
also be present.
The manufacturing of compressed lozenges is essentially the same as that for conventional
tableting, with the exception that a tablet press capable of making larger tablets and exerting
greater force to produce harder tablets may be required (see Tablets).
The paste used to produce lozenges manufactured by stamping or cutting contains a
moistening agent, sucrose, and flavoring and sweetening agents. The homogenous paste is
spread as a bed of uniform thickness, and the lozenges are cut or stamped from the bed and
are allowed to dry. Some lozenges are prepared by forcing dampened powders under low
pressure into mold cavities and then ejecting them onto suitable trays for drying at moderate
temperatures.
Ointments
Ointments are semisolid preparations generally intended for external application to the skin or
mucous membranes. Drug substances delivered in ointments are intended for local action or for
systemic absorption. Ointments usually contain less than 20% water and volatiles, and more
than 50% hydrocarbons, waxes, or polyols as the vehicle. Ointment bases recognized for use
as vehicles fall into four general classes: hydrocarbon bases, absorption bases, waterremovable bases, and water-soluble bases.
HYDROCARBON BASES
Also known as oleaginous ointment bases, hydrocarbon bases allow the incorporation of only
small amounts of an aqueous component. Ointments prepared from hydrocarbon bases act as
occlusive dressings and provide prolonged contact of the drug substance with the skin. They
are difficult to remove and do not change physical characteristics upon aging.
ABSORPTION BASES
Absorption bases allow the incorporation of aqueous solutions. Such bases include only
anhydrous components (e.g., Hydrophilic Petrolatum) or W/O emulsions (e.g., Lanolin).
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Absorption bases are also useful as emollients.
WATER-REMOVABLE BASES
O/W emulsions (e.g., Hydrophilic Ointment) are sometimes referred to as creams (see
Emulsions). Water-removable bases may be readily washed from the skin or clothing with
water, making them acceptable for cosmetic reasons. Other advantages of the waterremovable bases are that they can be diluted with water and that they favor the absorption of
serous discharges in dermatological conditions.
WATER-SOLUBLE BASES
Also known as greaseless ointment bases, they are formulated entirely from water-soluble
constituents. Polyethylene Glycol Ointment is the only official preparation in this group. Watersoluble bases offer many of the advantages of the water-removable bases and, in addition,
contain no water-insoluble substances such as petrolatum, anhydrous lanolin, or waxes. They
are more correctly categorized as gels (see Gels).
The choice of an ointment base depends on the action desired, the characteristics of the
incorporated drug substance, and the latter’s bioavailability if systemic action is desired. The
product’s stability may require the use of a base that is less than ideal in meeting other quality
attributes. Drug substances that hydrolyze rapidly, for example, are more stable in hydrocarbon
bases than in bases that contain water.
PREPARATION
Ointments are typically prepared by either direct incorporation into a previously prepared
ointment base or by fusion (heating during the preparation of the ointment). A levigating agent
is often added to facilitate the incorporation of the medicament into the ointment base by the
direct incorporation procedure. In the fusion method, the ingredients are heated.
Homogenization is often necessary. The rate of cooling is an important manufacturing detail
because rapid cooling can impart increased structure to the product of the fusion method.
Pastes
Pastes are semisolid preparations of stiff consistency and contain a high percentage (20%–
50%) of finely dispersed solids. Pastes are intended for application to the skin, oral cavity, or
mucous membranes. Pastes ordinarily do not flow at body temperature and thus can serve as
occlusive, protective coatings. As a consequence, pastes are more often used for protective
action than are ointments.
Fatty pastes that have a high proportion of hydrophilic solids appear less greasy and are
more absorptive than ointments. They are used to absorb serous secretions and are often
preferred for acute lesions that have a tendency toward crusting, vesiculation, or oozing.
Dental pastes are applied to the teeth. Other orally administered pastes may be indicated for
adhesion to the mucous membrane for a local effect.
In veterinary medicine, pastes are typically administered orally and are intended for systemic
delivery of drug substances. The paste is squeezed into the mouth of the animal, generally at
the back of the tongue, or is spread inside the mouth.
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Pellets
Pellets are dosage forms composed of small, solid particles of uniform shape sometimes called
beads, although the use of the term “beads” as a dosage form is not preferred. Typically,
pellets are nearly spherical but this is not required. Pellets may be administered by the oral
(gastrointestinal) or by the injection route (see also Implants). Pellet formulations may provide
several advantages, including physical separation for chemically or physically incompatible
materials, extended release of the drug substance, or delayed release to protect an acid-labile
drug substance from degradation in the stomach or to protect stomach tissues from irritation.
Extended-release pellet formulations may be designed with the drug substance dispersed in a
matrix, or the pellet may be coated with an appropriate polymer coating that modifies the drugrelease characteristics. Alternatively, the pellet design may combine these two approaches. In
the case of delayed-release formulations, the coating polymer is chosen to resist dissolution at
the lower pH of the gastric environment but to dissolve in the higher pH intestinal environment.
Injected or surgically administered pellet preparations (see Implants) are often used to provide
continuous therapy for periods of months or years.
Pellet dosage forms may be designed as single or multiple entities. Often, implanted pellets
will contain the desired drug substance content in one or several units. Oral pellets are typically
contained within hard gelatin capsules for administration. Although there are no absolute
requirements for size, the useful size range of pellets is governed by the practical constraints
of the volume of commonly used capsules and the need to include sufficient numbers of pellets
in each dose to ensure uniform dosing of the drug substance. As a result, many pellets used for
oral administration fall within a size range of 710 µm to 2.5 mm. Pellet formulations are
sometimes used to minimize variability associated with gastric retention of larger dosage forms.
Delayed-release pellet formulations and some extended-release formulations are prepared by
applying a coating to the formulated particles. The coating must be applied as a continuous film
over the entire surface of each particle. Because a small population of imperfectly coated
particles may be unavoidable, oral pellets are designed to require the administration of a large
number in a single dose to minimize any adverse influence of imperfectly coated pellets on drug
delivery.
The use of the term “pellet” for implantable dosage forms is no longer preferred (see
Implants). In veterinary medicine, medicated articles and feeds may be pelletized but are not
considered dosage forms (see Animal Drugs For Use In Animal Feeds 〈1152〉).
Pellets are small solid dosage forms that can be designed as single or multiple entities. They
can have a spherical or nearly spherical shape, although such a shape is not required. Spherical
pellets are sometimes referred to as beads. Pellets used in veterinary medicine may instead be
cylindrical in shape. Pellets can provide several advantages, including physical separation for
chemically or physically incompatible materials and for control of the release of drug substance.
Pellets may be designed with the drug substance dispersed in a matrix or the pellets may be
coated with an appropriate polymer. Pellets may be administered by the oral (gastrointestinal)
route. Pellets for oral administration can protect stomach tissues from irritation, sometimes
minimize variability associated with gastric retention of larger dosage forms, solely extend the
release of the drug substance, solely delay the release, or both extend and delay the release of
the drug substance. Some pellets can be sprinkled on food. In the case of delayed–release
formulations, the coating polymer is chosen to resist dissolution at the lower pH of the gastric
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environment but to dissolve in the higher pH of the intestinal environment.
Pellets may be administered by injection. One or several pellets can be injected or surgically
administered to provide continuous therapy for periods of months or years (see Implants).
In veterinary medicine, pellets may be used to improve palatability of the drug product and
pellets for oral administration may be delivered on top of an individual animal's food or feed.
1S (USP42)

PREPARATION
The desired performance characteristics determine the manufacturing method chosen. In
general, pellet dosage forms are manufactured by wet extrusion processes followed by
spheronization, by wet or dry coating processes, or by compression.
compression, or by wet or dry extrusion processes sometimes followed by spheronization, or
followed by wet or dry coating processes. 1S (USP42)
Manufacture of pellets by wet coating usually involves the application of successive coatings
upon nonpareil seeds. This manufacturing process is frequently conducted in fluid-bed
processing equipment. Dry powder coating or layering processes are often performed in
specialized rotor granulation equipment. The extent of particle growth achievable in wet
coating processes is generally more limited than the growth that can be obtained with dry
powder layering techniques, but either method allows the formulator to develop and apply
multiple layers of coatings to achieve the desired release profile. The manufacture of pellets by
compression is largely restricted to the production of material for subcutaneous implantation.
This method of manufacture provides the necessary control to ensure dose uniformity and is
generally better suited to aseptic processing requirements.
Alternatively, microencapsulation techniques can be used to manufacture pellets.
Coacervation coating techniques typically produce coated particles that are much smaller than
those made by other techniques.
Pills
Pills are drug substance-containing small, spherical, solid bodies intended for oral
administration. The pill dosage form has been largely replaced by compressed tablets and by
capsules. Unlike tablets, pills are usually prepared by a wet massing, piping, and molding
technique. This term is frequently incorrectly used as a general term to describe solid oral
dosage forms, such as tablets and capsules.
PREPARATION
Excipients are selected on the basis of their ability to produce a mass that is firm and plastic.
The drug substance is triturated with powdered excipients in serial dilutions to attain a uniform
mixture. Liquid excipients that act to bind and provide plasticity to the mass are subsequently
added to the dry materials. The mass is formed by kneading. The properties of firmness and
plasticity are necessary to permit the mass to be worked and retain the shape produced.
Cylindrical pill pipes are produced from portions of the mass. The pill pipe is cut into individual
lengths corresponding to the intended pill size, and the pills are rolled to form the final shape.
Pill-making machines can automate the preparation of the mass, production of pill piping, and
the cutting and rolling of pills.

PF 44(3): May.-Jun. 2018

102

Plasters
A plaster is a semisolid substance for external application that is supplied on a support
material. Plasters are applied for prolonged periods to provide protection, support, or occlusion
(maceration). This term is not preferred and should not be used for new drug product titles.
Plasters consist of an adhesive layer that may contain active substances. This layer is spread
uniformly on an appropriate support that is usually made of a rubber base or synthetic resin.
Unmedicated plasters are designed to provide protection or mechanical support to the site of
application. Plasters are available in a range of sizes or cut to size to effectively provide
prolonged contact to the site of application. They adhere firmly to the skin but can be peeled
off the skin without causing injury.
Powders
Powders are defined as a single solid or a mixture of solids in a finely divided state. Powders
used as pharmaceutical dosage forms may contain one or more drug substances and can be
used as is or can be mixed with a suitable vehicle for administration.
1S (USP41)
(See Solutions or Suspensions.) 1S (USP42)
Powders can be intended for internal or external use. Powders for external use are typically
dusted onto the skin or applied to bandages or clothing. Powders for internal use can be applied
to accessible mucous membranes with suitable applicators or are entrained in air streams for
application to the nose or lungs.
The performance of powder dosage forms can be affected by the physical characteristics of
the powder. Selection of relevant and appropriate powder characteristics depends on the
dosage form and its route of administration. 1S (USP41) For example, particle size can influence
the dissolution rate of the particles and thus the bioavailability and/or effectiveness at the site
of action. Externally applied powders should have a particle size of 150 µm or less (typically in
the 50- to 100-µm range to prevent a gritty feel on the skin that could further irritate
traumatized skin). The particle size of powders delivered to the lung or nose influences where
the powder is deposited. Particle size may 1S (USP41) influence the mixing, segregation, and
aggregation of the particles, which can affect the delivery and uniformity of the dosage form.
For more information, see Powder Fineness 〈811〉 and 〈5〉. 1S (USP41)
In veterinary medicine, a powder that needs to be reconstituted prior to administration has
been called a concentrate (e.g., drug products administered via drinking water). Such use of
the term “concentrate” is no longer preferred.
INHALATION POWDERS AND NASAL POWDERS
Inhalation powders and nasal powders consist of an appropriately finely divided solid and a
suitable container–closure delivery system. For additional information, see 〈5〉 and 〈601〉.
PREPARATION
Powder dosage forms can be produced by the combination of multiple components into a
uniform blend. This preparation can also involve particle size reduction, a process referred to as
comminution. Milling, spray drying, supercritical fluid, high-pressure homogenization,
precipitation technologies, and porous microparticle fabrication techniques may be used to
reduce the particle size of powders. As the particle size is decreased, the number of particles
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and the surface area increase, which can increase the dissolution rate and bioavailability,
and/or the rate and extent of local action, of the drug substance.
Blending of powders may be accomplished by different techniques. Industrial processes may
employ sifting or tumbling the powders in a rotating container. One of the most common tumble
blenders is a V-blender, which is available in a variety of sizes suitable for small-scale and
large-scale compounding and industrial production. Depending on the particle size of the drug
substance, a random mixture of powders may be employed. Blending techniques for powders
include those used in compounding pharmacy such as spatulation and trituration (see 〈795〉).
Powder flow can be influenced by both particle size and shape. Larger particles generally flow
more freely than do fine particles. Powder flow is an important attribute that can affect the
packaging or dispensing of a powder.
Rinses
(See Solutions.)

1S (USP42)

Soaps and Shampoos
Soaps and shampoos are solid or liquid preparations intended for topical application to the
skin or scalp followed by subsequent rinsing with water. Soaps and shampoos are emulsions,
suspensions, or surface-active compositions that readily form emulsions, micelles, or foams
upon the addition of water followed by rubbing. Incorporation of drug substances in soaps and
shampoos combines the cleansing/degreasing abilities of the vehicle and facilitates the topical
application of the drug substance to affected areas, even large areas, of the body. The
surface-active properties of the vehicle facilitate contact of the drug substance with the skin
or scalp. Medicated soap and shampoo formulations frequently contain suitable antimicrobial
agents to protect against bacteria, yeast, and mold contamination.
PREPARATION
The preparation of medicated soaps and shampoos follows techniques frequently used for the
preparation of emulsified systems. To ensure uniformity, the drug substance(s) must be added
to the vehicle prior to congealing (in the case of soaps) followed by thorough mixing. If the
medication is present as a suspension, the particle size must be controlled to promote uniform
distribution of the drug substance and possibly optimize performance. Because soap
manufacture frequently involves processing the ingredients at an elevated temperature, care
must be exercised to avoid excessive degradation of the drug substance during processing.
Solutions
A solution is a preparation that contains one or more dissolved chemical substances in a
suitable solvent or mixture of mutually miscible solvents. Because molecules of a drug
substance in solution are uniformly dispersed, the use of solutions as dosage forms generally
provides assurance of uniform dosage upon administration and good accuracy when the solution
is diluted or otherwise mixed.
Substances in solutions are more susceptible to chemical instability than they are in the solid
state and, dose-for-dose, are generally heavier and more bulky than solid dosage forms. These
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factors increase the cost of packaging and shipping relative to that of solid dosage forms.
Some solutions are prepared and ready for use, and others are prepared as powders or other
solids intended for reconstitution with an appropriate vehicle just before use (see Powders).
1S (USP42)

Solution dosage forms can be administered by injection, inhalation, and the mucosal,
topical/dermal
1S (USP42)

, and gastrointestinal routes. A solution administered by injection is officially titled “injection”
(see 〈1〉).
Some solutions are designed to form a mass in situ. These solutions comprise polymer, drug
substance, and solvent for the polymer. The polymer solvent can be water or an organic
solvent. After administration of the solution to a patient by subcutaneous or intramuscular
administration, it forms a gel or a solid polymeric matrix that traps the drug substance and
extends the drug substance release for days or months.
Solutions intended for oral administration usually contain flavorings and colorants to make the
medication more attractive and palatable for the patient or consumer. When needed, they also
may contain stabilizers to maintain chemical and physical stability and preservatives to prevent
microbial growth.
Solutions are sometimes placed on devices such as swabs, cloths, or sponges, that aid
application.
In veterinary medicine, a solution that needs to be diluted prior to administration has been
called a concentrate (e.g., drug products administered via drinking water). Such use of the
term “concentrate” is no longer preferred.
Sprays
Spray preparations may deliver either accurately metered or nonmetered amounts of
formulation.
A spray drug product is a dosage form that contains a drug substance in the liquid state as a
solution or suspension and is intended for administration as a mist. Sprays are distinguished
from aerosols in that spray containers are not pressurized. Most of the sprays are generated by
manually squeezing a flexible container or actuation of a pump that generates the mist by
discharging the contents through a nozzle.
Depending on the design of the formulation and the valve system, the droplets generated
may be intended for immediate inhalation through the mouth and deposition in the pulmonary
tree, or for inhalation into the nose and deposition in the nasal cavity.
The mechanism for droplet generation and the intended use of the preparation distinguish
various classes of sprays. A spray may be composed of a pump, container, actuator, valve,
nozzle, or mouthpiece in addition to the formulation containing the drug(s), solvent(s), and any
excipient(s). The design of each component plays a role for the appropriate performance of the
drug product and in determining the critical characteristics of the droplet size distribution.
Droplet and particle size distributions, delivered dose uniformity, plume geometry, and droplet
velocity are critical parameters that influence the efficiency of drug delivery. When the
preparation is supplied as a multidose container, the addition of a suitable antimicrobial
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preservative may be necessary. Spray formulations intended for local or systemic effect
typically have an aqueous base and may contain excipients to control pH and viscosity. In
addition, depending on the route of administration, the formulation may be isotonic. For
additional information, see 〈5〉 and 〈601〉.
LABELING AND USE
Refer to the Center for Drug Evaluation and Research (CDER) Guidance for Industry: Nasal
Spray and Inhalation Solution, Suspension, and Spray Drug Products—Chemistry,
Manufacturing, and Controls Documentation.
Strips
A strip is a dosage form or device in the shape of a long, narrow, thin, absorbent, solid
material such as filter paper. Typically it is sterile and it may be impregnated with a compound
or be gauged to allow measurements for diagnostic purposes, such as in measuring tear
production. The term “strip” should not be used when another term such as “film” is more
appropriate.
Suppositories
Suppositories are dosage forms adapted for application into the rectum. They melt, soften, or
dissolve at body temperature. A suppository may have a local protectant or palliative effect, or
may deliver a drug substance for systemic or local action.
Suppository bases typically include cocoa butter, glycerinated gelatin, hydrogenated
vegetable oils, mixtures of polyethylene glycols of various molecular weights, and fatty acid
esters of polyethylene glycol. The suppository base can have a notable influence on the
release of the drug substance(s). Although cocoa butter melts quickly at body temperature, it
is immiscible with body fluids and this inhibits the diffusion of fat-soluble drug substances to the
affected sites. Polyethylene glycol is a suitable base for some antiseptics. In cases when
systemic action is desired, incorporating the ionized rather than the nonionized form of the drug
substance may help maximize bioavailability. Although nonionized drug substances partition
more readily out of water-miscible bases such as glycerinated gelatin and polyethylene glycol,
the bases themselves tend to dissolve very slowly, which slows drug substance release. Cocoa
butter and its substitutes (e.g., Hard Fat) perform better than other bases for allaying irritation
in preparations intended for treating internal hemorrhoids. Suppositories for adults are tapered
at one or both ends and usually weigh about 2 g each.
PREPARATION
Cocoa butter suppositories have cocoa butter as the base and can be made by incorporating
the finely divided drug substance into the solid oil at room temperature and suitably shaping the
resulting mass, or by working with the oil in the melted state and allowing the resulting
suspension to cool in molds. A suitable quantity of hardening agents may be added to
counteract the tendency of some drug substances (such as chloral hydrate and phenol) to
soften the base. The finished suppository melts at body temperature.
A variety of vegetable oils, such as coconut or palm kernel, modified by esterification,
hydrogenation, or fractionation, are used as cocoa butter substitutes to obtain products that
display varying compositions and melting temperatures (e.g., Hydrogenated Vegetable Oil and

PF 44(3): May.-Jun. 2018

106

Hard Fat). These products can be designed to reduce rancidity while incorporating desired
characteristics such as narrow intervals between melting and solidification temperatures, and
melting ranges to accommodate formulation and climatic conditions.
Drug substances can be incorporated into glycerinated gelatin bases by addition of the
prescribed quantities to a vehicle consisting of about 70 parts of glycerin, 20 parts of gelatin,
and 10 parts of water.
Several combinations of polyethylene glycols that have melting temperatures that are above
body temperature are used as suppository bases. Because release from these bases depends
on dissolution rather than on melting, there are significantly fewer problems in preparation and
storage than is the case for melting-type vehicles. However, high concentrations of higher
molecular weight polyethylene glycols may lengthen dissolution time, resulting in problems with
retention.
Several nonionic surface-active agents closely related chemically to the polyethylene glycols
can be used as suppository vehicles. Examples include polyoxyethylene sorbitan fatty acid
esters and the polyoxyethylene stearates. These surfactants are used alone or in combination
with other suppository vehicles to yield a wide range of melting temperatures and
consistencies. A notable advantage of such vehicles is their water dispersibility. However, care
must be taken with the use of surfactants because they may either increase the rate of drug
substance absorption or interact with the drug substance to reduce therapeutic activity.
Compounding suppositories using a suppository base typically involves melting the suppository
base and dissolution or dispersion of the drug substance in the molten base (see 〈795〉). When
compounding suppositories, the compounding professional prepares an excess amount of total
formulation to allow the prescribed quantity to be accurately dispensed. In compounding
suppositories, avoid caustic or irritating ingredients, carefully select a base that will allow the
drug substance to provide the intended effect, and in order to minimize abrasion of the rectal
membranes, reduce solid ingredients to the smallest reasonable particle size.
Suspensions
A suspension is a biphasic preparation consisting of solid particles dispersed throughout a
liquid phase. Suspension dosage forms may be formulated for specific routes of administration
such as oral, topical, inhalation, ophthalmic, otic, and injection. Some suspensions are prepared
and ready for use, and others are prepared as solid mixtures
powders or other solids 1S (USP42)
intended for reconstitution with an appropriate vehicle just before use
(see Powders). 1S (USP42)
Inhalation suspensions (see 〈5〉), ophthalmic suspensions, injectable suspensions, and some
otic suspensions are prepared in sterile form. Suspensions are generally not injected
intravenously, epidurally, or intrathecally unless the product labeling clearly specifies these
routes of administration.
Some liposomal drug products are referred to as suspensions because they can settle and
require resuspension prior to administration (see 〈1〉).
Some suspensions are designed to form a mass in situ. These suspensions comprise polymer,
drug substance, and solvent for the polymer. The polymer solvent can be water or an organic
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solvent. After administration of the suspension to a patient by subcutaneous or intramuscular
administration, it forms a gel or a solid polymeric matrix that traps the drug substance and
extends the drug substance release for days or months.
Historically, the term “milk” was sometimes used for suspensions in aqueous vehicles intended
for oral administration (e.g., Milk of Magnesia). The term “magma” is often used to describe
suspensions of inorganic solids, such as clays in water, that display a tendency toward strong
hydration and aggregation of the solid, giving rise to gel-like consistency and thixotropic
rheological behavior (e.g., Bentonite Magma). In the past, the term “lotion” referred to both
topical suspensions and topical emulsions. Now the term only refers to topical emulsions (see
Emulsions).
Limited aqueous solubility of the drug substance(s) is the most common rationale for
developing a suspension. Other potential advantages of an oral suspension include taste
masking and improved patient compliance because of the more convenient dosage form. When
compared to solutions, suspensions can have improved chemical stability. Ideally, a suspension
should contain small uniform particles that are readily suspended and easily redispersed
following settling. Unless the dispersed solid is colloidal, the particulate matter in a suspension
will likely settle to the bottom of the container upon standing. Such sedimentation may lead to
caking and solidification of the sediment and difficulty in redispersing the suspension upon
agitation. To prevent such problems, manufacturers commonly add ingredients to increase
viscosity and the gel state of the suspension or flocculation, including clays, surfactants,
polyols, polymers, or sugars. Frequently, thixotropic vehicles are used to counter particlesettling tendencies, but these vehicles must not interfere with pouring or redispersal.
Additionally, the density of the dispersed phase and continuous phase may be modified to
further control settling rate. For topical suspensions, rapid drying upon application is desirable.
Temperature can influence the viscosity (and thus suspension properties and the ease of
removing the dose from the bottle), and temperature cycling can lead to changes in the
particle size of the dispersed phase via Ostwald ripening. When manufacturers conduct stability
studies to establish product shelf life and storage conditions, they should cycle conditions
(freeze/thaw) to investigate temperature effects.
Unless studies confirm that the formulation will not support microbial growth, suspension
preparations packaged to provide multiple doses should contain suitable antimicrobial agents to
protect against bacterial, yeast, and mold contamination (see 〈51〉) or other appropriate
measures should be taken to avoid microbial contamination.
Suspensions for reconstitution are dry powder or granular mixtures that require the addition
of water or a supplied formulated diluent before administration. This formulation approach is
frequently used when the chemical or physical stability of the drug substance or suspension
does not allow sufficient shelf life for a preformulated suspension. Typically, these suspensions
are refrigerated after reconstitution to increase their shelf life. For this type of suspension, the
powder blend is uniform and the powder readily disperses when reconstituted.
Injectable suspensions are generally intended for either subcutaneous or intramuscular routes
of administration and should have a controlled particle size, typically in the range of 5 µm or
smaller. The rationale for the development of injectable suspensions may include poor drug
substance solubility, improved chemical stability, prolonged duration of action, and avoidance of
first-pass metabolism. Care is needed in selecting the sterilization technique because it may
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affect product stability or alter the physical properties of the material.
In veterinary medicine, a suspension that needs to be diluted prior to administration has been
called a concentrate (e.g., drug products administered via drinking water). Such use of the
term “concentrate” is no longer preferred.
PREPARATION
Suspensions are prepared by adding suspending agents or other excipients and purified water
or oil to solid drug substances and mixing to achieve uniformity. In the preparation of a
suspension, the characteristics of both the dispersed phase and the dispersion medium should
be considered. During development, manufacturers should define an appropriate particle size
distribution for the suspended material to achieve the desired effectiveness and to minimize the
likelihood of particle size changes during storage.
In some instances, the dispersed phase has an affinity for the vehicle and is readily wetted
upon its addition. For some materials, the displacement of air from the solid surface is difficult,
and the solid particles may clump together or float on top of the vehicle. In the latter case, a
wetting agent may be used for certain types of suspensions to facilitate displacement of air
from the powder surface. Surfactants, alcohol, glycerin, and other hydrophilic liquids can be
used as wetting agents when an aqueous vehicle will be used as the dispersion phase. These
agents function by displacing the air in the crevices of the particles and dispersing the
particles. In the large-scale preparation of suspensions, wetting of the dispersed phase may be
aided by the use of high-energy mixing equipment such as colloid mills or other rotor–stator
mixing devices.
After the powder has been wetted, the dispersion medium (containing the soluble formulation
components such as colorants, flavorings, and preservatives) is added in portions to the
powder, and the mixture is thoroughly blended before subsequent additions of the vehicle. A
portion of the vehicle is used to wash the mixing equipment free of suspended material, and
this portion is used to bring the suspension to final volume and ensure that the suspension
contains the desired concentration of solid matter. The final product may be passed through a
colloid mill or other blender or mixing device to ensure uniformity.
Suspensions are resuspended before the dose is dispensed. Because of the viscosity of many
suspension vehicles, air entrainment may occur during dosing. The formulation process allows
evaluation of this possibility; adjustments in vehicle viscosity or the incorporation of low levels
of antifoaming agents are common approaches to minimize air entrainment. Alternatively,
specific instructions for resuspending the formulation may be provided to minimize air
incorporation and ensure accurate dosing.
Systems
Systems are preparations of drug substance(s) in carrier devices, often containing adhesive
backing, that are applied topically or inserted into body cavities. The drug substance is
designed to be released in a controlled manner over a specified period of time or the drug
substance is released based on its concentration in the formulation. Unless otherwise stated in
the labeling, the carrier device is removed after use. The term “system” should not be used
when another dosage form term is more appropriate (e.g., inserts and implants).
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The notation of strength is either defined in terms of the amount of the drug substance
released from the system over a specific period of time or as the drug concentration within the
formulation (e.g., the percentage of the drug). Various routes of administration are possible, so
the route must always be indicated in the compendial name when a specific location for
application is essential for proper use (e.g., “intrauterine”, “ocular”, or “periodontal” as the
route of administration). For example, systems applied to the eye are called ocular systems.
The route is named “transdermal” when, for example, systemic absorption of the drug
substance may take place through the dermis without specifying the region of the body to
which the system is applied.
The term “patch” has sometimes been used but is not preferred for use in drug product
monograph nomenclature when referring to a system.
Intrauterine systems are intended for placement in the uterus. Release of the drug substance
can be up to 5 years.
Ocular systems are intended for placement in the lower conjunctival fornix from which the
drug diffuses through a membrane at a constant rate.
Periodontal systems are intended for placement in the pocket between the tooth and the
gum. In some cases, periodontal systems may be formed in situ in the periodontal pocket and
release the drug substance(s) for several weeks.
Transdermal systems (TDS) are placed onto intact skin to deliver the drug to the systemic
circulation. They are designed for prolonged release (up to 7 days). Specific quality tests for
TDS are found in 〈3〉.
Tablets
Tablets are solid dosage forms in which the drug substance is generally blended with
excipients and compressed into the final dosage. Tablets are the most widely used dosage form
in the United States. Tablet presses use steel punches and dies to prepare compacted tablets
by the application of high pressures to powder blends or granulations. Tablets can be produced
in a wide variety of sizes, shapes, and surface markings. Capsule-shaped tablets are commonly
referred to as caplets, although the term is not used in official article titles. 1S (USP41)
Specialized tablet presses may be used to produce tablets with multiple layers or with specially
formulated core tablets placed in the interior of the final dosage form. These specialized tablet
presentations can delay or extend the release of the drug substance(s) or physically separate
incompatible drug substances. Tablets may be coated by a variety of techniques to provide
taste masking, protection of photo-labile drug substance(s), extended or delayed release, or
unique appearance (colors). When no deliberate effort has been made to modify the drug
substance release rate, tablets are referred to as immediate-release.
BUCCAL TABLETS
Intended to be inserted in the buccal pouch, where the drug substance is absorbed directly
through the oral mucosa. Few drug substances are readily absorbed in this way (examples are
nitroglycerin and certain steroid hormones).
CHEWABLE TABLETS
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Formulated and manufactured to produce a pleasant-tasting residue in the mouth and to
facilitate swallowing. Hard chewable tablets are typically prepared by compaction, usually
utilizing mannitol, sorbitol, or sucrose as binders and fillers, and contain colors and flavors to
enhance their appearance and taste. Soft chewable tablets are typically made by a molding or
extrusion process, frequently with more than 10% water to help maintain a pliable, soft
product. Hard chewable tablets in veterinary medicine often have flavor enhancers like brewer’s
yeast or meat/fish-based flavors.
Tablets for human use that include “chewable” in the title must be chewed or crushed prior
to swallowing to ensure reliable release of the drug substance(s) or to facilitate swallowing. If
tablets are designed so that they may be chewed (but chewing is not required for drug
substance release or ease of swallowing), the title should not include a reference to
“chewable”. In that case, the product may still be described as “chewable” in the ancillary
labeling statement.
Tablets for veterinary use that are intended to be chewed will include “Chewable” in the title.
However, it is understood that for veterinary products it is not possible to ensure that tablets
are chewed prior to ingestion. Chewable tablets may be broken into pieces and fed to animals
that normally swallow treats whole.
EFFERVESCENT TABLETS
Prepared by compaction and contain, in addition to the drug substance(s), mixtures of acids
(e.g., citric acid or tartaric acid) and carbonates, and/or sodium bicarbonate. Upon contact
with water, these formulations release carbon dioxide, producing the characteristic
effervescent action.
HYPODERMIC TABLETS
Molded tablets made from completely and readily water-soluble ingredients; formerly intended
for use in making preparations for hypodermic injection. They may be administered orally or
sublingually when rapid drug substance availability is required.
MODIFIED-RELEASE TABLETS
There are two categories of modified-release tablet formulations recognized by USP.
Delayed-release tablets: Tablets are sometimes formulated with acid-resistant or enteric
(also called “gastro-resistant”) coatings to protect acid-labile drug substances from the gastric
environment or to prevent adverse events such as irritation.
Extended-release tablets: Extended-release tablets are formulated in such a manner as to
make the drug substance available over an extended period of time following ingestion.
1S (USP41) Requirements for dissolution (see 〈711〉) are typically specified in the individual
monographs.
ORALLY DISINTEGRATING TABLETS
Orally disintegrating tablets are intended to disintegrate rapidly within the mouth to provide a
dispersion before the patient swallows the resulting slurry where the drug substance is intended
for gastrointestinal delivery and/or absorption. Some of these dosage forms have been
formulated to facilitate rapid disintegration and are manufactured by conventional means or by
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using lyophilization or molding processes. Further details may be found in the CDER Guidance for
Industry: Orally Disintegrating Tablets.
SUBLINGUAL TABLETS
Sublingual tablets are intended to be inserted beneath the tongue, where the drug substance
is absorbed directly through the oral mucosa. As with buccal tablets, few drug substances are
extensively absorbed in this way, and much of the drug substance is swallowed and is available
for gastrointestinal absorption.
TABLETS FOR ORAL SOLUTION
Before administration, tablets for oral solution are intended to be solubilized in a liquid diluent.
In some cases, tablets for oral solution may also be chewed or swallowed.
TABLETS FOR ORAL SUSPENSION
Tablets for oral suspension are intended to be dispersed in a liquid before administration as a
suspension. The dosage form is tablets for oral suspension when either the drug substance or
the excipients do not dissolve when dispersed in a liquid. In some cases, tablets for oral
suspension may also be chewed or swallowed.
TABLET TRITURATES
Small, usually cylindrical, molded or compacted tablets. Tablet triturates traditionally were
used as dispensing tablets in order to provide a convenient, measured quantity of a potent
drug substance for compounding purposes, but they are rarely used today.
PREPARATION
Most compacted (compressed) tablets consist of the drug substance(s) and a number of
excipients. These excipients may include fillers (diluents), binders, disintegrating agents,
lubricants, and glidants. Approved FD&C and D&C dyes or lakes, flavors, and sweetening agents
may also be present.
Fillers or diluents are added when the quantity of drug substance(s) is too small or the
properties of the drug substance do not allow satisfactory compaction in the absence of other
ingredients. Binders impart adhesiveness to the powder blend and promote tablet formation and
maintenance of drug substance uniformity in the tableting mixture. Disintegrating agents
facilitate reduction of the tablet into small particles upon contact with water or biological fluids.
Lubricants reduce friction during the compaction and ejection cycles. Glidants improve powder
fluidity, powder handling properties, and tablet weight control. Colorants are often added to
tablet formulations for aesthetic value or for product identification.
Tablets are prepared from formulations that have been processed by one of three general
methods: wet granulation, dry granulation (roll compaction or slugging), and direct
compression.
Wet granulation: Involves the mixing of dry powders with a granulating liquid to form a moist
granular mass that is dried and sized prior to compression. It is particularly useful in achieving
uniform blends of low-dose drug substances and facilitating the wetting and dissolution of
poorly soluble, hydrophobic drug substances.
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Dry granulation: Can be produced by passing powders between rollers at elevated pressure
(roll compaction). Alternatively, dry granulation can also be carried out by the compaction of
powders at high pressures on tablet presses, a process also known as slugging. In either case,
the compacts are sized before compression. Dry granulation improves the flow and handling
properties of the powder formulation without involving moisture in the processing.
Direct compression: Tablet processing involves dry blending of the drug substance(s) and
excipients followed by compression. The simplest manufacturing technique, direct compression,
is acceptable only when the drug substance and excipients possess acceptable flow and
compression properties without prior process steps.
Tablets may be coated to protect the ingredients from air, moisture, or light; to mask
unpleasant tastes and odors; to improve tablet appearance; and to reduce dustiness. In
addition, coating may be used to protect the drug substance from acidic pH values associated
with gastric fluids or to control the rate of drug release in the gastrointestinal tract.
The most common coating in use today is a thin film coating composed of a polymer that is
derived from cellulose. Sugar coating is an alternative, less common approach. Sugar-coated
tablets have considerably thicker coatings that are primarily sucrose with a number of inorganic
diluents. A variety of film-coating polymers are available and enable the development of
specialized release profiles. These formulations are used to protect acid-labile drug substances
from the acidic stomach environment as well as to prolong the release of the drug substance to
reduce dosing frequency (see 〈711〉 or 〈701〉).
Tapes
A tape is a dosage form suitable for delivering drug substances to the skin. It consists of a
drug substance(s) impregnated into a durable yet flexible woven fabric or extruded synthetic
material that is coated with an adhesive agent. Typically the impregnated drug substance is
present in the dry state. The adhesive layer is designed to hold the tape securely in place
without the aid of additional bandaging. Unlike transdermal systems, tapes are not designed to
control the release rate of the drug substance. The term “tape” is not preferred and should not
be used for new official article 1S (USP41) titles.
The drug substance content of tapes is expressed as amount per surface area with respect
to the tape surface exposed to the skin. The use of an occlusive dressing with the tape
enhances the rate and extent of delivery of the drug substance to deeper layers of the skin
and may result in greater systemic absorption of the drug substance.
Change to read:
GLOSSARY
This glossary provides definitions for terms in use in medicine and serves as a source of
official titles 1S (USP41) for official articles, except when the definition specifically states that
the term is not to be used in drug product titles. Examples of general nomenclature forms for
the more frequently encountered categories of dosage forms appear in 〈1121〉. In an attempt to
be comprehensive, this glossary was compiled without the limits imposed by current preferred
nomenclature conventions. To clearly identify/distinguish preferred from not preferred terms,
entries indicate when a term is not preferred and generally direct the user to the current
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Descriptive terms or attributes

1S (USP42)

are used to identify a specialized presentation or characteristic of a dosage form. For example,
the descriptive term “chewable” may be used with the dosage form “tablets” to identify a
specific type of tablet that must be chewed prior to swallowing. 1S (USP41) When a term is
described in this glossary 1S (USP41) as an attribute of a dosage form, it is generally intended
to distinguish that 1S (USP41) term from those used for official 1S (USP41) dosage form titles.
1S (USP41)

1S (USP42)

Aerosol: A dosage form consisting of a liquid or solid preparation packaged under pressure and
intended for administration as a fine mist. The descriptive
When not used in naming, the 1S (USP42)
term “aerosol” also refers to the fine mist of small droplets or solid particles that are emitted
from the product.
Aromatic water (
1S (USP41) see Solution): A clear, saturated, aqueous solution of volatile
oils or other aromatic or volatile substances. The term is not used in official article titles.
1S (USP41)

Aural (Auricular) (
1S (USP41) see Otic): For administration into, or by way of, the ear.
The term is not used in official article titles. 1S (USP41)
Bead (
1S (USP41) see Pellet): A solid dosage form in the shape of a small sphere. In most
products a unit dose consists of multiple beads. The term is not used in official article titles.
1S (USP41)

Bolus (not preferred; see Tablet): A large tablet intended for administration to large animals.
Occasionally, the term “bolus” is used to describe a method of administration.
Buccal: Administration directed toward the cheek, generally from within the mouth.
Caplet (
1S (USP41) see Tablet): Tablet dosage form in the shape of a capsule.
not used in official article titles. 1S (USP41)

The term is

Capsule: A solid dosage form in which the drug substance, with or without other ingredients, is
filled into either a hard or soft shell or coated on the capsule shell. Most capsule shells are
composed mainly of gelatin.
Chewable: Attribute of
A term for 1S (USP42)
a solid dosage form that is intended to be chewed or crushed before swallowing.
Chewable gel: Formed or molded oral gel dosage forms that maintain their shape, are
elastic, and yield to mastication. Chewable gels are also known as “gummies” but that term is
not used for official article titles. 1S (USP41)
Coating
(Coated): 1S (USP42)
Attribute (coated) of a solid dosage form that involves covering with an outer solid. The outer
deposit is referred to as a coating or film. The term is used as an attribute when applied to
solid oral dosage forms.
A term for the outer solid covering applied to a solid dosage form. This outer deposit is also
referred to as a film. 1S (USP42)
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Coatings are applied for functional or aesthetic purposes such as taste masking, stability,
modifying release characteristics, product identification, and appearance.
The term is not used in official article titles. 1S (USP42)
Collodion (not preferred; see Solution): A preparation that is a solution dosage form composed
of pyroxilin dissolved in a solvent mixture of alcohol and ether, and applied externally.
Colloidal dispersion: An attribute of
A term for 1S (USP42)
a preparation or formulation in which particles of colloidal dimension (i.e., typically between 1
nm and 1 µm) are distributed uniformly throughout a liquid.
Concentrate (not a preferred term for human or veterinary drug products): The current use is
for drug substances that are not intended for direct administration to humans or animals. The
use in drug product nomenclature is being phased out (see 〈1121〉 and Nomenclature
Guidelines2).
Conventional-release (
1S (USP41) see Immediate-release): Descriptive term for
A term describing 1S (USP42)
a dosage form in which no deliberate effort has been made to modify the release rate of the
drug substance. In the case of capsules and tablets, the inclusion or exclusion of a
disintegrating agent is not interpreted as a modification. The term is not used in official
article titles. 1S (USP41)
Cough drop (

1S (USP41)

see Lozenge):

The term is not used in official article titles.

1S (USP41)

Cream: A semisolid emulsion dosage form often containing more than 20% water and volatiles,
and/or containing less than 50% hydrocarbons, waxes, or polyols as the vehicle for the drug
substance. Creams are generally intended for external application to the skin or mucous
membranes.
Delayed-release: A type of modified-release dosage form. A descriptive term for
When used in naming dosage forms, this term denotes 1S (USP42)
a dosage form deliberately formulated 1S (USP41) to delay release of the drug substance for
some period of time after initial administration. For oral products, expressions such as
“enteric-coated” or “gastro-resistant” have been used where release of the drug substance is
prevented in the gastric environment but promoted in the intestinal environment. However, the
term “delayed-release” is used for official article titles. 1S (USP41)
Dental: Descriptive term for
When used in naming dosage forms, this term denotes 1S (USP42)
a preparation that is applied to the teeth for localized action.
Dermal: A topical route of administration where the drug product is intended to reach or be
applied to the dermis.
1S (USP42)

Dip (not preferred; see Immersion)
Dispersible tablet (
1S (USP41) see Tablet, Tablet for oral suspension, or Tablet for oral
solution): The term is not used in official article titles. 1S (USP41)

PF 44(3): May.-Jun. 2018

1S (USP41)

115

Disintegrating tablet (
1S (USP41) see Tablet, Tablet for oral suspension, or Tablet for oral
solution; see also Orally disintegrating): The term is not used in official article titles.
1S (USP41)

Dosage form: A combination of drug substance(s) and/or excipient(s) in quantities and
physical form designed to allow the accurate and efficient administration of the drug substance
to the human or animal patient. The term is not used in official article 1S (USP41) titles.
Dry powder inhaler: A device used to administer an inhalation powder in a finely divided state
suitable for oral inhalation by the patient. This term is not used in official article 1S (USP41)
titles.
Effervescent: Attribute of
A term for 1S (USP42)
an oral dosage form, frequently tablets or granules, containing ingredients that, when in
contact with water, rapidly release carbon dioxide. The dosage form is dissolved or dispersed in
water to initiate the effervescence prior to ingestion.
Elixir (not preferred; see Solution): A preparation that typically is a clear, flavored, sweetened
hydroalcoholic solution intended for oral use. The term should not be used for new drug
products in USP–NF but is commonly encountered in compounding pharmacy practice.
Emollient: Attribute of
A term for 1S (USP42)
a cream or ointment indicating an increase in the moisture content of the skin following
application of bland, fatty, or oleaginous substances. This term should not be used in official
article 1S (USP41) titles.
Emulsion: A dosage form consisting of a two-phase system composed of at least two
immiscible liquids, one of which is dispersed as droplets (internal or dispersed phase) within the
other liquid (external or continuous phase), generally stabilized with one or more emulsifying
agents. Emulsion is not used as a dosage form term if a more specific term is applicable (e.g.,
Cream, Lotion, or Ointment).
Enteric-coated (not preferred;
1S (USP42)

see Delayed-release): Descriptive
A 1S (USP42)
term for a solid dosage form in which a polymer coating has been applied to prevent the release
of the drug substance in the gastric environment.
This term is not used in official article titles. 1S (USP42)
Excipient: An ingredient of a dosage form other than a drug substance. This term is not used
in official article 1S (USP41) titles. The term “excipient” is synonymous with inactive
ingredient.
Extended-release: Descriptive term for
A term denoting 1S (USP42)
a dosage form that is deliberately formulated to prolong the release 1S (USP41) of the drug
substance compared to that observed for an immediate-release dosage form. Expressions
such as “prolonged release”, “repeat action”, “controlled release”, “long acting”, and “sustained
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release” have also been used to describe such dosage forms. However, the term “extendedrelease” is used for official article titles. 1S (USP41)
Film: A term used to describe a thin sheet of material, usually composed of a polymer. Films
are used in various routes of administration including as a means of oral administration of
material in a rapidly dissolving form.
Foam: A dosage form containing gas bubbles dispersed in a liquid. Medicated foams have a
semisolid consistency
dispersed in a liquid or solid continuous phase. Foams are formed at the time of application by
dispensing product from the canister 1S (USP42)
and can be formulated to quickly break down into a liquid or to remain as
a 1S (USP42)
foam to ensure prolonged contact.
Gas: One of the states of matter having no definite shape or volume and occupying the entire
container when confined.
The term is not used in official article titles. 1S (USP42)
Gastro-resistant (
1S (USP41) see Delayed-release): Descriptive
A 1S (USP42)
term for a solid dosage form in which a polymer coating has been applied to prevent the release
in the gastric environment. The term is not used in official article titles. 1S (USP41)
Gel: A dosage form that is a semisolid dispersion of small particles or a solution of large
molecules interpenetrated by a solution containing a gelling agent to provide stiffness.
Gelcap: A capsule that is coated is sometimes referred to as a gelcap. Gelcap is not a term
used in official article titles.
Geltab/Filmtab: A tablet that is coated is sometimes referred to as a geltab or filmtab. Geltab
and filmtab are not terms used in official article titles. 1S (USP41)
Granules: A dosage form composed of dry aggregates of powder particles that may contain
one or more drug substances, with or without other ingredients. They may be swallowed as
such, dispersed in food, or dissolved in water. Granules are frequently compacted into tablets
or filled into capsules, with or without additional ingredients. More commonly, granules are
reconstituted as suspensions.
Gum: A dosage form in which the base consists of a pliable material that, when chewed,
releases the drug substance into the oral cavity.
Gummies (see Chewable gel): The term is not used in official article titles.

1S (USP41)

Hard-shell capsule (not preferred; see Capsule): A type of capsule in which one or more drug
substances, with or without other ingredients, are filled into a two-piece shell. Most hard-shell
capsules are composed mainly of gelatin and are fabricated prior to the filling operation.
Immediate-release: Descriptive
A 1S (USP42)
term for a dosage form in which no deliberate effort has been made to modify the drug
substance release rate. The term is not used in official article titles. 1S (USP41)
Immersion: A veterinary route of administration via partial or complete submersion in a
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specified environment such as liquid or air.
Implant: A dosage form that is a solid or semisolid material containing the drug substance that
is inserted
placed 1S (USP42)
into the body. The insertion
implantation 1S (USP42)
process is invasive, and the material is intended to reside at the site for a period consistent
with the design release kinetics or profile of the drug substance(s).
Inhalation (By Inhalation): A route of administration for aerosols characterized by dispersion
of the drug substance into the airways during inspiration.
Injection (By Injection): A route of administration of a liquid or semisolid deposited into a
body cavity, fluid, or tissue by use of a needle.
Injection: Liquid preparations that may contain drug substances and/or excipients or solutions
thereof. The term “for injection” indicates dry solids that, upon the addition of a suitable
vehicle, yield solutions conforming in all respects to the requirements for injections.
Injectable emulsion: Liquid preparations of drug substances dissolved or dispersed in a
suitable emulsion medium.
Injectable suspension: Liquid preparations of solids suspended in a liquid medium. The term
“for injectable suspension” indicates dry solids that, upon the addition of a suitable vehicle,
yield preparations conforming in all respects to the requirements for injectable suspensions.
Injectable suspension, extended-release: Liquid preparations of solids suspended in a
suitable vehicle and formulated to allow the drug substance to be available over an extended
period of time. The term “for extended-release injectable suspension” indicates dry solids that,
upon the addition of a suitable vehicle, yield a preparation that conforms in all respects to the
requirements for extended-release injectable suspensions.
Insert: A solid dosage form that is inserted into a naturally occurring (nonsurgical) body cavity
other than the mouth or rectum. It should be noted that a suppository is intended for
application into the rectum and is not classified as an insert (see Suppository).
Intraocular: A route of administration to deliver a sterile preparation within the eye.
Irrigation: A sterile solution or liquid intended to bathe or flush open wounds or body cavities.
Jelly (not preferred; see Gel): A semisolid dispersion of small particles or a solution of large
organic molecules interpenetrated by a solution containing a gelling agent to promote stiffness.
Liposomes: Attribute
A term 1S (USP42)
for preparations of amphiphilic lipids that have low water solubility (see 〈1〉).
Liquid: A dosage form consisting of a pure chemical in its liquid state. This dosage form term
should not be applied to solutions. The term is not used in official article 1S (USP41) titles.
When “liquid” is used as a descriptive term, it indicates
not used in dosage form naming, the term, “liquid” is used to indicate 1S (USP42)
a material that is pourable and conforms to its container at room temperature.
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Lotion: An emulsion liquid dosage form applied to the outer surface of the body. Historically,
this term was applied to topical suspensions and topical emulsions. The current definition of a
lotion is restricted to an emulsion.
Lozenge: A solid dosage form intended to disintegrate or dissolve slowly in the mouth.
Modified-release: A descriptive
1S (USP42)

term for a dosage form with a drug substance release pattern that has been deliberately
changed from that observed for the immediate-release dosage form of the same drug
substance. The two types of modified-release are extended-release and delayed-release. The
term “modified-release” is not used in official article 1S (USP41) titles.
Molded tablet: A tablet that has been formed by dampening the ingredients and pressing into
a mold, then removing and drying the resulting solid mass. This term is not used in official
article 1S (USP41) titles.
Mouthwash (
1S (USP41) see Rinse): Term applied to a solution preparation used to rinse the
oral cavity. The term is not used in official article titles. 1S (USP41)
Nasal: Route of administration (mucosal) characterized by administration to the nose or by way
of the nose for local or systemic effect.
Ocular (not preferred; see Intraocular): Route of administration indicating deposition of the
drug substance within the eye.
Ointment: A semisolid dosage form, usually containing less than 20% water and volatiles and
more than 50% hydrocarbons, waxes, or polyols as the vehicle. This dosage form generally is
for external application to the skin or mucous membranes.
Ophthalmic: A route of administration characterized by application of a sterile preparation to
the external parts of the eye.
Oral: Route of administration characterized by application to the mouth or delivery to the
gastrointestinal tract through the mouth.
Orally disintegrating: A descriptive term for
When used in naming a dosage form, this term denotes 1S (USP42)
a solid oral dosage form that disintegrates rapidly in the mouth prior to swallowing. The drug
substance is intended for gastrointestinal delivery and/or absorption. See also CDER Guidance
for Industry: Orally Disintegrating Tablets.
Orodispersible (
1S (USP41) see Orally disintegrating):
article titles. 1S (USP41)

The term is not used in official

Oro-pharyngeal: A route of administration characterized by deposition of a preparation into
the oral cavity and/or pharyngeal region to exert a local or systemic effect.
Otic: A route of administration characterized by deposition of a preparation into, or by way of,
the ear. Sometimes referred to as Aural (Aural not preferred).
Parenteral: General route of administration which is characterized by injection through the skin
or other external boundary tissue or implantation within the body. Specific parenteral routes
include intravenous, intraventricular, intra-arterial, intra-articular, subcutaneous, intramuscular,
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intrathecal, intracisternal, and intraocular (see 〈1〉).
Paste: A semisolid dosage form containing a high percentage (20%–50%) of finely dispersed
solids with a stiff consistency. This dosage form is intended for application to the skin, oral
cavity, or mucous membranes.
Pastille (

1S (USP41)

see Lozenge):

The term is not used in official article titles.

1S (USP41)

Patch (not preferred; see System): Frequently incorrectly used to describe a System.
Pellet: A small solid dosage form of uniform, often spherical, shape intended for direct
administration as a pellet. Spherical pellets are sometimes referred to as Beads. Pellets intended
as implants must be sterile. The use of the term “pellet” for implantable dosage forms is no
longer preferred (see Implant).
Periodontal: Descriptive
A 1S (USP42)
term for a preparation that is applied around a tooth for localized action.
Pill: A solid, spherical dosage form usually prepared by a wet massing, piping, and molding
technique. This term is frequently incorrectly used as a general term to describe solid oral
dosage forms such as tablets or capsules.
Plaster (not preferred): A dosage form containing a semisolid composition supplied on a support
material for external application. Plasters are applied for prolonged periods of time to provide
protection, support, or occlusion (for macerating action).
Powder: A dosage form composed of a solid or mixture of solids reduced to a finely divided
state and intended for internal or external use.
Powder, inhalation: A powder containing a drug substance for oral inhalation. The powder is
used with a device that aerosolizes and delivers an accurately metered amount.
Premix (not preferred; see Animal Drugs for Use in Animal Feeds 〈1152〉, Scope, Type A
Medicated Articles and Type B Medicated Feeds)
Prolonged-release (
article titles. 1S (USP41)

1S (USP41)

see Extended-release):

The term is not used in official

Rectal: A route of administration characterized by deposition into the rectum to provide local or
systemic effect.
Rinse (see Solution): A liquid preparation used to cleanse by flushing. A rinse is used to swish in
the mouth and then expectorated. The nonpreferred term “mouthwash” has sometimes been
used for “rinse”.
Semisolid: Attribute of
A term for 1S (USP42)
a material that exhibits plastic flow behavior. A semisolid material is not pourable, does not
readily conform to its container at room temperature, and does not flow at low shear stress.
This term is not used in official article 1S (USP41) titles.
Shampoo: A solution, emulsion, or suspension dosage form used to clean the hair and scalp.
May contain a drug substance intended for topical application to the scalp.
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Soap: The alkali salt(s) of a fatty acid or mixture of fatty acids used to cleanse the skin. Soaps
used as dosage forms may contain a drug substance intended for topical application to the
skin. Soaps have also been used as liniments and enemas.
Soft gel capsule (not preferred; see Capsule): A specific capsule type characterized by
increased levels of plasticizers producing a more pliable and thicker-walled material than hard
gelatin capsules. Soft gel capsules are further distinguished because they are single-piece
sealed dosages. Frequently used for delivering liquid compositions.
Soluble tablet (
1S (USP41) see Tablet and Tablet for oral solution):
in official article titles. 1S (USP41)

The term is not used

Solution: A clear, homogeneous liquid dosage form that contains one or more chemical
substances dissolved in a solvent or mixture of mutually miscible solvents.
Spirit (not preferred; see Solution): A liquid dosage form composed of an alcoholic or
hydroalcoholic solution of volatile substances.
Spot on (Pour On): A method of delivering liquid veterinary drug products by administering
them onto the animal’s skin, usually between the shoulder blades (spot on) or down the back
(pour on).
The term is not used in official article titles. 1S (USP42)
Spray: A spray is a dosage form that contains drug substance(s) in the liquid state, either as a
solution or as a suspension, and is intended for administration as a mist. Sprays are
distinguished from aerosols in that spray containers are not pressurized. Most of the sprays are
generated by manually squeezing a flexible container or actuation of a pump that generates the
mist by discharging the contents through a nozzle.
As an attribute, spray
When not used in the naming of a dosage form, the term “spray” 1S (USP42)
describes the generation of droplets of a liquid or solution to facilitate application to the
intended area.
Stent, drug-eluting: A specialized form of implant used for extended local delivery of the drug
substance to the immediate location of stent placement.
Strip (only used for diagnostic products, otherwise not preferred; see Film): A dosage form or
device in the shape of a long, narrow, thin, absorbent, solid material such as filter paper.
Sublingual: A route of administration characterized by placement underneath the tongue and
for release of the drug substance for absorption in that region.
Suppository: A solid dosage form in which one or more drug substances are dispersed in a
suitable base and molded or otherwise formed into a suitable shape for insertion into the rectum
to provide local or systemic effect.
Suspension: A liquid dosage form that consists of solid particles dispersed throughout a liquid
phase.
Syrup (not preferred; see Solution): A solution containing high concentrations of sucrose or
other sugars. This term is commonly used in compounding pharmacy.
System: A preparation of drug substance(s) in a carrier device that is applied topically or
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inserted into a body cavity. The drug substance is designed to be released in a controlled
manner over a specified period of time or the drug substance is released based on its
concentration in the formulation. Unless otherwise stated in the labeling, the carrier device is
removed after use.
Tablet: A solid dosage form prepared from powders or granules by compaction.
Tablet for oral solution: A tablet that is intended to be dispersed in a liquid before
administration. When dispersed in the liquid, a solution results.
Tablet for oral suspension: A tablet that is intended to be dispersed in a liquid before
administration. When dispersed in the liquid, a suspension results.
Tape (not preferred): A dosage form or device composed of a woven fabric or synthetic
material onto which a drug substance is placed, usually with an adhesive on one or both sides
to facilitate topical application. The rate of release of the drug substance is not controlled.
Tincture (not preferred; see Solution): An alcoholic or hydroalcoholic solution prepared from
vegetable materials or from chemical substances.
Topical: A route of administration characterized by application to the outer
external 1S (USP42)
surface of the body.
Transdermal: A route of administration through the dermal layer of the skin to the systemic
circulation.
characterized by drug product application to the skin where the drug substance passes
through the dermal layer with the intent to achieve a systemic effect. 1S (USP42)
Troche (
1S (USP41) see Lozenge): A solid dosage form intended to disintegrate or dissolve
slowly in the mouth and usually prepared by compaction in a manner similar to that used for
tablets. The term is not used in official article titles. 1S (USP41)
Urethral: A route of administration characterized by deposition into the urethra.
Vaginal: A route of administration characterized by deposition into the vagina.
Vehicle: A term commonly encountered in compounding pharmacy that refers to a component
for internal or external use that is used as a carrier or diluent in which liquids, semisolids, or
solids are dissolved or suspended. Examples include water, syrups, elixirs, oleaginous liquids,
solid and semisolid carriers, and proprietary products (see Excipient). This term is not used in
official article 1S (USP41) titles.
Veterinary: Descriptive
A 1S (USP42)
term for dosage forms intended for nonhuman use.
1 In the United States, a drug with a name recognized in USP–NF must comply with compendial identity
standards or be deemed adulterated, misbranded, or both. To avoid being deemed adulterated, such drugs
must also comply with compendial standards for strength, quality, and purity, unless labeled to show all
respects in which the drug differs. See the Federal Food, Drug, and C osmetic Act (FDC A), §501(b) and §502(e)
(3)(b), and Food and Drug Administration (FDA) regulations at 21 C FR §299.5. In addition, to avoid being
deemed misbranded, drugs recognized in USP–NF must also comply with compendial standards for packaging
and labeling, FDC A Section 502(g). “Quality” is used herein as suitable shorthand for all such compendial
requirements. This approach is also consistent with U.S. and FDA participation in the International C onference
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on Harmonisation (IC H). The IC H guideline on specifications, Q6A, notes that “specifications are chosen to
confirm the quality of the drug substance and drug product…” and defines “quality” as “The suitability of either
a drug substance or drug product for its intended use. This term includes such attributes as identity, strength,
and purity.”
1S (USP42)

2 Marshall K, Foster TS, C arlin HS, & Williams RL. Development of a compendial taxonomy and glossary for
pharmaceutical dosage forms. Pharm Forum. 2003;29(5):1742–1752.
1S (USP42)

1 Marshall K, Foster TS, C arlin HS, & Williams RL. Development of a compendial taxonomy and glossary for
pharmaceutical dosage forms. Pharm Forum. 2003;29(5):1742–1752. 1S (USP42)
2 Nomenclature Guidelines, http://www.usp.org/health-quality-safety/compendial-nomenclature. 1S (USP41)
3 The terms “manufacture” and “preparation” are used interchangeably in this general chapter.
4 In 1960 C ongress enacted the C olor Additive Amendments, requiring the FDA to regulate dyes, pigments, or
other coloring agents in foods, drugs, and cosmetics separately from food additives. Under the law, color
additives are deemed unsafe unless they are used in compliance with FDA regulations. The law provides a
framework for the listing and certification of color additives. See FDC A §721; see FDA regulations at 21 C FR
Part 70. C olors must also be listed in pertinent FDA regulations for specific uses; the list of color additives for
drugs that are exempt from certification is published at 21 C FR Part 73, Subpart B. FDA also conducts a
certification program for batches of color additives that are required to be certified before sale; see 21 C FR
Part 74 (Subpart B re: drugs). Regulations regarding certification procedures, general specifications, and the
listing of certified provisionally listed colors are at 21 C FR Part 80. FDA maintains a color additives website with
links to various legal and regulatory resources at: http://www.fda.gov; search by document title.

Recent Official Publications:
USP41–NF36 Supplement: No. 1 Page 8648
USP41–NF36 Page 7425
BRIEFING

〈 1226〉 Verification of Compendial Procedures, USP 41 page 7671. On the basis of comments
received, the General Chapters—Chemical Analysis Expert Committee is proposing to include
text in the chapter to indicate that stability of solutions used for testing needs to be evaluated
during the verification of the procedure.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCCA: H. Pappa.)
Correspondence Number—C199691
Comment deadline: July 31, 2018

〈 1226〉 VERIFICATION OF COMPENDIAL PROCEDURES
The intent of this chapter is to provide general information on the verification of compendial
procedures that are being performed for the first time to yield acceptable results utilizing the
personnel, equipment, and reagents available. This chapter is not intended for retroactive
application to already successfully established laboratory procedures. Validation of Compendial
Procedures 〈1225〉 provides general information on characteristics that should be considered for
various test categories and on the documentation that should accompany analytical procedures
submitted for inclusion in USP–NF. Verification consists of assessing selected analytical
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performance characteristics, such as those that are described in 〈1225〉, to generate
appropriate, relevant data rather than repeating the validation process.
Users of compendial analytical procedures are not required to validate these procedures when
first used in their laboratories, but documented evidence of suitability should be established
under actual conditions of use. In the United States, this requirement is established in 21 CFR
211.194(a)(2) of the current Good Manufacturing Practice regulations, which states that the
“suitability of all testing methods used shall be verified under actual conditions of use.”
Verification of microbiological procedures is not covered in this chapter because it is covered
in Antimicrobial Effectiveness Testing 〈51〉, Microbial Enumeration Tests 〈61〉, Tests for
Specified Microorganisms 〈62〉, Sterility Tests 〈71〉, and Validation of Microbial Recovery from
Pharmacopeial Articles 〈1227〉.
Change to read:
VERIFICATION PROCESS
The verification process for compendial test procedures is the assessment of whether the
procedure can be used for its intended purpose, under the actual conditions of use for a
specified drug substance and/or drug product matrix.
Users should have the appropriate experience, knowledge, and training to understand and be
able to perform the compendial procedures as written. Verification should be conducted by the
user such that the results will provide confidence that the compendial procedure will perform
suitably as intended.
If the verification of the compendial procedure is not successful, and assistance from USP
staff has not resolved the problem, it may be concluded that the procedure may not be
suitable for use with the article being tested in that laboratory. It may then be necessary to
develop and validate an alternate procedure as allowed in the General Notices, 6.30
Alternative and Harmonized Methods and Procedures. (CN 1-May-2018) The alternate procedure
may be submitted to USP, along with the appropriate data, to support a proposal for inclusion
or replacement of the current compendial procedure.
Change to read:
VERIFICATION REQUIREMENTS
Verification requirements should be based on an assessment of the complexity of both the
procedure and the material to which the procedure is applied. Although complete revalidation of
a compendial method is not required to verify the suitability of a procedure under actual
conditions of use, some of the analytical performance characteristics listed in Validation of
Compendial Procedures 〈1225〉, Table 2, may be used for the verification process. Only those
characteristics that are considered to be appropriate for the verification of the particular
procedure need to be evaluated. The process of assessing the suitability of a compendial
analytical test procedure under the conditions of actual use may or may not require actual
laboratory performance of each analytical performance characteristic. The degree and extent
of the verification process may depend on the level of training and experience of the user, on
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the type of procedure and its associated equipment or instrumentation, on the specific
procedural steps, and on which article(s) are being tested.
Verification should assess whether the compendial procedure is suitable for the drug
substance and/or the drug product matrix, taking into account the drug substance's synthetic
route, the method of manufacture for the drug product, or both, if applicable. Verification
should include an assessment of elements such as the effect of the matrix on the recovery of
impurities and drug substances from the drug product matrix, as well as the suitability of
chromatographic conditions and column, the appropriateness of detector signal response, etc.
As an example, an assessment of specificity is a key parameter in verifying that a compendial
procedure is suitable for use in assaying drug substances and drug products. For instance,
acceptable specificity for a chromatographic method may be verified by conformance with
system suitability resolution requirements (if specified in the procedure). However, drug
substances from different suppliers may have different impurity profiles that are not addressed
by the compendial test procedure. Similarly, the excipients in a drug product can vary widely
among manufacturers and may have the potential to directly interfere with the procedure or
cause the formation of impurities that are not addressed by the compendial procedure. In
addition, drug products containing different excipients, antioxidants, buffers, or container
extractives may affect the recovery of the drug substance from the matrix. In these cases, a
more thorough assessment of the matrix effects may be required to demonstrate suitability of
the procedure for the particular drug substance or product. Other analytical performance
characteristics such as an assessment of the limit of detection or quantitation and precision for
impurities procedures may be useful to demonstrate the suitability of the compendial procedure
under actual conditions of use.
It is the user's responsibility to demonstrate the stability of standard and sample preparations
throughout the duration of the procedure. 1S (USP42)
Verification is not required for basic compendial test procedures that are routinely performed
unless there is an indication that the compendial procedure is not appropriate for the article
under test. Examples of basic compendial procedures include, but are not limited to, loss on
drying, residue on ignition, various wet chemical procedures such as acid value, and simple
instrumental determinations such as pH measurements. However, for the application of already
established routine procedures to compendial articles tested for the first time, it is
recommended that consideration be given to any new or different sample handling or solution
preparation requirements.
Recent Official Publications:
USP41–NF36 Page 7671
BRIEFING

〈 1671〉 The Application of Moisture Vapor Transmission Rates for Solid Oral Dosage
Forms in Plastic Packaging Systems. This proposed new general chapter is intended to 1)
describe the methodology of proving the moisture barrier equivalency of two similar packaging
systems (e.g., bottle A to bottle B, or blister 1 to blister 2) based on the moisture vapor
transmission rate (MVTR) measurements described in Containers—Performance Testing 〈671〉,
Moisture Vapor Transmission for Plastic Packaging Systems; 2) define the upper limit of the
MVTR for an oral dosage form drug product; 3) compare the desiccant-based and water-based
MVTR methods; and 4) explain how to leverage MVTR data to complement, and possibly
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reduce, stability studies when a new packaging system or a new drug product packaging
configuration is introduced. The scope of this chapter is restricted to 1) solid oral dosage form
(SODF) drug products; 2) MVTR based on Methods 1, 2, and 3 (desiccant-based) described in
Containers—Performance Testing 〈671〉, Moisture Vapor Transmission for Plastic Packaging
Systems; 3) MVTR based on Method 4 (water based) described in Containers—Performance
Testing 〈671〉, Moisture Vapor Transmission for Packaging Systems, and 4) repackaging of
SODFs. This chapter is applicable to pharmaceutical manufacturers, packagers, and
repackagers.
(GCPD: D. Hunt.)
Correspondence Number—C199443
Comment deadline: July 31, 2018
Add the following:

〈 1671〉 THE APPLICATION OF MOISTURE VAPOR TRANSMISSION RATES FOR SOLID ORAL
DOSAGE FORMS IN PLASTIC PACKAGING SYSTEMS
INTRODUCTION
Scope
PACKAGING SYSTEMS
DESICCANT VERSUS WATER MVTR METHOD
Use of Desiccants for MVTR Determination
Use of Water as an Alternative Fill Medium
EQUIVALENCY AND APPLICATION OF MVTR DETERMINATION METHOD
Description
Rationale
Application
REPACKAGING OF SODFs
Repackaging an SODF into a Unit-Dose Container
Determination of Equivalence for Packaging Systems for SODFs
GLOSSARY
REFERENCES
INTRODUCTION
A common cause for failure to meet specifications of packaged solid oral dosage forms
(SODFs) is their instability as a result of moisture uptake during storage. Failures are usually
related to out-of-specification or out-of-range values in any of the following quality attributes
(alone or in combination with other physical properties): assay, related substances,
degradation by-products, and dissolution rate. Therefore, the moisture barrier properties of the
packaging system must be characterized properly to demonstrate the relative moisture vapor
transmission rate (MVTR) performance required to protect SODFs from moisture uptake.
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Common packaging systems used for SODFs are plastic bottles that include a plastic closure
with a foil seal over the bottle opening, or formed plastic and aluminum blisters, with a foil seal
over the blister cavity. Plastic packaging systems are considered to be permeable, and
therefore the moisture barrier properties must be characterized.
Containers—Performance Testing 〈671〉 includes desiccant-based MVTR methods for SODF
packaging systems that align with the International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use (ICH) accelerated storage conditions for
stability testing [40°/75% relative humidity (RH)] and a water-based method that aligns with
the ICH storage condition of 40°/25% RH. These methods have the accuracy to measure the
performance of high-barrier packaging systems, which has been traditionally difficult to
measure, and provide specific MVTR values for packaging systems with sufficient sensitivity and
precision to allow clear differentiation across packaging systems. This chapter provides
guidance on the application of these methods to determine MVTR and the use of MVTR data to
support demonstrating the equivalence of packaging systems when packaging SODFs.
Scope
For packaging systems containing more than one unit of product, the concept of normalizing
the MVTR of the packaging system to the number of units contained in the system (MVTR/unit)
allows for a relative comparison of barrier performance and can be used to demonstrate
equivalent moisture protection, when comparing a variety of packaging systems that contain
different numbers of units. Thus, to complement—and in some cases, reduce—product stability
testing for SODFs, the use of MVTR/unit can provide evidence that a proposed packaging
system may provide adequate moisture protection to maintain product stability. However,
annual stability may never be replaced by MVTR studies and changes based upon MVTR studies
are made with some risk that stability failures may occur.
This chapter is intended to:
Describe the methodology of providing evidence for the moisture barrier equivalency of
two similar packaging systems (e.g., bottle A to bottle B, blister 1 to blister 2), based
on the MVTR measurements described in Containers—Performance Testing 〈671〉,
Moisture Vapor Transmission for Packaging Systems
Define the upper limit of the MVTR for an SODF
Compare the desiccant-based and water-based MVTR methods
Explain how to leverage MVTR data to complement and, possibly, reduce stability
studies when a new packaging system, a new packaging configuration for a marketed
drug product, or a change to an existing packaging system is introduced
The scope of this chapter is restricted to:
SODFs
MVTR based on Method 1, Method 2, and Method 3 (desiccant-based) described in
Containers—Performance Testing 〈671〉, Moisture Vapor Transmission for Packaging
Systems
MVTR based on Method 4 (water-based) described in Containers—Performance Testing
〈671〉, Moisture Vapor Transmission for Packaging Systems
Repackaging of SODFs
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This chapter is applicable to:
Pharmaceutical manufacturers
Packagers
Repackagers
PACKAGING SYSTEMS
Pharmaceutical products are manufactured in different dosage forms and are packaged in a
packaging system for storage and distribution. A packaging system performs multiple functions,
among which protection is the most fundamental. Such protection ensures that the quality of
the packaged drug product is maintained and not affected by physical hazards during the
shipping and distribution process or by environmental hazards such as moisture, light, and
oxygen throughout the shelf life of the drug product.
For SODFs, the most commonly used packaging systems are plastic bottles and blisters. A
number of different plastic materials are used to manufacture SODF packaging, including cyclic
olefins, polyethylene (PE), polyethylene terephthalate (PET), polyethylene terephthalate G
(PETG), polypropylene (PP), and polyvinyl chloride (PVC). A general chemical description of
these plastics is contained in Evaluation of Plastic Packaging Systems and Their Materials of
Construction with Respect to Their User Safety Impact 〈1661〉, and the specifications for use in
oral dosage packaging systems are defined in Plastic Materials of Construction 〈661.1〉. Two
other plastic materials used to form blisters are polyvinylidene chloride (PVDC) and
polychlorotrifluoroethylene (PCTFE).
Chapter 〈671〉 classifies these packaging systems into three main categories: multiple-unit
containers, single-unit containers, and unit-dose containers as defined in Packaging and
Storage Requirements 〈659〉. In the context of this chapter, packaging systems for SODFs are
categorized as:
1. Multiple-unit container: a sealed plastic bottle that contains more than one unit of drug
product. An example of a multiple-unit container is a high-density polyethylene (HDPE)
bottle containing 30 tablets. Method 1 or Method 4 in Containers—Performance Testing
〈671〉, Moisture Vapor Transmission for Packaging Systems should be used to determine
the MVTR of the multiple-unit container.
2. Single-unit or unit-dose container: A sealed blister card that contains one or more
blister cavities and one unit of drug product per blister cavity. An example of such a
container is a sealed PVDC blister card containing 7 cavities. Method 2 or Method 4 in
Containers—Performance Testing 〈671〉, Moisture Vapor Transmission for Packaging
Systems should be used to determine the MVTR of the container unless the container is
a low-barrier blister (see Glossary), in which case Method 3 or Method 4 in
Containers—Performance Testing 〈671〉, Moisture Vapor Transmission for Packaging
Systems should be followed.
DESICCANT VERSUS WATER MVTR METHOD
Traditionally, the MVTR of container–closure systems for solid oral drug products has been
determined by using desiccant-filled test containers stored in an environmental chamber to
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create a difference in RH or vapor pressure between the inside and outside of the test
containers. The use of desiccants can be problematic because an inadequate amount of
desiccant or incompletely dried desiccant may result in variability in the vapor-pressure
differences between the inside and outside of the container during the study. This potential
variability in the vapor-pressure difference can increase variability in MVTR determinations.
Use of Desiccants for MVTR Determination
According to MVTR Method 1, Method 2, and Method 3 described in 〈671〉, test containers are
filled with sufficient anhydrous desiccant to maintain an inside RH close to 0%. This RH is
maintained if the prescribed desiccant preparations are handled properly. However, mishandling
of the desiccant during shipping to the filling site or during filling of the blisters will compromise
the dryness of the desiccant. Desiccant-filled test containers are held in an environmental
chamber, and weight determinations are made over time. Under constant environmental
conditions, the packaging system walls reach a steady state of water concentration after a
preconditioning period. The inside RH remains constant during testing if adequate anhydrous
desiccant is present, which becomes more challenging to achieve with a low-barrier blister
(Method 3) because the desiccant can become saturated before the completion of testing. The
weight gain of the desiccant is determined during this steady-state condition and is translated
into a permeation rate for the test packaging system.
Percent relative humidity (%RH) is used to express the environmental chamber conditions and
the headspace inside the test containers. To obtain reliable MVTR determinations, humidity
must remain constant inside and outside the test container throughout the study. Results from
desiccant-filled test containers do not account for potential variability introduced if the internal
RH of the test containers neither starts at 0% nor remains at 0% during the study. The
desiccant methods are designed to maintain the internal RH below 10% throughout the study.
However, this internal RH can range between 0%–10%, which can translate to the variability of
the internal RH. In test containers filled with water, the RH is maintained at a constant (100%)
from the beginning to the end of the MVTR study, thereby reducing potential variability.
Use of Water as an Alternative Fill Medium
Method 4, as described in 〈671〉, is an alternative approach for the determination of MVTR for
packaging systems for SODFs. While desiccant-filled test containers stored in a 40°/75% RH
chamber achieve a vapor-pressure difference of 65%–75% if the internal RH created by the
desiccant is between 0%–10%, water-filled test containers stored in an environmental chamber
at 40°/25% RH achieve and maintain a constant vapor-pressure difference of 75%.
There are potentially multiple benefits of the MVTR method using water as the test medium.
With water, the variability of the fill amount does not result in variability of internal RH, and no
interaction with container walls is known to exist for the common blister plastic and lidding
materials. The stability of the internal RH afforded by water facilitates holding the samples or
reusing them at a later time, or in multiple studies (e.g., different storage conditions using the
same samples). The concerns about shipping desiccant-filled samples and delays in testing are
mitigated by the use of water. Additional measurements or extensions of studies are possible
without concern about depleting the water.
The use of water eliminates special handling requirements to protect desiccant-filled blister
samples from excessive exposure to moisture before testing. Also, samples filled with aqueous
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dye can be used for leak testing before or after MVTR testing, which can enhance visual
detection of gross leaks during the study.
Sample preparation techniques are important for filling blisters with water. The best practice
for delivering water into the cavities on the packaging line is to use a manual syringe filled with
water; this method allows the delivery of a few drops of water to each cavity without causing
sealing problems. However, there are concerns about introducing an inadequate amount of
water. Chapter 〈671〉 describes how to estimate the amount of water to avoid the total loss of
water before the completion of the test. In contrast to the desiccant method in which the
saturation of desiccant is a concern, the water-filled method allows low-barrier blisters to be
tested over an extended period in the same manner as high-barrier blisters.
COMPARISON OF MVTR RESULTS FOR WATER AND DESICCANT METHOD
Observed differences in MVTR results for water-filled test containers versus desiccant-filled
test containers are insignificant. Several sets of data are provided in Table 1 (1). The raw data
for each set are shown graphically in Figure 1.
Table 1. Summary of MVTR Studies Comparing Desiccant-Filled and Water-Filled
Samples
Number of
Sample
Fill
Chamber
Test
Average
Description
Medium
Conditions
Containers
MVTR
1.46 mg/(day
Molecular
×
7.5 mil PVC
sieves
40°/75% RH
10
cavity)
1.39 mg/(day
×
7.5 mil PVC
Water
40°/25% RH
5
cavity)
0.161 mg/(day
Calcium
×
0.6 mil PCTFE
chloride
40°/75% RH
10
cavity)
0.162 mg/(day
×
0.6 mil PCTFE
Water
40°/25% RH
6
cavity)
0.104 mg/(day
Molecular
×
2 mil PCTFE
sieves
40°/75% RH
10
cavity)
0.105 mg/(day
×
2 mil PCTFE
Water
40°/25% RH
10
cavity)
2.97 mg/(day
325-mL HISa HDPE
Calcium
×
bottle
chloride
40°/75% RH
10
package)
3.20 mg/(day
325-mL HIS HDPEa
×
bottle
Water
40°/25% RH
5
package)
a Heat induction sealed.
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Figure 1. Graphic representation of raw data for Table 1.
EQUIVALENCY AND APPLICATION OF MVTR DETERMINATION METHOD
Description
For SODF packaging systems containing more than one unit of product, the concept of
normalizing the MVTR of the packaging system to the number of SODF units contained in the
system allows for the comparison of the barrier performance and the demonstration of
equivalent moisture protection for each SODF unit when comparing various packaging systems
containing varying numbers of SODF units.
Rationale
The moisture permeability of a packaging system can be a product Critical Quality Attribute
(CQA) for SODFs. Once the stability performance has been assessed and suitability
demonstrated in one or more packaging systems, a maximum demonstrated level of moisture
permeability of the packaging systems, defined by MVTR normalized to the number of dosage
units in the container (MVTR/unit), can be established. The MVTR/unit links the performance of
the packaging system to the quality of the product in the container. Having established the
maximum demonstrated level of MVTR/unit for a given SODF, and having demonstrated the
suitability of one or more packaging systems through stability testing and/or other means, the
MVTR/unit may be used as a measure of moisture protection to support changes to the
packaging systems.
Use of a proper moisture permeation test method and a product-centric measurement of
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MVTR/unit for blisters and bottles permit the pooling of performance data from both packaging
systems to establish a maximum demonstrated level for moisture permeability as a product CQA
and accompanies stability study data to establish drug product quality attributes. For the
pharmaceutical manufacturer, the product-centric model enables and facilitates a scientifically
justified determination of the maximum demonstrated level of MVTR/unit unique to the product.
This presents the ability to demonstrate that the new packaging system provides the
equivalent or better MVTR/unit for a specific product, with the potential of not having to wait
for the results of stability testing, providing that suitability of the bottle or blister packaging
system is demonstrated through other means [such as compliance with the appropriate Code of
Federal Regulations (CFR) and USP tests] and the packaging systems have previously been
used in a regulatory-approved SODF.
Application
Utilizing MVTR/unit and product-specific stability studies, scientifically justified limits for
packaging moisture permeability can be defined. The moisture permeation test results and the
maximum demonstrated level derived from those tests should be discussed in the
Pharmaceutical Development section of the regulatory submission to support the selection of
the packaging systems and materials of construction. It is also important to indicate the
control strategy and the steps that will be taken to ensure that the packaging system
attributes, and specifically the MVTR, will be met in day-to-day production. Moisture
permeation through a material is affected by the properties of the material and its thickness.
The MVTR can be controlled through acceptance specifications to confirm material identity and
the weight or thickness of the material, and in-process control checks to confirm seal quality.
A maximum demonstrated level for moisture permeability of packaging systems can be
ascertained based on the MVTR/unit for each package configuration and the acceptable
product stability performance. Consider the following hypothetical example for SODF product X,
in which MVTR and stability testing were performed on unit-dose blisters, using two different
blister films, and an HDPE packaging system with a fill count of 30 tablets. In this example, the
dissolution rate is a drug product CQA, and a decrease in the dissolution rate caused by
moisture ingress was observed on stability.
Table 2. MVTR for Different Packaging Systems (tested according to 〈671〉)
Drug
MVTR/Container
MVTR/Unit
Product
Packaging System
(mg/day)
(mg/day)
Dissolution
250-µm PVC unit-dose blister
3.1
3.1
Fail
250-µm PVC/60-gm2 PVDC unitdose blister
60-cc HDPE bottle, 30-count

0.8
1.2

0.8
0.04

Pass
Pass

In Table 2 (2), PVC blisters with an MVTR of 3.1 mg per day per tablet were unable to provide
adequate protection against moisture ingress, and the product failed to meet the specification
for dissolution rate. However, the use of a higher-barrier PVDC-coated PVC blister packaging or
a 30-count 60-cc HDPE bottle, with MVTR values of 0.8 mg per day per tablet and 0.04 mg per
day per tablet, respectively (Table 2) (2), did provide adequate protection. A maximum
demonstrated moisture permeability of ≤0.8 per day per tablet was established.
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The maximum demonstrated level of MVTR may be leveraged in order to introduce new
packaging presentations without the need of specific drug product stability testing prior to
implementation. MVTR is one of many factors in assessing packaging system change including
introducing new packaging configuration (e.g., HDPE bottle with a new count), the composition
of the container–closure system, product requirements, and stability. However, MVTR may be
useful in a product development setting, to decide on the packaging components before
packaging exhibit batches, or in a pharmacy setting where product is being repackaged.
For example, after launch, a commercial need may arise for a bottle containing a weekly dose
of 7 tablets or a bottle containing 90 tablets. These two presentations may be considered
based on the data shown in Table 2 (2) and Table 3 (2).
Table 3. MVTR for Different Bottle Sizes and Counts (Tested According to 〈671〉)
Maximum
Demonstrated
MVTR/Container
MVTR/Unit
MVTR/Unit
Packaging System
(mg/day)
(mg/day)
(mg/day)
40-cc HDPE bottle, 7-count
0.95
0.14
0.8
100-cc HDPE bottle, 90-count
1.7
0.019
0.8
REPACKAGING OF SODFS
Repackaging an SODF into a Unit-Dose Container
Multiple-unit packages of SODFs (e.g., unit-of-use or bulk packaging systems) may be
reprocessed or repackaged as instructed by the manufacturer. A blister package may not be
reprocessed or repackaged after it has been deblistered from a unit-dose container. If the
manufacturer’s labeling includes “Protect from Moisture”, the repackager must use a highbarrier or an ultra-high barrier film. If light protection is required for the SODF, the repackager
should follow the requirements for spectral transmission established under 〈671〉. This testing
should be conducted on the formed blister because the light-protective properties of the film
are compromised once the film is thinned during the forming process. It is recommended that
these tests, in conjunction with any guidance provided by the manufacturer, be considered for
any packaging system used to repackage an SODF. The packaging system used to repackage
an SODF must be at least as protective or provide better protection than the packaging system
used by the original manufacturer of SODFs, taking into consideration the planned shelf life of
the repackaged drug.
In the event that a product should not be repackaged, the manufacturer may state this in
the labeling.
Determination of Equivalence for Packaging Systems for SODFs
The suitability of a repackaging system for an SODF may be characterized by establishing
equivalency compared to the original packaging system. Equivalence is established when the
repackaging system is at least as protective as the original packaging system in terms of MVTR,
oxygen transmission, light transmission, and compatibility of the materials of construction.
Packaging system equivalency extends to any special protective materials, such as those used
for light protection; seals; auxiliary packaging components, such as fillers (see Auxiliary
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Packaging Components 〈670〉); and desiccants and their canister or sachet, which are
associated with the original packaging system (see Packaging and Storage Requirements 〈659〉,
General Definitions, Packaging Definitions, Equivalent container–closure system).
For moisture, the determination of MVTR should be made using a method provided in 〈671〉
(Method 1, Method 2, and Method 4) for both the original packaging system and the packaging
system used to repackage the SODF to provide evidence of equivalence.
GLOSSARY
Blister: Formed, lidded, and sealed plastic or foil dome that contains the capsule or tablet
(usually a single-unit or unit-dose).
Blister card: A contiguous group of blisters formed and sealed with lid in place. The number of
blisters per card commonly ranges from one to 10 but may be more. The blister card may
sometimes be referred to as a packaging system.
High-barrier blister: A blister whose moisture vapor transmission rate, when tested at 40° and
an RH difference of 75% between inside and outside the sealed blister, is less than 1.0
mg/cavity-day, but greater than 0.01 mg/cavity-day. An example of a high-barrier blister is a
thermoformed PCTFE blister sealed with foil.
Low-barrier blister: A blister whose moisture vapor transmission rate, when tested at 40° and
an RH difference of 75% between inside and outside the sealed blister, is greater than 1.0
mg/cavity-day. An example of a low barrier blister is a thermoformed PVC blister sealed with
foil.
Ultra-high barrier blister: A blister whose moisture vapor transmission rate, when tested at
40° and an RH difference of 75% between inside and outside the sealed blister, is less than
0.01 mg/cavity-day. An example of an ultra-high barrier blister is a cold-formed foil blister
sealed with foil.
Cavity: Formed, lidded, and sealed plastic or foil dome (see Blister).
Equivalency: A claim that two container–closure packaging systems for a particular dose of an
SODF are suitable for maintaining the stability of the drug in accordance with its specifications.
In this chapter, equivalency refers to equivalent packaging systems from a moisture barrier
perspective.
Equivalent container–closure system: See Packaging and Storage Requirements 〈659〉,
General Definitions, Packaging Definitions, Equivalent Container–Closure System.
Moisture vapor transmission rate: The steady-state moisture vapor transmission (in unit
time) through a packaging system, under specific conditions of temperature and humidity.
These test methods use gravimetric measurement to determine the rate of weight gain as a
result of moisture vapor transmission into the packaging system and subsequent uptake by a
desiccant enclosed within the packaging system or the rate of weight loss as a result of
moisture vapor transmission out of the packaging system and subsequent loss of water
enclosed within the packaging system.
Test specimen (or specimen): For multiple-unit containers, the bottle is the test specimen;
and for single-unit or unit-dose containers, the blister card containing multiple blister cavities is
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the test specimen. For blisters, more than one card may be bundled to form a test specimen.
Test unit: For multiple-unit containers, the bottle is the test unit as well as being the test
specimen; and for single-unit or unit-dose containers, the test unit is a group of test
specimens (blister cards) processed together for temperature and humidity exposure and for
weighing at each time point. The purpose of the test unit for single-unit or unit-dose
containers is to gain the advantage of additive weight gain resulting from more blister cavities
than are present on a single card. The test unit, when applied to bottles, is used to maintain
congruence of naming among the three test methods.
REFERENCES
1. Sparks DL, Yoon S. Containers—Performance Testing 〈671〉: use of water-filled test
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BRIEFING

〈 1850〉 Evaluation of Screening Technologies for Assessing Medicine Quality. Various
portable screening technologies have been developed to assess the quality and authenticity of
medicines1,2 to help combat the growing global problem of substandard and falsified (SF)
medicines. However, the capabilities and limitations of many technologies are not well
characterized, particularly when used outside of the laboratory, for example, in supply chain
testing or at the point of care. This proposed new general chapter is intended to address the
need for structured, effective approaches to performing a pragmatic review of a given
technology. The information collected during the review can inform the selection and
deployment of the technology of interest, which, in turn, can help prevent SF drugs from
reaching vulnerable populations.
(HDQ: D. Bempong.)
Correspondence Number—C201373
Comment deadline: July 31, 2018
Add the following:

〈 1850〉 EVALUATION OF SCREENING TECHNOLOGIES FOR ASSESSING MEDICINE
QUALITY
1. INTRODUCTION
2. APPLICATION OF THE TECHNOLOGY
3. GENERAL INFORMATION ABOUT THE TECHNOLOGY
3.1 Specifications, Relative Cost, and Data
4. PERFORMANCE EVALUATION
4.1 Technology Applications and Analytical Performance Characteristics to Evaluate
5. FIELD EVALUATION
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5.1 Access, Handling, Maintenance, and Repair
5.2 Durability and Use
5.3 Protocol and Statistics
GLOSSARY
REFERENCES
1. INTRODUCTION
The proliferation and spread of substandard and falsified (SF) medical products has been and
continues to be a growing global concern. These products threaten global public health by
jeopardizing patient safety, adding to the cost of care, diminishing confidence in health workers
and systems, increasing the risk of treatment failure, wasting valuable resources, and
contributing to the development of drug resistance.
Fortunately, many analytical technologies and tools exist to evaluate product quality within
the laboratory. In general, these technologies are well understood and characterized. Over the
last decade, many of these tools have been miniaturized for portability to help combat the
growing proliferation of SF medical products. One of the benefits of the field-deployable
platform of these technologies is that it facilitates the screening of samples as part of a riskbased testing approach.
The capabilities of the portable screening technologies complement, but do not obviate the
need for, laboratory-based technologies and their confirmatory power. Portable tools may help
conserve the limited resources of these laboratories and drive a sustainable “work smart”
approach to ensuring medicine quality by utilizing complementary methodologies of progressively
increasing complexity to rapidly and reliably analyze large numbers of samples. The following
examples describe where and how these technologies are currently used or may be used in the
future:
Manufacturing controls
Supply chain screening
Border control
Customs inspection
Post-market quality surveillance or regulatory monitoring
Point-of-care screening
However, the potential and actual capabilities and limitations of many of these portable
screening tools, and especially their performance in field settings, have not been established.
To address this need, this chapter provides the structure and suggested requirements for
performing an appropriate and pragmatic review of a given technology. Such a review would
typically comprise general information, a performance evaluation, and a field evaluation. The
information garnered from the review can then be used to inform selection, procurement, and
deployment of the technology of interest. Within this chapter, the term technology refers to
screening instruments, solutions, technologies, or tools that provide basic information about the
authenticity or quality of a drug substance or product.
2. APPLICATION OF THE TECHNOLOGY
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The first and most important aspect of an evaluation is to identify the target application of
the technology. A clear understanding of the intended application of any technology will help
identify the parameters that need to be evaluated and inform the decision as to whether
multiple screening technologies might be needed in a particular setting. For example, some
screening technologies evaluate non-chemical features of a product, such as appearance,
packaging, labeling, and origin. The technology will need to correctly identify a falsified
medicine, but it will not need to determine the level of chemical impurities within the drug
product.
Furthermore, the intended application of the technology comprises that of both the original
equipment manufacturer (OEM) and the user. If these applications align, then the initial part of
an evaluation should involve reviewing the technology against the manufacturer's claims.
However, if these applications do not align, further steps should be taken to evaluate the
technology against the user's requirements and intended application. Intended applications may
vary based on factors such as:
Medicine types
Anticipated users
Geographic locations
Points within the supply chain
The public health consequences related to poor-quality medicines within supply chains
3. GENERAL INFORMATION ABOUT THE TECHNOLOGY
The first step of a review, prior to implementing the performance and field evaluations, is to
acquire general information about the technology of interest. This should include, but is not
limited to, answering the questions listed below.
3.1 Specifications, Relative Cost, and Data
SPECIFICATIONS
Questions regarding specifications include:
Which model or version of the technology is being reviewed?
What technique (e.g., Raman spectroscopy, infrared spectroscopy, chromatography)
does the technology employ?
What are the dimensions (i.e., size, weight) of the technology?
What type of power source (i.e., electricity, battery, solar) is needed to run the
technology?
What additional power requirements (i.e., converters, power conditioners, uninterrupted
power supply) are involved?
Are there any safety precautions that should be taken into consideration before using
the technology (i.e., lasers, heat generating)?
Is waste generated when using the technology? If so, what kind of waste, and how is it
safely handled?
How easily can the technology's equipment be cleaned?
What additional resources (i.e., chemicals, water, electricity) are required to clean the
technology?
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RELATIVE COST
Questions regarding relative cost include:
What is the up-front cost of the technology?
What are the recurring costs and how much are they?
What is the cost of performing a test?
Will the technology and intended methods be utilized with enough frequency to offset
the cost?
What warranties are available when purchasing the technology, and how comprehensive
are they?
DATA
Questions regarding data include:
What alternative languages are available for the hardware/software?
Does the technology have a readily accessible user manual?
Does the technology need or have internet connectivity capabilities?
What format are data files in?
Can data be transferred between devices?
Can data be transferred to external sources?
How can the data be displayed?
Can the data be easily summarized into a report that supports decision-making?
Can the software capabilities maintain data integrity?
What are the levels of software permissions (i.e., administrator, user, guest), and what
level of access do they provide?
Does the instrument have a usable bar or Quick Response (QR) code reader?
It is important to note that some of these questions complement and supplement those listed
in 5. Field Evaluation. Generally speaking, the questions listed in that section can be answered
through the review of publicly available information on the technology of interest or discussion
with the OEM.
4. PERFORMANCE EVALUATION
The analytical performance portion of an evaluation may include parameters discussed in
various guidances and standards on method development and validation. These include
Validation of Compendial Procedures 〈1225〉 (1); Analytical Instrument Qualification 〈1058〉 (2);
the Food and Drug Administration (FDA) Guidance for Industry, Analytical procedures and
methods validation for drugs and biologics (3); and the International Council for Harmonisation
(ICH) (harmonised tripartite guideline), Validation of analytical procedures: text and
methodology Q2(R1) (4). However, except for 〈1058〉, these references are geared toward the
validation of a method; their application in the context of this chapter should therefore focus
on the performance qualification of a specific instrument rather than a procedure.
4.1 Technology Applications and Analytical Performance Characteristics to Evaluate
This section provides potential reviewers with the performance characteristics to evaluate,
depending on the intended applications of a given technology. Ideally, this analytical
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performance evaluation will take place in a laboratory where variables can be controlled and a
confident assessment can be made regarding the technology‘s analytical capabilities and
whether they align with the reviewer's needs. With the exception of Application I, below, the
performance evaluation should also encompass a comparison of the analytical results of the
screening technology with those of a well-accepted confirmatory or compendial procedure (i.e.,
high-performance liquid chromatography) using reference material or standards. This will help
inform the application and implementation of the technology within a broader quality assurance
and quality control system.
Table 1, Table 2, and the Applications, below, have been adapted from 〈1225〉 and tailored to
the context of this chapter. However, they provide a broad guide and should be adapted to fit
the needs of the user and the capabilities of the technology of interest. Definitions of the listed
characteristics are included in the Glossary.
QUALITATIVE APPLICATIONS
Application I: Verification of packaging, labeling, origin, and appearance of the sample or drug
product
Application II: Identification of bulk drug substances or active pharmaceutical ingredients
(APIs) in finished pharmaceutical products
Application III: Identification of contaminants or impurities in bulk drug substances or finished
pharmaceutical products
Table 1. Qualitative Analytical Characteristics to Evaluate
Analytical Characteristic
Application I
Application II
Application III
Accuracy
Yes
Yes
Yes
Detection limit
No
Yes
Yes
QUANTITATIVE APPLICATIONS
Application IV: Quantification of major components of bulk drug substances or APIs in finished
pharmaceutical products
Application V: Quantification of contaminants or impurities in bulk drug substances or finished
pharmaceutical products
Application VI: Determination of product performance characteristics (e.g., disintegration,
dissolution, drug release) in finished pharmaceutical products.
Table 2. Quantitative Analytical Characteristics to Evaluate
Analytical Characteristic
Application IV
Application V
Application VI
Accuracy
Yes
Yes
Yes
Precision
Yes
Yes
Yes
Specificity
Yes
Yes
Yes
Linearity
Yes
Yes
Yes
Robustness
Yes
Yes
Yes
Limit of quantitation
Yes
Yes
Yes
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5. FIELD EVALUATION
A field fitness evaluation of a screening technology should be conducted as a follow-up to a
performance evaluation. This part of the review assesses the ability of a technology to operate
effectively and efficiently in field settings, which may include, but is not limited to, resourcelimited areas. Certain parameters should be assessed and certain questions answered. Although
some of these parameters can be evaluated through online searches and discussion with the
instrument manufacturers, other parameters will need to be evaluated in the field and this
should be taken into consideration when planning a review. The parameters and questions listed
in the section below are not exhaustive and some may not be applicable, depending on the
technology. However, they provide baseline information necessary for making an informed
decision about the field suitability of a given technology within a given country.
Determine whether the results provided by the technology when analyzing a medical product
in the field correspond to results obtained from the performance evaluation in the laboratory.
This does not mean that the exhaustive analytical testing done in the laboratory needs to be
replicated in the field, but a smaller, pragmatic subset of samples and tests should be run to
give the reviewer confidence that the technology does, indeed, function in a field setting.
5.1 Access, Handling, Maintenance, and Repair
Some questions to address include:
Is the technology commercially available in the country?
In countries where the technology is commercially available but needs to be imported,
what are the marketing authorization requirements for importing the technology?
What are the control requirements for exporting this technology out of its country of
origin or distribution?
Are there local service providers or authorized distributors in the country?
Can the technology be maintained and repaired by trained users or is a local service
provider required?
If there is a local service provider, then where is it located and how can it be reached
(i.e., in country office, via email, or by phone)?
Are there other shipping requirements if there is a need to send the technology for
calibration or repair?
Are there additional resources required to calibrate, recalibrate, or repair the technology
(i.e., internet access, reagents, standards, spare parts)?
How accessible are these additional resources in terms of availability and affordability?
How often are recalibration and performance maintenance of the technology required?
5.2 Durability and Use
DURABILITY
Some considerations regarding durability of the technology include:
What is the operating temperature range of the technology?
How is the technology affected by humidity?
How are results affected by changes in temperature or humidity?
How tolerant is the technology of various changes in the operational environment?
Temperature
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Humidity
Dust
Vibration
Electromagnetic interference
Light
Water
How tolerant is the technology of rough handling by users?
Is the technology suitable for the intended environment (e.g., temperature, humidity)?
Can the technology withstand a drop test [i.e., according to U.S. Military Standard
[MIL-STD]-810G (5), International Electrotechnical Commission [IEC] 60068 (6), or
ASTM D5276-98 (7)]?
USE
Some considerations regarding use of the technology include:
Is the technology suitable to use for the intended application?
What level of training (e.g., remote vs. in-person, time, complexity) is required to use
the tool?
What are the sample preparation requirements for analysis and is the testing
destructive or non-destructive?
What additional accessories, consumables, reagents, and standards are required for
sample analysis?
How long does it take to analyze a sample and how easily can the results be
interpreted?
How many samples can be run simultaneously?
What offline data analysis is required to interpret the results?
What offline data analysis is available for experienced users?
What requirements are there for fleet management of multiple instruments?
What types of products (e.g., tablets, injections) can the technology analyze?
5.3 Protocol and Statistics
PROTOCOL
When evaluating a screening technology for suitability, the applicable sections of this chapter
should be used to develop a robust, practical, and ideally, standardized protocol that
specifically outlines the work to be done. After selection of the applicable sections, additional
variables need to be taken into account to ensure that the evaluation generates evidencebased data that can inform decision-making. These variables include but are not limited to the
following:
Number of units of the screening technology needed to determine variability between
instruments (any evaluation should include at least two units of the technology in
question)
Types of dosage forms (e.g., solid oral dosage forms, injectables) to use for the
evaluation
Types of APIs to use for the evaluation
Number of batches per product to use for the evaluation
Number of units per sample to use for the evaluation
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STATISTICS
The prudent use of statistics as part of an evaluation is a critical component for ensuring the
integrity and reliability of any data generated. When possible, the specific statistical
approaches and methodologies to be used should be identified, and a professional statistician
should be consulted to devise an appropriate protocol. Concomitantly, it is valuable to collect
available information from the literature and specific OEMs about the statistics associated with
various applications of the technology. This approach provides a strong baseline to expand
upon.
The following statistical guidances, references, and standards can be used to help with
planning statistical approaches and methodologies:
Analytical Data–Interpretation and Treatment 〈1010〉 (8)
Statistical Tools for Procedure Validation 〈1210〉 (9)
Annals of Internal Medicine Research and Reporting Methods—QUADAS-2: a revised tool
for the quality assessment of diagnostic accuracy studies (10)
ASTM E2586-16 Standard practice for calculating and using basic statistics (11)
BMJ Research Methods & Reporting—STARD 2015: an updated list of essential items for
reporting diagnostic accuracy studies (12)
Guidance for Industry and FDA Staff—Statistical guidance on reporting results from
studies evaluating diagnostic tests (13)
International Organization for Standardization (ISO) 3534-2, Statistics—vocabulary and
symbols—part 2: applied statistics (14)
ISO 3534-3, Statistics—vocabulary and symbols—part 3: design of experiments (15)
ISO 5725-1 Accuracy (trueness and precision) of measurement methods and
results—Part 1: general principles and definitions (16)
GLOSSARY
The following definitions are based on 〈1225〉 unless otherwise noted:
Accuracy: The accuracy of an analytical procedure is the closeness of the test results
obtained by that procedure to the true value. The accuracy of an analytical procedure should
be established across its range. [Note—The definitions of accuracy in 〈1225〉 and the ICH
harmonized tripartite guideline, Validation of analytical procedures: text and methodology Q2
(R1) (4) correspond to unbiasedness only. In the International Vocabulary of Metrology and
documents of ISO, “accuracy” has a different meaning. In ISO 5725, accuracy combines the
concept of unbiasedness (termed “trueness”) and precision, and is defined as the closeness of
agreement between a test result and the accepted reference value.]
Detection limit: The detection limit is a characteristic of limit tests. It is the lowest amount of
analyte in a sample that can be detected, but not necessarily quantitated, under the stated
experimental conditions. Thus, limit tests merely substantiate that the amount of analyte is
above or below a certain level. The detection limit is usually expressed as the concentration of
analyte (e.g., percentage, parts per billion) in the sample.
Linearity: ICH documents define linearity as the ability to obtain test results that are
proportional to the concentration of analyte in the sample across a given range.
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Precision: The precision of an analytical procedure is the degree of agreement among individual
test results when the procedure is applied repeatedly to multiple samplings of a homogeneous
sample. The precision of an analytical procedure is usually expressed as the standard deviation
or relative standard deviation (coefficient of variation) of a series of measurements. Precision
may be a measure of either the degree of reproducibility or of repeatability of the analytical
procedure under normal operating conditions. In this context, reproducibility refers to the use
of the analytical procedure in different laboratories, as in a collaborative study. Intermediate
precision (also known as ruggedness) expresses within-laboratory variation, as on different
days or with different analysts or equipment within the same laboratory. Repeatability refers to
the use of the analytical procedure within a laboratory over a short period of time using the
same analyst with the same equipment.
Quantitation limit: The quantitation limit is a characteristic of quantitative assays for low
levels of compounds in sample matrices, such as impurities in bulk drug substances and
degradation products in finished pharmaceuticals. It is the lowest amount of analyte in a
sample that can be determined with acceptable Precision and Accuracy under the stated
experimental conditions. The quantitation limit is expressed as the concentration of analyte
(e.g., percentage, parts per billion) in the sample.
Range: The range of an analytical procedure is the interval between the upper and lower levels
of analyte (including these levels) that have been demonstrated to be determined with a
suitable level of Precision, Accuracy, and Linearity using the procedure as written. The range is
normally expressed in the same units as the test results (e.g., percent, parts per million)
obtained by the analytical procedure.
Robustness: The robustness of an analytical procedure is a measure of its capacity to remain
unaffected by small but deliberate variations in procedural parameters listed in the procedure
documentation. Robustness provides an indication of the procedure's suitability during normal
usage. Robustness may be determined during development of the analytical procedure.
Specificity: ICH documents define specificity as the ability to identify the analyte in the
presence of components that may be expected to be present, such as impurities, degradation
products, and matrix components (4). [Note—Other reputable international authorities (e.g.,
International Union of Pure and Applied Chemistry, AOAC-International) have preferred the term
“selectivity,” reserving “specificity” for those procedures that are completely selective.]
The definition of specificity, above, has the following implication for the tests discussed
below:
1. Identification tests ensure the identity of the analyte.
2. Purity tests ensure that all the analytical procedures performed allow an accurate
statement of the content of impurities of an analyte (e.g., heavy metals, organic
volatile impurities).
3. Assays provide an exact result, which allows an accurate statement of the content or
potency of the analyte in a sample.
Trueness: Based on ISO 5725, trueness is the level agreement between the average value
obtained from a series of test results and an accepted reference value.
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BRIEFING
2-Acetylresorcinol. It is proposed to add this new reagent used in the monograph for
Cromolyn Sodium Oral Solution.
(HDQ: M. Marques.)
Correspondence Number—C201894
Comment deadline: July 31, 2018
Add the following:
2-Acetylresorcinol (2′,6′-Dihydroxyacetophenone), C8 H8 O3 —152.15 [699-83-2]—Use a
suitable grade with a content of NLT 97%. 1S (USP42)
BRIEFING
(p-tert-Octylphenoxy) nonaethoxyethanol, USP 41 page 5712. It is proposed to update
the information regarding the brand name of this reagent and to add its CAS number.
Additionally, minor editorial changes have been made to update this reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C201191
Comment deadline: July 31, 2018
Change to read:
(p-tert-Octylphenoxy) nonaethoxyethanol, C34 H62 O11 —646.85
[127087-87-0] 1S (USP42)
—Use a suitable grade.
[Note—A suitable grade is available commercially as “Tergitol Nonionic NPX,” and as “Triton
N101,”
Tergitol Type NP-9 1S (USP42)
from reagent suppliers.]
BRIEFING
Eriochrome Black T, USP 41 page 5746 and PF 43(5) [Sept.–Oct. 2017]. It is proposed to
update the specification of this reagent and to harmonize the Sensitiveness test with the
procedure from the American Chemical Society (ACS) Reagent Chemicals, Suitability as
Complexometric Indicator.
Additionally, minor editorial changes have been made to update this indicator to current USP

PF 44(3): May.-Jun. 2018

145

style.
(HDQ: M. Marques.)
Correspondence Number—C201192
Comment deadline: July 31, 2018
Change to read:
Eriochrome Black T [Sodium 1-(1-hydroxy-2-naphthylazo)5-nitro-2-naphthol-4-sulfonate],
C20 H12 N3 NaO7 S—461.38 [1787-61-7] 1S (USP42) —Brownish-black powder having a faint,
metallic sheen. Soluble in alcohol, in methanol, and in hot water.
Sensitiveness
Suitability as Complexometric Indicator 1S (USP42)
To 10 mL of a 1 in 200,000 solution in a mixture of equal parts of methanol and water add
sodium hydroxide solution (1 in 100) until the pH is 10: the solution is pure blue in color and
free from cloudiness. Add 0.01 mg of magnesium ion (Mg): the color of the solution changes to
red-violet, and with the continued addition of magnesium ion it becomes wine-red.
Sample solution: Dissolve 0.1 g of eriochrome black T in 100 mL of water, warming if
necessary.
Magnesium standard solution: Transfer 1.014 g of magnesium sulfate to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume. This solution contains 0.01 mg
of magnesium per mL.
pH 10 ammoniacal buffer: Transfer 90 g of ammonium chloride to a 500-mL volumetric flask
containing 375 mL of ammonium hydroxide. Dilute with water to volume. [Note—The pH of a
1:10 dilution with water should be about 10.]
Procedure: In a suitable container, add 10 mL of pH 10 ammoniacal buffer to 100 mL of
water. Add 0.5 mL of the Sample solution and 10.0 mL of Magnesium standard solution.
Acceptance criteria: The reagent meets the criteria for its use as a complexometric indicator
if the color of the resulting solution is red-violet, and if turns into blue after the addition of
0.10 mL of 0.1 M edetate disodium VS. 1S (USP42)
BRIEFING
Litmus Paper, Neutral. It is proposed to add this new indicator paper used in the test for
Limit of Phenols in the monograph for Anise Oil.
(HDQ: M. Marques.)
Correspondence Number—C201888
Comment deadline: July 31, 2018
Add the following:
Litmus Paper, Neutral—Usually about 6 × 50 mm in size. Neutral litmus paper meets the
requirements of the tests for Phosphate, Residue on Ignition, and Sensitiveness under Litmus
Paper, Blue. It changes from its original color to red in acid conditions, and from its original
color to blue in basic conditions. 1S (USP42)
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BRIEFING
0.2% Phosphoric Acid TS. It is proposed to add this new test solution used to prepare the
Mobile phase in the Dissolution test in the monograph for Norethindrone Acetate and Ethinyl
Estradiol Tablets.
(HDQ: M. Marques.)
Correspondence Number—C160184
Comment deadline: July 31, 2018
Add the following:
0.2% Phosphoric Acid TS— Transfer 2.0 mL of phosphoric acid to a 1000 mL volumetric
flask containing about 500 mL of water. Cool and dilute with water to volume. 1S (USP42)
BRIEFING
0.1 N Ammonium Thiocyanate VS, USP 41 page 5762. It is proposed to replace the visual
endpoint in the standardization of this volumetric solution with a potentiometric endpoint.
Additionally, minor editorial changes have been made to update this volumetric solution to
current USP style.
(HDQ: M. Marques.)
Correspondence Number—C199554
Comment deadline: July 31, 2018
Change to read:
0.1 N Ammonium Thiocyanate VS
NH4 SCN, 76.12
7.612 g in 1000 mL
Dissolve about 8 g of ammonium thiocyanate in 1000 mL of water.
Standardization: Accurately measure about 30 mL of 0.1 N silver nitrate VS into a glassstoppered flask. Dilute with 50 mL of water, then add 2 mL of nitric acid and 2 mL of ferric
ammonium sulfate TS, and titrate with the ammonium thiocyanate solution to the first
appearance of a red-brown color.
titrate with the ammonium thiocyanate solution potentiometrically using a combined silver
electrode to the first endpoint. 1S (USP42)

If desirable, 0.1 N ammonium thiocyanate may be replaced by 0.1 N potassium thiocyanate
where the former is directed in various tests and assays.
[Note—If this volumetric solution is used in a qualitative application such as pH adjustment,
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dissolution medium, or diluent, its standardization is not required.]
BRIEFING
0.02 M Zinc Sulfate VS, PF 43(6) [Nov.–Dec. 2017]. It is proposed to add the option of
standardizing this volumetric solution using 0.02 M edetate disodium VS.
Additionally, minor editorial changes have been made to update this volumetric solution to
current USP style.
(HDQ: M. Marques.)
Correspondence Number—C201193
Comment deadline: July 31, 2018
Change to read:
0.02 M Zinc Sulfate VS
ZnSO4 ·7H2 O 287.56
5.76 g in 1000 mL
Dissolve 5.76 g of zinc sulfate in water to make 1 L.
Standardization: Accurately measure about 10 mL of 0.05 M edetate disodium VS
or of 0.02 M edetate disodium VS 1S (USP42)
into a 125-mL conical flask, and add, in the order given, 10 mL of acetic acid–ammonium
acetate buffer TS, 50 mL of alcohol, and 2 mL of dithizone TS. Titrate with the zinc sulfate
solution to a clear, rose-pink color.

[Note—If this volumetric solution is used in a qualitative application such as pH adjustment,
dissolution medium, or diluent, its standardization is not required.] USP42
BRIEFING
G51. It is proposed to add this new column phase.
(HDQ: M. Marques.)
Correspondence Number—C203495
Comment deadline: July 31, 2018
Add the following:
G51—50% phenyl–50% dimethylpolysiloxane phase, which is modified with an aromatic
selector for optimized separation of polycyclic aromatic hydrocarbons (PAH). 1S (USP42)
BRIEFING
L86, page 8503 of the First Supplement to USP 41. It is proposed to update the description
of this column packing.
Additionally, minor editorial changes have been made to update the packing to current USP
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style.
(HDQ: M. Marques.)
Correspondence Number—C202471
Comment deadline: July 31, 2018
Change to read:
L86— Fused 1S (USP41) core particles with a highly polar ligand possessing five hydroxyl
groups tethered to the silica gel outer layer, 1.5–5 µm in diameter. 1S (USP41) [Note—A
suitable column is Supelco Ascentis Express OH5 from www.sigma-aldrich.com.]
1S (USP42)

BRIEFING
L118. It is proposed to add this new column packing.
(HDQ: M. Marques.)
Correspondence Number—C202631
Comment deadline: July 31, 2018
Add the following:
L118—Aqueous polymerized C18 groups on silica particles, 1.2–5 µm in diameter.

1S (USP42)

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, page 8505 of the First Supplement to
USP 41.
(HDQ.)
Correspondence Number—C135385; C135386; C139069; C169929; C194211; C197748;
C197914; C197917; C198196; C198198; C198200; C198203; C198363; C198367; C198368;
C198369; C198371; C204001; C204002
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in
the United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and
light-resistant (LR) specifications applicable to containers in which the drug that is
repackaged should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
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Monograph Title
Change to read:
Amiloride Hydrochloride and Hydrochlorothiazide Tablets

Container
Specification
W,
LR

1S (USP42)

Add the following:
Amiodarone Hydrochloride Tablets

T, LR

1S (USP42)

Delete the following:
Belladonna Extract Tablets

T, LR

1S (USP42)

Delete the following:
Digitalis Capsules

T

1S (USP42)

Delete the following:
Digitalis Tablets

T

1S (USP42)

Delete the following:
Methyldopa and Chlorothiazide Tablets

W

1S (USP42)

Delete the following:
Methysergide Maleate Tablets

T

1S (USP42)

Delete the following:
Metyrapone Tablets

T, LR

1S (USP42)

Delete the following:
Moricizine Hydrochloride Tablets

T

1S (USP42)

Delete the following:
Nalidixic Acid Tablets

T

1S (USP42)

Delete the following:
Nafcillin Sodium Capsules

T

1S (USP42)

Delete the following:
Nafcillin Sodium Tablets

T, LR

1S (USP42)

Delete the following:
Norfloxacin Tablets

W

1S (USP42)

Delete the following:
Norgestrel Tablets

W

1S (USP42)

Delete the following:
Oxacillin Sodium Capsules

T

1S (USP42)

Delete the following:
Oxazepam Tablets

W

1S (USP42)

Delete the following:
Probucol Tablets

W, LR

1S (USP42)
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Monograph Title
Add the following:
Ranolazine Extended-Release Tablets

Container
Specification
T, LR

1S (USP42)

Add the following:
Sitagliptin and Metformin Hydrochloride Extended-Release Tablets

W

1S (USP42)

Add the following:
Sitagliptin and Metformin Hydrochloride Tablets

W

1S (USP42)

BRIEFING
Description and Relative Solubility of USP and NF Articles, page 8516 of the First
Supplement to USP 41.
(HDQ.)
Correspondence Number—C156783; C196760; C201889
Add the following:
Dichlorphenamide: White or practically white, crystalline compound. Soluble in dilute
solutions of alkali hydroxides and carbonates; very slightly soluble in water. 1S (USP42)
Add the following:
Nilotinib: White to slightly yellowish or slightly greenish-yellowish solid. Decomposes prior to
melting. Slightly soluble in ethanol, in methanol, and in isopropanol; very slightly soluble in
water. 1S (USP42)
Add the following:
Tetrabenazine: White to slightly yellow, crystalline powder. Soluble in ethanol and in
chloroform; sparingly soluble in methanol and in water. 1S (USP42)
BRIEFING
Amcinonide, USP 41 page 196. On the basis of comments received and as part of the USP
monograph modernization initiative, it is proposed to make the following changes.
1. Replace Identification B with a retention time agreement based on the Assay.
2. Revise the Assay by extending the ending isocratic hold step and adding parameters for
re-equilibration in Table 1 to allow sufficient time for the elution of the amcinonide peak.
The chromatographic procedure is based on analyses performed with the Zorbax ODS
brand of column with L1 packing in which amcinonide elutes at about 12 min. A Luna
C18 brand of column with L1 packing is also suitable.
3. Specify a particle size for the Column and replace butylparaben with USP Butylparaben
RS in the System suitability solution preparation in the Assay.
4. Add USP Butylparaben RS to the USP Reference Standards section in support of the
Assay.
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Manufacturers are encouraged to submit their approved liquid chromatographic procedures for
the Assay and for a test for organic impurities to USP.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: M. Koleck.)
Correspondence Number—C201128
Comment deadline: July 31, 2018
Amcinonide

C28 H35 FO7

502.57

Pregna-1,4-diene-3,20-dione, 21-(acetyloxy)-16,17-[cyclopentylidenebis(oxy)]-9-fluoro-11hydroxy-, (11β,16α)-;
9-Fluoro-11β,16α,17,21-tetrahydroxypregna-1,4-diene-3,20-dione cyclic 16,17-acetal with
cyclopentanone, 21-acetate
[51022-69-6].
DEFINITION
Amcinonide contains NLT 97.0% and NMT 102.0% of amcinonide (C28 H35 FO7 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Change to read:
• B. Ultraviolet Absorption 〈197U〉
Analytical wavelength: 238 nm
Sample solution: 40 µg/mL in methanol
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
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Change to read:
• Procedure
Solution A: Acetonitrile and water (7:13)
(35:65) 1S (USP42)
Solution B: Acetonitrile and water (7:3)
(70:30) 1S (USP42)
Mobile phase: See Table 1. Equilibrate the system with Solution A.
Time
(min)
0
2.5
10

Table 1
Solution A
(%)
100
100
0

Solution B
(%)
0
0
100

Time
(min)
0
2.5
10
25
26
32

Table 1
Solution A
(%)
100
100
0
0
100
100

Solution B
(%)
0
0
100
100
0
0

1S (USP42)

System suitability solution: 12.5 µg/mL of butylparaben
USP Butylparaben RS 1S (USP42)
and 20 µg/mL of USP Amcinonide RS in Solution B
Standard solution: 0.02 mg/mL of USP Amcinonide RS in Solution B
Sample solution: 0.02 mg/mL of Amcinonide in Solution B. Sonicate for 5 min.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm;
5-µm 1S (USP42)
packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
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Samples: System suitability solution and Standard solution
[Note—The relative retention times for butylparaben and amcinonide are 0.78 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 8.0 between butylparaben and amcinonide, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amcinonide (C28 H35 FO7 ) in the portion of Amcinonide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Amcinonide RS in the Standard solution (mg/mL)
CU = concentration of Amcinonide in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% on the dried basis
IMPURITIES
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm

(O fficial 1-Jan-2018)

SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 10 mg/mL of Amcinonide in chloroform
Acceptance criteria: +89.4° to +94.0°
• Loss on Drying 〈731〉
Sample: Amcinonide
Analysis: Dry the Sample at 105° for 4 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 〈11〉
USP Amcinonide RS
USP Butylparaben RS 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 196
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BRIEFING
Amcinonide Cream, USP 41 page 197. On the basis of comments received and as part of
the USP monograph modernization initiative, it is proposed to make the following changes.
1. Replace Identification A with a retention time agreement based on the Assay.
2. Revise the Assay by extending the ending isocratic hold step and adding parameters for
re-equilibration in Table 1 to allow sufficient time for the elution of the amcinonide peak.
The chromatographic procedure is based on analyses performed with the Zorbax ODS
brand of column with L1 packing in which amcinonide elutes at about 12 min. A Luna
C18 brand of column with L1 packing is also suitable.
3. Specify a particle size for the Column and replace butylparaben with USP Butylparaben
RS in the System suitability solution preparation in the Assay.
4. Add the total aerobic microbial count and total yeast and mold count to the Microbial
Enumeration Tests.
5. Update the Packaging and Storage section to be consistent with approved
manufacturers’ product inserts.
6. Add USP Butylparaben RS to the USP Reference Standards section in support of the
Assay.
Manufacturers are encouraged to submit their approved liquid chromatographic procedures for
the Assay and for a test for organic impurities to USP.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: M. Koleck.)
Correspondence Number—C201129
Comment deadline: July 31, 2018
Amcinonide Cream
DEFINITION
Amcinonide Cream is Amcinonide in a suitable cream base. It contains NLT 90.0% and NMT
115.0% of the labeled amount of amcinonide (C28 H35 FO7 ).
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatography
Standard solution: 100 µg/mL of USP Amcinonide RS in chloroform
Sample solution: Place 2 g of Cream in a 150-mL beaker, add 50 mL of chloroform and 15
g of anhydrous sodium sulfate, and stir with a glass rod to dissolve the specimen. Filter
the solution, and clarify the filtrate, if necessary, by the further addition of anhydrous
sodium sulfate and a second filtration. Evaporate the filtrate to dryness, and dissolve the
residue in chloroform to obtain a solution containing 100 µg/mL of amcinonide.
Chromatographic system
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(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 25 µL
Developing solvent: Ether
Visualization: Short wavelength UV
Analysis
Samples: Standard solution and Sample solution
Apply the Samples on a line parallel to and 3 cm from the bottom edge of the plate.
Develop the chromatogram until the solvent front has moved about 12 cm above the line
of application.
Acceptance criteria: The intensity and the RF value of the principal spot of the Sample
solution are similar to those of the Standard solution.
The retention time of the amcinonide peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Solution A: Acetonitrile and water (7:13)
(35:65) 1S (USP42)
Solution B: Acetonitrile and water (7:3)
(70:30) 1S (USP42)
Mobile phase: See Table 1. Equilibrate the system with Solution A.
Time
(min)
0
2.5
10

Table 1
Solution A
(%)
100
100
0

Table 1

Solution B
(%)
0
0
100
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Time
(min)
0
2.5
10
25
26
32

Solution A
(%)
100
100
0
0
100
100

Solution B
(%)
0
0
100
100
0
0

1S (USP42)

System suitability solution: 12.5 µg/mL of butylparaben
USP Butylparaben RS 1S (USP42)
and 20 µg/mL of USP Amcinonide RS in Solution B
Standard solution: 0.02 mg/mL of USP Amcinonide RS in Solution B
Sample stock solution: Nominally 0.2 mg/mL of amcinonide from Cream prepared as
follows. Transfer a quantity of Cream, equivalent to 10 mg of amcinonide, to a 50-mL
volumetric flask. Add 5 mL of Solution B and 15 mL of acetonitrile, and heat over a steam
bath until dissolved. Add 20 mL of Solution B while hot, cool to room temperature, dilute
with Solution B to volume, and refrigerate for 30 min. Vigorously shake the solution to
disperse the mixture, and filter while cold. Use the filtrate.
Sample solution: Nominally 0.02 mg/mL of amcinonide from the Standard stock solution
Sample stock solution 1S (USP42)
in Solution B
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm;
5-µm 1S (USP42)
packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for butylparaben and amcinonide are 0.78 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 8.0 between butylparaben and amcinonide, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amcinonide (C28 H35 FO7 ) in the portion of
Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Amcinonide RS in the Standard solution (mg/mL)
CU = nominal concentration of amcinonide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–115.0%
PERFORMANCE TESTS
• Minimum Fill 〈755〉: Meets the requirements
SPECIFIC TESTS
Change to read:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉:
The total aerobic microbial count is NMT 102 cfu/g and the total yeast and mold count is
NMT 101 cfu/g. 1S (USP42)
It meets the requirements of the tests for absence of Staphylococcus aureus and
Pseudomonas aeruginosa.
• pH 〈791〉: 3.5–5.2
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 1S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Amcinonide RS
USP Butylparaben RS 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 197
BRIEFING
Amcinonide Ointment, USP 41 page 198. On the basis of comments received and as part
of the USP monograph modernization initiative, it is proposed to make the following changes.
1. Replace Identification A with a retention time agreement based on the Assay.
2. Revise the Assay by extending the ending isocratic hold step and adding parameters for
re-equilibration in Table 1 to allow sufficient time for the elution of the amcinonide peak.
The chromatographic procedure is based on analyses performed with the Zorbax ODS
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brand of column with L1 packing in which amcinonide elutes at about 12 min. A Luna
C18 brand of column with L1 packing is also suitable.
Specify a particle size for the Column and replace butylparaben with USP Butylparaben
RS in the System suitability solution preparation in the Assay.
Add the total aerobic microbial count and total yeast and mold count to the Microbial
Enumeration Tests.
Update the Packaging and Storage section to be consistent with approved
manufacturers’ product inserts.
Add USP Butylparaben RS to the USP Reference Standards section in support of the
Assay.

Manufacturers are encouraged to submit their approved liquid chromatographic procedures for
the Assay and for a test for organic impurities to USP.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: M. Koleck.)
Correspondence Number—C201130
Comment deadline: July 31, 2018
Amcinonide Ointment
DEFINITION
Amcinonide Ointment is Amcinonide in a suitable ointment base. It contains NLT 90.0% and
NMT 115.0% of the labeled amount of amcinonide (C28 H35 FO7 ).
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatography
Standard solution: 100 µg/mL of USP Amcinonide RS in chloroform
Sample solution: Place 2 g of the Ointment in a 150-mL beaker, add 50 mL of chloroform
and 15 g of anhydrous sodium sulfate, and stir with a glass rod to dissolve the specimen.
Filter the solution, and clarify the filtrate, if necessary, by the further addition of
anhydrous sodium sulfate and a second filtration. Evaporate the filtrate to dryness, and
dissolve the residue in chloroform to obtain a solution containing 100 µg/mL of amcinonide.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 25 µL
Developing solvent: Ether
Visualization: Short wavelength UV
Analysis
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Samples: Standard solution and Sample solution
Apply the Samples on a line parallel to and 3 cm from the bottom edge of the plate.
Develop the chromatogram until the solvent front has moved about 12 cm above the line
of application.
Acceptance criteria: The intensity and the RF value of the principal spot of the Sample
solution are similar to those of the Standard solution.
The retention time of the amcinonide peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Solution A: Acetonitrile and water (35:65)
Solution B: Acetonitrile and water (70:30)
Mobile phase: See Table 1. Equilibrate the system with Solution A.
Time
(min)
0
2.5
10

Table 1
Solution A
(%)
100
100
0

Solution B
(%)
0
0
100

Time
(min)
0
2.5
10
25
26
32

Table 1
Solution A
(%)
100
100
0
0
100
100

Solution B
(%)
0
0
100
100
0
0

1S (USP42)

Diluent: Acetonitrile and chloroform (80:20)
System suitability solution: 12.5 µg/mL of butylparaben
USP Butylparaben RS 1S (USP42)
and 20 µg/mL of USP Amcinonide RS in Solution B
Standard solution: 0.02 mg/mL of USP Amcinonide RS in Solution B
Sample stock solution: Nominally 0.2 mg/mL of amcinonide prepared as follows. Dissolve a
suitable amount of Ointment in a suitable volume of Diluent
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in a volumetric flask 1S (USP42)
by heating in a hot water bath, cooling, and diluting with Diluent to volume. Cool to room
temperature, dilute with acetonitrile to volume, and filter.
Sample solution: Nominally 0.02 mg/mL of amcinonide in Solution B from the Sample stock
solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm;
5-µm 1S (USP42)
packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for butylparaben and amcinonide are 0.78 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 8.0 between butylparaben and amcinonide, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amcinonide (C28 H35 FO7 ) in the portion of
Ointment taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Amcinonide RS in the Standard solution (mg/mL)
CU = nominal concentration of amcinonide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–115.0%
PERFORMANCE TESTS
• Minimum Fill 〈755〉: Meets the requirements
SPECIFIC TESTS
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Change to read:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉:
The total aerobic microbial count is NMT 102 cfu/g and the total yeast and mold count is
NMT 101 cfu/g. 1S (USP42)
Meets the requirements of the tests for absence of Staphylococcus aureus and
Pseudomonas aeruginosa
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 1S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Amcinonide RS
USP Butylparaben RS
Recent Official Publications:
USP41–NF36 Page 198

1S (USP42)

BRIEFING
Amiloride Hydrochloride and Hydrochlorothiazide Tablets, USP 41 page 206. On the
basis of comments received, and as part of the USP monograph modernization efforts, the
following changes are proposed:
1. Replace the TLC procedure in Identification B with the UV spectrum agreements of the
major peaks obtained in the Assay.
2. Update the Assay procedure to support the proposed Identification B.
3. In the Assay, clarify the Sample solution. Add Column particle size and Run time to
provide clarity to the Chromatographic system. Clarify the relative retention times and
the Resolution in the System suitability. Clarify the definition list for the calculation of
the percentage of the labeled amount of amiloride hydrochloride in the Analysis.
4. Rename the two analytical procedures in the Dissolution test, and clarify that either the
Spectrophotometric procedure or the Chromatographic procedure can be used to
determine the percentages of the labeled amounts of amiloride hydrochloride and
hydrochlorothiazide dissolved. In the Spectrophotometric procedure, clarify the
preparation of the Amiloride standard solution and update the calculations under
Analysis. In the Chromatographic procedure, clarify the Suitability requirements,
update the Column information to be consistent with the column used in the validation,
and clarify the definition of CS in the calculation.
5. Rename the test for Organic Impurities to Limit of Benzothiadiazine Related Compound
A to be more specific. Revise the concentration unit of the Standard solution to be the
same as that of the Sample solution, and revise the calculation accordingly. Clarify the
System suitability and the definition list for the calculation in the Analysis.
6. Revise the Packaging and Storage section based on the manufacturer's approved drug
label.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: W. Yang, S. Ramakrishna.)
Correspondence Number—C169929
Comment deadline: July 31, 2018
Amiloride Hydrochloride and Hydrochlorothiazide Tablets
DEFINITION
Amiloride Hydrochloride and Hydrochlorothiazide Tablets contain NLT 90.0% and NMT 110.0%
of the labeled amounts of amiloride hydrochloride (C6 H8 ClN7 O·HCl) and hydrochlorothiazide
(C7 H8 ClN3 O4 S2 ).
IDENTIFICATION
• A. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
Change to read:
• B. Thin-Layer Chromatography
Standard solution A: 0.2 mg/mL of USP Amiloride Hydrochloride RS in methanol
Standard solution B: 2 mg/mL of USP Hydrochlorothiazide RS in methanol
Sample solution: Equivalent to 0.2 mg/mL of amiloride hydrochloride from ground Tablets
in methanol. Filter.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Tetrahydrofuran and 3 N ammonium hydroxide (22:3)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatogram until the solvent has moved about three-fourths of the length
of the plate. Remove the plate from the developing chamber, air-dry, and examine under
short-wavelength UV light.
Acceptance criteria: The RF values of the amiloride hydrochloride and hydrochlorothiazide
spots of the Sample solution correspond to those of the corresponding Standard solutions.
The UV spectrum of the amiloride peak of the Sample solution exhibits maxima and
minima at the same wavelengths as that of the Standard solution, as obtained in the
Assay. The UV spectrum of the hydrochlorothiazide peak of the Diluted sample solution
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exhibits maxima and minima at the same wavelengths as that of the Diluted standard
solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: Dissolve 136 g of monobasic potassium phosphate in 800 mL of water. Adjust with
phosphoric acid to a pH of 3.0. Dilute with water to 1000 mL.
Mobile phase: Methanol, water, and Buffer (25:71:4)
Standard stock solution: 1.0 mg/mL of USP Amiloride Hydrochloride RS in methanol
Standard solution: 0.1 mg/mL of USP Amiloride Hydrochloride RS and 1 mg/mL of USP
Hydrochlorothiazide RS, prepared as follows. Transfer 10.0 mL of the Standard stock
solution to a 100-mL volumetric flask containing 100 mg of USP Hydrochlorothiazide RS
and 20.0 mL of methanol. Add 4.0 mL of 1 N hydrochloric acid, and dilute with water to
volume.
Diluted standard solution: 0.005 mg/mL of USP Amiloride Hydrochloride RS and 0.05
mg/mL of USP Hydrochlorothiazide RS, from the Standard solution, diluted with water
1S (USP42)

Sample solution:
Nominally 0.1 mg/mL of amiloride hydrochloride and 1 mg/mL of hydrochlorothiazide,
prepared as follows. 1S (USP42)
Transfer an equivalent to 5 mg of amiloride hydrochloride
and 50 mg of hydrochlorothiazide 1S (USP42)
from powdered Tablets (NLT 20) to a 50-mL volumetric flask. Add 15.0 mL of methanol
and 2.0 mL of 1 N hydrochloric acid. Sonicate for 10 min, dilute with water to volume,
sonicate for an additional 10 min, and filter.
Diluted sample solution: Nominally 0.005 mg/mL of amiloride hydrochloride and 0.05
mg/mL of hydrochlorothiazide, from the Sample solution, diluted with water 1S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 286 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 3.9-mm × 30-cm;
10-µm 1S (USP42)
packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of amiloride 1S (USP42)
System suitability
Sample: Standard solution

1S (USP42)
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[Note—The relative retention times for hydrochlorothiazide and amiloride hydrochloride
1S (USP42)

are about 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between hydrochlorothiazide and amiloride hydrochloride
1S (USP42)

Relative standard deviation: NMT 2.0%, for hydrochlorothiazide and amiloride
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amiloride hydrochloride (C6 H8 ClN7 O·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of amiloride hydrochloride
1S (USP42)

from the Sample solution
rS = peak response of amiloride hydrochloride
1S (USP42)

from the Standard solution
CS = concentration of USP Amiloride Hydrochloride RS, corrected for loss in weight
1S (USP42)

in the Standard solution (mg/mL)
CU = nominal concentration of amiloride hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of hydrochlorothiazide from the Sample solution
rS = peak response of hydrochlorothiazide from the Standard solution
CS = concentration of USP Hydrochlorothiazide RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrochlorothiazide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amounts of amiloride hydrochloride
(C6 H8 ClN7 O·HCl) and hydrochlorothiazide (C7 H8 ClN3 O4 S2 )
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Determine the amount of amiloride hydrochloride and hydrochlorothiazide dissolved using
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Analytical procedure 1 or procedure 2.
Determine the percentages of the labeled amounts of amiloride hydrochloride and
hydrochlorothiazide dissolved using the Spectrophotometric procedure or the
Chromatographic procedure. 1S (USP42)
Analytical procedure 1
Spectrophotometric procedure

1S (USP42)

Amiloride standard solution: 60 mg of USP Amiloride Hydrochloride RS (equivalent to 52
mg of anhydrous amiloride hydrochloride) in
0.005 mg/mL of USP Amiloride Hydrochloride RS, prepared as follows. Transfer 52 mg
of USP Amiloride Hydrochloride RS to 1S (USP42)
a 200-mL volumetric flask. Dissolve in and dilute with methanol to volume. Transfer 2.0
mL of this solution to a 100-mL volumetric flask, and dilute with Medium to volume.
Hydrochlorothiazide standard solution: 0.01 mg/mL of USP Hydrochlorothiazide RS,
prepared as follows. Transfer 100 mg of USP Hydrochlorothiazide RS to a 100-mL
volumetric flask. Dissolve in and dilute with methanol to volume. Transfer 5.0 mL of this
solution to a 100-mL volumetric flask, and dilute with Medium to volume. Transfer 10.0
mL of the resulting solution to a 50-mL volumetric flask, and dilute with Medium to
volume.
Sample solution A: Pass a portion of the solution under test through a glass fiber filter
of 0.45-µm pore size.
Sample solution B: Transfer 5.0 mL of Sample solution A to a 25-mL volumetric flask,
and dilute with Medium to volume.
Blank: Medium
Instrumental conditions
Mode: UV-Vis
Analytical wavelengths: 363 nm for amiloride hydrochloride; 270 nm for
hydrochlorothiazide
Analysis
Samples: Amiloride standard solution, Hydrochlorothiazide standard solution, Sample
solution A, and Sample solution B
Calculate the percentage
of the labeled amount 1S (USP42)
of amiloride hydrochloride (C6 H8 ClN7 O·HCl) dissolved:
Result = [(AU × CS × V)/(AS × L)] × 100
AU = absorbance of Sample solution A
CS = concentration of
USP Amiloride Hydrochloride RS in 1S (USP42)
the Amiloride standard solution (mg/mL)
V = volume of Medium, 900 mL
AS = absorbance of the Amiloride standard solution
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L = label claim of amiloride
hydrochloride 1S (USP42)
(mg/Tablet)
Calculate the correction for the interference of amiloride:
AUC = AU270 − [(AU363 × F)/D]
AUC = corrected absorbance of Sample solution A, 270 nm
AU270 = absorbance of Sample solution B, 270 nm
AU363 = absorbance of Sample solution A, 363 nm
D
= dilution factor of Sample solution B, 5
F = AS at 270 nm/AS at 363 nm
AS = absorbance of the Amiloride standard solution
Calculate F, the ratio of absorbance of the Amiloride standard solution at 270 nm to
that at 363 nm:
Result = AS270/AS363
AS270 = absorbance of the Amiloride standard solution at 270 nm
AS363 = absorbance of the Amiloride standard solution at 363 nm
Calculate AUC, the absorbance of Sample solution B at 270 nm, corrected for the
interference of amiloride:
Result = AU270 − [(AU363 × F)/D]
AU270 = absorbance of Sample solution B at 270 nm
AU363 = absorbance of Sample solution A at 363 nm
F
= ratio of the absorbance of the Amiloride standard solution at 270 nm to that at
363 nm
D
= dilution factor of Sample solution B, 5 1S (USP42)
Calculate the percentage
of the labeled amount 1S (USP42)
of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) dissolved:
Result = [(AUC × CS × V × D)/(AS × L)] × 100
AUC = corrected absorbance of Sample solution A
B 1S (USP42)
at 270 nm
CS = concentration of
USP Hydrochlorothiazide RS in 1S (USP42)
the Hydrochlorothiazide standard solution (mg/mL)
V = volume of Medium, 900 mL
D = dilution factor of Sample solution B, 5
AS = absorbance of the Hydrochlorothiazide standard solution
L = label claim of hydrochlorothiazide (mg/Tablet)
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Analytical procedure 2
Chromatographic procedure

1S (USP42)

Buffer and Mobile phase: Prepare as directed in the Assay.
Standard stock solution: Use the Standard solution from the Assay.
Standard solution: 0.005 mg/mL of USP Amiloride Hydrochloride RS and 0.05 mg/mL of
USP Hydrochlorothiazide RS, from the Standard stock solution, diluted with Medium
Sample solution: Pass a portion of the solution under test through a filter of 0.45-µm
pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 286 nm
Column: 4.6-mm × 25-cm;
15-cm; 5-µm 1S (USP42)
packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0%
1S (USP42)

between hydrochlorothiazide and amiloride
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the
percentages of the labeled 1S (USP42)
amounts of amiloride hydrochloride (C6 H8 ClN7 O·HCl) and hydrochlorothiazide
(C7 H8 ClN3 O4 S2 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU = peak response of amiloride or hydrochlorothiazide from the Sample solution
rS = peak response of amiloride or hydrochlorothiazide from the Standard solution
CS = concentration of amiloride hydrochloride or hydrochlorothiazide
USP Amiloride Hydrochloride RS or USP Hydrochlorothiazide RS 1S (USP42)
in the Standard solution (mg/mL)
L = label claim of amiloride hydrochloride or hydrochlorothiazide (mg/Tablet)
V = volume of Medium, 900 mL
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Tolerances: NLT 80% (Q) of the labeled amount of amiloride hydrochloride (C6 H8 ClN7 O·HCl)
and NLT 75% (Q) of the labeled amount of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) are
dissolved.
Change to read:
• Uniformity of Dosage Units 〈905〉, Content Uniformity: Meet the requirements with respect
to amiloride hydrochloride and hydrochlorothiazide
1S (USP42)

IMPURITIES
Change to read:
• Organic Impurities
Limit of Benzothiadiazine Related Compound A 1S (USP42)
Buffer, Mobile phase, and Sample solution: Prepare as directed in the Assay.
System suitability solution: Use the Standard solution from the Assay. 1S (USP42)
Standard solution: 10 µg/mL
0.01 mg/mL 1S (USP42)
of USP Benzothiadiazine Related Compound A RS in Mobile phase
Chromatographic system:
Proceed as directed in the Assay, except for the Injection volume. 1S (USP42)
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 286 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
1S (USP42)

Injection volume: 20 µL.
For System suitability, use 10 µL. 1S (USP42)
System suitability
Sample: Standard solution
System suitability solution 1S (USP42)
[Note—The relative retention times for hydrochlorothiazide and amiloride hydrochloride
1S (USP42)

are about 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between hydrochlorothiazide and amiloride hydrochloride
1S (USP42)

Relative standard deviation: NMT 2.0%
for hydrochlorothiazide and amiloride 1S (USP42)
Analysis
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Samples: Sample solution and Standard solution
Calculate the percentage of benzothiadiazine related compound A in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × F
1S (USP42)

× 100
rU = peak response of benzothiadiazine related compound A from the Sample solution
rS = peak response of benzothiadiazine related compound A from the Standard solution
CS = concentration of USP Benzothiadiazine Related Compound A RS in the Standard
solution (µg/mL)
(mg/mL) 1S (USP42)
CU = nominal concentration of benzothiadiazine
hydrochlorothiazide 1S (USP42)
in the Sample solution (mg/mL)
F = unit conversion factor, 0.001 mg/µg
1S (USP42)

Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. Protect from light.
• USP Reference Standards 〈11〉
USP Amiloride Hydrochloride RS
USP Benzothiadiazine Related Compound A RS
4-Amino-6-chloro-1,3-benzenedisulfonamide.
C6 H8 ClN3 O4 S2
285.73
USP Hydrochlorothiazide RS
Recent Official Publications:
USP41–NF36 Page 206

1S (USP42)

BRIEFING
Aminobenzoate Potassium for Oral Solution, USP 41 page 212. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Aminobenzoate Potassium for Oral
Solution are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C196953
Comment deadline: July 31, 2018
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Delete the following:
Aminobenzoate Potassium for Oral Solution

» Aminobenzoate Potassium for Oral Solution contains not less than 90.0
percent and not more than 110.0 percent of the labeled amount of
aminobenzoate potassium (C 7 H 6 KNO 2 ).
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Aminobenzoate Potassium RS
Identification—
A: Ultraviolet Absorption 〈197U〉—
Solution: 50 µg per mL.
Medium: water.
B: Dissolve about 400 mg in 10 mL of water, add 1 mL of 3 N hydrochloric acid, filter, and wash
the precipitate with two 5-mL portions of cold water. Recrystallize from alcohol the precipitate
so obtained, and dry at 110° for 1 hour: the p-aminobenzoic acid so obtained melts between
186° and 189°.
Minimum fill 〈755〉—
for solid packaged in multiple-unit containers: meets the requirements.
Uniformity of dosage units 〈905〉—
for solid packaged in single-unit containers: meets the requirements.
pH 〈791〉: between 7.0 and 9.0, in a solution (1 in 10).
Assay—Transfer about 100 mg of Aminobenzoate Potassium for Oral Solution, accurately
weighed, to a suitable vessel, add 5 mL of hydrochloric acid and 50 mL of water, mix, cool to
15°, and add 25 g of crushed ice. Titrate with 0.1 M sodium nitrite VS, determining the
endpoint potentiometrically, using a calomel-platinum electrode system. Each mL of 0.1 M
sodium nitrite is equivalent to 17.52 mg of aminobenzoate potassium (C7 H6 KNO2 ). 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 212
BRIEFING
Amiodarone Hydrochloride Injection, USP 41 page 243. As part of the USP monograph
modernization efforts and based on the comments received, it is proposed to revise the
monograph as follows:
1. Add Identification B based on the UV spectrum agreement of the major peak of the
Sample solution and of the Standard solution, as obtained in the Assay.
2. Correct the concentration of the Sample solution in the Assay.
3. Revise the Chromatographic system in the Assay to update the Detector information to
support the proposed Identification B.
4. Revise the Blank solution, Standard stock solution, Standard solution, Sample stock
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6.
7.
8.

9.
10.

solution, and Sample solution in the test for Content of Benzyl Alcohol allowing the
flexibility of preparation.
Clarify the Column information in the test for Content of Benzyl Alcohol.
Revise the Amiodarone stock solution in the test for Limit of Iodide allowing the
flexibility of preparation.
Clarify the preparations of Standard solution, Sample solution, and Blank, and the
Instrumental conditions in the test for Limit of Iodide.
In the test for Organic Impurities:
a. Clarify the preparation of Buffer.
b. Consolidate the preparations of Standard solution A and Standard solution B to a
Standard solution.
c. Add the temperature for Autosampler.
d. Include the System suitability requirements for amiodarone related compound D
and amiodarone related compound E.
e. Revise the limit of any unspecified degradation product and the term of “Total
impurity” to “Total degradation products”.
f. Remove the chemical names of amiodarone related compound D and amiodarone
related compound E due to redundancy.
Revise the term of “peak area” to “peak response” in the Assay and Organic Impurities
test to align with USP style.
Revise the requirement in Bacterial Endotoxins Test to remove the numerical limit and
refer to Bacterial Endotoxins Test 〈85〉 for the calculation of limits.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: E. Chang.)
Correspondence Number—C199446
Comment deadline: July 31, 2018
Amiodarone Hydrochloride Injection
DEFINITION
Amiodarone Hydrochloride Injection is a sterile solution of Amiodarone Hydrochloride. It
contains NLT 90.0% and NMT 110.0% of the labeled amount of amiodarone hydrochloride
(C25 H29 I2 NO3 ·HCl). It may contain suitable preservatives.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY

171
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Change to read:
• Procedure
Buffer: 1.36 g/L of potassium phosphate, monobasic in water prepared as follows. To 1.36
g of potassium phosphate, monobasic in a 1-L volumetric flask add about 900 mL of water
and 1 mL of triethylamine. Adjust with phosphoric acid to a pH of 6.0. Dilute with water to
volume.
Mobile phase: Acetonitrile and Buffer (80:20)
Diluent: Acetonitrile and water (60:40)
Standard solution: 0.025 mg/mL of USP Amiodarone Hydrochloride RS in Diluent
Sample solution: Nominally 0.012
0.025 1S (USP42)
mg/mL of amiodarone hydrochloride in Diluent from a suitable volume of Injection
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of amiodarone
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution

1S (USP42)

Calculate the percentage of the labeled amount of amiodarone hydrochloride
(C25 H29 I2 NO3 ·HCl) in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area
response 1S (USP42)
of amiodarone from the Sample solution
rS = peak area
response 1S (USP42)
of amiodarone from the Standard solution
CS = concentration of USP Amiodarone Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of amiodarone hydrochloride in the Sample solution (mg/mL)
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Acceptance criteria: 90.0%–110.0%
OTHER COMPONENTS
Change to read:
• Content of Benzyl Alcohol (if present)
Internal standard solution: 1 mg/mL of phenol in isopropyl alcohol
Standard stock solution: 1.62
1.6 1S (USP42)
mg/mL of USP Benzyl Alcohol RS in isopropyl alcohol
Standard solution: Transfer 5 mL of Internal standard solution and 3 mL of Standard stock
solution into a 25-mL volumetric flask, and dilute with isopropyl alcohol to volume.
0.2 mg/mL of phenol and 0.19 mg/mL of USP Benzyl Alcohol RS in isopropyl alcohol from
the Internal standard solution and the Standard stock solution 1S (USP42)
Sample stock solution: Nominally equivalent to 1.61
1.6 1S (USP42)
mg/mL of benzyl alcohol in isopropyl alcohol prepared as follows. Transfer 2 mL of Injection
into a 25-mL volumetric flask, and dilute with isopropyl alcohol to volume.
from Injection 1S (USP42)
Sample solution: Nominally 0.2 mg/mL of phenol and 0.19 mg/mL of benzyl alcohol in
isopropyl alcohol prepared as follows. Transfer 5 mL of Internal standard solution and 3 mL
of Sample stock solution into a 25-mL volumetric flask, and dilute with isopropyl alcohol to
volume.
from the Internal standard solution and the Sample stock solution 1S (USP42)
Blank: 0.2 mg/mL of phenol in isopropyl alcohol prepared as follows. Transfer 5 mL of
Internal standard solution into a 25-mL volumetric flask, and dilute with isopropyl alcohol
to volume.
from the Internal standard solution 1S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m
fused silica capillary; 1S (USP42)
coated with 1-µm
film of 1S (USP42)
phase G16
Temperatures
Injection port: 200°
Column: 150°
Detector: 200°
Carrier gas: Nitrogen
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Flow rate: 10 mL/min
Injection volume: 1 µL
Injection type: Split; split ratio, 10:1
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% for the peak response ratio of benzyl alcohol
to phenol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benzyl alcohol in the portion of Injection
taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of benzyl alcohol to phenol from the Sample solution
RS = peak response ratio of benzyl alcohol to phenol from the Standard solution
CS = concentration of USP Benzyl Alcohol RS in the Standard solution (mg/mL)
CU = nominal concentration of benzyl alcohol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Limit of Iodide
Use freshly prepared solutions in amber glassware.
Amiodarone stock solution:
Nominally 1S (USP42)
5 mg/mL of amiodarone hydrochloride in water from Injection prepared by diluting 5.0 mL
of Injection in a 50-mL volumetric flask to volume
1S (USP42)

Potassium iodide solution: 88.2 µg/mL of potassium iodide in water
Potassium iodate solution: 10.7 g/L of potassium iodate in water
Standard solution: 4.41 µg/mL
of potassium iodide 1S (USP42)
prepared as follows. Into a suitable flask pipet 15.0 mL of Amiodarone stock solution, 1.0
mL of 0.1 M
0.1 N 1S (USP42)
hydrochloric acid, 1.0 mL of Potassium iodide solution, 1.0 mL of Potassium iodate
solution, and 2.0 mL of water. Mix, and allow to stand for 4 h. Protected from light.
Sample solution:
Nominally 3.75 mg/mL of amiodarone hydrochloride prepared as follows. 1S (USP42)
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Into a suitable flask pipet 15.0 mL of Amiodarone stock solution, 1.0 mL of 0.1 M
0.1 N 1S (USP42)
hydrochloric acid, 1.0 mL of Potassium iodate solution, and 3.0 mL of water. Mix, and
allow to stand for 4 h. Protected from light.
Blank: Into a suitable flask pipet 15.0 mL of Amiodarone stock solution, 1.0 mL of 0.1 M
0.1 N 1S (USP42)
hydrochloric acid, and 4.0 mL of water. Mix, and allow to stand for 4 h. Protected from
light.
Instrumental conditions
Mode: UV1S (USP42)

Vis
Analytical wavelength: 420 nm
Cell: 1 cm
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the amount of iodide, in ppm, in the portion of Injection taken:
Result = (AU − AB)/[(AS − AB) − (AU − AB)] × (CS/CU) × (Mr1/Mr2)
AU
AB
AS
CS
CU

= absorbance of the Sample solution
= absorbance of the Blank
= absorbance of the Standard solution
= concentration of potassium iodide in the Standard solution (µg/mL)
=
nominal 1S (USP42)
concentration of amiodarone hydrochloride in the Sample solution (g/mL)
Mr1 = molecular weight of iodide, 126.90
Mr2 = molecular weight of potassium iodide, 166.00
Acceptance criteria: NMT 250 ppm
Change to read:
• Organic Impurities
Buffer: 3 mL/L of glacial acetic acid in water prepared as follows. To a suitable amount of
glacial acetic acid add water to fill 80% of the total volume, adjust with ammonia to a pH
of 4.9, and dilute with water to volume.
Add 3 mL of acetic acid, glacial to 800 mL of water. Adjust with ammonia solution,
diluted to a pH of 4.9. Dilute with water to 1000 mL. 1S (USP42)
Mobile phase: Acetonitrile, methanol, and Buffer (40:30:30)
Diluent: Acetonitrile, methanol, and water (50:30:20)
Standard solution A: 1 µg/mL of USP Amiodarone Hydrochloride RS in Diluent
Standard solution B: 30 µg/mL of USP Amiodarone Related Compound D RS and 2 µg/mL of
USP Amiodarone Related Compound E RS in Diluent
Standard stock solution A: 0.2 mg/mL of USP Amiodarone Hydrochloride RS in Diluent

PF 44(3): May.-Jun. 2018

176

Standard stock solution A: 0.2 mg/mL of USP Amiodarone Hydrochloride RS in Diluent
Standard stock solution B: 0.4 mg/mL of USP Amiodarone Related Compound E RS in
Diluent
Standard solution: 1 µg/mL of USP Amiodarone Hydrochloride RS, 30 µg/mL of USP
Amiodarone Related Compound D RS, and 2 µg/mL of USP Amiodarone Related Compound E
RS in Diluent prepared as follows. Transfer a suitable quantity of USP Amiodarone Related
Compound D RS to a suitable volumetric flask, and add a suitable amount of Standard
stock solution A and Standard stock solution B. Dilute with Diluent to volume. 1S (USP42)
Sample solution: Nominally 1 mg/mL of amiodarone hydrochloride in Diluent from a suitable
volume of Injection
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Autosampler: 2°–8° 1S (USP42)
Column: 30°
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 1.5 times the retention time of amiodarone for the Standard solution, and
NLT 2 times the retention time of amiodarone for the Sample solution
System suitability
Sample: Standard solution A
[Note—See Table 1 for relative retention times.]

1S (USP42)

Suitability requirements
Resolution: NLT 3.5 between the amiodarone related compound E and amiodarone
related compound D peaks 1S (USP42)
Tailing factor: NMT 2.0
for the amiodarone, amiodarone related compound D, and amiodarone related
compound E peaks 1S (USP42)
Relative standard deviation: NMT 5.0%
for the amiodarone, amiodarone related compound D and amiodarone related
compound E peaks 1S (USP42)
Analysis
Samples: Standard solution A, Standard solution B,
1S (USP42)

and Sample solution
Calculate the percentage of amiodarone related compound D or amiodarone related
compound E in the portion of Injection taken:

PF 44(3): May.-Jun. 2018

177

Result = (rU/rS) × (CS/CU) × 100
rU = peak area
response 1S (USP42)
of amiodarone related compound D or amiodarone related compound E from the
Sample solution
rS = peak area
response 1S (USP42)
of amiodarone related compound D or amiodarone related compound E from the
Standard solution B
1S (USP42)

CS = concentration of USP Amiodarone Related Compound D RS or USP Amiodarone
Related Compound E RS in the Standard solution B
1S (USP42)

(mg/mL)
CU = nominal concentration of amiodarone hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any unspecified degradation product in the portion of Injection
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area
response 1S (USP42)
of any unspecified degradation product from the Sample solution
rS = peak area
response 1S (USP42)
of amiodarone from the Standard solution A
1S (USP42)

CS = concentration of USP Amiodarone Hydrochloride RS in the Standard solution A
1S (USP42)

(mg/mL)
CU = nominal concentration of amiodarone hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
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Table 1
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

Amiodarone related compound Ea
1S (USP42)

Amiodarone related compound
1S (USP42)

0.39

0.2

0.55
1.00

3.0
—
0.20

Db

Amiodarone
Any unspecified degradation
—
product
0.2 1S (USP42)
Total impurities
—
degradation products 1S (USP42)
3.5
a (2-Butylbenzofuran-3-yl)(4-hydroxyphenyl) methanone.
b (2-Butylbenzofuran-3-yl)(4-hydroxy-3,5-diiodophenyl) methanone.
1S (USP42)

SPECIFIC TESTS
Change to read:
• Bacterial Endotoxins Test 〈85〉: NMT 8.33 USP Endotoxin Units/mg of amiodarone
hydrochloride
Meets the requirements 1S (USP42)
• Sterility Tests 〈71〉: Meets the requirements
• pH 〈791〉: 3.0–5.0
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• Other Requirements: Meets the requirements in Injections and Implanted Drug Products 〈1〉
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose glass containers,
protected from light and excessive heat. Store at controlled room temperature.
• Labeling: Label it to indicate that it is to be diluted to the appropriate strength with a
suitable parenteral vehicle prior to administration. Label it to indicate the type and amount
of preservative used. Label it to indicate that it is preservative free, if no preservative is
present.
Change to read:
• USP Reference Standards 〈11〉
USP Amiodarone Hydrochloride RS
USP Amiodarone Related Compound D RS
(2-Butylbenzofuran-3-yl)(4-hydroxy-3,5-diiodophenyl)methanone.
C19 H16 I2 O3
546.14
USP Amiodarone Related Compound E RS
(2-Butylbenzofuran-3-yl)(4-hydroxyphenyl)methanone.
C19 H18 O3
294.34
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USP Benzyl Alcohol RS
(CN 1-May-2018)

Recent Official Publications:
USP41–NF36 Page 243
BRIEFING
Amiodarone Hydrochloride Tablets. Because there is no existing USP monograph for this
drug product, a new monograph based on validated methods of analysis is proposed.
1. The liquid chromatographic procedure in the Assay is based on analyses performed with
the Inertsil ODS-3V brand of column with L1 packing from GL Sciences. The typical
retention time for amiodarone is about 6 min.
2. The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Zorbax Eclipse XDB-C18 brand of column with L1 packing
from Agilent. The typical retention time for amiodarone is about 23 min.
(CHM2: E. Chang.)
Correspondence Number—C194211
Comment deadline: July 31, 2018
Add the following:
Amiodarone Hydrochloride Tablets
DEFINITION
Amiodarone Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount
of amiodarone hydrochloride (C25 H29 I2 NO3 ·HCl).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: Add 3 mL of acetic acid, glacial to 1 L of water. Adjust with ammonia water, 25
percent to a pH of 3.0.
Mobile phase: Acetonitrile and Buffer (40:60)
Standard solution: 0.1 mg/mL of USP Amiodarone Hydrochloride RS in Mobile phase
Sample stock solution: Nominally 1 mg/mL of amiodarone hydrochloride in Mobile phase
prepared as follows. Transfer a quantity, equivalent to 100 mg of amiodarone
hydrochloride, from NLT 20 finely powdered Tablets to a 100-mL volumetric flask. Add
Mobile phase to about 50% of the final flask volume. Sonicate with occasional shaking to
dissolve. Cool the solution and dilute with Mobile phase to volume.
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Sample solution: Nominally 0.1 mg/mL of amiodarone hydrochloride in Mobile phase from
Sample stock solution. Pass a portion of the solution through a suitable filter of 0.45-µm
pore size, discard the first few milliliters, and collect the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2.5 times the retention time of amiodarone
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amiodarone hydrochloride
(C25 H29 I2 NO3 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of amiodarone from the Sample solution
rS = peak response of amiodarone from the Standard solution
CS = concentration of USP Amiodarone Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of amiodarone hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 1% (w/v) sodium dodecyl sulfate; 1000 mL
Apparatus 2: 100 rpm
Time: 60 min
Standard stock solution: 0.2 mg/mL of USP Amiodarone Hydrochloride RS prepared as
follows. Transfer an appropriate quantity of USP Amiodarone Hydrochloride RS to a
suitable volumetric flask, and add methanol to 5% of the final flask volume. Sonicate to
dissolve and dilute with Medium to volume.
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Standard solution: 0.01 mg/mL of USP Amiodarone Hydrochloride RS in Medium from
Standard stock solution
Sample solution: Dilute a portion of the solution under test with Medium to a
concentration similar to that of the Standard solution. Pass a portion of the solution
through a suitable filter of 0.45-µm pore size, discard the first few milliliters, and collect
the filtrate.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 243 nm
Cell: 1 cm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amiodarone hydrochloride
(C25 H29 I2 NO3 ·HCl) dissolved:
Result = (AU/AS) × CS × D × V × (1/L) × 100
AU = absorbance of amiodarone from the Sample solution
AS = absorbance of amiodarone from the Standard solution
CS = concentration of USP Amiodarone Hydrochloride RS in the Standard solution (mg/mL)
D = dilution factor of the Sample solution
V = volume of Medium, 1000 mL
L = label claim of amiodarone hydrochloride (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of amiodarone hydrochloride
(C25 H29 I2 NO3 ·HCl) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Buffer: Add 3 mL of acetic acid, glacial to 800 mL of water. Adjust with 10% (v/v)
ammonia hydroxide solution to a pH of 4.9. Dilute with water to 1000 mL.
Mobile phase: Acetonitrile, methanol, and Buffer (40:30:30)
Diluent: Acetonitrile and water (50:50)
Standard solution: 0.01 mg/mL of USP Amiodarone Hydrochloride RS in Diluent
Sensitivity solution: 0.3 µg/mL of USP Amiodarone Hydrochloride RS in Diluent from
Standard solution
Sample solution: Nominally 1 mg/mL of amiodarone hydrochloride in Diluent prepared as
follows. Transfer a quantity equivalent to 50 mg of amiodarone hydrochloride from NLT 20
finely powdered Tablets to a 50-mL volumetric flask. Add Diluent to 50% of the final flask
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volume. Sonicate with occasional shaking to dissolve. Cool the solution and dilute with
Diluent to volume. Pass a portion of the solution through a suitable filter of 0.45-µm pore
size, discard the first few milliliters, and collect the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 1.7 times the retention time of amiodarone for the Standard solution; NLT
3.4 times the retention time of amiodarone for the Sample solution
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Relative standard deviation: NLT 10.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amiodarone related compound D or any unspecified
degradation product in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 1/F × 100
rU = peak response of amiodarone related compound D or any unspecified degradation
product from the Sample solution
rS = peak response of amiodarone from the Standard solution
CS = concentration of USP Amiodarone Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of amiodarone hydrochloride in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1. The reporting threshold is 0.03%.
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Table 1
Relative
Retention
Time

Name
Amiodarone related compound Aa,b
Amiodarone related compound Dc

0.22
0.29

Cd,b

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

—

—

0.90
—
—

0.5
—
—

Amiodarone related compound
0.52
Amiodarone
1.00
Any unspecified degradation
—
product
1.00
0.2
Total degradation products
—
—
1.0
a (2-Butylbenzofuran-3-yl){4-[2-(diethylamino)ethoxy]phenyl}methanone.
b Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
degradation products for the drug product.
c (2-Butylbenzofuran-3-yl)(4-hydroxy-3,5-diiodophenyl)methanone.
d (2-Butylbenzofuran-3-yl){4-[2-(diethylamino)ethoxy]-3-iodophenyl}methanone.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight and light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards 〈11〉
USP Amiodarone Hydrochloride RS
1S (USP42)

BRIEFING
Amoxicillin and Clavulanate Potassium for Oral Suspension, USP 41 page 284 and PF
36(4) [July–Aug. 2010]. On the basis of comments received, the proposal in PF 36(4) was
cancelled and as a part of USP monograph modernization efforts, it is proposed to revise the
monograph as follows:
1. Add Identification B based on UV spectrum matching as proposed in the Assay.
2. Update the Detector in the Chromatographic system for the Assay to support the
proposed Identification B.
3. Update the dimensions for the Column in the Assay.
4. Update the System suitability in the Assay for clarity.
5. Add a test for Organic Impurities based on a validated liquid chromatographic
procedure. The proposed procedure is based on analyses performed with the Hypersil
BDS C18 brand of column with L1 packing. The typical retention times for clavulanic acid
and amoxicillin are about 8.4 and 14 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C141379
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Comment deadline: July 31, 2018
Amoxicillin and Clavulanate Potassium for Oral Suspension
DEFINITION
Amoxicillin and Clavulanate Potassium for Oral Suspension contains the equivalent of NLT
90.0% and NMT 120.0% of the labeled amount of amoxicillin (C16 H19 N3 O5 S) and the
equivalent of NLT 90.0% and NMT 125.0% of the labeled amount of clavulanic acid
(C8 H9 NO5 ). It contains one or more suitable buffers, colors, flavors, preservatives,
stabilizers, sweeteners, and suspending agents.
IDENTIFICATION
Change to read:
• A. The retention times of the major peaks,
amoxicillin and clavulanate acid, 1S (USP42)
of the Sample solution correspond to those of the Standard solution, as obtained in the
Assay.
Add the following:
• B. The UV spectra of the major peaks, amoxicillin and clavulanate acid, of the Sample
solution correspond to those of the Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: 7.8 g of monobasic sodium phosphate in 900 mL of water. Adjust with phosphoric
acid or 10 N sodium hydroxide to a pH of 4.4 ± 0.1, and dilute with water to 1000 mL.
Mobile phase: Methanol and Buffer (1:19). Pass through a suitable filter.
Standard solution: 0.5 mg/mL of USP Amoxicillin RS and 0.2 mg/mL of USP Clavulanate
Lithium RS in water
Sample solution: Nominally 0.5 mg/mL of amoxicillin in water, prepared as follows.
Constitute Amoxicillin and Clavulanate Potassium for Oral Suspension with water using the
volume specified in the labeling. Stir by mechanical means for 10 min, and filter. Use within
1 h.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 4-mm × 30-cm; 3- to 10-µm packing L1
4.6-mm × 25-cm; 5-µm packing L1 1S (USP42)

1S (USP42)
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Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for clavulanic acid and amoxicillin are about 0.5 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 3.5 between the amoxicillin and clavulanic acid peaks
Tailing factor: NMT 1.5 for each analyte peak
the amoxicillin and clavulanic acid analyte peaks 1S (USP42)
Relative standard deviation: NMT 2.0% for each analyte peak
the amoxicillin and clavulanic acid analyte peaks 1S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amoxicillin (C16 H19 N3 O5 S) in the portion
of Amoxicillin and Clavulanate Potassium for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of amoxicillin from the Sample solution
rS = peak response of amoxicillin from the Standard solution
CS = concentration of USP Amoxicillin RS in the Standard solution (mg/mL)
CU = nominal concentration of amoxicillin in the Sample solution (mg/mL)
P = potency of amoxicillin in USP Amoxicillin RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Calculate the percentage of the labeled amount of clavulanic acid (C8 H9 NO5 ) in the portion
of Amoxicillin and Clavulanate Potassium for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of clavulanic acid from the Sample solution
rS = peak response of clavulanic acid from the Standard solution
CS = concentration of USP Clavulanate Lithium RS in the Standard solution (mg/mL)
CU = nominal concentration of clavulanic acid in the Sample solution (mg/mL)
P = potency of clavulanic acid in USP Clavulanate Lithium RS (mg/mg)
Acceptance criteria: 90.0%–120.0% of the labeled amount of amoxicillin (C16 H19 N3 O5 S)
and 90.0%–125.0% of the labeled amount of clavulanic acid (C8 H9 NO5 )
PERFORMANCE TESTS
• Deliverable Volume 〈698〉
For powder packaged in multiple-unit containers: Meets the requirements
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• Uniformity of Dosage Units 〈905〉
For powder packaged in single-unit containers: Meets the requirements
IMPURITIES
Add the following:
• Organic Impurities
Diluted phosphoric acid: Dilute 5 mL of phosphoric acid with water to 100 mL.
Solution A: Dissolve 15.6 g/L of monobasic sodium phosphate in water. Adjust with Dilute
phosphoric acid to a pH of 4.2 ± 0.1.
Solution B: Methanol and Solution A (70:30)
Mobile phase: See Table 1.
Time
(min)
0
5
18
32
40
50
60
61
70

Table 1
Solution A
(%)
100
100
80
70
65
50
50
100
100

Solution B
(%)
0
0
20
30
35
50
50
0
0

Standard stock solution 1: 0.26 mg/mL of USP Clavulanate Lithium RS in water.
[Note—Sonicate if necessary to dissolve.]
Standard solution 1: 0.052 mg/mL of USP Clavulanate Lithium RS in Solution A from
Standard stock solution 1
Standard stock solution 2: 0.17 mg/mL of USP Amoxicillin RS in Solution A.
[Note—Sonicate if necessary to dissolve.]
Standard solution: 0.017 mg/mL of USP Amoxicillin RS from Standard stock solution 2 and
0.002 mg/mL of USP Clavulanate Lithium RS from Standard solution 1 in Solution A. This
solution is stable for 20 h at 6°.
Sample solution: Nominally 1.5 mg/mL of amoxicillin in Solution A, prepared as follows.
Constitute the Amoxicillin and Clavulanate Potassium for Oral Suspension as directed on
the labeling. The Amoxicillin and Clavulanate Potassium for Oral Suspension may be kept
refrigerated at 2°–8° for about 3–4 h. Before dilution allow it to come to room temperature
for about 30 min. Transfer a suitable volume of the Amoxicillin and Clavulanate Potassium
for Oral Suspension, nominally equivalent to 75 mg of amoxicillin, to a suitable volumetric
flask. Add Solution A to 60% of the flask volume. Sonicate for 15 min and dilute with
Solution A to volume. This solution is stable for 2 h at 25° and for 5 h at 6°.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm for amoxicillin and amoxicillin related compounds; 280 nm for
ethylpyrazinediethanol
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
Autosampler: 6°
Column: 20°
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0% for the amoxicillin and clavulanic acid peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each amoxicillin related impurity and unspecified impurity in the
portion of Amoxicillin and Clavulanate Potassium for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × P × (F 1/F 2) × 100
rU = peak response of each amoxicillin related impurity from the Sample solution
rS = peak response of amoxicillin from the Standard solution
CS = concentration of USP Amoxicillin RS in the Standard solution (mg/mL)
CU = nominal concentration of amoxicillin in the Sample solution (mg/mL)
P = potency of amoxicillin in USP Amoxicillin RS (µg/mg)
F 1 = conversion factor, 0.001 mg/µg
F 2 = relative response factor (see Table 2)
Calculate the percentage of ethylpyrazinediethanol in the portion of Amoxicillin and
Clavulanate Potassium for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × P × (1/F) × 100
rU = peak response of ethylpyrazinediethanol from the Sample solution
rS = peak response of clavulanic acid from the Standard solution
CS = concentration of clavulanic acid from USP Clavulanate Lithium RS in the Standard
solution (mg/mL)
CU = nominal concentration of clavulanic acid in the Sample solution (mg/mL)
P = potency of clavulanic acid in USP Clavulanate Lithium RS (mg/mg)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2.
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Table 2
Relative
Retention
Time

Name

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Amoxicillin related compound Ia,b

0.17

—

—

Amoxicillin related compound Aa,c

Amoxicillin related compound Ba,f
Amoxicillin
Clavulanic acidg

0.90
1.0
1.0

Amoxicillin related compound Ga,h

1.47
1.65
2.00
2.14
2.19
2.21

Amoxicilloic amoxilloic acid dimerr,s
Amoxicillin related compound Jt
N-Pivaloyl amoxicillina

2.94
3.24
3.39
3.52
3.75
3.96

—
0.8
0.8
—
1.0
—
—
1.0
1.0
1.12
0.98
0.98
—
0.64
0.64
—
0.46
0.46
0.46
0.64
—

—

Amoxicillin related compound Dd,e

0.45
0.83
0.96

Ethylpyrazinediethanolg,u
Any individual unspecified impurity
Total impurities

3.99
—
—

1.9
—
—

Amoxicillin related compound Ei,j
Amoxicillin related compound F k
Amoxicillin related compound Cl ,m
Amoxicillin related compound Ha,n
Amoxicillin related compound

Ko,p

Amoxicillin related compound La,q

2.48
2.81
2.88

1.5
—
—
—
—
4.0
1.0
1.0
—
2.0
—

0.7
2.0
—
1.0
0.9
8.0
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a These are process impurities that are controlled in the drug substance and are listed
here for reference only. They are not to be reported and are not to be included in
total impurities.
b (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.
c (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
d (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5dimethylthiazolidine-4-carboxylic acid.
e The chromatographic system resolves two isomers; the sum of the two peaks is
reported and the total for both peaks is NMT 1.0%.
f (2S,5R,6R)-6-[(S)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3,3-dimethyl-7-oxo-4thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
g The relative retention times are with reference to clavulanic acid.
h (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4hydroxyphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
i (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5dimethylthiazolidine-4-carboxylic acid and (4R)-2-{[(S)-2-amino-2-(4hydroxyphenyl)acetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
j The chromatographic system resolves two isomers; the sum of the two peaks is
reported and the total for both peaks is NMT 1.5%.
k (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine-4carboxylic acid.
l 3-(4-Hydroxyphenyl)pyrazin-2-ol.
m The chromatographic system resolves two isomers; the sum of the two peaks is
reported and the total for both peaks is NMT 1.0%.
n (R)-2-(4-Hydroxyphenyl)-2-pivalamidoacetic acid.
o Oligomers of penicilloic acids of amoxicillin.
p The chromatographic system resolves two isomers; the sum of the two peaks is
reported and the total for both peaks is NMT 1.0%.
q (2S,5R,6R)-6-{(2S,5R,6R)-6-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxamido}-3,3-dimethyl-7oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
r (4S)-2-((1R)-1-((R)-2-Amino-2-(4-hydroxyphenyl)acetamido)-2-(((1R)-2-((((4S)-4carboxy-5,5-dimethylthiazolidin-2-yl)methyl)amino)-1-(4-hydroxyphenyl)-2oxoethyl)amino)-2-oxoethyl)-5,5-dimethylthiazolidine-4-carboxylic acid.
s The chromatographic system resolves four isomers; the sum of the two peaks is
reported and the total for both peaks is NMT 0.5%.
t (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydroxyphenyl)acetamido)-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
u 2,2′-(3-Ethylpyrazine-2,5-diyl)diethanol.

1S (USP42)
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SPECIFIC TESTS
• pH 〈791〉
Sample solution: Constitute as directed in the labeling, and perform the test immediately
after constitution.
Acceptance criteria: 3.8–6.6
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 103 cfu/g, and the total combined molds and
yeasts count does not exceed 102 cfu/g.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, at controlled room temperature.
• USP Reference Standards 〈11〉
USP Amoxicillin RS
USP Clavulanate Lithium RS
Recent Official Publications:
USP41–NF36 Page 284
BRIEFING
Amoxicillin and Clavulanate Potassium Tablets, USP 41 page 285 and PF 36(4) [July–
Aug. 2010]. On the basis of comments received, the proposal in PF 36(4) was cancelled and as
a part of USP monograph modernization efforts, it is proposed to revise the monograph as
follows:
1. Update and name the retention time agreement test as Identification A.
2. Add Identification B based on UV spectrum matching as proposed in the Assay.
3. Update the Detector in the Chromatographic system for the Assay to support the
proposed Identification B.
4. Update the Sample stock solution preparation in the Assay for clarity.
5. Add a test for Organic Impurities based on a validated liquid chromatographic
procedure. The proposed procedure is based on analyses performed with the YMC Pack
ODS-AQ brand of column with L1 packing. The typical retention times for clavulanic acid
and amoxicillin are about 9 and 22 min, respectively.
6. Delete the test for Water Determination because water content is formulation specific.
7. Update the USP Reference Standards section to add new Reference Standards that are
used to determine system suitability in the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C141380
Comment deadline: July 31, 2018
Amoxicillin and Clavulanate Potassium Tablets
DEFINITION
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Amoxicillin and Clavulanate Potassium Tablets contain the equivalent of NLT 90.0% and NMT
120.0% of the labeled amounts of amoxicillin (C16 H19 N3 O5 S) and clavulanic acid (C8 H9 NO5 ).
IDENTIFICATION
Change to read:
•
A. 1S (USP42)
The retention times of the major peaks,
amoxicillin and clavulanic acid, 1S (USP42)
of the Sample solution correspond to those of the Standard solution, as obtained in the
Assay.
Add the following:
• B. The UV spectra of the major peaks, amoxicillin and clavulanic acid, of the Sample
solution correspond to those of the Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: 7.8 g of monobasic sodium phosphate in 900 mL of water. Adjust with phosphoric
acid or 10 N sodium hydroxide to a pH of 4.4 ± 0.1, and dilute with water to 1000 mL.
Mobile phase: Methanol and Buffer (1:19). Pass through a suitable filter.
Standard solution: 0.5 mg/mL of USP Amoxicillin RS and 0.2 mg/mL of USP Clavulanate
Lithium RS in water
Sample stock solution: Dissolve NLT 10 Tablets in water with the aid of mechanical
stirring. Transfer to a suitable volumetric flask, and dilute with water to volume.
Separately weigh NLT 10 Tablets, determine the average weight, and powder them.
Transfer a portion of the powdered Tablets, nominally equivalent to the weight of 1
Tablet, to a suitable volumetric flask. Add water to 80% of the flask volume and shake for
30 min. Dilute with water to volume. 1S (USP42)
Sample solution: Dilute a suitable volume of the Sample stock solution with water to
obtain a solution nominally equivalent to 0.5 mg/mL of amoxicillin. [Note—Use the Sample
solution within 1 h.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 4-mm × 30-cm; 3- to 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL

1S (USP42)
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System suitability
Sample: Standard solution
[Note—The relative retention times for clavulanic acid and amoxicillin are about 0.5 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 3.5 between the amoxicillin and clavulanic acid peaks
Tailing factor: NMT 1.5 for each analyte peak
the amoxicillin and clavulanic acid peaks 1S (USP42)
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
the labeled amount of amoxicillin 1S (USP42)
(C16 H19 N3 O5 S) in each Tablet taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of amoxicillin from the Sample solution
rS = peak response of amoxicillin from the Standard solution
CS = concentration of USP Amoxicillin RS in the Standard solution (mg/mL)
CU = nominal concentration of amoxicillin in the Sample solution (mg/mL)
P = potency of
amoxicillin in 1S (USP42)
USP Amoxicillin RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Calculate the percentage of
the labeled amount of clavulanic acid
(C8 H9 NO5 ) in each Tablet taken:

1S (USP42)

Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of clavulanic acid from the Sample solution
rS = peak response of clavulanic acid from the Standard solution
CS = concentration of USP Clavulanate Lithium RS in the Standard solution (mg/mL)
CU = nominal concentration of clavulanic acid in the Sample solution (mg/mL)
P = potency of clavulanic acid in USP Clavulanate Lithium RS (mg/mg)
Acceptance criteria: 90.0%–120.0%
PERFORMANCE TESTS
• Disintegration 〈701〉: Tablets labeled for veterinary use only; 30 min, simulated gastric fluid
TS being substituted for water in the test
• Dissolution 〈711〉
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[Note—Tablets labeled for veterinary use only are exempt from this requirement.]
Test 1
Medium: Water; 900 mL
Apparatus 2: 75 rpm
Time: 30 min; or 45 min where the Tablets are labeled as chewable
Analysis: Determine the amount of amoxicillin (C16 H19 N3 O5 S) and clavulanic acid
(C8 H9 NO5 ) dissolved, using the Analysis set forth in the Assay, making any necessary
volumetric adjustments.
Tolerances: NLT 85% (Q) of the labeled amount of amoxicillin (C16 H19 N3 O5 S) and NLT
80% (Q) of the labeled amount of clavulanic acid (C8 H9 NO5 ) are dissolved.
For Tablets labeled as chewable: NLT 80% (Q) of the labeled amounts of amoxicillin
(C16 H19 N3 O5 S) and clavulanic acid (C8 H9 NO5 ) is dissolved in 45 min.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium, Apparatus 2, and Analysis: Proceed as directed for Test 1.
Times: 45 min for amoxicillin and 30 min for clavulanic acid
Tolerances: NLT 85% (Q) of the labeled amount of amoxicillin (C16 H19 N3 O5 S) and NLT
80% (Q) of the labeled amount of clavulanic acid (C8 H9 NO5 ) are dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Buffer: 7.8 g/L of monobasic sodium phosphate in water. Adjust with phosphoric acid to a
pH of 3.7 ± 0.1.
Solution A: Buffer
Solution B: Methanol and Buffer (90:10)
Mobile phase: See Table 1.
Time
(min)
0
25
40
45
90
95
105
120
122

Table 1
Solution A
(%)
100
100
85
85
70
70
65
65
100

Solution B
(%)
0
0
15
15
30
30
35
35
0
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System suitability stock solution: 0.15 mg/mL each of USP Amoxicillin Related Compound
G RS and USP Amoxicillin Related Compounds D and E Mixture RS, prepared as follows.
Transfer suitable amounts of USP Amoxicillin Related Compound G RS and USP Amoxicillin
Related Compounds D and E Mixture RS to a suitable volumetric flask. Add acetonitrile to
10% of the flask volume, and then add Buffer to 50% of the final volume. Sonicate to
dissolve. Maintain the temperature of the sonicator bath at 10°–15°. Dilute with Buffer to
volume.
System suitability solution: 1.5 mg/mL of USP Amoxicillin RS and 0.015 mg/mL each of
USP Amoxicillin Related Compound G RS and USP Amoxicillin Related Compounds D and E
Mixture RS prepared as follows. Transfer a suitable amount of USP Amoxicillin RS to a
suitable volumetric flask. Add Buffer to 60% of the flask volume and sonicate to dissolve.
Add System suitability stock solution to 10% of the final volume. Dilute with Buffer to
volume.
Standard stock solution 1: 0.1 mg/mL of USP Clavulanate Lithium RS in Buffer
Standard stock solution 2: 0.35 mg/mL of USP Amoxicillin RS in Buffer. Sonicate if
necessary to dissolve. Maintain the temperature of the sonicator bath at 10°–15°.
Standard solution: 0.017 mg/mL of USP Amoxicillin RS and 0.005 mg/mL of USP
Clavulanate Lithium RS prepared as follows. Transfer 5 mL each of Standard stock solution
2 and Standard stock solution 1 to a 100-mL volumetric flask. Dilute with Buffer to
volume. This solution is stable for 20 h at 6°.
Sample solution: Nominally 1.5 mg/mL of amoxicillin in Buffer from the Tablets prepared as
follows. Transfer a portion of powdered Tablets (from NLT 20 Tablets) containing nominally
75 mg of amoxicillin to a 100-mL volumetric flask. Add Buffer to 70% of the flask volume.
Sonicate to dissolve. Maintain the temperature of the sonicator bath at 10°–15°. Dilute
with Buffer to volume. Prepare the solution just before the injection.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm; 275 nm for ethylpyrazinediethanol
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 6°
Column: 35°
Flow rate: 1.2 mL/min
Injection volume: 20 µL
Run time: See Table 1 for System suitability solution and Sample solution; 30 min for the
Standard solution using the initial gradient.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between the amoxicillin related compound G and amoxicillin related
compound E peaks, System suitability solution
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Relative standard deviation: NMT 5.0% for the amoxicillin and clavulanic acid peaks,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each amoxicillin related impurity and any unspecified impurity
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × P × (F 1/F 2) × 100
rU = peak response of each amoxicillin related impurity or unspecified impurity from the
Sample solution
rS = peak response of amoxicillin from the Standard solution
CS = concentration of USP Amoxicillin RS in the Standard solution (mg/mL)
CU = nominal concentration of amoxicillin in the Sample solution (mg/mL)
P = potency of amoxicillin in USP Amoxicillin RS (µg/mg)
F 1 = conversion factor, 0.001 mg/µg
F 2 = relative response factor (see Table 2)
Calculate the percentage of ethylpyrazinediethanol in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × P × (1/F) × 100
rU = peak response of ethylpyrazinediethanol from the Sample solution
rS = peak response of clavulanic acid from the Standard solution
CS = concentration of clavulanic acid from USP Clavulanate Lithium RS in the Standard
solution (mg/mL)
CU = nominal concentration of clavulanic acid in the Sample solution (mg/mL)
P = potency of clavulanic acid in USP Clavulanate Lithium RS (mg/mg)
F = relative response factor (see Table 2)
Acceptance criteria: See Tables 2–5, depending on the Tablet strength.
Table 2. For Tablets Containing 250 mg of Amoxicillin and 125 mg of Clavulanic Acid
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Amoxicillin related compound Ia,b

0.17

—

—

Amoxicillin related compound Aa,c
Clavulanic acid

Amoxicillin related compound Ba,f
Amoxicillin

0.90
1.0

Amoxicillin related compound Ga,g

1.40
1.56

—
—
0.8
0.8
—
1.0
—
1.0

—
—

Amoxicillin related compound Dd,e

0.44
0.56
0.84
0.96

2.0
—
—
—
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Amoxicillin related compound Eh,i
Amoxicillin related compound F j
Amoxicillin related compound Ck ,l
Ethylpyrazinediethanolm
Amoxicillin related compound Ha,n
Amoxicillin related compound Ko,p
Amoxicillin related compound La,q

Amoxicilloic amoxilloic acid dimerr,s
Amoxicillin related compound Jt
N-Pivaloyl amoxicillina
Any individual unspecified impurity
Total impurities
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1.89
2.02
2.12
2.08
2.18
2.40
2.77
2.84
2.94
3.24
3.44
3.65
3.96
4.12
—
—

1.0
1.12
0.98
0.98
2.6
—
0.64
0.64
—
0.46
0.46
0.46
0.64
—
—
—

2.0
0.5
1.0
1.0
—
0.5
—

0.6
4.0
—
0.6
8.0
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a These are process impurities that are controlled in the drug substance. They are
listed here for reference only and are not to be reported.
b (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.
c (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
d (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5dimethylthiazolidine-4-carboxylic acid.
e The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
f (2S,5R,6R)-6-[(S)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3,3-dimethyl-7-oxo-4thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
g (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4hydroxyphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
h (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5dimethylthiazolidine-4-carboxylic acid and (4R)-2-{[(S)-2-amino-2-(4hydroxyphenyl)acetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
i The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
j 3-(4-Hydroxyphenyl)pyrazin-2-ol.
k (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine-4carboxylic acid.
l The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
m 2,2′-(3-Ethylpyrazine-2,5-diyl)diethanol.
n (R)-2-(4-Hydroxyphenyl)-2-pivalamidoacetic acid.
o Oligomers of penicilloic acids of amoxicillin.
p The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
q (2S,5R,6R)-6-[[(2S,5R,6R)-6-[[(2R)-2-Amino-2-(4-hydroxyphenyl)acetyl]amino]3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carbonyl]amino]-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
r (4S)-2-((1R)-1-((R)-2-Amino-2-(4-hydroxyphenyl)acetamido)-2-(((1R)-2-((((4S)-4carboxy-5,5-dimethylthiazolidin-2-yl)methyl)amino)-1-(4-hydroxyphenyl)-2oxoethyl)amino)-2-oxoethyl)-5,5-dimethylthiazolidine-4-carboxylic acid.
s The chromatographic system resolves four isomers; the sum of the two peaks is
reported.
t (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydroxyphenyl)acetamido)-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.

Table 3. For Tablets Containing 500 mg of Amoxicillin and 125 mg of Clavulanic Acid
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
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Amoxicillin related compound Ia,b

0.17

—

—

Amoxicillin related compound Aa,c
Clavulanic acid

0.44
0.56
0.84
0.96

—
—
0.8
0.8
—
1.0
—
1.0
1.0
1.12
0.98
0.98
2.6
—
0.64
0.64
—
0.46
0.46
0.46
0.64
—
—
—

—
—

Amoxicillin related compound Dd,e
Ba,f

0.90
1.0

Amoxicillin related compound Ga,g

1.40
1.56
1.89
2.02
2.12
2.08
2.18

Amoxicillin related compound
Amoxicillin

Amoxicillin related compound Eh,i
Amoxicillin related compound F j
Amoxicillin related compound Ck ,l
Ethylpyrazinediethanolm
Amoxicillin related compound Ha,n
Amoxicillin related compound Ko,p
Amoxicillin related compound

La,q

Amoxicilloic amoxilloic acid dimerr,s

Jt

Amoxicillin related compound
N-Pivaloyl amoxicillina
Any individual unspecified impurity
Total impurities

2.40
2.77
2.84
2.94
3.24
3.44
3.65
3.96
4.12
—
—

2.0
—
—
—
1.2
0.5
1.0
1.0
—
0.5
—

0.8
4.0
—
0.5
7.0
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a These are process impurities that are controlled in the drug substance. They are
listed here for reference only and are not to be reported.
b (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.
c (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
d (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5dimethylthiazolidine-4-carboxylic acid.
e The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
f (2S,5R,6R)-6-[(S)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3,3-dimethyl-7-oxo-4thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
g (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4hydroxyphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
h (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5dimethylthiazolidine-4-carboxylic acid and (4R)-2-{[(S)-2-amino-2-(4hydroxyphenyl)acetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
i The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
j 3-(4-Hydroxyphenyl)pyrazin-2-ol.
k (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine-4carboxylic acid.
l The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
m 2,2′-(3-Ethylpyrazine-2,5-diyl)diethanol.
n (R)-2-(4-Hydroxyphenyl)-2-pivalamidoacetic acid.
o Oligomers of penicilloic acids of amoxicillin.
p The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
q (2S,5R,6R)-6-[[(2S,5R,6R)-6-[[(2R)-2-Amino-2-(4-hydroxyphenyl)acetyl]amino]3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carbonyl]amino]-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
r (4S)-2-((1R)-1-((R)-2-Amino-2-(4-hydroxyphenyl)acetamido)-2-(((1R)-2-((((4S)-4carboxy-5,5-dimethylthiazolidin-2-yl)methyl)amino)-1-(4-hydroxyphenyl)-2oxoethyl)amino)-2-oxoethyl)-5,5-dimethylthiazolidine-4-carboxylic acid.
s The chromatographic system resolves four isomers; the sum of the two peaks is
reported.
t (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydroxyphenyl)acetamido)-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
Table 4. For Tablets Containing 875 mg of Amoxicillin and 125 mg of Clavulanic Acid
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Amoxicillin related compound Ia,b

0.17

—

—
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Amoxicillin related compound Aa,c
Clavulanic acid
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Amoxicillin related compound Dd,e

0.44
0.56
0.84
0.96

Amoxicillin related compound Ba,f
Amoxicillin

0.90
1.0

Amoxicillin related compound Ga,g

1.40
1.56
1.89
2.02
2.12
2.08
2.18

Amoxicillin related compound Eh,i
Amoxicillin related compound F j
Amoxicillin related compound Ck ,l
Ethylpyrazinediethanolm
Amoxicillin related compound Ha,n
Amoxicillin related compound Ko,p
Amoxicillin related compound La,q

Amoxicilloic amoxilloic acid dimerr,s
Amoxicillin related compound Jt
N-Pivaloyl amoxicillina
Any individual unspecified impurity
Total impurities

2.40
2.77
2.84
2.94
3.24
3.44
3.65
3.96
4.12
—
—

—
—
0.8
0.8
—
1.0
—
1.0
1.0
1.12
0.98
0.98
2.6
—
0.64
0.64
—
0.46
0.46
0.46
0.64
—
—
—

—
—
2.0
—
—
—
1.2
0.5
1.0
1.0
—
0.5
—

0.9
4.0
—
0.9
7.0
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a These are process impurities that are controlled in the drug substance. They are
listed here for reference only and are not to be reported.
b (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.
c (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
d (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5dimethylthiazolidine-4-carboxylic acid.
e The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
f (2S,5R,6R)-6-[(S)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3,3-dimethyl-7-oxo-4thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
g (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4hydroxyphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
h (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5dimethylthiazolidine-4-carboxylic acid and (4R)-2-{[(S)-2-amino-2-(4hydroxyphenyl)acetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
i The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
j 3-(4-Hydroxyphenyl)pyrazin-2-ol.
k (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine-4carboxylic acid.
l The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
m 2,2′-(3-Ethylpyrazine-2,5-diyl)diethanol.
n (R)-2-(4-Hydroxyphenyl)-2-pivalamidoacetic acid.
o Oligomers of penicilloic acids of amoxicillin.
p The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
q (2S,5R,6R)-6-[[(2S,5R,6R)-6-[[(2R)-2-Amino-2-(4-hydroxyphenyl)acetyl]amino]3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carbonyl]amino]-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
r (4S)-2-((1R)-1-((R)-2-Amino-2-(4-hydroxyphenyl)acetamido)-2-(((1R)-2-((((4S)-4carboxy-5,5-dimethylthiazolidin-2-yl)methyl)amino)-1-(4-hydroxyphenyl)-2oxoethyl)amino)-2-oxoethyl)-5,5-dimethylthiazolidine-4-carboxylic acid.
s The chromatographic system resolves four isomers; the sum of the two peaks is
reported.
t (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydroxyphenyl)acetamido)-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.

Name

Table 5. For Chewable Tablets
Relative
Relative
Retention
Response
Time
Factor

Acceptance
Criteria,
NMT (%)
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Amoxicillin related compound Ia,b

0.17

—

—

Amoxicillin related compound Aa,c
Clavulanic acid

0.44
0.56
0.84
0.96

—
—
0.8
0.8
—
1.0
—
1.0
1.0
1.12
0.98
0.98
2.6
—
0.64
0.64
—
0.46
0.46
0.46
0.64
—
—
—

—
—

Amoxicillin related compound Dd,e
Ba,f

0.90
1.0

Amoxicillin related compound Ga,g

1.40
1.56
1.89
2.02
2.12
2.08
2.18

Amoxicillin related compound
Amoxicillin

Amoxicillin related compound Eh,i
Amoxicillin related compound F j
Amoxicillin related compound Ck ,l
Ethylpyrazinediethanolm
Amoxicillin related compound Ha,n
Amoxicillin related compound Ko,p
Amoxicillin related compound La,q

dimerr,s

Amoxicilloic amoxilloic acid
Amoxicillin related compound Jt
N-Pivaloyl amoxicillina
Any individual unspecified impurity
Total impurities

2.40
2.77
2.84
2.94
3.24
3.44
3.65
3.96
4.12
—
—

1.0
—
—
—
—
—
1.0
1.0
—
—
—
—
2.0
—
0.6
8.0
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a These are process impurities that are controlled in the drug substance. They are
listed here for reference only and are not to be reported.
b (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.
c (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
d (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5dimethylthiazolidine-4-carboxylic acid.
e The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
f (2S,5R,6R)-6-[(S)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3,3-dimethyl-7-oxo-4thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
g (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4hydroxyphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
h (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5dimethylthiazolidine-4-carboxylic acid and (4R)-2-{[(S)-2-Amino-2-(4hydroxyphenyl)acetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
i The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
j 3-(4-Hydroxyphenyl)pyrazin-2-ol.
k (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine-4carboxylic acid.
l The chromatographic system resolves two isomers; the sum of the two peaks is
reported.
m 2,2′-(3-Ethylpyrazine-2,5-diyl)diethanol.
n (R)-2-(4-Hydroxyphenyl)-2-pivalamidoacetic acid.
o Oligomers of penicilloic acids of amoxicillin.
p The chromatographic system resolves two isomers.
q (2S,5R,6R)-6-[[(2S,5R,6R)-6-[[(2R)-2-Amino-2-(4-hydroxyphenyl)acetyl]amino]3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carbonyl]amino]-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
r (4S)-2-((1R)-1-((R)-2-Amino-2-(4-hydroxyphenyl)acetamido)-2-(((1R)-2-((((4S)-4carboxy-5,5-dimethylthiazolidin-2-yl)methyl)amino)-1-(4-hydroxyphenyl)-2oxoethyl)amino)-2-oxoethyl)-5,5-dimethylthiazolidine-4-carboxylic acid.
s The chromatographic system resolves four isomers; the sum of the two peaks is
reported.
t (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydroxyphenyl)acetamido)-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
1S (USP42)

SPECIFIC TESTS
Delete the following:
• Water Determination 〈921〉, Method I:
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Tablet Label Claim
Amoxicillin (mg/Tablet)
≤250
>250 and ≤500
>500

Acceptance
Criteria,
NMT (%)
7.5
10.0
11.0

For products labeled as chewable Tablets:
Tablet Label Claim
Amoxicillin (mg/Tablet)
≤125
>125

Acceptance
Criteria,
NMT (%)
6.0
8.0

For Tablets labeled for veterinary use only: NMT 10.0% 1S (USP42)
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 103 cfu/g, and the total combined molds and
yeasts count does not exceed 102 cfu/g.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label chewable Tablets to include the word “chewable” in juxtaposition to the
official name. The labeling indicates that chewable Tablets may be chewed before being
swallowed or may be swallowed whole. Tablets intended for veterinary use only are so
labeled. When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Amoxicillin RS
USP Amoxicillin Related Compounds D and E Mixture RS
It contains a mixture of the following two compounds:
Amoxicillin related compound D
2-{[2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5dimethylthiazolidine-4-carboxylic acid, monosodium salt.
C16 H20 N3 NaO6 S
405.40
Amoxicillin related compound E
(4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5-dimethylthiazolidine4-carboxylic acid isomers and
2-{[2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5-dimethylthiazolidine-4carboxylic acid isomers.
C15 H21 N3 O4 S
339.41
USP Amoxicillin Related Compound G RS
(2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4hydroxyphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
C24 H26 N4 O7 S
514.55
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1S (USP42)

USP Clavulanate Lithium RS
Recent Official Publications:
USP41–NF36 Page 285
BRIEFING
Azithromycin Tablets, page 8291 of the First Supplement to USP 41. On the basis of
comments received, and also as part of USP monograph modernization efforts, it is proposed to
make the following revisions:
1. Add Identification B based on a more specific FTIR procedure.
2. Update the calculation formula for the Dissolution test to be consistent with the
sponsor submission data.
3. Update the pH of the Buffer in the Organic Impurities test to be consistent with the
validated procedure.
4. Add a stability Note for Diluent A in the Organic Impurities test to be consistent with
the validated procedure.
5. Add USP N-Demethylazithromycin RS to the System suitability stock solution and
System suitability solution in the Organic Impurities test. Also add a Peak identification
solution for better identification of impurities.
6. Update the relative response factors for the azithromycin N-oxide and
aminoazithromycin impurities to be consistent with the validated procedure.
7. Add USP N-Demethylazithromycin RS to the USP Reference Standards section to support
the Organic Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: P. Pabba.)
Correspondence Number—C187452; C192670; C204259
Comment deadline: July 31, 2018
Azithromycin Tablets
DEFINITION
Azithromycin Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
azithromycin (C38 H72 N2 O12 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. Infrared Absorption 〈197A〉
Standard solution: 25 mg/mL of USP Azithromycin RS in acetonitrile. Pass the solution
through a suitable filter, and remove the solvent by natural evaporation.
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Sample solution: Equivalent to 25 mg/mL of azithromycin from Tablets in acetonitrile. Pass
the solution through a suitable filter, and remove the solvent by natural evaporation.
Acceptance criteria: Meet the requirements 1S (USP42)
ASSAY
• Procedure
Buffer: Dissolve 4.6 g of monobasic potassium phosphate anhydrous in 900 mL of water.
Adjust with 1 N sodium hydroxide to a pH of 7.5, and dilute with water to 1 L.
Mobile phase: Acetonitrile and Buffer (65:35)
Standard solution: 1 mg/mL of USP Azithromycin RS in Mobile phase. Sonicate and shake
as needed to dissolve.
Sample solution: Nominally 1 mg/mL of azithromycin in Mobile phase from NLT 20 Tablets,
finely powdered. Sonicate and shake as needed to dissolve.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of azithromycin (C38 H72 N2 O12 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of azithromycin from the Sample solution
rS = peak response of azithromycin from the Standard solution
CS = concentration of USP Azithromycin RS in the Standard solution (mg/mL)
CU = nominal concentration of azithromycin in the Sample solution (mg/mL)
P = potency of USP Azithromycin RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–110.0%

PF 44(3): May.-Jun. 2018

207

PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: pH 6.0 phosphate buffer; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Solution A: 4.4 mg/mL of dibasic potassium phosphate and 0.5 mg/mL of sodium 1octanesulfonate; adjusted with phosphoric acid to a pH of 8.20 ± 0.05
Mobile phase: Acetonitrile, methanol, and Solution A (9:3:8)
Diluent: 17.5 mg/mL of dibasic potassium phosphate. Adjust with phosphoric acid to a pH
of 8.00 ± 0.05. Prepare a mixture of this solution and acetonitrile (80:20).
Standard stock solution: Dissolve USP Azithromycin RS in Medium to obtain a solution
with a known concentration of about (L/1000) mg/mL, where L is the label claim in
mg/Tablet.
Standard solution: Dilute the Standard stock solution with Diluent to obtain a solution
with a known concentration of about (L/2000) mg/mL, where L is the label claim in
mg/Tablet.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Dilute a portion of the filtrate with Diluent to obtain a solution with a
theoretical concentration of about (L/2000) mg/mL, where L is the label claim in
mg/Tablet, assuming complete dissolution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 50°
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of azithromycin (C38 H72 N2 O12 ) dissolved:
Result = (rU/rS) × (CS/L) × V ×
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D×

1S (USP42)

100
rU
rS
CS
L
V

= peak response of azithromycin from the Sample solution
= peak response of azithromycin from the Standard solution
= concentration of USP Azithromycin RS in the Standard solution (mg/mL)
= label claim (mg/Tablet)
= volume of Medium, 900 mL
= dilution factor for the Sample solution, if necessary 1S (USP42)

D
Tolerances: NLT 80% (Q) of the labeled amount of azithromycin (C38 H72 N2 O12 ) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Protect all solutions containing azithromycin from light. Refrigerate the Standard solution
and the Sample solution after preparation and during analysis, using a refrigerated
autosampler set at 4°. The solutions must be analyzed within 24 h of preparation.
Solution A: Water and ammonium hydroxide (2000: 1.2). The pH of this solution is about
10.5.
Solution B: Acetonitrile, methanol, and ammonium hydroxide (1800: 200: 1.2)
Mobile phase: See Table 1.
Time
(min)
0
20
35
35.1
50.1 1S (USP41)

Table 1
Solution A
(%)
54
54
10
54
54

Solution B
(%)
46
46
90
46
46

Buffer: 1.7 g/L of monobasic ammonium phosphate in water. Adjust with ammonium
hydroxide to a pH of 10
± 0.05. 1S (USP42)
Diluent A: Methanol, acetonitrile, and Buffer (350:300:350).
[Note—Diluent A is stable for 24 h after mixing the organic and buffer phases.]
1S (USP42)

Diluent B: Methanol and Buffer (1:1)
System suitability stock solution: 0.1 mg/mL each of USP Desosaminylazithromycin RS,
USP Azithromycin Related Compound F RS, and
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USP N-Demethylazithromycin RS 1S (USP42)
in acetonitrile
System suitability solution: 0.028 mg/mL each of USP Desosaminylazithromycin RS, USP
Azithromycin Related Compound F RS, and
USP N-Demethylazithromycin RS 1S (USP42)
from the System suitability stock solution in Diluent A
Peak identification solution: 0.004 mg/mL each of USP Desosaminylazithromycin RS,
USP Azithromycin Related Compound F RS, and USP N-Demethylazithromycin RS from the
System suitability solution in Diluent A 1S (USP42)
Standard stock solution: 0.4 mg/mL of USP Azithromycin RS in acetonitrile. Sonicate and
shake as needed to dissolve.
Standard solution: 0.02 mg/mL of azithromycin from the Standard stock solution in Diluent
A
Sensitivity solution: 0.004 mg/mL of azithromycin from the Standard solution in Diluent A
Sample stock solution: Nominally 14.3 mg/mL of azithromycin prepared as follows.
Transfer nominally 1430 mg of azithromycin, from finely powdered Tablets (NLT 20), to a
100-mL volumetric flask. Add 75 mL of acetonitrile, and sonicate for NLT 15 min. Shake by
mechanical means for NLT 15 min. Allow the solution to equilibrate to room temperature,
dilute with acetonitrile to volume, and mix.
Sample solution: Nominally 4 mg/mL of azithromycin prepared as follows. Centrifuge an
aliquot of the Sample stock solution for NLT 15 min. Transfer 7.0 mL of the supernatant to
a 25-mL volumetric flask, and dilute with Diluent B to volume.
Blank: Diluent A
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Temperatures
Autosampler: 4°
Column: 50°
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.0 between desosaminylazithromycin and azithromycin related
compound F, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
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Samples:

210

Standard solution,

1S (USP41)

Sample solution, and Blank

Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × P × F 1 × (1/F 2) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of azithromycin from the Standard solution
CS = concentration of USP Azithromycin RS in the Standard solution (mg/mL)
CU = nominal concentration of azithromycin in the Sample solution (mg/mL)
P = potency of USP Azithromycin RS (µg/mg)
F 1 = conversion factor, 0.001 mg/µg
F 2 = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%. Disregard any peaks in
the Sample solution that correspond to peaks in the Blank.
Table 2
Relative
Retention
Time

Name

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.42
0.46

A zithromycin N-oxidea

0.20
0.29
0.30

1S (USP42)

1.0

3′-(N,N-Didemethyl)-3′-Nformylazithromycinb, c 1S (USP41)

1.0

3′-(N,NDidemethyl)azithromycin (aminoazithromycin)d

1.7
0.49
0.44

0.34

1S (USP42)

0.5

A zithromycin related compound F
Desosaminylazithromycinf

c,

1S (USP41)

e

0.40

1S (USP41)

0.46

1S (USP41)

0.47

1S (USP41)

5.5

1S (USP41)

1.1

N-Demethylazithromycing

0.50

0.47

3′-De(dimethylamino)-3′-oxoazithromycinh
A zaerythromycin A i, j

0.87

1.7

A zithromycin
2-Desethyl-2propylazithromycini, k
3′-N-Demethyl-3′-N-[(4methylphenyl)sulfonyl]azithromycini, l
3-Deoxyazithromycin (azithromycin B)i, m
A ny individual
unspecified
impurityi
Total impurities i

0.94
1.0
1.10
1.11
1.14

1S (USP41)
1S (USP41)

1.0
0.5
0.7
1.0

—

—

—

—

—

—

—

—

—

—

1.0

0.2

—

5.0

—
—
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a (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylazinoyl)-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
b (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-formamido-3,4,6-trideoxy-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
c The system may resolve two rotamers. The limit is for the sum of the two rotamers. 1S (USP41)
d (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-amino-3,4,6-trideoxy-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
e 3′-(N-Demethyl)-3′-N-formylazithromycin; (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-Cmethyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3(N-methyl)formamido-3,4,6-trideoxy-β-d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
f (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy-3,5,6,8,10,12,14-heptamethyl-11[[3,4,6-trideoxy-3-dimethylamino-β-d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
g (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-methylamino-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
h (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3,3-dimethyl-α-l-ribo-hexopyranosyl)oxy]-2-ethyl3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-oxo-β-d-xylo-hexopyranosyl]oxy]-1-oxa6-azacyclopentadecan-15-one.
i Process impurities that are controlled in the drug substance are not to be reported. They are listed here for
information only. The unspecified impurities and total impurities limits do not include these impurities.
j 9-Deoxo-9a-aza-9a-homoerythromycin A .
k (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]2-propyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylamino)-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one dihydrate.
l (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-[N-(4-methylphenylsulfonyl)-N-methylamino]3,4,6-trideoxy-β-d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
m (2R,3R,4S,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]2-ethyl-4,10-dihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylamino)-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Azithromycin RS
USP Azithromycin Related Compound F RS
3′-(N-Demethyl)-3′-N-formylazithromycin;
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-Omethyl- α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14heptamethyl-11-[[3-(N-methyl)formamido-3,4,6-trideoxy-β-d-xylo-hexopyranosyl]oxy]1-oxa-6-azacyclopentadecan-15-one.
C38 H70 N2 O13
762.97
USP N-Demethylazithromycin RS
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-Omethyl- α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14heptamethyl-11-[[3,4,6-trideoxy-3-methylamino-β-d-xylo-hexopyranosyl]oxy]-1-oxa6-azacyclopentadecan-15-one.
C37 H70 N2 O12
734.96
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1S (USP42)

USP Desosaminylazithromycin RS
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
C30 H58 N2 O9
590.79
Recent Official Publications:
USP41–NF36 Supplement: No. 1 Page 8291
USP41–NF36 Page 429
BRIEFING
Belladonna Leaf, USP 41 page 456. It is proposed to omit this monograph for the following
reasons:
1. It appears that no drug products formulated with Belladonna are currently marketed in
the United States.
2. We do not have information to show that the methods in this monograph are being
used. We have not received any queries related to this monograph. Our outreach to
industry for modernization of the methods was not successful.
3. Since Belladonna products are used in other countries, the monograph may be
introduced in the Herbal Medicines Compendium (HMC) as a “for development” proposal,
which provides a mechanism for the sponsors to propose up-to-date methods with
validation data. The monograph may remain in the USP if interested stakeholders
provide comments and analytical data to modernize the methods.
(BDSHM: N.-C. Kim.)
Correspondence Number—C204002
Comment deadline: July 31, 2018
Delete the following:
Belladonna Leaf
DEFINITION
Belladonna Leaf consists of the dried leaf and flowering or fruiting top of Atropa belladonna L. or
of its variety acuminata Royle ex Lindley (Fam. Solanaceae). Belladonna Leaf yields NLT 0.35%
of the alkaloids of belladonna leaf.
ASSAY
• Procedure
Phosphate buffer: 34.8 g of dibasic potassium phosphate in 900 mL of water. Adjust to a
pH of 9.5 by the addition of 3 N hydrochloric acid or sodium hydroxide, with mixing.
Diluent: Dilute sulfuric acid (1 in 350)
Internal standard solution: 0.8 mg/mL of USP Homatropine Hydrobromide RS in Diluent.
[Note—Prepare fresh on the day of use.]
Standard stock solution A: 1.0 mg/mL of USP Scopolamine Hydrobromide RS in Diluent
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Standard stock solution B: Dissolve 20 mg of USP Atropine Sulfate RS in 25 mL of Diluent
in a 50-mL volumetric flask, add 2.0 mL of Standard stock solution A, and mix. Add Diluent
to volume. [Note—Prepare fresh on the day of use.]
Standard solutions: Pipet into three separate 60-mL separators 1.0-, 2.0-, and 3.0-mL
portions, respectively, of Standard stock solution A, and add 9.0, 8.0, and 7.0 mL,
respectively, of Diluent. Add 1.0 mL of Internal standard solution, then add 15 mL of
chloroform, shake vigorously, allow the layers to separate, and discard the chloroform
layer.
Sample solution: Moisten 10 g, previously reduced to a moderately coarse powder, with a
mixture of 8 mL of ammonium hydroxide, 10 mL of alcohol, and 20 mL of ether, and extract
the alkaloids by either Method I or Method II as follows. If necessary, reduce the volume
of the extract to 100 mL by evaporation on a steam bath.
Extraction blank: Place 10 mL of Diluent in a 60-mL separator. Prepare as directed under
Standard solutions, beginning with “then add 15 mL of chloroform”. The blank
chromatogram contains no significant interferences at the locus of atropine, scopolamine,
or homatropine.
Method I: Place the moistened drug in a continuous-extraction thimble, and allow
maceration to proceed overnight, then extract with ether for 3 h, or longer if necessary,
to effect complete extraction.
Method II: Place the moistened drug in a small percolator, and allow maceration to
proceed overnight. Percolate slowly with a mixture of three volumes of ether and one
volume of chloroform. Continue the percolation until the residue from 3–4 mL of percolate
last passed, when dissolved in dilute sulfuric acid (1 in 70) and treated with mercuric
iodide TS, shows NMT a faint turbidity.
Transfer the extract from Method I or Method II to a separator with the aid of ether.
Extract with five 15-mL portions of dilute sulfuric acid (1 in 70), filtering each portion
drawn off into a 100-mL volumetric flask. Wash the filter with dilute sulfuric acid (1 in 70),
and collect the washings in the flask. Add dilute sulfuric acid (1 in 70) to volume, and mix.
Dilute 20.0 mL of the resulting solution with the same dilute acid to 100.0 mL. Pipet 10 mL
of this solution into a 60-mL separator. Add 1.0 mL of Internal standard solution, then add
15 mL of chloroform, shake vigorously, allow the layers to separate, and discard the
chloroform layer. [Note—If emulsions are formed, a mixed solvent consisting of chloroformisopropyl alcohol (10:3) may be substituted for chloroform throughout the extraction
procedure.]
Add another 15 mL of chloroform, and extract again, discarding the chloroform phase. Add
15 mL of Phosphate buffer and sufficient 1 N sodium hydroxide to yield a final pH between
9.0 and 9.5. Add 15 mL of chloroform, shake vigorously, and allow the layers to separate.
Filter the organic phase through 10 g of anhydrous sodium sulfate (see Reagents,
Indicators, and Solutions—Sodium Sulfate, Anhydrous, Suitability for Alkaloid Assays),
previously washed with chloroform and supported in a funnel with a small pledget of glass
wool, into a suitable container. Extract again with two 15-mL portions of chloroform, again
collecting the clarified organic phase. Wash the sodium sulfate and the tip of the funnel
with 5 mL of chloroform. Evaporate the combined organic phases under reduced pressure
at a temperature below 45°, add 1 mL of chloroform, and mix to dissolve the alkaloids,
taking care to wet the sides of the container.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 1.2-m × 4-mm glass; packed with 3% G3 on S1AB. [Note—The column may be
cured and conditioned as specified under Chromatography 〈621〉, General Procedures,
Gas Chromatography.]
Temperatures
Injection port: 240°
Detector: 240°
Column: 215°
Carrier gas: Dry helium
Flow rate: 65 mL/min
Injection volume: 5 µL
System suitability
Sample: Sample solution
Suitability requirements
Resolution: NLT 3.0 between atropine and homatropine peaks
Tailing factor: NMT 2.0 for atropine peak
Relative standard deviation: The analytical system is suitable for conducting this
Assay if the relative standard deviation for the ratio, RA, is NMT 2.0%, for the atropine
peak in repeated injections.
Analysis
Samples: Standard solutions and Sample solution
Measure the areas, aA, aH, and aS, of the atropine, homatropine, and scopolamine peaks,
respectively, in each chromatogram of Standard solution, and calculate the ratios AA and
AS:
AA = aA/aH
AS = aS/aH
Plot the standard curves of the values of RA and RS against the amounts, in milligrams, of
atropine and scopolamine in the solutions. (The ratio of the molecular weight of atropine
to that of anhydrous atropine sulfate is 0.8551, and the ratio of the molecular weight of
scopolamine to that of anhydrous scopolamine hydrobromide is 0.7894.) Inject a portion
of the Sample solution into the chromatograph, measure the peak areas, and calculate
the area ratios, as with the Standard solutions. Record from the standard curves the
quantities, in milligrams, of atropine and scopolamine in the weight of the specimen
taken. Add the quantity, in milligrams, of atropine and scopolamine, and multiply by 50
to obtain the weight, in milligrams, of alkaloids in the portion of Belladonna Leaf taken.
Acceptance criteria: NLT 0.35% of the alkaloids of belladonna leaf
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CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 3.0%
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Belladonna Stems: The proportion of belladonna stems over 10 mm in diameter does not
exceed 3.0%.
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Usually partly matted together, crumpled or broken leaves, together with
some smaller stems and a number of flowers and fruits. The leaves are thin and brittle,
mostly light green to moderate olive-green. The lamina is mostly 5–25 cm in length and
4–12 cm in width and possesses an ovate-lanceolate to broadly ovate outline, an acute
to acuminate apex, an entire margin, an acute to somewhat decurrent base and slightly
hairy surface, the hairs being more abundant along the veins; when broken transversely, it
shows numerous light-colored dots (crystal cells) visible with a lens. The petiole is slender
and usually up to 4 cm in length. The flowers possess a campanulate corolla with five
small, reflexed lobes, purplish to yellowish purple, becoming faded to brown or dusky
yellow or yellow; a green, five-lobed calyx; five epipetalous stamens; and a superior,
bilocular ovary with numerous ovules. The fruit is subglobular, dark yellow to yellowish
brown to dusky red or black, up to 12 mm in width, and sometimes subtended by the
persistent calyx and containing numerous flattened, somewhat reniform seeds, the latter
up to 2 mm in width. The stems are more or less flattened and hollow and finely hairy
when young.
Microscopic
Leaf: The epidermis of the lamina possesses wavy anticlinal walls and a distinctly striated
cuticle. Stomata are more numerous in the lower epidermis and are surrounded by three
or four neighboring cells, one of which is smaller than the others. The nonglandular hairs
are uniseriate and up to six-celled. Short club-shaped glandular hairs with a one-celled
stalk and multicellular head and long glandular hairs with a uniseriate stalk and unicellular
head occur on both epidermises. The mesophyll consists of a single layer of palisade
parenchyma beneath which occurs spongy parenchyma, the latter with scattered cells
filled with microcrystals. The midrib contains an arc of bicollateral bundles, collenchyma
beneath upper epidermis, and scattered parenchyma cells with microcrystals.
Stem: The stem shows an epidermis with striated cuticle and few hairs; a distinct
endodermis; small strands of long, thin-walled, slightly lignified pericyclic fibers; and a
circle of bicollateral bundles. The parenchyma of the cortex and pith is interspersed with
crystal cells.
Flower: The calyx possesses numerous glandular hairs with uniseriate stalks and one- to
three-celled glandular heads. The corolla shows a papillose inner epidermis and an outer
epidermis with glandular hairs similar to those of the calyx. The pollen grains, when
mounted in chloral hydrate solution, are subspherical, 40 µm in diameter, tricolpate,
having three germinal furrows and rows of pits between the ridges on the exine.
Fruit: The epicarp exhibits polygonal epidermal cells with a striated cuticle and stomata.
The mesocarp consists of large pulp cells some of which contain rosette aggregate
crystals of calcium oxalate.
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Seed: The seed is characterized by an epidermis of large, wavy-walled cells with
prominent ridges over the anticlinal walls.
Powdered Belladonna Leaf: Light olive-brown to moderate olive-green in color. The
following are among the elements of identification: the separate microcrystals, the dark
gray crystal cells, the cuticular striping of the epidermal cells, the vessels with ellipsoidal
bordered pits, the fibers of the stem, and occasional hairs and pollen grains. Rosette
aggregates of calcium oxalate and fragments of the seed occur when the drug contains
belladonna fruits. Examine Belladonna Leaf for hairs having a papillose cuticle and for
raphides of calcium oxalate: their presence indicates adulteration.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers and avoid long exposure to
direct sunlight. Preserve powdered Belladonna Leaf in light-resistant containers.
• USP Reference Standards 〈11〉
USP Atropine Sulfate RS
USP Homatropine Hydrobromide RS
USP Scopolamine Hydrobromide RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 456
BRIEFING
Belladonna Extract, USP 41 page 458. It is proposed to omit this monograph for the
following reasons:
1. It appears that no drug products formulated with Belladonna are currently marketed in
the United States.
2. We do not have information to show that the methods in this monograph are being
used. We have not received any queries related to this monograph. Our outreach to
industry for modernization of the methods was not successful.
3. Since Belladonna products are used in other countries, the monograph may be
introduced in the Herbal Medicines Compendium (HMC) as a “for development” proposal,
which provides a mechanism for the sponsors to propose up-to-date methods with
validation data. The monograph may remain in the USP if interested stakeholders provide
comments and analytical data to modernize the methods.
(BDSHM: N.-C. Kim.)
Correspondence Number—C204002
Comment deadline: July 31, 2018
Delete the following:
Belladonna Extract

» Belladonna Extract contains, in each 100 g, not less than 1.15 g and not
more than 1.35 g of the alkaloids of belladonna leaf.
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pilular belladonna extract
Prepare the extract by percolating 1000 g of Belladonna Leaf, using a
mixture of 3 volumes of alcohol and 1 volume of water as the menstruum.
Macerate the drug for 16 hours, and then percolate it at a moderate rate.
Evaporate the percolate under reduced pressure and at a temperature not
exceeding 60° to a pilular consistency, and adjust the remaining extract,
after assaying, by dilution with liquid glucose so that the finished Extract
will contain, in each 100 g, 1.25 g of the alkaloids of belladonna leaf.
powdered belladonna extract
Prepare the extract by percolating 1000 g of Belladonna Leaf, using alcohol
as the menstruum. Macerate the drug for 16 hours, and then percolate it
slowly. Evaporate the percolate under reduced pressure and at a
temperature not exceeding 60° to a soft extract, add 50 g of dry starch, and
continue the evaporation, at the same temperature, until the product is dry.
Powder the residue. The extract may be deprived of its fat by treating either
the soft extract first obtained, or the dry and powdered extract, as directed
under Extracts (seePharmaceutical Dosage Forms 〈1151 〉). Assay the
powdered residue, and add sufficient starch, previously dried at 100°, to
obtain a finished Extract containing 1.25 g of the alkaloids of belladonna
leaf in each 100 g. Mix the powders, and pass the Extract through a fine
sieve.
Packaging and storage—Preserve in tight containers, at a temperature not exceeding 30°.
USP Reference standards 〈11〉—
USP Atropine Sulfate RS
USP Homatropine Hydrobromide RS
USP Scopolamine Hydrobromide RS
Assay—
pH 9.5 Phosphate buffer— Dissolve 34.8 g of dibasic potassium phosphate in 900 mL of water,
and adjust to a pH of 9.5, determined electrometrically, by the addition of 3 N hydrochloric acid
or sodium hydroxide, with mixing.
Internal standard solution— Dissolve about 40 mg of USP Homatropine Hydrobromide RS,
accurately weighed, in about 25 mL of dilute sulfuric acid (1 in 350) in a 50-mL volumetric flask,
add the same dilute acid to volume, and mix. Prepare fresh on the day of use.
Standard preparation— Dissolve about 10 mg of USP Scopolamine Hydrobromide RS, accurately
weighed, in about 5 mL of dilute sulfuric acid (1 in 350) in a 10-mL volumetric flask, add the
same dilute acid to volume, and mix (Solution A). Dissolve about 20 mg of USP Atropine Sulfate
RS, accurately weighed, in about 25 mL of dilute sulfuric acid (1 in 350) in a 50-mL volumetric
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flask, add 2.0 mL of Solution A, and mix. Add dilute sulfuric acid (1 in 350) to volume, and mix.
Prepare fresh on the day of use.
Extraction blank— Place about 10 mL of dilute sulfuric acid (1 in 350) in a 60-mL separator.
Proceed as directed under Assay preparation, beginning with “then add 15 mL of chloroform.”
The blank chromatogram contains no significant interferences at the locus of atropine,
scopolamine, or homatropine.
Assay preparation— Weigh accurately about 0.5 g of Extract, transfer to a 125-mL conical
flask, and add 40 mL of dilute sulfuric acid (1 in 350). Heat to a temperature not above 45°,
and stir to hasten solution. Filter the solution through filter paper into a 100-mL volumetric
flask. Wash the flask and the filter with two 20-mL portions of warmed dilute sulfuric acid (1 in
350), and collect the washings in the 100-mL volumetric flask. Add dilute sulfuric acid (1 in
350) to volume, and mix.
Pipet 10 mL of this solution into a 60-mL separator. To the separator add 1.0 mL of Internal
standard solution, then add 15 mL of chloroform, shake vigorously, allow the layers to
separate, and discard the chloroform layer. (If emulsions are formed, a mixed solvent consisting
of chloroform and isopropyl alcohol (10:3) may be substituted for chloroform throughout the
extraction procedure.) Add another 15 mL of chloroform, and extract again, discarding the
chloroform phase. Add 15 mL of pH 9.5 Phosphate buffer and sufficient 1 N sodium hydroxide to
yield a final pH between 9.0 and 9.5. Add 15 mL of chloroform, shake vigorously, and allow the
layers to separate. Filter the organic phase through 10 g of anhydrous sodium sulfate (see
Suitability for alkaloid assays under Sodium Sulfate, Anhydrous, in the section Reagents,
Indicators, and Solutions), previously washed with chloroform and supported in a funnel with a
small pledget of glass wool, into a suitable container. Extract again with two 15-mL portions of
chloroform, again collecting the clarified organic phase. Wash the sodium sulfate and the tip of
the funnel with 5 mL of chloroform. Evaporate the combined organic phases under reduced
pressure, at a temperature below 45°, add 1 mL of chloroform, and mix to dissolve the
alkaloids, taking care to wet the sides of the container.
Standard curve— Prepare three Standard solutions as follows. Pipet into three separate 60-mL
separators 1.0-, 2.0-, and 3.0-mL portions, respectively, of Standard preparation, and add 9.0,
8.0, and 7.0 mL, respectively, of dilute sulfuric acid (1 in 350). Proceed as directed under Assay
preparation, beginning with “add 1.0 mL of Internal standard solution.”
Chromatographic system— Under typical condition, the instrument contains a 1.2-m × 4-mm
glass column packed with 3% G3 on S1AB. The column may be cured and conditioned as
specified under Gas Chromatography (see Chromatography 〈621〉). The column is maintained at
a temperature of about 215°, and the injection port and detector block at about 240°, and dry
helium is used as a carrier gas at a flow rate of about 65 mL per minute.
System suitability— Chromatograph six to ten injections of the Assay preparation, and record
peak areas as directed for Procedure. The analytical system is suitable for conducting this
assay if the relative standard deviation for the ratio, RA, calculated by the formula:
100 × (standard deviation / mean ratio)
does not exceed 2.0%; the resolution, R, between aH and aA is not less than 3; and the tailing
factor (the sum of the distances from peak center to the leading edge and to the tailing edge
divided by twice the distance from peak center to the leading edge), measured at 5% of the
peak height of aA, does not exceed 2.0.
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Procedure— Inject a portion (about 5 µL) of each Standard solution into a suitable gas
chromatograph equipped with a flame-ionization detector. Measure the areas, aA, aH, and aS, of
the atropine, homatropine, and scopolamine peaks, respectively, in each chromatogram, and
calculate the ratios AA and AS by the formulas:
aA / aH and aS / aH.
Plot the Standard curves of the values of RA and RS against the amounts, in mg, of atropine
and scopolamine in the solutions. (The ratio of the molecular weight of atropine to that of
anhydrous atropine sulfate is 0.8551, and the ratio of the molecular weight of scopolamine to
that of anhydrous scopolamine hydrobromide is 0.7894.) Inject a portion of the Assay
preparation into the chromatograph, obtain the chromatogram area ratios, measure the peak
areas, and calculate the area ratios, as with the Standard solutions. Record from the Standard
curve the quantities, in mg, of atropine and scopolamine in the volume of specimen taken. Add
the quantity, in mg, of atropine and scopolamine, and multiply by 10 to obtain the weight, in
mg, of alkaloids in the portion of Extract taken. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 458
BRIEFING
Belladonna Extract Tablets, USP 41 page 459. It is proposed to omit this monograph for
the following reasons:
1. It appears that no drug products formulated with Belladonna are currently marketed in
the United States.
2. We do not have information to show that the methods in this monograph are being
used. We have not received any queries related to this monograph. Our outreach to
industry for modernization of the methods was not successful.
3. Since Belladonna products are used in other countries, the monograph may be
introduced in the Herbal Medicines Compendium (HMC) as a “for development” proposal,
which provides a mechanism for the sponsors to propose up-to-date methods with
validation data. The monograph may remain in the USP if interested stakeholders provide
comments and analytical data to modernize the methods.
(BDSHM: N.-C. Kim.)
Correspondence Number—C204002
Comment deadline: July 31, 2018
Delete the following:
Belladonna Extract Tablets

» Belladonna Extract Tablets contain not less than 90.0 percent and not
more than 110.0 percent of the labeled amount of the alkaloids of
belladonna leaf.
Packaging and storage—Preserve in tight, light-resistant containers.
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USP Reference standards 〈11〉—
USP Atropine Sulfate RS
USP Homatropine Hydrobromide RS
USP Scopolamine Hydrobromide RS
Identification—Macerate a quantity of powdered Tablets, equivalent to about 5 mg of the
alkaloids of belladonna extract, with 20 mL of water, and transfer to a separator. Render the
solution alkaline with 6 N ammonium hydroxide, and extract the alkaloids with 50 mL of
chloroform. Filter the chloroform layer, divide it into two equal portions, and evaporate to
dryness: the residue responds to the following tests.
A: To one portion of the dry residue add 2 drops of nitric acid, evaporate on a steam bath to
dryness, and add a few drops of alcoholic potassium hydroxide TS: a violet color is produced.
B: Dissolve the other portion of the residue in 1 mL of dilute hydrochloric acid (1 in 120), and
add gold chloride TS, dropwise with shaking, until a definite precipitate separates. Slowly heat
until the precipitate dissolves, and allow the solution to cool: a lusterless precipitate is
produced.
Disintegration 〈701〉: 30 minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Assay—
pH 9.5 Phosphate buffer, Internal standard solution, Standard preparation, Extraction blank,
Standard curve, Chromatographic system, and System suitability— Proceed as directed in the
Assay under Belladonna Extract.
Assay preparation— Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed portion of the powder, equivalent to about 600 µg of atropine and
scopolamine, to a 60-mL separator, add 10.0 mL of dilute sulfuric acid (1 in 350), and sonicate
to dissolve as much as possible of the specimen. Proceed as directed for Assay preparation in
the Assay under Belladonna Leaf, beginning with “add 1.0 mL of Internal standard solution.”
Procedure— Proceed as directed for Procedure in the Assay under Belladonna Extract. Record
from the Standard curves the quantities, in mg, of atropine and scopolamine in the weight of
specimen taken. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 459
BRIEFING
Belladonna Tincture, USP 41 page 460. It is proposed to omit this monograph for the
following reasons:
1. It appears that no drug products formulated with Belladonna are currently marketed in
the United States.
2. We do not have information to show that the methods in this monograph are being
used. We have not received any queries related to this monograph. Our outreach to
industry for modernization of the methods was not successful.
3. Since Belladonna products are used in other countries, the monograph may be
introduced in the Herbal Medicines Compendium (HMC) as a “for development” proposal,
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which provides a mechanism for the sponsors to propose up-to-date methods with
validation data. The monograph may remain in the USP if interested stakeholders provide
comments and analytical data to modernize the methods.
(BDSHM: N.-C. Kim.)
Correspondence Number—C204002
Comment deadline: July 31, 2018
Delete the following:
Belladonna Tincture

» Belladonna Tincture yields, from each 100 mL, not less than 27 mg and not
more than 33 mg of the alkaloids of belladonna leaf.
Belladonna Leaf, in moderately coarse powder
To make about

100 g
1000 mL

Prepare a tincture by Process P as modified for assayed T inctures (see
Pharmaceutical Dosage Forms 〈1151 〉), using a mixture of 3 volumes of
alcohol and 1 volume of water as the menstruum. Finally adjust the Tincture
to contain, in each 100 mL, 30 mg of the alkaloids of belladonna leaf.
Packaging and storage—Preserve in tight, light-resistant containers, and avoid exposure to
direct sunlight and to excessive heat.
USP Reference standards 〈11〉—
USP Atropine Sulfate RS
USP Homatropine Hydrobromide RS
USP Scopolamine Hydrobromide RS
Alcohol Determination, Method II 〈611〉: between 65.0% and 70.0% of C2 H5 OH, determined
by the gas-liquid chromatographic procedure, acetone being used as the internal standard.
Assay—
pH 9.5 Phosphate buffer , Internal standard solution, Standard preparation, Extraction blank,
Standard curve, Chromatographic system, and System suitability—Proceed as directed in the
Assay under Belladonna Extract.
Assay preparation— Proceed with Tincture as directed in the Assay under Belladonna Leaf, but
pipet 2 mL of Tincture (in place of “10 mL of this solution”) into a 60-mL separator containing
10 mL of dilute sulfuric acid (1 in 350).
Procedure— Proceed as directed in the Assay under Belladonna Leaf. Record from the Standard
curve the quantities, in mg, of atropine and scopolamine in the specimen. Add the quantity, in
mg, of atropine and scopolamine, and multiply by 50 to obtain the weight, in mg, of alkaloids
per 100 mL. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 460
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BRIEFING
Benztropine Mesylate, USP 41 page 493. As part of the USP modernization effort, the
following changes are proposed:
1. Revise the chemical information section to include a third chemical name for benztropine
mesylate and to update the molecular weight.
2. Update Identification A to allow the use of either Infrared Absorption 〈197A〉 or 〈197K〉.
3. Add Identification B based on the retention time agreement using the proposed Assay to
strengthen the public standard.
4. Replace the titration procedure in the Assay with a liquid chromatographic procedure
similar to the proposed test for Organic Impurities. These procedures were validated
using the Acquity UPLC CSH Fluoro-Phenyl brand of column with L43 packing. The
retention time for benztropine is about 6 min.
5. Widen the acceptance criteria in the Assay and Definition to be consistent with the
precision of typical liquid chromatographic assay procedures.
6. Delete the test for Melting Range or Temperature because the proposed test for
Organic Impurities is sufficient to monitor the impurities.
7. Update the USP Reference Standards section to support the proposed Assay and test
for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C162659
Comment deadline: July 31, 2018
Benztropine Mesylate
Change to read:

C21 H25 NO·CH4 O3 S
403.54 1S (USP42)

403.53

8-Azabicyclo[3.2.1]octane, 3-(diphenylmethoxy)-N-methyl-, endo-, methanesulfonate;
3α-(Diphenylmethoxy)-1αH,5αH-tropane methanesulfonate;
(1R,3r,5S)-3-(Benzhydryloxy)-8-methyl-8-azabicyclo[3.2.1]octane methanesulfonate
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1S (USP42)

[132-17-2].
DEFINITION
Change to read:
Benztropine Mesylate contains NLT 98.0% and NMT 100.5%
102.0% 1S (USP42)
of benztropine mesylate (C21 H25 NO·CH4 O3 S), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
or 〈197A〉 1S (USP42)
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Sample: 60 mg of Benztropine Mesylate
Analysis: Dissolve the Sample in 25 mL of water, add 5 mL of sodium carbonate TS, and
extract with four 10-mL portions of chloroform. Wash the combined chloroform extracts
with about 10 mL of water, and extract the wash solution with 5 mL of chloroform. Filter
the combined chloroform extracts through a tightly packed pledget of cotton, and wash
the cotton with about 5 mL of chloroform. Add methyl red TS, and titrate the chloroform
solution with 0.01 N perchloric acid in dioxane VS. Perform a blank determination, and
make any necessary correction (see Titrimetry 〈541〉). Each mL of 0.01 N perchloric acid is
equivalent to 4.035 mg of benztropine mesylate (C21 H25 NO·CH4 O3 S).
Solution A: 2.7 g/L of monobasic potassium phosphate in water. Adjust with phosphoric
acid to a pH of 3.2.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
6
10
10.1
17

Table 1
Solution A
(%)
75
75
30
75
75

Solution B
(%)
25
25
70
25
25
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Diluent: Acetonitrile and water (30:70)
System suitability solution: 500 µg/mL of USP Benztropine Mesylate RS and 5 µg/mL of
USP Benztropine Related Compound A RS in Diluent
Standard solution: 500 µg/mL of USP Benztropine Mesylate RS in Diluent
Sample solution: 500 µg/mL of Benztropine Mesylate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 2.1-mm × 15-cm; 1.7-µm packing L43. [Note—A guard column with similar
packing may be used.]
Flow rate: 0.3 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for benztropine related compound A and benztropine
are 0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.3 between benztropine related compound A and benztropine, System
suitability solution
Tailing factor: NMT 3.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of benztropine mesylate (C21 H25 NO·CH4 O3 S) in the portion of
Benztropine Mesylate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Benztropine Mesylate RS in the Standard solution (µg/mL)
CU = concentration of Benztropine Mesylate in the Sample solution (µg/mL)
1S (USP42)

Acceptance criteria: 98.0%–100.5%
102.0% 1S (USP42)
on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
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Add the following:
• Organic Impurities
Solution A, Solution B, Diluent, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Mobile phase: See Table 2.
Time
(min)
0
6
25
26
27
27.1
36

Table 2
Solution A
(%)
75
75
45
30
30
75
75

Solution B
(%)
25
25
55
70
70
25
25

Sensitivity solution: 0.25 µg/mL of USP Benztropine Mesylate RS in Diluent
Standard solution: 0.5 µg/mL of USP Benztropine Mesylate RS and 1 µg/mL each of USP
Benztropine Related Compound A RS, USP Benzhydrol RS, and USP Benzophenone RS in
Diluent
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 3 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.3 between benztropine related compound A and benztropine, System
suitability solution
Relative standard deviation: NMT 5.0% for benztropine, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of benztropine related compound A, benzhydrol, or benzophenone
in the portion of Benztropine Mesylate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of benztropine related compound A, benzhydrol, or benzophenone
from the Sample solution
rS = peak response of the corresponding Reference Standard from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(µg/mL)
CU = concentration of Benztropine Mesylate in the Sample solution (µg/mL)
Calculate the percentage of diphenylmethane or any individual unspecified impurity in the
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portion of Benztropine Mesylate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of diphenylmethane or any individual unspecified impurity from the
Sample solution
rS = peak response of benztropine from the Standard solution
CS = concentration of USP Benztropine Mesylate RS in the Standard solution (µg/mL)
CU = concentration of Benztropine Mesylate in the Sample solution (µg/mL)
F = relative response factor (see Table 3)
Acceptance criteria: See Table 3. The reporting threshold is 0.05%.

Name
Benztropine related compound A
Benztropine
Benzhydrol
Benzophenone
Diphenylmethane
Any individual unspecified impurity
Total impurities

Table 3
Relative
Retention
Time
0.9
1.0
1.6
2.4
3.2
—
—

Relative
Response
Factor
—
—
—
—
2.2
1.0
—

1S (USP42)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature 〈741〉: 141°–148°

1S (USP42)

Change to read:
• Loss on Drying 〈731〉
Analysis: Dry a sample
1S (USP42)

at 105° for 2 h.
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 〈11〉
USP Benzhydrol RS
Diphenylmethanol.
C13 H12 O
184.24
USP Benzophenone RS
Benzophenone.

Acceptance
Criteria,
NMT (%)
0.10
—
0.10
0.10
0.10
0.10
0.50
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182.22

1S (USP42)

USP Benztropine Mesylate RS
USP Benztropine Related Compound A RS
(1R,3r,5S)-3-(Benzhydryloxy)-8-azabicyclo[3.2.1]octane hydrochloride.
C20 H23 NO·HCl
293.41
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 493
BRIEFING
Benztropine Mesylate Injection, USP 41 page 493. As part of the USP modernization
effort, the following changes are proposed.
1. Add a test for Organic Impurities based on a validated liquid chromatographic
procedure. The procedure is based on analyses performed with the Acquity UPLC CSH
Fluoro-Phenyl brand of column with L43 packing. The retention time for benztropine is
about 6 min.
2. Replace the current Assay procedure with a liquid chromatographic procedure similar to
that specified in the test for Organic Impurities for operational efficiency. The retention
time for benztropine is about 6 min.
3. The Identification section is revised to replace the TLC procedure for Identification A
with a retention time agreement from the proposed Assay and to add Identification B,
based on UV spectral agreement with the proposed Assay.
4. Revise the requirement in the Bacterial Endotoxins Test to remove the numerical limit
and to refer to Bacterial Endotoxins Test 〈85〉 for the calculation of the limits.
5. Explicitly state the requirements for the Sterility Tests.
6. Revise the Packaging and Storage section to reflect the packaging and storage
conditions on the labels of approved drug products.
7. Add USP Benzhydrol RS, USP Benzophenone RS, and USP Benztropine Related Compound
A RS to the USP Reference Standards section in support of the proposed Assay and test
for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: M. Koleck.)
Correspondence Number—C166560
Comment deadline: July 31, 2018
Benztropine Mesylate Injection
DEFINITION
Benztropine Mesylate Injection is a sterile solution of Benztropine Mesylate in Water for
Injection. It contains NLT 90.0% and NMT 110.0% of the labeled amount of benztropine
mesylate (C21 H25 NO·CH4 O3 S).
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IDENTIFICATION
Change to read:
• A.
Standard stock solution: 0.2 mg/mL of USP Benztropine Mesylate RS
Standard solution: In a separator containing the Standard stock solution add 2 mL of 1 N
sodium hydroxide. Extract with three 10-mL portions of chloroform, collecting the
chloroform extracts to a 50-mL beaker. Evaporate the chloroform extracts with the aid of
gentle heat and a current of air to dryness, and dissolve the residue in 1 mL of chloroform.
Sample stock solution: Dilute a volume of Injection, equivalent to 10 mg of benztropine
mesylate, in a separator to 50 mL with water (0.2 mg/mL).
Sample solution: In a separator containing the Sample stock solution add 2 mL of 1 N
sodium hydroxide. Extract with three 10-mL portions of chloroform, collecting the
chloroform extracts to a 50-mL beaker. Evaporate the chloroform extracts with the aid of
gentle heat and a current of air to dryness, and dissolve the residue in 1 mL of chloroform.
Chromatographic system
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 1 µL
Developing solvent system: Chloroform, methanol, and a 1-in-4 solution of ammonium
hydroxide (40:10:1)
Analysis
Samples: Standard solution and Sample solution
Allow the applications to dry, and develop the chromatogram in the Developing solvent
system until the solvent front has moved about three-fourths of the length of the plate.
Remove the plate from the developing chamber, mark the solvent front, and allow the
solvent to evaporate. Locate the spots on the plate by lightly spraying with potassium
iodoplatinate TS.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: Transfer 0.83 mL of octylamine to a 1-L volumetric flask, dilute with water to
volume, and adjust with phosphoric acid to a pH of 3.0.
Mobile phase: Acetonitrile and Buffer (65:35)
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Standard solution: 1 mg/mL of USP Benztropine Mesylate RS
Sample solution: Nominally 1 mg/mL of benztropine mesylate from the volume of Injection
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 259 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 1.3 mL/min adjusted, as needed, to obtain a retention time of 7 min for
benztropine mesylate
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of labeled amount of benztropine mesylate (C21 H25 NO·CH4 O3 S) in
each mL of the Injection:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Benztropine Mesylate RS in the Standard solution (mg/mL)
CU = nominal concentration of benztropine mesylate in the Sample solution (mg/mL)
Solution A: 2.7 g/L of potassium phosphate, monobasic in water. Adjust with phosphoric
acid to a pH of 3.2.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
6
10
10.1
17

Table 1
Solution A
(%)
75
75
30
75
75

Solution B
(%)
25
25
70
25
25

Diluent: Acetonitrile and water (50:50)
System suitability solution: 0.5 mg/mL of USP Benztropine Mesylate RS and 0.005 mg/mL
of USP Benztropine Related Compound A RS in Diluent
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Standard solution: 0.5 mg/mL of USP Benztropine Mesylate RS in Diluent
Sample solution: Nominally 0.5 mg/mL of benztropine mesylate from Injection in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm. For Identification B, use a diode array detector in the range of
209–400 nm.
Column: 2.1-mm × 15-cm; 1.7-µm packing L43. [Note—A guard column with similar
packing may be used.]
Flow rate: 0.3 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for benztropine related compound A and benztropine
are 0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.3 between benztropine related compound A and benztropine, System
suitability solution
Tailing factor: NMT 3.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benztropine mesylate
(C21 H25 NO·CH4 O3 S) in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Benztropine Mesylate RS in the Standard solution (mg/mL)
CU = nominal concentration of benztropine mesylate in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Diluent, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
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Mobile phase: See Table 2.
Time
(min)
0
6
25
26
27
27.1
36

Table 2
Solution A
(%)
75
75
45
30
30
75
75

Solution B
(%)
25
25
55
70
70
25
25

Sensitivity solution: 0.00025 mg/mL of USP Benztropine Mesylate RS in Diluent
Standard solution: 0.002 mg/mL each of USP Benztropine Mesylate RS, USP Benztropine
Related Compound A RS, USP Benzhydrol RS, and USP Benzophenone RS in Diluent
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 3 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.3 between benztropine related compound A and benztropine, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of benztropine related compound A, benzhydrol, or benzophenone
in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of benztropine related compound A, benzhydrol, or benzophenone
from the Sample solution
rS = peak response of the corresponding Reference Standard from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(mg/mL)
CU = nominal concentration of benztropine mesylate in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Injection
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual unspecified impurity from the Sample solution
rS = peak response of benztropine mesylate from the Standard solution
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CS = concentration of USP Benztropine Mesylate RS in the Standard solution (mg/mL)
CU = nominal concentration of benztropine mesylate in the Sample solution (mg/mL)
Acceptance criteria: See Table 3. The reporting threshold is 0.1%.
Table 3

Name
Benztropine related compound A
Benztropine
Benzhydrol
Benzophenone
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
0.9
1.0
1.6
2.4
—
—

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

1S (USP42)

SPECIFIC TESTS
Change to read:
• Bacterial Endotoxins Test 〈85〉: NMT 55.6 USP Endotoxin Units/mg of benztropine mesylate
Meets the requirements 1S (USP42)
Add the following:
• Sterility Tests 〈71〉: Meets the requirements 1S (USP42)
• pH 〈791〉: 5.0–8.0
• Other Requirements: Meets the requirements in Injections and Implanted Drug Products 〈1〉
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose or in multiple-dose containers, preferably
of Type I glass.
Store at controlled room temperature. 1S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Benzhydrol RS
Diphenylmethanol.
C13 H12 O
184.24
USP Benzophenone RS
Benzophenone.
C13 H10 O
182.22
1S (USP42)

USP Benztropine Mesylate RS
USP Benztropine Related Compound A RS
(1R,3r,5S)-3-(Benzhydryloxy)-8-azabicyclo[3.2.1]octane hydrochloride.
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293.41

1S (USP42)
(CN 1-May-2018)

Recent Official Publications:
USP41–NF36 Page 493
BRIEFING
Benztropine Mesylate Tablets, USP 41 page 494. As part of the USP modernization effort,
the following changes are proposed.
1. Add a test for Organic Impurities based on a validated liquid chromatographic
procedure. The procedure is based on analyses performed with the Acquity UPLC CSH
Fluoro-Phenyl brand of column with L43 packing. The retention time for benztropine is
about 6 min.
2. Replace the current Assay procedure with a liquid chromatographic procedure similar to
that specified in the test for Organic Impurities for operational efficiency. The retention
time for benztropine is about 6 min.
3. The Identification section is revised to replace the TLC procedure for Identification A
with a retention time agreement from the proposed Assay and to add Identification B,
based on UV spectral agreement with the proposed Assay.
4. The test for Dissolution is revised by specifying a particle size for the chromatographic
column and updating the preparation of the Standard solution and Sample solution for
clarity.
5. Revise the Packaging and Storage section to reflect the packaging and storage
conditions on the labels of approved drug products.
6. Add USP Benzhydrol RS, USP Benzophenone RS, and USP Benztropine Related Compound
A RS to the USP Reference Standards section in support of the proposed Assay and test
for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: M. Koleck.)
Correspondence Number—C166561
Comment deadline: July 31, 2018
Benztropine Mesylate Tablets
DEFINITION
Benztropine Mesylate Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
benztropine mesylate (C21 H25 NO·CH4 O3 S).
IDENTIFICATION
Change to read:
• A.
Standard stock solution: 0.2 mg/mL of USP Benztropine Mesylate RS
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Standard solution: In a separator containing the Standard stock solution add 2 mL of 1 N
sodium hydroxide. Extract with three 10-mL portions of chloroform, collecting the
chloroform extracts to a 50-mL beaker. Evaporate the chloroform extracts with the aid of
gentle heat and a current of air to dryness, and dissolve the residue in 1 mL of chloroform.
Sample stock solution: Dissolve a portion of finely powdered Tablets, equivalent to 10 mg
of benztropine mesylate, in 50 mL of water, shake by mechanical means for 30 min, and
filter into a separator (0.2 mg/mL).
Sample solution: In a separator containing the Sample stock solution add 2 mL of 1 N
sodium hydroxide. Extract with three 10-mL portions of chloroform, collecting the
chloroform extracts to a 50-mL beaker. Evaporate the chloroform extracts with the aid of
gentle heat and a current of air to dryness, and dissolve the residue in 1 mL of chloroform.
Chromatographic system
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 1 µL
Developing solvent system: Chloroform, methanol, and a 1-in-4 solution of ammonium
hydroxide (40:10:1)
Analysis
Samples: Standard solution and Sample solution
Allow the applications to dry, and develop the chromatogram in the Developing solvent
system until the solvent front has moved about three-fourths of the length of the plate.
Remove the plate from the developing chamber, mark the solvent front, and allow the
solvent to evaporate. Locate the spots on the plate by lightly spraying with potassium
iodoplatinate TS.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: Transfer 0.83 mL of octylamine to a 1-L volumetric flask, dilute with water to
volume, and adjust with phosphoric acid to a pH of 3.0.
Diluent: Isopropyl alcohol, water, and phosphoric acid (40: 60: 0.1)
Mobile phase: Acetonitrile and Buffer (45:55)
Standard solution: 0.04 mg/mL of USP Benztropine Mesylate RS in Diluent
Sample solution: Nominally 0.04 mg/mL of benztropine mesylate from a suitable amount of
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powdered Tablets in Diluent prepared as follows. Add a suitable amount of fine powder
from NLT 20 Tablets to a portion of Diluent corresponding to 60% of the final volume. Mix
by mechanical means for NLT 60 min, and dilute with Diluent to volume. Centrifuge a
portion of this mixture, and filter the supernatant layer.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 259 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 0.7 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 4.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benztropine mesylate
(C21 H25 NO·CH4 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Benztropine Mesylate RS in the Standard solution (mg/mL)
CU = nominal concentration of benztropine mesylate in the Sample solution (mg/mL)
Solution A: 2.7 g/L of potassium phosphate, monobasic in water. Adjust with phosphoric
acid to a pH of 3.2.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
6
10
10.1
17

Table 1
Solution A
(%)
75
75
30
75
75

Solution B
(%)
25
25
70
25
25

Diluent: Isopropyl alcohol, water, and phosphoric acid (30: 70: 0.1)
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System suitability solution: 0.5 mg/mL of USP Benztropine Mesylate RS and 0.005 mg/mL
of USP Benztropine Related Compound A RS in Diluent
Standard solution: 0.5 mg/mL of USP Benztropine Mesylate RS in Diluent
Sample solution: Nominally 0.5 mg/mL of benztropine mesylate from powdered Tablets in
Diluent prepared as follows. Add a suitable amount of NLT 20 Tablets, finely powdered, to
a suitable volumetric flask. Add 80% of the flask volume of Diluent and sonicate for 10
min. Dilute with Diluent to volume. Pass a portion through a suitable filter of 0.2-µm pore
size, discarding the first few milliliters of filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm. For Identification B, use a diode array detector in the range of
209–400 nm.
Column: 2.1-mm × 15-cm; 1.7-µm packing L43. [Note—A guard column with similar
packing may be used.]
Flow rate: 0.3 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for benztropine related compound A and benztropine
are 0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.3 between benztropine related compound A and benztropine, System
suitability solution
Tailing factor: NMT 3.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benztropine mesylate
(C21 H25 NO·CH4 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Benztropine Mesylate RS in the Standard solution (mg/mL)
CU = nominal concentration of benztropine mesylate in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 90.0%–110.0%
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PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Determine the amount of benztropine mesylate (C21 H25 NO·CH4 O3 S) dissolved by using the
following method.

1S (USP42)

Buffer: Transfer 0.83 mL of octylamine to a 1-L volumetric flask, dilute
with water 1S (USP42)
to volume, and adjust with phosphoric acid to a pH of 3.0.
Mobile phase: Acetonitrile and Buffer (65:35)
Standard solution: USP Benztropine Mesylate RS in Medium. Dilute to obtain a solution
having a known concentration similar to that of the Sample solution.
(L/900) mg/mL of USP Benztropine Mesylate RS in Medium, where L is the label claim in
mg/Tablet 1S (USP42)
Sample solution: Use a filtered portion of the solution under test from the dissolution
vessel.
Pass a portion of the solution under test through a suitable filter and use the filtrate.
1S (USP42)

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm;
10-µm 1S (USP42)
packing L7
Flow rate: 2 mL/min
Injection volume: 300 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benztropine mesylate
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(C21 H25 NO·CH4 O3 S) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Benztropine Mesylate RS in the Standard solution (mg/mL)
V = volume of the Medium, 900 mL
L = label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of benztropine mesylate
(C21 H25 NO·CH4 O3 S) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Diluent, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Mobile phase: See Table 2.
Time
(min)
0
6
25
26
27
27.1
36

Table 2
Solution A
(%)
75
75
45
30
30
75
75

Solution B
(%)
25
25
55
70
70
25
25

Sensitivity solution: 0.00025 mg/mL USP Benztropine Mesylate RS in Diluent
Standard solution: 0.002 mg/mL each of USP Benztropine Mesylate RS, USP Benztropine
Related Compound A RS, USP Benzhydrol RS, and USP Benzophenone RS in Diluent
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 3 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.3 between benztropine related compound A and benztropine, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution

PF 44(3): May.-Jun. 2018

239

Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of benztropine related compound A, benzhydrol, or benzophenone
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of benztropine related compound A, benzhydrol, or benzophenone
from the Sample solution
rS = peak response of the corresponding Reference Standard from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(mg/mL)
CU = nominal concentration of benztropine mesylate in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual unspecified impurity from the Sample solution
rS = peak response of benztropine mesylate from the Standard solution
CS = concentration of USP Benztropine Mesylate RS in the Standard solution (mg/mL)
CU = nominal concentration of benztropine mesylate in the Sample solution (mg/mL)
Acceptance criteria: See Table 3. The reporting threshold is 0.1%.
Table 3

Name
Benztropine related compound A
Benztropine
Benzhydrol
Benzophenone
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
0.9
1.0
1.6
2.4
—
—

1S (USP42)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. 1S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Benzhydrol RS
Diphenylmethanol.

Acceptance
Criteria,
NMT (%)
0.2
—
0.2
0.2
0.2
0.5
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C13 H12 O
184.24
USP Benzophenone RS
Benzophenone.
C13 H10 O
182.22
1S (USP42)

USP Benztropine Mesylate RS
USP Benztropine Related Compound A RS
(1R,3r,5S)-3-(Benzhydryloxy)-8-azabicyclo[3.2.1]octane hydrochloride.
C20 H23 NO·HCl
293.41
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 494
BRIEFING
Budesonide Nasal Spray. Because there is no existing USP monograph for this drug
product, a new monograph is being proposed based on validated methods.
1. The isocratic liquid chromatographic procedure in the Assay is based on validation using
the Waters Symmetry C18 brand of column with L1 packing in which budesonide elutes
at around 4 min.
2. The isocratic liquid chromatographic procedure in the test for Content of Potassium
Sorbate is based on validation using the Waters Symmetry C18 brand of column with L1
packing in which potassium elutes at around 5 min.
3. The gradient liquid chromatographic procedure in the test for Content of Edetate
Disodium (EDTA) is based on validation using the Agilent Zorbax SB C8 brand of column
with L7 packing in which EDTA elutes at around 9 min.
4. The Performance Tests section includes the test for Delivered-Dose Uniformity which
utilizes the same procedure as in the Assay.
5. The gradient stability-indicating liquid chromatographic procedure in the test for Organic
Impurities is based on validation using the Thermo Scientific Hypersil BDS C18 brand of
column with L1 packing in which epimer B and epimer A of budesonide elute at around
33 and 36 min, respectively.
(CHM6: R. Nguyen.)
Correspondence Number—C186087
Comment deadline: July 31, 2018
Add the following:
Budesonide Nasal Spray
DEFINITION
Budesonide Nasal Spray is an aqueous buffered suspension of Budesonide, supplied in a form
suitable for nasal administration and contains suitable preservatives. It contains NLT 90.0%
and NMT 110.0% of the labeled amount of budesonide (C25 H34 O6 ).
IDENTIFICATION
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• A. The retention time of the budesonide peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
• B. The UV spectrum of the budesonide peak of the Sample solution exhibits a maximum and
minimum at the same wavelengths as those of the Standard solution, as obtained in the
Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile and water (70:30)
[Note—Use low-actinic glassware for preparation of the Standard solution and Sample
solution.]
Standard solution: 0.05 mg/mL of USP Budesonide RS in acetonitrile
Sample solution: Nominally 0.05 mg/mL of budesonide in acetonitrile prepared as follows.
Prepare a composite by mixing NLT 5 containers of Nasal Spray in a suitable container.
Weigh a quantity of the composite solution into a suitable volumetric flask. Dilute with
acetonitrile to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 245 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
Run time: NLT 2 times the retention time of budesonide
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of budesonide (C25 H34 O6 ) in the portion of
Nasal Spray taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of budesonide from the Sample solution
rS = peak response of budesonide from the Standard solution
CS = concentration of USP Budesonide RS in the Standard solution (mg/mL)
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CU = nominal concentration of budesonide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
OTHER COMPONENTS
• Content of Potassium Sorbate
Perform this test if potassium sorbate is a component in the Nasal Spray.
Buffer: 1.4 g/L of monobasicpotassium phosphate in water. Adjust with phosphoric acid to
pH 3.0.
Mobile phase: Acetonitrile and Buffer (40:60)
Standard solution: 0.04 mg/mL of USP Potassium Sorbate RS in water
Sample solution: Nominally 0.04 mg/mL of potassium sorbate in water prepared as follows.
Prepare a composite by mixing NLT 5 containers of Nasal Spray in a suitable container.
Transfer 1.0 mL of the well-mixed composite solution to a 25-mL volumetric flask
containing 10 mL of water. Add 5 drops of 0.5 N hydrochloric acid. Dilute with water to
volume. Centrifuge for about 10 min at about 3600 rpm, and use the clear solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 4 times the retention time of potassium sorbate
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of potassium sorbate (C6 H7 KO2 ) in the
portion of Nasal Spray taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of potassium sorbate from the Sample solution
rS = peak response of potassium sorbate from the Standard solution
CS = concentration of USP Potassium Sorbate RS in the Standard solution (mg/mL)
CU = nominal concentration of potassium sorbate in the Sample solution (mg/mL)
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Acceptance criteria: 50.0%–110.0%
• Content of Edetate Disodium
Perform this test if edetate disodium is a component in the Nasal Spray.
Buffer: 17 g/L of tetrabutylammonium hydrogen sulfate in water. Adjust with 2 M
ammonium acetate to a pH of 4.4.
Solution A: Methanol, Buffer, and water (12:20:68)
Solution B: Methanol, Buffer, and water (70:7:23)
Mobile phase: See Table 1.
Time
(min)
0
10
11
20

Table 1
Solution A
(%)
100
100
0
0

Solution B
(%)
0
0
100
100

Diluent: Dissolve 250 mg of cupric sulfate in 400 mL of water. Add 100 mL of Buffer. Mix
well and filter.
Standard stock solution: 0.25 mg/mL of USP Edetate Disodium RS in water
Standard solution: 0.05 mg/mL of USP Edetate Disodium RS in Diluent from Standard stock
solution
Sample solution: Nominally 0.05 mg/mL of edetate disodium in Diluent prepared as follows.
Prepare a composite by mixing NLT 5 containers of Nasal Spray in a suitable container.
Transfer 5.0 mL of the composite solution to a 10-mL volumetric flask. Add 0.5 mL of 0.5
N hydrochloric acid. Dilute with Diluent to volume. Centrifuge for about 10 min at about
3600 rpm, and use the supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of edetate disodium
(C10 H14 N2 O8 ·2H2 O·2Na) in the portion of Nasal Spray taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of edetate disodium from the Sample solution
rS = peak response of edetate disodium from the Standard solution
CS = concentration of USP Edetate Disodium RS in the Standard solution (mg/mL)
CU = nominal concentration of edetate disodium in the Sample solution (mg/mL)
Acceptance criteria: 75.0%–110.0%
PERFORMANCE TESTS
• Delivered-Dose Uniformity (within container)
Mobile phase, Chromatographic system, and System suitability: Proceed as directed
in the Assay.
Standard solution: 3 µg/mL of USP Budesonide RS in acetonitrile
Sample solution: Nominally 3 µg/mL of budesonide in acetonitrile prepared as follows.
Prime the metered spray by discharging a predetermined number of actuations to waste.
Discharge the next selected actuation into a separate 10-mL volumetric flask for beginning
and end-of-unit sample. [Note—Hold the 10-mL volumetric flask in an inverted position,
and immediately turn upright after capturing the contents of the selected actuation.]
Dilute with acetonitrile to volume.
Repeat this procedure with 9 additional units.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of budesonide (C25 H34 O6 ) in each dose of
Nasal Spray taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of budesonide from the Sample solution
rS = peak response of budesonide from the Standard solution
CS = concentration of USP Budesonide RS in the Standard solution (µg/mL)
CU = nominal concentration of budesonide in the Sample solution (µg/mL)
Acceptance criteria
Tier 1
1. The mean results of 10 dosage units at each beginning-of-unit sample and at
end-of-unit sample are within 85.0%–115.0% of the labeled amount of
budesonide (C25 H34 O6 ).
2. NMT 2 individual results outside of 80%–120% of the labeled amount of
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budesonide (C25 H34 O6 )
3. None of the individual results outside of 75%–125% of the labeled amount of
budesonide (C25 H34 O6 )
If the criteria in Tier 1 cannot be met, proceed to Tier 2.
Tier 2: Test an additional 20 units at each actuation. All the 60 results (including the
results from Tier 1) meet the following Acceptance criteria.
1. The mean results of 30 units at each beginning-of-unit sample and at end-ofunit sample are within 85.0%–115.0% of the labeled amount of budesonide
(C25 H34 O6 ).
2. NMT 6 of the 60 individual results outside of 80%–120% of the labeled amount of
budesonide (C25 H34 O6 )
3. None of the 60 individual results outside of 75%–125% of the labeled amount of
budesonide (C25 H34 O6 ).
• Minimum Fill 〈755〉: Meets the requirements
IMPURITIES
• Organic Impurities
Buffer: 2.7 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid to
a pH of 3.0.
Solution A: Acetonitrile and Buffer (27:73)
Solution B: Acetonitrile
Mobile phase: See Table 2.
Time
(min)
0
30
50
60
75
75.1
80

Table 2
Solution A
(%)
100
100
92
85
85
100
100

Solution B
(%)
0
0
8
15
15
0
0

Diluent: Acetonitrile and water (20:80)
Calcium chloride solution: 29 g/L of calcium chloride in water
[Note—Use low-actinic glassware for preparation of the Standard solution and Sample
solution.]
Standard stock solution: 40 µg/mL of USP Budesonide RS in acetonitrile
Standard solution: 0.4 µg/mL of USP Budesonide RS in Diluent from Standard stock
solution
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Sensitivity solution: 0.1 µg/mL of USP Budesonide RS in Diluent from Standard solution
Sample solution: Nominally 100 µg/mL of budesonide prepared as follows. Prepare a
composite by mixing NLT 5 containers of Nasal Spray in a suitable container. Transfer 4.0
mL of the well-stirred composite solution to a 10-mL volumetric flask. Add 0.5 mL of
Calcium chloride solution. Mix and dilute with acetonitrile to volume. Transfer the solution
into a centrifuge tube and centrifuge for about 10 min at about 3600 rpm. Pass the
supernatant through a suitable syringe filter of 0.45-µm pore size into a test tube.
Transfer 4.0 mL of the filtrate into a 10-mL volumetric flask and dilute with water to
volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 35°
Flow rate: 1.3 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and Sensitivity solution
[Note—See Table 3 for the relative retention times. Budesonide, the active ingredient,
elutes as two peaks for epimer A and epimer B under the chromatographic conditions.]
Suitability requirements
Resolution: NLT 1.5 between epimer B and epimer A, Standard solution
Tailing factor: NMT 2.0 for epimer B and epimer A of budesonide, Standard solution
Relative standard deviation: NMT 5.0% for the sum of epimer B and epimer A,
Standard solution
Signal-to-noise ratio: NLT 10 for epimer B and epimer A, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of budesonide glyoxal (epimers), budesonide acid, and any
unspecified impurity in the portion of Nasal Spray taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of budesonide glyoxal (epimers), budesonide acid, or any unspecified
impurity from the Sample solution
rS = sum of peak responses of budesonide epimer A and budesonide epimer B from the
Standard solution
CS = concentration of USP Budesonide RS in the Standard solution (µg/mL)
CU = nominal concentration of budesonide in the Sample solution (µg/mL)
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Acceptance criteria: See Table 3.
Table 3
Relative
Retention
Time

Name
16α-Hydroxyprednisolonea,b
Budesonide acetaldehyde acetal (epimers)c,b
Budesonide d-homo analogd,b
Desonidee,b
Budesonide glyoxal (epimers)f
Budesonide related compound Eh, budesonide pyruvic
acid analogi,j
Budesonide related compound
Budesonide epimer B
Budesonide epimer A

Lk,b

Budesonide related compound G (epimers)l,b

Acceptance
Criteria,
NMT (%)

0.09

—

0.27, 0.28

—

0.32

—

0.36
0.64, 0.69

—

0.83
0.90
1.00
1.10
1.21, 1.29

0.6g
1.0
—
—
—
—

—
Budesonide 21-acetate (epimers)m,b
2.12, 2.18
Any unspecified impurity
—
0.6
Total impurities
—
2.0
a 11β,16α,17,21-Tetrahydroxypregna-1,4-diene-3,20-dione.
b Process impurities, do not include in calculation of total impurities.
c 16α,17-[Ethylidenebis(oxy)]-11β,21-dihydroxypregna-1,4-diene-3,20-dione.
d 16α,17-[Butylidenebis(oxy)]-11β-hydroxy-17-(hydroxymethyl)-d-homoandrosta-1,4diene-3,17a-dione; also known as d-homobudesonide.
e 16α,17-[1-Methylethylidenebis(oxy)]-11β, 21-dihydroxypregna-1,4-diene-3,20dione.
f 16α,17-[Butylidenebis(oxy)]-11β-hydroxy-3,20-dioxopregna-1,4-dien-21-al; also
known as 21-dehydrobudesonide.
g Includes both epimers.
h Also known as 14,15-dehydrobudesonide or budesonide 14-ene.
i 16α,17-[Butylidenebis(oxy)]-11β-hydroxy-3,20-dioxopregna-1,4-dien-21-oic acid.
j When budesonide related compound E and budesonide pyruvic acid analog coelute,
the result is reported as degradation product budesonide pyruvic acid analog.
k Also known as 11-ketobudesonide.
l Also known as 1,2-dihydrobudesonide.
m 16α,17-[Butylidenebis(oxy)]-11β-hydroxypregna-1,4-diene-3,20-dione-21-yl
acetate.
SPECIFIC TESTS
• pH 〈791〉: 4.0–4.8
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
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aerobic microbial viable count does not exceed 102 cfu/mL, and the total combined yeasts
and molds count does not exceed 101 cfu/mL. It meets the requirements of the tests for
the absence of Escherichia coli, Salmonella species, Pseudomonas aeruginosa, and
Staphylococcus aureus.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature in an upright position,
protected from light.
• USP Reference Standards 〈11〉
USP Budesonide RS
USP Edetate Disodium RS
USP Potassium Sorbate RS
1S (USP42)

BRIEFING
Cefazolin Ophthalmic Solution, USP 41 page 760. It is proposed to omit this monograph for
the following reasons:
1. Thimerosal is unavailable.
2. Alternative treatment options are available.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C201565
Comment deadline: July 31, 2018
Delete the following:
Cefazolin Ophthalmic Solution
DEFINITION
Cefazolin Ophthalmic Solution contains an amount of cefazolin sodium equivalent to NLT 29.7
mg and NMT 36.3 mg of cefazolin (C14 H14 N8 O4 S3 ) in 10.0 mL of Ophthalmic Solution.
Use Cefazolin Sodium or Cefazolin for Injection that contains the designated amount of
cefazolin, and prepare the Ophthalmic Solution as follows (see Pharmaceutical
Compounding—Nonsterile Preparations 〈795〉).
Cefazolin Sodium
Thimerosal
Sodium Chloride Injection (0.9%), a sufficient quantity to make

35 mg
0.2 mg
10.0 mL

Dissolve Cefazolin Sodium and Thimerosal in Sodium Chloride Injection (0.9%), and dilute
quantitatively, and stepwise if necessary, with Sodium Chloride Injection (0.9%) to obtain a
solution containing 3.5 mg/mL of Cefazolin Sodium and 0.02 mg/mL of Thimerosal. Filter a 10.0mL portion of the resulting solution to produce a clear and sterile Ophthalmic Solution. If

PF 44(3): May.-Jun. 2018

249

Cefazolin for Injection is used, prepare the Ophthalmic Solution as follows. Dissolve Thimerosal
in Sodium Chloride Injection (0.9%), and dilute quantitatively, and stepwise if necessary, with
Sodium Chloride Injection (0.9%) to obtain a solution containing 0.3 mg/mL of Thimerosal. Add
9.8 mL of the resulting solution to a vial of Cefazolin for Injection, containing 500 mg of
cefazolin, and mix to obtain a stock solution. Transfer 3.3 mL of the stock solution to a 50-mL
volumetric flask, dilute with Sodium Chloride Injection (0.9%) to volume, and mix. Filter a 10.0mL portion of the resulting solution to produce a clear and sterile Ophthalmic Solution.
ASSAY
• Procedure
Buffer A: 0.900 g/L of anhydrous dibasic sodium phosphate and 1.298 g/L of citric acid
monohydrate; this solution should have a pH of 3.6.
Buffer B: 5.68 g/L of anhydrous dibasic sodium phosphate and 3.63 g/L monobasic
potassium phosphate; this solution should have a pH of 7.0.
Solution A: Acetonitrile and Buffer A (10:90). Pass through a filter having a pore size of
5-µm or finer, and degas.
Solution B: Acetonitrile and Buffer A (80:20). Pass through a filter having a pore size of
5-µm or finer, and degas.
Mobile phase: See Table 1.
Time
(min)
0
15
25

Table 1
Solution A
(%)
100
0
100

Solution B
(%)
0
100
0

Standard solution: 0.32 mg/mL of USP Cefazolin RS in Buffer B. Maintain at 4° before
injection. Use low-actinic volumetric glassware.
Sample solution: Transfer 1.0 mL of Ophthalmic Solution to a 10-mL low-actinic
volumetric flask, dilute with Buffer B to volume, and mix. Maintain at 4° before injection.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 273 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Column temperature: 25°
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1500 theoretical plates
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Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in mg, of cefazolin (C14 H14 N8 O4 S3 ) in 10 mL of Opthalmic Solution:
Result = (rU/rS) × CS × D × V
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Cefazolin RS in the Standard solution (mg/mL)
D = dilution factor, 10
V = final volume of Ophthalmic Solution, 10 mL
Acceptance criteria: 29.7–36.3 mg
SPECIFIC TESTS
• Sterility
(See Pharmaceutical Compounding—Nonsterile Preparations 〈795〉, General Guidelines for
Assigning Beyond-Use Dates.)
Acceptance criteria: Meets the requirements
• pH 〈791〉: 4.5–6.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, sterile ophthalmic containers. Store in a
refrigerator.
• Labeling: Label it to state that it is intended for use in the eye, and is not to be used if a
precipitate is present.
• Beyond-Use Date: NMT 5 days after the date on which it was compounded
• USP Reference Standards 〈11〉
USP Cefazolin RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 760
BRIEFING
Ciprofloxacin Ophthalmic Ointment, USP 41 page 944. As part of USP monograph
modernization efforts, the following revisions are proposed:
1. Add Identification B based on the UV spectrum agreement of the major peak of the
Sample solution and the Standard solution, as obtained in the Assay.
2. Replace the current HPLC Assay with a similar HPLC procedure as proposed in the test
for Organic Impurities.
3. Add a test for Organic Impurities based on a validated liquid chromatographic
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procedure. The proposed procedure for the Assay and test for Organic Impurities is
based on analyses performed with the YMC-Pack ODS-AQ C18 brand of column with L1
packing. The typical retention time for ciprofloxacin is about 20 min. The proposed
acceptance criterion for any unspecified impurity is based on International Council for
Harmonisation (ICH) guidelines. Stakeholders with different limits than those in this
revision are encouraged to submit their FDA-approved acceptance criteria for the
Expert Committee's consideration.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: B. Almasi.)
Correspondence Number—C161858
Comment deadline: July 31, 2018
Ciprofloxacin Ophthalmic Ointment
DEFINITION
Ciprofloxacin Ophthalmic Ointment contains an amount of Ciprofloxacin Hydrochloride
equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of ciprofloxacin
(C17 H18 FN3 O3 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: 1.7 g/L of tetrabutylammonium phosphate in water. Adjust with phosphoric acid to
a pH of 2.0.
Mobile phase: Methanol and Buffer (250:750)
Standard solution: 0.033 mg/mL of USP Ciprofloxacin Hydrochloride RS in 0.1 N
hydrochloric acid
System suitability solution: 5 µg/mL of USP Ciprofloxacin Ethylenediamine Analog RS in
Standard solution
Sample solution: Transfer an amount nominally equivalent to 750 µg of ciprofloxacin from
Ophthalmic Ointment to a screw-capped tube. Add 15 mL of solvent hexane, and shake
vigorously until the Ophthalmic Ointment is dispersed. Loosen the cap, and heat in a water
bath at 60° for 30 min, with occasional swirling. Remove from the bath, tighten the cap,
and shake for 1.5 min while still hot. Add 25.0 mL of 0.1 N hydrochloric acid, and shake
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vigorously for 1.5 min. Allow the layers to separate, and use the lower, aqueous layer.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for the ciprofloxacin ethylenediamine analog and
ciprofloxacin are 0.8 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between ciprofloxacin ethylenediamine analog and ciprofloxacin,
System suitability solution
Tailing factor: 0.9–2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Solution A: 0.29% (v/v) of phosphoric acid in water prepared as follows. Transfer an
appropriate volume of phosphoric acid to a suitable volumetric flask containing 90% of the
final volume of water. Adjust with triethylamine to a pH of 5.2 and dilute with water to
volume.
Mobile phase: Acetonitrile and Solution A (12:88)
Diluent: Acetonitrile and Solution A (13:87)
Standard solution: 0.1 mg/mL of USP Ciprofloxacin Hydrochloride RS in Diluent
Sample solution: Nominally 0.1 mg/mL of ciprofloxacin prepared as follows. Transfer an
amount nominally equivalent to 2.5 mg of ciprofloxacin from Ophthalmic Ointment to a
suitable volumetric flask. Add 15 mL of hexane, and shake vigorously until the Ophthalmic
Ointment is dispersed. Heat in a water bath at 60° for 30 min, with shaking. Add 25.0 mL
of Diluent, while still warm, and shake vigorously for NLT 3 min. Allow the layers to
separate, and use the lower, aqueous layer.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 278 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 4°
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Column: 39°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
1S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ciprofloxacin (C17 H18 FN3 O3 ) in the
portion of Ophthalmic Ointment taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Ciprofloxacin Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of ciprofloxacin in the Sample solution (mg/mL)
Mr1 = molecular weight of ciprofloxacin, 331.34
Mr2 = molecular weight of anhydrous ciprofloxacin hydrochloride, 367.81
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A, Mobile phase, Diluent, and Chromatographic system: Proceed as directed
in the Assay.
System suitability solution: 0.002 mg/mL each of USP Ciprofloxacin Hydrochloride RS and
USP Ciprofloxacin Ethylenediamine Analog RS in Diluent
Sensitivity solution: 0.2 µg/mL of USP Ciprofloxacin Hydrochloride RS in Diluent
Standard solution: 0.001 mg/mL of USP Ciprofloxacin Hydrochloride RS in Diluent
Sample solution: Nominally 0.2 mg/mL of ciprofloxacin prepared as follows. Transfer an
amount nominally equivalent to 5 mg of ciprofloxacin from Ophthalmic Ointment to a
suitable volumetric flask. Add 15 mL of hexane, and shake vigorously until the Ophthalmic
Ointment is dispersed. Heat in a water bath at 60° for 30 min, with shaking. Add 25.0 mL
of Diluent, while still warm, and shake vigorously for NLT 3 min. Allow the layers to
separate, and use the lower, aqueous layer.
System suitability
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Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 6.0 between ciprofloxacin ethylenediamine analog and ciprofloxacin,
System suitability solution
Relative standard deviation: NMT 5.0% for ciprofloxacin, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Ophthalmic Ointment taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of ciprofloxacin from the Standard solution
CS = concentration of USP Ciprofloxacin Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of ciprofloxacin in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time
0.7
1.0
—
—

Relative
Response
Factora
1.35
—
1.0
—

Name
Ciprofloxacin ethylenediamine analog
Ciprofloxacin
Any unspecified impurity
Total impurities
a F values are based on the response of ciprofloxacin hydrochloride.

Acceptance
Criteria,
NMT (%)
0.2
—
0.2
1.0

1S (USP42)

SPECIFIC TESTS
• Sterility Tests 〈71〉, Test for Sterility of the Product to Be Examined, Membrane Filtration: It
meets the requirements.
• Other Requirements: It meets the requirements for Particulate and Foreign Matter and
Container Contents in Ophthalmic Products—Quality Tests 〈771〉, Drug Product Quality,
Universal Tests, Particulate and Foreign Matter and Container Contents.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes. Store at a
temperature between 2° and 25°.
• USP Reference Standards 〈11〉
USP Ciprofloxacin Ethylenediamine Analog RS
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1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-[(2-aminoethyl)amino]-3quinolinecarboxylic acid hydrochloride.
C15 H16 FN3 O3 ·HCl
341.77
USP Ciprofloxacin Hydrochloride RS
Recent Official Publications:
USP41–NF36 Page 944
BRIEFING
Ciprofloxacin Ophthalmic Solution, USP 41 page 944. As part of USP monograph
modernization efforts, the following revisions are proposed:
1. Add Identification B based on the UV spectrum agreement of the major peak of the
Sample solution and the Standard solution, as obtained in the Assay.
2. Replace the current HPLC Assay with a similar HPLC procedure as proposed in the test
for Organic Impurities.
3. Add a test for Organic Impurities based on a validated liquid chromatographic
procedure. The proposed procedure for the Assay and the test for Organic Impurities is
based on analyses performed with the YMC-Pack ODS-AQ C18 brand of column with L1
packing. The typical retention time for ciprofloxacin is about 20 min. The proposed
acceptance criterion for any unspecified impurity is based on International Council for
Harmonisation (ICH) guidelines. Stakeholders with different limits than those in this
revision are encouraged to submit their FDA-approved acceptance criteria for the
Expert Committee's consideration.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: B. Almasi.)
Correspondence Number—C164314
Comment deadline: July 31, 2018
Ciprofloxacin Ophthalmic Solution
DEFINITION
Ciprofloxacin Ophthalmic Solution is a sterile, aqueous solution of Ciprofloxacin Hydrochloride.
It contains NLT 90.0% and NMT 110.0% of the labeled amount of ciprofloxacin
(C17 H18 FN3 O3 ).
IDENTIFICATION
Change to read:
•
A. 1S (USP42)
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
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• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Solution A: 0.005 M tetrabutylammonium phosphate solution. Adjust with phosphoric acid
to a pH of 2.0.
Mobile phase: Methanol and Solution A(1:3)
Standard solution: 0.14 mg/mL of USP Ciprofloxacin Hydrochloride RS in water
System suitability solution: 0.01 mg/mL of USP Ciprofloxacin Ethylenediamine Analog RS
in Standard solution
Sample solution: Equivalent to 0.12 mg/mL of ciprofloxacin from Ophthalmic Solution, in
water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Samples: Standard solutionand System suitability solution
[Note—The relative retention times for the ciprofloxacin ethylenediamine analog and
ciprofloxacin are 0.8 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between the ciprofloxacin ethylenediamine analog and
ciprofloxacin, System suitability solution
Capacity factor: 1.5–6 for the ciprofloxacin peak, Standard solution
Column efficiency: NLT 500 theoretical plates, Standard solution
Tailing factor: 0.9–2.0, Standard solution
Relative standard deviation: NMT 2%, Standard solution
Solution A: 0.29% (v/v) of phosphoric acid in water prepared as follows. Transfer an
appropriate volume of phosphoric acid to a suitable volumetric flask containing 90% of the
final volume of water. Adjust with triethylamine to a pH of 5.2, and dilute with water to
volume.
Mobile phase: Acetonitrile and Solution A (12:88)
Diluent: Acetonitrile and Solution A (13:87)
Standard solution: 0.1 mg/mL of USP Ciprofloxacin Hydrochloride RS in Diluent
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Sample solution: Nominally 0.1 mg/mL of ciprofloxacin from Ophthalmic Solution in Diluent.
Sonicate if necessary.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 278 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 4°
Column: 39°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
1S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ciprofloxacin (C17 H18 FN3 O3 ) in the
portion of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Ciprofloxacin Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of ciprofloxacin in the Sample solution (mg/mL)
Mr1 = molecular weight of ciprofloxacin, 331.34
Mr2 = molecular weight of anhydrous ciprofloxacin hydrochloride, 367.81
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A, Mobile phase, Diluent, and Chromatographic system: Proceed as directed
in the Assay.
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System suitability solution: 0.002 mg/mL each of USP Ciprofloxacin Hydrochloride RS and
USP Ciprofloxacin Ethylenediamine Analog RS in Diluent
Sensitivity solution: 0.2 µg/mL of USP Ciprofloxacin Hydrochloride RS in Diluent
Standard solution: 0.001 mg/mL of USP Ciprofloxacin Hydrochloride RS in Diluent
Sample solution: Nominally 0.2 mg/mL of ciprofloxacin from Ophthalmic Solution in Diluent.
Sonicate if necessary.
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 6.0 between ciprofloxacin ethylenediamine analog and ciprofloxacin,
System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of ciprofloxacin from the Standard solution
CS = concentration of USP Ciprofloxacin Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of ciprofloxacin in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time
0.7
1.0
—
—

Relative
Response
Factora
1.35
—
1.0
—

Name
Ciprofloxacin ethylenediamine analog
Ciprofloxacin
Any unspecified impurity
Total impurities
a F values are based on the response of ciprofloxacin hydrochloride.

Acceptance
Criteria,
NMT (%)
0.2
—
0.2
1.0

1S (USP42)

SPECIFIC TESTS
• pH 〈791〉: 3.5–5.5
• Sterility Tests 〈71〉, Test for Sterility of the Product to Be Examined, Membrane Filtration: It
meets the requirements.

PF 44(3): May.-Jun. 2018

259

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light, at room
temperature.
• USP Reference Standards 〈11〉
USP Ciprofloxacin Ethylenediamine Analog RS
1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-[(2-aminoethyl)amino]-3quinolinecarboxylic acid hydrochloride.
C15 H16 FN3 O3 ·HCl
341.77
USP Ciprofloxacin Hydrochloride RS
Recent Official Publications:
USP41–NF36 Page 944
BRIEFING
Clindamycin Phosphate, USP 41 page 996. As part of the USP monograph modernization
effort and on the basis of comments received, it is proposed to revise the monograph as
follows:
1. Revise the Assay and the test for Organic Impurities to propose procedures that
address a new impurity profile. Though in the revised procedure the resolution between
the impurities 7-epiclindamycin phosphate and clindamycin phosphate is tighter, the
impurity clindamycin 2,4-diphosphate is completely resolved from clindamycin B
phosphate. All of the other new impurities eluting between clindamycin B phosphate and
7-epiclindamycin phosphate are well resolved. The procedures were validated using the
Ultimate XB-C8 brand of column with L7 packing. The typical retention time for
clindamycin phosphate is 21 min.
2. Revise the Injection volume and the pH of Solution A in the Assay and in the test for
Organic Impurities.
3. Revise the Resolution requirement under System suitability in the Assay and in the test
for Organic Impurities.
4. Update Table 2 in the test for Organic Impurities to include the specified impurities in
the new profile.
5. Revise the Sterility Tests section to add flexibility by removing the reference to Test for
Sterility of the Product to be Examined, Membrane Filtration.
6. Revise the requirement in the Bacterial Endotoxins Test to remove the numerical limit,
thereby referring to Bacterial Endotoxins Test 〈85〉 for the calculation of limits.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C150041
Comment deadline: July 31, 2018
Clindamycin Phosphate
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504.96

l-threo- α-d-galacto-Octopyranoside, methyl 7-chloro-6,7,8-trideoxy-6-[[(1-methyl-4-propyl-2pyrrolidinyl)carbonyl]amino]-1-thio-, 2-(dihydrogen phosphate), (2S-trans)-;
Methyl 7-chloro-6,7,8-trideoxy-6-(1-methyl-trans-4-propyl-l-2-pyrrolidinecarboxamido)-1thio-l-threo- α-d-galacto-octopyranoside 2-(dihydrogen phosphate)
[24729-96-2].
DEFINITION
Clindamycin Phosphate has a potency equivalent to NLT 758 µg/mg of clindamycin
(C18 H33 ClN2 O5 S), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Standard: Add 0.2 mL of water to 50 mg of USP Clindamycin Phosphate RS, and heat to
dissolve. Evaporate to dryness under vacuum, and dry the residue at 100°–105° for 2 h.
Sample: Add 0.2 mL of water to 50 mg of Clindamycin Phosphate, and heat to dissolve.
Evaporate to dryness under vacuum, and dry the residue at 100°–105° for 2 h.
Acceptance criteria: Meets the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: Add 14 mL of phosphoric acid to 4000 mL of water. Add 10 mL of ammonium
hydroxide, and adjust with ammonium hydroxide to a pH of 5.6 ± 0.1
3.9. 1S (USP42)
Solution B: Acetonitrile and methanol (900:100)
Solution C: Solution B and Solution A (80:920)
Solution D: Solution B and Solution A (480:520)
Diluent: Solution B and Solution A (20:80)
Mobile phase: See Table 1.
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Time
(min)
0
40
41
46

Table 1
Solution C
(%)
95
5
95
95

Solution D
(%)
5
95
5
5

System suitability solution: 2.2 mg/mL of USP Clindamycin Phosphate System
Suitability RS in Diluent. Shake, and sonicate to dissolve. (RB 1-May-2017)
Standard solution: 2.2 mg/mL of USP Clindamycin Phosphate RS in Diluent. Shake, and
sonicate to dissolve.
Sample solution: 2.2 mg/mL of Clindamycin Phosphate in Diluent. Shake, and sonicate to
dissolve.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 40°
Flow rate: 1.2 mL/min
Injection volume: 20 µL
25 µL 1S (USP42)
System suitability
Samples: System suitability solution and (RB 1-May-2017) Standard solution
(RB 1-May-2017)

Suitability requirements
Resolution: NLT 3.0
NLT 1.0 1S (USP42)
between clindamycin phosphate and 7-epiclindamycin phosphate, System suitability
solution (RB 1-May-2017)
Tailing factor: NMT 2.0 for clindamycin phosphate, Standard solution (RB 1-May-2017)
Relative standard deviation: NMT 0.73%, Standard solution (RB 1-May-2017)
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity of clindamycin (C18 H33 ClN2 O5 S), in µg/mg, in the portion of
Clindamycin Phosphate taken:
Result = (rU/rS) × (CS/CU) × P
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rU = peak response
of clindamycin phosphate 1S (USP42)
from the Sample solution
rS = peak response
of clindamycin phosphate 1S (USP42)
from the Standard solution
CS = concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU = concentration of Clindamycin Phosphate in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
Acceptance criteria: NLT 758 µg/mg on the anhydrous basis
IMPURITIES
Change to read:
• Organic Impurities
Solution A, Solution B, Solution C, Solution D, Diluent, Mobile phase, System
suitability solution, (RB 1-May-2017) Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
(RB 1-May-2017)

Standard solution: 14 µg/mL of USP Clindamycin Phosphate RS (RB 1-May-2017) in
Diluent. Shake, and sonicate to dissolve. (RB 1-May-2017)
System suitability
Samples: System suitability solution and Standard solution
(RB 1-May-2017)
Suitability requirements
Resolution: NLT 3.0
NLT 1.0 1S (USP42)
between 7-epiclindamycin phosphate and clindamycin phosphate, System suitability
solution
Tailing factor: NMT 2.0 for clindamycin phosphate, Standard solution
Relative standard deviation: NMT 5.0% for clindamycin phosphate, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Clindamycin Phosphate taken:
Result = (rU/rS) × (CS/CU) × P × (F 1/F 2) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of clindamycin phosphate from the Standard solution
CS = concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU = concentration of Clindamycin Phosphate, corrected for water content, in the Sample
solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
F 1 = conversion factor, 0.001 mg/µg
F 2 = relative response factor (see Table 2)
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Acceptance criteria: See Table 2. The reporting level
threshold 1S (USP42)
is 0.05%.

Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Lincomycin phosphatea
0.36
1.0
1.0
b
Lincomycin
0.50
2.0
0.5
Clindamycin B phosphatec
0.77
1.0
1.5
d
7-Epiclindamycin phosphate
0.89
1.0
0.8
Clindamycin 3-phosphatee
0.93
1.0
0.3
Clindamycin phosphate
1.0
—
—
f
Clindamycin
1.4
1.0
0.5
Any individual, unspecified impurity
—
1.0
1.0
Total impurities
—
—
4.0
a Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
b Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside.
c Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-ethylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside 2-phosphate.
d Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
eMethyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo-α-d-galacto-octopyranoside 3-phosphate.
(ERR 1-Jan-2018)

f Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside. (ERR 1-Jan-2018)
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Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Lincomycin 2,4-cyclophosphatea
0.33
1.9
0.5
b
Lincomycin 2-phosphate
0.39
1.8
1.0
Lincomycinc
0.43
1.8
0.5
d
Clindamycin B phosphate
0.75
1.0
1.5
Clindamycin-2,3-diphosphatee
0.90
0.58
0.5
f
Dehydroclindamycin phosphate
0.94
1.0
0.5
Clindamycin-2,4-diphosphateg
0.96
0.50
0.5
h
7-Epiclindamycin phosphate
0.97
1.0
0.8
Clindamycin phosphate
1.0
—
—
Clindamycin 3-phosphatei
1.08
1.0
0.3
Clindamycinj
1.11
1.2
0.5
Any individual unspecified impurity
—
1.0
1.0
Total impurities
—
—
4.0
a Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside cyclic-2,4-monophosphate.
b Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
c Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside.
d Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-ethylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside 2-phosphate.
e Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside 2,3-bis(dihydrogen
phosphate).
f Methyl 7-chloro-6,7,8-trideoxy-6-[(S,E)-1-methyl-4-propylidenelpyrrolidine-2carboxamido]-1-thio-d-threo- α-d-galacto-octopyranoside 2-phosphate.
g Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-threo- α-d-galacto-octopyranoside 2,4-bis(dihydrogen
phosphate).
h Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
i Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside 3-phosphate.
j Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside.
1S (USP42)

SPECIFIC TESTS
• Crystallinity 〈695〉: Meets the requirements
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• pH 〈791〉
Sample solution: 10 mg/mL
Acceptance criteria: 3.5–4.5
• Water Determination 〈921〉, Method I: NMT 6.0%
Change to read:
• Sterility Tests 〈71〉
Sample solution: 6 g of specimen aseptically dissolved in 200 mL of Fluid A
Analysis: Test as directed in the Test for Sterility of the Product to Be Examined,
Membrane Filtration.
1S (USP42)

Acceptance criteria: It meets the requirements where the label states that it is sterile or
must be subjected to further processing during the preparation of injectable dosage forms.
Change to read:
• Bacterial Endotoxins Test 〈85〉: It contains NMT 0.58 USP Endotoxin Units/mg of
clindamycin
It meets the requirements 1S (USP42)
where the label states that Clindamycin Phosphate is sterile or must be subjected to
further processing during the preparation of injectable dosage forms.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store below 30°.
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
Change to read:
• USP Reference Standards 〈11〉
USP Clindamycin Phosphate RS
USP Clindamycin Phosphate System Suitability RS
Contains clindamycin phosphate and the following impurity:
7-Epiclindamycin phosphate;
Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
C18 H34 ClN2 O8 PS
504.96 (RB 1-May-2017)
(CN 1-May-2018)

Recent Official Publications:
Errata published: 12/29/2017
USP41–NF36 Page 996
BRIEFING
Clonazepam, USP 41 page 1020. It is proposed to modernize the monograph as follows:
1. Revise the Assay and the test for Organic Impurities to be more specific and consistent
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with modern system suitability expectations and supporting data. The updated
procedure was validated using the Zorbax RX-C8 brand of column with L7 packing. The
typical retention time for clonazepam is about 3.5 min.
Update Identification A to allow the use of either Infrared Absorption 〈197K〉 or 〈197A〉.
Add Identification B based on retention time agreement using the proposed Assay.
Delete the tests for Limit of Clonazepam Related Compound C and Melting Range or
Temperature because the proposed test for Organic Impurities is sufficient to monitor
and quantitate all impurities.
Add chemical information to the USP Reference Standards section.

Manufacturers are strongly encouraged to submit their specifications to USP if they are
different from those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C168809
Comment deadline: July 31, 2018
Clonazepam

C15 H10 ClN3 O3

315.71

2H-1,4-Benzodiazepin-2-one, 5-(2-chlorophenyl)-1,3-dihydro-7-nitro-;
5-(o-Chlorophenyl)-1,3-dihydro-7-nitro-2H-1,4-benzodiazepin-2-one.
[1622-61-3].
DEFINITION
Clonazepam contains NLT 98.0% and NMT 102.0% of clonazepam (C15 H10 ClN3 O3 ), calculated
on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
or 〈197A〉 1S (USP42)
Add the following:
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• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: 6.6 g/L of anhydrous
1S (USP42)

dibasic ammonium phosphate prepared as follows. Transfer a suitable amount of anhydrous
1S (USP42)

dibasic ammonium phosphate to an appropriate volumetric flask. Add 95% of the flask
volume of water and adjust with 1 N phosphoric acid
TS 1S (USP42)
or 1 N sodium hydroxide
VS 1S (USP42)
to a pH of 8.0. Dilute with water to volume.
Mobile phase: Methanol, tetrahydrofuran, and Buffer (52:13:60)
(41.6: 10.4: 48) 1S (USP42)
Diluent: Methanol, tetrahydrofuran, and water (52:13:60)
Acetonitrile 1S (USP42)
System suitability solution: 0.04 mg/mL each
200 µg/mL 1S (USP42)
of USP Clonazepam RS
and 10 µg/mL each of 1S (USP42)
USP Clonazepam Related Compound A RS and USP Clonazepam Related Compound B RS in
Diluent
Standard solution: 0.1 mg/mL
200 µg/mL 1S (USP42)
of USP Clonazepam RS in Diluent
Sample solution: 0.1 mg/mL
200 µg/mL 1S (USP42)
of Clonazepam in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm;
5-µm 1S (USP42)
packing L7
Column temperature: 30°
Flow rate: 1 mL/min
1.5 mL/min 1S (USP42)

1S (USP42)
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Injection volume: 50 µL
10 µL
Run time: NLT 6 times the retention time of clonazepam 1S (USP42)
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for clonazepam related compound A, clonazepam
related compound B, and clonazepam are 2.2, 2.5, and 1.0 respectively.
See Table 1 for the relative retention times. 1S (USP42)
]
Suitability requirements
Resolution: NLT 2.0 between clonazepam related compound A and clonazepam related
compound B, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%
0.73%, 1S (USP42)
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clonazepam (C15 H10 ClN3 O3 ) in the portion of Clonazepam
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Clonazepam RS in the Standard solution (mg/mL)
(µg/mL) 1S (USP42)
CU = concentration of Clonazepam in the Sample solution (mg/mL)
(µg/mL) 1S (USP42)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 0.002%

(O fficial 1-Jan-2018)

Delete the following:
• Limit of Clonazepam Related Compound C
Standard solution: 50 µg/mL of USP Clonazepam Related Compound C RS in acetone
Sample solution: 25 mg/mL of Clonazepam in acetone
Chromatographic system
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(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Acetone and n-heptane (3:2)
Spray reagent 1: 2 M sulfuric acid
Spray reagent 2: 0.01 M sodium nitrite
Spray reagent 3: 9 mM ammonium sulfamate
Spray reagent 4: N-(1-Naphthyl)ethylenediamine dihydrochloride TS
Analysis
Samples: Standard solution and Sample solution
Proceed as directed for Chromatography 〈621〉, Thin-Layer Chromatography. After airdrying the plate, heavily spray the plate with Spray reagent 1, and dry at 105° for 15 min.
Successively spray the plate with Spray reagents 2, 3, and 4, and dry the plate with a
current of air. Compare the intensities of any secondary spots observed in the Sample
solution with that of the principal spot of the Standard solution.
Acceptance criteria: No secondary spot of the Sample solution is larger or more intense
than the principal spot of the Standard solution (0.2%). 1S (USP42)
Change to read:
• Organic Impurities
Buffer, Mobile phase, Diluent, System suitability solution, Standard solution, Sample
solution,
1S (USP42)

and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.5 µg/mL of USP Clonazepam RS in Diluent
Standard solution: 2 µg/mL each of USP Clonazepam RS and USP Clonazepam Related
Compound C RS and 1 µg/mL each of USP Clonazepam Related Compound A RS and USP
Clonazepam Related Compound B RS in Diluent
Sample solution: 1000 µg/mL of Clonazepam in Diluent 1S (USP42)
System suitability
Samples: System suitability solution,
Sensitivity solution, 1S (USP42)
and Standard solution
[Note—The relative retention times for clonazepam related compound A, clonazepam
related compound B, and clonazepam are 2.2, 2.5, and 1.0 respectively.
See Table 1 for the relative retention times. 1S (USP42)
]
Suitability requirements
Resolution: NLT 2.0 between clonazepam related compound A and clonazepam related
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compound B, System suitability solution
Tailing factor: NMT 1.5, Standard solution
1S (USP42)

Relative standard deviation: NMT 2.0%
5.0%, 1S (USP42)
Standard solution
Signal-to-noise ratio: NLT 10 for clonazepam, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution

1S (USP42)

Calculate the percentage of each impurity in the portion of Clonazepam taken:
Result = [rU1/(rU2 + ΣF × rU1)] × F × 100
rU1 = peak response for each impurity of the Sample solution
rU2 = peak response for clonazepam in the Sample solution
F = relative response factor
Calculate the percentage of clonazepam related compound A, clonazepam related
compound B, and clonazepam related compound C in the portion of Clonazepam taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of clonazepam related compound A, clonazepam related compound B,
or clonazepam related compound C from the Sample solution
rS = peak response of clonazepam related compound A, clonazepam related compound B,
or clonazepam related compound C from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(µg/mL)
CU = concentration of Clonazepam in the Sample solution (µg/mL)
Calculate the percentage of any unspecified impurity in the portion of Clonazepam taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of clonazepam from the Standard solution
CS = concentration of USP Clonazepam RS in the Standard solution (µg/mL)
CU = concentration of Clonazepam in the Sample solution (µg/mL) 1S (USP42)
Acceptance criteria: 2.0%
See Table 1. The reporting threshold is 0.05%.

1S (USP42)
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Name
Clonazepam
Clonazepam related compound A
Clonazepam related compound B
Any other impurity
Sum of other impurities

Table 1
Relative
Retention
Time
1.0
2.2
2.5
—
—

Relative
Response
Factor
—
1.84
0.94
1.00
—

Acceptance
Criteria,
NMT (%)
—
0.1
0.1
0.2
0.3

Table 1

Name
Clonazepam
Clonazepam related compound A
Clonazepam related compound B
Clonazepam related compound C
Any unspecified impurity
Total impurities

Relative
Retention
Time
1.0
1.9
2.2
4.9
—
—

Acceptance
Criteria,
NMT (%)
—
0.10
0.10
0.20
0.20
0.50

1S (USP42)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature 〈741〉: 237°–240°
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 4 h
Acceptance criteria: NMT 0.5%

1S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers at room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Clonazepam RS
USP Clonazepam Related Compound A RS
3-Amino-4-(2-chlorophenyl)-6-nitrocarbostyril.
C15 H10 ClN3 O3
315.72
USP Clonazepam Related Compound B RS
2-Amino-2′-chloro-5-nitrobenzophenone.
C13 H9 ClN2 O3
276.68

PF 44(3): May.-Jun. 2018

272

USP Clonazepam Related Compound C RS
2-Bromo-2′-(2-chlorobenzoyl)-4′-nitroacetanilide.
C15 H10 BrClN2 O4
397.61
Recent Official Publications:
USP41–NF36 Page 1020

1S (USP42)

BRIEFING
Clonazepam Tablets, USP 41 page 1022. It is proposed to modernize the monograph as
follows:
1. Replace the IR spectral agreement test in Identification A with a test based on UV
spectral agreement using the existing Assay. This revision avoids the use of toxic
solvents in the preparation of the sample.
2. Update the Assay as follows:
a. The Identification standard solution and Identification sample solution are added
to support revisions proposed in Identification A.
b. The Detector is revised to support revisions proposed in Identification A.
c. The particle size from the original submission is added.
d. A Run time requirement based on the original submission is added.
e. The Relative standard deviation requirement is revised to be more consistent
with modern system suitability expectations and supporting data.
3. Clarify the Dissolution test by revising the preparation of the Standard solution and
including a calculation in USP style. The particle size is also added.
4. Revise the test for Organic Impurities to add a Sensitivity solution, a Signal-to-noise
ratio requirement, and reporting threshold. Additionally, the calculation and relative
response factors are revised based on the original submission and current USP style.
5. Revise the Packaging and Storage section to reflect the storage conditions on the labels
of approved drug products.
Manufacturers are strongly encouraged to submit their specifications to USP if they are
different from those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C168809
Comment deadline: July 31, 2018
Clonazepam Tablets
DEFINITION
Clonazepam Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
clonazepam (C15 H10 ClN3 O3 ).
IDENTIFICATION
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Change to read:
• A. Infrared Absorption
Sample: Place an amount of finely powdered Tablets, equivalent to 10 mg of clonazepam,
in a 125-mL separator. Add 25 mL of water, shake for 2 min, and extract with two 40-mL
portions of chloroform. Pass the extracts through anhydrous sodium sulfate, combine
them, and evaporate at room temperature with the aid of a stream of nitrogen to dryness.
Wash the residue with three 10-mL portions of solvent hexane.
Acceptance criteria: The IR absorption spectrum of a potassium bromide dispersion of the
Sample exhibits maxima only at the same wavelengths as that of a similar preparation of
USP Clonazepam RS.
The UV spectrum of the major peak of the Identification sample solution corresponds to
that of the Identification standard solution, as obtained in the Assay. 1S (USP42)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 6.6 g/L of anhydrous
1S (USP42)

dibasic ammonium phosphate prepared as follows. Transfer a suitable amount of anhydrous
1S (USP42)

dibasic ammonium phosphate to an appropriate volumetric flask. Add 95% of the flask
volume of water and adjust with 1 N phosphoric acid
TS 1S (USP42)
or 1 N sodium hydroxide
VS 1S (USP42)
to a pH of 8.0. Dilute with water to volume.
Mobile phase: Methanol, tetrahydrofuran, and Buffer (52:13:60)
Diluent: Methanol, tetrahydrofuran, and water (52:13:60)
System suitability solution: 0.04 (mg/mL)
40 (µg/mL) 1S (USP42)
each of USP Clonazepam Related Compound A RS, USP Clonazepam Related Compound B
RS, and USP Clonazepam RS in Diluent
Standard solution: 0.1 (mg/mL)
100 (µg/mL) 1S (USP42)
of USP Clonazepam RS in Diluent
Identification standard solution: 40 µg/mL of USP Clonazepam RS from the Standard
solution in Diluent. [Note—This solution is used for Identification A.] 1S (USP42)
Sample solution: Nominally 0.1 (mg/mL)
100 (µg/mL) 1S (USP42)
of clonazepam from Tablets prepared as follows. Finely powder NLT 10 Tablets. Transfer a
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portion of powder equivalent to 10 mg of clonazepam to a 100-mL volumetric flask, and
dissolve, with sonication, in 75 mL of Diluent. Cool to room temperature, dilute with Diluent
to volume, mix, and filter, discarding the first few mL of the filtrate.
Identification sample solution: Nominally 40 µg/mL of clonazepam from the Sample
solution in Diluent. [Note—This solution is used for Identification A.] 1S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm.
For Identification A, use a diode array detector in the range of 220–400 nm.
Column: 4.6-mm × 15-cm;
5-µm 1S (USP42)
packing L7
Flow rate: 1 mL/min
Injection volume: 50 µL
Run time: NLT 3 times the retention time of clonazepam 1S (USP42)
System suitability
Samples: System suitability solution and Standard solution

1S (USP42)

[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between clonazepam related compound A and clonazepam related
compound B, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%,
NMT 1.0%, 1S (USP42)
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clonazepam (C15 H10 ClN3 O3 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response for clonazepam from the Sample solution
rS = peak response for clonazepam from the Standard solution
CS = concentration of USP Clonazepam RS in the Standard solution (mg/mL)
(µg/mL) 1S (USP42)
CU = nominal concentration of clonazepam in the Sample solution (mg/mL)
(µg/mL) 1S (USP42)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
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Change to read:
• Dissolution 〈711〉
Medium: Water; 900 mL, degassed
Apparatus 2: 75 rpm
Time: 45 min
Mobile phase: Methanol, acetonitrile, and water (30:30:40)
Standard stock solution: 0.05 mg/mL of USP Clonazepam RS in methanol 1S (USP42)
Standard solution: 0.05 mg/mL of USP Clonazepam RS in methanol. Dilute a portion of the
Standard stock solution with Medium to obtain a known concentration similar to the
expected concentration in the Sample solution.
(L/900) mg/mL of USP Clonazepam RS from Standard stock solution in Medium where L
is the label claim in mg/Tablet 1S (USP42)
Sample solution: Use a portion of the solution under test.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm;
10-µm 1S (USP42)
packing L1
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity of C15 H10 ClN3 O3 dissolved by comparison of the peak responses of
the Standard solution and the Sample solution.
Calculate the percentage of the labeled amount of clonazepam (C15 H10 ClN3 O3 ) dissolved
in the portion of Tablets taken:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response of clonazepam from the Sample solution
rS = peak response of clonazepam from the Standard solution
CS = concentration of USP Clonazepam RS in the Standard solution (mg/mL)
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V = volume of Medium, 900 mL
L = label claim (mg/Tablet) 1S (USP42)
Tolerances: NLT 75% (Q) of the labeled amount of clonazepam(C15 H10 ClN3 O3 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
• Procedure
Buffer, Mobile phase, Diluent, System suitability solution, Standard solution,
Sample solution, and Chromatographic system: and System suitability
1S (USP42)

Proceed as directed in the Assay.
Sensitivity solution: 0.1 µg/mL of USP Clonazepam RS in Diluent
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between clonazepam related compound A and clonazepam related
compound B, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
1S (USP42)

Analysis
Samples: Sample solution
and Standard solution

1S (USP42)

Calculate the percentage of each impurity in the portion of Tablets taken by the formula:
Result = (100 × P × ri)/(rC + ΣP × ri)
P = relative response factor, See Table 1
ri = peak response for each impurity from the Sample solution
rC = peak response of clonazepam from the Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Clonazepam RS in the Standard solution (µg/mL)
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CU = nominal concentration of clonazepam in the Sample solution (µg/mL)
F = relative response factor (see Table 1) 1S (USP42)
Acceptance criteria: See Table 1.
The reporting threshold is 0.1%.

Name
Unknown impurity
a

1S (USP42)

Clonazepam
Clonazepam related compound
A
Clonazepam related compound
B
Any other impurity
Total impuritiesb

1S (USP42)

Table 1
Relative
Retention
Time
0.7
1.0
2.2
2.5
—
—

Relative
Response
Factor
2.45
0.41 1S (USP42)
—
1.84
0.54 1S (USP42)
0.94
1.1 1S (USP42)
1
1.0 1S (USP42)
—

Acceptance
Criteria,
NMT (%)
0.8
—
0.4
1.0
0.2
0.5

a May not be present in all formulations. 1S (USP42)
b Clonazepam related compound A, clonazepam related compound B, and the
unknown impurity with a relative retention time of 0.7 are not included in the total
impurities.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers. at room temperature
Store at controlled room temperature. 1S (USP42)
• USP Reference Standards 〈11〉
USP Clonazepam RS
USP Clonazepam Related Compound A RS
3-Amino-4-(2-chlorophenyl)-6-nitrocarbostyril.
C15 H10 ClN3 O3
315.72
USP Clonazepam Related Compound B RS
2-Amino-2′-chloro-5-nitrobenzophenone.
C13 H9 ClN2 O3
276.68
Recent Official Publications:
USP41–NF36 Page 1022
BRIEFING
Cocaine and Tetracaine Hydrochlorides and Epinephrine Topical Solution, USP 41 page
1059. It is proposed to omit this monograph for the following reasons:
1. The formulation is no longer commonly compounded.
2. Alternative treatment options are available.
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Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C201565
Comment deadline: July 31, 2018
Delete the following:
Cocaine and Tetracaine Hydrochlorides and Epinephrine Topical Solution
DEFINITION
Cocaine and Tetracaine Hydrochlorides and Epinephrine Topical Solution contains NLT 3.6 g and
NMT 4.4 g of cocaine hydrochloride (C17 H21 NO4 ·HCl), NLT 0.90 g and NMT 1.10 g of tetracaine
hydrochloride (C15 H24 N2 O2 ·HCl), and NLT 20 mg and NMT 30 mg of epinephrine (C9 H13 NO3 ) in
each 100 mL of Topical Solution.
Prepare Cocaine and Tetracaine Hydrochlorides and Epinephrine Topical Solution as follows (see
Pharmaceutical Compounding—Nonsterile Preparations 〈795〉).
Cocaine Hydrochloride
Tetracaine Hydrochloride
Epinephrine Injection (1:1000)
Benzalkonium Chloride
Edetate Disodium
Sodium Chloride Injection (0.9%)
Purified Water, a sufficient quantity to make

4.0 g
1.0 g
25.0 mL
10 mg
6.4 mg
35 mL
100 mL

Dissolve the Cocaine Hydrochloride and Tetracaine Hydrochloride in 25 mL of Purified Water,
and add the Epinephrine Injection (1:1000). Separately dissolve Edetate Disodium in Sodium
Chloride Injection (0.9%), and dilute quantitatively and stepwise, if necessary, with Sodium
Chloride Injection (0.9%) to obtain 35 mL of a solution containing 6.4 mg of Edetate Disodium.
Similarly, and separately, dissolve Benzalkonium Chloride in Purified Water (or use Benzalkonium
Chloride Solution), and dilute quantitatively and stepwise, if necessary, with Purified Water to
obtain 10 mL of a solution containing 10 mg of Benzalkonium Chloride. Combine the three
solutions, add sufficient Purified Water to bring to final volume, and mix well.
ASSAY
• Tetracaine Hydrochloride
Solution A: 6.3 g/L of monobasic potassium phosphate containing 0.55 g/L of sodium 1octanesulfonate. Adjust with phosphoric acid to a pH of 2.5.
Solution B: Acetonitrile and Solution A (10:90). Pass through a suitable filter of 0.5-µm or
finer pore size, and degas.
Solution C: Acetonitrile and Solution A (30:70). Pass through a suitable filter of 0.5-µm or
finer pore size, and degas.
Mobile phase: See Table 1.
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Time
(min)
0
5
10
24
25
75

Table 1
Solution B
(%)
100
100
0
0
100
100

Solution C
(%)
0
0
100
100
0
0

Standard solution: 0.5 mg/mL of USP Tetracaine Hydrochloride RS
Sample solution: Transfer 0.5 mL of Topical Solution to a 10-mL volumetric flask, dilute
with water to volume, and mix.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5 for the analyte peak
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in g, of tetracaine hydrochloride (C15 H24 N2 O2 ·HCl) in 100 mL of the
Topical Solution:
Result = (rU/rS) × CS × D × V × F
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of tetracaine hydrochloride in the Standard solution (mg/mL)
D = dilution factor, 20
V = final volume of Topical Solution, 100 mL
F = conversion factor, 10−3 g/mg
Acceptance criteria: 0.90–1.10 g
• Cocaine Hydrochloride
Solution A, Solution B, Solution C, Mobile phase, Sample solution, and
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Chromatographic system: Proceed as directed in the Assay for Tetracaine
Hydrochloride.
Standard solution: 2 mg/mL of USP Cocaine Hydrochloride RS
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in g, of cocaine hydrochloride (C17 H21 NO4 ·HCl) in 100 mL of the
Topical Solution:
Result = (rU/rS) × CS × D × V × F
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of cocaine hydrochloride in the Standard solution (mg/mL)
D = dilution factor, 20
V = final volume of Topical Solution, 100 mL
F = conversion factor, 10−3 g/mg
Acceptance criteria: 3.6–4.4 g
• Epinephrine
Solution A, Solution B, Solution C, Mobile phase, Sample solution, and
Chromatographic system: Proceed as directed in the Assay for Tetracaine
Hydrochloride.
Standard solution: Transfer 3 mg of USP Epinephrine Bitartrate RS to a 25-mL volumetric
flask, and dilute with water to volume. Transfer 4.0 mL of the resultant solution to a 25mL volumetric flask, and dilute with water to volume.
Analysis
Samples: Sample solution and Standard solution
Calculate the quantity, in mg, of epinephrine (C9 H13 NO3 ) in 100 mL of the Topical Solution:
Result = (rU/rS) × CS × (Mr1/Mr2) × D × V
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of epinephrine bitartrate in the Standard solution (mg/mL)
Mr1 = molecular weight of epinephrine, 183.20
Mr2 = molecular weight of epinephrine bitartrate, 333.29
D = dilution factor, 20
V = final volume of Topical Solution, 100 mL
Acceptance criteria: 20–30 mg
SPECIFIC TESTS
• pH 〈791〉: 4.0–6.0
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Package in sterile, tight, light-resistant containers. Store in a
refrigerator.
• Labeling: Label it to indicate that it is intended for external use only and that it is not to be
used if a precipitate is present. The label states that it is to be protected from light.
• Beyond-Use Date: NMT 30 days after the date on which it was compounded
• USP Reference Standards 〈11〉
USP Cocaine Hydrochloride RS
USP Epinephrine Bitartrate RS
USP Tetracaine Hydrochloride RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 1059
BRIEFING
Corticotropin Injection, USP 41 page 1094. On the basis of comments received, it is
proposed to revise the monograph as follows:
1. Clarify the preparation of the Standard solutions in the Assay.
2. Clarify the calculation of the interval between successive log doses (i) in the Assay.
Additionally, minor editorial changes have been made to update the monograph to current
USP style.
(BIO1: D. McCarthy.)
Correspondence Number—C199952
Comment deadline: July 31, 2018
Corticotropin Injection
DEFINITION
Corticotropin Injection is a sterile solution, in a suitable diluent, of the material containing the
polypeptide hormone having the property of increasing the rate of secretion of adrenal
corticosteroids, which is obtained from the anterior lobe of the pituitary of mammals used
for food by humans. Its potency is NLT 80.0% and NMT 125.0% of the potency stated on
the label in USP Corticotropin Units. It may contain a suitable antimicrobial agent.
IDENTIFICATION
• A. HPLC
Solution A: 0.1% trifluoroacetic acid
Solution B: 0.1% trifluoroacetic acid in acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0
1
17
27
27.5
32
32.5
35

Table 1
Solution A
(%)
75
75
70
70
20
20
75
75

Solution B
(%)
25
25
30
30
80
80
25
25

Standard solution: 18.7 USP Corticotropin Units/mL of USP Corticotropin RS
Sample solution: 22 USP Corticotropin Units/mL of Injection
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Fluorescence; excitation 295 nm, emission 355 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
Sample tray: 35°
Column: 35°
Flow rate: 1.0 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation of the retention time: NMT 2%
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: The retention time of the corticotropin peak of the Sample solution
corresponds to that of the Standard solution.
• B. Meets the requirements of the Assay
ASSAY
Change to read:
• Procedure
Standard solutions: Pipet 2.5 mL of
Add 1S (USP42)
gelatin TS to an opened container of USP Corticotropin RS, and mix to obtain a solution
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with a concentration of 2.0 USP Corticotropin Units/mL. Using gelatin TS as a diluent,
prepare three diluted Standard solutions such that the respective concentrations of
corticotropin constitute a geometric series such as 1:2:4 or 1:3:9 and such that the
quantity of corticotropin in each 0.5 mL lies within the range of 10–300 milliunits.
Sample solutions: In the same manner as the Standard solutions preparation, using the
same diluent, dilute the Injection to make three Sample solutions corresponding in
concentration to those of the Standard solutions.
The animals: Select healthy rats, of the same but either sex, that have been raised on a
diet fully adequate with respect to vitamin and mineral content. Anesthetize the rats and
remove the hypophysis from each by application of gentle suction through a fine-tipped
tube. Between 16 and 48 h after the operation, select those rats weighing 80–180 g, but
restrict the selection so that no rat is more than 30% heavier than the lightest, and the
number of rats is an exact multiple of 6. Separate the selected rats into 6 groups, equal in
size, of NLT 6 rats each, and assign at random one of the three diluted Standard solutions
or one of the three Sample solutions to each group.
Analysis: Inject all rats of each group subcutaneously with the assigned test doses. Three
h after the injection, anesthetize the rats, and remove both adrenal glands from each rat,
free them from adhering tissue, and promptly weigh each pair on a suitable balance to the
nearest 0.2 mg. Place the weighed glands from each rat in suitable vessels each
containing 8.0 mL of metaphosphoric acid solution (1 in 40), and pulverize the glands by
grinding with a small quantity of washed sand. Cover each vessel, and proceed similarly
until all glands have been extracted.
Ascorbic acid determination: Filter the metaphosphoric acid extracts, and pipet 4 mL of
each filtrate into suitable vessels each containing 4.0 mL of indophenol–acetate TS. Mix
by shaking, and read the absorbance at 520 nm, with a suitable spectrophotometer. From
the observed absorbance and the standard curve prepared as directed below, calculate
the amount of ascorbic acid in mg/100 g of adrenal gland tissue. Prepare a standard
concentration–absorbance curve, using three ascorbic acid solutions containing,
respectively, 6.0, 8.0, and 10.0 µg/mL of USP Ascorbic Acid RS in metaphosphoric acid
solution (1 in 40). Pipet into each of three suitable vessels, preferably spectrophotometer
cells, 4 mL of indophenol–acetate TS. Add 4.0 mL of one of the three standard ascorbic
acid solutions to one of the cells, mix, and promptly read the absorbance from the same
instrument and under the same conditions as for the adrenal gland extracts. Repeat the
process for the other two standard ascorbic acid solutions, plot the concentration–
absorbance values, and draw the straight line best fitting the three plotted points.
Calculation: If there are no missing data (i.e., all groups of rats are the same size, f), then
the following may be used. [Note—If there are missing values, then suitable software can
be used and standard procedures followed for parallel line bioassays, including assessment
of parallelism and linearity.] Tabulate the observed concentration of ascorbic acid in the
adrenal glands of each rat, designated by the symbol yjkl, where j = S (Standard) or U
(Injection)
(Sample), 1S (USP42)
k = 1, 2, or 3 for the three doses, and l = 1, . . ., f rats. Total the values of the yjkl's in
each group as:
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If V ≥ 0.75 and V ≤ 1.33, then the data satisfy parallelism. If F ≤ F .05,2,n, where F .05,2,n is
the upper 0.05 percentage point of an F distribution with 2 and n degrees of freedom,
then the data satisfy linearity. If both conditions are satisfied, determine the logarithm of
potency of the Injection, M, taken as:
M = M′ + log R,
where M′ = 4iT a/(3T b)
i = interval between successive log doses
[log(higher dose) − log(lower dose)] 1S (USP42)
of both the Standard solution and the Sample solution
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R = vS/vU, the ratio of the high dose of the Standard solution in USP Corticotropin Units
(vS) to the high dose of the Injection
Sample solution 1S (USP42)
in mL (vU)
Determine the width, L, of the log confidence interval as:

and t .025,n is the upper one-sided 0.025 percentage point (or two-sided 0.05 percentage
point) of a t-distribution with n degrees of freedom.
Replication: Repeat the entire determination at least once. Test the agreement among the
two or more independent determinations, and compute the weight for each (see Design
and Analysis of Biological Assays 〈111〉, Combination of Independent Assays). Calculate the
weighted mean log-potency M and its confidence interval, Lc (see Design and Analysis of
Biological Assays 〈111〉, The Confidence Interval and Limits of Potency). The potency, P* ,
is satisfactory if P* = antilog M is 80%–125% of the labeled potency and if the confidence
interval does not exceed 0.40.
Acceptance criteria: 80.0%–125.0%
IMPURITIES
• Vasopressin Activity
Solution A: Dissolve 6.6 g of dibasic ammonium phosphate in about 950 mL of water, and
adjust with concentrated phosphoric acid to a pH of 3.0. Dilute with water to 1 L.
Mobile phase: Acetonitrile and Solution A (13:87). Filter and degas.
[Note—The retention time of the vasopressin peak is very sensitive to small changes in the
acetonitrile concentration.]
Standard solution: Dissolve the entire contents of a vial of USP Vasopressin RS in a known
volume of Solution A, and dilute with Solution A to obtain a final solution containing 0.1
USP Vasopressin Units/mL.
Sample solution: Dissolve the entire contents of a vial of the Injection in a known volume
of Solution A, and dilute with Solution A to obtain a final solution containing 2.0 USP
Corticotropin Units/mL.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: About 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the vasopressin activity in USP Vasopressin Units/USP Corticotropin Unit:
Result = CS × [(rU/rS)/2]
CS = concentration of the Standard solution (USP Vasopressin Units/mL)
rU = peak response from the Sample solution
rS = peak response from the Standard solution
Acceptance criteria: NMT 0.05 USP Vasopressin Units/USP Corticotropin Unit
SPECIFIC TESTS
• pH 〈791〉: 3.0–7.0
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• Bacterial Endotoxins Test 〈85〉: NMT 3.1 USP Endotoxin Units/USP Corticotropin Unit
• Injections and Implanted Drug Products 〈1〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass. Store in a cold place.
• Labeling: If the labeling of Injection recommends intravenous administration, include specific
information on dosage.
Change to read:
• USP Reference Standards 〈11〉
USP Ascorbic Acid RS
USP Corticotropin RS
(CN 1-May-2018)

USP Vasopressin RS
Recent Official Publications:
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USP41–NF36 Page 1094
BRIEFING
Corticotropin for Injection, USP 41 page 1095. On the basis of comments received, it is
proposed to revise the monograph as follows:
1. Clarify the preparation of the Standard solutions in the Assay.
2. Clarify the calculation of the interval between successive log doses (i) in the Assay.
Additionally, minor editorial changes have been made to update the monograph to current
USP style.
(BIO1: D. McCarthy.)
Correspondence Number—C199954
Comment deadline: July 31, 2018
Corticotropin for Injection
DEFINITION
Corticotropin for Injection is the sterile, dry material containing the polypeptide hormone
having the property of increasing the rate of secretion of adrenal corticosteroids, which is
obtained from the anterior lobe of the pituitary of mammals used for food by humans. Its
potency is NLT 80.0% and NMT 125.0% of the potency stated on the label in USP
Corticotropin Units. It may contain a suitable antimicrobial agent and suitable diluents and
buffers.
IDENTIFICATION
• A. HPLC
Solution A: 0.1% trifluoroacetic acid
Solution B: 0.1% trifluoroacetic acid in acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
1
17
27
27.5
32
32.5
35

Table 1
Solution A
(%)
75
75
70
70
20
20
75
75

Solution B
(%)
25
25
30
30
80
80
25
25

Standard solution: 18.7 USP Corticotropin Units/mL of USP Corticotropin RS
Sample solution: 22 USP Corticotropin Units/mL of Corticotropin for Injection
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Fluorescence; excitation 295 nm, emission 355 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
Sample tray: 35°
Column: 35°
Flow rate: 1.0 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation of the retention time: NMT 2%
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: The retention time of the corticotropin peak of the Sample solution
corresponds to that of the Standard solution.
• B. Meets the requirements of the Assay
ASSAY
Change to read:
• Procedure
Standard solutions: Pipet 2.5 mL of
Add 1S (USP42)
gelatin TS to an opened container of USP Corticotropin RS, and mix to obtain a solution
with a concentration of 2.0 USP Corticotropin Units/mL. Using gelatin TS as a diluent,
prepare three diluted Standard solutions such that the respective concentrations of
corticotropin constitute a geometric series such as 1:2:4 or 1:3:9 and such that the
quantity of corticotropin in each 0.5 mL lies within the range of 10–300 milliunits.
Sample solutions: Constitute the Corticotropin for Injection as directed in the labeling. In
the same manner as the Standard solutions preparation, using the same diluent, dilute the
reconstituted Corticotropin for Injection to make three Sample solutions corresponding in
concentration to those of the Standard solutions.
The animals: Select healthy rats, of the same but either sex, that have been raised on a
diet fully adequate with respect to vitamin and mineral content. Anesthetize the rats and
remove the hypophysis from each by application of gentle suction through a fine-tipped
tube. Between 16 and 48 h after the operation, select those rats weighing 80–180 g, but
restrict the selection so that no rat is more than 30% heavier than the lightest, and the
number of rats is an exact multiple of 6. Separate the selected rats into 6 groups, equal in
size, of NLT 6 rats each, and assign at random one of the three diluted Standard solutions

PF 44(3): May.-Jun. 2018

290

or one of the three Sample solutions to each group.
Analysis: Inject all rats of each group subcutaneously with the assigned test doses. Three
h after the injection, anesthetize the rats, and remove both adrenal glands from each rat,
free them from adhering tissue, and promptly weigh each pair on a suitable balance to the
nearest 0.2 mg. Place the weighed glands from each rat in suitable vessels each
containing 8.0 mL of metaphosphoric acid solution (1 in 40), and pulverize the glands by
grinding with a small quantity of washed sand. Cover each vessel, and proceed similarly
until all glands have been extracted.
Ascorbic acid determination: Filter the metaphosphoric acid extracts, and pipet 4 mL of
each filtrate into suitable vessels each containing 4.0 mL of indophenol–acetate TS. Mix
by shaking, and read the absorbance at 520 nm, with a suitable spectrophotometer. From
the observed absorbance and the standard curve prepared as directed below, calculate
the amount of ascorbic acid in mg/100 g of adrenal gland tissue. Prepare a standard
concentration–absorbance curve, using three ascorbic acid solutions containing,
respectively, 6.0, 8.0, and 10.0 µg/mL of USP Ascorbic Acid RS in metaphosphoric acid
solution (1 in 40). Pipet into each of three suitable vessels, preferably spectrophotometer
cells, 4 mL of indophenol–acetate TS. Add 4.0 mL of one of the three standard ascorbic
acid solutions to one of the cells, mix, and promptly read the absorbance from the same
instrument and under the same conditions as for the adrenal gland extracts. Repeat the
process for the other two standard ascorbic acid solutions, plot the concentration–
absorbance values, and draw the straight line best fitting the three plotted points.
Calculation: If there are no missing data (i.e., all groups of rats are the same size, f), then
the following may be used. [Note—If there are missing values, then suitable software can
be used and standard procedures followed for parallel line bioassays, including assessment
of parallelism and linearity.] Tabulate the observed concentration of ascorbic acid in the
adrenal glands of each rat, designated by the symbol yjkl, where j = S (Standard) or U
(Injection)
(Sample), 1S (USP42)
k = 1, 2, or 3 for the three doses, and l = 1, . . ., f rats. Total the values of the yjkl's in
each group as:
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If V ≥ 0.75 and V ≤ 1.33, then the data satisfy parallelism. If F ≤ F .05,2,n, where F .05,2,n is
the upper 0.05 percentage point of an F distribution with 2 and n degrees of freedom,
then the data satisfy linearity. If both conditions are satisfied, determine the logarithm of
potency of the Corticotropin for Injection, M, taken as:
M = M′ + log R,
where M′ = 4iT a/(3T b)
i = interval between successive log doses
[log(higher dose) − log(lower dose)] 1S (USP42)
of both the Standard solution and the Sample solution
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R = vS/vU, the ratio of the high dose of the Standard solution in USP Corticotropin Units
(vS) to the high dose of the Injection
Sample solution 1S (USP42)
in mL (vU)
Determine the width, L, of the log confidence interval as:

and t .025,n is the upper one-sided 0.025 percentage point (or two-sided 0.05 percentage
point) of a t-distribution with n degrees of freedom.
Replication: Repeat the entire determination at least once. Test the agreement among the
two or more independent determinations, and compute the weight for each (see Design
and Analysis of Biological Assays 〈111〉, Combination of Independent Assays). Calculate the
weighted mean log-potency M and its confidence interval, Lc (see Design and Analysis of
Biological Assays 〈111〉, The Confidence Interval and Limits of Potency). The potency, P* ,
is satisfactory if P* = antilog M is 80%–125% of the labeled potency and if the confidence
interval does not exceed 0.40.
Acceptance criteria: 80.0%–125.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements
IMPURITIES
• Vasopressin Activity
Solution A: Dissolve 6.6 g of dibasic ammonium phosphate in 950 mL of water, and adjust
with concentrated phosphoric acid to a pH of 3.0. Dilute with water to 1 L.
Mobile phase: Acetonitrile and Solution A (13:87)
[Note—The retention time of the vasopressin peak is very sensitive to small changes in the
acetonitrile concentration.]
Standard solution: Dissolve the entire contents of a vial of USP Vasopressin RS in a known
volume of Solution A, and dilute with Solution A to obtain a final solution containing 0.1
USP Vasopressin Units/mL.
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Sample solution: Dissolve the entire contents of a vial of Corticotropin for Injection in a
known volume of Solution A, and dilute with Solution A to obtain a final solution containing
2.0 USP Corticotropin Units/mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the vasopressin activity in USP Vasopressin Units/USP Corticotropin Unit:
Result = CS × [(rU/rS)/2]
CS = concentration of the Standard solution (USP Vasopressin Units/mL)
rU = peak response from the Sample solution
rS = peak response from the Standard solution
Acceptance criteria: NMT 0.05 USP Vasopressin Units/USP Corticotropin Unit
SPECIFIC TESTS
• pH 〈791〉: 2.5–6.0, in a solution constituted as directed in the labeling supplied by the
manufacturer
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• Sterility Tests 〈71〉: Meets the requirements
• Bacterial Endotoxins Test 〈85〉: NMT 3.1 USP Endotoxin Units/USP Corticotropin Unit
• Injections and Implanted Drug Products 〈1〉, Product Quality Tests Common to Parenteral
Dosage Forms, Specific Tests, Completeness and Clarity of Solutions and Labeling 〈7〉,
Labels and Labeling for Injectable Products: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described in Packaging and Storage Requirements
〈659〉, Injection Packaging, Packaging for Constitution.
• Labeling: If the labeling of Corticotropin for Injection recommends intravenous
administration, include specific information on dosage.

PF 44(3): May.-Jun. 2018

295

Change to read:
• USP Reference Standards 〈11〉
USP Ascorbic Acid RS
USP Corticotropin RS
(CN 1-May-2018)

USP Vasopressin RS
Recent Official Publications:
USP41–NF36 Page 1095
BRIEFING
Repository Corticotropin Injection, USP 41 page 1097. On the basis of comments
received, it is proposed to revise the monograph as follows:
1. Clarify the preparation of the Standard solutions in the Assay.
2. Clarify the calculation of the interval between successive log doses (i) in the Assay.
Additionally, minor editorial changes have been made to update the monograph to current
USP style.
(BIO1: D. McCarthy.)
Correspondence Number—C199955
Comment deadline: July 31, 2018
Repository Corticotropin Injection
DEFINITION
Repository Corticotropin Injection is Corticotropin in a solution of partially hydrolyzed gelatin.
Its potency is NLT 80.0% and NMT 125.0% of the potency stated on the label in USP
Corticotropin Units. It may contain a suitable antimicrobial agent.
IDENTIFICATION
• A. Meets the requirements of the Assay
ASSAY
Change to read:
• Procedure
Standard solutions: Pipet 2.5 mL of
Add 1S (USP42)
gelatin TS to an opened container of USP Corticotropin RS, and mix to obtain a solution
having a concentration of 2.0 USP Corticotropin Units/mL. Using gelatin TS as a diluent,
prepare three diluted Standard solutions such that the respective concentrations of
corticotropin constitute a geometric series such as 1:2:4 or 1:3:9 and such that the
quantity of corticotropin in each 0.5 mL lies within the range of 10–300 milliunits.
Sample solutions: In the same manner as the Standard solutions preparation, using the
same diluent, dilute the Injection to make three Sample solutions corresponding in
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concentration to those of the Standard solutions.
The animals: Select healthy rats, of the same but either sex, that have been raised on a
diet fully adequate with respect to vitamin and mineral content. Anesthetize the rats and
remove the hypophysis from each by application of gentle suction through a fine-tipped
tube. Between 16 and 48 h after the operation, select those rats weighing 80–180 g, but
restrict the selection so that no rat is more than 30% heavier than the lightest, and the
number of rats is an exact multiple of 6. Separate the selected rats into 6 groups, equal in
size, of NLT 6 rats each, and assign at random one of the three diluted Standard solutions
or one of the three Sample solutions to each group.
Analysis: Inject all rats of each group subcutaneously with the assigned test doses. Three
h after the injection, anesthetize the rats, and remove both adrenal glands from each rat,
free them from adhering tissue, and promptly weigh each pair on a suitable balance to the
nearest 0.2 mg. Place the weighed glands from each rat in suitable vessels each
containing 8.0 mL of metaphosphoric acid solution (1 in 40), and pulverize the glands by
grinding with a small quantity of washed sand. Cover each vessel, and proceed similarly
until all glands have been extracted.
Ascorbic acid determination: Filter the metaphosphoric acid extracts, and pipet 4 mL of
each filtrate into suitable vessels each containing 4.0 mL of indophenol–acetate TS. Mix
by shaking, and read the absorbance at 520 nm, with a suitable spectrophotometer. From
the observed absorbance and the standard curve prepared as directed below, calculate
the amount of ascorbic acid in mg/100 g of adrenal gland tissue. Prepare a standard
concentration–absorbance curve, using three ascorbic acid solutions containing,
respectively, 6.0, 8.0, and 10.0 µg/mL of USP Ascorbic Acid RS in metaphosphoric acid
solution (1 in 40). Pipet into each of three suitable vessels, preferably spectrophotometer
cells, 4 mL of indophenol–acetate TS. Add 4.0 mL of one of the three standard ascorbic
acid solutions to one of the cells, mix, and promptly read the absorbance from the same
instrument and under the same conditions as for the adrenal gland extracts. Repeat the
process for the other two standard ascorbic acid solutions, plot the concentration–
absorbance values, and draw the straight line best fitting the three plotted points.
Calculation: If there are no missing data (i.e., all groups of rats are the same size, f), then
the following may be used. [Note—If there are missing values, then suitable software can
be used and standard procedures followed for parallel line bioassays, including assessment
of parallelism and linearity.] Tabulate the observed concentration of ascorbic acid in the
adrenal glands of each rat, designated by the symbol yjkl, where j = S (Standard) or U
(Injection)
(Sample), 1S (USP42)
k = 1, 2, or 3 for the three doses, and l = 1, . . ., f rats. Total the values of the yjkl's in
each group as:
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If V ≥ 0.75 and V ≤ 1.33, then the data satisfy parallelism. If F ≤ F .05,2,n, where F .05,2,n is
the upper 0.05 percentage point of an F distribution with 2 and n degrees of freedom,
then the data satisfy linearity. If both conditions are satisfied, determine the logarithm of
potency of the Injection, M, taken as:
M = M′ + log R,
where M′ = 4iT a/(3T b)
i = interval between successive log doses
[log(higher dose) − log(lower dose)] 1S (USP42)
of both the Standard solution and the Sample solution
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R = vS/vU, the ratio of the high dose of the Standard solution in USP Corticotropin Units
(vS) to the high dose of the Injection
Sample solution 1S (USP42)
in mL (vU)
Determine the width, L, of the log confidence interval as:

and t .025,n is the upper one-sided 0.025 percentage point (or two-sided 0.05 percentage
point) of a t-distribution with n degrees of freedom.
Replication: Repeat the entire determination at least once. Test the agreement among the
two or more independent determinations, and compute the weight for each (see Design
and Analysis of Biological Assays 〈111〉, Combination of Independent Assays). Calculate the
weighted mean log-potency M and its confidence interval, Lc (see Design and Analysis of
Biological Assays 〈111〉, The Confidence Interval and Limits of Potency). The potency, P* ,
is satisfactory if P* = antilog M is 80%–125% of the labeled potency and if the confidence
interval does not exceed 0.40.
Acceptance criteria: 80.0%–125.0%
IMPURITIES
• Vasopressin Activity
Solution A: Dissolve 6.6 g of dibasic ammonium phosphate in about 950 mL of water, and
adjust with concentrated phosphoric acid to a pH of 3.0. Dilute with water to 1 L.
Mobile phase: Acetonitrile and Solution A (13:87). Filter and degas.
[Note—The retention time of the vasopressin peak is very sensitive to small changes in the
acetonitrile concentration.]
Standard solution: Dissolve the entire contents of a vial of USP Vasopressin RS in a known
volume of Solution A, and dilute with Solution A to obtain a final solution containing 0.1
USP Vasopressin Units/mL.
Sample solution: Dissolve the entire contents of a vial of Injection in a known volume of
Solution A, and dilute with Solution A to obtain a final solution containing 2.0 USP
Corticotropin Units/mL.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: About 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the vasopressin activity in USP Vasopressin Units/USP Corticotropin Unit:
Result = CS × [(rU/rS)/2]
CS = concentration of the Standard solution (USP Vasopressin Units/mL)
rU = peak response from the Sample solution
rS = peak response from the Standard solution
Acceptance criteria: NMT 0.05 USP Vasopressin Units/USP Corticotropin Unit
SPECIFIC TESTS
• pH 〈791〉: 3.0–7.0
• Bacterial Endotoxins Test 〈85〉: NMT 3.1 USP Endotoxin Units/USP Corticotropin Unit
• Injections and Implanted Drug Products 〈1〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Ascorbic Acid RS
USP Corticotropin RS

(ERR 1-May-2018)

(CN 1-May-2018)

USP Vasopressin RS
Recent Official Publications:
USP41–NF36 Page 1097
BRIEFING
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Cromolyn Sodium Oral Solution. Because there is no existing USP monograph for this
dosage form, a new monograph, based on validated methods of analysis, is proposed.
1. The isocratic liquid chromatographic procedure in the Assay is based on analyses
performed with the Hypersil BDS C18 brand of column with L1 packing manufactured by
Thermo Scientific. The typical retention time for cromolyn sodium is about 5 min.
2. The gradient elution liquid chromatographic procedure in the test for Organic Impurities
is based on analyses performed with the Hypersil ODS C18 brand of column with L1
packing manufactured by Thermo Scientific. The typical retention time for cromolyn
sodium in the Organic Impurities test is about 15 min.
(CHM5: R. Ravichandran, M. Koleck.)
Correspondence Number—C194335
Comment deadline: July 31, 2018
Add the following:
Cromolyn Sodium Oral Solution
DEFINITION
Cromolyn Sodium Oral Solution contains NLT 95.0% and NMT 105.0% of the labeled amount
of cromolyn sodium (C23 H14 Na2 O11 ).
IDENTIFICATION
• A. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 10.0 g/L of tetrabutylammonium hydrogen sulfate in water
Mobile phase: Acetonitrile and Buffer (25:75)
Standard solution: 0.2 mg/mL of USP Cromolyn Sodium RS in water
Sample solution: Nominally 0.2 mg/mL of cromolyn sodium from Oral Solution prepared as
follows. Mix NLT 5 containers of Oral Solution, transfer a suitable volume of the composite
Oral Solution to a suitable volumetric flask, and dilute with water to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 330 nm. For Identification A, use a diode array detector in the range of
220–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
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Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of cromolyn
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cromolyn sodium (C23 H14 Na2 O11 ) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Cromolyn Sodium RS in the Standard solution (mg/mL)
CU = nominal concentration of cromolyn sodium in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Deliverable Volume 〈698〉: Meets the requirements
IMPURITIES
• Organic Impurities
Solution A: 10.0 g/L of tetrabutylammonium hydrogen sulfate in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
20
25
35
45
50

Table 1
Solution A
(%)
90
60
60
50
90
90

Diluent: Acetonitrile and water (60:40)

Solution B
(%)
10
40
40
50
10
10
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System suitability solution: 5 mg/mL of USP Cromolyn Sodium RS and 0.005 mg/mL each
of 2-acetylresorcinol, USP Cromolyn Related Compound A RS, and USP Cromolyn Related
Compound B RS in Diluent
Sensitivity solution: 0.0025 mg/mL of USP Cromolyn Sodium RS in Diluent
Standard solution: 0.005 mg/mL of USP Cromolyn Sodium RS in Diluent
Sample solution: Nominally 5 mg/mL of cromolyn sodium from Oral Solution prepared as
follows. Mix NLT 5 containers of Oral Solution, transfer a suitable volume of the composite
Oral Solution to a suitable volumetric flask, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between cromolyn and 2-acetylresorcinol; NLT 3.0 between
cromolyn related compound B and cromolyn related compound A, System suitability
solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Cromolyn Sodium RS in the Standard solution (mg/mL)
CU = nominal concentration of cromolyn sodium in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
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Table 2
Relative
Retention
Time
1.0
1.15
1.9
2.1
—
—

Name

Acceptance
Criteria,
NMT (%)
—
0.10
0.10
0.10
0.10
0.50

Cromolyn
2-Acetylresorcinola
Cromolyn related compound B
Cromolyn related compound A
Any other individual unspecified impurity
Total impurities
a 1-(2,6-Dihydroxyphenyl)ethan-1-one; also known as 2,6-dihydroxyacetophenone.
SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 102 cfu/mL. The total yeasts and molds count
does not exceed 101 cfu/mL. It meets the requirements of the test for absence of
Escherichia coli.
• pH 〈791〉: 4.0–7.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in light-resistant containers. Store at controlled room
temperature.
• Labeling: The label indicates that the Oral Solution is not to be used if it contains a
precipitate or is discolored.
• USP Reference Standards 〈11〉
USP Cromolyn Sodium RS
USP Cromolyn Related Compound A RS
1,3-Bis(2-acetyl-3-hydroxyphenoxy)propan-2-ol.
C19 H20 O7
360.36
USP Cromolyn Related Compound B RS
Diethyl 5,5′-[(2-hydroxypropane-1,3-diyl)bis(oxy)]bis(4-oxo-4H-chromene-2carboxylate).
C27 H24 O11
524.48
1S (USP42)

BRIEFING
Dextrose, USP 41 page 1233. On the basis of comments and data received, it is proposed
to revise Identification A by specifying the IR procedure as Infrared Absorption 〈197K〉 and
adding a drying procedure prior to performing the IR test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC2: J. Liu.)
Correspondence Number—C203361
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Comment deadline: July 31, 2018
Dextrose
Portions of this monograph that are national USP text, and are not part of the harmonized
text, are marked with symbols (♦♦) to specify this fact.

C6 H12 O6 ·H2 O
198.17
C6 H12 O6
180.16
d-Glucose monohydrate
Anhydrous
[50-99-7].

[77938-63-7].

DEFINITION
Dextrose is (+)-d-glucopyranose and is derived from starch. It contains one molecule of
water of hydration or is anhydrous. It contains NLT 97.5% and NMT 102.0%, calculated on
the anhydrous basis.
IDENTIFICATION
Change to read:
• ♦A. Infrared Absorption 〈197〉
〈197K〉
Sample: Dry at 70° under vacuum for at least 2 h to constant weight.
Acceptance criteria: Meets the requirements♦ 1S (USP42)
• B.
Analysis: Examine the chromatograms from the Assay.
Acceptance criteria: The principal peak from the Sample solution is similar in retention
time and size to the principal peak from Standard solution A.
• C. Water Determination 〈921〉, Method I
Samples
Anhydrous: 0.50 g
Monohydrate: 0.25 g
Acceptance criteria
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Anhydrous: NMT 1.0%
Monohydrate: 7.5%–9.5%
ASSAY
• Procedure
Mobile phase: Water
System suitability solution: Dissolve 5 mg of USP Maltose Monohydrate RS, 5 mg of USP
Maltotriose RS, and 5 mg of USP Fructose RS in water and dilute with water to 50.0 mL.
Standard solution A: 30 mg/mL of USP Dextrose RS
Sample solution: 30 mg/mL, determined on the anhydrous basis
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.8-mm × 30-cm; 9-µm packing L191
Temperatures
Column: 85 ± 1°
Detector: 40°
Flow rate: 0.3 mL/min
Injection volume: 20 µL
Run time: About 1.5 times the retention time of dextrose
System suitability
Sample: System suitability solution
[Note—The relative retention times for maltotriose, maltose, isomaltose, dextrose, and
fructose are 0.7, 0.8, 0.8, 1.0, and 1.3, respectively. The retention time for dextrose is
about 21 min.]
Suitability requirements
Resolution: NLT 1.3 between maltotriose and maltose
Analysis
Samples: Standard solution A and Sample solution
Calculate the percentage, on the anhydrous basis, of dextrose (C6 H12 O6 ) in the portion of
Dextrose taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of dextrose from the Sample solution
rS = peak response of dextrose from Standard solution A
CS = concentration of USP Dextrose RS in Standard solution A (mg/mL)
CU = concentration of the Sample solution on the anhydrous basis (mg/mL)
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Acceptance criteria: 97.5%–102.0% on the anhydrous basis
IMPURITIES
• Related Substances
Mobile phase, System suitability solution, Standard solution A, and Chromatographic
system: Proceed as directed in the Assay.
Sample solution: 30 mg/mL, determined on the anhydrous basis
Standard solution B: Dilute 1.0 mL of the Sample solution with water to 250.0 mL.
Standard solution C: Dilute 25.0 mL of Standard solution B with water to 200.0 mL.
System suitability
Sample: System suitability solution
[Note—The relative retention times for maltotriose, maltose, isomaltose, dextrose, and
fructose are 0.7, 0.8, 0.8, 1.0, and 1.3, respectively. The retention time for dextrose is
about 21 min.]
Suitability requirements
Resolution: NLT 1.3 between maltotriose and maltose
Analysis
Samples: Standard solution A, Sample solution, Standard solution B, and Standard
solution C
Disregard any peak with an area less than the principal peak from Standard solution C
(0.05%).
Acceptance criteria
Maltose and isomaltose: NMT 0.4%. The sum is NMT the area of the principal peak from
Standard solution B.
Maltotriose: NMT 0.2%. NMT 0.5 times the area of the principal peak from Standard
solution B.
Fructose: NMT 0.15%. NMT 3 times the area of the principal peak from Standard solution
C.
Unspecified: NMT 0.10%. NMT twice the area of the principal peak from Standard
solution C.
Total impurities: NMT 0.5%. NMT 1.25 times the area of the principal peak from
Standard solution B.
Delete the following:
•

♦Heavy Metals 〈231〉

Test preparation: 4.0 g of Dextrose in water to make 25 mL
Acceptance criteria: NMT 5 µg/g♦
SPECIFIC TESTS
• Color and Clarity of Solution

(O fficial 1-Jan-2018)
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Reference solution: To 2.5 mL of cobaltous chloride CS, 6.0 mL of ferric chloride CS, and
1.0 mL of cupric sulfate CS add hydrochloric acid [10 g/L of hydrogen chloride (HCl)] to
make 1000.0 mL.
Hydrazine sulfate solution: Dissolve 1.0 g of hydrazine sulfate in water and dilute to
100.0 mL. Allow to stand for 4–6 h.
Hexamethylenetetramine solution: In a 100-mL ground-glass-stoppered flask, dissolve
2.5 g of hexamethylenetetramine in 25.0 mL of water.
Primary opalescent suspension: To the Hexamethylenetetramine solution in the flask
add 25.0 mL of the Hydrazine sulfate solution. Mix and allow to stand for 24 h. This
suspension is stable for 2 months, provided it is stored in a glass container free from
surface defects. The suspension must not adhere to the glass and must be well mixed
before use.
Standard of opalescence: Dilute 15.0 mL of the Primary opalescent suspension with
water to 1000.0 mL. This suspension is freshly prepared and may be stored for up to 24 h.
Reference suspension: To 5.0 mL of Standard of opalescence add 95.0 mL of water. Mix
and shake before use.
Sample solution: Dissolve 10.0 g in 15 mL of water using a bath of boiling water. Allow to
cool.
Analysis: Make the comparison by viewing the solutions downward in matched color–
comparison tubes against a white surface (see Nephelometry, Turbidimetry, and Visual
Comparison 〈855〉, Procedure, Visual Comparison).
Acceptance criteria: The Sample solution is clear (its clarity is the same as that of water
or its opalescence is not more pronounced than that of the Reference suspension) and
not more intensely colored than the Reference solution.
• Conductivity
Sample solution: Dissolve 20.0 g in carbon dioxide-free water prepared from distilled water
and dilute with the same solvent to 100.0 mL.
Analysis: Measure the conductivity of the solution while gently stirring with a magnetic
stirrer.
Acceptance criteria: NMT 20 µS/cm at 25°
• Dextrin
Sample: 1 g, finely powdered
Analysis: Reflux the Sample with 20 mL of alcohol.
Acceptance criteria: The Sample dissolves completely.
• Soluble Starch, Sulfites
Sample solution: Dissolve the Dextrose sample (6.7 g of anhydrous or 7.4 g of
monohydrate) in 15 mL of water using a bath of boiling water. Allow to cool.
Analysis: To the Sample solution add 25 µL of iodine TS.
Acceptance criteria: The resulting solution is yellow (NMT 15 ppm).
ADDITIONAL REQUIREMENTS
• ♦Packaging and Storage: Preserve in well-closed containers.♦
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• ♦USP Reference Standards 〈11〉
USP Dextrose RS
USP Fructose RS
USP Maltose Monohydrate RS
USP Maltotriose RS♦
1 Aminex HPX-87C from Biorad is suitable.

Recent Official Publications:
USP41–NF36 Page 1233
BRIEFING
Diclofenac Potassium for Oral Solution. Because there is no existing USP monograph for
this drug product, a new monograph based on validated methods of analysis is proposed. The
liquid chromatographic procedures for the Assay and the Dissolution test are based on analyses
performed with the Waters XBridge C18 brand of column with L1 packing. The typical retention
times for diclofenac are about 11 min in the Assay and 4.5 min in the Dissolution test. The liquid
chromatographic procedure in the Organic Impurities test is based on analyses performed with
the GL Sciences Inertsil C8 brand of column with L7 packing. The typical retention time for
diclofenac is about 27 min.
(CHM2: W. Yang.)
Correspondence Number—C188158
Comment deadline: July 31, 2018
Add the following:
Diclofenac Potassium for Oral Solution
DEFINITION
Diclofenac Potassium for Oral Solution contains NLT 95.0% and NMT 105.0% of the labeled
amount of diclofenac potassium (C14 H10 Cl2 NKO2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Dissolve 1.56 g of monobasic sodium phosphate dihydrate in 1000 mL of water.
Adjust with phosphoric acid to a pH of 2.5.
Solution B: Dissolve 6.8 g of monobasic potassium phosphate and 0.88 g of sodium
hydroxide in 1000 mL of water. Adjust with 1 N sodium hydroxide to a pH of 6.8.
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Mobile phase: Acetonitrile and Solution A (40:60)
Diluent: Methanol and Solution B (10:90)
Standard solution: 0.2 mg/mL of USP Diclofenac Potassium RS in Diluent. Sonicate to
dissolve, if needed.
Sample stock solution: Nominally 0.5 mg/mL of diclofenac potassium prepared as follows.
Transfer a portion of finely powdered contents of NLT 5 packets of Diclofenac Potassium
for Oral Solution, equivalent to 100 mg of diclofenac potassium, to a 200-mL volumetric
flask. Add 140 mL of Diluent, and sonicate for about 10 min. Dilute with Diluent to volume.
Centrifuge a portion of the solution. [Note—A centrifuge speed of 3500 rpm for 10 min
may be suitable.]
Sample solution: Nominally 0.2 mg/mL of diclofenac potassium in Diluent from the Sample
stock solution. Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 1.4 times the retention time of diclofenac
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diclofenac potassium (C14 H10 Cl2 NKO2 ) in
the portion of Diclofenac Potassium for Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of diclofenac from the Sample solution
rS = peak response of diclofenac from the Standard solution
CS = concentration of USP Diclofenac Potassium RS in the Standard solution (mg/mL)
CU = nominal concentration of diclofenac potassium in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
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PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: pH 6.8 phosphate buffer (19 g/L of trisodium phosphate dodecahydrate in 0.1 N
hydrochloric acid, adjusted with 1 N sodium hydroxide to a pH of 6.8); 400 mL
Apparatus 2: 75 rpm
Time: 5 min
Solution A and Chromatographic system: Proceed as directed in the Assay.
Mobile phase: Acetonitrile and Solution A (50:50)
Standard solution: 0.125 mg/mL of USP Diclofenac Potassium RS prepared as follows.
Transfer a quantity of USP Diclofenac Potassium RS to a suitable volumetric flask. Add
methanol to 5% of the flask volume and sonicate to dissolve. Dilute with Medium to
volume.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-um pore size.
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diclofenac potassium (C14 H10 Cl2 NKO2 )
dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response of diclofenac from the Sample solution
rS = peak response of diclofenac from the Standard solution
CS = concentration of USP Diclofenac Potassium RS in the Standard solution (mg/mL)
V = volume of Medium, 400 mL
L = label claim of diclofenac potassium (mg/packet)
Tolerances: NLT 80% (Q) of the labeled amount of diclofenac potassium (C14 H10 Cl2 NKO2 )
is dissolved.
• Uniformity of Dosage Units 〈905〉: Meets the requirements
IMPURITIES
• Organic Impurities
Solution A: Prepare as directed in the Assay.
Solution B: Dissolve 6.8 g of monobasic potassium phosphate in 1000 mL of water. Adjust
with 1 N sodium hydroxide to a pH of 6.8.
Mobile phase: Methanol and Solution A (66:34)
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Diluent: Methanol and Solution B (10:90)
Sensitivity solution: 0.5 µg/mL of USP Diclofenac Potassium RS in Diluent
Standard stock solution: 0.15 mg/mL of USP Diclofenac Related Compound A RS in
methanol
Standard solution: 1 µg/mL of USP Diclofenac Related Compound A RS and 2.5 µg/mL of
USP Diclofenac Potassium RS, prepared as follows. Transfer a volume of Standard stock
solution and a quantity of USP Diclofenac Potassium RS to a suitable volumetric flask, and
add Diluent to dissolve. Sonicate if needed. Dilute with Diluent to volume.
Sample solution: Nominally 500 µg/mL of diclofenac potassium in Diluent, prepared as
follows. Transfer a portion of finely powdered contents of NLT 5 packets of Diclofenac
Potassium for Oral Solution, equivalent to 50 mg of diclofenac potassium, to a 100-mL
volumetric flask. Add 70 mL of Diluent, and sonicate for 10 min. Dilute with Diluent to
volume. Pass a portion of the solution through a suitable filter of 0.45-µm pore size, and
discard the first 5 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 25 µL
Run time: NLT 2.2 times the retention time of diclofenac
System suitability
Samples: Sensitivity solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Relative standard deviation: NMT 5.0% for diclofenac and diclofenac related
compound A, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of diclofenac related compound A in the portion of Diclofenac
Potassium for Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of diclofenac related compound A from the Sample solution
rS = peak response of diclofenac related compound A from the Standard solution
CS = concentration of USP Diclofenac Related Compound A RS in the Standard solution
(µg/mL)
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CU = nominal concentration of diclofenac potassium in the Sample solution (µg/mL)
Calculate the percentage of any unspecified degradation product in the portion of
Diclofenac Potassium for Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified degradation product from the Sample solution
rS = peak response of diclofenac from the Standard solution
CS = concentration of USP Diclofenac Potassium RS in the Standard solution (µg/mL)
CU = nominal concentration of diclofenac potassium in the Sample solution (µg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Diclofenac related compound A
Diclofenac
Any unspecified degradation product
Total degradation products

Relative
Retention
Time
0.6
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.2
—
0.2
1.0

SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count is NMT 103 cfu/g. The total combined yeasts and molds count is
NMT 102 cfu/g. It meets the requirements of the test for absence of Escherichia coli.
• pH 〈791〉
Sample: Dissolve the contents of a unit dosage of Diclofenac Potassium for Oral Solution in
30 mL of water.
Acceptance criteria: 7.0–9.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature.
• USP Reference Standards 〈11〉
USP Diclofenac Potassium RS
USP Diclofenac Related Compound A RS
1-(2,6-Dichlorophenyl)indolin-2-one.
C14 H9 Cl2 NO
278.13
1S (USP42)

BRIEFING
Diclofenac Sodium Topical Gel. Because there is no existing USP monograph for this drug
product, a new monograph based on validated methods of analysis is proposed. The liquid
chromatographic procedures in the Assay, the Content of Benzyl Alcohol test, and the Organic
Impurities test are based on analyses performed with the Inertsil C8 brand of column with L7
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packing by GL Sciences. The typical retention times for diclofenac and benzyl alcohol are about
10 and 4 min, respectively.
(CHM2: W. Yang.)
Correspondence Number—C194411
Comment deadline: July 31, 2018
Add the following:
Diclofenac Sodium Topical Gel
DEFINITION
Diclofenac Sodium Topical Gel contains NLT 90.0% and NMT 110.0% of the labeled amount of
diclofenac sodium (C14 H10 Cl2 NNaO2 ). It may contain suitable preservatives.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Dissolve 0.8 g of monobasic sodium phosphate dihydrate in 1000 mL of water.
Adjust with 1 N phosphoric acid to a pH of 2.5.
Mobile phase: Methanol and Solution A (75:25)
Diluent: Methanol and water (75:25)
Standard solution: 0.06 mg/mL of USP Diclofenac Sodium RS in Diluent. Sonicate to
dissolve, if necessary.
Sample stock solution: Nominally 0.3 mg/mL of diclofenac sodium prepared as follows.
Transfer a portion of Topical Gel, equivalent to 30 mg of diclofenac sodium, to a 100-mL
volumetric flask. Add 60 mL of Diluent, vortex, and sonicate for 10 min with intermittent
shaking. Dilute with Diluent to volume.
Sample solution: Nominally 0.06 mg/mL of diclofenac sodium in Diluent from Sample stock
solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 35°
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Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of diclofenac
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diclofenac sodium (C14 H10 Cl2 NNaO2 ) in
the portion of Topical Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of diclofenac from the Sample solution
rS = peak response of diclofenac from the Standard solution
CS = concentration of USP Diclofenac Sodium RS in the Standard solution (mg/mL)
CU = nominal concentration of diclofenac sodium in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
OTHER COMPONENTS
• Content of Benzyl Alcohol (if present)
Solution A, Mobile phase, and Diluent: Prepare as directed in the Assay.
Standard solution: 0.02 mg/mL of USP Benzyl Alcohol RS in Diluent. Sonicate to dissolve, if
necessary.
Sample stock solution: Nominally 0.1 mg/mL of benzyl alcohol prepared as follows.
Transfer a portion of Topical Gel, equivalent to 10 mg of benzyl alcohol, to a 100-mL
volumetric flask. Add 60 mL of Diluent, vortex, and sonicate for 10 min with intermittent
shaking. Dilute with Diluent to volume.
Sample solution: Nominally 0.02 mg/mL of benzyl alcohol in Diluent from Sample stock
solution
Chromatographic system: Proceed as directed in the Assay, except for the Detector.
Detector: UV 220 nm
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benzyl alcohol (C7 H8 O) in the portion of
Topical Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of benzyl alcohol from the Sample solution
rS = peak response of benzyl alcohol from the Standard solution
CS = concentration of USP Benzyl Alcohol RS in the Standard solution (mg/mL)
CU = nominal concentration of benzyl alcohol in the Sample solution (mg/mL)
Acceptance criteria: 80.0%–110.0%
IMPURITIES
• Organic Impurities
Solution A, Mobile phase, and Diluent: Prepare as directed in the Assay.
System suitability solution: 0.75 mg/mL of USP Diclofenac Sodium RS and 3.75 µg/mL of
USP Diclofenac Related Compound A RS in Diluent. Sonicate to dissolve.
Sensitivity solution: 0.75 µg/mL of USP Diclofenac Sodium RS in Diluent
Standard solution: 7.5 µg/mL of USP Diclofenac Sodium RS in Diluent
Sample solution: Nominally 750 µg/mL of diclofenac sodium prepared as follows. Transfer a
portion of Topical Gel, equivalent to 75 mg of diclofenac sodium, to a 100-mL volumetric
flask. Add 70 mL of Diluent, vortex, and sonicate for 10 min with intermittent shaking.
Dilute with Diluent to volume. Pass a portion of the solution through a suitable filter of
0.45-µm pore size.
Chromatographic system: Proceed as directed in the Assay, except for the Run time.
Run time: NLT 6 times the retention time of diclofenac
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
[Note—The relative retention times for diclofenac related compound A and diclofenac are
0.7 and 1.0, respectively.]
Resolution: NLT 5 between diclofenac related compound A and diclofenac, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Topical Gel taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
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rU = peak response of each impurity from the Sample solution
rS = peak response of diclofenac from the Standard solution
CS = concentration of USP Diclofenac Sodium RS in the Standard solution (µg/mL)
CU = nominal concentration of diclofenac sodium in the Sample solution (µg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1.

Name

Table 1
Relative
Retention
Time
0.5

Benzaldehyde
Diclofenac related compound A
(diclofenac lactam)
0.7
Diclofenac
1.0
Diclofenac benzaldehyde analoga
1.3
Any unspecified impurity
—
Total impurities
—
a 2-[(2,6-Dichlorophenyl)amino]benzaldehyde.

Relative
Response
Factor
5.1
1.4
—
1.9
1.0
—

Acceptance
Criteria,
NMT (%)
0.2
0.2
—
0.2
0.2
1.0

SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count is NMT 102 cfu/g. The total combined yeasts and molds count is
NMT 101 cfu/g. It meets the requirements of the tests for absence of Staphylococcus
aureus and Pseudomonas aeruginosa.
• pH 〈791〉: 6.5–8.5
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature. Protect from heat. Avoid
freezing.
• USP Reference Standards 〈11〉
USP Benzyl Alcohol RS
Phenylmethanol.
C7 H8 O
108.1
±USP Diclofenac Sodium RS
USP Diclofenac Related Compound A RS
1-(2,6-Dichlorophenyl)indolin-2-one.
C14 H9 Cl2 NO
278.13
1S (USP42)

BRIEFING
Digitalis, USP 41 page 1285. It is proposed to omit this monograph for the following reasons:
1. It appears that no drug products formulated with Digitalis Leaf are currently marketed in
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the United States.
The Reference Standard associated with this monograph is still the first lot of the
material from 1949, indicating limited interest.
We do not have information to show that the methods in this monograph are being
used. The continued stability of use testing of the reference material using the bioassay
is not relevant if the method is not being used. Monographs for Digitalis Leaf were
introduced into the first edition of USP in 1820, and have not been substantially revised
in the last 70 years. We have not received any queries related to this monograph. Our
outreach to industry for modernization of the methods was not successful and sponsors
were not available.
USP monographs for Digoxin provide up-to-date methods of analysis for products that
are widely used as prescription drugs.
Since Digitalis Leaf products are used in other countries, the monograph may be
introduced in the Herbal Medicines Compendium (HMC) as a "for development" proposal,
which provides a mechanism for the sponsors to propose up-to-date methods with
validation data. The monograph may remain in the USP if interested stakeholders provide
comments and analytical data to modernize the methods.

(BDSHM: N.-C. Kim.)
Correspondence Number—C204001
Comment deadline: July 31, 2018
Delete the following:
Digitalis
DEFINITION
Digitalis is the dried leaf of Digitalis purpurea L. (Fam. Scrophulariaceae). The potency of
Digitalis is such that, when assayed as directed, 100 mg is equivalent to NLT 1 USP Digitalis
Unit.1
[Note—When Digitalis is prescribed, Powdered Digitalis is to be dispensed.]
ASSAY
• Procedure
Standard solution: Weigh the contents of 1 container of USP Digitalis RS to the nearest
milligram, either in the original container or in a weighing bottle, and transfer to a dry,
hard-glass, glass-stoppered container or centrifuge tube of at least 50-mL capacity.
Complete the weighing within 5 min after opening the ampul. Add a menstruum consisting
of 4 volumes of alcohol and 1 volume of water so that the total volume of menstruum
added corresponds to 10 mL for each gram of powder. Insert the stopper, the upper third
of which is greased lightly with petrolatum. Shake the mixture for 24 ± 2 h at 25 ± 5° by
mechanical means, which continuously brings the solid material into fresh contact with the
liquid phase. Immediately thereafter transfer, if necessary, to a centrifuge tube,
centrifuge, and decant the supernatant tincture into a dry, hard-glass bottle with a tight
closure. Preserve under refrigeration, and use within 30 days.
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Sample solution: Transfer 5 g of Digitalis, reduced to a fine powder, to a hard-glass,
glass-stoppered container or centrifuge tube of at least 50-mL capacity. Prepare as
directed in the Standard solution, beginning with “Add a menstruum”. Preserve under
refrigeration, and use within 30 days.
Pigeons: Use adult pigeons free from gross evidence of disease or emaciation, and of such
weight that the heaviest weighs less than twice the weight of the lightest. Divide the
pigeons into groups as nearly alike as practicable with respect to breed and weight so
that the average weight of the group assigned by random choice to the Standard solution
shall differ by NMT 30% from the average weight of the group assigned to the preparation
to be assayed. Withhold food but not water for 16–28 h before use. Preparatory to
injection, lightly anesthetize the pigeon with ether, and immobilize it; expose an alar vein,
and cannulate with a suitable cannula. Maintain the anesthesia during cannulation and
throughout the subsequent injection period at such a level that pain is absent, the
pupillary and corneal reflexes are present, and the voluntary musculature is not relaxed
beyond permitting the pigeon to make some voluntary movement occasionally.
Preparation of sample dilutions: On the day of the Assay, dilute portions of the Standard
solution and the Sample solution with isotonic sodium chloride solution in such a way that
the estimated fatal dose of each dilution will be 15 mL/kg of body weight.
Injection of sample dilutions: Arrange to inject the appropriate sample dilution by
suitable means such as a small-bore buret calibrated to 0.05 mL. Start the injection after
ensuring the absence of air bubbles from the injection apparatus, by infusing, within a few
seconds, a volume of the test dilution equivalent to 1 mL/kg of body weight. Repeat this
dose at 5-min intervals thereafter until the pigeon dies of cardiac arrest. Use a total of
NLT 6 pigeons for the Standard solution and NLT 6 pigeons for the preparation to be
assayed. If the average number of doses for any given dilution required to produce death
is fewer than 13 or greater than 19, or if the larger exceeds the smaller in the same assay
by more than 4 doses, regard these data as preliminary. Use them as a guide, and repeat
with a fresh, higher or lower dilution. Complete the Assay within 30 days for preservation
of the Standard solution and Sample solution.
Calculation of potency: Tabulate and average the number of doses of the Standard
solution, designating the average zS, and likewise obtain the corresponding average, zU,
for the Sample solution.
Calculate the potency in USP Digitalis Units/mL (i.e., per 100 mg) of the Sample solution as:
Potency = [zS × (vS/vU)]/zU
zS = average number of doses of the Standard solution
vS = number of USP Digitalis Units/mL of Standard solution dilution
vU = volume of Sample solution per mL of dilution (mL)
zU = average number of doses of the Sample solution
Calculate the confidence interval, L [see Equation (31) in Design and Analysis of Biological
Assays 〈111〉, The Confidence Interval and Limits of Potency]. If L exceeds 0.30, repeat
the Assay or inject more pigeons with one or both preparations until the confidence
interval is 0.30 or less.
Acceptance criteria: The potency of Digitalis, calculated from that of the Sample solution,
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is satisfactory if the result is NLT 0.85 USP Digitalis Units/100 mg.
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 5.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: The
proportion of stems, browned leaves, flowers, and other foreign organic matter does not
exceed 2.0%.
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Unground digitalis occurs as more or less crumpled or broken leaves. The leaf
blades are ovate, oblong-ovate to ovate-lanceolate, mostly 10–35 cm in length and 4–11
cm in width and contracted into a winged petiole. The apex is obtuse; the margin
irregularly crenate or serrate; the lower surface densely pubescent, the upper surface
wrinkled and finely hairy. The venation is conspicuously reticulate, the mid-rib and
principal veins broad and flat, and the lower veins are continued into the wings of the
petiole. The color of the upper surface is dark green, of the lower surface grayish from the
dense pubescence, the larger veins often purplish. The odor is slight when dry, peculiar
and characteristic when moistened.
Microscopic: Digitalis shows an upper epidermis whose cells possess slightly wavy anticlinal
walls, numerous hairs, and no stomata; a lower epidermis with wavy anticlinal walls,
numerous oval stomata, and many hairs, and frequently not attached over irregular areas
to the cell layer within, especially near the veins; a broad chlorenchyma of a single layer
of short palisade cells and several layers of spongy parenchyma; and numerous vascular
bundles in the larger veins and petioles, separated by vascular rays one cell in width. On
the apex of each marginal tooth, one or two water stomata occur.
Ground digitalis: This is dark green in color. Present are chiefly numerous irregular
fragments of epidermis and chlorenchyma; nonglandular hairs that are frequently curved or
crooked, up to 500 µm in length, uniseriate, two- to eight-celled, some of the cells
collapsed so that the planes of adjoining cells may be at right angles, the terminal cell
pointed or rounded; few, small glandular hairs, usually with a one- or two-celled stalk, and
a one- or two-celled head; fragments of veins and petioles with annular, reticulate, spiral,
and simple pitted vessels and tracheids. Calcium oxalate is absent.
• Water Determination 〈921〉, Method III: NMT 6.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in containers that protect it from absorbing moisture.
• Labeling: Digitalis labeled to indicate that it is to be used only in the manufacture of
glycosides is exempt from the moisture and storage requirements.
• USP Reference Standards 〈11〉
USP Digitalis RS
1S (USP42)

1 One USP Digitalis Unit represents the potency of 100 mg of USP Digitalis RS.
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Recent Official Publications:
USP41–NF36 Page 1285
BRIEFING
Powdered Digitalis, USP 41 page 1287. It is proposed to omit this monograph for the
following reasons:
1. It appears that no drug products formulated with Digitalis Leaf are currently marketed in
the United States.
2. The Reference Standard associated with this monograph is still the first lot of the
material from 1949, indicating limited interest.
3. We do not have information to show that the methods in this monograph are being
used. The continued stability of use testing of the reference material using the bioassay
is not relevant if the method is not being used. Monographs for Digitalis Leaf were
introduced into the first edition of USP in 1820, and have not been substantially revised
in the last 70 years. We have not received any queries related to this monograph. Our
outreach to industry for modernization of the methods was not successful and sponsors
were not available.
4. USP monographs for Digoxin provide up-to-date methods of analysis for products that
are widely used as prescription drugs.
5. Since Digitalis Leaf products are used in other countries, the monograph may be
introduced in the Herbal Medicines Compendium (HMC) as a "for development" proposal,
which provides a mechanism for the sponsors to propose up-to-date methods with
validation data. The monograph may remain in the USP if interested stakeholders provide
comments and analytical data to modernize the methods.
(BDSHM: N.-C. Kim.)
Correspondence Number—C204001
Comment deadline: July 31, 2018
Delete the following:
Powdered Digitalis
DEFINITION
Powdered Digitalis is Digitalis (Digitalis purpurea) dried at a temperature not exceeding 60°,
reduced to a fine or a very fine powder, and adjusted, if necessary, to conform to the official
potency by admixture with sufficient Lactose, Starch, or exhausted marc of digitalis, or with
Powdered Digitalis having either a lower or a higher potency.
The potency of Powdered Digitalis is such that, when assayed as directed, 100 mg is equivalent
to 1 USP Digitalis Unit.1
[Note—When Digitalis is prescribed, Powdered Digitalis is to be dispensed.]
IDENTIFICATION
• A. Botanic Characteristics: The powder is dark green in color. Present chiefly are numerous
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irregular fragments of epidermis and chlorenchyma; nonglandular hairs that are frequently
curved or crooked, up to 500 µm in length, uniseriate, three- to five- (two- to eight-)
celled, some of the cells collapsed so that the planes of adjoining cells may be at right
angles, the terminal cell pointed or rounded; few, small glandular hairs, usually of two
types: one is short (20–40 µm long) with a one-celled stalk and typically two-celled head;
a second, less numerous, is long (up to 350 µm) with a uniseriate, multicellular stalk and
unicellular head with a one- or two-celled stalk, and a one- or two-celled head; fragments
of veins and petioles with annular, reticulate, spiral and simple pitted vessels and
tracheids. Calcium oxalate is absent.
Change to read:
• B. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution A: Transfer 100 mg of USP Digitalis RS to a 15-mL centrifuge tube
containing 2.0 mL of diluted alcohol and 1.0 mL of lead acetate TS (ERR 1-Feb-2018) ,
shake, and boil for 2 min. Centrifuge, decant the supernatant into a second 15-mL
centrifuge tube, and add 2.0 mL of chloroform. Centrifuge, then remove the lower layer,
and filter it through a chloroform-washed small column of anhydrous sodium sulfate
(100–300 mg) into a 5-mL centrifuge tube. Evaporate the chloroform solution under a
stream of nitrogen to dryness, and dissolve the residue in 100 µL of a mixture of methanol
and chloroform (1:1).
Standard solution B: Dissolve USP Digitoxin RS in a mixture of methanol and chloroform
(1:1) such that the final concentration is approximately 0.2 mg/mL.
Sample solution: Prepare the Sample solution in the same manner as Standard solution A.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Ethyl acetate, methanol, and water (30:4:3)
Derivatization reagent: Mix 10 mL of chloramine T solution (3 in 100) with 40 mL of a
solution (1 in 4) of trichloroacetic acid in alcohol.
[Note—Store the mixture in a cool place, and use it within one week.]
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply Standard solution A, Standard solution B, and Sample solution, each as a narrow band
about 15 mm long. Allow the bands to dry. Develop the chromatogram in a saturated
chamber until the solvent front has moved about 15 cm from the origin. Remove the plate
from the chamber and dry. Treat with Derivatization reagent. Heat the plate at 110° for
15–20 min, and examine under long-wavelength UV light. Locate the prominent bands
from Standard solution A corresponding in RF value to the two bands from Standard
solution B. (ERR 1-Feb-2018) The chromatogram from the solution under test shows bands
corresponding to these, and also shows bands corresponding to the three other most
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prominent bands from Standard solution A but of lower RF value.
Acceptance criteria: Relative RF values for the five bands are: 1.0 (digitoxin); 0.8–0.9;
0.6–0.7; 0.4–0.5; and 0.3–0.4.
ASSAY
• Procedure
Standard solution: Weigh the contents of one container of USP Digitalis RS to the nearest
mg, either in the original container or in a weighing bottle, and transfer to a dry, hardglass, glass-stoppered container or centrifuge tube of at least 50-mL capacity. Complete
the weighing within 5 min of opening the ampul. Add a menstruum consisting of four
volumes of alcohol and one volume of water so that the total volume of menstruum added
corresponds to 10 mL for each g of powder. Insert the stopper, the upper third of which is
greased lightly with petrolatum. Shake the mixture for 24 ± 2 h at 25 ± 5° by mechanical
means, which continuously brings the solid material into fresh contact with the liquid
phase. Immediately thereafter, transfer to a centrifuge tube if necessary, centrifuge, and
decant the supernatant tincture into a dry, hard-glass bottle having a tight closure.
Preserve under refrigeration, and use within 30 days.
Sample solution: Transfer 5 g of Powdered Digitalis to a hard-glass, glass-stoppered
container or centrifuge tube of at least 50-mL capacity. Prepare as directed under
Standard solution, beginning with “Add a menstruum.” Preserve under refrigeration, and
use within 30 days.
Pigeons: Use adult pigeons free from gross evidence of disease or emaciation, and of such
weight that the heaviest weighs less than twice the weight of the lightest. Divide the
pigeons into groups as nearly alike as practicable with respect to breed and weight so
that the average weight of the group assigned by random choice to the Standard solution
shall not differ by more than 30% from the average weight of the group assigned to the
preparation to be assayed. Withhold food but not water for 16–28 h before use.
Preparatory to injection, lightly anesthetize the pigeon with ether, and immobilize it;
expose an alar vein, and cannulate with a suitable cannula. Maintain the anesthesia during
cannulation and throughout the subsequent injection period at such a level that pain is
absent, the pupillary and corneal reflexes are present, and the voluntary musculature is
not relaxed beyond permitting the pigeon to make some voluntary movement occasionally.
Preparation of sample dilutions: On the day of the Assay, dilute portions of the Standard
solution and the Sample solution with isotonic sodium chloride solution in such a way that
the estimated fatal dose of each dilution will be 15 mL/kg of body weight.
Injection of sample dilutions: Arrange to inject the appropriate sample dilution by
suitable means such as a small-bore buret calibrated to 0.05 mL. Start the injection after
ensuring the absence of air bubbles from the injection apparatus, by infusing, within a few
s, a volume of the test dilution equivalent to 1 mL/kg of body weight. Repeat this dose at
5-min intervals thereafter until the pigeon dies of cardiac arrest. Use a total of NLT six
pigeons for the Standard solution and NLT six pigeons for the preparation to be assayed.
If the average number of doses for any given dilution required to produce death is less
than 13 or greater than 19, or if the larger exceeds the smaller in the same assay by more
than 4 doses, regard these data as preliminary. Use them as a guide, and repeat with a
fresh, higher or lower dilution. Complete the assay within 30 days for preservation of the
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Standard solution and Sample solution.
Calculation of potency: Tabulate and average the number of doses of the Standard
solution, designating the average, zS, and likewise obtain the corresponding average, zU,
for the Sample solution. Compute the potency in USP Digitalis Units/mL (i.e., per 100 mg)
of the Sample solution as:
Potency = [zS × (vS/vU)]/zU
zS = average number of doses of the Standard solution
vS = number of USP Digitalis Units/mL of Standard solution dilution
vU = volume of Sample solution per mL of dilution (mL)
zU = average number of doses of the Sample solution
Compute the confidence interval, L (see Design and Analysis of Biological Assays 〈111〉, The
Confidence Interval and Limits of Potency). If L exceeds 0.30, repeat the Assay or inject
more pigeons with one or both preparations until the confidence interval is 0.30 or less.
Acceptance criteria: The potency of Powdered Digitalis, calculated from that of the
Sample solution, is satisfactory if the result is NLT 0.85 USP Digitalis Units/100 mg and
NMT 1.20 USP Digitalis Units/100 mg.
IMPURITIES
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 5.0%
SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉andTests for Specified Microorganisms 〈62〉: It meets
the requirements of the tests for absence of Salmonella species.
• Water Determination 〈921〉, Method III (Gravimetric), Procedure for Articles of Botanical
Origin: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. A package of a
suitable desiccant may be enclosed in the container.
• USP Reference Standards 〈11〉
USP Digitalis RS
USP Digitoxin RS
1S (USP42)

1 One USP Digitalis Unit represents the potency of 100 mg of USP Digitalis RS.

Recent Official Publications:
Errata published: 01/26/2018
USP41–NF36 Page 1287
BRIEFING
Digitalis Capsules, USP 41 page 1288. It is proposed to omit this monograph for the
following reasons:
1. It appears that no drug products formulated with Digitalis Leaf are currently marketed in
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the United States.
The Reference Standard associated with this monograph is still the first lot of the
material from 1949, indicating limited interest.
We do not have information to show that the methods in this monograph are being
used. The continued stability of use testing of the reference material using the bioassay
is not relevant if the method is not being used. Monographs for Digitalis Leaf were
introduced into the first edition of USP in 1820, and have not been substantially revised
in the last 70 years. We have not received any queries related to this monograph. Our
outreach to industry for modernization of the methods was not successful and sponsors
were not available.
USP monographs for Digoxin provide up-to-date methods of analysis for products that
are widely used as prescription drugs.
Since Digitalis Leaf products are used in other countries, the monograph may be
introduced in the Herbal Medicines Compendium (HMC) as a "for development" proposal,
which provides a mechanism for the sponsors to propose up-to-date methods with
validation data. The monograph may remain in the USP if interested stakeholders provide
comments and analytical data to modernize the methods.

(BDSHM: N.-C. Kim.)
Correspondence Number— C204001
Comment deadline: July 31, 2018
Delete the following:
Digitalis Capsules

» Digitalis Capsules contain an amount of Powdered Digitalis equivalent to
not less than 85.0 percent and not more than 120.0 percent of the labeled
potency.
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Digitalis RS
Microbial enumeration tests 〈61〉 and Tests for specified microorganisms 〈62〉—It meets
the requirements of the test for absence of Salmonella species.
Uniformity of dosage units 〈905〉: meet the requirements.
Assay—
Standard preparation— Prepare as directed in the Assay under Digitalis.
Assay preparation— Empty the contents of not less than 20 Capsules into a hard-glass, glassstoppered container of not less than 50-mL capacity. Add a menstruum consisting of 4 volumes
of alcohol and 1 volume of water so that the total volume of menstruum corresponds to 1 mL
for each expected USP Digitalis Unit. Insert the stopper, the upper third of which is greased
lightly with petrolatum. Shake the mixture at 25 ± 5° for 24 ± 2 hours by mechanical means,
which continuously brings the solid material into fresh contact with the liquid phase.
Immediately thereafter transfer to a centrifuge tube, centrifuge, and decant the supernatant
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tincture into a dry, hard-glass bottle having a tight closure. Preserve under refrigeration, and
use within 30 days.
Pigeons, Preparation of test dilutions, Injection of test dilutions, and Calculation of potency—
Proceed as directed in the Assay under Digitalis. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 1288
BRIEFING
Digitalis Tablets, USP 41 page 1288. It is proposed to omit this monograph for the following
reasons:
1. It appears that no drug products formulated with Digitalis Leaf are currently marketed in
the United States.
2. The Reference Standard associated with this monograph is still the first lot of the
material from 1949, indicating limited interest.
3. We do not have information to show that the methods in this monograph are being
used. The continued stability of use testing of the reference material using the bioassay
is not relevant if the method is not being used. Monographs for Digitalis Leaf were
introduced into the first edition of USP in 1820, and have not been substantially revised
in the last 70 years. We have not received any queries related to this monograph. Our
outreach to industry for modernization of the methods was not successful and sponsors
were not available.
4. USP monographs for Digoxin provide up-to-date methods of analysis for products that
are widely used as prescription drugs.
5. Since Digitalis Leaf products are used in other countries, the monograph may be
introduced in the Herbal Medicines Compendium (HMC) as a "for development" proposal,
which provides a mechanism for the sponsors to propose up-to-date methods with
validation data. The monograph may remain in the USP if interested stakeholders provide
comments and analytical data to modernize the methods.
(BDSHM: N.-C. Kim.)
Correspondence Number—C204001
Comment deadline: July 31, 2018
Delete the following:
Digitalis Tablets

» Digitalis Tablets contain an amount of Powdered Digitalis equivalent to
not less than 85.0 percent and not more than 120.0 percent of the labeled
potency.
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Digitalis RS
Microbial enumeration tests 〈61〉 and Tests for specified microorganisms 〈62〉—It meets
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the requirements of the test for absence of Salmonella species.
Disintegration 〈701〉: 30 minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Assay—
Standard preparation— Prepare as directed in the Assay under Digitalis.
Assay preparation— Weigh and finely powder not fewer than 25 Tablets. Weigh accurately a
portion of the powder, equivalent to not less than 20 Tablets. Transfer to a dry, hard-glass,
glass-stoppered container of not less than 50-mL capacity. Proceed as directed for the Assay
preparation in the Assay under Digitalis Capsules, beginning with “Add a menstruum.”
Pigeons, Preparation of test dilutions, Injection of test dilutions, and Calculation of potency—
Proceed as directed in the Assay under Digitalis. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 1288
BRIEFING
Fluconazole Tablets, USP 41 page 1765. On the basis of comments received and as part of
the USP monograph modernization efforts, it is proposed to revise the monograph as follows:
1. Add Identification B based on UV spectrum match of the fluconazole peak, as obtained
in the Assay.
2. Replace the Assay procedure with a chromatographic procedure that shows better
specificity. The HPLC procedure is validated using the Hypersil BDS C18 brand of column
with L1 packing. The typical retention time for fluconazole is about 8 min.
3. Add a test for Organic Impurities. The liquid chromatographic procedure is validated
using the Symmetry C18 brand of column with L1 packing. The typical retention time of
fluconazole is about 10 min.
4. Add USP Fluconazole Related Compound A RS, USP Fluconazole Related Compound B RS,
and USP Fluconazole Related Compound C RS to the USP Reference Standards section
to support the addition of the Organic Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: S. Shivaprasad.)
Correspondence Number—C181803; C187472
Comment deadline: July 31, 2018
Fluconazole Tablets
DEFINITION
Fluconazole Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
fluconazole (C13 H12 F 2 N6 O).
IDENTIFICATION

PF 44(3): May.-Jun. 2018

328

Change to read:
•
A. 1S (USP42)
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV absorption spectrum of the major peak of the Sample solution exhibits maxima
and minima at the same wavelengths as those of the corresponding peak of the Standard
solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: 0.01 M anhydrous sodium acetate solution. Adjust with glacial acetic acid to a pH
of 5.0.
Mobile phase: Methanol, acetonitrile, and Buffer (20:10:70)
Standard stock solution: 1.0 mg/mL of USP Fluconazole RS dissolved in water, and diluted
with Mobile phase to volume. Sonicate the solution, if necessary. [Note—The target ratio
is about 5% water to 95% Mobile phase.]
Standard solution: 0.2 mg/mL of USP Fluconazole RS in Mobile phase prepared from the
Standard stock solution
Sample solution: Weigh NLT 5 Tablets, and disperse in a suitable quantity of water.
Sonicate the solution, if necessary. Add a sufficient quantity of Mobile phase, sonicate for
5 min, and shake for 30 min. Dilute with Mobile phase to volume to obtain a concentration
between about 1 and 4 mg/mL, and mix. [Note—The target ratio is about 5% water to
95% Mobile phase.] Centrifuge a suitable portion of the mixture. Filter and quantitatively
dilute a portion of the supernatant with Mobile phase to obtain a solution of about 0.2
mg/mL of fluconazole.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 261 nm.
Column: 3.9-mm × 150-mm; 4-µm packing L1
Flow rate: 1 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1100 theoretical plates
Tailing factor: NMT 3.0
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Relative standard deviation: NMT 2.0%
Buffer: 2.89 g of tetramethyl ammonium bromide and 0.51 g of sodium acetate trihydrate
in 750 mL of water. Adjust with glacial acetic acid to a pH of 5.0. Pass through a suitable
filter of 0.45-µm pore size.
Mobile phase: Acetonitrile, water, and Buffer (22:15:75)
Diluent: Methanol and water (30:70)
Standard solution: 0.4 mg/mL of USP Fluconazole RS in Diluent. Sonicate if necessary to
dissolve.
Sample stock solution: Nominally 2–4 mg/mL of fluconazole prepared as follows. Transfer
NLT 10 Tablets to a suitable volumetric flask, add water up to 10% of the flask volume
and swirl to disperse the tablets. Add an additional 60% of the flask volume of Diluent and
sonicate for 45 min with intermittent shaking. Dilute with Diluent to volume. Centrifuge a
suitable portion of this solution for 15 min.
Sample solution: Nominally 0.4 mg/mL of fluconazole in Diluent from Sample stock solution.
Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 261 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 40 µL
Run time: NLT 1.5 times the retention time of the fluconazole peak
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
1S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluconazole (C13 H12 F 2 N6 O) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fluconazole from the Sample solution
rS = peak response of fluconazole from the Standard solution
CS = concentration of USP Fluconazole RS in the Standard solution (mg/mL)
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CU = nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Test 1
Medium: Water; 500 mL (900 mL for Tablets labeled to contain more than 100 mg)
Apparatus 2: 50 rpm
Time: 45 min
Buffer: 0.01 M anhydrous sodium acetate solution. Adjust with glacial acetic acid to a pH
of 5.0.
Mobile phase: Methanol, acetonitrile, and Buffer (20:10:70)
Standard solution: 2 mg/mL of USP Fluconazole RS in Medium. Sonicate the solution to
facilitate dissolution, if necessary. Quantitatively dilute a portion of this solution with
Medium to obtain a final concentration similar to the one expected in the Sample
solution.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 261 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1100 theoretical plates
Tailing factor: NMT 3.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluconazole (C13 H12 F 2 N6 O) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU = peak response of fluconazole from the Sample solution
rS = peak response of fluconazole from the Standard solution
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CS = concentration of USP Fluconazole RS in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 500 or 900 mL
Tolerances: NLT 75% (Q) of the labeled amount of fluconazole (C13 H12 F 2 N6 O) is
dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets
Dissolution Test 2.
Medium: Water; 900 mL (for all Tablet strengths)
Apparatus 2: 50 rpm
Time: 45 min
Mobile phase: Water and acetonitrile (4:1)
Standard stock solution: 1.1 mg/mL of USP Fluconazole RS in methanol
Standard solution: Dilute the Standard stock solution with Medium to obtain a final
concentration of (L/900) mg/mL, where L is the label claim in mg/Tablet.
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1000 theoretical plates
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluconazole (C13 H12 F 2 N6 O) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU = peak response of fluconazole from the Sample solution
rS = peak response of fluconazole from the Standard solution
CS = concentration of the Standard solution (mg/mL)
L = label claim (mg/Tablet)
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V = volume of Medium, 900 mL
Tolerances: NLT 75% (Q) of the labeled amount of fluconazole (C13 H12 F 2 N6 O) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Solution A: Acetonitrile and water (15:85)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
16
50
55
65

Table 1
Solution A
(%)
100
100
90
100
100

Solution B
(%)
0
0
10
0
0

Peak identification solution: 0.01 mg/mL of USP Fluconazole RS and 6.0 µg/mL each of
USP Fluconazole Related Compound A RS, USP Fluconazole Related Compound B RS, and
USP Fluconazole Related Compound C RS in Solution A. Sonicate, if necessary, to dissolve.
Standard solution: 0.01 mg/mL of USP Fluconazole RS in Solution A. Sonicate, if
necessary, to dissolve.
Sample solution: Nominally 3 mg/mL of fluconazole from NLT 20 finely powdered Tablets in
Solution A. Sonicate for 30 min with occasional swirling, prior to final dilution. Pass through
a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0% for the fluconazole peak
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual unspecified impurity in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual unspecified impurity from the Sample solution
rS = peak response of fluconazole from the Standard solution
CS = concentration of USP Fluconazole RS in the Standard solution (mg/mL)
CU = nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria See Table 2. The reporting threshold is 0.1%.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Fluconazole related compound Aa
0.43
a
Fluconazole related compound B
0.72
Fluconazole related compound Ca
0.83
Fluconazole
1.0
Any individual unspecified impurity
—
Total impurities
—
a This is a process-related impurity, and monitored in the drug

—
—
—
—
0.20
1.0
substance.

1S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Fluconazole RS
USP Fluconazole Related Compound A RS
2-[2-Fluoro-4-(1H-1,2,4-triazol-1-yl)phenyl]-1,3-bis(1H-1,2,4-triazol-1-yl)-propan-2ol.
C15 H14 FN9 O
355.33
USP Fluconazole Related Compound B RS
2-(4-Fluorophenyl)-1,3-bis(1H-1,2,4-triazol-1-yl)-propan-2-ol.
C13 H13 FN9 O
288.28
USP Fluconazole Related Compound C RS
1,1′-(1,3-Phenylene)di(1H-1,2,4-triazole).
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212.21

1S (USP42)

Recent Official Publications:
USP41–NF36 Page 1765
BRIEFING
Fluvastatin Capsules, USP 41 page 1860. As part of USP monograph modernization efforts,
it is proposed to make the following changes:
1. Add Identification B based on UV spectrum agreement, as obtained in the Assay.
2. Eliminate the redundant content for the Mobile phase gradient in the Assay.
3. Update the Detector in the Chromatographic system in the Assay to support the
proposed Identification B.
4. Include the Standard solution in the Samples for the System suitability in the Assay and
the test for Organic Impurities based on validation data and lab evaluation.
5. Include the Sensitivity solution in the Organic Impurities test and update the System
suitability requirements. Add a Signal-to-noise ratio to the System suitability
requirements. Delete the Acceptance criteria for Total unknown impurities.
6. Correct the fluvastatin molecular weight from 411.48 to 411.47 in accordance with
IUPAC for the Analysis in the Assay and test for Organic Impurities.
7. Clarify the Standard solution preparation in the Dissolution test.
8. Update the Guard column dimensions in the Dissolution test based on the original
submission. Add a calculation to the Dissolution test.
9. Revise the Uniformity of Dosage Units test to allow for flexible uniformity
determinations.
10. Include the chemical names for the degradation products in the Organic Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: Y. Yang.)
Correspondence Number—C185040
Comment deadline: July 31, 2018
Fluvastatin Capsules
DEFINITION
Fluvastatin Capsules contain fluvastatin sodium (C24 H25 FNNaO4 ) equivalent to NLT 90.0%
and NMT 110.0% of the labeled amount of fluvastatin (C24 H26 FNO4 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
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ASSAY
Change to read:
• Procedure
[Note—Protect all solutions from light.]

1S (USP42)

Buffer: Prepare a solution containing 40 mL of 25% aqueous tetramethylammonium
hydroxide in 1 L of water. Adjust with approximately 4.5 mL of phosphoric acid to a pH of
7.2.
Solvent mixture: Methanol and acetonitrile (60:40)
Solution A: Solvent mixture and Buffer (12.5: 87.5)
Solution B: Solvent mixture and Buffer (87.5: 12.5)
Mobile phase: See Table 1. [Note—Adjust the start time of the gradient step and the
equilibration time for each instrument.]
1S (USP42)

Time
(min)
0
6
17
20
20.1
26.1

Table 1
Solution A
(%)
54
54
17
17
54
54

Solution B
(%)
46
46
83
83
46
46

Diluent: Solvent mixture and Buffer (46:54)
System suitability solution: 0.42 mg/mL of fluvastatin sodium from USP Fluvastatin for
System Suitability RS in Diluent
Standard solution: 0.42 mg/mL of USP Fluvastatin Sodium RS, equivalent to 0.4 mg/mL of
fluvastatin, in Diluent
Sample stock solution: Nominally 1.0 mg/mL of fluvastatin from Capsules prepared as
follows. Transfer the contents and the empty shells of 10
a suitable number of 1S (USP42)
Capsules, equivalent to 200 mg of fluvastatin, to a 200-mL volumetric flask. Add 100 mL
of methanol, and stir with a magnetic or mechanical stirrer for 45 min. Centrifuge a portion
of this solution at 4000 rpm for 20 min.
Sample solution: Nominally 0.4 mg/mL of fluvastatin from Sample stock solution in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 305 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.

1S (USP42)
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Column: 4.6-mm × 5-cm; 5-µm packing L1
Flow rate: 2.0 mL/min
Injection volume: 25 µL
[Note—If the retention time of the fluvastatin peak exceeds 5.7 min, adjust the isocratic
step accordingly, so that both the fluvastatin peak and the anti-isomer peak elute within
the isocratic region.]

1S (USP42)

System suitability
Samples: System suitability solution
and Standard solution 1S (USP42)
[Note—The relative retention times for fluvastatin and fluvastatin anti-isomer are 1.0 and
1.2, respectively.]
Suitability requirements
Resolution: NLT 1.4 between fluvastatin anti-isomer and fluvastatin, System suitability
solution
Retention time: 5.4 min for the fluvastatin peak, System suitability solution
1S (USP42)

Relative standard deviation: NMT 1.5%,
Standard solution 1S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluvastatin (C24 H26 FNO4 ) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of fluvastatin from the Sample solution
rS = peak response of fluvastatin from the Standard solution
CS = concentration of USP Fluvastatin Sodium RS in the Standard solution (mg/mL)
CU = nominal concentration of fluvastatin in the Sample solution (mg/mL)
Mr1 = molecular weight of fluvastatin, 411.48
411.47 1S (USP42)
Mr2 = molecular weight of fluvastatin sodium, 433.45
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
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Medium: Water; 500 mL
Apparatus 2: 50 rpm, sinkers not used
Time: 30 min
Procedure: Determine the amount of C24 H26 FNO4 dissolved by using the following method.
1S (USP42)

Buffer: 1.534 g of monobasic ammonium phosphate in 800 mL of water. Adjust with
phosphoric acid or ammonium hydroxide to a pH of 3.5.
Mobile phase: Methanol and Buffer (7:3)
Standard solution:
Dissolve USP Fluvastatin Sodium RS in Medium to obtain a solution having a known
concentration of fluvastatin corresponding to that obtained when 1 Capsule is dissolved in
500 mL of Medium.
(0.002 × L) mg/mL of USP Fluvastatin Sodium RS in Medium, where L is the label claim
in mg/Capsule 1S (USP42)
[Note—A volume of methanol, not exceeding 2% of the final volume of solution, may be
used to aid in dissolving USP Fluvastatin Sodium RS.]
Sample solution: Pass a portion of the solution under test through a suitable filter,
discarding the first 2 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 235 nm
Columns
Guard:
3.2-mm × 1.5-cm; 1S (USP42)
7-µm packing L1
Analytical: 4.6-mm × 10-cm; 5-µm packing L1
Flow rate: 2.0 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
From the measured peak areas, calculate the quantity of C24 H26 FNO4 dissolved:
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Calculate the percentage of the labeled amount of fluvastatin (C24 H26 FNO4 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × (Mr1/Mr2) × 100
rU = peak response of fluvastatin from the Sample solution
rS = peak response of fluvastatin from the Standard solution
CS = concentration of USP Fluvastatin Sodium RS in the Standard solution (mg/mL)
V = volume of Medium, 500 mL
L = label claim (mg/Capsule)
Mr1 = molecular weight of fluvastatin, 411.47
Mr2 = molecular weight of fluvastatin sodium, 433.45 1S (USP42)
Tolerances: NLT 80% (Q) of the labeled amount of fluvastatin (C24 H26 FNO4 ) is dissolved.
Change to read:
• Uniformity of Dosage Units 〈905〉: Meet the requirementsthe Chromatographic system
being prepared as directed for the Dissolution test.
1S (USP42)

IMPURITIES
Change to read:
• Organic Impurities
[Note—Protect all solutions from light, and use amber autosampler vials and low-actinic
glassware.]

1S (USP42)

Buffer, Solvent mixture, Solution A, Solution B, Mobile phase, Diluent, System
suitability solution, Standard solution, and Sample solution: Prepare as directed in
the Assay.
Sensitivity solution: 0.21 µg/mL of USP Fluvastatin Sodium RS in Diluent, from Standard
solution 1S (USP42)
Chromatographic system: Proceed as directed in the Assay except for the Detector.
Detector
UV 365 nm: For 3-hydroxy-5-keto fluvastatin
UV 305 nm: For all the other impurities
System suitability
Samples: System suitability solution,
Standard solution, and Sensitivity solution 1S (USP42)
Suitability requirements
Resolution: NLT 1.4 between fluvastatin anti-isomer and fluvastatin, System suitability
solution
Relative standard deviation: NMT 1.5%,
Standard solution
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Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution

1S (USP42)

Calculate the percentage of each impurity
degradation product 1S (USP42)
in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU = peak response of each impurity
degradation product 1S (USP42)
from the Sample solution
rS = peak response of fluvastatin from the Standard solution
CS = concentration of USP Fluvastatin Sodium RS in the Standard solution (mg/mL)
CU = nominal concentration of fluvastatin in the Sample solution (mg/mL)
Mr1 = molecular weight of fluvastatin, 411.48
411.47 1S (USP42)
Mr2 = molecular weight of fluvastatin sodium, 433.45
F = relative response factor (see Table 2)
[Note—Use F equal to 1.0 for unknown impurities.]

1S (USP42)

Acceptance criteria:
Individual impurities: See the Impurity Table 1.
Any unknown impurity: NMT 0.5%
Total unknown impurities: NMT 1.5%
Total impurities: NMT 4.0%
See Table 2. The reporting threshold is 0.05%.

1S (USP42)
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Name
Fluvastatin 1S (USP42)
Fluvastatin anti-isomer
a

Table 2
Relative
Retention
Time
1.0

1S (USP42)

1S (USP42)

Relative
Response
Factor
—

1S (USP42)

Acceptance
Criteria,
NMT (%)
—

1S (USP42)

1.2

1.0

1.5

1.6

27.0c

1.0

2.2

0.92

1.0

3.2

1.4

0.5

3-Hydroxy-5-keto fluvastatin
b

1S (USP42)

Fluvastatin hydroxydiene
d

1S (USP42)

Fluvastatin short-chain aldehyde
e

1S (USP42)

Any unspecified degradation
product 1S (USP42)

—

1S (USP42)

1.0

Total degradation
products 1S (USP42)

—

1S (USP42)

—

1S (USP42)

1S (USP42)

0.5

1S (USP42)

4.0

1S (USP42)

a Sodium (3RS,5RS,E)-7-(3-(4-fluorophenyl)-1-isopropyl-1H-indol-2-yl)-3,5dihydroxyhept-6-enoate.
b Sodium (E)-7-[3-(4-fluorophenyl)-1-isopropyl-1H-indol-2-yl]-3-hydroxy-5-oxohept6-enoate. 1S (USP42)
c At 365 nm.
d Sodium (4E,6E)-7-[3-(4-fluorophenyl)-1-isopropyl-1H-indol-2-yl]-3-hydroxyhepta4,6-dienoate.
e 3-(4-Fluorophenyl)-1-(methylethyl)-1H-indole-2-carboxaldehyde. 1S (USP42)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, protected from
moisture and from light. Store in a cool place or at controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Fluvastatin Sodium RS
USP Fluvastatin for System Suitability RS
[Note—USP Fluvastatin for System Suitability RS contains 1% to 2% of the fluvastatin
sodium anti-isomer.]
Fluvastatin sodium, containing 1%–2% of the fluvastatin sodium anti-isomer.
1S (USP42)

Recent Official Publications:
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USP41–NF36 Page 1860
BRIEFING
Gadoterate Meglumine Injection. Because there is no existing USP monograph for this
drug product, a new monograph is being proposed based on validated methods. The liquid
chromatographic procedure in the Assay is based on analyses performed with the Sequant ZicHilic brand of column with L114 packing manufactured by Merck. The typical retention time for
gadoterate is about 12 min.
(CHM4: R. Ravichandran.)
Correspondence Number—C153581
Comment deadline: July 31, 2018
Add the following:
Gadoterate Meglumine Injection

C16 H25 GdN4 O8 ·C7 H17 NO5

753.86

d-Glucitol, 1-deoxy-1-(methylamino)-, [1,4,7,10-tetraazacyclododecane-1,4,7,10tetraacetato(4-)- κN1,κN4,κN7,κN10,κO1,κO4,κO7,κO10]gadolinate(1-) (1:1);
1-Deoxy-1-(methylamino)-d-glucitol hydrogen [1,4,7,10-tetraazacyclododecane-1,4,7,10tetraacetato(4-)- κN1,κN4,κN7,κN10,κO1,κO4,κO7,κO10]gadolinate(1-)
[92943-93-6].
DEFINITION
Gadoterate Meglumine Injection is a sterile solution of Gadoterate Meglumine in Water for
Injection. It contains NLT 90.0% and NMT 110.0% of the labeled amount of gadoterate
meglumine (C16 H25 GdN4 O8 ·C7 H17 NO5 ).
IDENTIFICATION
• A. Ultraviolet Absorption 〈197U〉
Analytical wavelength: 265–285 nm
Sample solution: Dilute Injection with water (1:10).
Acceptance criteria: The absorption spectrum exhibits maxima at 273 and 276 nm.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
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• Procedure
Buffer 1: 6.4 g/L of ammonium acetate. Adjust with acetic acid to a pH of 6.0.
Buffer 2: 2.1 g/L of ammonium acetate. Adjust with acetic acid to a pH of 6.0.
Mobile phase: Acetonitrile and Buffer 1 (70:30)
Diluent: Acetonitrile and Buffer 2 (60:40)
Standard solution: 3.6 mg/mL of USP Gadoterate Meglumine RS in Diluent. Vigorous
shaking may be required for complete dissolution.
Sample solution: Nominally 3.6 mg/mL of gadoterate meglumine from a suitable volume of
Injection in Diluent. Vigorous shaking may be required for complete dissolution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Fluorescence
Excitation wavelength: 274 nm
Emission wavelength: 312 nm
Column: 4.6-mm × 25.0-cm; 5-µm packing L114
Column temperature: 50°
Flow rate: 0.8 mL/min
Injection volume: 5 µL
Run time: NLT 2.5 times the retention time of gadoterate
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of gadoterate meglumine
(C16 H25 GdN4 O8 ·C7 H17 NO5 ) in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fluorescence emission for gadoterate from the Sample solution
rS = peak response of fluorescence emission for gadoterate from the Standard solution
CS = concentration of USP Gadoterate Meglumine RS in the Standard solution (mg/mL)
CU = nominal concentration of gadoterate meglumine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
OTHER COMPONENTS
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• Content of Meglumine
Sample solution: Gadoterate Meglumine Injection
Blank: Water
Instrumental conditions
Mode: Polarimetry (see Optical Rotation 〈781S〉, Procedures, Specific Rotation), except
for Temperature
Temperature: 20°
Lamp: Sodium
Analytical wavelength: 589 nm
Cell: 10 cm
Analysis:
Samples: Sample solution and Blank
Determine the angular rotation (see Optical Rotation 〈781〉).
Calculate the amount of meglumine as a percentage of the labeled amount of gadoterate
meglumine (C16 H25 GdN4 O8 ·C7 H17 NO5 ) in the portion of Injection taken:
Result = (100 a/α) × (1/L) × F × 100
a = observed angular rotation of the Sample solution corrected for the Blank (°)
α = average specific rotation of meglumine, 24.0 deg·dm−1·g−1·dL
L = label claim (mg/mL)
F = unit conversion factor from g/dL to mg/mL, 10
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Limit of Free Gadolinium
Buffer: 5.7 mL/L of glacial acetic acid and 8.2 g/L of sodium acetate (10:20). [Note—If
necessary, adjust with 5.7 mL/L of glacial acetic acid or 8.2 g/L of sodium acetate to a pH
between 4.8 and 5.2.]
Indicator solution: 0.1% xylenol orange in water
Sample solution: Transfer 20 mL of Injection into a suitable flask. Add 30 mL of water, 10
mL of Buffer, 1 drop of pyridine, and 5–10 drops of Indicator solution.
Blank: Water
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Titrant: 0.01 M edetate disodium VS
Endpoint detection: Visual
Analysis
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Sample: Sample solution
Titrate with Titrant to a yellow endpoint. Add an additional drop of pyridine. If a violet color
appears, continue the analysis until it turns yellow.
Calculate the percentage of free gadolinium in the portion of Injection taken:
Result = [VT × M × F × (1/VU)] × [(V…)/10]
VT = volume of Titrant consumed (mL)
M = molarity of Titrant (mM/mL)
F = equivalency factor, 157.25 mg/mM
VU = volume of Injection used to prepare the Sample solution, 20 mL
Acceptance criteria: NMT 0.001% (w/v)
• Limit of Free Tetraxetan
Buffer 1: 5.7 mL/L of glacial acetic acid and 8.2 g/L of sodium acetate (10:20). [Note—If
necessary, adjust with 5.7 mL/L of glacial acetic acid or 8.2 g/L of sodium acetate to a pH
between 4.8 and 5.2.]
Buffer 2: 0.5 g/L of copper sulfate in water
Sample solution: Transfer 5 mL of Injection into a suitable flask. Add 5 mL each of Buffer
1 and Buffer 2.
Blank: Proceed as directed in the Analysis except without Injection in the Sample solution.
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Titrant: 0.002 M edetate disodium VS
Endpoint detection: Potentiometric. [Note—An electrode system consisting of a copper
indicator electrode and a calomel reference electrode is recommended.]
Analysis
Samples: Sample solution and Blank
Titrate potentiometrically with Titrant.
Calculate the percentage of free tetraxetan in the portion of Injection taken:
Result = [(VS − VB) × M × F] × (1/VU) × [(V…)/10]
VS = volume of Titrant consumed by the Sample solution (mL)
VB = volume of Titrant consumed by the Blank (mL)
M = actual molarity of Titrant (mM/mL)
F = equivalency factor, 404.42 mg/mM
VU = volume of Injection used to prepare the Sample solution, 5 mL
Acceptance criteria: 0.005%–0.05% (w/v)
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SPECIFIC TESTS
• pH 〈791〉: 6.5–8.0
• Particulate Matter in Injections 〈788〉: It meets the requirements for small-volume
injections.
• Sterility Tests 〈71〉: Meets the requirements
• Bacterial Endotoxins Test 〈85〉: Meets the requirements
• Container Content for Injections 〈697〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Gadoterate Meglumine RS
1S (USP42)

BRIEFING
Galantamine Extended-Release Capsules, USP 41 page 1912 and the Revision Bulletin
posted on the USP website, with an official date of January 1, 2018. It is proposed to revise
the monograph as follows:
1. Add a Run time requirement to the Assay.
2. Revise the test for Organic Impurities to add a Sensitivity solution and a Signal-to-noise
ratio requirement and to define the reporting threshold.
3. Update the USP Reference Standards section and references to the contents of USP
Galantamine Hydrobromide Related Compounds Mixture RS throughout the monograph.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C200095
Comment deadline: July 31, 2018
Galantamine Extended-Release Capsules
DEFINITION
Change to read:
Galantamine Extended-Release Capsules contain galantamine hydrobromide (C17 H21 NO3 ·HBr)
equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of galantamine
(C17 H21 NO3 ).
[Note—Throughout the following procedures, protect samples, the Reference Standard, and
solutions containing them from light. by using low-actinic glassware.
1S (USP42)

]
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IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Sample: Prepare a potassium bromide dispersion as follows. Remove 4 beads from within 1
Capsule. Grind the beads into a fine powder, and combine with potassium bromide.
Standard: Prepare a potassium bromide dispersion using USP Galantamine Hydrobromide RS.
Acceptance criteria: The IR spectra of the Sample and the Standard exhibit similar
absorption bands at 2800–2400 cm−1, 1700–1500 cm−1, and 850–750 cm−1.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 4.0 g/L of monobasic potassium phosphate in water; adjusted with 5 N sodium
hydroxide TS to a pH of 6.5
Mobile phase: Acetonitrile and Buffer (10:90)
Standard stock solution: 0.62 mg/mL of USP Galantamine Hydrobromide RS (equivalent to
0.48 mg/mL of galantamine) prepared as follows. Transfer a suitable quantity of USP
Galantamine Hydrobromide RS to a suitable flask, and dissolve in 20% of the flask volume
of methanol. Dilute with Buffer to volume.
Standard solution: 0.048 mg/mL of galantamine from the Standard stock solution in Buffer
Sample stock solution: Prepare the solution using the appropriate nominal concentration
of galantamine stated in Table 1. Transfer the contents of 10 Capsules to a suitable
volumetric flask. Add 20% of the final
1S (USP42)

flask volume of methanol, sonicate for 15 min, and stir for 20 min. Add a suitable volume
of Buffer such that 80% of the final
1S (USP42)

flask volume is filled, and stir for 90 min. Dilute with Buffer to volume.
Capsule Strength
(mg/Capsule)
8
16
24

Table 1
Nominal Concentration of Galantamine
(mg/mL)
0.32
0.32
0.48

Sample solution: Nominally 0.048 mg/mL of galantamine prepared as follows from the
Sample stock solution. Transfer a suitable volume of the Sample stock solution to an
appropriate volumetric flask, and dilute with Buffer to volume. Pass through a suitable
filter of 0.45-µm pore size. Discard the first 5 mL, and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 288 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 20 µL
Run time: NLT 1.5 times the retention time of galantamine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.7
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution

1S (USP42)

Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
CU = nominal concentration of galantamine in the Sample solution (mg/mL)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1
Medium: 0.05 M monobasic potassium phosphate, pH 6.5; 900 mL
Apparatus 2: 50 rpm with sinkers
[Note—A suitable sinker is catalog number CAPWHT-2S from www.qla-llc.com.]
1

1S (USP42)

Times: 1, 4, and 12 h
Buffer: 1 g/L of sodium 1-hexanesulfonate in water. Add 0.5 mL of phosphoric acid per
liter.
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Mobile phase: Acetonitrile and Buffer (20:80)
Standard stock solution: 0.57 mg/mL of USP Galantamine Hydrobromide RS (equivalent
to 0.44 mg/mL of galantamine) in Medium
Standard solution: (L/900) mg/mL of galantamine from the Standard stock solution in
Medium, where L is the label claim of galantamine in mg/Capsule
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
Run time: NLT 1.5 times the retention time of galantamine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of galantamine (C17 H21 NO3 ) in the sample withdrawn
from the vessel at each time point (i):
Result i = (rU/rS) × CS × (Mr1/Mr2)
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved at
each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
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Ci = concentration of galantamine in the portion of sample withdrawn at time point i
(mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Capsule)
VS = volume of the Sample solution withdrawn at each time point (mL)
Tolerances: See Table 2.
Table 2
Time Point
(i)
1
2
3

Time
(h)
1
4
12

Amount
Dissolved
(%)
20–40
40–65
NLT 75

The percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved at the times
specified conforms to Dissolution 〈711〉, Acceptance Table 2.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.05 M monobasic potassium phosphate, pH 6.5; 900 mL
Apparatus 2: 50 rpm
Times: 1, 4, and 12 h
Solution A: Transfer 0.5 mL of phosphoric acid to a 100-mL volumetric flask containing
50% of the flask volume of water. Dilute with water to volume.
Mobile phase: Acetonitrile and Solution A (7:93)
Standard stock solution: 0.23 mg/mL of USP Galantamine Hydrobromide RS (equivalent
to 0.18 mg/mL of galantamine) in Medium
Standard solution: (L/900) mg/mL of galantamine from the Standard stock solution in
Medium, where L is the label claim of galantamine, in mg/Capsule
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 3.0-mm × 15.0-cm; 5-µm packing L1
Column temperature: 35°
Flow rate: 0.7 mL/min
Injection volume: 10 µL
Run time: NLT 1.6 times the retention time of galantamine
System suitability
Sample: Standard solution
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Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of galantamine (C17 H21 NO3 ) in the sample withdrawn
from the vessel at each time point (i):
Result i = (rU/rS) × CS × (Mr1/Mr2)
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved at
each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of galantamine in the portion of sample withdrawn at time point i
(mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Capsule)
VS = volume of the Sample solution withdrawn from the Medium (mL)
Tolerances: See Table 3.
Table 3
Time Point
(i)
1
2
3

Time
(h)
1
4
12

Amount
Dissolved
(%)
22–38
50–70
NLT 80

The percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved at the times
specified conforms to Dissolution 〈711〉, Acceptance Table 2.
Test 3: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Medium: pH 6.5 phosphate buffer (6.8 g/L of monobasic potassium phosphate and 0.56
g/L of sodium hydroxide adjusted, if necessary, with phosphoric acid or 10 N sodium
hydroxide TS to a pH of 6.5); 900 mL
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Apparatus 2: 50 rpm, with stainless steel wire helix sinkers
Times: 1, 2, 4, and 12 h
Buffer: To each liter of 6.8 g/L of monobasic potassium phosphate in water add 3.0 mL of
triethylamine, and adjust the resulting solution with phosphoric acid to a pH of 2.5. Pass
through a suitable membrane filter of 0.45-µm pore size, and use the filtrate.
Mobile phase: Acetonitrile and Buffer (8:92)
Standard stock solution: 0.23 mg/mL of USP Galantamine Hydrobromide RS (equivalent
to 0.18 mg/mL of galantamine) in Medium
Standard solution: (L/900) mg/mL of galantamine from the Standard stock solution in
Medium, where L is the label claim of galantamine, in mg/Capsule
Sample solution: Pass a portion of the solution under test through a suitable filter.
Replace the portion of solution withdrawn with an equal volume of Medium.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 50 µL
Run time: NLT 2 times the retention time of galantamine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of galantamine (C17 H21 NO3 ) in the sample withdrawn
from the vessel at each time point (i):
Result i = (rU/rS) × CS × (Mr1/Mr2)
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved at
each time point (i):
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Result 1 = C1 × V × (1/L) × 100
Result 2 = [(C2 × V) + (C1 × VS)] × (1/L) × 100
Result 3 = {(C3 × V) + [(C2 + C1) × VS]} × (1/L) × 100
Result 4 = {(C4 × V) + [(C3 + C2 + C1) × VS]} × (1/L) × 100
Ci = concentration of galantamine in the portion of sample withdrawn at time point i
(mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Capsule)
VS = volume of the Sample solution withdrawn at each time point and replaced with
Medium (mL)
Tolerances: See Table 4.
Table 4
Time Point
(i)
1
2
3
4

Time
(h)
1
2
4
12

Amount
Dissolved
(%)
18–43
30–50
40–65
NLT 80

The percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved at the times
specified conforms to Dissolution 〈711〉, Acceptance Table 2.
Test 4: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 4.
Medium: pH 6.5 phosphate buffer (6.8 g/L of monobasic potassium phosphate in water
adjusted, if necessary, with 5 N sodium hydroxide TS to a pH of 6.5); 900 mL
Apparatus 2: 50 rpm, with sinkers
Times: 1, 4, and 12 h
Buffer: 6.8 g/L of monobasic potassium phosphate adjusted, if necessary, with 5 N
sodium hydroxide TS to a pH of 7.5
Mobile phase: Acetonitrile and Buffer (15:85)
Standard stock solution: 0.11 mg/mL of USP Galantamine Hydrobromide RS (equivalent
to 0.09 mg/mL of galantamine) in Medium
Standard solution: (L/900) mg/mL of galantamine from the Standard stock solution in
Medium, where L is the label claim of galantamine, in mg/Capsule
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
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Column: 4.6-mm × 15.0-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1.4 mL/min
Injection volume: 100 µL
Run time: NLT 1.5 times the retention time of galantamine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of galantamine (C17 H21 NO3 ) in the sample withdrawn
from the vessel at each time point (i):
Result i = (rU/rS) × CS × (Mr1/Mr2)
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved at
each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of galantamine in the portion of sample withdrawn at time point i
(mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Capsule)
VS = volume of the Sample solution withdrawn at each time point (mL)
Tolerances: See Table 5.
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Table 5
Time Point
(i)
1
2
3

Time
(h)
1
4
12

Amount
Dissolved
(%)
NMT 40
45–70
NLT 75

The percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved at the times
specified conforms to Dissolution 〈711〉, Acceptance Table 2.
Test 5: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 5.
Medium: pH 6.5 phosphate buffer (6.8 g/L of monobasic potassium phosphate adjusted,
if necessary, with 0.2 N sodium hydroxide TS to a pH of 6.5); 900 mL
Apparatus 2: 50 rpm with sinkers
Times: 1, 4, and 12 h
Buffer: To each liter of water add 7 mL of triethylamine.
Mobile phase: Methanol and Buffer (25:75); adjusted with phosphoric acid or a solution
of triethylamine and water (5:95) to a pH of 6.5
Standard solution: 0.025 mg/mL of USP Galantamine Hydrobromide RS (equivalent to
0.02 mg/mL of galantamine) in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 1.5 times the retention time of galantamine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of galantamine (C17 H21 NO3 ) in the sample withdrawn
from the vessel at each time point (i):
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Result i = (rU/rS) × CS × (Mr1/Mr2)
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved at
each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of galantamine in the portion of sample withdrawn at time point i
(mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Capsule)
VS = volume of the Sample solution withdrawn at each time point (mL)
Tolerances: See Table 6.
Table 6
Time Point
(i)
1
2
3

Time
(h)
1
4
12

Amount
Dissolved
(%)
10–30
45–65
NLT 80

The percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved at the times
specified conforms to Dissolution 〈711〉, Acceptance Table 2.
Test 6: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 6.
Medium: pH 6.5 phosphate buffer [6.8 g/L of monobasic potassium phosphate and 0.46
g/L of sodium hydroxide in water adjusted, if necessary, with 0.2 N sodium hydroxide TS
or hydrochloric acid and water (1.6: 98.4) to a pH of 6.5]; 900 mL
Apparatus 2: 50 rpm
Times: 1, 4, 10, and 12 h
Buffer: 2.7 g/L of monobasic potassium phosphate in water. To each liter, add 5 mL of
triethylamine and adjust with phosphoric acid, if necessary, to a pH of 4.8.
Mobile phase: Methanol and Buffer (10:90)
Standard stock solution: 0.11 mg/mL of USP Galantamine Hydrobromide RS (equivalent
to 0.09 mg/mL of galantamine) in Medium. Sonication may be used to promote

PF 44(3): May.-Jun. 2018

356

dissolution.
Standard solution: (L/900) mg/mL of USP Galantamine Hydrobromide RS from the
Standard stock solution in Medium, where L is the label claim of galantamine, in
mg/Capsule
Sample solution: Pass a portion of the solution under test through a suitable filter.
Replace the portion of solution withdrawn with an equal volume of Medium.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of galantamine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of galantamine (C17 H21 NO3 ) in the sample withdrawn
from the vessel at each time point (i):
Result i = (rU/rS) × CS × (Mr1/Mr2)
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved at
each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = [(C2 × V) + (C1 × VS)] × (1/L) × 100
Result 3 = {(C3 × V) + [(C2 + C1) × VS]} × (1/L) × 100
Result 4 = {(C4 × V) + [(C3 + C2 + C1) × VS]} × (1/L) × 100
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Ci = concentration of galantamine in the portion of sample withdrawn at time point i
(mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Capsule)
VS = volume of the Sample solution withdrawn at each time point and replaced with
Medium (mL)
Tolerances: See Table 7.
Table 7
Time Point
(i)
1
2
3
4

Time
(h)
1
4
10
12

Amount
Dissolved
(%)
15–35
45–65
NLT 70
NLT 80

The percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved at the times
specified conforms to Dissolution 〈711〉, Acceptance Table 2.
(RB 1-Jan-2018)

• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Solution A: 1.7 g/L of dibasic potassium phosphate and 3.0 g/L of monobasic potassium
phosphate in water
Solution B: Acetonitrile
Mobile phase: See Table 8.
Time
(min)
0
22
24
27
29
35

Table 8
Solution A
(%)
97
69
25
25
97
97

(RB 1-Jan-2018)

Solution B
(%)
3
31
75
75
3
3

Flow Rate
(mL/min)
0.7
0.7
1.2
1.2
0.7
0.7

Diluent: Methanol and Solution A (60:40)
System suitability solution: 0.31 mg/mL of USP Galantamine Hydrobromide Related
Compounds Mixture RS in Diluent
Standard solution: 0.0015 mg/mL
1.5 µg/mL 1S (USP42)
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of USP Galantamine Hydrobromide RS (equivalent to 0.0012 mg/mL
1.2 µg/mL 1S (USP42)
of galantamine) in Diluent
Sensitivity solution: 0.15 µg/mL of USP Galantamine Hydrobromide RS (equivalent to
0.12 µg/mL of galantamine) from the Standard solution in Diluent 1S (USP42)
Sample solution: Nominally 0.24 mg/mL
240 µg/mL 1S (USP42)
of galantamine from NLT 20 Capsules prepared as follows. Transfer a suitable portion of
the contents of NLT 20 Capsules to a suitable volumetric flask, and dilute with Diluent to
volume. Sonication and shaking may be used to promote dissolution. Allow the solution to
sit for NLT 24 h, and then clarify the solution using a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 3.0-mm × 15.0-cm; 5-µm packing L1
Column temperature: 35°
Flow rate: See Table 8. (RB 1-Jan-2018)
Injection volume: 10 µL
System suitability
Samples: System suitability solution, Standard solution, and
Sensitivity solution 1S (USP42)
[Note—See

Table 9

(RB 1-Jan-2018)

for relative retention times.]

Suitability requirements
Resolution: NLT 3.4 between galantamine and 6S-galantamine, (also known as 6αhexahydrogalantamine),
1S (USP42)

System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution 1S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of galantamine from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
(µg/mL) 1S (USP42)
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CU = nominal concentration of galantamine in the Sample solution (mg/mL)
(µg/mL) 1S (USP42)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
Acceptance criteria: See Table 9.
The reporting threshold is 0.05%.

(RB 1-Jan-2018)
1S (USP42)

Disregard peaks less than 0.05%.
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Table 9

Name

(RB 1-Jan-2018)

Relative
Retention
Time

N-Desmethyl galantaminea,b
Galantamine N-oxidec

0.57
0.75

Dihydrogalantamined,e
Galantamine
6S-Galantaminef
Didehydrodeoxygalantamine
Anhydrogalantamine 1S (USP42)

0.87
1.0
1.1

e,g

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

1.9
—
—

Any unspecified degradation product
0.2
Total degradation products
1.2
a (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-6H-benzofuro[3a,3,2-ef]
[2]benzazepin-6-ol.
(4aS,6R,8aS)-3-Methoxy-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol. 1S (USP42)
b This degradation product may be found if the drug substance is isolated from a
natural source.
c (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol, N-oxide; also known as 6βHexahydrogalantamine.
(4aS,6R,8aS)-6-Hydroxy-3-methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepine 11-oxide. 1S (USP42)
d (4aS,6R,8aS)-4a,5,7,8,9,10,11,12-Octahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol; also known as 6β-Octahydrogalantamine.
(4aS,6R,8aS)-3-Methoxy-11-methyl-4a,5,7,8,9,10,11,12-octahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol. 1S (USP42)
e This is a process impurity and is listed for information only. It is controlled in the
drug substance. It is not to be reported and is not to be included in the total
degradation products.
f (4aS,6S,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol; also known as 6α-Hexahydrogalantamine or
epi-galantamine.
(4aS,6S,8aS)-3-Methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol. 1S (USP42)
g (4aS,8aS)-9,10,11,12-Tetrahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef]
[2]benzazepine; also known as Tetrahydrogalantamine.
(4aS,8aS)-3-Methoxy-11-methyl-9,10,11,12-tetrahydro-4aHbenzo[2,3]benzofuro[4,3-cd]azepine. 1S (USP42)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
Change to read:
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• Labeling: When more than one Dissolution test is given,
1S (USP42)

The labeling states the Dissolution test used only if Test 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Galantamine Hydrobromide RS
USP Galantamine Hydrobromide Related Compounds Mixture RS
Galantamine hydrobromide.
6β-Hexahydrogalantamine (galantamine N-oxide);
(4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol, N-oxide.
C17 H21 NO4
303.35
6β-Octahydrogalantamine (dihydrogalantamine);
(4aS,6R,8aS)-4a,5,7,8,9,10,11,12-Octahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol.
C17 H23 NO3
289.37
6α-Hexahydrogalantamine (6S-galantamine);
(4aS,6S,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol.
C17 H21 NO3
287.35
Tetrahydrogalantamine (didehydrodeoxygalantamine);
(4aS,8aS)-9,10,11,12-Tetrahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef]
[2]benzazepine.
C17 H19 NO2
269.34
Galantamine N-oxide;
(4aS,6R,8aS)-6-Hydroxy-3-methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepine 11-oxide.
C17 H21 NO4
303.35
Dihydrogalantamine;
(4aS,6R,8aS)-3-Methoxy-11-methyl-4a,5,7,8,9,10,11,12-octahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol.
C17 H23 NO3
289.37
6S-Galantamine;
(4aS,6S,8aS)-3-Methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol.
C17 H21 NO3
287.35
Anhydrogalantamine;
(4aS,8aS)-3-Methoxy-11-methyl-9,10,11,12-tetrahydro-4aHbenzo[2,3]benzofuro[4,3-cd]azepine.
C17 H19 NO2
269.34
[Note—The contents have previously been referred to as galantamine hydrobromide, 6βhexahydrogalantamine, 6β-octahydrogalantamine, 6α-hexahydrogalantamine, and
tetrahydrogalantamine, respectively.] 1S (USP42)

1 A suitable sinker is catalog number C APWHT-2S from www.qla-llc.com.

1S (USP42)
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Recent Official Publications:
Revision Bulletin published: 12/29/2017
USP41–NF36 Supplement: No. 2 Page 8855
USP41–NF36 Page 1912
BRIEFING
Galantamine Oral Solution, USP 41 page 1917. It is proposed to revise the monograph as
follows:
1. Remove the protection from light statement from the Assay and test for Organic
Impurities for consistency with the Galantamine Hydrobromide, Galantamine Tablets,
and Galantamine Extended-Release Capsules monographs and supporting data.
2. Update the Relative standard deviation requirement in the Assay for consistency with
expectations of current LC systems.
3. Revise the Sensitivity solution in the test for Organic Impurities and add a reference to
the reporting threshold.
4. Update the USP Reference Standards section and references to the contents of USP
Galantamine Hydrobromide Related Compounds Mixture RS throughout the monograph.
Interested parties are encouraged to submit validated Identification procedures which avoid the
use of toxic solvents to further improve this monograph.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C200095
Comment deadline: July 31, 2018
Galantamine Oral Solution
DEFINITION
Galantamine Oral Solution contains an amount of galantamine hydrobromide (C17 H21 NO3 ·HBr)
equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of galantamine
(C17 H21 NO3 ). Galantamine Oral Solution also contains one or more suitable preservatives.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Throughout the following procedures, protect samples, the Reference Standard, and solutions
containing them from light by using low-actinic glassware.

PF 44(3): May.-Jun. 2018

363

1S (USP42)

Solution A: Acetonitrile and water (1:99)
Solution B: 5 mg/mL of ammonium acetate in Solution A
Solution C: Acetonitrile
Solution D: Water
Mobile phase: See Table 1.
Time
(min)
0
25
27
32

Table 1
Solution B
Solution C
(%)
(%)
50
3
50
35
50
3
50
3

Solution D
(%)
47
15
47
47

Diluent: 5 mg/mL of ammonium acetate in water
System suitability solution: 0.26 mg/mL of USP Galantamine Hydrobromide Related
Compounds Mixture RS prepared as follows. Transfer a suitable quantity of USP
Galantamine Hydrobromide Related Compounds Mixture RS to a suitable flask, and dissolve
in 3% of the flask volume of methanol. Dilute with Diluent to volume.
Standard solution: 0.26 mg/mL of USP Galantamine Hydrobromide RS (equivalent to 0.2
mg/mL of galantamine) prepared as follows. Transfer a suitable quantity of USP
Galantamine Hydrobromide RS to an appropriate flask, and dissolve in 3% of the flask
volume of methanol. Dilute with Diluent to volume.
Sample solution: Nominally 0.2 mg/mL of galantamine from Oral Solution prepared as
follows. Transfer a suitable volume of Oral Solution to an appropriate volumetric flask. Add
3% of the flask volume of methanol, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: NLT 3.5 times the retention time of galantamine
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 5 between galantamine and 6S-galantamine, (also known as 6α-
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hexahydrogalantamine),
1S (USP42)

System suitability solution
Tailing factor: NMT 1.3, Standard solution
Relative standard deviation: NMT 2.0%
1.0%, 1S (USP42)
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response
of galantamine 1S (USP42)
from the Sample solution
rS = peak response
of galantamine 1S (USP42)
from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
CU = nominal concentration of galantamine in the Sample solution (mg/mL)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Deliverable Volume 〈698〉: Meets the requirements
IMPURITIES
Change to read:
• Organic Impurities
Throughout the following procedures, protect samples, the Reference Standard, and solutions
containing them from light by using low-actinic glassware.

1S (USP42)

Mobile phase, Diluent, System suitability solution, Standard solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.5 µg/mL of USP Galantamine Hydrobromide RS prepared as follows.
Transfer a suitable quantity of USP Galantamine Hydrobromide RS to an appropriate flask,
and dissolve in 3% of the flask volume of methanol. Dilute with Diluent to volume.
0.26 µg/mL of USP Galantamine Hydrobromide RS (equivalent to 0.2 µg/mL of
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galantamine) from the Standard solution in Diluent 1S (USP42)
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 5 between galantamine and 6S-galantamine, (also known as 6αhexahydrogalantamine),
1S (USP42)

System suitability solution
Tailing factor: NMT 1.3, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of galantamine from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
CU = nominal concentration of galantamine in the Sample solution (mg/mL)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
Acceptance criteria: See Table 2. Disregard peaks less than 0.10%.
The reporting threshold is 0.10%. 1S (USP42)
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Table 2

Name

Relative
Retention
Time

N-Desmethyl galantaminea,b
Galantamine N-oxidec

0.54
0.68

Dihydrogalantamined,e
Galantamine
6S-Galantaminef

0.85
1.0
1.2

Narwedineg,e
Didehydrodeoxygalantamine
Anhydrogalantamine 1S (USP42)

1.6

h,e

2.0

Acceptance
Criteria,
NMT (%)
0.5
0.30
—
—
0.2
—
—

Any unspecified
—
degradation product
0.2
Total degradation products
—
1.0
a (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-6H-benzofuro[3a,3,2-ef]
[2]benzazepin-6-ol.
(4aS,6R,8aS)-3-Methoxy-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol. 1S (USP42)
b This degradation product may be found if the drug substance is isolated from a
natural source.
c (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol, N-oxide; also known as 6βhexahydrogalantamine.
(4aS,6R,8aS)-6-Hydroxy-3-methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepine 11-oxide. 1S (USP42)
d (4aS,6R,8aS)-4a,5,7,8,9,10,11,12-Octahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol; also known as 6β-octahydrogalantamine.
(4aS,6R,8aS)-3-Methoxy-11-methyl-4a,5,7,8,9,10,11,12-octahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol. 1S (USP42)
e This is a process impurity and is listed for information only. It is controlled in the
drug substance. It is not to be reported and is not to be included in the total
degradation products.
f (4aS,6S,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef ][2]benzazepin-6-ol; also known as 6α-hexahydrogalantamine or
epi-galantamine.
(4aS,6S,8aS)-3-Methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol. 1S (USP42)
g (4aS,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-one.
(4aS, 8aS)-3-Methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-one. 1S (USP42)
h (4aS,8aS)-9,10,11,12-Tetrahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef ]
[2]benzazepine; also known as tetrahydrogalantamine.
(4aS,8aS)-3-Methoxy-11-methyl-9,10,11,12-tetrahydro-4aHbenzo[2,3]benzofuro[4,3-cd]azepine. 1S (USP42)
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SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 102 cfu/mL. The total yeasts and molds count
does not exceed 5 × 101 cfu/mL. It meets the requirements of the test for absence of
Escherichia coli.
• pH 〈791〉: 3.9–6.2
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature. Protect from freezing.
Change to read:
• USP Reference Standards 〈11〉
USP Galantamine Hydrobromide RS
USP Galantamine Hydrobromide Related Compounds Mixture RS
Galantamine hydrobromide.
6β-Hexahydrogalantamine.
(4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol, N-oxide.
C17 H21 NO4
303.35
6β-Octahydrogalantamine.
(4aS,6R,8aS)-4a,5,7,8,9,10,11,12-Octahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol.
C17 H23 NO3
289.37
6α-Hexahydrogalantamine.
(4aS,6S,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol.
C17 H21 NO3
287.35
Tetrahydrogalantamine.
(4aS,8aS)-9,10,11,12-Tetrahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef]
[2]benzazepine.
C17 H19 NO2
269.34
Galantamine N-oxide;
(4aS,6R,8aS)-6-Hydroxy-3-methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepine 11-oxide.
C17 H21 NO4
303.35
Dihydrogalantamine;
(4aS,6R,8aS)-3-Methoxy-11-methyl-4a,5,7,8,9,10,11,12-octahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol.
C17 H23 NO3
289.37
6S-galantamine;
(4aS,6S,8aS)-3-Methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol.
C17 H21 NO3
287.35
Anhydrogalantamine;
(4aS,8aS)-3-Methoxy-11-methyl-9,10,11,12-tetrahydro-4aH-
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benzo[2,3]benzofuro[4,3-cd]azepine.
C17 H19 NO2
269.34
[Note—The contents have previously been referred to as galantamine hydrobromide, 6βhexahydrogalantamine, 6β-octahydrogalantamine, 6α-hexahydrogalantamine, and
tetrahydrogalantamine, respectively.] 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 1917
BRIEFING
Galantamine Tablets, USP 41 page 1918. It is proposed to revise the monograph as
follows:
1. Revise Identification A based on UV spectral agreement using the existing test for
Uniformity of Dosage Units with the use of a diode array detector and the existing
Assay. USP has received comments indicating that the existing Identification A is not
specific for all formulations from 200 to 240 nm.
2. Revise the Assay to strengthen the public standard.
A. The use of a diode array detector has been added to support the proposed
revisions to Identification A.
B. The System suitability solution and Resolution requirement from the existing test
for Organic Impurities have been added and the Relative standard deviation
requirement has been revised to ensure that the Chromatographic system is
suitable at the time of use.
C. The references to chromatographic methanol and chromatographic acetonitrile
have been replaced with references to methanol and acetonitrile, respectively,
because the proposals to add reagent entries under chromatographic methanol
and chromatographic acetonitrile were cancelled.
3. Revise Dissolution Tests 1, 2, and 3 to address requests for revision and to provide
clarity.
A. Add the solution preparations, Chromatographic system, System suitability, and
Analysis portions of Dissolution, Test 3 to Dissolution, Test 1.
B. Expand the cross reference within Dissolution, Test 2 to the UV procedure from
Dissolution, Test 1.
4. Remove the specific procedure based on UV spectroscopy in the test for Uniformity of
Dosage Units in response to comments received indicating that the specified procedure
is not suitable for all formulations.
5. Revise the test for Organic Impurities to add a Sensitivity solution, Signal-to-noise ratio
requirement, and a reporting threshold.
6. Update the USP Reference Standards section and references to the contents of USP
Galantamine Hydrobromide Related Compounds Mixture RS throughout the monograph.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C178089
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Comment deadline: July 31, 2018
Galantamine Tablets
DEFINITION
Galantamine Tablets contain an amount of Galantamine Hydrobromide equivalent to NLT
90.0% and NMT 110.0% of the labeled amount of galantamine (C17 H21 NO3 ).
IDENTIFICATION
Change to read:
• A. Ultraviolet Absorption 〈197U〉: The spectrum of the Sample solution corresponds to that
of the Standard solution, as obtained in the test for Uniformity of Dosage Units.
The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer solution: 5.34 g/L of dibasic sodium phosphate dihydrate in water. Adjust with
phosphoric acid to a pH of 6.5.
Solution A: Chromatographic methanol
Methanol 1S (USP42)
and Buffer solution (1:19)
Solution B: Chromatographic acetonitrile and Chromatographic methanol
Acetonitrile and methanol 1S (USP42)
(19:1)
Mobile phase: See Table 1.
Time
(min)
0
40.0
45.0
46.0
55.0
56.0
61.0

Table 1
Solution A
(%)
100
75
60
40
40
100
100

Solution B
(%)
0
25
40
60
60
0
0

Diluent: Dissolve 35.4 g of edetate disodium in 950 mL of water, and add 50 mL of
chromatographic methanol
methanol. 1S (USP42)
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[Note—First dissolve in water, and then add chromatographic methanol
methanol. 1S (USP42)
]
System suitability solution: 0.6 mg/mL of USP Galantamine Hydrobromide Related
Compounds Mixture RS in Diluent 1S (USP42)
Standard solution: 0.62 mg/mL of USP Galantamine Hydrobromide RS
(equivalent to 0.48 mg/mL of galantamine) 1S (USP42)
in Diluent
Sample solution:
Nominally 1S (USP42)
0.48 mg/mL of galantamine from powdered Tablets (NLT 10) in Diluent. Pass through a
PTFE filter of 0.45-µm or finer pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm.
For Identification A, use a diode array detector in the range of 200–300 nm.
Column: 4.6-mm ×10-cm; 3-µm packing L1
Column temperature: 35°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples:
System suitability solution and 1S (USP42)
Standard solution
[Note—See Table 2 for the relative retention times.]

1S (USP42)

1S (USP42)

Suitability requirements
Resolution: NLT 1.5 between galantamine N-oxide and dihydrogalantamine, System
suitability solution 1S (USP42)
Relative standard deviation: NMT 2.0%
1.0% 1S (USP42)
, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution

PF 44(3): May.-Jun. 2018

371

CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
CU = nominal concentration of galantamine in the Sample solution (mg/mL)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1
Medium: Water; 500 mL
Apparatus 2: 50 rpm
Time: 20 min
Analyze the sample under test using either the Instrumental procedure or
Chromatographic procedure.
Instrumental procedure

1S (USP42)

Standard solution: (L/400) mg/mL of USP Galantamine Hydrobromide RS in Medium,
where L is the label claim in mg
/Tablet 1S (USP42)
Sample solution: Pass portions
a portion 1S (USP42)
of the solution through a suitable filter of 0.2-µm pore size.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 288 nm
Cell: 5-cm for 4-mg and 8-mg Tablets; 1-cm for 12-mg Tablets
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved in
the portion of Tablets taken:
Result = (AU/AS) × (CS/L) × (Mr1/Mr2) × V × 100
AU = absorbance of galantamine from the Sample solution
AS = absorbance of galantamine from the Standard solution
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CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
L = label claim (mg/Tablet)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
V = volume of Medium, 500 mL
Chromatographic procedure
Buffer: 3.45 g/L of monobasic sodium phosphate in water. To each liter, add 1 mL of
triethylamine. Adjust with phosphoric acid to a pH of 4.5.
Mobile phase: Acetonitrile, methanol, and Buffer (10:10:80), filtered and deaerated
Standard solution: (L/400) mg/mL of USP Galantamine Hydrobromide RS in water,
where L is the label claim in mg/Tablet
Sample solution: Pass a portion of the solution through a suitable filter of 0.45-µm
pore size. Use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of galantamine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved in
the portion of Tablets taken:
Result = (rU/rS) × (CS/L) × (Mr1/Mr2) × V × 100
rU = peak area of galantamine from the Sample solution
rS = peak area of galantamine from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
L = label claim (mg/Tablet)
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Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
V = volume of Medium, 500 mL
1S (USP42)

Tolerances: NLT 80% (Q) of the labeled amount of galantamine (C17 H21 NO3 ) is dissolved.
Test 2: If the product complies with this test, the labeling indicates that the product meets
USP Dissolution Test 2.
Medium, Apparatus 2, Time, Standard solution, Sample solution, and Analysis:
Proceed as directed for Test 1.
Medium: Water; 500 mL
Apparatus 2: 50 rpm
Time: 20 min
Standard solution: (L/400) mg/mL of USP Galantamine Hydrobromide RS in Medium,
where L is the label claim in mg/Tablet
Sample solution: Pass a portion of the solution through a suitable filter of 0.2-µm pore
size.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 288 nm
Cell: 5-cm for 4-mg and 8-mg Tablets; 1-cm for 12-mg Tablets
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved in
the portion of Tablets taken:
Result = (AU/AS) × (CS/L) × (Mr1/Mr2) × V × 100
AU = absorbance of galantamine from the Sample solution
AS = absorbance of galantamine from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
L = label claim (mg/Tablet)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
V = volume of Medium, 500 mL
1S (USP42)

Tolerances: NLT 70% (Q) of the labeled amount of galantamine (C17 H21 NO3 ) is dissolved.
Test 3: If the product complies with this test, the labeling indicates that the product meets
USP Dissolution Test 3.
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Medium: Water; 500 mL
Apparatus 2: 50 rpm. Use peak vessels and adjust the position of the paddle so that the
distance between the tip of the peak and the bottom of the paddle is 1 cm.
Time: 20 min
Buffer: Triethylamine and 3.45 g/L of monobasic sodium phosphate in water (1:1000).
3.45 g/L of monobasic sodium phosphate in water. To each liter, add 1 mL of
triethylamine. 1S (USP42)
Adjust with phosphoric acid to a pH of 4.5.
Mobile phase: Chromatographic acetonitrile, Chromatographic methanol,
Acetonitrile, methanol, 1S (USP42)
and Buffer (10:10:80), filtered and deaerated
Standard solution: (L/400) mg/mL of USP Galantamine Hydrobromide RS in water, where
L is the label claim in mg
/Tablet 1S (USP42)
Sample solution: Pass a portion of the solution through a suitable filter of 0.45-µm pore
size. Use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: Two
NLT 2 1S (USP42)
times the retention time of galantamine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved in
the portion of Tablets taken:
Result = (rU/rS) × (CS/L) × (Mr1/Mr2) × V × 100
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rU = peak area of
galantamine from 1S (USP42)
the Sample solution
rS = peak area of
galantamine from 1S (USP42)
the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
L = label claim (mg/Tablet)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
V = volume of Medium, 500 mL
Tolerances: NLT 80% (Q) of the labeled amount of galantamine (C17 H21 NO3 ) is dissolved.
Change to read:
• Uniformity of Dosage Units 〈905〉, Content Uniformity:
Meet the requirements 1S (USP42)
Standard solution: 0.05 mg/mL of USP Galantamine Hydrobromide RS in 0.1 N hydrochloric
acid
Sample solution: Add 1 Tablet to each appropriately sized volumetric flask to obtain a
final galantamine concentration of 0.04 mg/mL. Add an appropriate amount of 0.1 N
hydrochloric acid equivalent to 75% of the total volume of the volumetric flask, and
mechanically shake for 45 min. Dilute with 0.1 N hydrochloric acid to volume. Pass a
portion of the solution through a suitable filter of 0.2-µm pore size, and use the filtrate.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: Maximum absorbance at about 289 nm
Analysis
Samples: Standard solution and Sample solution
Determine the amount of galantamine (C17 H21 NO3 ) dissolved in filtered portions of the
Sample solution in comparison with the Standard solution.
Calculate the percentage of the labeled amount of galantamine (C17 H21 NO3 ) dissolved:
Result = (AU/AS) × (CS/CU) × (Mr1/Mr2) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
CU = nominal concentration of the Sample solution (mg/mL)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
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Acceptance criteria: Meet the requirements for coated Tablets
1S (USP42)

IMPURITIES
Change to read:
• Organic Impurities
Buffer solution, Solution A, Solution B, Mobile phase, Diluent,
System suitability solution, 1S (USP42)
Standard solution, and Sample solution: Prepare as directed in the Assay.
System suitability solution: 0.6 mg/mL of USP Galantamine Hydrobromide Related
Compounds Mixture RS in Diluent
Sensitivity solution: 0.6 µg/mL of USP Galantamine Hydrobromide RS (equivalent to 0.5
µg/mL of galantamine) from the Standard solution in Diluent 1S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution,
and Sensitivity solution 1S (USP42)
[Note—Identify the impurities using the approximate relative retention times given in Table
2.
See Table 2 for the relative retention times. 1S (USP42)
]
Suitability requirements
Resolution: NLT 1.5 between 6β-hexahydrogalantamine and 6β-octahydrogalantamine
galantamine N-oxide and dihydrogalantamine, 1S (USP42)
System suitability solution
Relative standard deviation: NMT 2.0% for galantamine, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution 1S (USP42)
Analysis
Samples: Standard solution and Sample solution
[Note—Ignore the peak due to bromide near the void volume.]

1S (USP42)

Calculate the percentage of each of the impurities including the unspecified degradation
impurities
any unspecified impurity 1S (USP42)
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in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (100/F)
rU = peak area of each impurity from the Sample solution
rS = peak area of galantamine from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
CU = nominal concentration of galantamine in the Sample solution (mg/mL)
Mr1 = molecular weight of galantamine, 287.35
Mr2 = molecular weight of galantamine hydrobromide, 368.27
F = relative response factor for each of the impurities relative to galantamine (see
Table 2)
Acceptance criteria: See Table 2.
Disregard the bromide peak near the void volume. The reporting threshold is 0.1%.
1S (USP42)

Name
N-Desmethylgalantamine
N-Desmethyl galantamine

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

1S (USP42)

a

0.41

1.1

0.5

0.73

1.1

0.75

—

—

0.86
1.00

1.0

—

1.15

1.1

0.5

—

—

1.0
—

0.2
1.5

6β-Hexahydrogalantamine
(also known as
galantamine
N-oxide)
Galantamine
N-oxide 1S (USP42)
b

6β-Octahydrogalantamine(also known
as lycoramine)
Dihydrogalantamine 1S (USP42)
c,d

Galantamine hydrobromide
6α-Hexahydrogalantamine
(also known as
epigalantamine)
6S-Galantamine 1S (USP42)
e

Tetrahydrogalantamine
Anhydrogalantamine

1S (USP42)

f ,d

Individual, unspecified degradation
impurity
Any unspecified impurity 1S (USP42)
Total impurities

2.09
—
—
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a (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-6H-benzofuro[3a,3,2-ef]
[2]benzazepin-6-ol.
(4aS,6R,8aS)-3-Methoxy-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol. 1S (USP42)
b (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol, N-oxide.
(4aS,6R,8aS)-6-Hydroxy-3-methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepine 11-oxide. 1S (USP42)
c (4aS,6R,8aS)-4a,5,7,8,9,10,11,12-Octahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol.
(4aS,6R,8aS)-3-Methoxy-11-methyl-4a,5,7,8,9,10,11,12-octahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol. 1S (USP42)
d This is a process impurity and is listed for information only. It is controlled in the
drug substance.
e (4aS,6S,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol.
(4aS,6S,8aS)-3-Methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol. 1S (USP42)
f (4aS,8aS)-9,10,11,12-Tetrahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef]
[2]benzazepine.
(4aS,8aS)-3-Methoxy-11-methyl-9,10,11,12-tetrahydro-4aHbenzo[2,3]benzofuro[4,3-cd]azepine. 1S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
Change to read:
• Labeling: When more than one Dissolution test is given,
1S (USP42)

The labeling states the Dissolution test used only if Test 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Galantamine Hydrobromide RS
USP Galantamine Hydrobromide Related Compounds Mixture RS
Contains galantamine hydrobromide, 6β-hexahydrogalantamine, 6βoctahydrogalantamine, 6α-hexahydrogalantamine, and tetrahydrogalantamine.
Galantamine hydrobromide.
Galantamine N-oxide;
(4aS,6R,8aS)-6-Hydroxy-3-methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepine 11-oxide.
C17 H21 NO4
303.35
Dihydrogalantamine;
(4aS,6R,8aS)-3-Methoxy-11-methyl-4a,5,7,8,9,10,11,12-octahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol.
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C17 H23 NO3
289.37
6S-Galantamine;
(4aS,6S,8aS)-3-Methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol.
C17 H21 NO3
287.35
Anhydrogalantamine;
(4aS,8aS)-3-Methoxy-11-methyl-9,10,11,12-tetrahydro-4aHbenzo[2,3]benzofuro[4,3-cd]azepine.
C17 H19 NO2
269.34
[Note—The contents have previously been referred to as galantamine hydrobromide, 6βhexahydrogalantamine, 6β-octahydrogalantamine, 6α-hexahydrogalantamine, and
tetrahydrogalantamine, respectively.] 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 1918
BRIEFING
Galantamine Hydrobromide, USP 41 page 1920. It is proposed to revise the monograph as
follows:
1. Update the Relative standard deviation requirement in the Assay for consistency with
expectations of current LC systems.
2. Revise the test for Limit of Palladium to provide flexibility.
3. Revise the test for Organic Impurities to widen the Relative standard deviation
requirement, add a Signal-to-noise ratio requirement and a Sensitivity solution, and
reference the reporting threshold.
4. Update the references to the contents of USP Galantamine Hydrobromide Related
Compounds Mixture RS throughout the monograph.
5. Update the chemical names for Galantamine Hydrobromide and the chemical information
in the USP Reference Standards section for USP Galantamine Hydrobromide Racemic RS
and USP Galantamine Hydrobromide Related Compounds Mixture RS.
6. Add a Run time within Procedure 2 of the test for Enantiomeric Purity.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C200095
Comment deadline: July 31, 2018
Galantamine Hydrobromide
Change to read:
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368.27

6H-Benzofuro[3a,3,2-ef][2]benzazepin-6-ol, 4a,5,9,10,11,12-hexahydro-3-methoxy-11-methyl, hydrobromide, (4aS,6R,8aS)-;
(4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef]
[2]benzazepin-6-ol hydrobromide
(4aS,6R,8aS)-3-Methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6H-benzofuro[3a,3,2-ef]
[2]benzazepin-6-ol hydrobromide;
(4aS,6R,8aS)-3-Methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol hydrobromide 1S (USP42)
[1953-04-4].
DEFINITION
Galantamine Hydrobromide contains NLT 98.0% and NMT 102.0% of galantamine
hydrobromide (C17 H21 NO3 ·HBr), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
[Note—Specimens are to be prepared using undried USP Galantamine Hydrobromide RS and
the test article.]
• B. The retention time of the major peak of the Sample solution corresponds to that of the
System suitability solution, as obtained in the Assay.
Change to read:
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Bromide
Sample solution: A solution of
1S (USP42)

7 mg/mL
of Galantamine Hydrobromide 1S (USP42)
in water
Acceptance criteria: Meets the requirements of
ASSAY
Change to read:

test B

(CN 1-May-2018)
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• Procedure
Diluent: Methanol and water (1:19)
(5:95) 1S (USP42)
Buffer: 0.79 g/L of dibasic sodium phosphate dihydrate and 2.46 g/L of monobasic sodium
phosphate anhydrous in water
Solution A: Methanol and Buffer (5:95)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
6.0
20.0
35.0
50.0
51.0
55.0
56.0
60.0

Table 1
Solution A
(%)
100
100
95
85
80
40
40
100
100

Solution B
(%)
0
0
5
15
20
60
60
0
0

System suitability solution: 1 mg/mL of USP Galantamine Hydrobromide Related
Compounds Mixture RS in Diluent
Standard solution: 1.0 mg/mL of USP Galantamine Hydrobromide RS in Diluent
Sample solution: 1.0 mg/mL of Galantamine Hydrobromide in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 10-cm; 3.5-µm packing L1
Column temperature: 55°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—For relative retention times, see Table 2.]
Suitability requirements
Resolution: NLT 4.5 between galantamine and 6α-hexahydrogalantamine
6S-galantamine, 1S (USP42)
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System suitability solution
Tailing factor: NMT 2.0 for galantamine, System suitability solution
Relative standard deviation: NMT 1.0%
NMT 0.73%, 1S (USP42)
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of galantamine hydrobromide (C17 H21 NO3 ·HBr) in the portion of
Galantamine Hydrobromide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
CU = concentration of Galantamine Hydrobromide in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm

(O fficial 1-Jan-2018)

Change to read:
• Limit of Palladium:
Proceed as directed below or in Elemental Impurities—Procedures 〈233〉.

1S (USP42)

[Note—Perform this test only if palladium is a known inorganic impurity of the manufacturing
process.]
Standard stock solution: 20 mg/L of palladium reference stock solution (NIST traceable)
in water
Aqua regia: Under a hood, carefully mix hydrochloric acid and nitric acid (3:1).
[Note—To obtain each of the required Standard solutions, it is recommended that the
required volume of Standard stock solution be mixed with a volume of Aqua regia
equivalent to 5% of the final volume, followed by water.]
Standard solution A: 0.2 mg/L of palladium from the Standard stock solution in water
Standard solution B: 1.0 mg/L of palladium from the Standard stock solution in water
Standard solution C: 2.0 mg/L of palladium from the Standard stock solution in water
System suitability solution: Prepare a solution having a known concentration of 1.6 mg/L
of palladium, as directed for the Standard solutions.
Sample solution: Weigh 1 g of Galantamine Hydrobromide. Transfer the sample to an
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appropriate digestion system, and digest using appropriate acids (e.g., nitric acid or
mixtures of nitric acid and sulfuric acid and mixtures of nitric acid and hydrogen peroxide).
After digestion, heat to dryness. Add 0.5 mL of Aqua regia and 2 mL of water. Warm
gently to dissolve any residue. Allow to cool. Transfer quantitatively to a 10-mL
volumetric flask, and dilute with water to volume.
Digestion blank solution: Prepare this solution following the procedure for the Sample
solution, without the test article.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectroscopy (flame)
Analytical wavelength: 247.6 nm (0.2-nm slit width)
Lamp: Palladium hollow-cathode
Blank solution: Dilute 5 mL of Aqua regia with water to 100 mL.
System suitability
Samples: Standard solution A, Standard solution B, Standard solution C, System
suitability solution, and Blank solution
Using the Standard solutions and Blank solution, construct a calibration curve.
Suitability requirements
Correlation coefficient: NLT 0.99
Recovery: 87.5%–112.5%, System suitability solution. [Note—Recovery is calculated
using the calibration curve.]
Analysis
Samples: Sample solution and Digestion blank solution
Calculate the concentration of palladium in the Sample solution, using the calibration curve,
corrected for the Digestion blank solution and the sample weight. Calculate the amount of
palladium in the Galantamine Hydrobromide taken to prepare the Sample solution.
Acceptance criteria: NMT 10 ppm
Change to read:
• Organic Impurities
Diluent, Buffer, Solution A, Solution B, Mobile phase, System suitability solution,
Sample solution, System suitability
1S (USP42)

and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.5 µg/mL of USP Galantamine Hydrobromide RS in Diluent
1S (USP42)

Standard solution: 5.0 µg/mL of USP Galantamine Hydrobromide RS in Diluent
Sample solution: 1000 µg/mL of Galantamine Hydrobromide in Diluent
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
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[Note—For relative retention times, see Table 2.]
Suitability requirements
Resolution: NLT 4.5 between galantamine and 6S-galantamine, System suitability
solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
1S (USP42)

Analysis
Samples: Standard solution and Sample solution
[Note—Ignore the peak due to bromide near the void volume and any peak below 0.05%.]

1S (USP42)

Calculate the percentage of each impurity in the portion of Galantamine Hydrobromide
taken, on the dried basis:
Result = (rU/rS) × (CS/CU) × (1/F) × [100/(100 − L)]
rU = peak response of each impurity from the Sample solution
rS = peak response of galantamine from the Standard solution
CS = concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
(µg/mL) 1S (USP42)
CU = concentration of the Sample solution (mg/mL)
(µg/mL) 1S (USP42)
F = relative response factor (see Table 2)
L = loss on drying, in percent
% 1S (USP42)
Acceptance criteria: See Table 2.
Disregard the bromide peak near the void volume. The reporting threshold is 0.05%.
1S (USP42)

Name
N-Desmethyl galantaminea
O-Desmethyl galantamineb
Galantamine Noxidec
Dihydrogalantamined
Galantamine
6S-Galantaminee

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.29
0.35

1.2
1.1

0.6
0.20

0.65
0.82
1.00
1.16

0.96
0.81
1.0
0.95

0.20
0.35
—
0.20
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Narwedinef
Didehydrodeoxygalantamine
Anhydrogalantamine 1S (USP42)

1.64

1.9

0.15

g

2.05

1.2

0.40

Any unspecified
—
impurity
1.0
0.10
—
—
Total impuritiesh
1.0
a (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-6H-benzofuro[3a,3,2-ef]
[2]benzazepin-6-ol.
(4aS,6R,8aS)-3-Methoxy-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol. 1S (USP42)
b (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-hydroxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol.
(4aS,6R,8aS)-11-Methyl-4a,5,9,10,11,12-Hexahydro-6H-benzofuro[3a,3,2-ef]
[2]benzazepin-3,6-diol. 1S (USP42)
c (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol, N-oxide; also known as 6βhexahydrogalantamine.
(4aS,6R,8aS)-6-Hydroxy-3-methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepine 11-oxide. 1S (USP42)
d (4aS,6R,8aS)-4a,5,7,8,9,10,11,12-Octahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol; also known as 6β-octahydrogalantamine.
(4aS,6R,8aS)-3-Methoxy-11-methyl-4a,5,7,8,9,10,11,12-octahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol. 1S (USP42)
e (4aS,6S,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol; also known as 6α-Hexahydrogalantamine or
epi-galantamine.
(4aS,6S,8aS)-3-Methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol. 1S (USP42)
f (4aS,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-one. [Note—This is a process impurity that may
be found in galantamine hydrobromide isolated from a natural source.]
(4aS,8aS)-3-Methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-one.
This is a process impurity that may be found in galantamine hydrobromide isolated from
a natural source.
1S (USP42)

g (4aS,8aS)-9,10,11,12-Tetrahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef]
[2]benzazepine; also known as tetrahydrogalantamine.
(4aS,8aS)-3-Methoxy-11-methyl-9,10,11,12-tetrahydro-4aHbenzo[2,3]benzofuro[4,3-cd]azepine. 1S (USP42)
h Do not include the 4R,8R-stereoisomer.
Change to read:
• Enantiomeric Purity
[Note—If Galantamine Hydrobromide is not isolated from a natural source, perform either
Procedure 1 or Procedure 2.]
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Procedure 1
Background electrolyte solution: 8.9 g/L of dibasic sodium phosphate dihydrate in
water. Adjust with phosphoric acid to a pH of 3.0.
Run buffer: 19.6 g/L of α-cyclodextrin hydrate
alpha-cyclodextrin hydrate 1S (USP42)
in Background electrolyte solution. Pass the solution through a filter of 0.22-µm pore
size.
Standard solution: 5 µg/mL of USP Galantamine Hydrobromide Racemic RS in water. Pass
the solution through a filter of 0.22-µm pore size, discarding the first 8 mL.
Sample solution: 0.5 mg/mL
500 µg/mL 1S (USP42)
of Galantamine Hydrobromide in water. Pass the solution through a filter of 0.22-µm pore
size, discarding the first 8 mL.
Capillary rinse procedure: Use separate Run buffer vials for the capillary rinse and
sample analysis. Proceed as directed in Table 3.
Table 3
Step #
1
2
3

Solution/Gas
0.1 N sodium hydroxide
VS 1S (USP42)
Water
Suitable gas

Time
(min)
15
10
5

[Note—If a new or dry capillary is being used, rinse with 1 N sodium hydroxide
VS 1S (USP42)
for 30 min, followed by rinsing with water for 15 min. Dry it with air or nitrogen for 10
min.]
Electrophoretic system
Mode: CE
Detector: UV 214 nm
Column: 75-µm × 60-cm uncoated fused-silica
Column temperature: 20°
Applied voltage: 250 V/cm, positive polarity
Run time: 35 min
System suitability
Sample: Standard solution. [Note—For the purpose of identification, the 4S,8S
stereoisomer elutes at an approximate relative migration time (RMT) of 1.00, and the
4R,8R stereoisomer elutes at an RMT of about 1.05.]
Suitability requirements
Resolution: NLT 2.5 between the two enantiomers
Relative standard deviation: NMT 10% for the 4R,8R stereoisomer peak
Measure the migration times and peak responses: the migration times for the 4R,8R
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stereoisomer in the electropherograms for
of 1S (USP42)
the Sample solution should not deviate by more than 5% of the migration time for
the same component in the electropherogram of the Standard solution.
Analysis
Samples: Standard solution and Sample solution
Injection: [Note—Rinse the capillary between injections as follows: water for 5 min,
followed by Run buffer for 5 min. Rinse times are based on a rinse pressure of 1.4
bar.]
Sample solution: 34.5 mbar for 4 s
Run buffer: 6.9 mbar for 5 s
Calculate the corrected peak responses using the formula:
Result = (r/m)
r = peak response
m = migration time of the peak (min)
Calculate the limit of the 4R,8R isomer, in percent, in the portion of Galantamine
Hydrobromide taken:
Result = (rCU/rCS) × (CS/CU) × P × 100
rCU = average corrected peak responses for
of 1S (USP42)
the 4R,8R isomer from the Sample solution
rCS = average corrected peak responses for
of 1S (USP42)
the 4R,8R isomer from the Standard solution
CS = concentration of USP Galantamine Hydrobromide Racemic RS in the Standard
solution (mg/mL)
(µg/mL) 1S (USP42)
CU = concentration of Galantamine Hydrobromide in the Sample solution (mg/mL)
(µg/mL) 1S (USP42)
P = chiral purity of USP Galantamine Hydrobromide Racemic RS, 0.5
Acceptance criteria: NMT 0.10% of the 4R,8R stereoisomer
Procedure 2
[Note—Use low-actinic glassware and vials. It is recommended that precautions be taken
to protect all solutions from light.]
Buffer: 8.2 g/L of sodium acetate in water
Mobile phase: Acetonitrile and Buffer (2:98). Adjust with acetic acid to a pH of 6.5.
System suitability solution: 2.4 µg/mL of USP Galantamine Hydrobromide Racemic RS in
water. [Note—This solution will contain about 1.2 µg/mL of the 4R,8R stereoisomer.]
Sample solution: 1.2 mg/mL of Galantamine Hydrobromide in water
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.0-mm × 15-cm; 5-µm packing L41. [Note—Alternatively, a 2.0-mm × 15.0cm column containing 5-µm packing L41 can be used with a recommended flow rate of
about 0.2 mL/min.]
Flow rate: 0.8 mL/min
Injection volume: 5 µL
Run time: NLT 3 times the retention time of galantamine 1S (USP42)
System suitability
Sample: System suitability solution. [Note—The 4R,8R stereoisomer elutes first as the
minor peak followed by the major peak due to galantamine (which is the same as the
4S,8S stereoisomer).]
Suitability requirements
Resolution: NLT 3.0 between the 4R,8R stereoisomer and galantamine peaks
Relative standard deviation: NMT 5.0% for the 4R,8R stereoisomer peak
Analysis
Sample: Sample solution
Calculate the percentage of 4R,8R stereoisomer in the portion of Galantamine
Hydrobromide taken:
Result = 100 × [r4R,8R/(r4R,8R + r4S,8S)]
r4R,8R = peak area of the 4R,8R stereoisomer from the Sample solution
r4S,8S = peak area of galantamine from the Sample solution
Acceptance criteria: NMT 0.10% of the 4R,8R stereoisomer
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 0.5%
Change to read:
• Optical Rotation 〈781〉
〈781S〉 1S (USP42)
, Procedures, Specific Rotation
[Note—If Galantamine Hydrobromide is isolated from a natural source, perform the test for
Optical Rotation.]
Sample solution: 20 mg/mL in water
Acceptance criteria: −90° to −100°
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at room temperature. Preserve in well-closed containers.
Change to read:
• Labeling: Label it to state if the source is naturally derived or is synthetic. If the source is
not natural, perform either Procedure 1 or Procedure 2 of the test for Enantiomeric Purity.
If the source is natural, perform the test for Optical Rotation 〈781〉
〈781S〉 1S (USP42)
, Procedures, Specific Rotation.
Change to read:
• USP Reference Standards 〈11〉
USP Galantamine Hydrobromide RS
USP Galantamine Hydrobromide Racemic RS
A 50:50 mixture of 4S,8S and 4R,8R isomers.
(4aSR,6RS,8aSR)-3-Methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol hydrobromide.
C17 H21 NO3 ·HBr
368.27 1S (USP42)
USP Galantamine Hydrobromide Related Compounds Mixture RS
Contains galantamine hydrobromide, 6β-hexahydrogalantamine, 6βoctahydrogalantamine, 6α-hexahydrogalantamine, and tetrahydrogalantamine.
Galantamine hydrobromide.
Galantamine N-oxide;
(4aS,6R,8aS)-6-Hydroxy-3-methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepine 11-oxide.
C17 H21 NO4
303.35
Dihydrogalantamine;
(4aS,6R,8aS)-3-Methoxy-11-methyl-4a,5,7,8,9,10,11,12-octahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol.
C17 H23 NO3
289.37
6S-Galantamine;
(4aS,6S,8aS)-3-Methoxy-11-methyl-4a,5,9,10,11,12-hexahydro-6Hbenzo[2,3]benzofuro[4,3-cd]azepin-6-ol.
C17 H21 NO3
287.35
Anhydrogalantamine;
(4aS,8aS)-3-Methoxy-11-methyl-9,10,11,12-tetrahydro-4aHbenzo[2,3]benzofuro[4,3-cd]azepine.
C17 H19 NO2
269.34
[Note—The contents have previously been referred to as galantamine hydrobromide, 6βhexahydrogalantamine, 6β-octahydrogalantamine, 6α-hexahydrogalantamine, and
tetrahydrogalantamine, respectively.] 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 1920
BRIEFING
Glucagon, USP 41 page 1956. On the basis of comments received, the following revisions
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are proposed:
1. The Definition is updated to include the production of Glucagon via synthetic processes.
2. In Identification B, the Chromatogram similarity is improved to allow slight differences
in trypsin purity that may lead to slightly different peptides that are still suitable when
comparing the Sample digest solution to the Standard digest solution and the
chromatogram from the USP rGlucagon RS certificate.
3. The Bacterial Endotoxins Test is updated to reflect current USP practices.
4. The Labeling section was added.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: E. Curti.)
Correspondence Number—C197910
Comment deadline: July 31, 2018
Glucagon

C153 H225 N43 O49 S
Glucagon (human)

3482.75
[16941-32-5].

DEFINITION
Change to read:
Glucagon is a polypeptide hormone that has the property of increasing the concentration of
glucose in the blood. It has the same structure (29 amino acids) as the hormone produced by
the α-cells of the human pancreas. Glucagon is produced by
from either synthetic or 1S (USP42)
microbial processes using recombinant DNA (rDNA) technology. The
When produced by microbial processes, the 1S (USP42)
host cell–derived protein content and/or the host cell–derived or vector-derived DNA content
are determined by validated methods. During the course of product development, it must be
demonstrated that the manufacturing process produces Glucagon having a biological activity of
NLT 0.80 USP Units/mg, using a validated bioassay approved by a competent authority. It
contains NLT 90% and NMT 105% of glucagon (C153 H225 N43 O49 S), calculated on the anhydrous
basis.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Change to read:
• B. Determine the peptide fragments, using the following peptide mapping procedure.
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Ammonium bicarbonate buffer: Prepare a 1 M ammonium bicarbonate solution, and
adjust with ammonia TS to a pH of 10.3. Prepare a mixture of 1 M ammonium bicarbonate
and water (1:9).
Enzyme solution: 2 mg/mL of α-chymotrypsin (peptide mapping grade) in Ammonium
bicarbonate buffer
Solution A: Prepare a degassed mixture of 0.5 mL of trifluoroacetic acid and 1000 mL of
water.
Solution B: Prepare a degassed mixture of 0.5 mL of trifluoroacetic acid, 600 mL of
ethanol, and 400 mL of water.
Mobile phase: See Table 1.
Time
(min)
0
35
45
46
75

Table 1
Solution A
(%)
100
53
0
100
100

Solution B
(%)
0
47
100
0
0

Standard digest solution: Prepare a 5-mg/mL solution of USP rGlucagon RS in 0.01 M
hydrochloric acid. Mix 200 µL of this solution with 800 µL of Ammonium bicarbonate
buffer. To this solution add 25 µL of Enzyme solution, and place in a closed vial at about
37° for 2 h. Remove the vial, and stop the reaction immediately by adding 120 µL of
glacial acetic acid.
Sample digest solution: Prepare a 5-mg/mL solution of Glucagon in 0.01 M hydrochloric
acid. Proceed as directed for the Standard digest solution, beginning with “Mix 200 µL of
this solution”.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.0-mm × 5-cm; 5-µm or less packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard digest solution
and Sample digest solution 1S (USP42)
Suitability requirements
Chromatogram similarity: The chromatogram from the Standard digest solution is
similar to the reference chromatogram provided with the lot of USP rGlucagon RS being
used.
The chromatogram from the Sample digest solution shows a peak pattern similar to

PF 44(3): May.-Jun. 2018

392

that of the chromatogram from the Standard digest solution. The peak pattern varies
with respect to the purity of the chymotrypsin used for the digestion. If the
chymotrypsin is very pure without trypsin, a chromatogram with four main peaks
instead of five will be generated. Additional peptides due to minor cleavages may be
seen, but where present, the pattern between the sample and reference is not
different.
[Note—The chromatogram from the USP rGlucagon RS certificate is provided as an
example to demonstrate the assignment of the predominant cleavage fragments.]
1S (USP42)

Analysis
Samples: Standard digest solution and Sample digest solution
Acceptance criteria: The chromatographic profile of the Sample digest solution
corresponds to that of the Standard digest solution.
ASSAY
• Procedure
Solution A: Dissolve 16.3 g of potassium phosphate, monobasic in 750 mL of water, adjust
with phosphoric acid to a pH of 2.7 (±0.05), add water to 800 mL, add 200 mL of
acetonitrile, and degas.
Solution B: Prepare a degassed solution of acetonitrile and water (4:6).
Mobile phase: See Table 2. [Note—The ratio of Solution A to Solution B can be adjusted to
obtain a retention time of about 21 min for the main peak.]
Time
(min)
0
25a
29
30
31
70

Table 2
Solution A
(%)
61
61
12
12
61
61

Solution B
(%)
39
39
88
88
39
39

a The end time of the isocratic elution can be adjusted so that the gradient begins
after the fourth desamido peak elutes (relative retention time about 1.4). The rest of
the program is then adjusted accordingly with this offset.
System suitability solution: Reconstitute a vial of USP rGlucagon RS in 0.01 N
hydrochloric acid to obtain a solution having a concentration of about 0.5 mg/mL. Let
stand at 50° for 48 h. At least 7% total of all four desamido glucagons should be present
in the solution.
Standard solution: Reconstitute a vial of USP rGlucagon RS in 0.01 N hydrochloric acid to
obtain a solution having a concentration of about 0.5 mg/mL.
Sample solution: 0.5 mg/mL of Glucagon in 0.01 N hydrochloric acid
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 3-mm × 15-cm; 3-µm packing L1
Column temperature: 45°
Flow rate: 0.5 mL/min
Injection volume: 15 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: Four peaks eluting after the glucagon peak that correspond to the
desamido glucagons are clearly visible. The resolution between the main peak and the
first eluting desamido peak is NLT 1.5, System suitability solution
Tailing factor: NMT 1.8 for the glucagon peak, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of glucagon (C153 H225 N43 O49 S) in the portion of Glucagon taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of the Standard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL)
Acceptance criteria: 90%–105% on the anhydrous basis
IMPURITIES
• Organic Impurities
Solution A, Solution B, Mobile phase, System suitability solution, Standard solution,
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Glucagon taken:
Result = (rU/rT) × 100
rU = peak response for each impurity
rT = sum of the responses of all peaks
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Acceptance criteria
Total of all four desamido glucagons: NMT 2.0%
Total impurities and related compounds: NMT 6.0%
SPECIFIC TESTS
• Water Determination 〈921〉, Method I, Method Ic : NMT 10%, determined on a 20- to 50-mg
sample
Change to read:
• Bacterial Endotoxins Test 〈85〉: NMT 10 USP Endotoxin Units/mg
The level of bacterial endotoxins is such that the requirement under the relevant dosage
form monograph(s) in which Glucagon is used can be met. Where the label states that
Glucagon must be subjected to further processing during the preparation of injectable
dosage forms, the level of bacterial endotoxins is such that the requirement under the
relevant dosage form monograph(s) in which Glucagon is used can be met. 1S (USP42)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in airtight containers, protected from light, and store in a
freezer.
Add the following:
• Labeling: The labeling states that the material is synthetic or of recombinant DNA origin.
1S (USP42)

Change to read:
• USP Reference Standards 〈11〉
USP rGlucagon RS
Recent Official Publications:
USP41–NF36 Page 1956

(CN 1-May-2018)

BRIEFING
Guanfacine Hydrochloride, USP 41 page 2011. As part of USP monograph modernization
efforts, the following changes are proposed:
1. Identification A is revised to allow the use of the attenuated total reflectance method
for IR identification.
2. The particle size of the Column used in the Assay is updated to be consistent with the
validation data package.
3. The Capacity factor and the Column efficiency requirements in the Assay are deleted as
the other parameters described in the procedure can adequately establish the System
suitability.
4. The Relative standard deviation requirement in the Assay is revised from 2.0% to 0.73%
to be consistent with Chromatography 〈621〉, System Suitability.
5. The test for Organic Impurities, Procedure 2, which uses TLC, is replaced with an HPLC
procedure. The proposed procedure was validated using the Prodigy ODS (3) brand of
column with L1 packing. The typical retention time for guanfacine is about 14 min. The
Acceptance criteria is presented in a new table format. The criteria for 2,6-
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dichlorophenylacetic acid and for total impurities remain the same as those in the TLC
procedure. The criteria for any unspecified impurities are based on International Council
for Harmonisation (ICH) Q3A recommended levels. Manufacturers are strongly
encouraged to submit their approved specifications to USP if they are different from
those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: Y. Yang, S. Ramakrishna.)
Correspondence Number—C173814
Comment deadline: July 31, 2018
Guanfacine Hydrochloride

C9 H9 Cl2 N3 O·HCl

282.55

Benzeneacetamide, N-(aminoiminomethyl)-2,6-dichloro-, monohydrochloride;
N-Amidino-2-(2,6-dichlorophenyl)acetamide monohydrochloride
[29110-48-3].
DEFINITION
Guanfacine Hydrochloride contains NLT 98.0% and NMT 102.0% of guanfacine hydrochloride
(C9 H9 Cl2 N3 O·HCl), calculated on the dried basis.
[Caution—Guanfacine Hydrochloride is a potent antihypertensive drug. Minimize flying dust, and
avoid all bodily and respiratory contact with this substance.]
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
〈197〉: [Note—Methods described in 〈197K〉 or 〈197A〉 may be used.] 1S (USP42)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
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• Procedure
Solution A: Phosphoric acid and water (1:4)
Buffer: Dissolve 68 g of monobasic potassium phosphate in water, and dilute with water to
1000 mL. Dilute 100 mL of this solution with water to 1000 mL, add 5 mL of triethylamine,
and adjust with Solution A to a pH of 3.0.
Mobile phase: Acetonitrile and Buffer (21:79)
Diluent: Acetonitrile and water (3:1)
Standard stock solution: 1 mg/mL of USP Guanfacine Hydrochloride RS in Diluent
Standard solution: 0.04 mg/mL of USP Guanfacine Hydrochloride RS in Mobile phase, from
the Standard stock solution
Sample stock solution: 1 mg/mL of Guanfacine Hydrochloride in Diluent
Sample solution: 0.04 mg/mL of Guanfacine Hydrochloride in Mobile phase, from the
Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm;
5-µm 1S (USP42)
packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Capacity factor: 2–5
Column efficiency: NLT 1500 theoretical plates
1S (USP42)

Tailing factor: NMT 2
Relative standard deviation: NMT 2.0%
0.73% 1S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of guanfacine hydrochloride (C9 H9 Cl2 N3 O·HCl) in the portion of
Guanfacine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of guanfacine from the Sample solution
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rS = peak response of guanfacine from the Standard solution
CS = concentration of USP Guanfacine Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Guanfacine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II 〈231〉: NMT 20 ppm
• Organic Impurities, Procedure 1

(O fficial 1-Jan-2018)

[Note—Prepare all solutions for Procedure 1 immediately prior to use, and apply to plates as
quickly as possible.]
Standard solution A: 0.4 mg/mL each of USP Guanfacine Hydrochloride RS and guanidine
hydrochloride in methanol
Standard solution B: 0.2 mg/mL each of USP Guanfacine Hydrochloride RS and guanidine
hydrochloride in methanol
Standard solution C: 0.1 mg/mL each of USP Guanfacine Hydrochloride RS and guanidine
hydrochloride in methanol
Standard solution D: 0.05 mg/mL each of USP Guanfacine Hydrochloride RS and guanidine
hydrochloride in methanol
Sample solution: 20 mg/mL of Guanfacine Hydrochloride in methanol
Chromatographic system
See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.
Mode: TLC
Chlorine chamber: Transfer 1.5 g of potassium permanganate to a 100-mL beaker, and
dissolve in and dilute with water to volume. Transfer 25 mL of this solution to a beaker,
and place the beaker inside a chromatographic chamber. Pipet 10 mL of hydrochloric
acid into the beaker, and cover the chamber.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Acetonitrile, glacial acetic acid, and ethyl acetate
(3:25:70)
Spray reagent: 0.5 mg/mL of o-tolidine in alcohol
[Caution—Avoid contact with o-tolidine. Prepare and use this Spray reagent in a wellventilated hood.]
Analysis
Samples: Standard solutions and Sample solution
Prewash the chromatographic plates by placing in a chromatographic chamber saturated
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with Developing solvent system. Remove the plates from the chamber, and allow to dry.
Separately apply 10 µL each of the Standard solutions and the Sample solution to the
chromatographic plate. Allow the spots to dry, and develop the chromatogram in the
Developing solvent system until the solvent front has moved three-fourths of the length
of the plate. Remove the plate from the chamber, mark the solvent front, and allow the
plate to air-dry for about 1 h. Examine the plate under short-wavelength UV light. Place
the dried plate in the Chlorine chamber for 15 min, remove, and allow the excess chlorine
to evaporate by air-drying for 5 min. Spray the plate with Spray reagent, and examine.
Acceptance criteria: Any spot due to guanidine hydrochloride observed in the
chromatogram of the Sample solution is not greater in size or intensity than the guanidine
hydrochloride spot of Standard solution C (0.5%); no other individual impurity spot
observed in the chromatogram of the Sample solution is greater in size or intensity than
the Guanfacine Hydrochloride spot of Standard solution D (0.25%); and the sum of all
impurities found, including guanidine hydrochloride, is NMT 1.0%.
Delete the following:
• Organic Impurities, Procedure 2
Adsorbent: 0.25-mm layer of chromatographic silica gel
Solution A: Dissolve 5 g of 4,4'-tetramethyldiaminodiphenylmethane in 20 mL of glacial
acetic acid, and add 10 mL of water.
Solution B: Dissolve 6 g of potassium iodide in 120 mL of water.
Solution C: Dissolve 0.3 g of ninhydrin in 10 mL of glacial acetic acid, and dilute with water
to 100 mL.
Spray reagent 1: Tertiary butyl alcohol and water (9:1)
Spray reagent 2: Mix Solution A and Solution B and add 9 ml of Solution C.
Developing solvent system: Prepare a fresh mixture of hexanes, diisopropyl ether,
toluene, and glacial acetic acid (60:30:5:3).
Reference solution 1: 1 mg/mL of 2,6-dichlorophenylacetic acid in a mixture of methanol
and water (9:1)
Reference solution 2: 0.5 mg/mL of 2,6-dichlorophenylacetic acid from Reference solution
1, in a mixture of methanol and water (9:1)
Reference solution 3: 0.25 mg/mL of 2,6-dichlorophenylacetic acid from Reference
solution 1, in a mixture of methanol and water (9:1)
Sample solution: 100 mg/mL of Guanfacine Hydrochloride, in a mixture of methanol and
water (9:1)
Application volume: 25 µL
Analysis: Proceed as directed for Chromatography 〈621〉, Thin-Layer Chromatography.
Prewash the chromatographic plates by placing in a chromatographic chamber saturated
with the Developing solvent system. Remove the plates from the chamber, and allow to
dry. Separately apply the Reference solutions and the Sample solution to the
chromatographic plate. Allow the spots to dry, and develop the chromatograms in the
Developing solvent system until the solvent front has moved three-fourths of the length
of the plate. Remove the plate from the chamber, mark the solvent front, and allow the
plate to air-dry for 30 min. Examine the plate under short-wavelength UV light. Spray the
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plate with Spray reagent 1, wait for 1 min, and then spray with Spray reagent 2. Place
the wet plate under short-wavelength UV light for 10 min, remove, and observe under
white light.
Acceptance criteria: No spot observed in the chromatogram of the Sample solution, other
than that due to Guanfacine Hydrochloride, is greater in size or intensity than the principal
spot of Reference solution 2 (0.5%); and the sum of all impurities found is NMT 1.0%.
1S (USP42)

Add the following:
• Organic Impurities, Procedure 2
Solution A: Dissolve 2.7 g of monobasic potassium phosphate and 1.5 g of 1pentanesulfonic acid sodium salt monohydrate in 1 L of water. Adjust with phosphoric acid
to a pH of 3.0.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
6
26
30
35
42
43
47

Table 1
Solution A
(%)
80
80
55
55
40
40
80
80

Solution B
(%)
20
20
45
45
60
60
20
20

Diluent: Phosphoric acid and methanol (1:1000)
Standard stock solution: 28.7 µg/mL of USP Guanfacine Hydrochloride RS in Diluent
Sensitivity solution: 0.28 µg/mL of USP Guanfacine Hydrochloride RS in Diluent, from the
Standard stock solution
Standard solution: 0.574 µg/mL of USP Guanfacine Hydrochloride RS in Diluent, from the
Standard stock solution
Sample solution: 0.57 mg/mL of Guanfacine Hydrochloride, equivalent to about 0.5 mg/mL
of guanfacine, in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Autosampler: 5°
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Column: 25°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Guanfacine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of guanfacine from the Standard solution
CS = concentration of USP Guanfacine Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Guanfacine Hydrochloride in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.

Name
Guanfacine
2,6-Dichlorophenylacetic acid
Any unspecified impurity
Total impurities

Table 2
Relative
Retention
Time
1.0
1.7
—
—

Relative
Response
Factor
—
0.96
1.0
—

1S (USP42)

SPECIFIC TESTS
• Loss on Drying 〈731〉
Sample: Dry at 105° for 4 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 〈11〉
USP Guanfacine Hydrochloride RS
Recent Official Publications:

Acceptance
Criteria,
NMT (%)
—
0.5
0.10
1.0
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USP41–NF36 Page 2011
BRIEFING
Hydrocortisone Acetate, USP 41 page 2063. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1. Replace the UV procedure in Identification B with an identification test based on the
retention time agreement in the proposed Assay.
2. Replace the procedure in the test for Organic Impurities with a procedure developed
and validated with specified impurities. The proposed Organic Impurities procedure is
based on analyses performed with the Phenomenex Luna C18(2) brand of column with
L1 packing. The typical retention time for hydrocortisone acetate is about 13 min.
3. Replace the procedure in the Assay with a liquid chromatographic procedure that uses
the same chromatographic system as the proposed Organic Impurities test to be
operationally efficient.
4. Add USP Cortisone Acetate RS, USP Hydrocortisone RS, and USP Prednisolone Acetate
RS to the USP Reference Standards section to support the proposed revisions in the
Assay and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: G. Hsu.)
Correspondence Number—C188990
Comment deadline: July 31, 2018
Hydrocortisone Acetate

C23 H32 O6

404.50

Pregn-4-ene-3,20-dione, 21-(acetyloxy)-11,17-dihydroxy-, (11β)-;
Cortisol 21-acetate
[50-03-3].
DEFINITION
Hydrocortisone Acetate contains NLT 97.0% and NMT 102.0% of C23 H32 O6 , calculated on
the dried basis.
IDENTIFICATION
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• A. Infrared Absorption 〈197M〉
Change to read:
• B. Ultraviolet Absorption 〈197U〉
Analytical wavelength: 242 nm
Sample solution: 10 µg/mL in methanol
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 2.5%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Butyl chloride, water-saturated butyl chloride, tetrahydrofuran, methanol,
and glacial acetic acid (475:475:70:35:30)
Standard solution: 0.10 mg/mL of USP Hydrocortisone Acetate RS in Mobile phase
Sample solution: 0.10 mg/mL of Hydrocortisone Acetate in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; 10-µm packing L3
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Mobile phase: Acetonitrile and water (40:60)
Diluent: Methanol, glacial acetic acid, and water (90:1:10)
System suitability solution: 0.02 mg/mL each of USP Hydrocortisone Acetate RS and USP
Prednisolone Acetate RS in Diluent. Sonicate to dissolve, if necessary.
Standard solution: 0.2 mg/mL of USP Hydrocortisone Acetate RS in Diluent. Sonicate to
dissolve, if necessary.
Sample solution: 0.2 mg/mL of Hydrocortisone Acetate in Diluent. Sonicate to dissolve, if
necessary.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2.7 times the retention time of hydrocortisone acetate
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between hydrocortisone acetate and prednisolone acetate,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
1S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of hydrocortisone acetate (C23 H32 O6 ) in the portion of
Hydrocortisone Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of hydrocortisone acetate from the Sample solution
rS = peak response of hydrocortisone acetate from the Standard solution
CS = concentration of USP Hydrocortisone Acetate RS in the Standard solution (mg/mL)
CU = concentration of Hydrocortisone Acetate in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉
Sample: 100 mg
Acceptance criteria: NMT 0.5%
Change to read:
• Organic Impurities
Solution A: Acetonitrile and water (20:80)
Solution B: Acetonitrile and water (70:30)
Mobile phase: See Table 1.
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Time
(min)
0
5
25
30
35
40

Table 1
Solution A
(%)
90
90
10
10
90
90

Solution B
(%)
10
10
90
90
10
10

Diluent: Acetonitrile, glacial acetic acid, and water (700:1:300)
Standard solution: 5 µg/mL of USP Hydrocortisone Acetate RS in Diluent
Sample solution: 1 mg/mL of Hydrocortisone Acetate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Hydrocortisone Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Hydrocortisone Acetate RS in the Standard solution (mg/mL)
CU = concentration of Hydrocortisone Acetate in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: NMT 1.0%
Total impurities: NMT 2.0%
Mobile phase, Diluent, System suitability solution, and Chromatographic system:
Proceed as directed in the Assay.
Sensitivity solution: 0.5 µg/mL of USP Hydrocortisone Acetate RS in Diluent. Sonicate to
dissolve, if necessary.
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Standard solution: 0.01 mg/mL each of USP Cortisone Acetate RS, USP Hydrocortisone
RS, USP Hydrocortisone Acetate RS, and USP Prednisolone Acetate RS in Diluent. Sonicate
to dissolve, if necessary.
Sample solution: 1.0 mg/mL of Hydrocortisone Acetate in Diluent. Sonicate to dissolve, if
necessary.
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 1.5 between hydrocortisone acetate and prednisolone acetate,
System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cortisone acetate, hydrocortisone, or prednisolone acetate in
the portion of Hydrocortisone Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each specified impurity from the Sample solution
rS = peak response of the corresponding Reference Standard from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(mg/mL)
CU = concentration of Hydrocortisone Acetate in the Sample solution (mg/mL)
Calculate the percentage of oxenol, anecortave acetate, or hydrocortisone diacetate in the
portion of Hydrocortisone Acetate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each specified impurity from the Sample solution
rS = peak response of hydrocortisone acetate from the Standard solution
CS = concentration of USP Hydrocortisone Acetate RS in the Standard solution (mg/mL)
CU = concentration of Hydrocortisone Acetate in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Calculate the percentage of each unspecified impurity in the portion of Hydrocortisone
Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of hydrocortisone acetate from the Standard solution
CS = concentration of USP Hydrocortisone Acetate RS in the Standard solution (mg/mL)
CU = concentration of Hydrocortisone Acetate in the Sample solution (mg/mL)
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Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
Table 1
Relative
Retention
Time
0.4
0.7
0.9
1.0
1.2
1.8
2.4
—
—

Relative
Response
Factor
—
1.1
—
—
—
0.87
1.0
—
—

Name
Hydrocortisone
Oxenola
Prednisolone acetate
Hydrocortisone acetate
Cortisone acetate
Hydrocortisone diacetateb
Anecortave acetatec
Any individual unspecified impurity
Total impurities
a 11β,17-Dihydroxypregn-4-ene-3,20-dione.
b 17-Hydroxy-3,20-dioxopregn-4-ene-11β,21-diyl diacetate.
c 17-Hydroxy-3,20-dioxopregna-4,9(11)-dien-21-yl acetate.
1S (USP42)

SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 10 mg/mL in dioxane
Acceptance criteria: +158° to +167° at 20°
• Loss on Drying 〈731〉
Analysis: Dry under vacuum at 60° for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 〈11〉
USP Cortisone Acetate RS
USP Hydrocortisone RS
1S (USP42)

USP Hydrocortisone Acetate RS
Pregn-4-ene-3,20-dione, 21-(acetyloxy)-11,17-dihydroxy-, (11β)-.
C23 H32 O6
404.50
USP Prednisolone Acetate RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2063

Acceptance
Criteria,
NMT (%)
1.0
1.0
1.0
—
1.0
1.0
1.0
1.0
2.0
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BRIEFING
Hydrocortisone Acetate Cream, USP 41 page 2064. As part of the USP monograph
modernization initiative, it is proposed to make the following changes:
1. Replace the TLC procedure in Identification A with an identification test based on the
retention time agreement in the proposed Assay.
2. Add Identification B based on the UV spectrum agreement in the proposed Assay.
3. Add a validated procedure in the test for Organic Impurities. The proposed Organic
Impurities procedure is based on analyses performed with the Phenomenex Luna C18(2)
brand of column with L1 packing. The typical retention time for hydrocortisone acetate
is about 13 min.
4. Replace the procedure in the Assay with a validated liquid chromatographic procedure
that uses the same chromatographic system as the proposed Organic Impurities test to
be operationally efficient.
5. The acceptance criteria are added to the Microbial Enumeration Tests.
6. Update the Packaging and Storage section based on the approved drug product
package insert.
7. Add USP Cortisone Acetate RS, USP Hydrocortisone RS, and USP Prednisolone Acetate
RS to the USP Reference Standards section to support the proposed revisions in the
Assay and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: G. Hsu.)
Correspondence Number—C188991
Comment deadline: July 31, 2018
Hydrocortisone Acetate Cream
DEFINITION
Hydrocortisone Acetate Cream is Hydrocortisone Acetate in a suitable cream base. It
contains NLT 90.0% and NMT 110.0% of the labeled amount of hydrocortisone acetate
(C23 H32 O6 ).
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: 250 µg/mL of USP Hydrocortisone Acetate RS in methanol
Sample solution: To 1 g of Cream add 40.0 mL of a 35% solution of acetonitrile in
methanol, and shake until dissolved. To 20.0 mL of this solution add 10.0 mL of isooctane,
and mix. Allow the layers to separate, and use the bottom layer.
Developing solvent system: Ethyl acetate, toluene, and acetone (140:40:13)
Analysis: Heat the prepared chromatographic plate at 105° for 10 min, and cool. Develop
in the Developing solvent system in a paper-lined chromatographic chamber equilibrated in
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an atmosphere of ammonia vapor.
Acceptance criteria: Meets the requirements
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Butyl chloride, water-saturated butyl chloride, tetrahydrofuran, methanol,
and glacial acetic acid (475:475:70:35:30)
Standard solution: 0.10 mg/mL of USP Hydrocortisone Acetate RS in Mobile phase
Sample solution: Transfer a quantity of Cream, nominally equivalent to 25 mg of
hydrocortisone acetate, to a suitable container, add 100.0 mL of tetrahydrofuran, and
shake until the Cream dissolves. Transfer 10.0 mL of the resulting solution to another
container, and add 15.0 mL of Mobile phase.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; 10-µm packing L3
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Solution A: Methanol, water, and glacial acetic acid (60:40:1)
Solution B: Tetrahydrofuran and water (1:1)
Mobile phase: Acetonitrile and water (40:60)
Diluent: Solution A and Solution B (80:20)
System suitability solution: 0.01 mg/mL each of USP Hydrocortisone Acetate RS and USP
Prednisolone Acetate RS in Diluent. Sonicate to dissolve, if necessary.
Standard solution: 0.1 mg/mL of USP Hydrocortisone Acetate RS in Diluent. Sonicate to
dissolve, if necessary.
Sample solution: Nominally 0.1 mg/mL of hydrocortisone acetate, prepared as follows.
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Sample solution: Nominally 0.1 mg/mL of hydrocortisone acetate, prepared as follows.
Transfer 2.5 mg of hydrocortisone acetate from a portion of Cream to a glass centrifuge
tube. Add 5 mL of Solution B and vortex for about 3 min or until the sample is thoroughly
dispersed. Add 20 mL of Solution A and sonicate for about 10 min with intermittent
vortexing and shaking. Centrifuge a portion of the solution to obtain a clear supernatant.
Use the supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 245 nm. For Identification B, use a diode array detector in the range of
210–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 40 µL
Run time: NLT 2.7 times the retention time of hydrocortisone acetate
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between hydrocortisone acetate and prednisolone acetate,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution

1S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of hydrocortisone acetate (C23 H32 O6 ) in
the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Hydrocortisone Acetate RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone acetate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay.
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Sensitivity solution: 0.25 µg/mL of USP Hydrocortisone Acetate RS in Diluent. Sonicate to
dissolve, if necessary.
Standard solution: 0.0025 mg/mL each of USP Cortisone Acetate RS, USP Hydrocortisone
RS, USP Hydrocortisone Acetate RS, and USP Prednisolone Acetate RS in Diluent. Sonicate
to dissolve, if necessary.
Sample solution: Nominally 0.25 mg/mL of hydrocortisone acetate, prepared as follows.
Transfer 2.5 mg of hydrocortisone acetate from a portion of Cream to a glass centrifuge
tube. Add 2 mL of Solution B and vortex for about 3 min or until the sample is thoroughly
dispersed. Add 8 mL of Solution A and sonicate for about 10 min with intermittent
vortexing and shaking. Centrifuge a portion of the solution to obtain a clear supernatant.
Use the supernatant.
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 1.5 between hydrocortisone acetate and prednisolone acetate,
System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cortisone acetate, hydrocortisone, or prednisolone acetate in
the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each specified impurity from the Sample solution
rS = peak response of the corresponding impurity from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(mg/mL)
CU = nominal concentration of hydrocortisone acetate in the Sample solution (mg/mL)
Calculate the percentage of anecortave acetate in the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of anecortave acetate from the Sample solution
rS = peak response of hydrocortisone acetate from the Standard solution
CS = concentration of USP Hydrocortisone Acetate RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone acetate in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Calculate the percentage of each unspecified impurity in the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified impurity from the Sample solution
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rS = peak response of hydrocortisone acetate from the Standard solution
CS = concentration of USP Hydrocortisone Acetate RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone acetate in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. The reporting threshold is 0.1%.

Name
Hydrocortisone

Table 1
Relative
Retention
Time
0.4

Oxenola,b
Prednisolone acetate
Hydrocortisone acetate
Cortisone acetate

0.7
0.9
1.0
1.2

Relative
Response
Factor
—
—
—
—
—
—

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

Hydrocortisone diacetatea,c
1.8
d
Anecortave acetate
2.4
1.0
1.0
Any individual unspecified impurity
—
—
1.0
Total impurities
—
—
2.0
a This process impurity is included in the table for identification only. It is controlled in
the drug substance, and is not to be reported or included in the total impurities.
b 11β,17-Dihydroxypregn-4-ene-3,20-dione.
c 17-Hydroxy-3,20-dioxopregn-4-ene-11β,21-diyl diacetate.
d 17-Hydroxy-3,20-dioxopregna-4,9(11)-dien-21-yl acetate.
1S (USP42)

PERFORMANCE TESTS
• Minimum Fill 〈755〉: Meets the requirements
SPECIFIC TESTS
Change to read:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉:
The total aerobic microbial count is NMT 102 cfu/mL, and the total yeasts and molds
count is NMT 101 cfu/mL. 1S (USP42)
It meets the requirements of the tests for absence of Staphylococcus aureus and
Pseudomonas aeruginosa.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. Protect from freezing.
Change to read:

1S (USP42)
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• USP Reference Standards 〈11〉
USP Cortisone Acetate RS
USP Hydrocortisone RS
1S (USP42)

USP Hydrocortisone Acetate RS
USP Prednisolone Acetate RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2064
BRIEFING
Hydroxychloroquine Sulfate Tablets, USP 41 page 2086. As part of the USP monograph
modernization initiative, the following changes are proposed.
1. The HPLC procedure in the Assay is replaced with a chromatographic procedure similar
to that used in the proposed test for Organic Impurities to be operationally efficient.
2. Add a test for Organic Impurities based on validated methods of analysis.
3. The liquid chromatographic procedures in the Assay and in the test for Organic
Impurities are based on analyses performed using the YMC-UltraHT Pro C18 brand of
column with L1 packing. The typical retention time for hydroxychloroquine is about 0.7
min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: S. Shivaprasad.)
Correspondence Number—C139765
Comment deadline: July 31, 2018
Hydroxychloroquine Sulfate Tablets
DEFINITION
Hydroxychloroquine Sulfate Tablets contain NLT 93.0% and NMT 107.0% of the labeled
amount of hydroxychloroquine sulfate (C18 H26 ClN3 O·H2 SO4 ).
IDENTIFICATION
• A. Identification—Organic Nitrogenous Bases 〈181〉
Sample solution: Nominally 20 mg/mL of hydroxychloroquine sulfate in water prepared as
follows. Triturate a quantity of finely powdered Tablets, equivalent to about 1 g of
hydroxychloroquine sulfate, with 50 mL of water, and filter (retain the remainder of the
filtrate for Identification B).
Acceptance criteria: The clear filtrate meets the requirements.
• B. Identification Tests—General 〈191〉, Chemical Identification Tests, Sulfate: The clear
filtrate obtained from Identification A meets the requirements.
• C. The retention time of the major peak of the Sample solution corresponds to that of the
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Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol, acetonitrile, water, and phosphoric acid (100:100:800:2). Add 96
mg of sodium 1-pentanesulfonate in the resulting solution, and filter.
Diluent: Methanol and water (1:1)
Standard stock solution: 1 mg/mL of USP Hydroxychloroquine Sulfate RS in Diluent
Standard solution: 0.05 mg/mL of USP Hydroxychloroquine Sulfate RS from the Standard
stock solution in Mobile phase
System suitability stock solution: 1 mg/mL of chloroquine phosphate in methanol
System suitability solution: Transfer 5.0 mL of the System suitability stock solution to a
100-mL volumetric flask, add 5.0 mL of Standard stock solution, and dilute with Mobile
phase to volume.
Sample stock solution: Nominally 1 mg/mL of hydroxychloroquine sulfate prepared as
follows. Transfer nominally 200 mg of hydroxychloroquine sulfate, from finely powdered
Tablets (NLT 20), to a 200-mL volumetric flask. Add 150 mL of Diluent, and mix. Sonicate,
with intermittent shaking, for 15 min, and cool to room temperature. Dilute with Diluent to
volume, and filter.
Sample solution: 0.05 mg/mL from the Sample stock solution in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5- to 10-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.8 between chloroquine and hydroxychloroquine, System suitability
solution
Relative standard deviation: NMT 1.5% for replicate injections of the Standard
solution
Solution A: Acetonitrile, water, and phosphoric acid (100:900:2)
Solution B: Acetonitrile, water, and phosphoric acid (800:200:1)
Mobile phase: Solution A and Solution B (97:3)
Standard solution: 0.01 mg/mL of USP Hydroxychloroquine Sulfate RS in Solution A
prepared as follows. Transfer a suitable quantity of USP Hydroxychloroquine Sulfate RS to
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a suitable volumetric flask, and add Solution A to about 75% of the flask volume. Sonicate
for NLT 5 min or until solids are dissolved. Dilute with Solution A to volume.
Sample stock solution: Nominally 1.0 mg/mL of hydroxychloroquine sulfate in Solution A
prepared as follows. Transfer a portion of finely ground powder, from NLT 20 Tablets,
equivalent to about 200 mg of hydroxychloroquine sulfate to a 200-mL volumetric flask
and add Solution A to about 75% of the flask volume. Sonicate for NLT 10 min or until
solids are dissolved. Dilute with Solution A to volume.
Sample solution: Nominally 0.01 mg/mL of hydroxychloroquine sulfate in Solution A from
Sample stock solution. Pass through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 2.0-mm × 10-cm; 2-µm packing L1
Column temperature: 35°
Flow rate: 0.8 mL/min
Injection volume: 3 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
1S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of hydroxychloroquine sulfate
(C18 H26 ClN3 O·H2 SO4 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of hydroxychloroquine from the Sample solution
rS = peak response of hydroxychloroquine from the Standard solution
CS = concentration of USP Hydroxychloroquine Sulfate RS in the Standard solution
(mg/mL)
CU = nominal concentration of hydroxychloroquine sulfate in the Sample solution (mg/mL)
Acceptance criteria: 93.0%–107.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: Water; 900 mL
Apparatus 2: 50 rpm
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Time: 60 min
Standard solution: USP Hydroxychloroquine Sulfate RS in Medium
Sample solution: Pass a portion of the solution through a suitable filter. Dilute with
Medium, if necessary.
Instrumental conditions
Mode: UV
Analytical wavelength: 343 nm
Analysis: Determine the percentage of the labeled amount of hydroxychloroquine sulfate
(C18 H26 ClN3 O·H2 SO4 ) dissolved.
Tolerances: NLT 70% (Q) of the labeled amount of hydroxychloroquine sulfate
(C18 H26 ClN3 O·H2 SO4 ) is dissolved.
Add the following:
• Organic Impurities
Solution A: Acetonitrile, water, and phosphoric acid (100:900:2)
Solution B: Acetonitrile, water, and phosphoric acid (800:200:1)
Mobile phase: See Table 1.
Time
(min)
0
1.8
2.5
3.5
4.0
6.0

Table 1
Solution A
(%)
97
97
5
5
97
97

Solution B
(%)
3
3
95
95
3
3

Standard stock solution: Use the Standard solution from the Assay.
Standard solution: 0.001 mg/mL of USP Hydroxychloroquine Sulfate RS in Solution A from
Standard stock solution
Sample stock solution: Nominally 1.0 mg/mL of hydroxychloroquine sulfate in Solution A
prepared as follows. Transfer a portion of finely ground powder, from NLT 20 Tablets,
equivalent to about 200 mg of hydroxychloroquine sulfate, to a 200-mL volumetric flask
and add Solution A to about 75% of the flask volume. Sonicate for NLT 10 min or until
solids are dissolved. Dilute with Solution A to volume.
Sample solution: Nominally 0.1 mg/mL of hydroxychloroquine sulfate in Solution A from
Sample stock solution. Pass through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
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Column: 2.0-mm × 10-cm; 2-µm packing L1
Column temperature: 35°
Flow rate: 0.8 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of hydroxychloroquine from the Standard solution
CS = concentration of USP Hydroxychloroquine Sulfate RS in the Standard solution
(mg/mL)
CU = nominal concentration of hydroxychloroquine sulfate in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.

Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Desethyl hydroxychloroquinea,b
Hydroxychloroquine

0.87
1.0

1.3
—

—
—

Hydroxychloroquine acetateb,c

1.52

0.81

—

Sulfohydroxychloroquineb,d

2.32

1.0

—

Chloroquine related compound Ab,e
4.46
2.4
—
Any individual unspecified impurity
—
1.0
0.2
Total impurities
—
—
1.0
a 2-({4-[(7-Chloroquinolin-4-yl)amino]pentyl}amino)ethan-1-ol.
b Process impurity monitored in the drug substance monograph.
c 2-({4-[(7-Chloroquinolin-4-yl)amino]pentyl}ethylamino)ethyl acetate.
d 2-({4-[(7-Chloroquinolin-4-yl)amino]pentyl}ethylamino)ethyl hydrogen sulfate.
e 4,7-Dichloroquinoline.
1S (USP42)

• Uniformity of Dosage Units 〈905〉: Meet the requirements
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 〈11〉
USP Hydroxychloroquine Sulfate RS
Recent Official Publications:
USP41–NF36 Page 2086
BRIEFING
Milk of Magnesia, USP 41 page 2500. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1. Add an Identification B with the retention time agreement of magnesium ions from the
proposed ion chromatographic procedure in the Assay.
2. Replace the Assay titration procedure with an ion chromatographic procedure, which is
validated with the Dionex IonPac CG16 brand of guard column and CS16 brand of
analytical column, both with L84 packing. The typical retention time for the magnesium
peak is about 8 min.
3. Add USP Calcium Carbonate RS and USP Magnesium Oxide RS to the USP Reference
Standards section to support the proposed Assay procedure.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: M. Chang.)
Correspondence Number—C179668
Comment deadline: July 31, 2018
Milk of Magnesia
Mg(OH)2
58.32
Magnesium hydroxide

[1309-42-8].

DEFINITION
Milk of Magnesia is a suspension of Magnesium Hydroxide. Milk of Magnesia, Double-Strength
Milk of Magnesia, and Triple-Strength Milk of Magnesia contain NLT 90.0% and NMT 115.0%
of the labeled amount of magnesium hydroxide [Mg(OH)2 ], the labeled amount being 80,
160, and 240 mg/mL of magnesium hydroxide [Mg(OH)2 ], respectively. It may contain NMT
0.05% of a volatile oil or a blend of volatile oils, suitable for flavoring purposes.
IDENTIFICATION
• A. Identification Tests—General 〈191〉, Chemical Identification Tests, Magnesium
Sample: A solution of the equivalent of 1 g of regular-strength Milk of Magnesia in 2 mL of
3 N hydrochloric acid
Acceptance criteria: Meets the requirements
Add the following:
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• B. The retention time of the magnesium peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Sample solution: Transfer an accurately measured quantity of Milk of Magnesia, previously
shaken in its original container, equivalent to about 800 mg of magnesium hydroxide, to a
250-mL volumetric flask. Dissolve in 30 mL of 3 N hydrochloric acid, dilute with water to
volume, and mix. Filter, if necessary.
Titrimetric system
Mode: Complexometric titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual
Analysis: Transfer 25.0 mL of the Sample solution to a beaker containing 75 mL of water,
and mix. Adjust the reaction of the solution with 1 N sodium hydroxide to a pH of 7 (using
pH indicator paper; see Indicator and Test Papers under Reagents, in the section
Reagents, Indicators, and Solutions), add 5 mL of ammonia–ammonium chloride buffer TS
and 0.15 mL of eriochrome black TS, and titrate with Titrant to a blue endpoint. Each mL
of Titrant is equivalent to 2.916 mg of magnesium hydroxide [Mg(OH)2 ].
Use water with a resistivity of NLT 18 megohm-cm to prepare the solutions.
Mobile phase: 48 mM methanesulfonic acid. [Note—It is recommended to use suitable
cation trapping techniques to ensure the Mobile phase is free of all cationic impurities.]
Diluent: 0.02 N hydrochloric acid
System suitability solution: 48 µg/mL of USP Magnesium Hydroxide RS and 5 µg/mL of
USP Calcium Carbonate RS in Diluent
Standard stock solution: 4.8 mg/mL of USP Magnesium Hydroxide RS prepared as follows.
Transfer an appropriate portion of USP Magnesium Hydroxide RS to a suitable volumetric
flask. Add about 20% of the final volume of 6 N hydrochloric acid, and dissolve. Dilute with
water to volume.
Standard solution: 48 µg/mL of USP Magnesium Hydroxide RS in water from the Standard
stock solution
Sample stock solution: Nominally 4.8 mg/mL of magnesium hydroxide prepared as follows.
Transfer an appropriate portion of Milk of Magnesia, previously shaken in its original
container, to a suitable volumetric flask. Add about 20% of the final volume of 6 N
hydrochloric acid. Swirl gently, and mix well on a vortex mixer. Dilute with water to
volume. Pass through a suitable filter of 0.45-µm pore size.
Sample solution: Nominally 48 µg/mL of magnesium hydroxide in water from the Sample
stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: Conductivity with suppression
Columns
Guard: 5-mm × 5-cm; 5.5-µm packing L84
Analytical: 5-mm × 25-cm; 5.5-µm packing L84
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 10-µL
Run time: NLT 2 times the retention time of magnesium
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the magnesium and calcium ions are 1.0 and 1.3,
respectively.]
Suitability requirements
Resolution: NLT 3.0 between the magnesium and calcium ions, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of magnesium hydroxide [Mg(OH)2 ] in the
portion of Milk of Magnesia taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of magnesium from the Sample solution
rS = peak response of magnesium from the Standard solution
CS = concentration of USP Magnesium Hydroxide RS in the Standard solution (µg/mL)
CU = nominal concentration of magnesium hydroxide in the Sample solution (µg/mL)
1S (USP42)

Acceptance criteria: 90.0%–115.0%
IMPURITIES
• Soluble Alkalies
Sample solution: Centrifuge 50 mL of Milk of Magnesia. Dilute 5.0 mL of the clear
supernatant with 40 mL of water.
Titrimetric system
Mode: Direct titration
Titrant: 0.10 N sulfuric acid
Endpoint detection: Visual

PF 44(3): May.-Jun. 2018

420

Analysis: Add 1 drop of methyl red TS, and titrate with Titrant to the production of a
persistent pink color.
Acceptance criteria: NMT 1.0 mL of Titrant is required. Where the specimen is Double- or
Triple-Strength Milk of Magnesia, NMT 2.0 or 3.0 mL of Titrant is required, respectively.
• Carbonate and Acid-Insoluble Matter
Sample solution: To the equivalent of 1 g of regular-strength Milk of Magnesia, add 2 mL
of 3 N hydrochloric acid.
Acceptance criteria: NMT a slight effervescence occurs, and the solution is NMT slightly
turbid.
SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 102 cfu/mL, and it meets the requirements of the
test for absence of Escherichia coli.
• Acid-Neutralizing Capacity 〈301〉
Analysis: Proceed as directed in the chapter.
Acceptance criteria: NLT 5 mEq of acid is consumed by the minimum single dose
recommended in the labeling, and NLT the number of mEq calculated as follows:
Result = 0.8 × (F M × M)
F M = theoretical acid-neutralizing capacity of magnesium hydroxide [Mg(OH)2 ], 0.0343
mEq/mg
M = quantity of magnesium hydroxide [Mg(OH)2 ] in the sample tested, based on the
labeled quantity (mg)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, preferably at a temperature NMT 35°.
Avoid freezing.
• Labeling: Double- or Triple-Strength Milk of Magnesia is so labeled, or may be labeled as 2×
or 3× Concentrated Milk of Magnesia, respectively.
Add the following:
• USP Reference Standards 〈11〉
USP Calcium Carbonate RS
USP Magnesium Hydroxide RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2500
BRIEFING
Magnesium Hydroxide Paste, USP 41 page 2511. As part of the USP monograph
modernization initiative, it is proposed to make the following changes:
1. Add Identification B with the retention time agreement of magnesium ions from the
proposed ion chromatographic procedure in the Assay to strengthen the monograph.
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2. Replace the Assay titration procedure with an ion chromatographic procedure, which is
validated with the Dionex IonPac CS16 brand of analytical column with L84 packing and
Dionex IonPac CG16 brand of guard column with L84 packing. The typical retention time
for the magnesium peak is about 8 min.
3. Replace the atomic absorption procedure in the Limit of Calcium test with an ion
chromatographic procedure similar to that proposed in the Assay. The typical retention
time for the calcium peak is about 11 min.
4. In the test for Limit of Lead:
a. For consistency with current style, replace “When water is specified as a
diluent, use deionized ultra-filtered water.” with “Use water with a resistivity of
NLT 18 megohm-cm to prepare the solutions.”
b. Add “National Institute of Standards and Technology (NIST)-traceable” into the
“commercially available standard solution” for the Internal standard solution and
Standard stock solution to strengthen the monograph.
c. Use the sum of responses from all three lead isotopes (206, 207, and 208 amu)
for quantitation to encompass variation in natural abundance and isotopic
composition of lead.
5. Add the USP Reference Standards section to include USP Calcium Carbonate RS and USP
Magnesium Hydroxide RS to support the proposed Assay and Limit of Calcium test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: M. Chang.)
Correspondence Number—C166298
Comment deadline: July 31, 2018
Magnesium Hydroxide Paste
DEFINITION
Magnesium Hydroxide Paste is an aqueous paste of Magnesium Hydroxide. It contains NLT
93.0% and NMT 107.0% of the labeled amount of magnesium hydroxide [Mg(OH)2 ], the
labeled amount being NLT 28.0% and NMT 70.0% of magnesium hydroxide.
IDENTIFICATION
• A. Identification Tests—General 〈191〉, Chemical Identification Tests, Magnesium
Sample solution: 100 mg/mL in 3 N hydrochloric acid
Acceptance criteria: Meets the requirements
Add the following:
• B. The retention time of the magnesium peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
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• Procedure
Sample solution: Transfer an accurately weighed portion of Paste, equivalent to about
250 mg of magnesium hydroxide, to a 100-mL volumetric flask. Dissolve in 10 mL of 3 N
hydrochloric acid, dilute with water to volume, and mix. Filter, if necessary.
Analysis: Transfer 25.0 mL of the Sample solution to a beaker containing 75 mL of water,
and mix. Adjust the reaction of the solution to a pH of 7 (using pH indicator paper; see
Indicator and Test Papers under Reagents in the section Reagents, Indicators, and
Solutions) with 1 N sodium hydroxide, add 5 mL of ammonia–ammonium chloride buffer TS
and 0.15 mL of eriochrome black TS, and titrate with 0.05 M edetate disodium VS to a
blue endpoint. Each mL of 0.05 M edetate disodium is equivalent to 2.916 mg of
magnesium hydroxide [Mg(OH)2 ].
Use water with a resistivity of NLT 18 megohm-cm to prepare the solutions.
Mobile phase: 48 mM methanesulfonic acid. [Note—It is recommended to use suitable
cation trapping techniques to ensure the Mobile phase is free of all cationic impurities.]
Diluent: 0.02 N hydrochloric acid
System suitability solution: 48 µg/mL of USP Magnesium Hydroxide RS and 5 µg/mL of
USP Calcium Carbonate RS in Diluent
Standard stock solution: 4.8 mg/mL of USP Magnesium Hydroxide RS prepared as follows.
Transfer an appropriate portion of USP Magnesium Hydroxide RS to a suitable volumetric
flask. Add about 20% of the final volume of 6 N hydrochloric acid, and dissolve. Dilute with
water to volume.
Standard solution: 48 µg/mL of USP Magnesium Hydroxide RS in water from the Standard
stock solution
Sample stock solution: Nominally 4.8 mg/mL of magnesium hydroxide prepared as follows.
Homogenize and transfer an appropriate portion of Paste to a suitable container. Add
about 20% of the final flask volume of 6 N hydrochloric acid to dissolve. Transfer the
solution quantitatively to a suitable volumetric flask containing 10% of water. Dilute with
water to volume.
Sample solution: Nominally 48 µg/mL of magnesium hydroxide in water from the Sample
stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity with suppression
Columns
Guard: 5-mm × 5-cm; 5.5-µm packing L84
Analytical: 5-mm × 25-cm; 5.5-µm packing L84
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of magnesium
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System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the magnesium and calcium ions are 1.0 and 1.3,
respectively.]
Suitability requirements
Resolution: NLT 3.0 between magnesium and calcium ions, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of magnesium hydroxide [Mg(OH)2 ] in the
portion of Paste taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of magnesium from the Sample solution
rS = peak response of magnesium from the Standard solution
CS = concentration of USP Magnesium Hydroxide RS in the Standard solution (µg/mL)
CU = nominal concentration of magnesium hydroxide in the Sample solution (µg/mL)
1S (USP42)

Acceptance criteria: 93.0%–107.0%
IMPURITIES
Change to read:
• Soluble Alkalies
Diluted paste solution: Accurately weigh a portion of Paste, equivalent to about 7.75 g of
magnesium hydroxide, and mix with 75.0 mL of water.
Sample solution: Pass about 25 mL of the Diluted paste solution through a suitable filter,
discard the first 5 mL of the filtrate, and collect the rest of the filtrate.
[Note—Keep the remaining Diluted paste solution for use in the test for Carbonate and
Acid-Insoluble Matter.
(O fficial 1-Jan-2018) ]
Titrimetric system
Mode: Direct titration
Titrant: 0.10 N sulfuric acid
Endpoint detection: Visual
Analysis: Dilute 5 mL of the clear Sample solution with 40 mL of water. Add 1 drop of
methyl red TS, and titrate with Titrant to the production of a persistent pink color.
[Note—Keep the remaining Sample solution for use in the test for Soluble Salts.]
Acceptance criteria: NMT 1.0 mL of Titrant is required.
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• Soluble Salts
Analysis: To 5.0 mL of the clear Sample solution from the test for Soluble Alkalies add 3
drops of sulfuric acid, evaporate on a steam bath to dryness, and ignite gently to
constant weight.
Acceptance criteria: NMT 12 mg of residue remains.
• Carbonate and Acid-Insoluble Matter
Analysis: To 1 mL of the Diluted paste solution from the test for Soluble Alkalies add 2 mL
of 3 N hydrochloric acid.
Acceptance criteria: NMT a slight effervescence occurs, and the solution is NMT slightly
turbid.
Change to read:
• Limit of Calcium
[Note—A commercially available atomic absorption standard solution for calcium may be
used where preparation of a calcium standard stock solution is described below.
Concentrations of the Standard solutions and the Sample solution may be modified to fit
the linear or working range of the instrument.]
Dilute hydrochloric acid: Dilute 100 mL of hydrochloric acid with water to 1000 mL.
Lanthanum solution: To 58.65 g of lanthanum oxide add 400 mL of water, and add,
gradually with stirring, 250 mL of hydrochloric acid. Stir until dissolved, and dilute with
water to 1000 mL.
Standard solutions: Transfer 249.7 mg of calcium carbonate, previously dried at 300° for
3 h and cooled in a desiccator for 2 h, to a 100-mL volumetric flask. Dissolve in a minimum
amount of hydrochloric acid, and dilute with water to volume. Transfer 1.0, 5.0, 10.0, and
15.0 mL of this stock solution to separate 1000-mL volumetric flasks, each containing 20
mL of the Lanthanum solution and 40 mL of Dilute hydrochloric acid. Dilute with water to
volume. These Standard solutions contain 1.0, 5.0, 10.0, and 15.0 µg/mL of calcium,
respectively.
Blank solution: Transfer 4 mL of the Lanthanum solution and 10 mL of Dilute hydrochloric
acid to a 200-mL volumetric flask, and dilute with water to volume.
Sample solution: Transfer a portion of the Paste, equivalent to 250 mg of magnesium
hydroxide [Mg(OH)2 ], to a beaker, add 30 mL of Dilute hydrochloric acid, and stir until
dissolved, heating if necessary. Transfer the solution so obtained to a 200-mL volumetric
flask containing 4 mL of Lanthanum solution, dilute with water to volume, and mix.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow–cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line at 422.7 nm
Analysis
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Samples: Standard solutions, Blank solution, and Sample solution
Using the Blank solution as blank, determine the concentration, C, in µg/mL, of calcium in
the Sample solution using the calibration graph.
Calculate the percentage of calcium in the portion of Magnesium Hydroxide Paste taken:
Result = [(V/W) × C × F] × 100
V = volume of the Sample solution (mL)
W = weight of Magnesium Hydroxide Paste taken (mg)
C = as defined above
F = conversion from µg/mL to mg/mL, 0.001
Mobile phase, Diluent, System suitability solution, Sample stock solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.93 µg/mL of USP Calcium Carbonate RS in Diluent
Sample solution: Nominally 25 µg/mL of magnesium hydroxide in water from the Sample
stock solution
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the magnesium and calcium ions are 1.0 and 1.3,
respectively.]
Suitability requirements
Resolution: NLT 3.0 between the magnesium and calcium ions, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the response for the calcium peak.

1S (USP42)

Acceptance criteria: NMT 1.5%
with respect to the content of magnesium hydroxide determined in the Assay; the peak
response of calcium from the Sample solution does not exceed that of the Standard
solution. 1S (USP42)
Delete the following:
• Heavy Metals, Method I 〈231〉— To 4.0 mL of the diluted Paste obtained in the test for
Soluble alkalies add 6 mL of 3 N hydrochloric acid, and evaporate the solution on a steam
bath to dryness, with frequent stirring. Dissolve the residue in 20 mL of water, and
evaporate to dryness in the same manner as before. Redissolve in 20 mL of water, filter if
necessary, and dilute with water to 25 mL: the limit is 5 ppm, based on the amount of
diluted Paste taken. (O fficial 1-Jan-2018)
Change to read:
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• Limit of Lead
[Note—When water is specified as a diluent, use deionized ultra-filtered water.
Use water with a resistivity of NLT 18 megohm-cm to prepare the solutions.
]

1S (USP42)

Internal standard solution: 20 µg/L of thallium in water [from commercially available,
National Institute of Standards and Technology (NIST)-traceable 1S (USP42)
standard solution for thallium]. [Note—Use the Internal standard solution only if an
inductively coupled plasma–mass spectrometry (ICP–MS) instrument is used. The Internal
standard solution is added inline via a mixing block between the sample probe and the
spray chamber.]
Blank solution: 6.0% (v/v) nitric acid in water
Diluent: 2.0% (v/v) nitric acid in water
Standard stock solution: 100 µg/L of lead in Diluent (from commercially available,
NIST-traceable 1S (USP42)
standard solution for lead). [Note—Prepare the Standard stock solution fresh every 2
months.]
Standard solution A: 10 µg/L of lead in Blank solution from Standard stock solution
Standard solution B: 1.0 µg/L of lead in Blank solution from Standard solution A
[Note—Prepare Standard solution A and Standard solution B fresh weekly.]
Sample solution: Nominally 5.0 mg/mL of magnesium hydroxide prepared as follows.
Accurately weigh an amount of Paste equivalent to 0.25 g of magnesium hydroxide.
Cautiously add 3.0 mL of nitric acid, and mix until the sample is dissolved. Accurately
transfer this solution to a 50-mL volumetric flask, and dilute with water to volume.
[Note—The concentrations specified in Standard solution A, Standard solution B, and
Sample solution are recommended if an ICP–MS instrument is used. If an inductively
coupled plasma–optical emission spectroscopy (ICP–OES) instrument is used, the
concentrations may be modified to adapt to the working range of the instrument.]
Instrumental conditions
(See Plasma Spectrochemistry 〈730〉.)
Mode: Quadrupole ICP–MS or ICP–OES
ICP–MS analytical isotopes: 208 amu for lead; 205 amu for thallium–internal
standard.[Note—The instrument should read all isotopes for lead (206, 207, and 208
amu) and the thallium internal standard (205 amu), and should report the total lead
content using the most naturally abundant isotope at 208 amu.]
206, 207, and 208 amu for lead; 205 amu for thallium internal standard. [Note—The
instrument should read all isotopes for lead (206, 207, and 208 amu) and the thallium
internal standard (205 amu), and should report the total lead content using the sum of
all three isotopes.] 1S (USP42)
ICP–OES analytical wavelength: 220.353 nm. [Note—To minimize matrix interference
when using ICP–OES, it is recommended that the method of standard additions be
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used.]
System suitability
[Note—Instrument performance must be verified to conform to the manufacturer’s
specifications for resolution and sensitivity. Before analyzing samples, the instrument
must pass a suitable performance check (see Plasma Spectrochemistry 〈730〉,
Qualification of Plasma Spectrophotometers, Performance Qualification.)]
Samples: Blank solution, Standard solution A, and Standard solution B
Suitability requirements
Linearity: Construct a linear calibration curve using the responses from the Blank
solution, Standard solution A, and Standard solution B. The correlation coefficient is
NLT 0.999.
Analysis: Aspirate the Sample solution, at least in duplicate, and calculate the amount of
lead using the calibration curve obtained from the System suitability. Report the average
reading as the lead content of the sample.
Calculate the content of lead in the portion of Paste taken.
Acceptance criteria: NMT 0.00015% (1.5 ppm), based on the content of magnesium
hydroxide in the Paste, as determined in the Assay
SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 4 × 102 cfu/g, and it meets the requirements of
the test for absence of Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Add the following:
• USP Reference Standards 〈11〉
USP Calcium Carbonate RS
USP Magnesium Hydroxide RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2511
BRIEFING
Mesoridazine Besylate Oral Solution, USP 41 page 2602. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Mesoridazine Besylate Oral Solution are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
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Correspondence Number—C197625
Comment deadline: July 31, 2018
Delete the following:
Mesoridazine Besylate Oral Solution
DEFINITION
Mesoridazine Besylate Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled
amount of mesoridazine (C21 H26 N2 OS2 ).
Throughout the following procedures, protect samples, the Reference Standard, and solutions
containing them by conducting the procedures without delay, under subdued light, or using
low-actinic glassware.
IDENTIFICATION
• A.
Conduct this test without exposure to daylight and with the minimum necessary exposure to
artificial light.
Standard solution: 14 mg/mL of USP Mesoridazine Besylate RS in methanol
Sample solution: Transfer 4.0 mL of Oral Solution into a separator, add 6 mL of 1 N
sodium hydroxide and 10 mL of chloroform, shake for 2 min, and filter the chloroform layer
through anhydrous sodium sulfate into a small, glass-stoppered conical flask.
Chromatographic system
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: To a separator add benzene, alcohol, and ammonium
hydroxide (10:2:1). Shake, and allow the layers to separate. Use the upper layer.
Spray reagent: Perchloric acid and water (15:85)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry and develop the chromatogram until the solvent front has moved
about three-fourths of the length of the plate. Remove the plate from the developing
chamber, mark the solvent front, and allow the solvent to evaporate in a fume hood.
Spray the plate with Spray reagent, and heat at 80° for 2 min.
Acceptance criteria: The principal spot of the Sample solution corresponds in RF value and
color to that of the Standard solution.
ASSAY
• Procedure
Conduct this procedure with the minimum necessary exposure to light.
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Standard stock solution: 0.14 mg/mL of USP Mesoridazine Besylate RS in chloroform
prepared as follows. Transfer 14 mg of USP Mesoridazine Besylate RS to a 125-mL
separator containing 30 mL of water. Render the solution alkaline with 10 mL of 1 N sodium
hydroxide, and extract with three 30-mL portions of chloroform. Filter the extracts
through anhydrous sodium sulfate into a 100-mL volumetric flask. Rinse the filter with
small portions of chloroform, collecting the rinsings in the volumetric flask, and dilute with
chloroform to volume.
Standard solution: 0.014 mg/mL of USP Mesoridazine Besylate RS from a suitable volume
of Standard stock solution and chloroform
Sample stock solution: Nominally 1 mg/mL of mesoridazine in chloroform prepared as
follows. Pipet a volume of Oral Solution, equivalent to 100 mg of mesoridazine, into a
separator containing 30 mL of water. Render the solution alkaline with 10 mL of 1 N sodium
hydroxide, and extract with three 30-mL portions of chloroform. Filter the extracts
through anhydrous sodium sulfate into a 100-mL volumetric flask. Rinse the filter with
small portions of chloroform, collecting the rinsings in the volumetric flask, and dilute with
chloroform to volume.
Sample solution: Nominally 0.1 mg/mL of mesoridazine from a suitable volume of Sample
stock solution and chloroform
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: About 267 nm
Cell: 1 cm
Blank: Chloroform
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the percentage of labeled amount of mesoridazine (C21 H26 N2 OS2 ) in the portion of
Oral Solution taken:
Result = (AU/AS) × (CS/CU) × (Mr1/Mr2) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Mesoridazine Besylate RS in the Standard solution (µg/mL)
CU = nominal concentration of mesoridazine in the Sample solution (µg/mL)
Mr1 = molecular weight of mesoridazine, 386.59
Mr2 = molecular weight of mesoridazine besylate, 544.75
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Deliverable Volume 〈698〉
For multiple-unit containers
Acceptance criteria: Meets the requirements
• Uniformity of Dosage Units 〈905〉
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For single-unit containers
Acceptance criteria: Meets the requirements
SPECIFIC TESTS
• Alcohol Determination, Method I〈611〉: 0.25%–1.0% of the labeled amount of alcohol
(C2 H5 OH) is found.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at a
temperature not exceeding 25°.
• Labeling: Label it to indicate that it is to be diluted to the appropriate strength with water
or other suitable fluid before administration.
• USP Reference Standards 〈11〉
USP Mesoridazine Besylate RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2602
BRIEFING
Methotrexate for Injection, USP 41 page 2652. As part of the USP monograph
modernization initiative, it is proposed to make the following changes:
1. Identification B is added based on the retention time agreement in the Assay to provide
orthogonal identification.
2. The test for Organic Impurities is added based on the submission from the FDAapproved manufacturer. The proposed liquid chromatographic procedure used is based
on analyses performed with the Inertsil ODS-2 brand of column with L1 packing.
3. The Assay is revised to be consistent with the test for Organic Impurities based on the
submission from the same sponsor for the test for Organic Impurities.
4. The Bacterial Endotoxins Test is updated to delete the numerical limit and to refer to
Bacterial Endotoxins Test 〈85〉 for the calculation of the limits.
5. The USP Reference Standards section is revised to support the inclusion of the test for
Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM3: F. Mao.)
Correspondence Number—C198026
Comment deadline: July 31, 2018
Methotrexate for Injection
DEFINITION
Methotrexate for Injection is a sterile, freeze-dried preparation of methotrexate sodium with
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or without suitable added substances, buffers, and/or diluents. It contains NLT 95.0% and
NMT 115.0% of the labeled amount of methotrexate (C20 H22 N8 O5 ).
[Caution—Great care should be taken to prevent inhaling particles of methotrexate sodium and
exposure to skin.]
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Sample: 2.5 mg/mL of methotrexate in water from Methotrexate for Injection. Adjust with
0.1 N hydrochloric acid to a pH of 4.0. Place the slurry in a 50-mL centrifuge tube, and
centrifuge. Decant the supernatant, add 25 mL of acetone, shake, and pass through a
solvent-resistant membrane filter of 0.45-µm pore size. Air-dry the filtered precipitate.
Acceptance criteria: Meets the requirements
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: 0.2 M dibasic sodium phosphate and 0.1 M citric acid (63:37); adjusted, if
necessary, with 0.1 M citric acid or 0.2 M dibasic sodium phosphate to a pH of 6.0
Mobile phase: Acetonitrile and Buffer (10:90)
(8:92) 1S (USP42)
System suitability solution: 0.1 mg/mL each of USP Methotrexate RS and folic acid in
Mobile phase
1S (USP42)

Standard solution: 0.1 mg/mL of USP Methotrexate RS in Mobile phase
Sample solution: Nominally equivalent to 0.1 mg/mL of methotrexate from 1 container of
Methotrexate for Injection in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 302 nm
Column: 4.6-mm × 25-cm;
5-µm 1S (USP42)
packing L1
Autosampler temperature: 5 ± 3°
Flow rate: 1.2 mL/min
Injection volume: 10 µL

1S (USP42)
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System suitability
Sample: System suitability solution
[Note—The relative retention times for folic acid and methotrexate are 0.35 and 1.0,
respectively.]
Standard solution 1S (USP42)
Suitability requirements
Resolution: NLT 8.0 between the folic acid and methotrexate peaks
Tailing factor: NMT 2.0 1S (USP42)
Relative standard deviation: NMT 2.5% for the methotrexate peak
1.0% 1S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of methotrexate (C20 H22 N8 O5 ) in the
portion of Methotrexate for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Methotrexate RS in the Standard solution (mg/mL)
CU = nominal concentration of methotrexate in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–115.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements
IMPURITIES
Add the following:
• Organic Impurities
Mobile phase, Standard solution, and Chromatographic system: Proceed as directed in
the Assay.
System suitability stock solution: 0.05 mg/mL each of USP Methotrexate Related
Compound B RS and USP Methotrexate Related Compound C RS prepared as follows.
Transfer USP Methotrexate Related Compound B RS and USP Methotrexate Related
Compound C RS into a suitable volumetric flask, add ammonium hydroxide equivalent to
2.5% of the final volume, and sonicate for 5 min. Add Mobile phase equivalent to 20% of
the final volume and continue to sonicate until completely dissolved. Dilute with Mobile
phase to volume.
System suitability solution: 2.5 µg/mL each of USP Methotrexate Related Compound B RS
and USP Methotrexate Related Compound C RS in Mobile phase from System suitability
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stock solution
Sensitivity solution: 0.25 µg/mL of USP Methotrexate RS in Mobile phase from Standard
solution
Sample solution: Nominally equivalent to 0.5 mg/mL of methotrexate from 1 container of
Methotrexate for Injection in Mobile phase
System suitability
Samples: System suitability solution and Sensitivity solution
Suitability requirements
Resolution: NLT 1.2 between the methotrexate related compound B and methotrexate
related compound C peaks, System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each individual impurity in the portion of Methotrexate for
Injection taken:
Result = rU/{Σ[rU × (1/F)] + rM} × (1/F) × 100
rU = peak area of each individual impurity from the Sample solution
F = relative response factor for each individual impurity (see Table 1)
rM = peak area of methotrexate from the Sample solution
Table 1

Name
Methotrexate related compound B
Methotrexate related compound C
Methotrexate
Any other individual impurity

Relative
Retention
Time
0.36
0.42
1.0
—

Relative
Response
Factor
0.72
1.0
—
1.0

Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
Table 2

Name
Each individual impurity
Total impurities

Acceptance
Criteria,
NMT (%)
0.5
2.0

1S (USP42)

SPECIFIC TESTS
• pH 〈791〉
Sample: Constitute as directed in the labeling, except that water is used as the diluent.
Acceptance criteria: 7.0–9.0
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• Constituted Solution: At the time of use, it meets the requirements in Injections and
Implanted Drug Products 〈1〉, Product Quality Tests Common to Parenteral Dosage Forms,
Specific Tests, Completeness and Clarity of Solutions.
Change to read:
• Bacterial Endotoxins Test 〈85〉: NMT 0.4 USP Endotoxin Unit/mg of methotrexate sodium
Meets the requirements 1S (USP42)
• Sterility Tests 〈71〉: Meets the requirements
• Other Requirements: Meets the requirements in Labeling 〈7〉, Labels and Labeling for
Injectable Products
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described in Packaging and Storage Requirements
〈659〉, Injection Packaging, protected from light.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Methotrexate RS
USP Methotrexate Related Compound B RS
(S)-2-{4-[(2,4-Diaminopteridin-6-yl)methylamino]benzamido}pentanedioic acid.
C19 H20 N8 O5
440.41
USP Methotrexate Related Compound C RS
(S)-2-(4-{[(2-Amino-4-oxo-1,4-dihydropteridin-6-yl)methyl]
(methyl)amino}benzamido)pentanedioic acid.
C20 H21 N7 O6
455.42
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2652
BRIEFING
Methylcellulose Ophthalmic Solution, USP 41 page 2665. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Methylcellulose Ophthalmic Solution are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM3: M. Puderbaugh.)
Correspondence Number—C197745
Comment deadline: July 31, 2018
Delete the following:
Methylcellulose Ophthalmic Solution
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» Methylcellulose Ophthalmic Solution is a sterile solution of
Methylcellulose. It contains not less than 85.0 percent and not more than
115.0 percent of the labeled amount of methylcellulose. It may contain
suitable antimicrobial, buffering, and stabilizing agents.
Packaging and storage—Preserve in tight containers.
Identification—
A: Heat a few mL of Ophthalmic Solution: the solution becomes cloudy and a flaky precipitate,
which redissolves as the solution cools, appears.
B: Pour a few mL of Ophthalmic Solution onto a glass plate, and allow the water to evaporate:
a thin, self-sustaining film results.
Sterility Tests 〈71〉: meets the requirements.
pH 〈791〉: between 6.0 and 7.8.
Assay—To boiling flask A, as described under Methoxy Determination 〈431〉, pipet a quantity of
Ophthalmic Solution, equivalent to 50 mg of methylcellulose. Evaporate on a steam bath to
dryness, cool the flask in an ice bath, add the specified amount of hydriodic acid, and proceed
as directed under Methoxy Determination 〈431〉. Each mL of 0.1 N sodium thiosulfate is
equivalent to 1.753 mg of methylcellulose. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2665
BRIEFING
Methylcellulose Oral Solution, USP 41 page 2666. It is proposed to omit this monograph
for the following reasons:
1. No drug products formulated as defined under Methylcellulose Oral Solution are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM3: M. Puderbaugh.)
Correspondence Number—C197746
Comment deadline: July 31, 2018
Delete the following:
Methylcellulose Oral Solution

» Methylcellulose Oral Solution is a flavored solution of Methylcellulose. It
contains not less than 85.0 percent and not more than 115.0 percent of the
labeled amount of methylcellulose.
Packaging and storage—Preserve in tight, light-resistant containers, and avoid exposure to
direct sunlight and to excessive heat. Avoid freezing.
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Identification—
A: Heat a few mL of Oral Solution: the solution becomes cloudy and a flaky precipitate, which
redissolves as the solution cools, appears.
B: Pour a few mL of Oral Solution onto a glass plate, and allow the water to evaporate: a thin,
self-sustaining film results.
Microbial enumeration tests 〈61〉 and Tests for specified microorganisms 〈62〉—Its total
aerobic microbial count does not exceed 100 cfu per mL, and it meets the requirements of the
test for the absence of Escherichia coli.
Alcohol Determination, Method II 〈611〉: between 3.5% and 6.5% of C2 H5 OH.
Assay—To boiling flask A, as described under Methoxy Determination 〈431〉, transfer an
accurately measured volume of Oral Solution, equivalent to 50 mg of methylcellulose. Evaporate
on a steam bath to dryness, cool the flask in an ice bath, add the specified amount of hydriodic
acid, and proceed as directed under Methoxy Determination 〈431〉. Each mL of 0.1 N sodium
thiosulfate is equivalent to 1.753 mg of methylcellulose. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2666
BRIEFING
Methyldopa Oral Suspension, USP 41 page 2667. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Methyldopa Oral Suspension are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C197747
Comment deadline: July 31, 2018
Delete the following:
Methyldopa Oral Suspension

» Methyldopa Oral Suspension is an aqueous suspension of Methyldopa. It
contains one or more suitable flavors, wetting agents, and preservatives,
and it may contain Sucrose. It contains not less than 90.0 percent and not
more than 110.0 percent of the labeled amount of C 10 H 13 NO 4 .
Packaging and storage—Preserve in tight, light-resistant containers, and store at a
temperature not exceeding 26°.
USP Reference standards 〈11〉—
USP Methyldopa RS
Identification—Apply 10-µL portions of the Assay preparation and the Standard preparation
prepared as directed in the Assay to a suitable thin-layer chromatographic plate (see
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Chromatography 〈621〉) coated with a 0.25-mm layer of chromatographic silica gel mixture.
Allow to dry, develop the chromatogram in a solvent system consisting of equal volumes of
acetone, butyl alcohol, glacial acetic acid, toluene, and water until the solvent front has moved
about three-fourths of the length of the plate. Remove the plate from the developing chamber,
mark the solvent front, and allow the solvent to evaporate. Locate the spots by staining the
plate with iodine vapor for about 50 minutes, then view the plate under short-wavelength UV
light: the RF value of the principal spot obtained from the Assay preparation corresponds to
that obtained from the Standard preparation.
Uniformity of dosage units 〈905〉—
for oral suspension packaged in single-unit containers: meets the requirements.
Deliverable volume 〈698〉—
for oral suspension packaged in multiple-unit containers: meets the requirements.
pH 〈791〉: between 3.0 and 5.0; between 3.2 and 3.8 if sucrose is present.
Assay—
Mobile phase— To 6.8 g of monobasic potassium phosphate add 750 mL of water, and stir until
solution is complete. Adjust with 1 M phosphoric acid to a pH of 3.5, dilute with water to 1000
mL, mix, and pass through a filter having a 10-µm or finer porosity.
Standard preparation— Dissolve an accurately weighed quantity of USP Methyldopa RS in 0.1 N
sulfuric acid to obtain a solution having a known concentration of about 1 mg of anhydrous
methyldopa per mL.
Assay preparation— Transfer an accurately measured volume of Oral Suspension, freshly mixed,
equivalent to about 250 mg of methyldopa, to a 250-mL volumetric flask, dilute with 0.1 N
sulfuric acid to volume, and mix to dissolve the methyldopa. Pass the solution through a
0.45-µm membrane filter before using.
Chromatographic system (see Chromatography 〈621〉)— The liquid chromatograph is equipped
with a 280-mm detector and a 3.9-mm × 30-cm column that contains packing L1. The flow
rate is about 1 mL per minute. Chromatograph three replicate injections of the Standard
preparation, and record the peak responses as directed for Procedure: the relative standard
deviation is not more than 2.0%.
Procedure— Separately inject equal volumes (about 50 µL) of the Standard preparation and
the Assay preparation into the chromatograph by means of a suitable microsyringe or sampling
valve, record the chromatograms, and measure the responses for the major peaks. Calculate
the quantity, in mg, of C10 H13 NO4 in each mL of the Oral Suspension taken by the formula:
250(C/V)(rU / rS)
in which C is the concentration, in mg per mL, of USP Methyldopa RS in the Standard
preparation; V is the volume, in mL, of Oral Suspension taken; and rU and rS are the peak
responses obtained from the Assay preparation and the Standard preparation, respectively.
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2667
BRIEFING
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Methyldopa and Chlorothiazide Tablets, USP 41 page 2669. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Methyldopa and Chlorothiazide Tablets
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C197748
Comment deadline: July 31, 2018
Delete the following:
Methyldopa and Chlorothiazide Tablets

» Methyldopa and Chlorothiazide Tablets contain not less than 90.0 percent
and not more than 110.0 percent of the labeled amounts of methyldopa
(C 10 H 13 NO 4 ) and chlorothiazide (C 7 H 6 ClN 3 O 4 S2 ).
Packaging and storage—Preserve in well-closed containers.
USP Reference standards 〈11〉—
USP Chlorothiazide RS
USP Methyldopa RS
Identification—Transfer the finely ground contents of 1 Tablet to a test tube, add 10 mL of
dilute alcohol (1 in 2), shake for 5 minutes, and centrifuge. Use the clear supernatant as the
Test solution. Prepare a solution of alcohol and 0.1 N sodium hydroxide (1:1) containing in each
mL about 10 mg of USP Methyldopa RS and 10 mg of USP Chlorothiazide RS. Apply 20 µL of the
Test solution on a line parallel to and about 2 cm from the bottom edge of a 20-cm × 10-cm
thin-layer chromatographic plate (see Chromatography 〈621〉) coated with chromatographic
silica gel mixture, and apply 20 µL of the Standard solution separately on the starting line. Allow
the spots to dry, develop the chromatogram in a solvent system consisting of equal volumes of
glacial acetic acid, acetone, butyl alcohol, toluene, and water until the solvent front has moved
about three-fourths of the length of the plate. Remove the plate from the developing tank, and
allow the solvent to evaporate. View the plate under short-wavelength UV light: the solution
under test exhibits two major spots having RF values corresponding to those of the two major
spots obtained with the Standard solution.
Dissolution 〈711〉—
procedure for methyldopa —
Medium: 0.1 N hydrochloric acid; 900 mL.
Apparatus 2: 75 rpm.
Time: 30 minutes.
Standard preparation— Dissolve an accurately weighed quantity of USP Methyldopa RS in
Medium, and dilute quantitatively with the same solvent to obtain a solution having a known
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concentration of about 275 µg of anhydrous methyldopa per mL.
Ferrous tartrate solution— Dissolve 1 g of ferrous sulfate, 2 g of potassium sodium tartrate,
and 100 mg of sodium bisulfite in water to make 100 mL, and mix. Use a freshly prepared
solution.
Buffer solution— Dissolve 50 g of ammonium acetate in 1000 mL of dilute alcohol (1 in 5).
Adjust with 6 N ammonium hydroxide to a pH of 8.5.
Procedure— Filter 35 mL of the solution under test, and transfer an aliquot estimated to
contain between 2 mg and 3 mg of methyldopa to a 100-mL volumetric flask. Adjust the final
volume, if necessary, with Medium to 10 mL. To a second 100-mL volumetric flask add 10.0 mL
of Standard preparation, and to a third 100-mL volumetric flask add 10.0 mL of Medium to
provide a blank. Pipet 5.0 mL of Ferrous tartrate solution into each flask, dilute with Buffer
solution to volume, and mix. Concomitantly determine the absorbances of the treated Standard
preparation and test solution at the wavelength of maximum absorbance at about 520 nm, with
a suitable spectrophotometer, against the reagent blank. Calculate the amount of C10 H13 NO4
dissolved, in mg, taken by the formula:
9(C / V)(AU / AS)
in which C is the concentration, in µg of anhydrous methyldopa per mL, of USP Methyldopa RS
in the Standard preparation; V is the volume, in mL, of the aliquot of test solution used; and AU
and AS are the absorbances of the solutions from the test solution and the Standard
preparation, respectively.
Tolerances— Not less than 80% (Q) of the labeled amount of C10 H13 NO4 is dissolved in 30
minutes.
procedure for chlorothiazide —
Medium: 0.05 M, pH 8.0 phosphate buffer (see Buffer Solutions in the section Reagents,
Indicators, and Solutions) containing sodium sulfite (1 in 5000); 900 mL.
Apparatus 2: 75 rpm.
Time: 60 minutes.
Procedure— Determine the amount of C7 H6 ClN3 O4 S2 dissolved from UV absorbances of the
solution under test, suitably diluted with Medium, if necessary, at the wavelength of maximum
absorbance at about 317 nm in comparison with a Standard solution having a known
concentration of USP Chlorothiazide RS in the same Medium.
Tolerances— Not less than 75% (Q) of the labeled amount of C7 H6 ClN3 O4 S2 is dissolved in 60
minutes.
Uniformity of dosage units 〈905〉: meet the requirements with respect to methyldopa and to
chlorothiazide.
Assay—
Mobile phase— Prepare a filtered and degassed mixture of 0.08 M monobasic sodium phosphate
and methanol (95:5). Adjust by the addition of phosphoric acid to a pH of 2.8. Make
adjustments if necessary (see System Suitability under Chromatography 〈621〉).
Standard preparation— Transfer to a 100-mL volumetric flask accurately weighed quantities of
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USP Methyldopa RS and USP Chlorothiazide RS, equivalent to one-fifth of their labeled amounts,
in mg, per Tablet. Add 15 mL of water and 5 mL of 1 N hydrochloric acid, and sonicate for
about 3 minutes. Add 10 mL of acetonitrile, and sonicate for 2 minutes. Dilute with water to
volume, and mix.
Assay preparation— Weigh and finely powder not less than 10 Tablets. Transfer an accurately
weighed portion of the powder, equivalent to the weight of 1 Tablet, to a 500-mL volumetric
flask. Add 75 mL of water and 25 mL of 1 N hydrochloric acid, and sonicate for about 5
minutes. Add 50 mL of acetonitrile, and sonicate for 10 minutes. Dilute with water to volume,
and mix. Filter through a 0.45- to 2.0-µm membrane filter, discarding the first 10 mL.
Chromatographic system (see Chromatography 〈621〉)—The liquid chromatograph is equipped
with a 280-nm detector and a 3.9-mm × 30-cm column that contains packing L1. The flow rate
is about 2 mL per minute. Chromatograph the Standard preparation, and record the peak
responses as directed under Procedure: the column efficiency determined from the
chlorothiazide peak is not less than 1300 theoretical plates, the tailing factor for chlorothiazide
peak is not more than 2, the resolution, R, between the chlorothiazide and methyldopa peaks is
not less than 7, and the relative standard deviation for replicate injections is not more than
2.0%.
Procedure— Separately inject equal volumes (about 10 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. The relative retention times are about 1.0 for methyldopa and
2.5 for chlorothiazide. Calculate the quantity, in mg, of chlorothiazide (C6 H6 ClN3 O4 S2 ) in the
portion of Tablets taken by the formula:
500C(rU / rS)
in which C is the concentration, in mg per mL, of USP Chlorothiazide RS in the Standard
preparation; and rU and rS are the peak responses of the chlorothiazide peak obtained from the
Assay preparation and the Standard preparation, respectively. Calculate the quantity, in mg, of
methyldopa (C10 H13 NO4 ) taken by the same formula, reading “methyldopa” instead of
“chlorothiazide.” 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2669
BRIEFING
Methylene Blue Injection, Veterinary, USP 41 page 2675 and PF 40(6) [Nov.–Dec. 2014].
The Compounding Expert Committee and the Nomenclature, Safety, and Labeling Expert
Committee propose to revise the title of this and other compounded monographs to identify
that it is a compounded preparation, consistent with the Nomenclature Guidelines
(http://www.usp.org/health-quality-safety/compendial-nomenclature). See also Labeling 〈7〉,
Labels and Labeling for Products and Other Categories, Compounded Preparations published in
USP 41–NF 36. The Beyond-Use Date section of this monograph is revised to align with
Pharmaceutical Compounding—Sterile Preparations 〈797〉.
On the basis of public comments received for the proposal in PF 40(6), which was canceled,
revisions to the Packaging and Storage and Labeling sections are also being proposed.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C201570
Comment deadline: July 31, 2018
Change to read:
Methylene Blue
Compounded 1S (USP42)
Injection, Veterinary
DEFINITION
Change to read:
Methylene Blue
Compounded 1S (USP42)
Injection, Veterinary is a sterile solution of Methylene Blue in Water for Injection. It
contains NLT 9.5 mg/mL and NMT 10.5 mg/mL of methylene blue trihydrate
(C16 H18 ClN3 S·3H2 O). Prepare Methylene Blue
Compounded 1S (USP42)
Injection, Veterinary as follows (see Pharmaceutical Compounding—Sterile Preparations
〈797〉).
Methylene Blue
Sterile Water for Injection or Sodium Chloride Injection (0.9%), a sufficient
quantity to make

5g
500
mL

Dissolve an accurately weighed quantity of Methylene Blue in Sterile Water for Injection or
Sodium Chloride Injection (0.9%), and dilute to volume, with mixing. Sterilize by a suitable
means, such as sterile filtration or autoclaving.
IDENTIFICATION
• A. The UV absorption spectrum of the Sample solution exhibits maxima and minima at the
same wavelengths as those of the Standard solution, as obtained in the Assay.
• B. Thin-Layer Chromatographic Identification Test 〈201〉
Diluent: Methanol and water (1:1)
Standard solution: 5 mg/mL of USP Methylene Blue RS in Diluent
Sample solution: Dilute a portion of the Injection with an equal volume of methanol.
Application volume: 1 µL
Developing solvent system: Alcohol, acetic acid, and water (3:3:4)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop until the solvent front has moved about 10 cm above
the line of application. Remove the plate from the chamber, and allow the solvent to
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evaporate.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution.
ASSAY
Change to read:
• Procedure
Standard solution: 2 µg/mL of USP Methylene Blue RS in diluted alcohol
Sample solution: Dilute a volume of Injection with diluted alcohol to obtain a solution with
a nominal concentration of about 2.4 µg of methylene blue trihydrate (2 µg of anhydrous
methylene blue)/mL.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Detector: 663 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
Concomitantly determine the absorbance of both solutions, using diluted alcohol as the
blank.
Calculate the quantity, in mg, of methylene blue trihydrate (C16 H18 ClN3 S·3H2 O) in each
milliliter of Injection taken:
Result = (AU/AS) × (CS/CU) × L × (Mr1/Mr2)
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of methylene blue trihydrate in the Standard solution (mg/mL)
CU = nominal concentration of methylene blue trihydrate in the Sample solution (mg/mL)
L = labeled amount of methylene blue in the Injection (10.0 mg/mL)
Mr1 = molecular weight of methylene blue trihydrate, 373.90
Mr2 = molecular weight of methylene blue anhydrous, 319.86
319.85 1S (USP42)
Acceptance criteria: 9.5–10.5 mg/mL of methylene blue trihydrate (C16 H18 ClN3 S·3H2 O)
SPECIFIC TESTS
• pH 〈791〉: 3.0–4.5
• Bacterial Endotoxins Test 〈85〉: NMT 0.17 USP Endotoxin Units/mg of methylene blue
• Sterility Tests 〈71〉: Meets the requirements
• Other Requirements: It meets the requirements in Labeling 〈7〉, Labels and Labeling for
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Injectable Products.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in single-dose containers, preferably of Type I amber
1S (USP42)

glass. Store at
controlled 1S (USP42)
room temperature, protected from light.
Change to read:
• Beyond-Use Date: NMT 365 days after the date on which it was compounded
In the absence of passing a sterility and endotoxin test, the storage conditions for HighRisk Level CSPs apply (see Pharmaceutical Compounding—Sterile Preparations 〈797〉, CSP
Microbial Contamination Risk Levels, High-Risk Level CSPs). 1S (USP42)
Change to read:
• Labeling: Label it to indicate that it is to be discarded after its Beyond-Use Date, to state
that it is to be kept out of the reach of children,
1S (USP42)

and to indicate the nominal content of methylene blue in the Injection and whether it was
prepared in Sterile Water for Injection or in Sodium Chloride Injection (0.9%). Label it to
indicate that the dose is not to exceed 30 mg of methylene blue/kg of body weight/h.
1S (USP42)

Label it to indicate that it is for veterinary use only and to state the Beyond-Use Date.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Methylene Blue RS
Recent Official Publications:
USP41–NF36 Page 2675
BRIEFING
Methylprednisolone, USP 41 page 2688 and PF 41(2) [Mar.–Apr. 2015]. On the basis of
comments received, the proposal previously published in PF 41(2) has been canceled and
replaced with a revised submission proposal. As part of the USP monograph modernization
initiative, the following changes are proposed:
1. Replace the UV absorption procedure in Identification B with an identification test based
on the HPLC retention time match for methylprednisolone.
2. Delete Identification C as it is nonspecific and adds no value to ensuring the quality of
the drug substance.
3. Replace the procedure in the Assay, which uses an internal standard in chloroform, with
a validated stability-indicating HPLC procedure that uses the same HPLC parameters as
are used in the proposed test for Organic Impurities. The typical retention time for
methylprednisolone is about 11 min.
4. Replace the current chromatographic purity procedure with a test for Organic Impurities
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based on the validated HPLC procedure and performed with the Discovery HS C18 brand
of column with L1 packing.
5. Add USP Methylprednisolone Related Compound A RS, USP Methylprednisolone Related
Compound B RS, USP Methylprednisolone Related Compound C RS, USP
Methylprednisolone Related Compound D RS, USP Methylprednisolone Related Compound
E RS, USP Methylprednisolone Related Compound F RS, and USP Methylprednisolone
Related Compound H RS to the USP Reference Standards section to support proposed
revisions in the Assay and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: C. Anthony.)
Correspondence Number—C192536
Comment deadline: July 31, 2018
Methylprednisolone

C22 H30 O5

374.47

Pregna-1,4-diene-3,20-dione, 11,17,21-trihydroxy-6-methyl-, (6α,11β)-;
11β,17,21-Trihydroxy-6α-methylpregna-1,4-diene-3,20-dione
[83-43-2].
DEFINITION
Methylprednisolone contains NLT 97.0% and NMT 103.0% of methylprednisolone (C22 H30 O5 ),
calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Change to read:
• B. Ultraviolet Absorption 〈197U〉
Analytical wavelength: 243 nm
Sample solution: 10 µg/mL in alcohol.
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
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The retention time of the methylprednisolone peak of the Sample solution corresponds to
that of the Standard solution, as obtained in the Assay. 1S (USP42)
Delete the following:
• C.
Sample: 5 mg
Analysis: Dissolve the Sample in 2 mL of sulfuric acid.
Acceptance criteria: A red color is produced. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Butyl chloride, water-saturated butyl chloride, tetrahydrofuran, methanol,
and glacial acetic acid (95:95:14:7:6)
Solution A: Chloroform and glacial acetic acid (97:3)
Internal standard solution: 0.2 mg/mL of prednisone in Solution A
Standard solution: 0.2 mg/mL of USP Methylprednisolone RS in the Internal standard
solution
Sample solution: 0.2 mg/mL of Methylprednisolone in the Internal standard solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.0-mm × 25.0-cm; packing L3
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for prednisone and methylprednisolone are about 0.7
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between methylprednisolone and prednisone
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methylprednisolone (C22 H30 O5 ) in the portion of
Methylprednisolone taken:
Result = (RU/RS) × (CS/CU) × 100
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RU = peak response ratio of methylprednisolone to prednisone from the Sample solution
RS = peak response ratio of methylprednisolone to prednisone from the Standard solution
CS = concentration of USP Methylprednisolone RS in the Standard solution (mg/mL)
CU = concentration of Methylprednisolone in the Sample solution (mg/mL)
Solution A: Acetonitrile, tetrahydrofuran, phosphoric acid, and water (100:15:1:900)
Solution B: Acetonitrile, tetrahydrofuran, and phosphoric acid (100: 1.5: 1)
Diluent: Acetonitrile, phosphoric acid, and water (50: 0.1: 50)
Mobile phase: See Table 1.
Time
(min)
0
14
30
30.1
35

Table 1
Solution A
(%)
83
83
52
83
83

Solution B
(%)
17
17
48
17
17

Standard solution: 0.6 mg/mL each of USP Methylprednisolone RS and USP
Methylprednisolone Related Compound A RS in Diluent
Sample solution: 0.6 mg/mL of Methylprednisolone in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: 247 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 45°
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for methylprednisolone and methylprednisolone related
compound A are 1.0 and 0.93, respectively.]
Suitability requirements
Resolution: NLT 1.7 between methylprednisolone related compound A and
methylprednisolone
Tailing factor: NMT 2.0 for methylprednisolone
Relative standard deviation: NMT 1.10% for methylprednisolone
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of methylprednisolone (C22 H30 O5 ) in the portion of
Methylprednisolone taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of methylprednisolone from the Sample solution
rS = peak response of methylprednisolone from the Standard solution
CS = concentration of USP Methylprednisolone RS in the Standard solution (mg/mL)
CU = concentration of Methylprednisolone in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%
Change to read:
• Organic Impurities
Mobile phase: Tetrahydrofuran, dimethyl sulfoxide, butanol, and water (40:10:1:149)
Diluent: Tetrahydrofuran, glacial acetic acid, and water (25:3:72)
Standard solution: 0.01 mg/mL of USP Methylprednisolone RS in Diluent
Sample solution: 1.0 mg/mL of Methylprednisolone in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 20-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 800 theoretical plates
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Methylprednisolone taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response for each impurity from the Sample solution
rS = peak response for methylprednisolone from the Standard solution
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CS = concentration of USP Methylprednisolone RS in the Standard solution (mg/mL)
CU = concentration of Methylprednisolone in the Sample solution (mg/mL)
Acceptance criteria
Any individual impurity: NMT 1.0%
Total impurities: NMT 2.0%
Solution A, Solution B, Diluent, Mobile phase, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.006 mg/mL each of USP Methylprednisolone RS, USP
Methylprednisolone Related Compound A RS, USP Methylprednisolone Related Compound B
RS, USP Methylprednisolone Related Compound C RS, USP Methylprednisolone Related
Compound D RS, USP Methylprednisolone Related Compound E RS, USP Methylprednisolone
Related Compound F RS, and USP Methylprednisolone Related Compound H RS in Diluent
System suitability
Sample: Standard solution
Suitability requirements
Peak-to-valley-ratio: NLT 2.0 between methylprednisolone and methylprednisolone
related compound F, calculated as follows:
Result = HP/HV
HP = height above the baseline of the peak due to related compound F
HV = height above the baseline of the lowest point of the curve separating the peak
due to related compound F from the peak due to methylprednisolone
Resolution: NLT 2.0 between methylprednisolone and methylprednisolone related
compound A
Relative standard deviation: NMT 10.0% for methylprednisolone, methylprednisolone
related compound A, and methylprednisolone related compound C
Analysis
Samples: Sample solution and Standard solution
Calculate each individual percentage of methylprednisolone related compound A,
methylprednisolone related compound B, methylprednisolone related compound C,
methylprednisolone related compound D, methylprednisolone related compound E,
methylprednisolone related compound F, and methylprednisolone related compound H in
the portion of Methylprednisolone taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each corresponding methylprednisolone impurity from the Sample
solution
rS = peak response of the corresponding impurity from the Standard solution
CS = concentration of the corresponding impurity Reference Standard in the Standard
solution (mg/mL)
CU = concentration of Methylprednisolone in the Sample solution (mg/mL)
Calculate the percentage of methylprednisolone related compound D in the portion of
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Methylprednisolone taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of methylprednisolone related compound D [(E)-, (Z)-isomers] from
the Sample solution
rS = peak response of the corresponding impurity from the Standard solution
CS = concentration of the corresponding impurity Reference Standard in the Standard
solution (mg/mL)
CU = concentration of Methylprednisolone in the Sample solution (mg/mL)
Calculate the percentage of impurity G and impurity I in the portion of Methylprednisolone
taken:
Result = (rU/rT) × 100
rU = sum of the peak areas of impurity G and impurity I from the Sample solution
rT = sum of all peak areas from the Sample solution
Calculate the percentage of any individual unspecified impurity in the portion of
Methylprednisolone taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual unspecified impurity from the Sample solution
rS = peak response of methylprednisolone from the Standard solution
CS = concentration of USP Methylprednisolone RS in the Standard solution (mg/mL)
CU = concentration of Methylprednisolone in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.

PF 44(3): May.-Jun. 2018

450

Table 2
Relative
Retention
Time
0.85
0.88
0.93
1.0
1.10
1.56–1.60
1.72
2.01
2.20, 2.32
—
—

Acceptance
Criteria,
NMT (%)
0.2
0.2
0.3
—
0.15
0.3
0.15
0.15
0.5
0.10
2.0

Name
Methylprednisolone related compound B
Methylprednisolone related compound H
Methylprednisolone related compound A
Methylprednisolone
Methylprednisolone related compound F
Impurity Ga and impurity Ib
Methylprednisolone related compound C
Methylprednisolone related compound E
Methylprednisolone related compound Dc
Any individual unspecified impurity
Total impurities
a 17,21-Dihydroxy-6α-methylpregna-1,4,9(11)-triene-3,20-dione.
b Unknown.
c (E)-, (Z)-isomers.
1S (USP42)

SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 5 mg/mL in dioxane
Acceptance criteria: +79° to +86°
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 〈11〉
USP Methylprednisolone RS
USP Methylprednisolone Related Compound A RS
17,21-Dihydroxy-6α-methylpregna-1,4-diene-3,11,20-trione.
C22 H28 O5
372.46
USP Methylprednisolone Related Compound B RS
11β,17,21,21-Tetrahydroxy-6α-methylpregna-1,4-diene-3,20-dione.
C22 H30 O6
390.48
USP Methylprednisolone Related Compound C RS
11β-Hydroxy-6α-methylandrosta-1,4-diene-3,17-dione.
C20 H26 O3
314.43

PF 44(3): May.-Jun. 2018

451

USP Methylprednisolone Related Compound D RS
11β,20-Dihydroxy-6α-methylpregna-1,4,17(20)-triene-3,21-dione.
C22 H28 O4
356.46
USP Methylprednisolone Related Compound E RS
11β-Hydroxy-6α-methyl-3-oxoandrosta-1,4-diene-17β-carboxylic acid.
C21 H28 O4
344.45
USP Methylprednisolone Related Compound F RS
11β,17,21-Trihydroxy-6α-methylpregn-4-ene-3,20-dione.
C22 H32 O5
376.49
USP Methylprednisolone Related Compound H RS
11β,17,21-Trihydroxy-6β-methylpregna-1,4-diene-3,20-dione.
C22 H30 O5
374.48
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2688
BRIEFING
Methylprednisolone Acetate Cream, USP 41 page 2691. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Methylprednisolone Acetate Cream are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C197749
Comment deadline: July 31, 2018
Delete the following:
Methylprednisolone Acetate Cream
DEFINITION
Methylprednisolone Acetate Cream contains NLT 90.0% and NMT 110.0% of the labeled amount
of methylprednisolone acetate (C24 H32 O6 ).
IDENTIFICATION
• A.
Analysis: Use the thin-layer chromatogram, prepared as directed in Analysis 1 in the
Assay.
Acceptance criteria: The RF value of the principal spot from the Sample stock solution
corresponds to that from the Standard stock solution.
ASSAY
• Procedure
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(See Chromatography 〈621〉.)
Solution A: Alcohol and chloroform (1:1)
Solution B: Alcohol and tetramethylammonium hydroxide TS (9:1)
Standard stock solution: 500 µg/mL of USP Methylprednisolone Acetate RS in Solution A
Sample stock solution: Transfer the equivalent of 5 mg of methylprednisolone acetate
from Cream to a 125-mL separator, and add 50 mL of solvent hexane. Extract with three
10-mL portions of acetonitrile, and evaporate the combined extracts on a steam bath with
the aid of a current of air nearly to dryness. Transfer the residue to a 10-mL volumetric
flask with the aid of one 5-mL portion and two 2-mL portions of Solution A, and dilute with
Solution A to volume.
Adsorbent: 0.5-mm layer of chromatographic silica gel mixture
Application volume: 250 µL
Developing solvent system: Ethyl acetate and chloroform (7:5)
Analysis 1
Samples: Standard stock solution and Sample stock solution
Divide the plate into three equal sections, with the left and right sections to be used for the
Sample stock solution and Standard stock solution, respectively, and the center section
for the blank. Apply the solutions as streaks 2.5 cm from the bottom of the designated
section of the plate, and dry the streaks with the aid of a current of air. Develop the
chromatogram in the Developing solvent system until the solvent front has moved about
three-fourths of the length of the plate. Remove the plate from the chamber, mark the
solvent front, and allow the solvent to evaporate. Locate the principal bands from the
Standard stock solution and the Sample stock solution (see also Identification test A) by
viewing under short-wavelength UV light.
Standard solution, Sample solution, and Blank: Mark the Standard stock solution and
Sample stock solution bands and the corresponding band section for the Blank on the TLC
plate from Analysis 1. Quantitatively remove the silica gel containing these bands, and
transfer to separate glass-stoppered, 50-mL centrifuge tubes. Add 25.0 mL of alcohol to
each tube, shake for 2 min, and centrifuge for 5 min. Transfer 20.0 mL of each
supernatant to separate glass-stoppered, 50-mL conical flasks. Add 2.0 mL of blue
tetrazolium TS to each solution, mix, and add 2.0 mL of Solution B to each flask. Mix, and
allow the solutions to stand in the dark for 90 min.
Instrumental conditions
Mode: Vis
Analytical wavelength: Maximum absorbance at about 525 nm
Cell: 1 cm
Analysis 2
Samples: Standard solution, Sample solution, and Blank
Determine the absorbances of the Standard solution and the Sample solution at the
wavelength of maximum absorbance against the Blank.
Calculate the percentage of the labeled amount of methylprednisolone acetate (C24 H32 O6 )
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in the portion of Cream taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Methylprednisolone Acetate RS in the Standard stock solution
(µg/mL)
CU = nominal concentration of methylprednisolone in the Sample stock solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Minimum Fill 〈755〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in collapsible tubes or in tight containers, protected from
light.
• USP Reference Standards 〈11〉
USP Methylprednisolone Acetate RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2691
BRIEFING
Methylprednisolone Hemisuccinate, USP 41 page 2692. As part of the USP monograph
modernization initiative, it is proposed to make the following changes:
1. Replace the UV absorption procedure in Identification B with an identification test based
on the UV spectrum agreement of the major peaks of the Sample solution and Standard
solution in the proposed Assay.
2. Replace the procedure in the Assay, which uses an internal standard, with a liquid
chromatographic procedure that uses the same chromatographic system as the
proposed Organic Impurities test to be operationally efficient.
3. Replace the test for Organic Impurities with a test validated for specified impurities.
The proposed test is based on analyses performed with the Waters Acquity UPLC BEH
C18 brand of column with L1 packing. The typical retention time for methylprednisolone
hemisuccinate is about 13 min.
4. Add USP Methylprednisolone RS, USP Methylprednisolone Acetate RS, USP
Methylprednisolone Hemisuccinate Related Compound B RS, and USP Methylprednisolone
Hemisuccinate Related Compound D RS to the USP Reference Standards section to
support the proposed revisions in the Assay and the test for Organic Impurities.
5. Delete USP Fluorometholone RS from the USP Reference Standards section because it is
not needed as an internal standard in the proposed revision of the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(CHM5: G. Hsu.)
Correspondence Number—C178712
Comment deadline: July 31, 2018
Methylprednisolone Hemisuccinate

C26 H34 O8

474.54

Pregna-1,4-diene-3,20-dione, 21-(3-carboxy-1-oxopropoxy)-11,17-dihydroxy-6-methyl-,
(6α,11β)-;
11β,17,21-Trihydroxy-6α-methylpregna-1,4-diene-3,20-dione 21-(hydrogen succinate)
[2921-57-5].
DEFINITION
Methylprednisolone Hemisuccinate contains NLT 97.0% and NMT 103.0% of
methylprednisolone hemisuccinate (C26 H34 O8 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197M〉
Change to read:
• B. Ultraviolet Absorption 〈197U〉
Standard solution: 20 µg/mL of USP Methylprednisolone Hemisuccinate RS in alcohol
Sample solution: 20 µg/mL of methylprednisolone hemisuccinate in alcohol
Analytical wavelength: 243 nm
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Solution A: Chloroform and glacial acetic acid (97:3)

454
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Mobile phase: Butyl chloride, water-saturated butyl chloride, tetrahydrofuran, methanol,
and glacial acetic acid (95:95:14:7:6)
Internal standard solution: 6 mg/mL of USP Fluorometholone RS in tetrahydrofuran
Standard solution: 0.4 mg/mL of USP Methylprednisolone Hemisuccinate RS prepared as
follows. Transfer a suitable quantity of USP Methylprednisolone Hemisuccinate RS to a
suitable volumetric flask, and add 5.0% of the flask volume of Internal standard solution.
Dilute with Solution A to volume.
Sample solution: 0.4 mg/mL of Methylprednisolone Hemisuccinate prepared as follows.
Transfer a suitable quantity of Methylprednisolone Hemisuccinate to a suitable volumetric
flask, and add 5.0% of the flask volume of Internal standard solution. Dilute with Solution
A to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L3
Injection volume: 4–8 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between methylprednisolone hemisuccinate and fluorometholone
Relative standard deviation: NMT 2.0% for six replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methylprednisolone hemisuccinate (C26 H34 O8 ) in the portion of
Methylprednisolone Hemisuccinate taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak area ratio of methylprednisolone hemisuccinate to fluorometholone from the
Sample solution
RS = peak area ratio of methylprednisolone hemisuccinate to fluorometholone from the
Standard solution
CS = concentration of USP Methylprednisolone Hemisuccinate RS in the Standard solution
(mg/mL)
CU = concentration of Methylprednisolone Hemisuccinate in the Sample solution (mg/mL)
Solution A: 0.1% formic acid in water
Solution B: 0.1% formic acid in acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0
2
15
18
21
25
26
30

Table 1
Solution A
(%)
80
80
65
60
40
40
80
80

Solution B
(%)
20
20
35
40
60
60
20
20

Diluent: Solution A and Solution B (60:40)
System suitability stock solution: 0.2 mg/mL of USP Methylprednisolone Hemisuccinate
Related Compound D RS prepared as follows. Transfer an appropriate amount of USP
Methylprednisolone Hemisuccinate Related Compound D RS to a suitable volumetric flask.
Add 5% of the final flask volume of tetrahydrofuran to dissolve. Dilute with Diluent to
volume. Make suitable dilutions with Diluent if necessary.
System suitability solution: 1.0 mg/mL of USP Methylprednisolone Hemisuccinate RS and
0.01 mg/mL of USP Methylprednisolone Hemisuccinate Related Compound D RS in Diluent
prepared as follows. Transfer an appropriate amount of USP Methylprednisolone
Hemisuccinate RS to a suitable volumetric flask. Add 5% of the final flask volume of
tetrahydrofuran to dissolve. Add a suitable amount of the System suitability stock solution
to the flask and dilute with Diluent to volume.
Standard stock solution: 1.0 mg/mL of USP Methylprednisolone Hemisuccinate RS
prepared as follows. Transfer an appropriate amount of USP Methylprednisolone
Hemisuccinate RS to a suitable volumetric flask. Add 5% of the final flask volume of
tetrahydrofuran to dissolve. Dilute with Diluent to volume. Make suitable dilutions with
Diluent if necessary.
Standard solution: 0.2 mg/mL of USP Methylprednisolone Hemisuccinate RS in Diluent from
the Standard stock solution
Sample stock solution: 1.0 mg/mL of Methylprednisolone Hemisuccinate as follows.
Transfer a suitable quantity of Methylprednisolone Hemisuccinate to a suitable volumetric
flask. Add 5% of the final flask volume of tetrahydrofuran to dissolve. Dilute with Diluent
to volume.
Sample solution: 0.2 mg/mL of Methylprednisolone Hemisuccinate in Diluent from the
Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
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Temperatures
Autosampler: 5°
Column: 45°
Flow rate: 0.4 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between methylprednisolone hemisuccinate and methylprednisolone
hemisuccinate related compound D, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methylprednisolone hemisuccinate (C26 H34 O8 ) in the portion of
Methylprednisolone Hemisuccinate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of methylprednisolone hemisuccinate from the Sample solution
rS = peak response of methylprednisolone hemisuccinate from the Standard solution
CS = concentration of USP Methylprednisolone Hemisuccinate RS in the Standard solution
(mg/mL)
CU =concentration of Methylprednisolone Hemisuccinate in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%
Change to read:
• Organic Impurities
Mobile phase: Tetrahydrofuran, formic acid, and water (255:1:745)
Diluent: Tetrahydrofuran, acetonitrile, acetic acid, and water (25:25:3:47)
Standard solution: 0.02 mg/mL of USP Methylprednisolone Hemisuccinate RS in Diluent
Sample solution: 1 mg/mL of Methylprednisolone Hemisuccinate in Diluent. Shake or
sonicate to aid in solubilization.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

PF 44(3): May.-Jun. 2018

458

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 20-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 5000 theoretical plates
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Methylprednisolone
Hemisuccinate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of each impurity from the Sample solution
rS = peak area of methylprednisolone hemisuccinate from the Standard solution
CS = concentration of USP Methylprednisolone Hemisuccinate RS in the Standard solution
(mg/mL)
CU = concentration of Methylprednisolone Hemisuccinate in the Sample solution (mg/mL)
Acceptance criteria
Any individual impurity: NMT 1.0%
Total impurities: NMT 2.0%
Solution A, Solution B, Mobile phase, Diluent, System suitability stock solution,
System suitability solution, and Chromatographic system: Proceed as directed in the
Assay.
Sensitivity solution: 0.5 µg/mL each of USP Methylprednisolone RS, USP
Methylprednisolone Acetate RS, USP Methylprednisolone Hemisuccinate RS, USP
Methylprednisolone Hemisuccinate Related Compound B RS, and USP Methylprednisolone
Hemisuccinate Related Compound D RS in Diluent from the Standard solution
Standard stock solution: 0.2 mg/mL each of USP Methylprednisolone RS, USP
Methylprednisolone Acetate RS, USP Methylprednisolone Hemisuccinate RS, USP
Methylprednisolone Hemisuccinate Related Compound B RS, and USP Methylprednisolone
Hemisuccinate Related Compound D RS prepared as follows. Transfer an appropriate
amount of USP Methylprednisolone RS, USP Methylprednisolone Acetate RS, USP
Methylprednisolone Hemisuccinate RS, USP Methylprednisolone Hemisuccinate Related
Compound B RS, and USP Methylprednisolone Hemisuccinate Related Compound D RS to a
suitable volumetric flask. Add 5% of the final flask volume of tetrahydrofuran to dissolve.
Dilute with Diluent to volume.
Standard solution: 0.01 mg/mL each of USP Methylprednisolone RS, USP
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Methylprednisolone Acetate RS, USP Methylprednisolone Hemisuccinate RS, USP
Methylprednisolone Hemisuccinate Related Compound B RS, and USP Methylprednisolone
Hemisuccinate Related Compound D RS in Diluent from the Standard stock solution
Sample solution: 1.0 mg/mL of Methylprednisolone Hemisuccinate prepared as follows.
Transfer a suitable quantity of Methylprednisolone Hemisuccinate to a suitable volumetric
flask. Add 5% of the final flask volume of tetrahydrofuran to dissolve. Dilute with Diluent
to volume.
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between methylprednisolone hemisuccinate and methylprednisolone
hemisuccinate related compound D, System suitability solution
Relative standard deviation: NMT 5.0% for methylprednisolone hemisuccinate,
Standard solution
Signal-to-noise ratio: NLT 10 for methylprednisolone hemisuccinate, Sensitivity
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methylprednisolone, methylprednisolone acetate,
methylprednisolone hemisuccinate related compound B, or methylprednisolone
hemisuccinate related compound D in the portion of Methylprednisolone Hemisuccinate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each specified impurity from the Sample solution
rS = peak response of the corresponding impurity from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(mg/mL)
CU = concentration of Methylprednisolone Hemisuccinate in the Sample solution (mg/mL)
Calculate the percentage of each unspecified impurity in the portion of Methylprednisolone
Hemisuccinate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of methylprednisolone hemisuccinate from the Standard solution
CS = concentration of USP Methylprednisolone Hemisuccinate RS in the Standard solution
(mg/mL)
CU = concentration of Methylprednisolone Hemisuccinate in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
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Table 2

Name
Methylprednisolone
Methylprednisolone hemisuccinate related compound
B
Methylprednisolone hemisuccinate
Methylprednisolone hemisuccinate related compound
D
Methylprednisolone acetate
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
0.69

Acceptance
Criteria,
NMT (%)
1.0

0.79
1.00

1.0
—

1.04
1.12
—
—

1.0
1.0
1.0
2.0

1S (USP42)

SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 10 mg/mL of Methylprednisolone Hemisuccinate in dioxane
Acceptance criteria: +87° to +95°
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 〈11〉
USP Fluorometholone RS
USP Methylprednisolone RS
USP Methylprednisolone Acetate RS
1S (USP42)

USP Methylprednisolone Hemisuccinate RS
USP Methylprednisolone Hemisuccinate Related Compound B RS
11β,21-Dihydroxy-6α-methyl-3,20-dioxopregna-1,4-dien-17-yl hydrogen succinate.
C26 H34 O8
474.55
USP Methylprednisolone Hemisuccinate Related Compound D RS
11β,17-Dihydroxy-6α-methyl-3,20-dioxopregna-4-en-21-yl hydrogen succinate.
C26 H36 O8
476.57
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2692
BRIEFING
Methysergide Maleate, USP 41 page 2698. It is proposed to omit this monograph for the
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following reasons:
1. No drug products formulated with Methysergide Maleate are currently marketed in the
United States.
2. Drug products containing Methysergide Maleate are currently not used in veterinary
medicine in the United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C197750
Comment deadline: July 31, 2018
Delete the following:
Methysergide Maleate

C21 H27 N3 O2 ·C4 H4 O4

469.53

Ergoline-8-carboxamide, 9,10-didehydro-N-[1-(hydroxymethyl)propyl]-1,6-dimethyl-, (8β)-,
(Z)-2-butenedioate (1:1) (salt);
9,10-Didehydro-N-[1-(hydroxymethyl)propyl]-1,6-dimethylergoline-8β-carboxamide maleate
(1:1) (salt)
[129-49-7].
DEFINITION
Methysergide Maleate contains NLT 97.0% and NMT 103.0% of methysergide maleate
(C21 H27 N3 O2 ·C4 H4 O4 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. Thin-Layer Chromatography
Conduct this test without exposure to daylight and with minimum exposure to artificial light.
Standard solution: 5 mg/mL of USP Methysergide Maleate RS in methanol
Sample solution: 5 mg/mL of Methysergide Maleate in methanol
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel

PF 44(3): May.-Jun. 2018

462

Application volume: 25 µL
Developing solvent: Chloroform and methanol (20:1)
Spray reagent: 8 mg/mL of p-dimethylaminobenzaldehyde in a cooled mixture of alcohol
and sulfuric acid (8:2)
Analysis
Samples: Standard solution and Sample solution
In the chromatographic chamber, place a volume of the Developing solvent sufficient to
develop the chromatogram. Place a beaker containing 25 mL of ammonium hydroxide in
the chamber, cover, and allow to equilibrate for 30 min. Apply the Samples, and develop
the chromatogram until the solvent front has moved about three-fourths of the length
of the plate. Remove the plate from the developing chamber, mark the solvent front,
and allow the solvent to evaporate. Locate the spots on the plate by lightly spraying
with Spray reagent. Allow the plate to dry, then expose it briefly to fumes of a mixture
of nitric and hydrochloric acids.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
ASSAY
• Procedure
Sample solution: 200 mg of Methysergide Maleate in 30 mL of glacial acetic acid. Add 1
drop of crystal violet TS.
Analysis: Titrate with 0.1 N perchloric acid VS to a blue endpoint. Perform a blank
determination, and make any necessary correction. Each mL of 0.1 N perchloric acid is
equivalent to 46.95 mg of methysergide maleate (C21 H27 N3 O2 ·C4 H4 O4 ).
Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
• Ordinary Impurities 〈466〉
Standard solution and Sample solution: Methanol
Eluant: Use the Developing solvent from Identification test B.
Visualization: 1
Acceptance criteria: Meets the requirements
SPECIFIC TESTS
• Optical Rotation, Specific Rotation〈781S〉
Sample solution: 2.5 mg/mL in water
Acceptance criteria: +35° to +45°
• pH 〈791〉
Sample solution: 1 in 500 in carbon dioxide-free water
Acceptance criteria: 3.7–4.7
• Loss on Drying 〈731〉
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Analysis: Dry a sample under vacuum at 120° for 2 h.
Acceptance criteria: NMT 7.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, in a cold place.
• USP Reference Standards 〈11〉
USP Methysergide Maleate RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2698
BRIEFING
Methysergide Maleate Tablets, USP 41 page 2698. It is proposed to omit this monograph
for the following reasons:
1. No drug products formulated as defined under Methysergide Maleate Tablets are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C197914
Comment deadline: July 31, 2018
Delete the following:
Methysergide Maleate Tablets
DEFINITION
Methysergide Maleate Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
methysergide maleate (C21 H27 N3 O2 ·C4 H4 O4 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Conduct this procedure with a minimum exposure to light.
Mobile phase: Dissolve 6.8 g of monobasic potassium phosphate in 700 mL of water, add
300 mL of acetonitrile, and mix.
Diluent: Methanol and 10 g/L of tartaric acid (50:50)
Standard solution: 0.1 mg/mL of USP Methysergide Maleate RS in Diluent
[Note—Sonication may be used.]
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Sample solution: Nominally 0.1 mg/mL of methysergide maleate prepared as follows.
Transfer a portion of NLT 20 finely powdered Tablets equivalent to NLT 10 mg of
methysergide maleate to a suitable volumetric flask. Add 75% of the flask volume with
Diluent. Shake by mechanical means for 60 min. Dilute with Diluent to volume. Filter, and
discard the first 20 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 318 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.0 between the analyte and the closest adjacent peak
Tailing factor: NMT 2.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methysergide maleate (C21 H27 N3 O2 ·C4 H4 O4 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Methysergide Maleate RS in the Standard solution (mg/mL)
CU = nominal concentration of methysergide maleate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: Tartaric acid solution (1 in 200); 900 mL
Apparatus 2: 100 rpm
Time: 30 min
Standard solution: 0.002 mg/mL of USP Methysergide Maleate RS in Medium
Sample solution: Portions of the solution under test suitably diluted with Medium
Instrumental conditions
Mode: Fluorescence
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Excitation wavelength: 327 nm
Emission wavelength: 428 nm
Blank: Tartaric acid solution (1 in 200)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of methysergide maleate
(C21 H27 N3 O2 ·C4 H4 O4 ) dissolved:
Result = (AU/AS) × CS × V × (1/L) × 100
AU = absorbance from the Sample solution
AS = absorbance from the Standard solution
CS = concentration of USP Methysergide Maleate RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim of methysergide maleate (mg/Tablet)
Tolerances: NLT 70% (Q) of the labeled amount of methysergide maleate
(C21 H27 N3 O2 ·C4 H4 O4 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store below 30°.
• USP Reference Standards 〈11〉
USP Methysergide Maleate RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2698
BRIEFING
Metyrapone Tablets, USP 41 page 2730. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Metyrapone Tablets are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C197917
Comment deadline: July 31, 2018
Delete the following:
Metyrapone Tablets
DEFINITION
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Metyrapone Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of metyrapone
(C14 H14 N2 O).
IDENTIFICATION
• A. Infrared Absorption
Sample solution: Transfer 500 mg of metyrapone from powdered Tablets into a centrifuge
tube. Add 10 mL of 1 N sodium hydroxide, and mix. Extract with 10 mL of chloroform,
centrifuge, and filter.
Acceptance criteria: The IR absorption spectrum of the Sample solution, determined in a
0.5-mm cell against chloroform, exhibits maxima only at the same wavelengths as that of
a similar solution of USP Metyrapone RS.
• B. UV Absorption
Sample solution: Transfer 1 mL of the filtrate obtained in Identification test A to a
centrifuge tube. Add 20 mL of chloroform, and extract with 30 mL of 1 N sulfuric acid,
centrifuging and filtering the sulfuric acid layer through a pledget of cotton. Mix 1 mL of
this solution with 99 mL of 1 N sulfuric acid.
Acceptance criteria: The UV absorption spectrum of the Sample solution exhibits maxima
and minima at the same wavelengths as that of a similar solution of USP Metyrapone RS,
concomitantly measured.
ASSAY
• Procedure
Solution A: 13.3 mg/mL of 2,4-dinitrophenylhydrazine in methanol. Shake by mechanical
means for about 15 min, and filter. Prepare fresh daily.
Solution B: Solution A and hydrochloric acid (23:2)
Solution C: 50 mg/mL of potassium hydroxide in methanol, and filter
Diluent: Chloroform and methanol (1:1)
Standard solution: 0.1 mg/mL of USP Metyrapone RS in chloroform
Sample stock solution: Nominally equivalent to 25 mg of metyrapone from powdered
Tablets (NLT 20) prepared as follows. Transfer a suitable amount of powdered Tablets to
a centrifuge tube with the aid of 10 mL of 1 N sodium hydroxide. Shake gently, and
extract with three 15-mL portions of chloroform. Centrifuge each extract, filtering through
a pledget of cotton, previously washed with chloroform, into a 50-mL volumetric flask. Add
chloroform to volume, and mix.
Sample solution: Nominally 0.1 mg/mL from the Sample stock solution in chloroform
Instrumental conditions
Mode: Vis
Analytical wavelength: 450 nm
Cell: 1 cm
Analysis
Samples: Standard solution, Sample solution, and chloroform (blank)
Pipet 3 mL each of the Standard solution, the Sample solution, and the blank into separate

PF 44(3): May.-Jun. 2018

467

50-mL volumetric flasks. To each flask add 1 mL of Solution B, and shake lightly.
Evaporate the solutions on a steam bath to near dryness. Wash down the sides of the
flask with 1 mL of Diluent, and again evaporate the solutions to near dryness. Heat the
flasks in an oven maintained at 110°–120° for 30 min. Remove the flasks, pipet 10 mL of
Solution C into each flask, and heat again in the boiling water bath for 1 min. Allow to cool
to room temperature, insert the stoppers, and shake by mechanical means for 5 min. Add
methanol to volume, and mix. Measure the absorbance of the Standard solution and the
Sample solution after the extraction against the blank.
Calculate the percentage of the labeled amount of metyrapone (C14 H14 N2 O) in the portion
of Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Metyrapone RS in the Standard solution (mg/mL)
CU = nominal concentration of metyrapone in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Standard solution: Known concentration of USP Metyrapone RS in Medium
Sample solution: Portions of the solution under test suitably diluted with Medium, and
filtered
Instrumental conditions
Mode: UV
Analytical wavelength: 259 nm
Analysis
Samples: Standard solution and Sample solution
Tolerances: NLT 60% (Q) of the labeled amount of metyrapone (C14 H14 N2 O) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and avoid exposure to
excessive heat.
• USP Reference Standards 〈11〉
USP Metyrapone RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2730
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BRIEFING
Mezlocillin Sodium, USP 41 page 2733. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated with Mezlocillin Sodium are currently marketed in the
United States.
2. Drug products containing Mezlocillin Sodium are currently not used in veterinary
medicine in the United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C197918
Comment deadline: July 31, 2018
Delete the following:
Mezlocillin Sodium

C21 H24 NaN5 O8 S2

561.56

4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 3,3-dimethyl-6-[[[[[3-(methylsulfonyl)2-oxo-1-imidazolidinyl]carbonyl]amino]phenylacetyl] amino]-7-oxo-, monosodium salt, [2S[2α,5α,6β (S*)]]-;
Sodium (2S,5R,6R)-3,3-dimethyl-6-[(R)-2-[3-(methylsulfonyl)-2-oxo-1imidazolidinecarboxamido]-2-phenylacetamido]-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylate
[42057-22-7].
Monohydrate
579.58
DEFINITION
Mezlocillin Sodium contains the equivalent of NLT 838 µg/mg and NMT 978 µg/mg of mezlocillin
(C21 H25 N5 O8 S2 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Sodium 〈191〉: Meets the requirements
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ASSAY
• Procedure
Buffer: 4.9 g/L of monobasic potassium phosphate and 0.54 g/L of dibasic potassium
phosphate in water
Mobile phase: Acetonitrile and Buffer (145:855)
Standard solution: 0.5 mg/mL of mezlocillin from USP Mezlocillin Sodium RS in water
Sample solution: 0.55 mg/mL of Mezlocillin Sodium in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4-mm × 12.5-cm; 5-µm packing L1
Temperature: 40°
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 1.5%
Tailing factor: NMT 1.5
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of mezlocillin (C21 H25 N5 O8 S2 ) in each mg of Mezlocillin
Sodium taken:
Result = (rU/rS) × (CS/CU) × P
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Mezlocillin Sodium RS in the Standard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL)
P = potency of mezlocillin in USP Mezlocillin Sodium RS (µg/mg)
Acceptance criteria: 838–978 µg/mg on the anhydrous basis
SPECIFIC TESTS
• Optical Rotation, Specific Rotation〈781S〉
Sample solution: 10 mg/mL in water
Acceptance criteria: +175° to +195°
• pH 〈791〉
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Sample solution: 100 mg/mL in water
Acceptance criteria: 4.5–8.0
• Water Determination, Method I〈921〉: NMT 6.0%
• Sterility Tests 〈71〉: Where the label states that Mezlocillin Sodium is sterile, it meets the
requirements when tested as directed for Test for Sterility of the Product to Be Examined,
Membrane Filtration.
• Bacterial Endotoxins Test 〈85〉: Where the label states that Mezlocillin Sodium is sterile or
must be subjected to further processing during the preparation of injectable dosage forms,
it contains NMT 0.06 USP Endotoxin Units/mg of mezlocillin.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Mezlocillin Sodium RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2733
BRIEFING
Mezlocillin for Injection, USP 41 page 2734. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Mezlocillin for Injection are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C197920
Comment deadline: July 31, 2018
Delete the following:
Mezlocillin for Injection

» Mezlocillin for Injection contains an amount of Mezlocillin Sodium
equivalent to not less than 90.0 percent and not more than 115.0 percent of
the labeled amount of mezlocillin (C 21 H 25 N 5 O 8 S2 ).
Packaging and storage—Preserve as described in Packaging and Storage Requirements 〈659〉,
Injection Packaging, Packaging for constitution.
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Change to read:
USP Reference standards 〈11〉—
(CN 1-May-2018)

USP Mezlocillin Sodium RS
Constituted solution—At the time of use, it meets the requirements for Injections and
Implanted Drug Products 〈1〉, Specific Tests, Completeness and clarity of solutions.
Bacterial Endotoxins Test 〈85〉 —It contains not more than 0.06 USP Endotoxin Unit per mg of
mezlocillin.
Sterility Tests 〈71〉 —It meets the requirements when tested as directed for Membrane
Filtration under Test for Sterility of the Product to be Examined.
Particulate Matter in Injections 〈788〉: meets the requirements for small-volume injections.
Other requirements—It responds to the Identification tests and meets the requirements for
Specific rotation, pH, and Water under Mezlocillin Sodium. It meets also the requirements for
Uniformity of Dosage Units 〈905〉 and Labeling 〈7〉, Labels and Labeling for Injectable Products.
Assay—
Mobile phase, Standard preparation, Resolution solution, and Chromatographic system—
Prepare as directed for the Assay under Mezlocillin Sodium.
Assay preparation 1 (where it is represented as being in a single-dose container)—Constitute
Mezlocillin for Injection in a volume of water, accurately measured, corresponding to the volume
of solvent specified in the labeling. Withdraw all of the withdrawable contents, using a suitable
hypodermic needle and syringe, and dilute quantitatively with water to obtain a solution
containing about 0.5 mg of mezlocillin per mL.
Assay preparation 2 (where the label states the quantity of mezlocillin in a given volume of
constituted solution)—Constitute Mezlocillin for Injection in a volume of water, accurately
measured, corresponding to the volume of solvent specified in the labeling. Dilute an accurately
measured portion of the constituted solution quantitatively with water to obtain a solution
containing about 0.5 mg of mezlocillin per mL.
Procedure— [Note—Use peak areas where peak responses are indicated.] Separately inject
equal volumes (about 20 µL) of the Standard preparation and Assay preparation 1 into the
chromatograph, record the chromatograms, and measure the responses for the major peaks.
Calculate the quantity, in mg, of mezlocillin in the container, or in the portion of constituted
solution taken by the formula:
(L / D)(C / 1000)(rU / rS)
in which L is the labeled quantity, in mg, of mezlocillin in the container, or in the volume of
constituted solution taken, D is the concentration, in mg per mL, of mezlocillin in Assay
preparation 1 or in Assay preparation 2, on the basis of the labeled quantity in the container,
or in the portion of constituted solution taken, respectively, and the extent of dilution, C is the
concentration, in µg per mL, of mezlocillin (C21 H25 N5 O8 S2 ) in the Standard preparation, and rU
and rS are the mezlocillin peak responses obtained from the Standard preparation and from
Assay preparation 1 or Assay preparation 2, as appropriate. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2734
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BRIEFING
Miconazole Injection, USP 41 page 2737. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Miconazole Injection are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C197923
Comment deadline: July 31, 2018
Delete the following:
Miconazole Injection
DEFINITION
Miconazole Injection is a sterile solution of Miconazole in Water for Injection. It contains NLT
90.0% and NMT 110.0% of the labeled amount of miconazole (C18 H14 Cl4 N2 O).
IDENTIFICATION
• A.
Solution A: 17 mg/mL of bismuth subnitrate in a mixture of glacial acetic acid and water
(1:4)
Solution B: 400 mg/mL of potassium iodide in water
Standard solution: 5 mg/mL of USP Miconazole RS in methanol
Sample solution: Nominally 5 mg/mL of miconazole in methanol
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: n-Hexane, chloroform, methanol, and ammonium hydroxide
(60:30:10:1)
Spray reagent (Dragendorff’s TS): Solution A, Solution B, glacial acetic acid, and water
(1:1:4:14)
Analysis
Samples: Standard solution and Sample solution
Apply the Samples separately to the starting line of the plate. Develop the chromatogram in
a suitable chamber with freshly prepared Developing solvent system until the solvent front
has moved about three-fourths of the length of the plate. Remove the plate from the
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chamber, and allow the solvent to evaporate. Locate the spots on the plate by spraying
with Spray reagent.
Acceptance criteria: The RF value of one of the principal spots from the Sample solution
corresponds to that from the Standard solution.
ASSAY
• Procedure
Solution A: 25 mg/mL of ammonium acetate in water
Mobile phase: Acetonitrile, methanol, and Solution A (30:50:20)
System suitability solution: 50 µg/mL each of USP Miconazole RS and dibutyl phthalate in
Mobile phase
Standard solution: 50 µg/mL of USP Miconazole RS in Mobile phase
Sample solution: Nominally 50 µg/mL of miconazole in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 30-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for dibutyl phthalate and miconazole are 0.7 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 5.0 between the dibutyl phthalate and miconazole peaks, System
suitability solution
Tailing factor: NMT 1.3 for the miconazole peak, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Allow the chromatograph to run for at least 16–18 min between injections to allow for
elution of all components associated with the Injection vehicle.
Calculate the percentage of the labeled amount of miconazole (C18 H14 Cl4 N2 O) in the portion
of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
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rS = peak response from the Standard solution
CS = concentration of USP Miconazole RS in the Standard solution (µg/mL)
CU = nominal concentration of miconazole in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 3.7–5.7
• Bacterial Endotoxins Test 〈85〉: NMT 0.10 USP Endotoxin Unit/mg of miconazole
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• Injections and Implanted Drug Products 〈1〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass, at
controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Miconazole RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2737
BRIEFING
Minocycline Hydrochloride Oral Suspension, USP 41 page 2754. It is proposed to omit
this monograph for the following reasons:
1. No drug products formulated as defined under Minocycline Hydrochloride Oral Suspension
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C197929
Comment deadline: July 31, 2018
Delete the following:
Minocycline Hydrochloride Oral Suspension
DEFINITION
Minocycline Hydrochloride Oral Suspension contains the equivalent of NLT 90.0% and NMT
130.0% of the labeled amount of minocycline (C23 H27 N3 O7 ) and one or more suitable diluents,
flavors, preservatives, and wetting agents in an aqueous vehicle.

PF 44(3): May.-Jun. 2018

475

IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Dimethylformamide, tetrahydrofuran, 0.2 M ammonium oxalate, and 0.01 M
edetate disodium (120:80:600:180). Adjust with ammonium hydroxide to a pH of 7.2.
System suitability solution: 2 mg/mL of USP Minocycline Hydrochloride RS in water.
Transfer 5 mL of this solution to a small beaker, and heat on a steam bath for 60 min.
Evaporate to dryness, and dissolve the residue in 25 mL of Mobile phase. Pass through a
filter.
Standard solution: 0.5 mg/mL of minocycline from USP Minocycline Hydrochloride RS in
Mobile phase. Use the solution within 1 h.
Sample solution: Nominally 0.5 mg/mL of minocycline from Oral Suspension, freshly mixed
and free from air bubbles, in Mobile phase. Use the solution within 1 h.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for epiminocycline and minocycline are 0.7 and 1.0,
respectively.]
Suitability requirements
Capacity factor: 5.0–11.5, Standard solution
Resolution: NLT 4.6 between epiminocycline and minocycline, System suitability
solution
Tailing factor: 0.9–2.0 for minocycline, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of minocycline (C23 H27 N3 O7 ) in the portion
of Oral Suspension taken:
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Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Minocycline Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of minocycline in the Sample solution (mg/mL)
P = potency of minocycline in USP Minocycline Hydrochloride RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–130.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉
For single-unit containers
Acceptance criteria: Meets the requirements
• Deliverable Volume 〈698〉: Meets the requirements
SPECIFIC TESTS
• pH 〈791〉: 7.0–9.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 〈11〉
USP Minocycline Hydrochloride RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2754
BRIEFING
Moricizine Hydrochloride Tablets, USP 41 page 2808. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Moricizine Hydrochloride Tablets are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C198196
Comment deadline: July 31, 2018
Delete the following:
Moricizine Hydrochloride Tablets

» Moricizine Hydrochloride Tablets contain not less than 90.0 percent and
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not more than 110.0 percent of the labeled amount of moricizine
hydrochloride (C 22 H 25 N 3 O 4 S·HCl).
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Moricizine Hydrochloride RS
Identification—
A: Ultraviolet Absorption 〈197U〉—
Test solution— Transfer a portion of finely ground Tablets, equivalent to about 50 mg of
moricizine hydrochloride, to a 250-mL volumetric flask, add about 100 mL of 0.1 N hydrochloric
acid, shake by mechanical means for 15 minutes, dilute with 0.1 N hydrochloric acid to volume,
and mix. Filter a portion of this solution, discarding the first 10 mL of the filtrate. Transfer 10
mL of the filtrate to a 250-mL volumetric flask, dilute with 0.1 N hydrochloric acid to volume,
and mix.
Standard solution: 8 µg per mL.
Medium: 0.1 N hydrochloric acid.
B: Shake a Tablet with 10 mL of methanol until it disintegrates, and filter: the filtrate responds
to Identification test C under Moricizine Hydrochloride.
Dissolution 〈711〉—
Medium: 0.1 N hydrochloric acid; 900 mL.
Apparatus 2: 50 rpm.
Time: 30 minutes.
Procedure— Determine the amount of moricizine hydrochloride (C22 H25 N3 O4 S·HCl) dissolved
from UV absorbance at about 267 nm of filtered portions of the solution under test, suitably
diluted with Dissolution Medium, in comparison with a Standard solution having a known
concentration of USP Moricizine Hydrochloride RS in the same medium.
Tolerances— Not less than 75% (Q) of the labeled amount of moricizine hydrochloride
(C22 H25 N3 O4 S·HCl) is dissolved in 30 minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Limit of degradation products—
Mobile phase— Dissolve 1.08 g of sodium 1-octanesulfonate in 580 mL of water, add 420 mL of
acetonitrile, 20 mL of glacial acetic acid, and 1 mL of triethylamine. Adjust with 5 N sodium
hydroxide to an apparent pH of 4.5. Mix, and filter through a filter having a porosity of 0.5 µm
or finer. Make adjustments if necessary (see System Suitability under Chromatography 〈621〉).
Diluent— Prepare a mixture of 0.02 N hydrochloric acid and acetonitrile (58:42).
Internal standard solution— Prepare a solution of butamben in Diluent containing about 0.2 mg
per mL.
Standard solution— Prepare a solution of USP Moricizine Hydrochloride RS in Diluent containing
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0.10 mg per mL. Transfer 5.0 mL of this solution to a 50-mL volumetric flask, add 20.0 mL of
Internal standard solution, dilute with Diluent to volume, and mix. [Note—Protect this solution
from light.]
Test solution— Transfer 10 Tablets to a 1000-mL flask, add 500.0 mL of Diluent, sonicate until
the Tablets are disintegrated, and then shake by mechanical means for 30 minutes. Filter this
solution, discarding the first 10 mL of the filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask, add 20.0 mL of Internal standard solution, dilute with Diluent to volume, and
mix. [Note—Protect this solution from light.]
Chromatographic system (see Chromatography 〈621〉)—The liquid chromatograph is equipped
with a 254-nm detector and a 4.6-mm × 25-cm column that contains packing L7 and is
maintained at a constant temperature of about 35°. The flow rate is about 2.5 mL per minute.
Chromatograph the Standard solution, and record the peak responses as directed under
Procedure: the relative retention times are about 0.6 for moricizine and 1.0 for butamben, the
resolution, R, between the moricizine peak and the butamben peak is not less than 2, and the
relative standard deviation for replicate injections is not more than 5%.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard solution and the
Test solution into the chromatograph, record the chromatograms for a period of time that is
five times the elution time of moricizine, and measure the responses for the peaks, except for
any that elute before moricizine. Calculate the percentage of each impurity peak that elutes
after butamben in the portion of Moricizine Hydrochloride taken by the formula:
1000(C / L)(Ri / RS)
in which C is the concentration, in mg per mL, of USP Moricizine Hydrochloride RS in the
Standard solution, L is the labeled amount, in mg, of moricizine hydrochloride in each Tablet, Ri
is the ratio of the peak areas of an individual impurity peak to the butamben peak obtained from
the Test solution, and RS is the ratio of the peak areas of the moricizine peak to the butamben
peak obtained from the Standard solution. The first impurity eluting after the butamben peak is
not more than 0.50%, and the second impurity eluting after butamben is not more than 0.25%.
Assay—
Mobile phase , Diluent, Internal standard solution, Standard preparation, and Chromatographic
system—Proceed as directed in the Assay under Moricizine Hydrochloride.
Assay preparation— Transfer an accurately counted number of Tablets, equivalent to about
4000 mg of moricizine hydrochloride, to a 2000-mL flask, add 1000.0 mL of Diluent, and
sonicate until the Tablets have disintegrated. Shake by mechanical means for 30 minutes. Filter
a portion of this solution, discarding the first 10 mL of the filtrate. Cover the filter funnel with a
watch glass to minimize evaporation of the solvent. Transfer 25.0 mL of the filtrate and 20.0
mL of Internal standard solution to a 100-mL volumetric flask, dilute with Diluent to volume,
and mix. [Note—Protect this solution from light.]
Procedure— Proceed as directed for Procedure in the Assay under Moricizine Hydrochloride.
Calculate the quantity, in mg, of moricizine hydrochloride (C22 H25 N3 O4 S·HCl) in each Tablet by
the formula:
4000(C / N)(RU / RS)
in which C is the concentration, in mg per mL, of USP Moricizine Hydrochloride RS in the
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Standard preparation, N is the number of Tablets taken, and RU and RS are the ratios of the
peak area responses of the moricizine peak to the butamben peak obtained from the Assay
preparation and the Standard preparation, respectively. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2808
BRIEFING
Morrhuate Sodium Injection, USP 41 page 2815. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Morrhuate Sodium Injection are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM3: M. Puderbaugh.)
Correspondence Number—C198197
Comment deadline: July 31, 2018
Delete the following:
Morrhuate Sodium Injection

» Morrhuate Sodium Injection is a sterile solution of the sodium salts of the
fatty acids of Cod Liver Oil. It contains, in each mL, not less than 46.5 mg
and not more than 53.5 mg of morrhuate sodium. A suitable antimicrobial
agent, not to exceed 0.5 percent, and ethyl alcohol or benzyl alcohol, not to
exceed 3.0 percent, may be added.
[Note—Morrhuate Sodium Injection may show a separation of solid matter on
standing. Do not use the material if such solid does not dissolve completely
upon warming.]
Packaging and storage—Preserve in single-dose or in multiple-dose containers, preferably of
Type I glass. It may be packaged in 50-mL multiple-dose containers.
Delete the following:
USP Reference standards 〈11〉—
USP Endotoxin RS
(CN 1-May-2018)

Identification—Evaporate about 5 mL of the chloroform solution of the fatty acids obtained in
the test for Iodine value of the fatty acids on a steam bath nearly to dryness, dissolve the
residue in 1 mL of chloroform, and add 1 drop of sulfuric acid: a transient red color is produced,
and it changes to brown-red.
Bacterial Endotoxins Test 〈85〉 —It contains not more than 1.4 USP Endotoxin Units per mg of
morrhuate sodium.
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Acidity and alkalinity—To 5 mL of Injection add 5 mL of alcohol and 2 drops of
phenolphthalein TS. If no red color is produced, not more than 0.50 mL of 0.10 N sodium
hydroxide is required to impart a distinct red color. If a red color is produced, not more than
0.30 mL of 0.10 N acid is required to discharge it. For concentrations of morrhuate sodium other
than 5%, no larger than proportional volumes of alkali and acid are required.
Iodine value of the fatty acids—Transfer to a tared, 125-mL conical flask the solvent hexane
solution of the fatty acids obtained in the Assay. Evaporate at about 60° to dryness, dry the
residue in vacuum over silica gel for 18 hours, and weigh. Dissolve the residue in chloroform to
make 100.0 mL of solution, and determine the iodine value (see Fats and Fixed Oils 〈401〉) on a
25.0-mL aliquot of the solution: the iodine value is not less than 130.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉, except that at times it may show a slight turbidity or precipitate.
Assay—Transfer an accurately measured volume of Injection, equivalent to about 500 mg of
morrhuate sodium, to a small separator containing 30.0 mL of 0.1 N sulfuric acid VS, add 25 mL
of solvent hexane, shake gently, and allow to separate. Withdraw the aqueous layer into a
beaker or flask, and wash the solvent hexane layer with two 10-mL portions of water, adding
the washings to the main aqueous solution. Retain the hexane solution for the test for Iodine
value of the fatty acids. Add methyl orange TS, and titrate the excess acid in the aqueous
solution with 0.1 N sodium hydroxide VS. Each mL of 0.1 N sulfuric acid is equivalent to 32.4 mg
of morrhuate sodium. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2815
BRIEFING
Nabumetone Tablets, USP 41 page 2844. As part of the USP monograph modernization
effort and on the basis of comments received, it is proposed to make the following changes:
1. Add Identification B based on the UV spectrum agreement, as obtained in the Assay, to
strengthen the monograph. The Detector in the Assay is updated to support this test.
2. Replace the procedure in the Assay with an HPLC procedure using the same Mobile
phase and similar Chromatographic system as the test for Organic Impurities. The
proposed liquid chromatographic procedure is based on analyses performed with the
Purospher STAR RP18e brand of column with L1 packing. The typical retention time for
nabumetone is about 9 min.
3. Add a test for Organic Impurities. The proposed liquid chromatographic procedure is
based on analyses performed with the Purospher STAR RP18e brand of column with L1
packing. The typical retention time for nabumetone is about 13 min.
4. Add USP Nabumetone Related Compound A RS to the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: H. Cai.)
Correspondence Number—C137197
Comment deadline: July 31, 2018
Nabumetone Tablets
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DEFINITION
Nabumetone Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of
nabumetone (C15 H16 O2 ).
IDENTIFICATION
• A. The retention time of the nabumetone peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
Add the following:
• B.
Diluent: Acetonitrile and water (50:50)
Standard solution: 0.25 mg/mL of USP Nabumetone RS in Diluent. Sonicate to dissolve, if
necessary.
Sample solution: Nominally 0.25 mg/mL of nabumetone in Diluent from NLT 20 finely
powdered Tablets. Sonicate to dissolve, if necessary. Pass through a suitable filter of
0.45-µm pore size and discard the first few milliliters.
Acceptance criteria: The UV spectrum of the nabumetone peak of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Solution A: Prepare a solution of 6 mL of glacial acetic acid in 350 mL of water. Adjust with
1 N sodium hydroxide to a pH of 3.7, and dilute with water to 400 mL.
Mobile phase: Acetonitrile and Solution A (300:200). Filter, and degas.
Diluent: Methanol and water (900:100)
Standard solution: 0.5 mg/mL of USP Nabumetone RS in Diluent
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, nominally equivalent to 500 mg of nabumetone, to a 1000-mL volumetric flask.
Add 100 mL of water, and stir with the aid of a magnetic stirrer for 5 min. Dilute with
methanol to volume, stir for another 15 min, and filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 8-mm × 10-cm; 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
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Suitability requirements
Column efficiency: NLT 1500 theoretical plates
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of nabumetone (C15 H16 O2 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of nabumetone from the Sample solution
rS = peak response of nabumetone from the Standard solution
CS = concentration of USP Nabumetone RS in the Standard solution (mg/mL)
CU = nominal concentration of nabumetone in the Sample solution (mg/mL)
Solution A: 0.1% (v/v) glacial acetic acid in water
Solution B: Acetonitrile and tetrahydrofuran (70:30)
Mobile phase: See Table 1.
Time
(min)
0
10
12
14
15
20

Table 1
Solution A
(%)
60
60
10
10
60
60

Solution B
(%)
40
40
90
90
40
40

Diluent: Acetonitrile and water (50:50)
Standard solution: 0.5 mg/mL of USP Nabumetone RS in Diluent. Sonicate to dissolve, if
necessary.
Sample solution: Nominally 0.5 mg/mL of nabumetone in Diluent from NLT 20 finely
powdered Tablets. Sonicate to dissolve, if necessary. Pass through a suitable filter of
0.45-µm pore size and discard the first few milliliters.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
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Autosampler: 10°
Column: 30°
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of nabumetone (C15 H16 O2 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of nabumetone from the Sample solution
rS = peak response of nabumetone from the Standard solution
CS = concentration of USP Nabumetone RS in the Standard solution (mg/mL)
CU = nominal concentration of nabumetone in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: Sodium lauryl sulfate solution (2 in 100); 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Standard solution: A known concentration of USP Nabumetone RS in Medium
Sample solution: Filter portions of the solution under test, and suitably dilute with Medium
if necessary.
Analysis
Samples: Standard solution and Sample solution
Determine the labeled amount of nabumetone (C15 H16 O2 ) dissolved from the differences
between the UV absorbances at the wavelengths of maximum and minimum absorbances
at about 270 and 296 nm, respectively.
Tolerances: NLT 75% (Q) of the labeled amount of nabumetone (C15 H16 O2 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
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Add the following:
• Organic Impurities
Solution A and Solution B: Prepare as directed in the Assay.
Mobile phase: See Table 2.
Time
(min)
0
5
14
30
31
40

Table 2
Solution A
(%)
65
65
55
20
65
65

Solution B
(%)
35
35
45
80
35
35

System suitability solution: 1 mg/mL of USP Nabumetone RS and 0.015 mg/mL of USP
Nabumetone Related Compound A RS prepared as follows. Transfer suitable amounts of
USP Nabumetone RS and USP Nabumetone Related Compound A RS to a suitable
volumetric flask. Add 10% of the flask volume of acetonitrile and dilute with acetonitrile to
volume. Sonicate to dissolve, if necessary.
Sensitivity solution: 0.3 µg/mL of USP Nabumetone RS in acetonitrile
Standard solution: 0.01 mg/mL of USP Nabumetone RS in acetonitrile
Sample solution: Nominally 1 mg/mL of nabumetone from NLT 20 finely powdered Tablets
in acetonitrile. Sonicate to dissolve, if necessary. Pass through a suitable filter of 0.45-µm
pore size and discard the first few milliliters.
Chromatographic system: Proceed as directed in the Assay, except for the Column
temperature and Flow rate.
Column temperature: 35°
Flow rate: 1.3 mL/min
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 1.5 between nabumetone related compound A and nabumetone,
System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
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rS = peak response of nabumetone from the Standard solution
CS = concentration of USP Nabumetone RS in the Standard solution (mg/mL)
CU = nominal concentration of nabumetone in the Sample solution (mg/mL)
F = relative response factor of each individual impurity (see Table 3)
Acceptance criteria: See Table 3.

Name

Table 3
Relative
Retention
Time

Relative
Response
Factor

Methoxynaphthaldehydea
0.76
8.3
Nabumetone alcoholb
0.89
1.1
Nabumetone related compound A
0.95
4.0
Nabumetone
1.00
1.0
c
Nabumetone cyclohexenone analog
1.11
2.4
1.1
Bisnaphthalenylethyl ketoned
1.97
Any unspecified impurities
—
1.0
Total impurities
—
—
a 6-Methoxy-2-naphthaldehyde.
b 4-(6-Methoxynaphthalen-2-yl)butan-2-ol.
c 5-(6-Methoxynaphthalen-2-yl)-3-methylcyclohex-2-enone.
d 1,5-Bis(6-methoxynaphthalen-2-yl)pentan-3-one.

Acceptance
Criteria,
NMT (%)
0.10
0.10
0.10
—
0.10
0.10
0.10
0.80

1S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Nabumetone RS
USP Nabumetone Related Compound A RS
(E)-4-(6-Methoxynaphthalen-2-yl)but-3-en-2-one.
C15 H14 O2
226.27
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2844
BRIEFING
Nafcillin Sodium Capsules, USP 41 page 2849. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Nafcillin Sodium Capsules are currently
marketed in the United States.
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2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C198198
Comment deadline: July 31, 2018
Delete the following:
Nafcillin Sodium Capsules

» Nafcillin Sodium Capsules contain not less than 90.0 percent and not more
than 120.0 percent of the labeled amount of nafcillin (C 21 H 22 N 2 O 5 S).
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Nafcillin Sodium RS
Dissolution 〈711〉—
Medium: water; 900 mL.
Apparatus 1: 100 rpm.
Time: 45 minutes.
Procedure— Determine the amount of nafcillin (C21 H22 N2 O5 S) by a suitable validated
spectrophotometric analysis of a filtered portion of the solution under test, suitably diluted with
Medium, if necessary, in comparison with a Standard solution having a known concentration of
USP Nafcillin Sodium RS in the same medium.
Tolerances— Not less than 75% (Q) of the labeled amount of C21 H22 N2 O5 S is dissolved in 45
minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Water Determination, Method I 〈921〉: not more than 5.0%.
Assay—Proceed as directed under Antibiotics—Microbial Assays 〈81〉, using not less than 5
Capsules blended for 4 ± 1 minutes in a high-speed glass blender jar containing an accurately
measured volume of Buffer B.1. Dilute an accurately measured volume of this stock solution
quantitatively with Buffer B.1 to obtain a Test Dilution having a concentration assumed to be
equal to the median dose level of the Standard. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2849
BRIEFING
Nafcillin Sodium for Oral Solution, USP 41 page 2850. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Nafcillin Sodium for Oral Solution are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
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United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C198199
Comment deadline: July 31, 2018
Delete the following:
Nafcillin Sodium for Oral Solution

» Nafcillin Sodium for Oral Solution contains not less than 90.0 percent and
not more than 120.0 percent of the labeled amount of nafcillin
(C 21 H 22 N 2 O 5 S). It contains one or more suitable buffers, colors, diluents,
dispersants, flavors, and preservatives.
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Nafcillin Sodium RS
Uniformity of dosage units 〈905〉—
for solid packaged in single-unit containers: meets the requirements.
Deliverable volume 〈698〉: meets the requirements.
pH 〈791〉: between 5.5 and 7.5, in the solution constituted as directed in the labeling.
Water Determination, Method I 〈921〉: not more than 5.0%.
Assay—Proceed as directed under Antibiotics—Microbial Assays 〈81〉, using Nafcillin Sodium for
Oral Solution constituted as directed in the labeling. Dilute an accurately measured volume of
the solution quantitatively with Buffer B.1 to obtain a Test Dilution having a concentration
assumed to be equal to the median dose level of the Standard. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2850
BRIEFING
Nafcillin Sodium Tablets, USP 41 page 2850. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Nafcillin Sodium Tablets are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C198200
Comment deadline: July 31, 2018
Delete the following:
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Nafcillin Sodium Tablets

» Nafcillin Sodium Tablets contain not less than 90.0 percent and not more
than 120.0 percent of the labeled amount of nafcillin (C 21 H 22 N 2 O 5 S).
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Nafcillin Sodium RS
Dissolution 〈711〉—
pH 4.0 buffer— Transfer 10.94 g of anhydrous dibasic sodium phosphate and 12.92 g of citric
acid monohydrate to a 1-liter volumetric flask, dissolve in water, dilute with water to volume,
and mix.
Medium: pH 4.0 buffer; 900 mL.
Apparatus 2: 50 rpm.
Time: 45 minutes.
Procedure— Determine the amount of nafcillin (C21 H22 N2 O5 S) dissolved from UV absorbances,
at the wavelength of maximum absorbance at about 280 nm of filtered portions of the solution
under test, suitably diluted with Medium, if necessary, in comparison with a Standard solution
having a known concentration of USP Nafcillin Sodium RS in the same medium.
Tolerances— Not less than 75% (Q) of the labeled amount of nafcillin (C21 H22 N2 O5 S) is
dissolved in 45 minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Water Determination, Method I 〈921〉: not more than 5.0%.
Assay—Proceed as directed under Antibiotics—Microbial Assays 〈81〉, using not less than 5
Tablets blended for 4 ± 1 minutes in a high-speed glass blender jar containing an accurately
measured volume of Buffer B.1. Dilute an accurately measured volume of this stock solution
quantitatively with Buffer B.1 to obtain a Test Dilution having a concentration assumed to be
equal to the median dose level of the Standard. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2850
BRIEFING
Nalidixic Acid, USP 41 page 2852. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Nalidixic Acid are currently marketed in the United
States.
2. Drug products containing Nalidixic Acid are currently not used in veterinary medicine in
the United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C198201
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Comment deadline: July 31, 2018
Delete the following:
Nalidixic Acid

C12 H12 N2 O3

232.24

1,8-Naphthyridine-3-carboxylic acid, 1-ethyl-1,4-dihydro-7-methyl-4-oxo-;
1-Ethyl-1,4-dihydro-7-methyl-4-oxo-1,8-naphthyridine-3-carboxylic acid
[389-08-2].
DEFINITION
Nalidixic Acid contains NLT 99.0% and NMT 101.0% of nalidixic acid (C12 H12 N2 O3 ), calculated
on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. Ultraviolet Absorption 〈197U〉
Analytical wavelength: 258 nm
Sample solution: 5 µg/mL in 0.01 N sodium hydroxide
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
ASSAY
• Procedure
Sample solution: Dissolve 250 mg of Nalidixic Acid in 30 mL of dimethylformamide
previously neutralized with thymolphthalein TS.
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N lithium methoxide VS in methanol
Endpoint detection: Visual
Analysis: Titrate the Sample solution with Titrant, using a magnetic stirrer and taking
precautions against absorption of atmospheric carbon dioxide. Each mL of 0.1 N lithium
methoxide is equivalent to 23.22 mg of nalidixic acid (C12 H12 N2 O3 ).
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Acceptance criteria: 99.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm (O fficial 1-Jan-2018)
• Organic Impurities
Standard stock solution: 1.0 mg/mL of USP Nalidixic Acid RS in chloroform
Standard solutions: Dilute the Standard stock solution quantitatively with chloroform to
obtain Standard solutions having the compositions shown in Table 1.
Table 1
Standard
solution
A
B
C

Dilution
1 in 10
1 in 25
1 in 50

Concentration
(mg/mL)
0.1
0.04
0.02

Percentage
(for comparison with
Sample solution)
0.5
0.2
0.1

Sample solution: 20 mg/mL of Nalidixic Acid in chloroform
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Alcohol, chloroform, and 5 M ammonium hydroxide
(70:20:10)
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the Samples separately, position the plate in a chromatographic chamber, and
develop the chromatograms until the solvent front has moved three-fourths of the
length of the plate. Remove the plate from the chamber, mark the solvent front, and
allow the solvent to evaporate with the aid of warm circulating air. Examine the plate
under short-wavelength UV light. Compare the intensities of any secondary spots
observed in the Sample solution with those of the principal spots in the Standard
solutions.
Acceptance criteria: No secondary spot is more intense than the principal spot obtained
from Standard solution A (0.5%), and the sum of the intensities of all secondary spots
obtained from the Sample solution is NMT 1.0%.
SPECIFIC TESTS
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• Melting Range or Temperature 〈741〉: 225°–231°
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 〈11〉
USP Nalidixic Acid RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2852
BRIEFING
Nalidixic Acid Oral Suspension, USP 41 page 2853. It is proposed to omit this monograph
for the following reasons:
1. No drug products formulated as defined under Nalidixic Acid Oral Suspension are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C198202
Comment deadline: July 31, 2018
Delete the following:
Nalidixic Acid Oral Suspension
DEFINITION
Nalidixic Acid Oral Suspension contains NLT 95.0% and NMT 105.0% of the labeled amount of
nalidixic acid (C12 H12 N2 O3 ) in a suitable aqueous vehicle.
IDENTIFICATION
• A. The retention time of the nalidixic acid peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 2.41 g/L of dibasic potassium phosphate in water
Solution B: 7.49 g/L of hexadecyltrimethylammonium bromide in methanol
Mobile phase: Methanol, Solution A, and Solution B (325:325:350), with an apparent pH of
about 10
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Internal standard solution: 0.8 mg/mL of sulfanilic acid in Mobile phase
Standard stock solution: 0.18 mg/mL of USP Nalidixic Acid RS in methanol
Standard solution: 36 µg/mL of USP Nalidixic Acid RS prepared as follows. Transfer 5.0 mL
of Standard stock solution and 1.0 mL of Internal standard solution to a 25-mL volumetric
flask. Dilute with methanol to volume.
Sample stock solution: Nominally 0.3 mg/mL of nalidixic acid prepared as follows. Transfer
150 mg of nalidixic acid from a volume of freshly mixed Oral Suspension to a 500-mL
volumetric flask. Add 400 mL of methanol, and sonicate for 30 min. Shake by mechanical
means for 30 min, sonicate again for 30 min, dilute with methanol to volume, mix, and
filter.
Sample solution: Nominally 36 µg/mL of nalidixic acid prepared as follows. Transfer 3.0 mL
of the clear filtrate from Sample stock solution and 1.0 mL of Internal standard solution to
a 25-mL volumetric flask, and dilute with methanol to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for sulfanilic acid and nalidixic acid are 0.7 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 1 between sulfanilic acid and nalidixic acid
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of nalidixic acid (C12 H12 N2 O3 ) in the portion
of Oral Suspension taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak area ratio of nalidixic acid to sulfanilic acid from the Sample solution
RS = peak area ratio of nalidixic acid to sulfanilic acid from the Standard solution
CS = concentration of USP Nalidixic Acid RS in the Standard solution (µg/mL)
CU = nominal concentration of nalidixic acid in the Sample solution (µg/mL)
Acceptance criteria: 95.0%–105.0%
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PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements for Oral Suspension packaged in
single-unit containers
• Deliverable Volume 〈698〉: Meets the requirements for Oral Suspension packaged in
multiple-unit containers
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 〈11〉
USP Nalidixic Acid RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2853
BRIEFING
Nalidixic Acid Tablets, USP 41 page 2853. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Nalidixic Acid Tablets are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C198203
Comment deadline: July 31, 2018
Delete the following:
Nalidixic Acid Tablets
DEFINITION
Nalidixic Acid Tablets contain NLT 93.0% and NMT 107.0% of the labeled amount of nalidixic
acid (C12 H12 N2 O3 ).
IDENTIFICATION
• A. The retention time of the nalidixic acid peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 2.41 g/L of dibasic potassium phosphate in water
Solution B: 7.49 g/L of hexadecyltrimethylammonium bromide in methanol
Mobile phase: Methanol, Solution A, and Solution B (325:325:350), with an apparent pH of
about 10
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Internal standard solution: 0.8 mg/mL of sulfanilic acid in Mobile phase
Standard stock solution: 0.18 mg/mL of USP Nalidixic Acid RS in methanol
Standard solution: 36 µg/mL of USP Nalidixic Acid RS prepared as follows. Transfer 5.0 mL
of Standard stock solution and 1.0 mL of Internal standard solution to a 25-mL volumetric
flask. Dilute with methanol to volume.
Sample stock solution: Nominally 0.3 mg/mL of nalidixic acid prepared as follows. Weigh
and finely powder NLT 20 Tablets. Transfer 150 mg of nalidixic acid from a portion of the
powder to a 500-mL volumetric flask. Add 400 mL of methanol, and sonicate for 30 min.
Shake by mechanical means for 30 min, sonicate again for 30 min, dilute with methanol to
volume, mix, and filter.
Sample solution: Nominally 36 µg/mL of nalidixic acid prepared as follows. Transfer 3.0 mL
of the clear filtrate from Sample stock solution and 1.0 mL of Internal standard solution to
a 25-mL volumetric flask, and dilute with methanol to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for sulfanilic acid and nalidixic acid are about 0.7 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 1 between sulfanilic acid and nalidixic acid
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of nalidixic acid (C12 H12 N2 O3 ) in the portion
of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak area ratio of nalidixic acid to sulfanilic acid from the Sample solution
RS = peak area ratio of nalidixic acid to sulfanilic acid from the Standard solution
CS = concentration of USP Nalidixic Acid RS in the Standard solution (mg/mL)
CU = nominal concentration of nalidixic acid in the Sample solution (mg/mL)
Acceptance criteria: 93.0%–107.0%
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PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: pH 8.60 buffer prepared by mixing 2.3 volumes of 0.2 M sodium hydroxide with 2.5
volumes of 0.2 M monobasic potassium phosphate and 2.0 volumes of methanol. Cool, mix
with water to obtain 10 volumes of solution, and adjust, if necessary, by adding 1 N
sodium hydroxide to a pH of 8.60 ± 0.05; 900 mL.
Apparatus 2: 60 rpm
Time: 30 min
Standard solution: A known concentration of USP Nalidixic Acid RS in 0.01 N sodium
hydroxide
Sample solution: A filtered solution under test, suitably diluted with 0.01 N sodium
hydroxide, if necessary, in comparison with Standard solution
Blank: Mixture of Medium and 0.01 N sodium hydroxide in the same proportions as present
in the Sample solution
Instrumental conditions
Mode: UV
Analytical wavelength: 258 nm
Analysis: Determine the amount of nalidixic acid (C12 H12 N2 O3 ) dissolved.
Tolerances: NLT 80% (Q) of the labeled amount of nalidixic acid (C12 H12 N2 O3 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 〈11〉
USP Nalidixic Acid RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2853
BRIEFING
Naproxen Compounded Oral Suspension. A new compounded preparation monograph is
proposed based on a validated stability-indicating method used to assess stability. The liquid
chromatographic procedure in the Assay is based on analyses validated using the Symmetry
Shield RP-18 brand of analytical column with L1 packing and a Symmetry Shield RP-18 brand of
guard column with L1 packing. The typical retention time for naproxen is about 2.4 min.
Please submit comments to CompoundingSL@usp.org.
(CMP: B. Serumaga.)
Correspondence Number—C194584
Comment deadline: July 31, 2018
Add the following:
Naproxen Compounded Oral Suspension
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DEFINITION
Naproxen Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of naproxen (C14 H14 O3 ).
Prepare Naproxen Compounded Oral Suspension containing 25 mg/mL of naproxen as follows
(see Pharmaceutical Compounding—Nonsterile Preparations 〈795〉).
Naproxen tabletsa equivalent to
Vehicle: Oral Mixb or Oral Mix SF b, a sufficient quantity to make
a Naproxen 250-mg tablets, Apotex Inc., Weston, Ontario.
b Medisca Pharmaceutique Inc., Montréal, Quebec.

2500 mg of naproxen
100 mL

Place the Naproxen tablets in a suitable container and comminute to a fine powder. Add the
Vehicle in small portions, and triturate to make a smooth paste. Add increasing volumes of
the Vehicle to make a liquid that is pourable. Transfer the contents of the mortar, stepwise
and quantitatively, to a calibrated bottle. Add sufficient Vehicle to bring to final volume,
and mix well.
ASSAY
• Procedure
Buffer: 5 mM solution of ammonium formate
Mobile phase: Methanol and Buffer (82:18)
Internal standard solution: 1.0 mg/mL of USP Ranitidine Hydrochloride RS in water
Standard stock solution: 25 mg/mL of USP Naproxen RS in methanol
Standard solution: Transfer 0.1 mL of Standard stock solution to a 100-mL volumetric
flask, add 10-mL of the Internal standard solution, and dilute with methanol to volume to
obtain a solution containing 0.025 mg/mL of naproxen and 0.1 mg/mL of ranitidine
hydrochloride. Pass through a hydrophilic propylene filter of 0.45-µm pore size.
Sample solution: Add 0.2 mL of Oral Suspension to 1.8 mL of methanol and centrifuge at
5200 rpm for 5 min. Transfer 0.1 mL of the supernatant to a 10-mL volumetric flask, add 1
mL of the Internal standard solution and dilute with methanol to volume to obtain a
solution containing 0.025 mg/mL of naproxen and 0.1 mg/mL of ranitidine hydrochloride.
Filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 232 nm
Columns
Guard: 3.9-mm × 2-cm; packing L1
Analytical: 4.6-mm × 10-cm; 5-µm packing L1
Flow rate: See Table 1.
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Table 1
Time
Flow Rate
(min)
(mL/min)
0
0.8
1
0.85
2
0.9
3
1
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention times for ranitidine hydrochloride and naproxen are about 1.4 and
2.4 min, respectively.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of naproxen (C14 H14 O3 ) in the portion of
Oral Suspension taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of naproxen to the internal standard from the Sample solution
RS = peak response ratio of naproxen to the internal standard from the Standard solution
CS = concentration of USP Naproxen RS in the Standard solution (mg/mL)
CU = nominal concentration of naproxen in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 4.0–5.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or in a refrigerator.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored
at controlled room temperature or in a refrigerator.
• Labeling: Label it to state the Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Naproxen RS
USP Ranitidine Hydrochloride RS
1S (USP42)
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BRIEFING
Netilmicin Sulfate, USP 41 page 2909. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated with Netilmicin Sulfate are currently marketed in the United
States.
2. Drug products containing Netilmicin Sulfate are currently not used in veterinary medicine
in the United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C198299
Comment deadline: July 31, 2018
Delete the following:
Netilmicin Sulfate

(C21 H41 N5 O7 )2 ·5H2 SO4

1441.55

d-Streptamine, O-3-deoxy-4-C-methyl-3-(methylamino)-β-l-arabinopyranosyl-(1→6)-O-[2,6diamino-2,3,4,6-tetradeoxy- α-d-glycero-hex-4-enopyranosyl-(1→4)]-2-deoxy-N1-ethyl-,
sulfate (2:5) (salt).
O-3-Deoxy-4-C-methyl-3-(methylamino)-β-l-arabinopyranosyl-(1→4)-O-[2,6-diamino-2,3,4,6tetradeoxy- α-d-glycero-hex-4-enopyranosyl-(1→6)]-2-deoxy-N3-ethyl-l-streptamine sulfate
(2:5) (salt) [56391-57-2].

» Netilmicin Sulfate has a potency equivalent to not less than 595 µg of
netilmicin (C 21 H 41 N 5 O 7 ) per mg, calculated on the dried basis.
[Note—Netilmicin Sulfate is extremely hygroscopic. Protect from exposure to
moisture.]
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Netilmicin Sulfate RS
USP Sisomicin Sulfate RS
Identification—
A: The retention time of the major peak in the chromatogram of the Assay preparation
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corresponds to that in the chromatogram of the Standard preparation, as obtained in the
Assay.
B: It responds to the tests for Sulfate 〈191〉.
Specific rotation 〈781S〉: between +88° and +96°.
Test solution: 30 mg per mL, in water.
pH 〈791〉: between 3.5 and 5.5, in a solution containing 40 mg of netilmicin per mL.
Loss on drying 〈731〉—Dry about 100 mg in vacuum at a pressure not exceeding 5 mm of
mercury at 110° for 3 hours: it loses not more than 15.0% of its weight.
Residue on ignition 〈281〉: not more than 1.0%, the charred residue being moistened with 2 mL
of nitric acid and 5 drops of sulfuric acid.
Chromatographic purity—
Dilute phosphoric acid, Mobile phase, Resolution solution, Assay preparation, and
Chromatographic system— Proceed as directed in the Assay.
Test solution— Use the Assay preparation.
Reference solution— Transfer 1.0 mL of the Test solution to a 100-mL volumetric flask, dilute
with Mobile phase to volume, and mix.
Procedure— Separately inject equal volumes (about 20 µL) of the Test solution and the
Reference solution into the chromatograph, and measure the area responses for all the peaks,
except those due to the solvent. Calculate the percentage of each impurity in the portion of
Netilmicin Sulfate taken by the formula:
(ri / rS)
in which ri is the peak response of each impurity in the chromatogram obtained from the Test
solution, and rS is the netilmicin peak response in the chromatogram obtained from the
Reference solution: not more than 1% of any individual impurity is found, and not more than 5%
of total impurities is found.
Assay—
Dilute phosphoric acid— Dilute 5.0 mL of phosphoric acid with water to 1000 mL, and mix.
Mobile phase— Dissolve 20.22 g of sodium 1-heptanesulfonate in Dilute phosphoric acid, dilute
with Dilute phosphoric acid to 1000 mL, and mix. To 620 mL of this solution add 380 mL of
acetonitrile, mix, and pass through a filter having a 0.45-µm porosity. Make adjustments if
necessary (see System Suitability under Chromatography 〈621〉).
Resolution solution— Prepare a solution in Mobile phase containing about 1 mg of USP Netilmicin
Sulfate RS and 1 mg of USP Sisomicin Sulfate RS per mL.
Standard preparation— [Note—Use low-actinic glassware.] Dissolve an accurately weighed
quantity of USP Netilmicin Sulfate RS in Mobile phase to obtain a solution having a known
concentration of about 1 mg per mL.
Assay preparation— [Note—Use low-actinic glassware.] Transfer about 50 mg of Netilmicin
Sulfate, accurately weighed, to a 50-mL volumetric flask. Dissolve in and dilute with Mobile
phase, to volume, and mix.
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Chromatographic system (see Chromatography 〈621〉)—The chromatograph is equipped with a
205-nm detector and a 4.6-mm × 25-cm column that contains 5-µm packing L1. The flow rate
is about 1 mL per minute. Chromatograph the Resolution solution, and record the peak
responses as directed for Procedure: the resolution, R, between sisomicin and netilmicin is not
less than 1. Chromatograph the Standard preparation, and record the peak responses as
directed for Procedure: the column efficiency is not less than 3000 theoretical plates; the
tailing factor is not more than 2; and the relative standard deviation for replicate injections is
not more than 1%.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard preparation and
the Assay preparation into the chromatograph, and measure the area responses for the major
peaks. Calculate the quantity, in µg, of netilmicin (C21 H41 N5 O7 ) per mg of Netilmicin Sulfate
taken by the formula:
(WS P/WU)(rU / rS)
in which WS is the dry weight, in mg, of USP Netilmicin Sulfate RS taken to prepare the
Standard preparation; P is the designated potency, in µg of netilmicin (C21 H41 N5 O7 ) per mg, of
USP Netilmicin Sulfate RS; WU is the dry weight, in mg, of Netilmicin Sulfate taken to prepare
the Assay preparation; and rU and rS are the netilmicin peak responses obtained from the Assay
preparation and the Standard preparation, respectively. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2909
BRIEFING
Netilmicin Sulfate Injection, USP 41 page 2910. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Netilmicin Sulfate Injection are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C198300
Comment deadline: July 31, 2018
Delete the following:
Netilmicin Sulfate Injection

» Netilmicin Sulfate Injection is a sterile solution of Netilmicin Sulfate in
W ater for Injection. It contains the equivalent of not less than 90.0 percent
and not more than 115.0 percent of the labeled amount of netilmicin
(C 21 H 41 N 5 O 7 ). It may contain one or more suitable buffers, chelating agents,
and preservatives.
Packaging and storage—Preserve in single-dose or in multiple-dose containers, preferably of

PF 44(3): May.-Jun. 2018

501

Type I glass.
Change to read:
USP Reference standards 〈11〉—
(CN 1-May-2018)

USP Netilmicin Sulfate RS
USP Sisomicin Sulfate RS
Identification—It responds to Identification test A under Netilmicin Sulfate.
Bacterial Endotoxins Test 〈85〉—It contains not more than 1.25 USP Endotoxin Units per mg of
netilmicin.
Sterility Tests 〈71〉—It meets the requirements when tested as directed for Membrane
Filtration under Test for Sterility of the Product to be Examined.
pH 〈791〉: between 3.5 and 6.0.
Particulate Matter in Injections 〈788〉: meets the requirements under small-volume injections.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
Assay—
Dilute phosphoric acid, Mobile phase, Resolution solution, Standard preparation, and
Chromatographic system— Proceed as directed in the Assay under Netilmicin Sulfate.
Assay preparation— Transfer an accurately measured volume of Injection, equivalent to about
100 mg of netilmicin, to a low-actinic, 100-mL volumetric flask. Dilute with Mobile phase to
volume, and mix.
Procedure— Proceed as directed for Procedure in the Assay under Netilmicin Sulfate. Calculate
the quantity, in mg, of netilmicin (C21 H41 N5 O7 ) in each mL of Injection taken by the formula:
0.1(WS P/50V)(rU / rS)
in which V is the volume, in mL, of Injection taken to prepare the Assay preparation, and the
other terms are as defined therein. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2910
BRIEFING
Nilotinib. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods of analysis is being proposed. The liquid
chromatographic procedure used in the Assay and the test for Organic Impurities is based on
analyses performed with the YMC-Pack ODS-AQ brand of column with L1 packing. The typical
retention time for nilotinib is about 10 min. The liquid chromatographic procedure used in the
test for Limit of Nilotinib Related Compound A, Nilotinib Related Compound B, and Nilotinib
Related Compound C is based on analyses performed with the ProntoSIL 120-3-C18-ace-EPS
brand of column with L1 packing. The typical retention time for nilotinib is about 16 min.
(CHM3: F. Mao, C. Chisolm.)
Correspondence Number—C156783
Comment deadline: July 31, 2018
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Add the following:
Nilotinib

C28 H22 F 3 N7 O·HCl·H2 O

584.00

Benzamide, 4-methyl-N-[3-(4-methyl-1H-imidazol-1-yl)-5-(trifluoromethyl)phenyl]-3-[[4-(3pyridinyl)-2-pyrimidinyl]amino, monohydrochloride, monohydrate;
4-Methyl-N-[3-(4-methyl-1H-imidazol-1-yl)-5-(trifluoromethyl)phenyl]-3-{[4-(pyridin-3yl)pyrimidin-2-yl]amino}benzamide hydrochloride monohydrate
[923288-90-8].C28 H22 F 3 N7 O
529.52
Free base

[641571-10-0].

DEFINITION
Nilotinib contains NLT 98.0% and NMT 102.0% of nilotinib (C28 H22 F 3 N7 O·HCl), calculated on
the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 〈197M〉
• B. The retention time of the nilotinib peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride: Meets the
requirements
ASSAY
• Procedure
[Note—Protect solutions containing nilotinib from light.]
Solution A: 1.4 g/L of monobasic potassium phosphate in water. Adjust with phosphoric
acid to a pH of 2.9–3.0.
Solution B: Acetonitrile and Solution A (80:20)
Mobile phase: See Table 1.
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Time
(min)
0.0
14.0
15.0
15.1
18.0

Table 1
Solution A
(%)
90
10
10
90
90

Solution B
(%)
10
90
90
10
10

Diluent: Dehydrated alcohol and water (50:50)
System suitability solution: 0.1 mg/mL of USP Nilotinib System Suitability Mixture RS in
Diluent
Standard solution: 0.1 mg/mL of USP Nilotinib RS in Diluent
Sample solution: 0.1 mg/mL of Nilotinib in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 3.0-mm × 15-cm; 3-µm packing L1
Column temperature: 40°
Flow rate: 0.8 mL/min
Injection volume: 5 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 3 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between nilotinib and desmethyl nilotinib; NLT 1.5 between nilotinib
ethyl homolog and nilotinib methyl ester, System suitability solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of nilotinib (C28 H22 F 3 N7 O·HCl) in the portion of Nilotinib taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Nilotinib RS in the Standard solution (mg/mL)
CU = concentration of Nilotinib in the Sample solution (mg/mL)
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Acceptance criteria: 98.0%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
• Limit of Nilotinib Related Compound A, Nilotinib Related Compound B, and Nilotinib
Related Compound C
[Note—Protect solutions containing nilotinib from light.]
Solution A: 1.4 g/L of monobasic potassium phosphate in water. Adjust with phosphoric
acid to a pH of 2.9–3.0.
Solution B: Acetonitrile and Solution A (80:20)
Mobile phase: See Table 2.
Time
(min)
0.0
8.0
10.0
16.0
17.0
17.1
20.0

Table 2
Solution A
(%)
85
80
75
10
10
85
85

Solution B
(%)
15
20
25
90
90
15
15

Diluent: Dimethyl sulfoxide and water (20:80)
Standard stock solution: 0.75 µg/mL each of USP Nilotinib Related Compound A RS, USP
Nilotinib Related Compound B RS, and USP Nilotinib Related Compound C RS in dimethyl
sulfoxide
System suitability solution: 30 mg/mL of USP Nilotinib RS and 0.15 µg/mL each of USP
Nilotinib Related Compound A RS, USP Nilotinib Related Compound B RS, and USP Nilotinib
Related Compound C RS, prepared as follows. Transfer a suitable amount of USP Nilotinib
RS into an appropriate volumetric flask. Dissolve with 20% of the total flask volume of
Standard stock solution. Add about 70% of the total flask volume of water, let cool to
room temperature, then dilute with water to volume. Shake well, let the sample
precipitate for 2 h, then pass the solution through a suitable filter of 0.45-µm pore size.
Standard solution: 0.15 µg/mL each of USP Nilotinib Related Compound A RS, USP Nilotinib
Related Compound B RS, and USP Nilotinib Related Compound C RS from Standard stock
solution, prepared as follows. Transfer 2 mL of Standard stock solution into a 10-mL
volumetric flask. Dilute with water to volume.
Sensitivity solution: 0.03 µg/mL each of USP Nilotinib Related Compound A RS, USP
Nilotinib Related Compound B RS, and USP Nilotinib Related Compound C RS in Diluent from
Standard solution
Sample solution: 30 mg/mL of Nilotinib, prepared as follows. Transfer a suitable amount of
Nilotinib into an appropriate volumetric flask. Dissolve with 20% of the total flask volume
of dimethyl sulfoxide. Add about 70% of the total flask volume of water, let cool to room
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temperature, then dilute with water to volume. Shake well, let the sample precipitate for
about 2 h, then pass the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Dual wavelength or PDA, UV 207 nm and 225 nm. Use 207 nm for quantitating
nilotinib related compound A, and use 225 nm for nilotinib related compound B and
nilotinib related compound C.
Column: 3.0-mm × 15-cm; 3-µm packing L1
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 3 for the relative retention times.]
Suitability requirements
Resolution: NLT 5 between nilotinib related compound B and nilotinib related compound
C at 225 nm, System suitability solution
Relative standard deviation: NMT 10% for nilotinib related compound A at 207 nm;
NMT 10% for nilotinib related compound B and nilotinib related compound C at 225 nm,
Standard solution
Signal-to-noise ratio: NLT 10 for nilotinib related compound A at 207 nm; NLT 10 for
nilotinib related compound B at 225 nm, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of nilotinib related compound A, nilotinib related compound B, and
nilotinib related compound C in the portion of Nilotinib taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of nilotinib related compound A, nilotinib related compound B, or
nilotinib related compound C from the Sample solution at the appropriate wavelength
rS = peak response of nilotinib related compound A, nilotinib related compound B, or
nilotinib related compound C from the Standard solution at the appropriate
wavelength
CS = concentration of USP Nilotinib Related Compound A RS, USP Nilotinib Related
Compound B RS, or USP Nilotinib Related Compound C RS in the Standard solution
(µg/mL)
CU = concentration of Nilotinib in the Sample solution (µg/mL)
Acceptance criteria: See Table 3.
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Nilotinib
Nilotinib
Nilotinib
Nilotinib

Table 3
Relative
Retention
Name
Time
related compound C
0.2
related compound A
0.4
related compound B
0.6
1.0

Acceptance
Criteria,
NMT (ppm)
2
3
2
—

• Organic Impurities
[Note—Protect solutions containing nilotinib from light.]
Solution A, Solution B, Mobile phase, Diluent, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard stock solution: Use the Standard solution from the Assay.
Standard solution: 0.5 µg/mL of USP Nilotinib RS in Diluent from the Standard stock
solution
Sensitivity solution: 0.05 µg/mL of USP Nilotinib RS in Diluent from the Standard solution
Sample solution: 100 µg/mL of Nilotinib in Diluent
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 4 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between nilotinib and desmethyl nilotinib; NLT 1.5 between nilotinib
ethyl homolog and nilotinib methyl ester, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Nilotinib taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of nilotinib from the Standard solution
CS = concentration of USP Nilotinib RS in the Standard solution (µg/mL)
CU = concentration of Nilotinib in the Sample solution (µg/mL)
F = relative response factor (see Table 4)
Acceptance criteria: See Table 4. The reporting threshold for impurities is 0.05%.
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Name

Table 4
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Nilotinib acida
0.82
1.4
0.1
b
Nilotinib isomer
0.96
0.87
0.08
Nilotinib
1.00
—
—
Desmethyl nilotinibc
1.03
1.0
0.08
Nilotinib ethyl homologd
1.08
1.0
0.2
Nilotinib methyl estere
1.10
1.4
0.1
Any individual unspecified impurity
—
1.0
0.08
—
—
Total unspecified impurities
0.15f
Total impurities
—
—
0.4
a 4-Methyl-3-{[4-(pyridin-3-yl)pyrimidin-2-yl]amino}benzoic acid.
b 4-Methyl-N-[3-(5-methyl-1H-imidazol-1-yl)-5-(trifluoromethyl)phenyl]-3-{[4(pyridin-3-yl)pyrimidin-2-yl]amino}benzamide.
c N-[3-(1H-imidazol-1-yl)-5-(trifluoromethyl)phenyl]-4-methyl-3-{[4-(pyridin-3yl)pyrimidin-2-yl]amino}benzamide.
d N-[3-(4-Ethyl-1H-imidazol-1-yl)-5-(trifluoromethyl)phenyl]-4-methyl-3-{[4-(pyridin3-yl)pyrimidin-2-yl]amino}benzamide.
e Methyl 4-methyl-3-{[4-(pyridin-3-yl)pyrimidin-2-yl]amino}benzoate.
f Limit includes nilotinib isomer and desmethyl nilotinib.
SPECIFIC TESTS
• Water Determination 〈921〉, Method I, Method Ia: 3.0%–5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Nilotinib RS
USP Nilotinib Related Compound A RS
3-(4-Methyl-1H-imidazol-1-yl)-5-(trifluoromethyl)aniline.
C11 H10 F 3 N3
241.22
USP Nilotinib Related Compound B RS
Methyl 3-amino-4-methylbenzoate.
C9 H11 NO2
165.19
USP Nilotinib Related Compound C RS
3-Amino-4-methylbenzoic acid.
C8 H9 NO2
151.16
USP Nilotinib System Suitability Mixture RS
Mixture of nilotinib, nilotinib methyl ester, nilotinib isomer, desmethyl nilotinib, and
nilotinib ethyl homolog (other impurities may also be present).
1S (USP42)
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1S (USP42)

BRIEFING
Diluted Nitroglycerin, USP 41 page 2956. As part of the USP monograph modernization
efforts, it is proposed to revise the monograph as follows:
1. Remove the HPLC Column efficiency requirement from the Suitability requirements in the
Assay as it is considered redundant.
2. Add the Run time to the Assay.
3. Replace the current test for Organic Impurities by TLC with a proposed stabilityindicating HPLC procedure. The proposed procedure and the specifications are based on
those in the Glyceryl Trinitrate Solution monograph from the European Pharmacopoeia
9.5. The proposed HPLC procedure was validated using the Thermo Scientific Hypersil
ODS brand of column with L1 packing, in which nitroglycerin elutes at about 14 min.
4. Revise the requirements in the Packaging and Storage section to be consistent with the
USP definition.
5. Add the Bacterial Endotoxins Test and Labeling requirements to reflect the preparation
and processing of injectable dosage forms.
6. Add four new USP Reference Standards, USP 1-Mononitroglycerin RS, USP 2Mononitroglycerin RS, USP 1,2-Dinitroglycerin RS, and USP 1,3-Dinitroglycerin RS, to the
USP Reference Standards section to support the proposed test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: D. Min.)
Correspondence Number—C173904
Comment deadline: July 31, 2018
Diluted Nitroglycerin

C3 H5 N3 O9

227.09

1,2,3-Propanetriol, trinitrate;
Nitroglycerin
[55-63-0].
DEFINITION
Diluted Nitroglycerin is a mixture of nitroglycerin (C3 H5 N3 O9 ) with lactose, dextrose, alcohol,
propylene glycol, or other suitable inert excipient to permit safe handling. It contains NLT
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90.0% and NMT 110.0% of the labeled amount of nitroglycerin (C3 H5 N3 O9 ). It usually
contains NMT 10% of nitroglycerin (C3 H5 N3 O9 ). [Caution—Taking into consideration the
concentration and amount of nitroglycerin (C3 H5 N3 O9 ) in Diluted Nitroglycerin, exercise
appropriate precautions when handling this material. Nitroglycerin is a powerful explosive
and can be detonated by percussion or excessive heat. Do not isolate nitroglycerin
(C3 H5 N3 O9 ).]
IDENTIFICATION
Change to read:
• A. The RF value of the principal spot of Sample solution A corresponds to that of the
Standard solution, as obtained in the Procedure for Organic Impurities.
Standard solution: 400 µg/mL of nitroglycerin from USP Diluted Nitroglycerin RS in
methanol
Sample solution: Nominally 400 µg/mL of nitroglycerin from Diluted Nitroglycerin in
methanol
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Toluene and ethyl acetate (80:20)
Spray reagent: Diphenylamine in methanol (1 in 100)
Analysis
Samples: Standard solution and Sample solution
Apply the Samples to a suitable thin-layer chromatographic plate. Develop the
chromatograms in the Developing solvent system until the solvent front has moved threefourths of the length of the plate. Remove the plate from the developing chamber, mark
the solvent front, and allow the solvent to evaporate. Spray the plate with Spray
reagent, and irradiate the plate with short- and long-wavelength UV light for 15 min.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution. 1S (USP42)
Change to read:
• B. The retention time of the
nitroglycerin peak of the 1S (USP42)
Sample solution corresponds to that of the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol and water (50:50)
Standard solution: 0.075 mg/mL of nitroglycerin from USP Diluted Nitroglycerin RS in Mobile
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phase
Sample solution:
Nominally 0.075 mg/mL of nitroglycerin prepared as follows. 1S (USP42)
Transfer a portion of Diluted Nitroglycerin, equivalent to 7.5 mg of nitroglycerin, to a 100mL volumetric flask, and dissolve in 75 mL of Mobile phase. If necessary, sonicate for 2
min or until the solid is totally dispersed, then shake by mechanical means for 30 min.
Dilute with Mobile phase to volume, and filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm;
7-µm 1S (USP42)
packing L1. [Note—If necessary, a short precolumn that contains packing L1 may be
used.]
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of the nitroglycerin peak 1S (USP42)
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 3000 theoretical plates
1S (USP42)

Tailing factor: NMT 2.5
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of nitroglycerin (C3 H5 N3 O9 ) in the portion of
Diluted Nitroglycerin taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of
nitroglycerin 1S (USP42)
from the Sample solution
rS = peak response of
nitroglycerin 1S (USP42)
from the Standard solution
CS = concentration of nitroglycerin
from USP Diluted Nitroglycerin RS
in the Standard solution (mg/mL)

1S (USP42)
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CU = nominal concentration of
nitroglycerin in 1S (USP42)
the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Organic Impurities
Standard solution: 400 µg/mL of nitroglycerin from USP Diluted Nitroglycerin RS in
methanol
Sample solution A: Prepare a clear solution containing 400 µg/mL of nitroglycerin from
Diluted Nitroglycerin in methanol.
Sample solution B: 20 mg/mL of nitroglycerin in methanol from Diluted Nitroglycerin.
Centrifuge a portion, if necessary, to obtain a clear liquid phase.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL each of Sample solution A and Sample solution B; 5, 10, 15,
and 20 µL of the Standard solution
Developing solvent system: Toluene and ethyl acetate (4:1)
Spray reagent: Diphenylamine in methanol (1 in 100)
Analysis
Samples: Standard solution, Sample solution A, and Sample solution B
Apply the Samples to a suitable thin-layer chromatographic plate. Develop the
chromatograms in the Developing solvent system until the solvent front has moved
three-fourths of the length of the plate. Remove the plate from the developing chamber,
mark the solvent front, and allow the solvent to evaporate. Spray the plate with Spray
reagent, and irradiate the plate with short- and long-wavelength UV light for 15 min.
Acceptance criteria: Any spot from Sample solution B, other than the principal spot, is not
more intense than the spot from the 20-µL application of the Standard solution. Compare
the intensities of any secondary spots observed from Sample solution B with those of the
principal spots from the Standard solution (corresponding to 0.5%, 1.0%, 1.5%, and 2.0%,
respectively): the sum of the intensities of the secondary spots from Sample solution B is
NMT 3%. [Note—Nitrates of glycerin typically have RF values of 0.21, 0.37, and 0.61 for
mono-, di-, and tri-substituted glycerins, respectively.]
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0
2.0
10.0
16.0
16.1
20.0

Table 1
Solution A
(%)
95
95
50
50
95
95

Solution B
(%)
5
5
50
50
5
5

Diluent: Methanol and water (50:50)
Sensitivity solution: 1 µg/mL of nitroglycerin from USP Diluted Nitroglycerin RS in Diluent
Standard stock solution: 20 µg/mL each of USP Diluted Nitroglycerin RS, USP 1Mononitroglycerin RS, USP 2-Mononitroglycerin RS, USP 1,2-Dinitroglycerin RS, and USP
1,3-Dinitroglycerin RS prepared as follows. Transfer a suitable amount of USP Diluted
Nitroglycerin RS, equivalent to 1 mg of nitroglycerin, and 1 mg each of 1mononitroglycerin, 2-mononitroglycerin, 1,2-dinitroglycerin, and 1,3-dinitroglycerin from
the corresponding nitroglycerin impurity Reference Standards to a 50-mL volumetric flask.
Dilute with Diluent to volume.
Standard solution: 2 µg/mL each of USP Diluted Nitroglycerin RS, USP 1-Mononitroglycerin
RS, USP 2-Mononitroglycerin RS, USP 1,2-Dinitroglycerin RS, and USP 1,3-Dinitroglycerin
RS from Standard stock solution in Diluent
Sample solution: Nominally 2000 µg/mL of nitroglycerin in Diluent prepared as follows.
Transfer a suitable amount of Diluted Nitroglycerin to a suitable volumetric flask. Dilute
with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between 1-mononitroglycein and 2-mononitroglycerin; NLT 1.5
between 1,2-dinitroglycerin and 1,3-dinitroglycerin, Standard solution
Relative standard deviation: NMT 5.0% for nitroglycerin, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of each specified impurity or any unspecified impurity in the
portion of Diluted Nitroglycerin taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of nitroglycerin from the Standard solution
CS = concentration of USP Diluted Nitroglycerin RS in the Standard solution (µg/mL)
CU = nominal concentration of nitroglycerin in the Sample solution (µg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.

Name
2-Mononitroglycerin
1-Mononitroglycerin
1,3-Dinitroglycerin
1,2-Dinitroglycerin
Nitroglycerin
Any unspecified impurity
Total impurities

Table 2
Relative
Retention
Time
0.22
0.24
0.66
0.69
1.0
—
—

Relative
Response
Factor
0.7
0.7
1.0
1.0
—
1.0
—

Acceptance
Criteria,
NMT (%)
0.5
0.5
0.5
0.5
—
0.10
1.5

1S (USP42)

SPECIFIC TESTS
Add the following:
• Bacterial Endotoxins Test 〈85〉: The level of bacterial endotoxins are such that the
requirement under the relevant dosage form monograph(s) in which nitroglycerin is used
can be met. Where the label states nitroglycerin must be subjected to further processing
during the preparation of injectable dosage forms, the level of bacterial endotoxins are
such that the requirement under the relevant dosage form monograph(s) in which
nitroglycerin is used can be met. 1S (USP42)
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers, and prevent exposure
to excessive heat. Store at 25°, excursions permitted between 15° and 30°.
Store at controlled room temperature. 1S (USP42)
Add the following:
• Labeling: Where it is intended for use in preparing injectable or other sterile dosage forms,
the label states that it is sterile or must be subjected to further processing during the
preparation of injectable or other sterile dosage forms to ensure acceptable levels of
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Change to read:
• USP Reference Standards 〈11〉
USP 1,2-Dinitroglycerin RS
3-Hydroxypropane-1,2-diyl dinitrate.
C3 H6 N2 O7
182.09
USP 1,3-Dinitroglycerin RS
2-Hydroxypropane-1,3-diyl dinitrate.
C3 H6 N2 O7
182.09
USP 1-Mononitroglycerin RS
2,3-Dihydroxypropyl nitrate.
C3 H7 NO5
137.09
USP 2-Mononitroglycerin RS
1,3-Dihydroxypropyl nitrate.
C3 H7 NO5
137.09
1S (USP42)

USP Diluted Nitroglycerin RS
Recent Official Publications:
USP41–NF36 Page 2956
BRIEFING
Nitroglycerin Injection, USP 41 page 2957. As part of the USP monograph modernization
efforts, it is proposed to revise the monograph as follows:
1. Add an orthogonal Identification B based on retardation factor agreement by TLC.
2. Add the Run time and the particle size of the HPLC Column to the Assay based on the
available data.
3. Remove the HPLC Column efficiency requirement in the Suitability requirements under
the Assay as it is considered redundant.
4. Add a stability-indicating HPLC method in the test for Organic Impurities. The proposed
HPLC procedure was validated using the Thermo Scientific Hypersil ODS brand of column
with L1 packing, in which nitroglycerin elutes at about 14 min.
5. Revise the acceptance criteria in the Bacterial Endotoxins Test to remove the numerical
limit and to refer to Bacterial Endotoxins Test 〈85〉 for the calculation of limits.
6. Revise the Packaging and Storage section to reflect the packaging and storage
conditions on the labels of approved drug products.
7. Add four new USP Reference Standards, USP 1-Mononitroglycerin RS, USP 2Mononitroglycerin RS, USP 1,2-Dinitroglycerin RS, and USP 1,3-Dinitroglycerin RS, to the
USP Reference Standards section to support the proposed test for Organic Impurities.
8. The proposed limits of each specified degradation product and of the total degradation
products in the Organic Impurities test are based on the specifications in the current
Glyceryl Trinitrate Solution monograph in the European Pharmacopoeia 9.5. The
proposed limit of any unspecified degradation product in the Organic Impurities test is
based on the International Council for Harmonisation (ICH) Q3B recommended level.
Manufacturers are encouraged to submit their FDA-approved specifications for
consideration.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: D. Min.)
Correspondence Number—C173905
Comment deadline: July 31, 2018
Nitroglycerin Injection
DEFINITION
Nitroglycerin Injection is a sterile solution prepared from Diluted Nitroglycerin; the solvent
may contain Alcohol, Propylene Glycol, and Water for Injection. Nitroglycerin Injection
contains NLT 90.0% and NMT 110.0% of the labeled amount of nitroglycerin (C3 H5 N3 O9 ).
IDENTIFICATION
Change to read:
• A. The retention time of the
major peak of the 1S (USP42)
Sample solution corresponds to that of the Standard solution, as obtained in the Assay.
Add the following:
• B.
Standard solution: 400 µg/mL of nitroglycerin from USP Diluted Nitroglycerin RS in
methanol
Sample solution: Nominally 400 µg/mL of nitroglycerin from Injection in methanol
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Toluene and ethyl acetate (80:20)
Spray reagent: Diphenylamine in methanol (1 in 100)
Analysis
Samples: Standard solution and Sample solution
Apply the Samples to a suitable thin-layer chromatographic plate. Develop the
chromatograms in the Developing solvent system until the solvent front has moved
three-fourths of the length of the plate. Remove the plate from the developing chamber,
mark the solvent front, and allow the solvent to evaporate. Spray the plate with Spray
reagent, and irradiate the plate with short- and long-wavelength UV light for 15 min.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution. 1S (USP42)
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ASSAY
Change to read:
• Procedure
Mobile phase: Methanol and water (500:500)
Standard solution: 0.075 mg/mL of nitroglycerin from USP Diluted Nitroglycerin RS in Mobile
phase
Sample solution:
Nominally 0.075 mg/mL of nitroglycerin prepared as follows. 1S (USP42)
Transfer a measured volume of Injection, equivalent to 7.5 mg of nitroglycerin, to a 100mL volumetric flask, and dissolve in and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm;
7-µm 1S (USP42)
packing L1. [Note—If necessary, a short precolumn that contains packing L1 may be
used.]
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of the nitroglycerin peak 1S (USP42)
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 3000 theoretical plates
1S (USP42)

Tailing factor: NMT 2.5
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of nitroglycerin (C3 H5 N3 O9 ) in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response
of nitroglycerin 1S (USP42)
from the Sample solution
rS = peak response
of nitroglycerin 1S (USP42)
from the Standard solution
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CS = concentration of nitroglycerin
from USP Diluted Nitroglycerin RS
in the Standard solution (mg/mL)
CU = nominal concentration of
nitroglycerin in 1S (USP42)
the Sample solution (mg/mL)

1S (USP42)

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
2.0
10.0
16.0
16.1
20.0

Table 1
Solution A
(%)
95
95
50
50
95
95

Solution B
(%)
5
5
50
50
5
5

Diluent: Methanol and water (50:50)
Sensitivity solution: 1 µg/mL of nitroglycerin from USP Diluted Nitroglycerin RS in Diluent
Standard stock solution: 20 µg/mL each of USP Diluted Nitroglycerin RS, USP 1Mononitroglycerin RS, USP 2-Mononitroglycerin RS, USP 1,2-Dinitroglycerin RS, and USP
1,3-Dinitroglycerin RS prepared as follows. Transfer a suitable amount of USP Diluted
Nitroglycerin RS, equivalent to 1 mg of nitroglycerin, and 1 mg each of 1mononitroglycerin, 2-mononitroglycerin, 1,2-dinitroglycerin, and 1,3-dinitroglycerin from
the corresponding nitroglycerin impurity Reference Standards to a 50-mL volumetric flask.
Dilute with Diluent to volume.
Standard solution: 2 µg/mL each of USP Diluted Nitroglycerin RS, USP 1-Mononitroglycerin
RS, USP 2-Mononitroglycerin RS, USP 1,2-Dinitroglycerin RS, and USP 1,3-Dinitroglycerin
RS from Standard stock solution in Diluent
Sample solution: Nominally 1000 µg/mL of nitroglycerin in Diluent prepared as follows.
Transfer a suitable volume of Injection to a suitable volumetric flask, add an appropriate
amount of Diluent, and mix. Dilute with Diluent to volume.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between 1-mononitroglycein and 2-mononitroglycerin; NLT 1.5
between 1,2-dinitroglycerin and 1,3-dinitroglycerin, Standard solution
Relative standard deviation: NMT 5.0% for nitroglycerin, Standard solution
Signal-to-noise ratio: NLT 10 for nitroglycerin, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified degradation product and any unspecified
degradation product in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each individual degradation product from the Sample solution
rS = peak response of nitroglycerin from the Standard solution
CS = concentration of nitroglycerin from USP Diluted Nitroglycerin RS in the Standard
solution (µg/mL)
CU = nominal concentration of nitroglycerin in the Sample solution (µg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.

Name
2-Mononitroglycerin
1-Mononitroglycerin
1,3-Dinitroglycerin
1,2-Dinitroglycerin
Nitroglycerin
Any unspecified degradation
product
Total degradation products
1S (USP42)

Table 2
Relative
Retention
Time
0.22
0.24
0.66
0.69
1.0
—
—

Relative
Response
Factor
0.7
0.7
1.0
1.0
—
1.0
—

Acceptance
Criteria,
NMT (%)
0.5
0.5
0.5
0.5
—
0.2
1.5
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OTHER COMPONENTS
• Alcohol Determination 〈611〉, Procedures, Method II
Sample: Use isopropyl alcohol as the internal standard.
Acceptance criteria: 90.0%–110.0% of the labeled amount of alcohol (C2 H5 OH)
SPECIFIC TESTS
Change to read:
• Bacterial Endotoxins Test 〈85〉: NMT 0.1 USP Endotoxin Unit/µg of nitroglycerin
Meets the requirements 1S (USP42)
• pH 〈791〉
Sample: To 5 mL of Injection add 5 mL of water.
Analysis: Add 1 drop of saturated potassium chloride solution.
Acceptance criteria: 3.0–6.5
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• Other Requirements: It meets the requirements in Injections and Implanted Drug Products
〈1〉.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose or in multiple-dose containers, preferably
of Type I or Type II glass.
Store at controlled room temperature. Protect from light. 1S (USP42)
• Labeling: Where necessary, label it to indicate that it is to be diluted before use.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP 1,2-Dinitroglycerin RS
3-Hydroxypropane-1,2-diyl dinitrate.
C3 H6 N2 O7
182.09
USP 1,3-Dinitroglycerin RS
2-Hydroxypropane-1,3-diyl dinitrate.
C3 H6 N2 O7
182.09
USP 1-Mononitroglycerin RS
2,3-Dihydroxypropyl nitrate.
C3 H7 NO5
137.09
USP 2-Mononitroglycerin RS
1,3-Dihydroxypropyl nitrate.
C3 H7 NO5
137.09
1S (USP42)

USP Diluted Nitroglycerin RS
Recent Official Publications:
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USP41–NF36 Page 2957
BRIEFING
Nitroglycerin Ointment, USP 41 page 2958. As part of the USP monograph modernization
efforts, it is proposed to revise the monograph as follows:
1. Add the orthogonal Identification B by TLC.
2. Add the particle size of the Column, add the Run time, and clarify the definition of the
variables in the Analysis in the Assay.
3. Remove the HPLC Column efficiency requirement in the Suitability requirements under
the Assay as it is considered redundant.
4. Add a stability-indicating HPLC method in the test for Organic Impurities. The proposed
HPLC procedure was validated using the Thermo Scientific Hypersil ODS brand of column
with L1 packing, in which nitroglycerin elutes at about 14 min.
5. Revise the Packaging and Storage section to reflect the packaging and storage
conditions on the labels of approved drug products.
6. Add four new USP Reference Standards, USP 1-Mononitroglycerin RS, USP 2Mononitroglycerin RS, USP 1,2-Dinitroglycerin RS, and USP 1,3-Dinitroglycerin RS, to the
USP Reference Standards section to support the proposed test for Organic Impurities.
7. The proposed limits of each specified degradation product and of total degradation
products in the Organic Impurities test are based on the specifications in the current
Glyceryl Trinitrate Solution monograph in the European Pharmacopoeia 9.5. The
proposed limit of any unspecified degradation product in the Organic Impurities test is
based on the International Council for Harmonisation (ICH) Q3B recommended level.
Manufacturers are encouraged to submit their FDA-approved specifications if they are
different from those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: D. Min.)
Correspondence Number—C173994
Comment deadline: July 31, 2018
Nitroglycerin Ointment
DEFINITION
Nitroglycerin Ointment is Diluted Nitroglycerin in a suitable ointment base. It contains NLT
90.0% and NMT 115.0% of the labeled amount of nitroglycerin (C3 H5 N3 O9 ).
IDENTIFICATION
Change to read:
• A. The retention time of
the major peak of 1S (USP42)
the Sample solution corresponds to that of the Standard solution, as obtained in the
Assay.
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Add the following:
• B.
Diluent: Methanol and water (50:50)
Standard solution: 400 µg/mL of nitroglycerin from USP Diluted Nitroglycerin RS in Diluent
Sample solution: Nominally 400 µg/mL of nitroglycerin prepared as follows. Transfer a
suitable amount of Ointment, equivalent to 7.5–15 mg of nitroglycerin, to a 50-mL conical
flask, add an appropriate volume of Diluent, and mix. Immerse the flask containing the
sample in a water bath maintained at a temperature of 50° for 10 min. Shake
intermittently until the sample is dispersed. Remove the flask from the water bath, and
shake vigorously for 1 min to obtain a coagulated solid. Repeat the heating and shaking
steps one more time, and centrifuge. Use the supernatant.
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Toluene and ethyl acetate (80:20)
Spray reagent: Diphenylamine in methanol (1 in 100)
Analysis
Samples: Standard solution and Sample solution
Apply the Samples to a suitable thin-layer chromatographic plate. Develop the
chromatograms in the Developing solvent system until the solvent front has moved
three-fourths of the length of the plate. Remove the plate from the developing chamber,
mark the solvent front, and allow the solvent to evaporate. Spray the plate with Spray
reagent, and irradiate the plate with short- and long-wavelength UV light for 15 min.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol and water (50:50)
Standard solution: 0.075 mg/mL of nitroglycerin from USP Diluted Nitroglycerin RS in Mobile
phase
Sample solution:
Nominally 0.08 mg/mL of nitroglycerin prepared as follows. 1S (USP42)
Transfer a quantity of Ointment equivalent to 2.0 mg of nitroglycerin to a glassstoppered, 50-mL conical flask, and add 25.0 mL of Mobile phase. Immerse the flask
containing the sample in a water bath maintained at a temperature of 50° for 10 min.
Shake intermittently until the sample is dispersed. Remove the flask from the bath, and
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shake vigorously for 1 min to obtain a coagulated solid. Repeat the heating and shaking
steps one more time, and filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm;
5-µm 1S (USP42)
packing L1. [Note—If necessary, a short precolumn that contains packing L1 may be
used.]
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of the nitroglycerin peak 1S (USP42)
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 3000 theoretical plates
1S (USP42)

Tailing factor: NMT 2.5
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of nitroglycerin (C3 H5 N3 O9 ) in the portion of
Ointment taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response
of nitroglycerin 1S (USP42)
from the Sample solution
rS = peak response
of nitroglycerin 1S (USP42)
from the Standard solution
CS = concentration of nitroglycerin
from USP Diluted Nitroglycerin RS 1S (USP42)
in the Standard solution (mg/mL)
CU = nominal concentration of nitroglycerin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–115.0%
PERFORMANCE TESTS
• Minimum Fill 〈755〉: Meets the requirements
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• Homogeneity
Analysis: In the case of single-dose containers, perform the Assay on specimens from
each of 10 containers. In the case of multiple-dose containers, perform the Assay on one
sample from the top and one from the bottom of each of 5 containers.
Acceptance criteria: Each sample contains 90.0%–110.0% of the mean value.
IMPURITIES
Add the following:
• Organic Impurities
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
2.0
10.0
16.0
16.1
20.0

Table 1
Solution A
(%)
95
95
50
50
95
95

Solution B
(%)
5
5
50
50
5
5

Diluent: Methanol and water (50:50)
Sensitivity solution: 1 µg/mL of nitroglycerin from USP Diluted Nitroglycerin RS in Diluent
Standard stock solution: 20 µg/mL each of nitroglycerin from USP Diluted Nitroglycerin RS,
USP 1-Mononitroglycerin RS, USP 2-Mononitroglycerin RS, USP 1,2-Dinitroglycerin RS, and
USP 1,3-Dinitroglycerin RS prepared as follows. Transfer a suitable amount of USP Diluted
Nitroglycerin RS, equivalent to 1 mg of nitroglycerin, and 1 mg each of 1mononitroglycerin, 2-mononitroglycerin, 1,2-dinitroglycerin, and 1,3-dinitroglycerin from
the corresponding nitroglycerin impurity Reference Standards to a 50-mL volumetric flask.
Dilute with Diluent to volume.
Standard solution: 2 µg/mL each of nitroglycerin from USP Diluted Nitroglycerin RS, USP 1Mononitroglycerin RS, USP 2-Mononitroglycerin RS, USP 1,2-Dinitroglycerin RS, and USP
1,3-Dinitroglycerin RS from Standard stock solution in Diluent
Sample solution: Nominally 1000 µg/mL of nitroglycerin in Diluent prepared as follows.
Transfer a suitable amount of Ointment, equivalent to 7.5–15 mg of nitroglycerin, to a 50mL conical flask, add an appropriate volume of Diluent, and mix. Immerse the flask
containing the sample in a water bath maintained at a temperature of 50° for 10 min.
Shake intermittently until the sample is dispersed. Remove the flask from the bath, and
shake vigorously for 1 min to obtain a coagulated solid. Repeat the heating and shaking
steps one more time, and centrifuge. Use the supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between 1-mononitroglycein and 2-mononitroglycerin; NLT 1.5
between 1,2-dinitroglycerin and 1,3-dinitroglycerin, Standard solution
Relative standard deviation: NMT 5.0% for nitroglycerin, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified degradation product and any unspecified
degradation product in the portion of Ointment taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each individual degradation product from the Sample solution
rS = peak response of nitroglycerin from the Standard solution
CS = concentration of nitroglycerin from USP Diluted Nitroglycerin RS in the Standard
solution (µg/mL)
CU = nominal concentration of nitroglycerin in the Sample solution (µg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2.

Name
2-Mononitroglycerin
1-Mononitroglycerin
1,3-Dinitroglycerin
1,2-Dinitroglycerin
Nitroglycerin
Any unspecified degradation
product
Total degradation products
1S (USP42)

ADDITIONAL REQUIREMENTS

Table 2
Relative
Retention
Time
0.22
0.24
0.66
0.69
1.0
—
—

Relative
Response
Factor
0.7
0.7
1.0
1.0
—
1.0
—

Acceptance
Criteria,
NMT (%)
0.5
0.5
0.5
0.5
—
0.5
1.5
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Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 1S (USP42)
• Labeling: Label multiple-dose containers with a direction to close tightly immediately after
each use.
Change to read:
• USP Reference Standards 〈11〉
USP 1,2-Dinitroglycerin RS
3-Hydroxypropane-1,2-diyl dinitrate.
C3 H6 N2 O7
182.09
USP 1,3-Dinitroglycerin RS
2-Hydroxypropane-1,3-diyl dinitrate.
C3 H6 N2 O7
182.09
USP 1-Mononitroglycerin RS
2,3-Dihydroxypropyl nitrate.
C3 H7 NO5
137.09
USP 2-Mononitroglycerin RS
1,3-Dihydroxypropyl nitrate.
C3 H7 NO5
137.09
1S (USP42)

USP Diluted Nitroglycerin RS
Recent Official Publications:
USP41–NF36 Page 2958
BRIEFING
Nitroglycerin Sublingual Tablets, USP 41 page 2958. As part of the USP monograph
modernization efforts, it is proposed to revise the monograph as follows:
1. Add the Run time and particle size of the Column to the Assay.
2. Remove the HPLC Column efficiency requirement in the Suitability requirements in the
Assay as it is considered redundant.
3. Add a stability-indicating HPLC method in the test for Organic Impurities. The proposed
HPLC procedure was validated using the Thermo Scientific Hypersil ODS brand of column
with L1 packing, in which nitroglycerin elutes at about 14 min.
4. Revise the Uniformity of Dosage Units test to refer to the Assay as a procedure to
follow.
5. Revise the Labeling section based on the recommendations from the FDA.
6. Add four new USP Reference Standards, USP 1-Mononitroglycerin RS, USP 2Mononitroglycerin RS, USP 1,2-Dinitroglycerin RS, and USP 1,3-Dinitroglycerin RS, to the
USP Reference Standards section to support the proposed test for Organic Impurities.
7. The proposed limits of each specified degradation product and of total degradation
products in the Organic Impurities test are based on the specifications in the current
Glyceryl Trinitrate Solution monograph in the European Pharmacopoeia 9.5. The
proposed limit of any unspecified degradation product in the Organic Impurities test is
based on the International Council for Harmonisation (ICH) Q3B recommended level.
Manufacturers are encouraged to submit their FDA-approved specifications for
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consideration if they are different from those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: D. Min.)
Correspondence Number—C173971
Comment deadline: July 31, 2018
Nitroglycerin Sublingual Tablets
DEFINITION
Nitroglycerin Sublingual Tablets contain NLT 90.0% and NMT 115.0% of the labeled amount of
nitroglycerin (C3 H5 N3 O9 ).
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: Equivalent to 1 mg/mL of nitroglycerin in acetone from USP Diluted
Nitroglycerin RS
Sample solution: Equivalent to 1 mg/mL of nitroglycerin from powdered Sublingual Tablets
in acetone. Shake by mechanical means for 30 min, and filter.
Developing solvent system: Toluene, ethyl acetate, and glacial acetic acid (16:4:1)
Spray reagent: Diphenylamine diluted with methanol (1 in 100)
Analysis: Proceed as directed.
1S (USP42)

Spray the plate with Spray reagent, and irradiate the plate with short- and longwavelength UV light for 10 min.
Acceptance criteria: Meets the requirements
Change to read:
• B. The retention time of
the nitroglycerin peak of 1S (USP42)
the Sample solution corresponds to that of the Standard solution, as obtained in the
Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol and water (50:50)
Standard solution: 0.075 mg/mL of nitroglycerin from USP Diluted Nitroglycerin RS in Mobile
phase
Sample solution: Nominally equivalent to 0.075 mg/mL of nitroglycerin from powdered
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Sublingual Tablets (NLT 20) in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm;
7-µm 1S (USP42)
packing L1. [Note—If necessary, use a short precolumn that contains packing L1.]
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of the nitroglycerin peak 1S (USP42)
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 3000 theoretical plates
1S (USP42)

Tailing factor: NMT 2.5
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of nitroglycerin (C3 H5 N3 O9 ) in the portion
of Sublingual Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response
of nitroglycerin 1S (USP42)
from the Sample solution
rS = peak response
of nitroglycerin 1S (USP42)
from the Standard solution
CS = concentration of nitroglycerin
from USP Diluted Nitroglycerin RS 1S (USP42)
in the Standard solution (mg/mL)
CU = nominal concentration of nitroglycerin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–115.0%
PERFORMANCE TESTS
• Disintegration 〈701〉
Determined as set forth for Sublingual Tablets
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Time: 2 min
Acceptance criteria: Meet the requirements
Change to read:
• Uniformity of Dosage Units 〈905〉
Procedure for content uniformity
Mobile phase, Standard solution, Chromatographic system, System suitability,
and Analysis: 1S (USP42)
Proceed as directed in the Assay.
Sample solution: 0.075 mg/mL of nitroglycerin in Mobile phase from 1 Sublingual Tablet
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of nitroglycerin (C3 H5 N3 O9 ) in the
Sublingual Tablet taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of nitroglycerinfrom the Sample solution
rS = peak response of nitroglycerin from the Standard solution
CS = concentration of nitroglycerin in the Standard solution (mg/mL)
CU = nominal concentration of nitroglycerin in the Sample solution (mg/mL)

1S (USP42)

Acceptance criteria: The content of each of the 10 Sublingual Tablets is within the
range of 75.0%–135.0% of the labeled claim. If the content of NMT 1 Sublingual Tablet
is outside the range of 75.0%–135.0% and if the content of none of the Sublingual
Tablets is outside the range of 60.0%–150.0%, test 20 additional units. The
requirements are met if the content of each of the additional 20 units falls within the
range of 75.0%–135.0% of the labeled claim.
IMPURITIES
Add the following:
• Organic Impurities
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0
2.0
10.0
16.0
16.1
20.0

Table 1
Solution A
(%)
95
95
50
50
95
95

Solution B
(%)
5
5
50
50
5
5

Diluent: Methanol and water (50:50)
Sensitivity solution: 1 µg/mL of nitroglycerin from USP Diluted Nitroglycerin RS in Diluent.
Standard stock solution: 20 µg/mL each of USP Diluted Nitroglycerin RS, USP 1Mononitroglycerin RS, USP 2-Mononitroglycerin RS, USP 1,2-Dinitroglycerin RS, and USP
1,3-Dinitroglycerin RS prepared as follows. Transfer a suitable amount of USP Diluted
Nitroglycerin RS, equivalent to 1 mg of nitroglycerin, and 1 mg each of 1mononitroglycerin, 2-mononitroglycerin, 1,2-dinitroglycerin, and 1,3-dinitroglycerin from
the corresponding nitroglycerin impurity Reference Standards to a 50-mL volumetric flask.
Dilute with Diluent to volume.
Standard solution: 2 µg/mL each of USP Diluted Nitroglycerin RS, USP 1-Mononitroglycerin
RS, USP 2-Mononitroglycerin RS, USP 1,2-Dinitroglycerin RS, and USP 1,3-Dinitroglycerin
RS from Standard stock solution in Diluent
Sample solution: Nominally 1000 µg/mL of nitroglycerin in Diluent prepared as follows.
Transfer a suitable amount of powdered Sublingual Tablets (NLT 20) to a suitable
volumetric flask, add an appropriate amount of Diluent and mix. Dilute with Diluent to
volume. Centrifuge, use the supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between 1-mononitroglycein and 2-mononitroglycerin; NLT 1.5
between 1,2-dinitroglycerin and 1,3-dinitroglycerin, Standard solution
Relative standard deviation: NMT 5.0% for nitroglycerin, Standard solution
Signal-to-noise ratio: NLT 10 for nitroglycerin, Sensitivity solution
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified degradation product and any unspecified
impurity in the portion of Sublingual Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of nitroglycerin from the Standard solution
CS = concentration of nitroglycerin from USP Diluted Nitroglycerin RS in the Standard
solution (µg/mL)
CU = nominal concentration of nitroglycerin in the Sample solution (µg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2.

Name
2-Mononitroglycerin
1-Mononitroglycerin
1,3-Dinitroglycerin
1,2-Dinitroglycerin
Nitroglycerin
Any unspecified impurity
Total impurity

Table 2
Relative
Retention
Time
0.22
0.24
0.66
0.69
1.0
—
—

Relative
Response
Factor
0.7
0.7
1.0
1.0
—
1.0
—

Acceptance
Criteria,
NMT (%)
0.5
0.5
0.5
0.5
—
0.5
1.5

1S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, preferably of glass, and store at
controlled room temperature. Each container holds NMT 100 Sublingual Tablets.
Change to read:
• Labeling: The labeling indicates that the Sublingual Tablets are for sublingual use, and the
label directs that the Sublingual Tablets be dispensed in the original, unopened container,
labeled with the following statement directed to the patient. “Warning: To prevent loss of
potency, keep these tablets in the original container or in a supplemental nitroglycerin
container specifically labeled as being suitable for Nitroglycerin Sublingual Tablets. Close
tightly immediately after each use.
Close tightly immediately after each use to prevent loss of potency. Keep these tablets
in the original container.” 1S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP 1,2-Dinitroglycerin RS
3-Hydroxypropane-1,2-diyl dinitrate.
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C3 H6 N2 O7
182.09
USP 1,3-Dinitroglycerin RS
2-Hydroxypropane-1,3-diyl dinitrate.
C3 H6 N2 O7
182.09
USP 1-Mononitroglycerin RS
2,3-Dihydroxypropyl nitrate.
C3 H7 NO5
137.09
USP 2-Mononitroglycerin RS
1,3-Dihydroxypropyl nitrate.
C3 H7 NO5
137.09
1S (USP42)

USP Diluted Nitroglycerin RS
Recent Official Publications:
USP41–NF36 Page 2958
BRIEFING
Nitromersol, USP 41 page 2959. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Nitromersol are currently marketed in the United
States.
2. Drug products containing Nitromersol are currently not used in veterinary medicine in
the United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C198364
Comment deadline: July 31, 2018
Delete the following:
Nitromersol

C7 H5 HgNO3

351.71

7-Oxa-8-mercurabicyclo[4.2.0]octa-1,3,5-triene, 5-methyl-2-nitro-;
5-Methyl-2-nitro-7-oxa-8-mercurabicyclo[4.2.0]octa-1,3,5-triene
[133-58-4].
DEFINITION
Nitromersol, dried at 105° for 2 h, contains NLT 98.0% and NMT 100.5% of nitromersol
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Nitromersol, dried at 105° for 2 h, contains NLT 98.0% and NMT 100.5% of nitromersol
(C7 H5 HgNO3 ).
IDENTIFICATION
• A.
Sample solution: 1 mg/mL in 1 N sodium hydroxide
Analysis: The Sample solution possesses a reddish orange color. Add 3 N hydrochloric
acid.
Acceptance criteria: The reddish orange color disappears, and a yellowish, flocculent
precipitate forms.
• B.
Sample solution: Dissolve 250 mg of Nitromersol in 2.5 mL of 1 N sodium hydroxide, and
dilute with water to 20 mL.
Analysis 1: Add 3 mL of 3 N hydrochloric acid to the Sample solution.
Acceptance criteria 1: A yellowish precipitate is formed.
Analysis 2: Filter the solution obtained after Analysis 1. The filtrate is nearly colorless or
slightly yellow. Retain the filtrate for the test for Mercury Ions. Dissolve the precipitate in
20 mL of water to which 2.5 mL of 1 N sodium hydroxide has been added. Add 0.5 g of
sodium hydrosulfite, and heat to boiling.
Acceptance criteria 2: A heavy deposit of metallic mercury is formed.
ASSAY
• Procedure
Sample: 200 mg of Nitromersol, previously ground to a fine powder and dried
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N ammonium thiocyanate VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 500-mL Kjeldahl flask. Add 15 mL of sulfuric acid, and
digest cautiously with occasional swirling over a flame until the solution becomes a clear,
light yellowish brown. Cool, and add, dropwise, enough 30% hydrogen peroxide to
decolorize the solution. Digest for 2–3 min, adding more hydrogen peroxide if necessary, to
produce a colorless solution. Cool, dilute with water to 100 mL, and add potassium
permanganate TS until a permanent pink color persists on heating. Then add hydrogen
peroxide TS, dropwise, until the color is completely discharged. Cool, and add 5 mL of
nitric acid that has been diluted with 10 mL of water. Add 5 mL of ferric ammonium sulfate
TS, and titrate with Titrant. Each mL of 0.1 N ammonium thiocyanate is equivalent to
17.59 mg of nitromersol (C7 H5 HgNO3 ).
Acceptance criteria: 98.0%–100.5% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%

PF 44(3): May.-Jun. 2018

533

• Mercury Ions
Sample solution: The filtrate obtained in Identification test B, Analysis 2
Analysis: Add an equal volume of hydrogen sulfide TS to the Sample solution.
Acceptance criteria: No darkening in color is produced, although a small amount of a
flocculent, light yellow precipitate may form.
• Alkali-Insoluble Substances
Sample: 1.0 g of Nitromersol
Analysis: Add 7 mL of 1 N sodium hydroxide to the Sample, then dilute with water to 20
mL. The resulting solution, upon standing in a glass-stoppered vessel in the dark for 24 h,
shows NMT a slight amount of insoluble material. Collect the insoluble residue, if any, in a
tared filter crucible, wash the residue with warm water, and dry at 105° for 1 h.
Acceptance criteria: 0.1%; the weight of the insoluble material is NMT 1 mg.
• Uncombined Nitrocresol
Sample: 500 mg of Nitromersol
Analysis: Shake the Sample with 50 mL of benzene, filter, evaporate the filtrate in a tared
dish to dryness, and dry the residue at 80° for 2 h.
Acceptance criteria: 1%; the weight of the residue is NMT 5 mg.
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Recent Official Publications:
USP41–NF36 Page 2959

1S (USP42)

BRIEFING
Norethindrone Acetate and Ethinyl Estradiol Tablets, USP 41 page 2975. As part of USP
monograph modernization efforts, the following revisions are proposed:
1. Add Identification B as an orthogonal identification test based on spectral comparison of
the peaks using photodiode array detection in the Assay.
2. In the Assay, add Run time and update the Detector in the Chromatographic system to
support the proposed Identification B.
3. Add an equation to the Dissolution test for consistency with current USP style. Remove
the system suitability requirement for Column efficiency in the Dissolution test, as the
remaining system suitability requirements are sufficient.
4. Add validated stability-indicating HPLC procedures for the Organic Impurities tests. The
liquid chromatographic procedure in the test for Organic Impurities, Procedure 1:
Norethindrone Acetate Related Compounds is based on analyses performed using the
Symmetry Shield brand of column with L1 packing. The typical retention time for
norethindrone acetate is about 36 min. The liquid chromatographic procedure in the test

PF 44(3): May.-Jun. 2018

534

for Organic Impurities, Procedure 2: Ethinyl Estradiol Related Compounds is based on
analyses performed using the Inertsil ODS-3V brand of column with L1 packing. The
typical retention time for ethinyl estradiol is about 26 min.
5. Add USP Estrone RS to the USP Reference Standards section to support the proposed
tests for organic impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: S. Ramachandran, R.-H. Yeh.)
Correspondence Number—C160184
Comment deadline: July 31, 2018
Norethindrone Acetate and Ethinyl Estradiol Tablets
DEFINITION
Norethindrone Acetate and Ethinyl Estradiol Tablets contain NLT 90.0% and NMT 110.0% of
the labeled amount of norethindrone acetate (C22 H28 O3 ), and NLT 88.0% and NMT 112.0%
of the labeled amount of ethinyl estradiol (C20 H24 O2 ).
IDENTIFICATION
• A. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV-visible spectra of the major peaks of the Sample solution correspond to those
of the Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, methanol, and water (40:5:55)
Diluent: Acetonitrile and water (50:50)
Standard solution: 90 µg/mL of USP Norethindrone Acetate RS and 1.76 µg/mL of USP
Ethinyl Estradiol RS in Diluent
Sample solution: Nominally 100 µg/mL of norethindrone acetate from Tablets prepared as
follows. Transfer an appropriate number of Tablets (NLT 20) into a suitable volumetric
flask. Add 75% of the total flask volume of Diluent, disintegrate the Tablets by mechanical
shaking, and sonicate. Allow the solution to equilibrate to room temperature, and dilute
with Diluent to volume. Centrifuge a portion of the resulting solution using glass centrifuge
tubes, and use the clear supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

PF 44(3): May.-Jun. 2018

535

Mode: LC
Detector: UV 200 nm.
For Identification B, use a diode array detector in the range of 200–600 nm. 1S (USP42)
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 100 µL
Run time: NLT 1.2 times the retention time of norethindrone acetate 1S (USP42)
System suitability
Sample: Standard solution
[Note—The relative retention times for ethinyl estradiol and norethindrone acetate are
about 0.28 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 10.0 between ethinyl estradiol and norethindrone acetate
Tailing factor: NMT 2.0 for ethinyl estradiol and norethindrone acetate
Relative standard deviation: NMT 2.0% for ethinyl estradiol and norethindrone
acetate
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of norethindrone acetate (C22 H28 O3 ) and
ethinyl estradiol (C20 H24 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of norethindrone acetate or ethinyl estradiol from the Sample solution
rS = peak response of norethindrone acetate or ethinyl estradiol from the Standard
solution
CS = concentration of USP Norethindrone Acetate RS or USP Ethinyl Estradiol RS in the
Standard solution (µg/mL)
CU = nominal concentration of norethindrone acetate or ethinyl estradiol in the Sample
solution (µg/mL)
Acceptance criteria
Norethindrone acetate: 90.0%–110.0%
Ethinyl estradiol: 88.0%–112.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
0.025 M acetate buffer solution: Transfer 5.22 g of anhydrous sodium acetate and 2.2 g
of glacial acetic acid to a 4-L volumetric flask, add 3.5 L of water, and adjust with 1 N
sodium hydroxide to a pH of 5.0 ± 0.2. Dilute with water to volume.
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1S (USP42)

Medium: 0.025 M acetate buffer solution with 0.15% sodium lauryl sulfate
(Transfer 5.22 g of anhydrous sodium acetate and 2.2 g of glacial acetic acid to a 4-L
volumetric flask, add 3.5 L of water, and adjust with 1 N sodium hydroxide to a pH of 5.0
± 0.2. Dilute with water to volume. This is 0.025 M acetate buffer solution. 1S (USP42)
Transfer 6 g of sodium lauryl sulfate into a 4-L volumetric flask, adding 1.5 L of 0.025 M
acetate buffer solution, mix, and dilute with 0.025 M acetate buffer solution to volume);
600 mL
Apparatus 2: 75 rpm
Time: 60 min
Mobile phase: 0.2% phosphoric acid, acetonitrile, and tetrahydrofuran (54:38:8)
Standard solution: USP Norethindrone Acetate RS and USP Ethinyl Estradiol RS dissolved
in a minimum amount of acetonitrile, and diluted with Medium to obtain a solution having
known concentrations equivalent to the expected concentrations of the solution under
test
(L/600) mg/mL of USP Norethindrone Acetate RS and (L/600) mg/mL of USP Ethinyl
Estradiol RS prepared as follows, where L is the label claim, in mg/Tablet. Transfer suitable
amounts of USP Norethindrone Acetate RS and USP Ethinyl Estradiol RS to an appropriate
volumetric flask. Dissolve in a minimum amount of acetonitrile and dilute with Medium to
volume. 1S (USP42)
Sample solution: Withdraw a 2-mL aliquot, using a glass pipet or syringe, and centrifuge.
at about 2000 rpm for about 5 min.
1S (USP42)

Use the supernatant as the Sample solution.
[Note—The use of a centrifuge speed of 2000 rpm for 5 min may be suitable.]
Chromatographic system

1S (USP42)

(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detectors
Detector 1: UV 242 nm
Detector 2: Fluorescence with an excitation wavelength set at 210 nm and an emission
wavelength set at 310 nm.
[Note—Use the response at 242 nm to quantify norethindrone acetate and 310 nm
to quantify ethinyl estradiol.] 1S (USP42)
Columns
Guard: 4-mm × 12.5-mm; 5-µm packing L1
Analytical: 6-mm × 40-mm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
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Column efficiency: NLT 500 theoretical plates for ethinyl estradiol and NLT 1400
theoretical plates for norethindrone acetate
1S (USP42)

Tailing factor: NMT 2.0 each for norethindrone acetate and ethinyl estradiol
Relative standard deviation: NMT 2.5% each for norethindrone acetate and ethinyl
estradiol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of norethindrone acetate (C22 H28 O3 ) or
ethinyl estradiol (C20 H24 O2 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response of norethindrone acetate or ethinyl estradiol from the Sample solution
rS = peak response of norethindrone acetate or ethinyl estradiol from the Standard
solution
CS = concentration of USP Norethindrone Acetate RS or USP Ethinyl Estradiol RS in the
Standard solution (mg/mL)
V = volume of the Medium, 600 mL
L = label claim (mg/Tablet) 1S (USP42)
Tolerances: NLT 80% (Q) of the labeled amounts of norethindrone acetate (C22 H28 O3 ) and
ethinyl estradiol (C20 H24 O2 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities, Procedure 1: Norethindrone Acetate Related Compounds
Solution A: Methanol and water (9:90)
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0
8
10
20
40
50
60
70
80
85
95

Table 1
Flow Rate
Solution A
(mL)
(%)
1.0
63
1.0
63
1.0
65
1.0
65
1.0
45
1.0
25
1.0
25
2.0
5
2.0
5
1.0
63
1.0
63

Solution B
(%)
37
37
35
35
55
75
75
95
95
37
37

Diluent: Acetonitrile and water (70:30)
Sensitivity solution: 0.0005 mg/mL of USP Norethindrone Acetate RS in Diluent. Sonicate
to dissolve as needed.
Standard solution: 0.005 mg/mL of USP Norethindrone Acetate RS in Diluent. Sonicate to
dissolve as needed.
Sample solution: Nominally 1.0 mg/mL of norethindrone acetate from Tablets prepared as
follows. Transfer NLT 10 Tablets to a suitable volumetric flask. Add about 60% of the total
flask volume of Diluent, sonicate for 15 min with intermittent shaking, and dilute with
Diluent to volume. Pass the solution through a suitable filter of 0.45-µm pore size and use
the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability)
Mode: LC
Detector: UV 242 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 45°
Flow rate: See Table 1.
Injection volume: 20 µL
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10 for norethindrone acetate, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of each norethindrone acetate related degradation product in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each norethindrone acetate related degradation product from the
Sample solution
rS = peak response of norethindrone acetate from the Standard solution
CS = concentration of USP Norethindrone Acetate RS in the Standard solution (mg/mL)
CU = nominal concentration of norethindrone acetate in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.

Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

6β-Hydroxy-norethindrone acetatea
0.33
0.64
Norethindrone acetate
1.0
—
Any individual norethindrone acetate
related unspecified degradation
—
product
1.0
Total norethindrone acetate related
—
—
impurities
a 6β-Hydroxy-3-oxo-19-nor-17α-pregn-4-en-20-yn-17-yl acetate.

Acceptance
Criteria,
NMT (%)
1.0
—

0.5
3.0

1S (USP42)

Add the following:
• Organic Impurities, Procedure 2: Ethinyl Estradiol Related Compounds
Solution A: 1 g/L of sodium 1-hexanesulfonate in water
Solution B: Acetonitrile
Mobile phase: See Table 3.
Time
(min)
0
25
40
43
70
72
85

Table 3
Flow Rate
Solution A
(mL)
(%)
1.0
70
1.0
50
1.0
48
2.0
2
2.0
2
1.0
70
1.0
70

Solution B
(%)
30
50
52
98
98
30
30

Diluent: Acetonitrile and water (70:30)
System suitability solution: 8 µg/mL of USP Ethinyl Estradiol RS and 0.04 µg/mL of USP
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Estrone RS in Diluent
Standard solution: 0.08 µg/mL of USP Ethinyl Estradiol RS in Diluent
Sample solution: Nominally 7.5 µg/mL of ethinyl estradiol from Tablets prepared as follows.
Transfer NLT 15 Tablets to a suitable volumetric flask. Add about 60% of the total flask
volume of Diluent, sonicate for 15 min with intermittent shaking, and dilute with Diluent to
volume. Pass the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detectors
Detector 1: UV 200 nm
Detector 2: Fluorescence with excitation at 285 nm and emission at 315 nm
[Note—Detector 1 and Detector 2 are connected in series. Use the response at 315 nm
to quantify Δ9,11-ethinyl estradiol.]
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: See Table 3.
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 4 for relative retention times.]
Suitability requirements
Resolution: NLT 1.3 between ethinyl estradiol and estrone at 200 nm, System
suitability solution
Tailing factor: NMT 1.5 for ethinyl estradiol at 200 nm, System suitability solution
Relative standard deviation: NMT 10.0% for ethinyl estradiol at 200 nm, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of Δ9,11-ethinyl estradiol in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of Δ9,11- ethinyl estradiol at 315 nm from the Sample solution
rS = peak response of ethinyl estradiol at 315 nm from the Standard solution
CS = concentration of USP Ethinyl Estradiol RS in the Standard solution (µg/mL)
CU = nominal concentration of ethinyl estradiol in the Sample solution (µg/mL)
F = relative response factor (see Table 4)
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Calculate the percentage of each unspecified ethinyl estradiol related degradation product
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each unspecified ethinyl estradiol related degradation product at
200 nm from the Sample solution
rS = peak response of ethinyl estradiol at 200 nm from the Standard solution
CS = concentration of USP Ethinyl Estradiol RS in the Standard solution (µg/mL)
CU = nominal concentration of ethinyl estradiol in the Sample solution (µg/mL)
F = relative response factor (see Table 4)
Acceptance criteria: See Table 4. Disregard the peaks eluting after 35 min.
Table 4

Name
Δ9,11-Ethinyl
estradiola

Relative
Retention
Time

0.95

Detection
Mode
Fl (285
nm/315
nm)b
Fl (285
nm/315
nm)b

Relative
Response
Factor

0.41

Acceptance
Criteria,
NMT (%)

0.5

—
—
Ethinyl estradiol
1.00
Any individual
unspecified ethinyl
—
estradiol related
degradation product
UV 200 nm
1.0
0.5
Total ethinyl estradiol
—
—
—
related impuritiesc
0.5
d
—
—
—
Total impurities
3.25
a 19-Nor-17α-pregna-1,3,5(10),9(11)-tetraen-20-yne-3,17-diol.
b Fl = fluorescence.
c Sum of ethinyl estradiol related impurities.
d Sum of total impurities obtained in the tests for Organic Impurities, Procedure 1 and
Procedure 2.
1S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Estrone RS
3-Hydroxyestra-1,3,5(10)-trien-17-one.
C18 H22 O2
270.37 1S (USP42)
USP Ethinyl Estradiol RS
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USP Norethindrone Acetate RS
Recent Official Publications:
USP41–NF36 Page 2975
BRIEFING
Norfloxacin, USP 41 page 2976. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Norfloxacin are currently marketed in the United
States.
2. No drug products containing Norfloxacin are currently used in veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C198365
Comment deadline: July 31, 2018
Delete the following:
Norfloxacin

C16 H18 FN3 O3

319.33

3-Quinolinecarboxylic acid, 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-;
1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinolinecarboxylic acid
[70458-967].
DEFINITION
Norfloxacin contains NLT 98.0% and NMT 102.0% of norfloxacin (C16 H18 FN3 O3 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197M〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
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• Procedure
Solution A: Water adjusted with phosphoric acid to a pH of 2.0
Diluent: Acetonitrile and Solution A (5:95)
Mobile phase: See Table 1.
Time
(min)
0
5
7
10
15
20
20.1
25

Table 1
Solution A
(%)
95
95
93
87
47
10
95
95

Acetonitrile
(%)
5
5
7
13
53
90
5
5

Standard solution: 0.1 mg/mL of USP Norfloxacin RS in Diluent. Sonicate, if necessary, to
dissolve.
Sample solution: 0.1 mg/mL of Norfloxacin in Diluent. Sonicate, if necessary, to dissolve.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV
Analytical wavelength: 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L60
Column temperature: 60°
Flow rate: 1.4 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 0.73%
Tailing factor: NMT 2.0
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of norfloxacin (C16 H18 FN3 O3 ) in the portion of Norfloxacin taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
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rS = peak response from the Standard solution
CS = concentration of USP Norfloxacin RS in the Standard solution (mg/mL)
CU = concentration of Norfloxacin in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉
Analysis: Use a platinum crucible.
Acceptance criteria: NMT 0.1%
Delete the following:
Heavy Metals, Method II 〈231〉: NMT 15 ppm (O fficial 1-Jan-2018)
• Organic Impurities
Solution A, Diluent, Mobile phase, and Chromatographic system: Proceed as directed
in the Assay.
System suitability stock solution: 0.01 mg/mL each of USP Norfloxacin Related
Compound K RS, USP Norfloxacin Related Compound E RS, USP Norfloxacin Related
Compound A RS, and USP Norfloxacin Related Compound H RS in Diluent prepared as
follows. Dissolve 1 mg each of USP Norfloxacin Related Compound K RS, USP Norfloxacin
Related Compound E RS, USP Norfloxacin Related Compound A RS, and USP Norfloxacin
Related Compound H RS in 10 mL of acetonitrile in a 100-mL volumetric flask. Add about
70 mL of Diluent. Sonicate, if necessary, to dissolve. Dilute with Diluent to volume.
System suitability solution: To 1 mg of USP Norfloxacin RS in a 10-mL volumetric flask
add 5 mL of System suitability stock solution. Sonicate, if necessary, to dissolve. Dilute
with Diluent to volume.
Standard solution: 0.4 µg/mL of USP Norfloxacin RS in Diluent
Sample solution: 0.4 mg/mL of Norfloxacin in Diluent. Sonicate, if necessary, to dissolve.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between norfloxacin related compound E and norfloxacin; NLT 3.0
between norfloxacin related compound A and norfloxacin related compound H, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Norfloxacin taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
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CS = concentration of USP Norfloxacin RS in the Standard solution (µg/mL)
CU = concentration of Norfloxacin in the Sample solution (mg/mL)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 2. Disregard any peak less than 0.05%.

Name
Norfloxacin related
compound K
Norfloxacin related
compound E
Norfloxacin
Norfloxacin related
compound A
Norfloxacin related
compound H
Unidentified impurity
Total impurities

Table 2
Relative
Retention
Time
(min)

Acceptance
Criteria,
NMT (%)

0.85

0.15

0.95
1.0

0.15
—

1.4

0.10

1.43
1.0
1.0

0.10
0.10
0.5

SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry under vacuum at a pressure not exceeding 5 mm of mercury at 100° to
constant weight.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 〈11〉
USP Norfloxacin RS
USP Norfloxacin Related Compound A RS
7-Chloro-1-ethyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid.
C12 H9 ClFNO3
269.66
USP Norfloxacin Related Compound E RS
7-Chloro-1-ethyl-4-oxo-6-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic acid.
C16 H18 ClN3 O3
335.79
USP Norfloxacin Related Compound H RS
7-[4-(Ethoxycarbonyl)piperazin-1-yl]-1-ethyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3carboxylic acid.
C19 H22 FN3 O5
391.39
USP Norfloxacin Related Compound K RS
6-Fluoro-1-methyl-4-oxo-7-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic acid.
C15 H16 FN3 O3
305.30
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1S (USP42)

Recent Official Publications:
USP41–NF36 Page 2976
BRIEFING
Norfloxacin Ophthalmic Solution, USP 41 page 2977. It is proposed to omit this monograph
for the following reasons:
1. No drug products formulated as defined under Norfloxacin Ophthalmic Solution are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C198366
Comment deadline: July 31, 2018
Delete the following:
Norfloxacin Ophthalmic Solution

» Norfloxacin Ophthalmic Solution is a sterile, aqueous solution of
Norfloxacin. It contains not less than 90.0 percent and not more than 110.0
percent of the labeled amount of norfloxacin (C 16 H 18 FN 3 O 3 ).
Packaging and storage—Preserve in tight, light-resistant containers, stored at controlled
room temperature.
USP Reference standards 〈11〉—
USP Norfloxacin RS
Identification—
A: Ultraviolet Absorption 〈197U〉—
Solution: about 0.06 mg of norfloxacin per mL.
Diluent: 0.1 N hydrochloric acid.
B: The retention time of the major peak in the chromatogram of the Assay preparation
corresponds to that in the chromatogram of the Standard preparation, as obtained in the
Assay.
Sterility Tests 〈71〉: meets the requirements.
pH 〈791〉: between 5.0 and 5.4.
Assay—
Dilute phosphoric acid solution— Prepare a solution of phosphoric acid in water (1 in 1000).
Mobile phase— Prepare a filtered and degassed mixture of Dilute phosphoric acid solution and
acetonitrile (850:150). Make adjustments if necessary (see System Suitability under
Chromatography 〈621〉).

PF 44(3): May.-Jun. 2018

547

Standard preparation— Prepare a solution of USP Norfloxacin RS in Dilute phosphoric acid
solution having a known concentration of about 0.06 mg per mL.
Resolution solution— Prepare a solution of USP Norfloxacin RS and pipemidic acid in Dilute
phosphoric acid solution having known concentrations of about 0.06 mg of each per mL.
Assay preparation— Dilute an accurately measured volume of Ophthalmic Solution
quantitatively and stepwise with Dilute phosphoric acid solution to obtain a solution having a
concentration of about 0.06 mg of norfloxacin per mL.
Chromatographic system (see Chromatography 〈621〉)—The liquid chromatograph is equipped
with a 278-nm detector and a 3.9-mm × 30-cm column that contains packing L1. The column
temperature is maintained at 50°. The flow rate is about 0.5 mL per minute. Precondition the
column for about 8 hours with 0.01 M monobasic sodium phosphate buffer adjusted with
phosphoric acid to a pH of 4.0. Chromatograph the Resolution solution, and record the peak
responses as directed for Procedure: the relative retention times are about 0.8 for pipemidic
acid and 1.0 for norfloxacin; and the resolution, R, between the pipemidic acid peak and the
norfloxacin peak is not less than 1.2. Chromatograph the Standard preparation, and record the
peak responses as directed for Procedure: the tailing factor for the norfloxacin peak is not more
than 2.0; and the relative standard deviation for replicate injections is not more than 2.0%.
Procedure— [Note—Use peak areas where peak responses are indicated.] Separately inject
equal volumes (about 10 µL) of the Standard preparation and the Assay preparation into the
chromatograph, record the chromatograms, and measure the responses for the major peaks.
Calculate the quantity, in mg, of norfloxacin (C16 H18 FN3 O3 ) in each mL of the Ophthalmic
Solution taken by the formula:
(L / D)(C)(rU / rS)
in which L is the labeled quantity, in mg per mL, of norfloxacin in the Ophthalmic Solution; D is
the concentration, in mg per mL, of norfloxacin in the Assay preparation, based on the labeled
quantity of norfloxacin in each mL of the Ophthalmic Solution and the extent of dilution; C is
the concentration, in mg per mL, of USP Norfloxacin RS in the Standard preparation; and rU and
rS are the norfloxacin peak responses obtained from the Assay preparation and the Standard
preparation, respectively. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2977
BRIEFING
Norfloxacin Tablets, USP 41 page 2978. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Norfloxacin Tablets are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C198367
Comment deadline: July 31, 2018
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Delete the following:
Norfloxacin Tablets

» Norfloxacin Tablets contain not less than 90.0 percent and not more than
110.0 percent of the labeled amount of norfloxacin (C 16 H 18 FN 3 O 3 ).
Packaging and storage—Preserve in well-closed containers.
USP Reference standards 〈11〉—
USP Norfloxacin RS
Identification—
A: The retention time of the major peak in the chromatogram of the Assay preparation
corresponds to that of the Standard preparation obtained as directed in the Assay.
B: Shake a quantity of finely powdered Tablets, equivalent to about 75 mg of norfloxacin, with
50 mL of a mixture of acidic methanol (prepared by mixing 1000 mL of methanol and 9 mL of
hydrochloric acid) and methylene chloride (1:1). Centrifuge a portion of the suspension thus
obtained, and use the clear supernatant as the test solution. Apply 50 µL each of the test
solution and a standard solution of USP Norfloxacin RS in the same solvent containing 1.5 mg
per mL to a suitable thin-layer chromatographic plate (see Chromatography 〈621〉) coated with
a 0.25-mm layer of chromatographic silica gel mixture. Place the plate in a suitable
chromatographic chamber that contains and has been equilibrated with a developing system
consisting of a mixture of chloroform, methanol, toluene, diethylamine, and water
(40:40:20:14:8), and develop the chromatogram until the solvent front has moved about
three-fourths of the length of the plate. Remove the plate from the chamber, mark the solvent
front, and allow the solvent to evaporate. Locate the spots on the plate by examination under
short-wavelength UV light: the RF value of the principal spot obtained from the test solution
corresponds to that obtained from the Standard solution.
Dissolution 〈711〉—
pH 4.0 buffer— To 900 mL of water in a 1000-mL volumetric flask add 2.86 mL of glacial acetic
acid and 1.0 mL of a 50% (w/w) solution of sodium hydroxide, dilute with water to volume, and
mix. If necessary, adjust with glacial acetic acid or the sodium hydroxide solution to a pH of
4.0.
Medium: pH 4.0 buffer; 750 mL.
Apparatus 2: 50 rpm.
Time: 30 minutes.
Procedure— Determine the amount of C16 H18 FN3 O3 dissolved from UV absorbances at the
wavelength of maximum absorbance at about 278 nm of filtered portions of the solution under
test, suitably diluted with Medium, if necessary, in comparison with a Standard solution having
a known concentration of USP Norfloxacin RS in the same medium.
Tolerances— Not less than 80% (Q) of the labeled amount of C16 H18 FN3 O3 is dissolved in 30
minutes.
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Uniformity of dosage units 〈905〉: meet the requirements.
Assay—
Mobile phase— Prepare a filtered and degassed mixture of phosphoric acid solution (1 in 1000)
and acetonitrile (850:150). Make adjustments if necessary (see System Suitability under
Chromatography 〈621〉).
Standard preparation— Dissolve an accurately weighed quantity of USP Norfloxacin RS
quantitatively in Mobile phase, and dilute quantitatively, and stepwise if necessary, with Mobile
phase to obtain a solution having a known concentration of about 0.2 mg per mL.
Assay preparation— Weigh and finely powder not less than 20 Tablets. Transfer an accurately
weighed portion of the powder, equivalent to about 100 mg of norfloxacin, to a 200-mL
volumetric flask. Add 80 mL of Mobile phase, sonicate for 10 minutes, dilute with phosphoric
acid solution (1 in 1000) to volume, and mix. Transfer 10.0 mL of this solution to a 25-mL
volumetric flask, dilute with Mobile phase to volume, mix, and filter through a filter having a
porosity of 1 µm or less.
Chromatographic system (see Chromatography 〈621〉)—The liquid chromatograph is equipped
with a 275-nm detector and a 3.9-mm × 30-cm column that contains packing L1, and is
operated at 40 ± 1.0°.
Precondition the column with degassed 0.01 M monobasic sodium phosphate adjusted with
phosphoric acid to a pH of 4.0, flowing at a rate of 0.5 mL per minute for 8 hours. For the
assay, use a Mobile phase flow rate of about 2 mL per minute. Chromatograph the Standard
preparation, and record the peak responses as directed for Procedure: the capacity factor, k′,
is not less than 2, the column efficiency is not less than 1500 theoretical plates, the tailing
factor for the norfloxacin peak is not more than 2.0, and the relative standard deviation for
replicate injections is not more than 2.0%.
Procedure— [Note—Use peak areas where peak responses are indicated.] Separately inject
equal volumes (about 10 µL) of the Standard preparation and the Assay preparation into the
chromatograph, record the chromatograms, and measure the peak responses for the major
peaks. Calculate the quantity, in mg, of C16 H18 FN3 O3 in the portion of Tablets taken by the
formula:
500C(rU / rS)
in which C is the concentration, in mg per mL, of USP Norfloxacin RS in the Standard
preparation, and rU and rS are the norfloxacin peak responses obtained from the Assay
preparation and the Standard preparation, respectively. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2978
BRIEFING
Norgestrel Tablets, USP 41 page 2982. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Norgestrel Tablets are currently marketed
in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
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United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C198368
Comment deadline: July 31, 2018
Delete the following:
Norgestrel Tablets

» Norgestrel Tablets contain not less than 90.0 percent and not more than
110.0 percent of the labeled amount of norgestrel (C 21 H 28 O 2 ).
Packaging and storage—Preserve in well-closed containers.
USP Reference standards 〈11〉—
USP Norgestrel RS
Identification—Finely powder 20 Tablets, triturate the powder with 5 mL of chloroform, and
allow the solids to settle. Apply 60 µL of the extract and 60 µL of a chloroform solution
containing about 300 µg of USP Norgestrel RS per mL at points about 3 cm from one edge of a
thin-layer chromatographic plate (see Chromatography 〈621〉) coated with a 0.25-mm layer of
chromatographic silica gel mixture. Place the plate in a developing chamber containing a mixture
of chloroform and alcohol (96:4) to a depth of 2 cm, the chamber having been previously
equilibrated with the solvent mixture. Remove the plate when the solvent has moved about 15
cm from the line of application, dry at room temperature, spray with a mixture of 80 volumes of
sulfuric acid and 20 volumes of alcohol, and heat at 105° for several minutes: the spot from the
solution under test exhibits an RF value identical to that of the spot from the Standard solution,
and, when viewed under long-wavelength UV light, exhibits a red fluorescence similar to that
from the Standard solution.
Disintegration 〈701〉: 15 minutes, the use of disks being omitted.
Uniformity of dosage units 〈905〉: meet the requirements.
Assay—
Isoniazid reagent— Dissolve 0.25 g of isoniazid and 0.3 mL of hydrochloric acid in 500 mL of
dehydrated alcohol.
Procedure— Weigh and finely powder not less than 20 Tablets. Transfer an accurately weighed
portion of the powder, equivalent to about 75 µg of norgestrel, to a 30-mL separator containing
5 mL of water. Extract with three 5-mL portions of chloroform, shaking for about 1 minute each
time, and collecting the chloroform extracts through glass wool, previously moistened with
chloroform, into a glass-stoppered test tube. Add 1 mL of dilute hydrochloric acid (1 in 12) to
the remaining aqueous phase and extract with a fourth 5-mL portion of chloroform, collecting
this chloroform extract as before and combining it with the previous three. To another glassstoppered test tube transfer 20.0 mL of a solution of USP Norgestrel RS, in chloroform, having a
known concentration of about 3.75 µg per mL. Evaporate the contents of both tubes in a water
bath with the aid of a current of air to dryness. Add 5.0 mL of Isoniazid reagent to each tube,
insert the stopper in each tube, and swirl occasionally for 1 hour. Concomitantly determine the
absorbances of both solutions in 1-cm cells, at the wavelength of maximum absorbance at
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about 380 nm, using a suitable spectrophotometer, and using Isoniazid reagent as the blank.
Calculate the quantity, in µg, of C21 H28 O2 in the portion of Tablets taken by the formula:
20C(AU / AS)
in which C is the concentration, in µg per mL, of USP Norgestrel RS in the Standard solution,
and AU and AS are the absorbances of the solutions from the Tablets and the Standard solution,
respectively. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 2982
BRIEFING
Omeprazole Oral Suspension, USP 41 page 3026. It is proposed to omit this monograph for
the following reasons:
1. Concerns related to the naming of the compounded preparation.
2. Formulation is duplicative of the manufacturer's package insert.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C201565
Comment deadline: July 31, 2018
Delete the following:
Omeprazole Oral Suspension
DEFINITION
Omeprazole Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
omeprazole (C17 H19 N3 O3 S).
Prepare Omeprazole Oral Suspension 2 mg/mL as follows (see Pharmaceutical
Compounding—Nonsterile Preparations 〈795〉).
Omeprazole and sodium bicarbonate for oral suspensiona equivalent to
Purified Water, USP, a sufficient quantity to make
a Zegerid 20-mg/1680-mg powder for oral suspension, Santarus, San
Diego, CA.

200 mg and 16.8 g
100 mL

Calculate the required quantity of each ingredient for the total amount to be prepared. Empty
the required number of packets in a suitable mortar. Add Purified Water in small portions, and
triturate to make a smooth paste. Add increasing volumes of Purified Water to make an
omeprazole liquid that is pourable. Transfer the contents of the mortar, stepwise and
quantitatively, to a calibrated bottle. Add enough Purified Water to bring to final volume, and
mix well.
ASSAY
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• Procedure
Solution A: 50 mM monobasic sodium phosphate buffer, adjusted to pH 8.5 with dilute
sodium hydroxide
Mobile phase: Acetonitrile and Solution A (25:75). Filter and degas.
Standard stock solution: 1.0 mg/mL of USP Omeprazole RS in Mobile phase
Standard solution: 50 µg/mL prepared from Standard stock solution in Mobile phase
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Pipet 1.25 mL
of Oral Suspension into a 50-mL volumetric flask, and dilute with Mobile phase to volume
to obtain a solution with a nominal concentration of 50 µg/mL of omeprazole. Centrifuge.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 302 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Column temperature: 35°
Flow rate: 1.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
[Note—The retention time for omeprazole is about 7.8 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of omeprazole (C17 H19 N3 O3 S) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of omeprazole in the Standard solution (µg/mL)
CU = nominal concentration of omeprazole in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 7.5–8.5
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature.
• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 45 days after the date on which it was compounded, when stored
at controlled cold temperature
• USP Reference Standards 〈11〉
USP Omeprazole RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 3026
BRIEFING
Omeprazole and Sodium Bicarbonate for Oral Suspension. Because there is no existing
USP monograph for this drug product, a new monograph is being proposed based on validated
methods.
1. The Assay, Procedure for Omeprazole is based on an isocratic liquid chromatographic
procedure that uses the Agilent Zorbax SB C8 brand of column with L7 packing.
Omeprazole elutes at about 4.5 min.
2. The Assay, Procedure for Sodium Bicarbonate is based on a titrimetric procedure.
3. The Performance Tests section includes the test for Dissolution, which uses the same
procedure as the Assay, Procedure for Omeprazole except with an Injection volume of
20 µL.
4. The test for Organic Impurities is based on a gradient stability-indicating liquid
chromatographic procedure using the Luna C8 brand of column with L7 packing, in which
omeprazole elutes at about 12 min.
5. The Specific Tests section includes tests for Acid-Neutralizing Capacity, Water
Determination, and Microbial Enumeration Tests and Tests for Specified
Microorganisms.
(CHM6: R. Nguyen.)
Correspondence Number—C189530
Comment deadline: July 31, 2018
Add the following:
Omeprazole and Sodium Bicarbonate for Oral Suspension
DEFINITION
Omeprazole and Sodium Bicarbonate for Oral Suspension is a powder mixture of Omeprazole
and Sodium Bicarbonate in a suitable packet. It contains NLT 90.0% and NMT 110.0% of
the labeled amount of omeprazole (C17 H19 N3 O3 S), and NLT 90.0% and NMT 110.0% of the
labeled amount of sodium bicarbonate (NaHCO3 ).
IDENTIFICATION
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• A. The retention time of the omeprazole peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay, Procedure for Omeprazole.
• B. The UV spectrum of the omeprazole peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay, Procedure for Omeprazole.
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Sodium: Meets the
requirements
• D. Identification Tests—General 〈191〉, Chemical Identification Tests, Bicarbonate: Meets
the requirements
ASSAY
• Procedure for Omeprazole
Buffer: Dissolve 0.57 g of dibasic sodium phosphate anhydrous in 1 L of water. Adjust with
phosphoric acid to a pH of 7.7.
Mobile phase: Acetonitrile and Buffer (35:65)
Diluent: Methanol and Buffer (90:10)
Standard stock solution: 0.2 mg/mL of USP Omeprazole RS in Diluent
Standard solution: 0.02 mg/mL of USP Omeprazole RS in Mobile phase, from Standard
stock solution
Sample stock solution: Nominally 0.5 mg/mL of omeprazole in Diluent prepared as follows.
Transfer a portion of the combined contents of NLT 20 packets, equivalent to 100 mg of
omeprazole, into a 200-mL volumetric flask. Add about 70 mL of Diluent, and sonicate to
dissolve. Dilute with Diluent to volume.
Sample solution: Nominally 0.02 mg/mL of omeprazole in Mobile phase, from Sample stock
solution. Pass a portion of the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 285 nm. For Identification B, use a UV detector in the range of 200–400
nm.
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 28°
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 3 times the retention time of omeprazole
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of omeprazole (C17 H19 N3 O3 S) in the portion
of Omeprazole and Sodium Bicarbonate for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of omeprazole from the Sample solution
rS = peak response of omeprazole from the Standard solution
CS = concentration of USP Omeprazole RS in the Standard solution (mg/mL)
CU = nominal concentration of omeprazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
• Procedure for Sodium Bicarbonate
Indicator solution: Methyl orange
Sample solution: Transfer a quantity of Omeprazole and Sodium Bicarbonate for Oral
Suspension, nominally equivalent to about 3 g of sodium bicarbonate, to a suitable
container. Add 100 mL of water, and shake well.
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Titrant: 1 M hydrochloric acid
Endpoint detection: Visual
Blank: 100 mL of water
Analysis: To the Sample solution add 3–4 drops of Indicator solution and titrate with
Titrant until the color changes from yellow to light pink, which changes to brown
immediately. Perform a blank determination, substituting a volume of water equal to the
volume of Sample solution used, and make any necessary corrections. Each milliliter of
Titrant is equivalent to 84.01 mg of sodium bicarbonate (NaHCO3 ).
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Mobile phase and Diluent: Prepare as directed in the Assay, Procedure for Omeprazole.
Buffer: 0.25 mM sodium phosphate buffer pH 7.4, prepared as follows. Dissolve 3.0 g of
dibasic sodium phosphate anhydrous and 1.5 g of monobasic sodium phosphate dihydrate
in 100 mL of water. Adjust with 0.1 N sodium hydroxide to a pH of 7.4. Dilute 1 mL of this
solution with water to 1000 mL.
Medium: Buffer; 900 mL
Apparatus 2: 50 rpm
Time: 15 min
Standard stock solution: 220 µg/mL of USP Omeprazole RS in Diluent, prepared as follows.
Transfer about 22 mg of USP Omeprazole RS into a 100-mL volumetric flask. Add 1 mL of
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methanol, and sonicate to dissolve. Dilute with Diluent to volume.
Standard solution: 4.4 µg/mL of USP Omeprazole RS in Mobile phase, from Standard stock
solution
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
with Mobile phase, if necessary, to obtain a concentration similar to that of the Standard
solution.
Chromatographic system: Proceed as directed in the Assay, Procedure for Omeprazole,
except for the Injection volume and Run time.
Injection volume: 20 µL
Run time: NLT 1.5 times the retention time of omeprazole
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of omeprazole (C17 H19 N3 O3 S) dissolved:
Result = (rU/rS) × (CS/L) × V × D × 100
rU = peak response of omeprazole from the Sample solution
rS = peak response of omeprazole from the Standard solution
CS = concentration of USP Omeprazole RS in the Standard solution (mg/mL)
L = label claim of omeprazole (mg/packet)
V = volume of Medium, 900 mL
D = dilution factor for the Sample solution, if applicable
Tolerances: NLT 80% (Q) of the labeled amount of omeprazole (C17 H19 N3 O3 S) is dissolved.
• Uniformity of Dosage Units 〈905〉, Content Uniformity: Meets the requirements with respect
to omeprazole and sodium bicarbonate
IMPURITIES
• Organic Impurities
Solution A: Dissolve 6 g of glycine in 1.5 L of water, adjust with 50% sodium hydroxide to
a pH of 9.0, and dilute with water to 2 L.
Solution B: Acetonitrile and methanol (85:15)
Mobile phase: See Table 1.
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Time
(min)
0
20
21
25

Table 1
Solution A
(%)
88
40
88
88

Solution B
(%)
12
60
12
12

Diluent: Dissolve 7.6 g of sodium borate decahydrate in about 800 mL of water. Add 1.0 g
of edetate disodium, and adjust with 50% sodium hydroxide to a pH of 11.0. Transfer the
solution to a 2000-mL volumetric flask, add 400 mL of dehydrated alcohol, and dilute with
water to volume.
Standard solution: 1 µg/mL each of USP Omeprazole RS, USP Omeprazole Related
Compound A RS, USP Omeprazole Related Compound B RS, USP Omeprazole Related
Compound E RS, USP Omeprazole Related Compound F and G Mixture RS, and USP
Omeprazole Related Compound I RS in Diluent prepared as follows. Weigh accurately about
20 mg each of USP Omeprazole RS, USP Omeprazole Related Compound A RS, USP
Omeprazole Related Compound B RS, USP Omeprazole Related Compound E RS, USP
Omeprazole Related Compound F and G Mixture RS, and USP Omeprazole Related
Compound I RS into a 100-mL volumetric flask, add about 30 mL of Diluent, sonicate to
dissolve, and dilute with Diluent to volume. Transfer 1.0 mL of this solution into a 200-mL
volumetric flask, and dilute with Diluent to volume.
Sensitivity solution: 0.2 µg/mL each of USP Omeprazole RS, USP Omeprazole Related
Compound A RS, USP Omeprazole Related Compound B RS, USP Omeprazole Related
Compound E RS, USP Omeprazole Related Compound F and G Mixture RS, and USP
Omeprazole Related Compound I RS in Diluent, from Standard solution
Sample solution: Nominally 200 µg/mL of omeprazole in Diluent prepared as follows.
Transfer a portion of the combined contents of NLT 20 packets, equivalent to about 20
mg of omeprazole into a 100-mL volumetric flask, add about 50 mL of Diluent, and
sonicate for about 15 min. Dilute with Diluent to volume, and mix. Pass a portion of the
solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 305 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
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Tailing factor: NMT 2.0 for omeprazole, omeprazole related compound A, omeprazole
related compound E, and omeprazole related compound I, Standard solution
Resolution: NLT 1.5 between omeprazole related compound B and omeprazole related
compound E; NLT 2.0 between omeprazole related compound E and omeprazole related
compound A, Standard solution
Relative standard deviation: NMT 5.0% for omeprazole, omeprazole related compound
A, omeprazole related compound E, and omeprazole related compound I, Standard
solution
Signal-to-noise ratio: NLT 10 for omeprazole and each of the omeprazole related
compounds, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of omeprazole related compound A, omeprazole related compound
E, and omeprazole related compound I in the portion of Omeprazole and Sodium
Bicarbonate for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of omeprazole related compound A, omeprazole related compound E,
or omeprazole related compound I in the Sample solution
rS = peak response of the corresponding omeprazole related compound in the Standard
solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(µg/mL)
CU = nominal concentration of omeprazole in the Sample solution (µg/mL)
Calculate the percentage of omeprazole related compounds F and G or any unspecified
impurity in the portion of Omeprazole and Sodium Bicarbonate for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of omeprazole related compounds F and G or any unspecified impurity
in the Sample solution
rS = peak response of omeprazole in the Standard solution
CS = concentration of USP Omeprazole RS in the Standard solution (µg/mL)
CU = nominal concentration of omeprazole in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.

PF 44(3): May.-Jun. 2018

559

Table 2

Omeprazole
Omeprazole
Omeprazole
Omeprazole
Omeprazole

Name
related compounds F and G
related compound I
related compound Ba
related compound E
related compound A

Relative
Retention
Time
0.29
0.53
0.66
0.69
0.76

Desmethoxy omeprazoleb,a
Omeprazole

0.95
1.00

Omeprazole 4-chloro analogc,a

1.19

Acceptance
Criteria,
NMT (%)
0.50
0.50
—
0.50
0.50
—
—
—

—
Ufiprazoled,a
1.45
Any unspecified impurity
—
0.20
Total impurities
—
2.0
a Process impurity, for retention time identification only, not to be included in the
calculation of total impurities.
b 2-{[(3,5-Dimethylpyridin-2-yl)methyl]sulfinyl}-5-methoxy-1H-benzimidazole.
c 2-{[(4-Chloro-3,5-dimethylpyridin-2-yl)methyl]sulfinyl}-5-methoxy-1Hbenzimidazole.
d 5-Methoxy-2-((4-methoxy-3,5-dimethylpyridin-2-yl)methylthio)-1H-benzimidazole.
SPECIFIC TESTS
• Acid-Neutralizing Capacity 〈301〉: NLT 18 mEq and NMT 22 mEq of acid is consumed by 1
packet.
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial viable count does not exceed 103 cfu/mL, and the total combined yeasts
and molds count does not exceed 102 cfu/mL. It meets the requirements of the tests for
the absence of bile-tolerant gram-negative bacteria, Escherichia coli, Salmonella species,
Pseudomonas aeruginosa, and Staphylococcus aureus.
• Water Determination 〈921〉, Method I, Method Ia: NMT 8.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature. Keep container tightly
closed. Protect from light and moisture.
• USP Reference Standards 〈11〉
USP Omeprazole RS
USP Omeprazole Related Compound A RS
Omeprazole sulfone;
5-Methoxy-2-[[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]sulfonyl]-1Hbenzimidazole.
C17 H19 N3 O4 S
361.42
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USP Omeprazole Related Compound B RS
5-Methoxy-1H-benzimidazol-2-thiol.
C8 H8 N2 OS
180.23
USP Omeprazole Related Compound E RS
Omeprazole N-oxide;
4-Methoxy-2-[[(RS)-(5-methoxy-1H-benzimidazol-2-yl)sulfinyl]methyl]-3,5dimethylpyridine 1-oxide.
C17 H19 N3 O4 S
361.42
USP Omeprazole Related Compound F and G Mixture RS
Contains a mixture of the following two compounds:
Omeprazole related compound F
1,3-Dimethyl-8-methoxy-12-thioxopyrido[1′,2′:3:4]imidazo[1,2-a]benzimidazol-2(12H)one.
C16 H13 N3 O2 S
311.36
Omeprazole related compound G
1,3-Dimethyl-9-methoxy-12-thioxopyrido[1′,2′:3:4]imidazo[1,2-a]benzimidazol-2(12H)one.
C16 H13 N3 O2 S
311.36
USP Omeprazole Related Compound I RS
Omeprazole sulfone N-oxide;
4-Methoxy-2-[[(5-methoxy-1H-benzimidazol-2-yl)sulfonyl]methyl]-3,5-dimethylpyridine
1-oxide.
C17 H19 N3 O5 S
377.41
1S (USP42)

BRIEFING
Oxacillin Sodium Capsules, USP 41 page 3060. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Oxacillin Sodium Capsules are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C198369
Comment deadline: July 31, 2018
Delete the following:
Oxacillin Sodium Capsules
DEFINITION
Oxacillin Sodium Capsules contain the equivalent of NLT 90.0% and NMT 120.0% of the labeled
amount of oxacillin (C19 H19 N3 O5 S).
IDENTIFICATION
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• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 2.7 g/L of monobasic potassium phosphate
Mobile phase: Acetonitrile, methanol, and Solution A (300:100:700)
Standard solution: 0.11 mg/mL of USP Oxacillin Sodium RS in water. Use this solution on
the day prepared.
Sample stock solution: Nominally 0.5 mg/mL of oxacillin in water, prepared as follows.
Remove, as completely as possible, the contents of NLT 10 Capsules, and weigh. Mix, and
transfer a suitable portion of the powder to a volumetric flask. Add water to volume, and
mix for 10 min with the aid of a magnetic stirrer. Pass a portion of the solution through a
suitable filter, discarding the first 5 mL of the filtrate.
Sample solution: Nominally 0.1 mg/mL of oxacillin from Sample stock solution in water. Use
this solution on the day prepared.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4-mm × 30-cm; packing L11
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NMT 1.6
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxacillin (C19 H19 N3 O5 S) in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak area from the Sample solution
rS = peak area from the Standard solution
CS = concentration of USP Oxacillin Sodium RS in the Standard solution (mg/mL)
CU = nominal concentration of oxacillin in the Sample solution (mg/mL)
P = potency of oxacillin in USP Oxacillin Sodium RS (µg/mg)
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F = conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–120.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: Water; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Standard solution: USP Oxacillin Sodium RS in Medium
Sample solution: A filtered portion of the solution under test, suitably diluted with
Medium, if necessary, to obtain a concentration that is similar to that of the Standard
solution
Analysis: Determine the amount by a suitable validated spectrophotometric method.
Tolerances: NLT 75% (Q) of the labeled amount of oxacillin (C19 H19 N3 O5 S) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 6.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, at controlled room temperature.
• USP Reference Standards 〈11〉
USP Oxacillin Sodium RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 3060
BRIEFING
Oxacillin Sodium for Oral Solution, USP 41 page 3062. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Oxacillin Sodium for Oral Solution are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C198370
Comment deadline: July 31, 2018
Delete the following:
Oxacillin Sodium for Oral Solution
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DEFINITION
Oxacillin Sodium for Oral Solution contains the equivalent of NLT 90.0% and NMT 120.0% of the
labeled amount of oxacillin (C19 H19 N3 O5 S). It contains one or more suitable buffers, colors,
flavors, preservatives, and stabilizers.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 2.7 g/L of monobasic potassium phosphate in water
Mobile phase: Acetonitrile, methanol, and Solution A (300:100:700)
Diluent: Acetonitrile and water (30:70)
Standard solution: 0.11 mg/mL of USP Oxacillin Sodium RS in Diluent. Use on the day
prepared.
Sample stock solution: Constitute Oxacillin Sodium for Oral Solution as directed in the
labeling and dilute with water to obtain a solution containing nominally 1 mg/mL of
oxacillin.
Sample solution: Nominally 0.1 mg/mL of oxacillin from Sample stock solution in Diluent.
Pass a portion of this solution through a filter of 0.5-µm or finer pore size, discarding the
first 2 mL of the filtrate. Use the clear filtrate. Use the Sample solution on the day
prepared.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4-mm × 30-cm; packing L11
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NMT 1.6
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxacillin (C19 H19 N3 O5 S) in the portion of
Oxacillin Sodium for Oral Solution taken:
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Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak area from the Sample solution
rS = peak area from the Standard solution
CS = concentration of USP Oxacillin Sodium RS in the Standard solution (mg/mL)
CU = nominal concentration of oxacillin in the Sample solution (mg/mL)
P = potency of oxacillin in USP Oxacillin Sodium RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–120.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉
For solids packaged in single-unit containers
Acceptance criteria: Meets the requirements
• Deliverable Volume 〈698〉: Meets the requirements
SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 1.0%
• pH 〈791〉
Sample solution: Constitute as directed in the labeling.
Acceptance criteria: 5.0–7.5
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers at controlled room temperature.
• USP Reference Standards 〈11〉
USP Oxacillin Sodium RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 3062
BRIEFING
Oxaliplatin Injection, USP 41 page 3067. On the basis of comments received, it is proposed
to make the following changes:
1. Clarify the preparation of Acidified water in the Assay.
2. Because the formulations containing tartaric acid are now available on the market, the
test for Limit of Oxalic Acid is revised to address the coelution issue of the tartaric acid
and oxalic acid peaks. The proposed liquid chromatographic procedure for the Limit of
Oxalic Acid test is based on analyses performed with the Dionex IonPac AS11-HC brand
of column with L31 packing. The typical retention time for oxalic acid is about 28 min.
3. The Bacterial Endotoxins Test is updated to delete the numerical limit and to refer to
Bacterial Endotoxins Test 〈85〉 for the calculation of the limits.
Additionally, minor editorial changes have been made to update the monograph to current USP
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(CHM3: F. Mao.)
Correspondence Number—C134860
Comment deadline: July 31, 2018
Oxaliplatin Injection
DEFINITION
Oxaliplatin Injection is a sterile solution of Oxaliplatin in Water for Injection. It contains NLT
90.0% and NMT 110.0% of the labeled amount of oxaliplatin (C8 H14 N2 O4 Pt).
IDENTIFICATION
• A. Ultraviolet Absorption 〈197U〉
Sample solution: 100 µg/mL
Medium: Water
Acceptance criteria: Meets the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
[Note—All HPLC autosampler vials should be made of polypropylene.]
Change to read:
• Procedure
Acidified water: Adjust
water 1S (USP42)
with phosphoric acid to a pH of 3.0.
Mobile phase: Acetonitrile and Acidified water (1:99)
System suitability solution: 0.1 mg/mL of USP Oxaliplatin RS and 0.1 mg/mL of USP
Oxaliplatin System Suitability RS in water. [Note—USP Oxaliplatin System Suitability RS is
[SP-4-2-(1R-trans)]-(1,2-cyclohexanediamine-N,N′) dichloridoplatinum(II).]
Standard solution: 0.1 mg/mL of USP Oxaliplatin RS in water
Sample solution: Nominally 0.1 mg/mL of oxaliplatin in water from the combined contents
of NLT 3 vials of Injection
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
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Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for [SP-4-2-(1R-trans)]-(1,2cyclohexanediamine-N,N′) dichloridoplatinum(II) and oxaliplatin are 0.9 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between [SP-4-2-(1R-trans)]-(1,2-cyclohexanediamine-N,N′)
dichloridoplatinum(II) and oxaliplatin
Tailing factor: NMT 2.0 for the oxaliplatin peak
Relative standard deviation: NMT 1.0% for the oxaliplatin peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxaliplatin (C8 H14 N2 O4 Pt) in the portion
of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Oxaliplatin RS in the Standard solution (mg/mL)
CU = nominal concentration of oxaliplatin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Limit of Oxalic Acid
[Note—All HPLC autosampler vials should be made of polypropylene.]
Solution A: Dissolve 1.36 g of monobasic potassium phosphate in 10 mL of 10%
tetrabutylammonium hydroxide, dilute with water to 1 L, and adjust with phosphoric acid
to a pH of 6.0.
Mobile phase: Acetonitrile and Solution A (1:4)
Standard solution: 35 µg/mL of USP Oxaliplatin Related Compound A RS in water.
[Note—USP Oxaliplatin Related Compound A RS is available as dihydrate oxalic acid.]
System suitability solution: 0.1 mg/mL of succinic acid in the Standard solution
Sensitivity solution: 3.5 µg/mL of USP Oxaliplatin Related Compound A RS in water from
the Standard solution
Sample solution: Combined contents of NLT three vials of Injection

PF 44(3): May.-Jun. 2018

567

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
[Note—The relative retention times for succinic acid and oxalic acid are 0.8 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between succinic acid and oxalic acid, System suitability solution
Tailing factor: 0.5–2.0 for the oxalic acid peak, System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Relative standard deviation: NMT 3.0%, Standard solution
Mobile phase: 0.43 g/L of sodium carbonate and 0.04 g/L of sodium bicarbonate in
water
Standard stock solution: 0.32 mg/mL of USP Oxaliplatin Related Compound A RS in water.
[Note—USP Oxaliplatin Related Compound A RS is available as dihydrate oxalic acid.]
Tartaric acid standard stock solution: 0.25 mg/mL of tartaric acid in water
System suitability solution: 23 µg/mL of USP Oxaliplatin Related Compound A RS and 12.5
µg/mL of tartaric acid in water from Standard stock solution and Tartaric acid standard
stock solution.
Standard solution: 16.2 µg/mL of USP Oxaliplatin Related Compound A RS in water from
Standard stock solution
Sensitivity solution: 1.94 µg/mL USP Oxaliplatin Related Compound A RS in water from
Standard solution
Sample solution: Nominally equivalent to 2 mg/mL of oxaliplatin in water from Injection
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity with anion suppression. [Note—A recycle mode may be used.]
Column: 4.0-mm × 25-cm; packing L31
Autosampler temperature: 5°
Flow rate: 2.0 mL/min
Injection volume: 40 µL
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System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—The relative retention times for tartaric acid and oxalic acid are 0.4 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 8 between tartaric acid and oxalic acid, System suitability solution
Tailing factor: 0.5–1.5 for the oxalic acid peak, Standard solution
Relative standard deviation: NMT 3.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
1S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxalic acid in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of oxalic acid from the Sample solution
rS = peak response of oxalic acid from the Standard solution
CS = concentration of USP Oxaliplatin Related Compound A RS in the Standard solution
(mg/mL)
CU = nominal concentration of oxaliplatin in the Sample solution (mg/mL)
Mr1 = molecular weight of anhydrous oxalic acid, 90.03
Mr2 = molecular weight of oxaliplatin related compound A, 126.07
Acceptance criteria: NMT 0.6%
• Limit of (SP-4-2)-Diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N′]platinum and
Unspecified Impurities
[Note—All HPLC autosampler vials should be made of polypropylene.]
Solution A: Dissolve 1.36 g of monobasic potassium phosphate and 0.55 g of sodium
heptanesulfonate in 1 L of water. Adjust with phosphoric acid to a pH of 3.0.
Solution B: Methanol and Solution A (19:81)
Solution C: Methanol and Solution A (50.5: 49.5)
Mobile phase: See Table 1.
Time
(min)
0
45.0
45.5
53.0

Table 1
Solution B
(%)
100
0
100
100

Solution C
(%)
0
100
0
0
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System suitability solution: 2 mg/mL of USP Oxaliplatin RS in 0.005 M sodium hydroxide.
Allow this solution to stand at room temperature for at least 5 days. Transfer 5 mL of this
solution into a 50-mL volumetric flask, and dilute with water to volume. [Note—The
preparation of the System suitability solution forms (SP-4-2)-diaqua[(1R,2R)-cyclohexane1,2-diamine-N,N′]platinum and diaquodiaminocyclohexaneplatinum dimer.]
Standard stock solution: Transfer a weighed quantity of USP Oxaliplatin Related
Compound B RS into a suitable volumetric flask, add a volume of methanol equivalent to
about 25% of the final volume, and sonicate for approximately 2 min to disperse the
solids. Add a volume of 0.01 M nitric acid equivalent to about 65% of the final volume, and
sonicate for approximately 30 min to dissolve. Allow to cool, if necessary, and dilute with
0.01 M nitric acid to volume to obtain a solution with a concentration of 0.125 mg/mL.
Standard solution: 31.25 µg/mL of USP Oxaliplatin Related Compound B RS in 0.01 M nitric
acid from the Standard stock solution. [Note—USP Oxaliplatin Related Compound B RS is
converted to (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N′]platinum in the
Standard solution preparation.]
Sample solution: Combined contents of NLT 3 vials of Injection
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 7.5-cm; 3-µm packing L1
Column temperature: 10°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 8.0 between the peaks of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2diamine-N,N′]platinum and diaquodiaminocyclohexaneplatinum dimer, System suitability
solution
Tailing factor: NMT 2.0 for the (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2diamine-N,N′]platinum peak, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N′]platinum
from the Standard solution
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CS = concentration of USP Oxaliplatin Related Compound B RS in the Standard solution
(mg/mL)
CU = nominal concentration of oxaliplatin in the Sample solution (mg/mL)
Mr1 = molecular weight of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2diamine-N,N′]platinum, 345.30
Mr2 = molecular weight of oxaliplatin related compound B, 433.28
F = relative response factor for each individual impurity (see Table 2)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Name
(SP-4-2)-Diaqua[(1R,2R)cyclohexane-1,2diamine-N,N']platinum
1.0
1.0
0.65
Diaquodiaminocyclohexaneplatinum
dimera
1.4
2.5
0.50
Any individual unspecified impurity
—
4.0
0.2
—
—
Total impurities
2.45b
a (SP-4-2)-Di-µ-oxobis[(1R,2R)-cyclohexane-1,2-diamine-kN,kN′]diplatinum.
b From the tests for Limit of Oxalic Acid and Limit of (SP-4-2)-Diaqua[(1R,2R)cyclohexane-1,2-diamine-N,N′]platinum and Unspecified Impurities.
SPECIFIC TESTS

Change to read:
• Bacterial Endotoxins Test 〈85〉: It contains NMT 1.0 USP Endotoxin Unit/mg of oxaliplatin.
Meets the requirements 1S (USP42)
• Sterility Tests 〈71〉, Test for Sterility of the Product to Be Examined, Membrane Filtration:
Meets the requirements
• pH 〈791〉: 4.0–7.0 using a polymer combination electrode
• Particulate Matter in Injections 〈788〉: It meets the requirements for small-volume
injections.
• Other Requirements: It meets the requirements in Injections and Implanted Drug Products
〈1〉.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, protected from light. Store at controlled room temperature. Do not freeze.
• Labeling: Label it to indicate that it is to be diluted with a 5% dextrose solution. Oxaliplatin
Injection must not be diluted in sodium chloride solutions or in chloride-containing
solutions.
Change to read:

PF 44(3): May.-Jun. 2018

571

• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Oxaliplatin RS
USP Oxaliplatin Related Compound A RS
Oxalic acid dihydrate.
C2 H2 O4 ·2H2 O
126.07
USP Oxaliplatin Related Compound B RS
[SP-4-2-(1R-trans)]-(1,2-Cyclohexanediamine-N,N′) dinitratoplatinum(II).
C6 H14 N4 O6 Pt
433.28
USP Oxaliplatin System Suitability RS
[SP-4-2-(1R-trans)]-(1,2-Cyclohexanediamine-N,N′) dichloridoplatinum(II).
C6 H14 Cl2 N2 Pt
380.17
Recent Official Publications:
USP41–NF36 Page 3067
BRIEFING
Oxazepam Tablets, USP 41 page 3080. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Oxazepam Tablets are currently marketed
in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C198371
Comment deadline: July 31, 2018
Delete the following:
Oxazepam Tablets
DEFINITION
Oxazepam Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of oxazepam
(C15 H11 ClN2 O2 ).
IDENTIFICATION
• A. The Sample solution in the Assay exhibits a maximum absorbance at 229 ± 2 nm.
ASSAY
• Procedure
Standard solution: 4 µg/mL of USP Oxazepam RS in alcohol
Sample stock solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, nominally equivalent to 50 mg of oxazepam, to a medium-pore size, sintered-glass
funnel that is fitted into a small suction flask. Add 25 mL of alcohol, mix with the aid of a
stirring rod, and after about 5 min apply gentle suction to remove the extract. Repeat the
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extraction with four additional 25-mL portions of alcohol, transfer the extracts to a 250mL volumetric flask, and dilute with alcohol to volume.
Sample solution: Dilute 2.0 mL of Sample stock solution with alcohol to 100 mL.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 229 nm
Cell: 1 cm
Blank: Alcohol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxazepam (C15 H11 ClN2 O2 ) in the
portion of Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Oxazepam RS in the Standard solution (µg/mL)
CU = nominal concentration of oxazepam in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 0.1 N hydrochloric acid; 1000 mL
Apparatus 2: 50 rpm
Time: 60 min
Mobile phase: Methanol, glacial acetic acid, and water (60:1:40)
Sample solution: Pass a portion of the solution under test through a suitable filter.
Standard solution: Prepare a known concentration of USP Oxazepam RS in Medium at a
known concentration similar to the Sample solution. [Note—A volume of alcohol not to
exceed 10% of the final total volume may be used to dissolve USP Oxazepam RS.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 232 nm
Column: 4-mm × 30-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 10 µL
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System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxazepam (C15 H11 ClN2 O2 ) dissolved,
using the peak response of oxazepam from the Sample solution in comparison to that
from the Standard solution.
Tolerances: NLT 80% (Q) of the labeled amount of oxazepam (C15 H11 ClN2 O2 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Oxazepam RS
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 3080
BRIEFING
Pantoprazole Oral Suspension, USP 41 page 3154. It is proposed to omit this monograph
for the following reasons:
1. Concerns related to the stability of the compounded preparation.
2. Availability of alternative oral liquid formulations of proton pump inhibitors.
Please submit comments to CompoundingSL@usp.org.
(CMP: J. Sun.)
Correspondence Number—C201565
Comment deadline: July 31, 2018
Delete the following:
Pantoprazole Oral Suspension
DEFINITION
Pantoprazole Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled content of
pantoprazole sodium. Prepare Pantoprazole Oral Suspension, 2 mg/mL, as follows (see
Pharmaceutical Compounding—Nonsterile Preparations 〈795〉).1
Pantoprazole Sodium
Sodium Bicarbonate 8.4% Injection, a sufficient quantity to make

200 mg
100 mL
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Calculate the required quantity of each ingredient for the total amount to be prepared. Remove
the trademark imprint from the tablets by gently rubbing on a paper towel that has been
dampened with Alcohol, USP. Allow the tablets to air-dry for a few min. Triturate the tablets to
a coarse powder by using a mortar and pestle, and transfer to a calibrated bottle. Add 50 mL of
Sodium Bicarbonate 8.4% Injection and agitate until the coating is dissolved. Add sufficient
Sodium Bicarbonate 8.4% Injection to bring the final volume to 100 mL and mix well until the
powder is uniformly suspended.
[Note—If the imprint is not properly removed, the pharmaceutical elegance of the final product
will be compromised by the presence of flecks of dark material.]
ASSAY
• Procedure
Mobile phase: Acetonitrile and 50 mM dibasic potassium phosphate (2:3). Adjust with
phosphoric acid to a pH of 7.0. Make adjustments if necessary.
Standard stock solution: 1.0 mg/mL of USP Pantoprazole Sodium RS in water
Standard solution: Transfer 1.5 mL of Standard stock solution to a 100-mL volumetric
flask, and dilute with water to volume in order to obtain a solution containing about 15
µg/mL of pantoprazole sodium. Pass through a suitable filter of 0.22-µm pore size.
Sample solution: Shake thoroughly by hand each bottle of Oral Suspension. Accurately
pipet 3.75 mL of Oral Suspension to a 50-mL volumetric flask. Add 25 mL of water to the
flask, and place on an orbital shaker for 20 min. Dilute with water to volume. Take a 5-mL
portion of the diluted sample and further dilute with water to 50 mL to obtain a solution
with a nominal concentration of 15 µg/mL of pantoprazole sodium. Pass through a suitable
filter of 0.22-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.6 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for the pantoprazole peak is about 2.6 min.]
Suitability requirements
Relative standard deviation: NMT 1.0% for the replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of C16 H14 F 2 N3 NaO4 S·1.5 H2 O in the
volume of Oral Suspension taken:
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Result = (rU /rS) × (CS/CU ) × 100
rU
rS
CS
CU

= peak response from the Sample solution
= peak response from the Standard solution
= concentration of pantoprazole sodium in the Standard solution (µg/mL)
= nominal concentration of pantoprazole sodium in the Sample solution (µg/mL)

Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: Between 7.9 and 8.3
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
cold temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• Beyond-Use Date: NMT 14 days after the date on which it was compounded when stored
at controlled cold temperature
• USP Reference Standards 〈11〉
USP Pantoprazole Sodium RS
1S (USP42)

1 This formula is frequently used for home health patients with feeding tubes who have been discharged from
hospitals. The goal of the drug is to neutralize the acidity of the stomach.

Recent Official Publications:
USP41–NF36 Page 3154
BRIEFING
Paroxetine Hydrochloride, USP 41 page 3174 and PF 43(6) [Nov.–Dec. 2017]. On the basis
of comments received, it is proposed to revise the monograph as follows:
1. Include the use of Infrared Absorption 〈197K〉 or 〈197A〉 in Identification A to provide
flexibility to the end users.
2. Add a Note to the Limit of 1-Methyl-4-(p-fluorophenyl)-1,2,3,6-tetrahydropyridine test
to make it optional based on the manufacturing process. Paroxetine hydrochloride can
be manufactured by more than one synthetic route and some do not have 1-methyl-4(p-fluorophenyl)-1,2,3,6-tetrahydropyridine as a process impurity.
3. Revise the storage requirements in the Packaging and Storage section as controlled
room temperature applies only to the finished dosage form and not to the drug
substance.
4. Revise the Labeling statement to clarify with which Organic Impurities test the article
complies as the monograph contains four procedures related to impurities.
5. Include the column particle size information in all the HPLC procedures to assist the end
users.
Additionally, minor editorial changes have been made to update the monograph to current USP
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style.
(CHM4: R. Ravichandran, G. Hsu.)
Correspondence Number—C203362
Comment deadline: July 31, 2018
Paroxetine Hydrochloride

C19 H20 FNO3 ·HCl

365.83

Hemihydrate

374.83

Piperidine, 3-[(1,3-benzodioxol-5-yloxy)methyl]-4-(4-fluorophenyl)-, hydrochloride, (3S-trans);
(−)-(3S,4R)-4-(p-Fluorophenyl)-3-[(3,4-methylenedioxy)phenoxy]methyl]piperidine
hydrochloride
Anhydrous
[78246-49-8].
Hemihydrate
[110429-35-1].
DEFINITION
Paroxetine Hydrochloride is anhydrous or contains one-half molecule of water of hydration. It
contains NLT 98.5% and NMT 102.0% of paroxetine hydrochloride (C19 H20 FNO3 ·HCl),
calculated on the anhydrous and solvent-free basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197M〉,
〈197K〉, or 〈197A〉 1S (USP42)
Standard: Dissolve USP Paroxetine Hydrochloride RS in a mixture of water and isopropyl
alcohol (1 in 10). Heat to 70° to dissolve, recrystallize, and dry the residue under vacuum
at 50° for 3 h.
Sample: Dissolve Paroxetine Hydrochloride in a mixture of water and isopropyl alcohol (1 in
10). Heat to 70° to dissolve, recrystallize, and dry the residue under vacuum at 50° for 3
h.
Acceptance criteria: Meets the requirements
• B. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride
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Sample solution: 10 mg/mL of Paroxetine Hydrochloride in methanol and water (1:1)
Acceptance criteria: Meets the requirements
Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP42
ASSAY
Change to read:
• Procedure
Buffer: 0.05 M ammonium acetate in water. Adjust with glacial acetic acid to a pH of 4.5.
Mobile phase: Acetonitrile, Buffer, and triethylamine (30:70:1). [Note—The ratio for
acetonitrile, Buffer, and triethylamine may be varied between 25:75:1 and 40:70:1 to
meet system suitability requirements.] Adjust with glacial acetic acid to a pH of 5.5.
System suitability solution: 0.5 mg/mL each of USP Paroxetine Hydrochloride RS and USP
Paroxetine Related Compound B RS
Standard solution: 0.5 mg/mL of USP Paroxetine Hydrochloride RS
Sample solution: 0.5 mg/mL of Paroxetine Hydrochloride
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 295 nm
Column: 4.6-mm × 25-cm;
5-µm 1S (USP42)
packing L13
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—The approximate relative retention times for paroxetine related compound B and
paroxetine are about 0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between paroxetine related compound B and paroxetine
Tailing factor: NMT 2.0 for paroxetine
Relative standard deviation: NMT 2.0% for paroxetine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of paroxetine hydrochloride (C19 H20 FNO3 ·HCl) in the portion of
Paroxetine Hydrochloride taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of the Standard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL)
Acceptance criteria: 98.5%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm

(O fficial 1-Jan-2018)

Change to read:
• Limit of Paroxetine Related Compound C
Mobile phase: n-Hexane, absolute alcohol, trifluoroacetic acid, and water (900:100:2:2)
Diluent: n-Hexane and absolute alcohol (1:1)
System suitability solution: 0.1 mg/mL each of Paroxetine Hydrochloride and USP
Paroxetine Related Compound C RS in Diluent
Standard solution: 0.1 mg/mL of USP Paroxetine Related Compound C RS in Diluent
Sample solution: 5 mg/mL of Paroxetine Hydrochloride in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 295 nm
Column: 4.6-mm × 25-cm;
5-µm 1S (USP42)
packing L51
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for paroxetine related compound C and paroxetine are
about 0.6 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between paroxetine and paroxetine related compound C, System
suitability solution
Tailing factor: NMT 2.5 for the paroxetine related compound C peak, System suitability
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solution
Relative standard deviation: NMT 10.0% for paroxetine related compound C,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of paroxetine related compound C in the portion of Paroxetine
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Paroxetine Related Compound C RS in the Standard solution
(mg/mL)
CU = concentration of Paroxetine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.1% of paroxetine related compound C
Change to read:
• Limit of 1-Methyl-4-(p-fluorophenyl)-1,2,3,6-tetrahydropyridine
[Note—Perform this test only if 1-methyl-4-(p-fluorophenyl)-1,2,3,6-tetrahydropyridine is a
known process impurity.]
1S (USP42)

Solution A: Dissolve 30 g of sodium perchlorate in 900 mL of water. Add 3.5 mL of
phosphoric acid and 2.4 mL of triethylamine. Dilute with water to 1000 mL. Adjust with
phosphoric acid or triethylamine to a pH of 2.0.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
20
27
36
38
45

Table 1
Solution A
(%)
85
80
55
55
85
85

Solution B
(%)
15
20
45
45
15
15

Diluent: Acetonitrile and water (1:4)
Standard solution: 42 ng/mL of 1-methyl-4-(p-fluorophenyl)-1,2,3,6-tetrahydropyridine,
obtained from USP Paroxetine Related Compound E Mixture RS, in Diluent
Sample solution: 42 mg/mL of Paroxetine Hydrochloride in Diluent. Sonicate as needed to
aid dissolution.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 242 nm
Column: 4.0-mm × 25-cm;
5-µm 1S (USP42)
packing L1
Column temperature: 30°
Flow rate: 1.5 mL/min
Injection volume: 75 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 1-methyl-4-(p-fluorophenyl)-1,2,3,6tetrahydropyridine and paroxetine are about 0.6 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 15.0% for 1-methyl-4-(p-fluorophenyl)-1,2,3,6tetrahydropyridine, determined from three replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 1-methyl-4-(p-fluorophenyl)-1,2,3,6-tetrahydropyridine in the
portion of Paroxetine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × I × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Paroxetine Related Compound E Mixture RS in the Standard
solution (mg/mL)
CU = concentration of paroxetine in the Sample solution (mg/mL)
I = fraction of 1-methyl-4-(p-fluorophenyl)-1,2,3,6-tetrahydropyridine in USP
Paroxetine Related Compound E Mixture RS
Acceptance criteria: NMT 0.0001%
Change to read:
• Organic Impurities, Procedure 1
Perform either Organic Impurities, Procedure 1 or Organic Impurities, Procedure 2,
depending on the synthetic route. Organic Impurities, Procedure 2 is recommended if
paroxetine related compound F or paroxetine related compound G are potential
impurities.
Solution A: Tetrahydrofuran, water, and trifluoroacetic acid (20:180:1)
Solution B: Acetonitrile, tetrahydrofuran, and trifluoroacetic acid (180:20:1)
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Mobile phase: See Table 2.
Time
(min)
0
30
50
60
70

Table 2
Solution A
(%)
80
80
20
20
80

Solution B
(%)
20
20
80
80
20

Diluent: Tetrahydrofuran and water (1:9)
System suitability solution: 1 mg/mL of USP Paroxetine System Suitability Mixture A RS in
Diluent. Sonication may be necessary to achieve complete dissolution.
Standard solution: 0.001 mg/mL of USP Paroxetine Hydrochloride RS in Diluent
Sample solution: 1 mg/mL of Paroxetine Hydrochloride in Diluent. Sonicate to dissolve.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 285 nm
Column: 4.6-mm × 25-cm;
5-µm 1S (USP42)
packing L7
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—Identify the peaks using the relative retention times given in Table 3.]
Suitability requirements
Resolution: NLT 2.0 between paroxetine related compound A and paroxetine related
compound B
Tailing factor: 0.8–2.0 for paroxetine related compound A
Relative standard deviation: NMT 2.0% for paroxetine related compound A
Analysis
Samples: Diluent, Standard solution, and Sample solution
Calculate the percentage of each impurity in the portion of Paroxetine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak area of each impurity from the Sample solution, excluding peaks from the
chromatogram of the Diluent
rS = peak area of paroxetine from the Standard solution
CS = concentration of USP Paroxetine Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Paroxetine Hydrochloride, on the anhydrous basis, in the Sample
solution (mg/mL)
Acceptance criteria: See Table 3.
Table 3

Name
Paroxetine related compound A
Paroxetine related compound B
Paroxetine
Any unspecified impurity
Total impurities

Relative
Retention
Time
0.66
0.73
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.1
0.3
—
0.1
1.0

Change to read:
• Organic Impurities, Procedure 2
Buffer: Dissolve 3.4 g of monobasic potassium phosphate and 3.4 g of tetrabutylammonium
hydrogen sulfate in 1.0 L of water.
Solution A: Acetonitrile and Buffer (2:98)
Solution B: Acetonitrile and Buffer (40:60)
Mobile phase: See Table 4.
Time
(min)
0
5
70
90
95
95.1
110

Table 4
Solution A
(%)
100
100
40
0
0
100
100

Solution B
(%)
0
0
60
100
100
0
0

Diluent: Acetonitrile and Buffer (10:90)
System suitability solution Identification solution: USP42 2 mg/mL of USP Paroxetine
Hydrochloride RS, 0.01 mg/mL of USP Paroxetine Related Compound B RS, 0.01 mg/mL of
USP Paroxetine Related Compound F RS, and 0.004 mg/mL of USP Paroxetine Related
Compound G RS in Diluent
Standard solution: 0.004 mg/mL of USP Paroxetine Hydrochloride RS, 0.01 mg/mL of USP
Paroxetine Related Compound B RS, 0.01 mg/mL of USP Paroxetine Related Compound F
RS, and 0.004 mg/mL of USP Paroxetine Related Compound G RS in Diluent
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Sample solution: 0.5 mg/mL of Paroxetine Hydrochloride in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm;
5-µm 1S (USP42)
packing L1
Flow rate: 1.0 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
[Note—Identify the peaks using the relative retention times given in Table 5.]
Suitability requirements
Relative standard deviation: NMT 10.0% for each of paroxetine related compound B,
paroxetine related compound F, paroxetine hydrochloride, and paroxetine related
compound G
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of paroxetine related compound B, paroxetine related compound F,
and paroxetine related compound G in the portion of Paroxetine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of the corresponding impurity from the Sample solution
rS = peak response of the corresponding impurity from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(mg/mL)
CU = concentration of Paroxetine Hydrochloride, on the anhydrous basis, in the Sample
solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Paroxetine
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual unspecified impurity from the Sample solution
rS = peak response of paroxetine from the Standard solution
CS = concentration of USP Paroxetine Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Paroxetine Hydrochloride, on the anhydrous basis, in the Sample
solution (mg/mL)
Acceptance criteria: See Table 5.
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Table 5

Name
Paroxetine related compound B
Paroxetine related compound F
Paroxetine
Paroxetine related compound G
Any unspecified impurity
Total impurities

Relative
Retention
Time
0.91
0.96
1.0
1.34
—
—

Acceptance
Criteria,
NMT (%)
0.5
0.2
—
0.2
0.1
1.0

SPECIFIC TESTS
• Water Determination 〈921〉, Method I
Anhydrous form: NMT 1.5%
Hemihydrate form: 2.2%–2.8%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve the anhydrous form in tight containers. Preserve the
hemihydrate form in well-closed containers. Store at controlled
1S (USP42)

room temperature.
Change to read:
• Labeling: Label the article to indicate whether it is the anhydrous form or the hemihydrate
form, and label it to indicate with which impurity
Organic Impurities 1S (USP42)
test the article complies.
Change to read:
• USP Reference Standards 〈11〉
USP Paroxetine Hydrochloride RS
USP Paroxetine Related Compound B RS
trans-4-Phenyl-3-[(3,4-methylenedioxy)phenoxy]methylpiperidine hydrochloride.
(3S,4R)-3-[(Benzodioxol-5-yloxy)methyl]-4-phenylpiperidine hydrochloride. USP42
C19 H21 NO3 ·HCl
347.84
USP Paroxetine Related Compound C RS
(+)-trans-Paroxetine hydrochloride;
(3R,4S)-3-[(Benzodioxol-5-yloxy)methyl]-4-(4-fluorophenyl)piperidine hydrochloride.
USP42

C19 H20 FNO3 ·HCl
365.83
USP Paroxetine Related Compound E Mixture RS
Paroxetine hydrochloride spiked with 1-methyl-4-(p-fluorophenyl)-1,2,3,6tetrahydropyridine.
USP Paroxetine Related Compound F RS
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(3S,4R)-3-[(Benzodioxol-5-yloxy)methyl]-4-(4-fluorophenyl)-1-methylpiperidine.
(ERR 1-Mar-2018)

C20 H22 FNO3
343.39
USP Paroxetine Related Compound G RS
(±)trans-3-[(1,3-Benzodioxol-5-yloxy)methyl]-4-(4′′-fluorophenyl-4′-phenyl)piperidine
hydrochloride.
C25 H24 FNO3 ·HCl
405.46
USP Paroxetine System Suitability Mixture A RS
Mixture of approximately 1% paroxetine related compound A [piperidine, 3-{(1,3benzodioxol-5-yloxy)methyl}-4-(4-methoxyphenyl)-, hydrochloride (3S-trans)]; and 1%
of paroxetine related compound B [piperidine, 3-[(1,3-benzodioxol-5-yloxy)methyl]-4phenyl-, hydrochloride (3S-trans)] [(3S,4R)-3-[(benzodioxol-5-yloxy)methyl]-4phenylpiperidine hydrochloride] USP42 in a matrix of paroxetine hydrochloride.
Recent Official Publications:
Errata published: 02/23/2018
USP41–NF36 Page 3174
BRIEFING
Probucol, USP 41 page 3438. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Probucol are currently marketed in the United States.
2. Drug products containing Probucol are currently not used in veterinary medicine in the
United States.
(CHM3: M. Puderbaugh.)
Correspondence Number—C198362
Comment deadline: July 31, 2018
Delete the following:
Probucol

C31 H48 O2 S2

516.84

Phenol, 4,4′-[(1-methylethylidene)bis(thio)]bis[2,6-bis(1,1-dimethylethyl)-.
Acetone bis(3,5-di-tert-butyl-4-hydroxyphenyl) mercaptole [23288-49-5].

» Probucol contains not less than 98.0 percent and not more than 102.0
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percent of C 31 H 48 O 2 S2 , calculated on the dried basis.
Packaging and storage—Preserve in well-closed, light-resistant containers.
USP Reference standards 〈11〉—
USP Probucol RS
USP Probucol Related Compound A RS
2,2′,6,6′-Tetra-tert-butyldiphenoquinone.
C28 H40 O2
408.63
USP Probucol Related Compound B RS
4,4′-(Dithio)bis(2,6-di-tert-butylphenol).
C28 H42 O2 S2
474.76
USP Probucol Related Compound C RS
4-[(3,5-Di-tert-butyl-2-hydroxyphenylthio)isopropylidenethio]-2,6-di-tert-butylphenol.
C31 H48 O2 S2
516.86
Identification, Infrared Absorption 〈197K〉.
Melting range, Class I 〈741〉: between 124° and 127°, a dried specimen being used.
Loss on drying 〈731〉—Dry it in vacuum at 80° for 1 hour: it loses not more than 1.0% of its
weight.
Residue on ignition 〈281〉: 0.1%.
Delete the following:
Heavy metals, Method II 〈231〉: 0.002%.
Related compounds—

(O fficial 1-Jan-2018)

Mobile phase— Prepare a mixture of n-hexane and dehydrated alcohol (4000:1). Make
adjustments, if necessary (see System Suitability under Chromatography 〈621〉).
Reference solution 1— Dissolve an accurately weighed quantity of USP Probucol Related
Compound A RS in n-hexane, and dilute quantitatively and stepwise with n-hexane to obtain a
solution having a known concentration of about 10 µg per mL.
Reference solution 2— Dissolve an accurately weighed quantity of USP Probucol Related
Compound B RS in n-hexane, and dilute quantitatively with n-hexane to obtain a solution having
a known concentration of about 0.1 mg per mL.
Reference solution 3— Dissolve an accurately weighed quantity of USP Probucol Related
Compound C RS in n-hexane, and dilute quantitatively with n-hexane to obtain a solution
having a known concentration of about 1 mg per mL.
Standard solution— Transfer about 10 mg of USP Probucol RS, accurately weighed, to a 50-mL
volumetric flask. Add 1 mL of Reference solution 1, 4 mL of Reference solution 2, and 10 mL of
Reference solution 3, and dilute with n-hexane to volume.
Test solution— Transfer about 1 g of Probucol, accurately weighed, to a 25-mL volumetric
flask, dissolve in and dilute with n-hexane to volume, and mix.
System suitability solution— Pipet 1 mL of Reference solution 2 and 1 mL of the Test solution
into a 200-mL volumetric flask, dilute with n-hexane to volume, and mix.
Chromatographic system (see Chromatography 〈621〉)— The liquid chromatograph is equipped
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with 254-nm and 420-nm detectors, connected in series, and a 4.6-mm × 25-cm column that
contains packing L3. The flow rate is about 1 mL per minute. Chromatograph the System
suitability solution, and record the peak responses detected at 254 nm, for related compound B
and probucol. Related compound B elutes first; the resolution, R, of the peaks is not less than
2.5; and the relative standard deviation for replicate injections, determined from the probucol
peak, is not more than 2%.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard solution and the
Test solution into the chromatograph, record the chromatograms, and measure the peak areas.
The order of elution is compound C, compound B, compound A, and finally probucol. Compound
A is detected at 420 nm, and the others are detected at 254 nm. Calculate the percentage of
each related compound in the portion of Probucol taken by the formula:
2500(C / W)(rU / rS)
in which C is the concentration, in mg per mL, of the respective probucol related compound in
the Standard solution; W is the weight, in mg, of Probucol taken; and rU and rS are the peak
areas obtained from the Test solution; and the Standard solution, respectively: not more than
0.0005% of compound A; not more than 0.02% of compound B; and not more than 0.5% of
compound C are found.
Assay—
Mobile phase— Prepare a degassed and filtered mixture of acetonitrile and water (85:15). Make
adjustments, if necessary (see System Suitability under Chromatography 〈621〉).
System suitability preparation— To about 56 mg of Probucol add 10 mL of n-propyl alcohol, and
dissolve the Probucol. Add 1.0 mL of 70% tert-butyl hydroperoxide, and mix. Cover loosely, and
heat on a steam bath at about 90° for 30 minutes. Allow to cool to room temperature, dilute
with a mixture of n-propyl alcohol and water (17:14) to 200 mL, and mix. Dilute 25 mL of this
solution with Mobile phase to 100 mL.
Standard preparation— Dissolve an accurately weighed quantity of USP Probucol RS in Mobile
phase, and dilute quantitatively and stepwise with Mobile phase to obtain a solution having a
known concentration of about 63 µg per mL.
Assay preparation— Transfer about 63 mg of Probucol, accurately weighed, to a 50-mL
volumetric flask. Dissolve in and dilute with Mobile phase to volume, and mix. Pipet 5 mL of this
solution into a 100-mL volumetric flask, dilute with Mobile phase to volume, and mix.
Chromatographic system (see Chromatography 〈621〉)— The liquid chromatograph is equipped
with a 242-nm detector and a 4.6-mm × 25-cm column that contains packing L7. The flow rate
is about 2.0 mL per minute. Chromatograph the System suitability preparation, and record the
peaks for the degradation product and probucol at relative retention times of approximately 0.8
and 1.0, respectively. The resolution, R, of the peaks is not less than 2.0. Chromatograph the
Standard preparation: the relative standard deviation for replicate injections is not more than
1.0%.
Procedure— Separately inject equal volumes (about 50 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
areas for the major peaks. Calculate the quantity, in mg, of C31 H48 O2 S2 in the portion of
Probucol taken by the formula:
C(rU / rS)
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in which C is the concentration, in µg per mL, of USP Probucol RS in the Standard preparation;
and rU and rS are the peak areas obtained from the Assay preparation and the Standard
preparation, respectively. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 3438
BRIEFING
Probucol Tablets, USP 41 page 3439. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated as defined under Probucol Tablets are currently marketed
in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM3: M. Puderbaugh.)
Correspondence Number—C198363
Comment deadline: July 31, 2018
Delete the following:
Probucol Tablets

» Probucol Tablets contain not less than 90.0 percent and not more than
110.0 percent of the labeled amount of C 31 H 48 O 2 S2 .
Packaging and storage—Preserve in well-closed, light-resistant containers.
USP Reference standards 〈11〉—
USP Probucol RS
Identification—
A: Place an amount of powdered Tablets, equivalent to 15 to 20 mg of probucol, in the
depression of a spot plate, and add two drops of sulfuric acid: an intense yellow color is
produced immediately. The color corresponds to that obtained from a similar preparation of USP
Probucol RS.
B: Transfer a quantity of finely ground Tablets, equivalent to about 1000 mg of probucol, to a
copper centrifuge tube. Add 5 mL of methylene chloride, cap the tube, and mix for about 30
seconds on a vortex mixer. Centrifuge at about 7000 rpm for 10 minutes. Decant the
supernatant, and place about 1 mL of this solution on each side of a potassium bromide plate,
holding the plate at an angle so that a thin film is formed on the plate: the IR absorption
spectrum of the clear film so obtained exhibits maxima only at the same wavelengths as that of
a similar preparation of USP Probucol RS.
Uniformity of dosage units 〈905〉: meet the requirement for Weight Variation.
Assay—
Mobile phase, System suitability preparation, and Chromatographic system— Proceed as
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directed in the Assay under Probucol.
Standard preparation— Dissolve an accurately weighed quantity of USP Probucol RS in Mobile
phase, and dilute quantitatively and stepwise with Mobile phase to obtain a solution having a
known concentration of about 50 µg per mL.
Assay preparation— Weigh and finely powder not less than 20 Tablets. Transfer an accurately
weighed quantity of the powder, equivalent to about 500 mg of probucol, to a 100-mL
volumetric flask, add 80 mL of Mobile phase, and stir the mixture vigorously for about 1 hour.
Dilute with Mobile phase to volume, and mix. Transfer 1.0 mL of this solution to a 100-mL
volumetric flask, dilute with Mobile phase to volume, mix, and filter.
Procedure— Separately inject equal volumes (about 50 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. Calculate the quantity, in mg, of C31 H48 O2 S2 in the portion of
Tablets taken by the formula:
10C(rU / rS)
in which C is the concentration, in µg per mL, of USP Probucol RS in the Standard preparation,
and rU and rS are the peak responses obtained from the Assay preparation and the Standard
preparation, respectively. 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 3439
BRIEFING
Ranolazine. Because there is no USP monograph for this drug substance, a new monograph,
based on validated methods of analysis, is proposed.
1. The liquid chromatographic procedure used in the Assay is based on analyses performed
using the Inertsil ODS 3V brand of column with L1 packing. The typical retention time
for ranolazine is about 18 min.
2. The liquid chromatographic procedure used in the test for Organic Impurities is based
on analyses performed using the Eclipse XDB C18 brand of column with L1 packing. The
typical retention time for ranolazine is about 24 min.
3. The liquid chromatographic procedure used in the test for Limit of Ranolazine Related
Compound A is based on analyses performed using the YMC Pack Pro C18 brand of
column with L1 packing. The typical retention time for ranolazine related compound A is
between 5 and 8 min.
4. The gas chromatographic procedure used in the test for Limit of Epichlorohydrin is
based on analyses performed using a suitable 3.0-µm, fused silica capillary DB 624 brand
of column with phase G43. The typical retention time for epichlorohydrin is about 10.3
min.
(CHM2: S. Ramakrishna.)
Correspondence Number—C139065
Comment deadline: July 31, 2018
Add the following:
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Ranolazine

C24 H33 N3 O4

427.55

1-Piperazineacetamide, N-(2,6-dimethylphenyl)-4-[2-hydroxy-3-(2-methoxyphenoxy)propyl]-,
(±)-;
N-(2,6-Dimethylphenyl)-4-[2-hydroxy-3-(2-methoxyphenoxy)propyl]-piperazin-1ylacetamide
[95635-55-5].
DEFINITION
Ranolazine contains NLT 98.5% and NMT 101.0% of ranolazine (C24 H33 N3 O4 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉 or 〈197A〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.41 g/L of sodium phosphate, dibasic in water
Mobile phase: Acetonitrile and Buffer (30:70). Adjust with phosphoric acid to a pH of 7.0.
Standard stock solution: 1 mg/mL of USP Ranolazine RS prepared as follows. Transfer a
suitable amount of USP Ranolazine RS to a suitable volumetric flask, add 10% of the flask
volume of acetonitrile, sonicate to dissolve, and dilute with Mobile phase to volume.
Standard solution: 0.1 mg/mL of USP Ranolazine RS in Mobile phase from the Standard
stock solution
Sample stock solution: 1 mg/mL of Ranolazine prepared as follows. Transfer a suitable
amount of Ranolazine to a suitable volumetric flask, add 10% of the flask volume of
acetonitrile, sonicate to dissolve, and dilute with Mobile phase to volume.
Sample solution: 0.1 mg/mL of Ranolazine in Mobile phase from the Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Autosampler temperature: 10°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 1.6 times the retention time of ranolazine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ranolazine (C24 H33 N3 O4 ) in the portion of Ranolazine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of ranolazine from the Sample solution
rS = peak response of ranolazine from the Standard solution
CS = concentration of USP Ranolazine RS in the Standard solution (mg/mL)
CU = concentration of Ranolazine in the Sample solution (mg/mL)
Acceptance criteria: 98.5%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.10%
• Organic Impurities
Buffer: Prepare as directed in the Assay.
Solution A: Acetonitrile and Buffer (20:80). Adjust with phosphoric acid to a pH of 7.0.
Solution B: Acetonitrile and Buffer (70:30). Adjust with phosphoric acid to a pH of 7.0.
Mobile phase: See Table 1.
Time
(min)
0.01
10
50
52
60

Table 1
Solution A
(%)
95
72
55
95
95

Solution B
(%)
5
28
45
5
5

Peak identification solution: 0.002 mg/mL each of USP Ranolazine Related Compound B
RS, USP Ranolazine Related Compound C RS, USP Ranolazine Related Compound D RS, and
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USP Guaifenesin RS prepared as follows. Transfer suitable amounts of each Reference
Standard to a suitable volumetric flask. Dissolve in a suitable amount of acetonitrile and
dilute with Solution A to volume.
System suitability solution: 0.2 mg/mL of USP Ranolazine RS and 0.002 mg/mL of USP pRanolazine RS prepared as follows. Dissolve suitable amounts of USP Ranolazine RS and
USP p-Ranolazine RS in a suitable volumetric flask in 10% of the flask volume of
acetonitrile, and dilute with Solution A to volume.
Standard stock solution: 0.5 mg/mL of USP Ranolazine RS prepared as follows. Transfer a
suitable amount of USP Ranolazine RS to a suitable volumetric flask, dissolve in 10% of the
flask volume of acetonitrile, and dilute with Solution A to volume.
Standard solution: 0.5 µg/mL of USP Ranolazine RS in Solution A from the Standard stock
solution
Sensitivity solution: 0.3 µg/mL of USP Ranolazine RS in Solution A from the Standard
solution
Sample solution: 1 mg/mL of Ranolazine prepared as follows. Transfer a suitable amount of
Ranolazine to a suitable volumetric flask, dissolve in 10% of the flask volume of
acetonitrile, and dilute with Solution A to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Sample cooler temperature: 10°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 2.0 between ranolazine and p-ranolazine, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 15, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Ranolazine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of ranolazine from the Standard solution
CS = concentration of USP Ranolazine RS in the Standard solution (mg/mL)
CU = concentration of Ranolazine in the Sample solution (mg/mL)
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Acceptance criteria: See Table 2. The reporting threshold is 0.03%.
Table 2
Relative
Retention
Time
0.15
0.26
0.58
0.67
1.00
1.1
1.3
1.4
1.5
—
—

Acceptance
Criteria,
NMT (%)
0.05
0.05
0.05
—
—
0.05
0.05
0.05
0.05
0.10
0.50

Name
Ranolazine related compound C
Guaifenesina
Ranolazine ether dimerb
Ranolazine related compound Ac
Ranolazine
p-Ranolazine
m-Ranolazined
Ranolazine related compound D
Dianisylglycerole
Any unspecified impurity
Total impuritiesf
a 1,2-Propanediol, 3-(2-methoxyphenoxy)-(±)-; (±)-3-(o-methoxyphenoxy)-1,2propanediol.
b 2,2′-{[Oxybis(2-hydroxypropane-3,1-diyl)]bis(piperazine-4,1-diyl)}bis[N-(2,6dimethylphenyl)acetamide].
c This peak is calculated using the Limit of Ranolazine Related Compound A test.
d N-(2,6-Dimethylphenyl)-2-{4-[2-hydroxy-3-(3-methoxyphenoxy)propyl]piperazin-1yl}acetamide.
e 1,3-Bis(2-methoxyphenoxy)propan-2-ol.
f Sum of all impurities from the Organic Impurities and Limit of Ranolazine Related
Compound A tests.
• Limit of Ranolazine Related Compound A
Solution A: 2.0 mL of formic acid in 1000 mL of water
Solution B: Acetonitrile
Mobile phase: Solution B and Solution A (60:40)
Diluent: Acetonitrile and water (90:10)
Standard stock solution: 0.1 µg/mL of USP Ranolazine Related Compound A RS in Diluent
Standard solutions: Prepare solutions having concentrations of 0.002 µg/mL, 0.003 µg/mL,
0.006 µg/mL, 0.009 µg/mL, 0.012 µg/mL, 0.015 µg/mL, and 0.018 µg/mL of USP Ranolazine
Related Compound A RS in Diluent from the Standard stock solution.
Sample solution: 16 mg/mL of Ranolazine in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC-MS
Detector: UV 210 nm. MS multiple reaction monitoring mode with m/z 180.90 and m/z
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124.83.
MS/MS conditions
[Note—MS conditions can be modified to optimize performance.]
Ionization: Triple quadrupole ionization in positive ion mode
Acquisition: Multiple reaction monitoring mode for the ions with m/z 180.90 and m/z
124.83
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
Autosampler: 12°
Column: 30°
Flow rate: 0.5 mL/min
Injection volume: 50 µL
Run time: NLT 2.5 times the retention time of ranolazine related compound A
System suitability
Samples: Standard solutions
Perform a linear regression analysis to generate a standard curve using the peak area of
each of the Standard solutions versus its concentration.
Suitability requirements
Correlation coefficient: NLT 0.99 from the regression analysis of the Standard
solutions
Analysis
Samples: Standard solutions and Sample solution
Calculate the quantity, in ppm, of ranolazine related compound A in the portion of
Ranolazine taken:
Result = (rU − I)/m × CU
rU = peak area of ranolazine related compound A from the Sample solution
I = intercept
m = slope of the regression line
CU = concentration of Ranolazine in the Sample solution (g/mL)
Acceptance criteria: NMT 0.75 ppm
• Limit of Epichlorohydrin
Diluent: 9.48 mg/mL of N,N-dimethylformamide in water
Standard stock solution: 0.75 mg/mL of epichlorohydrin in dimethylformamide
Standard solution: 0.075 µg/mL of epichlorohydrin in water from the Standard stock
solution
Sample solution: Transfer 100 mg of Ranolazine to a suitable vial and add 1.0 mL of
Diluent.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 60-m; 3.0-µm phase G43
Temperatures
Injection port: 200°
Detector: 250°
Column: See Table 3.
Table 3
Initial
Temperature
(°)
40
40

Temperature
Ramp
(°/min)
0
20

Final
Temperature
(°)
40
220

Hold Time
at Final
Temperature
(min)
5
5

Carrier gas: Nitrogen (at pressure 10.0 psig)
Injection volume: 0.4 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 15.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of epichlorohydrin in the portion of ranolazine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of epichlorohydrin from the Sample solution
rS = peak response of epichlorohydrin from the Standard solution
CS = concentration of epichlorohydrin in the Standard solution (mg/mL)
CU = concentration of Ranolazine in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.75 ppm
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry under vacuum at 60° for 3 h or to constant weight.
Acceptance criteria: NMT 0.50%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Guaifenesin RS
USP Ranolazine RS
USP p-Ranolazine RS
N-(2,6-Dimethylphenyl)-2-{4-[2-hydroxy-3-(4-methoxyphenoxy)propyl]piperazin-1yl}acetamide.
C24 H33 N3 O4
427.55
USP Ranolazine Related Compound A RS
(±)-2-[(2-Methoxyphenoxy)methyl]oxirane.
C10 H12 O3
180.20
USP Ranolazine Related Compound B RS
N-(2,6-Dimethylphenyl)-2-[4-(2-hydroxy-3-phenoxypropyl)piperazin-1-yl]acetamide
dihydrochloride monohydrate.
C23 H31 N3 O3 ·2HCl·H2 O
488.45
USP Ranolazine Related Compound C RS
N-(2,6-Dimethylphenyl)-2-(piperazin-1-yl)acetamide.
C14 H21 N3 O
247.34
USP Ranolazine Related Compound D RS
2,2′-(Piperazine-1,4-diyl)bis[N-(2,6-dimethylphenyl)acetamide].
C24 H32 N4 O2
408.54
1S (USP42)

BRIEFING
Ranolazine Extended-Release Tablets. Because there is no USP monograph for this drug
product, a new monograph, based on validated methods of analysis, is proposed.
1. The liquid chromatographic procedure used in the Assay is based on analyses performed
using the Hypersil BDS C18 brand of column with L1 packing. The typical retention time
for ranolazine is about 10.5 min.
2. The liquid chromatographic procedure used in the test for Organic Impurities is based
on analyses performed using the Zorbax Extend C18 brand of column with L1 packing.
The typical retention time for ranolazine is about 30 min.
(CHM2: S. Ramakrishna.)
Correspondence Number—C139069
Comment deadline: July 31, 2018
Add the following:
Ranolazine Extended-Release Tablets
DEFINITION
Ranolazine Extended-Release Tablets contains NLT 90.0% and NMT 110.0% of the labeled

PF 44(3): May.-Jun. 2018

597

amount of ranolazine (C24 H33 N3 O4 ).
IDENTIFICATION
• A. The UV absorption spectra of the major peak of the Sample solution and that of the
Standard solution exhibit maxima and minima at the same wavelengths, as obtained in the
Assay.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.41 g/L of sodium phosphate, dibasic, anhydrous in water
Mobile phase: Acetonitrile and Buffer (30:70). Adjust with phosphoric acid to a pH of 7.0.
Standard stock solution: 0.5 mg/mL of USP Ranolazine RS prepared as follows. Transfer a
suitable amount of USP Ranolazine RS to a suitable volumetric flask, add 25% of the flask
volume of methanol, sonicate to dissolve, and dilute with Mobile phase to volume.
Standard solution: 0.2 mg/mL of USP Ranolazine RS in Mobile phase from the Standard
stock solution
Sample stock solution: Nominally 0.5 mg/mL of ranolazine prepared as follows. Transfer a
suitable amount of finely crushed Tablets (NLT 20) to a suitable volumetric flask, add 25%
of the flask volume of methanol, sonicate with intermittent shaking to dissolve, and dilute
with Mobile phase to volume.
Sample solution: Nominally 0.2 mg/mL of ranolazine in Mobile phase from Sample stock
solution. Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm. For Identification A, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Autosampler temperature: 10°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 2.4 times the retention time of ranolazine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ranolazine (C24 H33 N3 O4 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of ranolazine from the Sample solution
rS = peak response of ranolazine from the Standard solution
CS = concentration of USP Ranolazine RS in the Standard solution (mg/mL)
CU = nominal concentration of ranolazine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 0.1 N hydrochloric acid VS; 900 mL
Apparatus 2: 50 rpm with sinkers
Times: 1, 4, 12, and 24 h
Standard solution: 0.1 mg/mL of USP Ranolazine RS in Medium
Sample solution: Withdraw and pass a suitable portion of the solution under test through
a suitable filter of 0.45-µm pore size, and dilute with Medium. Replace the aliquot
withdrawn with equal amounts of fresh Medium at each time point. Dilute with Medium as
needed.
Instrumental conditions
Mode: UV
Analytical wavelength: 271 nm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of ranolazine (C24 H33 N3 O4 ) in the sample withdrawn from
the vessel at each time point (i):
Result i = (Ai/AS) × CS × D
Ai = absorbance of the Sample solution at time point i
AS = absorbance of the Standard solution
CS = concentration of USP Ranolazine RS in the Standard solution (mg/mL)
D = dilution factor for the Sample solution, if needed
Calculate the percentage of the labeled amount of ranolazine (C24 H33 N3 O4 ) dissolved at
each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = [(C2 × V) + (C1 × VS)] × (1/L) × 100
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Result 3 = {(C3 × V) + [(C2 + C1) × VS]} × (1/L) × 100
Result 4 = {(C4 × V) + [(C3 + C2 + C1) × VS]} × (1/L) × 100
Ci = concentration of ranolazine in the portion of the sample withdrawn at time point i
(mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of the Sample solution withdrawn at each time point and replaced with
Medium (mL)
Tolerances: See Table 1.
Table 1
Amount
Time Point
Time
Dissolved
(i)
(h)
(%)
1
1
15–35
2
4
40–60
3
12
65–85
4
24
NLT 85
The percentages of the labeled amount of ranolazine dissolved at the times specified
conform to Dissolution 〈711〉, Acceptance Table 2.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Buffer: 1.78 g/L of sodium phosphate dibasic dihydrate in water. Add 5 mL/L of
triethylamine to the solution.
Solution A: Acetonitrile and Buffer (20:80). Adjust with phosphoric acid to a pH 7.5.
Solution B: Acetonitrile and Buffer (70:30). Adjust with phosphoric acid to a pH 7.5.
Mobile phase: See Table 2.
Time
(min)
0.01
10
60
62
70

Table 2
Solution A
(%)
95
80
55
95
95

Solution B
(%)
5
20
45
5
5

System suitability stock solution: 0.05 mg/mL each of USP Ranolazine Related Compound
A RS, USP Ranolazine Related Compound C RS, USP Guaifenesin RS, and USP p-Ranolazine
RS in acetonitrile. Sonication may be necessary for complete dissolution.
System suitability solution: 1 mg/mL of USP Ranolazine RS and 0.002 mg/mL each of USP
Ranolazine Related Compound A RS, USP Ranolazine Related Compound C RS, USP
Guaifenesin RS, and USP p-Ranolazine RS from the System suitability stock solution
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prepared as follows. Dissolve suitable amounts of USP Ranolazine RS and the System
suitability stock solution in a suitable volumetric flask in 10% of the flask volume of
acetonitrile, sonicate for complete dissolution, and dilute with Solution A to volume.
Standard stock solution: 0.025 mg/mL of USP Ranolazine RS in acetonitrile
Standard solution: 0.001 mg/mL of USP Ranolazine RS in Solution A from Standard stock
solution
Sensitivity solution: 0.3 µg/mL of USP Ranolazine RS in Solution A from Standard solution
Sample solution: Nominally 1 mg/mL of ranolazine prepared as follows. Transfer a suitable
amount of ranolazine from finely crushed Tablets (NLT 20) to a suitable volumetric flask.
Add 10% of the flask volume of acetonitrile, sonicate for 15 min, add Solution A to make
up 70% of the flask volume, sonicate again for 10 min, and dilute with Solution A to
volume. Pass a portion of the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Autosampler temperature: 10°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 3.0 between ranolazine and p-ranolazine, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 15, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any unspecified impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified impurity from the Sample solution
rS = peak response of ranolazine from the Standard solution
CS = concentration of USP Ranolazine RS in the Standard solution (mg/mL)
CU = nominal concentration of ranolazine in the Sample solution (mg/mL)
Acceptance criteria: See Table 3.
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Table 3
Relative
Retention
Time

Name
Ranolazine related compound Ca

0.10

Guaifenesinb,a
Ranolazine related compound Aa

0.18
0.54

Acceptance
Criteria,
NMT (%)
—
—
—
—
—
—
0.10
0.70

Ranolazine ether dimerc,a
0.58
Ranolazine
1.00
a
p-Ranolazine
1.16
Any unspecified impurity
—
Total impurities
—
a Process related impurity not included in total impurities and given for informational
purposes only.
b 1,2-Propanediol,3-(2-methoxyphenoxy)-(±)-; (±)-3-(o-methoxyphenoxy)-1,2propanediol.
c 2,2′-{[Oxybis(2-hydroxypropane-3,1-diyl)]bis(piperazine-4,1-diyl)}bis[N-(2,6dimethylphenyl)acetamide].
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Guaifenesin RS
USP Ranolazine RS
USP p-Ranolazine RS
N-(2,6-Dimethylphenyl)-2-{4-[2-hydroxy-3-(4-methoxyphenoxy)propyl]piperazin-1yl}acetamide.
C24 H33 N3 O4
427.55
USP Ranolazine Related Compound A RS
(±)-2-[(2-Methoxyphenoxy)methyl]oxirane.
C10 H12 O3
180.20
USP Ranolazine Related Compound C RS
N-(2,6-Dimethylphenyl)-2-(piperazin-1-yl)acetamide.
C14 H21 N3 O
247.34
1S (USP42)

BRIEFING
Selamectin, USP 41 page 3733. The Revision Bulletin posted on the USP website with an
official date of May 1, 2017, postponed indefinitely the test for Organic Impurities due to
unavailability of suitable Reference Standard for the Resolution requirement. In the absence of
suitable reference materials or data to support a different resolution requirement, the Chemical
Medicines 3 Expert Committee has determined that the path forward is to remove the
Resolution requirement from the test for Organic Impurities. Supporting data demonstrates that
the procedure adequately resolves the peaks of interest. The postponement of the Organic
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Impurities test will be removed.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM3: M. Puderbaugh.)
Correspondence Number—C188514
Comment deadline: July 31, 2018
Selamectin

C43 H63 NO11

769.96

25-Cyclohexyl-4′-O-de(2,6-dideoxy-3-O-methyl- α-l-arabino-hexopyranosyl)-5-demethoxy-25de(1-methylpropyl)-22,23-dihydro-5-(hydroxyimino)-avermectin A1a;
(2aE,4E,5′S,6S,6′S,7S,8E,11R,13R,15S,17aR,20aR,20bS)-6′-Cyclohexyl-7-[(2,6-dideoxy-3-Omethyl- α-l-arabino-hexopyranosyl)oxy]-3′,4′,5′,6,6′,7,10,11,14,15,20a,20b-dodecahydro-20bhydroxy-5′,6,8,19-tetramethylspiro[11,15-methano-2H,13H,17H-furo[4,3,2-pq]
[2,6]benzodioxacyclooctadecin-13,2′-[2H]pyran]-17,20(17aH)-dione 20-oxime
[220119-175].
DEFINITION
Selamectin contains NLT 96.0% and NMT 102.0% of selamectin (C43 H63 NO11 ), calculated on
the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 〈197〉: [Note—Methods described in 〈197K〉, 〈197M〉, or 〈197A〉 may be
used.]
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile and water (80:20)
Standard solution: 0.2 mg/mL of USP Selamectin RS in Mobile phase
Sample solution: 0.2 mg/mL of Selamectin in Mobile phase
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 243 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of selamectin (C43 H63 NO11 ) in the portion of Selamectin taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Selamectin RS in the Standard solution (mg/mL)
CU = concentration of Selamectin in the Sample solution (mg/mL)
Acceptance criteria: 96.0%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 〈281〉
Sample: 1.0 g
Acceptance criteria: NMT 0.1%
Change to read:
• Organic Impurities
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1. Return to original conditions and re-equilibrate the system.
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Time
(min)
0
28
45

Table 1
Solution A
(%)
40
40
20

Solution B
(%)
60
60
80

Diluent: Acetonitrile and water (60:40)
System suitability solution: 500 µg/mL of USP Selamectin RS in Diluent
1S (USP42)

Standard solution: 2.5 µg/mL of USP Selamectin RS in Diluent
Sample solution: 500 µg/mL of Selamectin in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 243 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Column temperature: 30°
Flow rate: 2.0 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution and
1S (USP42)

Standard solution
[Note—USP Selamectin RS contains the impurities didehydroselamectin and selamectin
aglycone as minor components. The relative retention times for didehydroselamectin
and selamectin aglycone are 0.4 and 0.5, respectively.]

1S (USP42)

Suitability requirements
Resolution: NLT 4.0 between didehydroselamectin and selamectin aglycone, System
suitability solution
1S (USP42)

Tailing factor: NMT 1.6 for the selamectin peak, Standard solution
1S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Selamectin taken:
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Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of selamectin from the Standard solution
CS = concentration of USP Selamectin RS in the Standard solution (µg/mL)
CU = concentration of Selamectin in the Sample solution (µg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting level
threshold 1S (USP42)
for impurities is 0.2%.
Table 2
Relative
Retention
Time

Name

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Hydroxyselamectina
Didehydroselamectinb
Selamectin aglyconec
Selamectin

0.2
0.4
0.5
1.0

1.0
1.0
1.2
—

2.0
2.0
1.5
—

α-Oleandrosyl selamectind

1.7
—
—

0.67
1.0
—

1.5
1.0
4.0

Any other individual impurity
Total impurities
a (2aE,2′R,4E,5′S,6S,6′S,7S,8E,11R,13R,15S,17aR,20aR,20bS)-6′-Cyclohexyl-7-[(2,6dideoxy-3-O-methyl- α-l-arabino-hexopyranosyl)oxy]3′,4′,5′,6,6′,7,10,11,14,15,20a,20b-dodecahydro-4′,20b-dihydroxy-5′,6,8,19tetramethylspiro[11,15-methano-2H,13H,17H-furo[4,3,2-pq]
[2,6]benzodioxacyclooctadecin-13,2′-[2H]pyran]-17,20(17aH)-dione 20-oxime.
b (2aE,4E,5′S,6S,6′S,7S,8E,11R,13S,15S,17aR,20aR,20bS)-6′-Cyclohexyl-7-[(2,6dideoxy-3-O-methyl- α-l-arabino-hexopyranosyl)oxy]-5′,6,6′,7,10,11,14,15,20a,20bdecahydro-20b-hydroxy-5′,6,8,19-tetramethylspiro[11,15-methano-2H,13H,17Hfuro[4,3,2-pq][2,6]benzodioxacyclooctadecin-13,2′-[2H]pyran]-17,20(17aH)-dione 20oxime.
c (2aE,4E,5′S,6S,6′S,7S,8E,11R,13S,15S,17aR,20aR,20bS)-6′-Cyclohexyl5′,6,6′,7,10,11,14,15,20a,20b-decahydro-7,20b-dihydroxy-5′,6,8,19tetramethylspiro[11,15-methano-2H,13H,17H-furo[4,3,2-pq]
[2,6]benzodioxacyclooctadecin-13,2′-[2H]pyran]-17,20(17aH)-dione 20-oxime.
d (2aE,4E,5′S,6S,6′S,7S,8E,11R,13R,15S,17aR,20aR,20bS)-6′-Cyclohexyl-7-[(4-O(2,6-dideoxy-3-O-methyl- α-l-arabino-hexopyranosyl)-2,6-dideoxy-3-Omethyl- α-l-arabino-hexopyranosyl)oxy]-3′,4′,5′,6,6′,7,10,11,14,15,20a,20bdodecahydro-20b-hydroxy-5′,6,8,19-tetramethylspiro[11,15-methano-2H,13H,17Hfuro[4,3,2-pq][2,6]benzodioxacyclooctadecin-13,2′-[2H]pyran]-17,20(17aH)-dione 20oxime.
(Postponed indefinitely)
1S (USP42)

SPECIFIC TESTS

(RB 1-May-2017)
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• Water Determination 〈921〉, Method I, Method Ia
Sample: 0.20 g
Acceptance criteria: NMT 7.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in a tight container.
• Labeling: Label it to indicate that it is for veterinary use only.
• USP Reference Standards 〈11〉
USP Selamectin RS
Recent Official Publications:
USP41–NF36 Page 3733
BRIEFING
Sitagliptin and Metformin Hydrochloride Tablets. Because there is no existing USP
monograph for this drug product, a new monograph, based on validated methods of analysis, is
proposed.
1. The HPLC procedure in Assay, Procedure 1: Sitagliptin and in the test for Organic
Impurities: Sitagliptin is based on analyses performed with the Waters YMC-Pack ODSAM or Phenomenex Luna C18(2) brands of column with L1 packing. The typical retention
time for sitagliptin is about 8 min.
2. The HPLC procedure in Assay, Procedure 2: Metformin Hydrochloride and in the test for
Organic Impurities: Metformin Hydrochloride is based on the analyses performed with
the Phenomenex Luna SCX brand of column with L9 packing. The typical retention time
for metformin is about 4 min.
3. The HPLC procedure in the test for Dissolution is based on the analyses performed with
the Phenomenex Luna SCX brand of column with L9 packing. The typical retention times
for sitagliptin and metformin are about 2 and 3 min, respectively.
The Sitagliptin and Metformin Hydrochloride Tablets monograph is part of a project between
USP and the Medicines and Healthcare products Regulatory Agency for prospective
harmonization of monographs for drug products. The draft monograph has been prepared
collaboratively for the USP and British Pharmacopoeia and is now being presented for public
comments by USP.
(CHM3: A. Carney.)
Correspondence Number—C135385
Comment deadline: July 31, 2018
Add the following:
Sitagliptin and Metformin Hydrochloride Tablets
DEFINITION
Sitagliptin and Metformin Hydrochloride Tablets contain sitagliptin phosphate
(C16 H15 F 6 N5 O·H3 PO4 ·H2 O) equivalent to NLT 95.0% and NMT 105.0% of the labeled amount
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of sitagliptin (C16 H15 F 6 N5 O) and NLT 95.0% and NMT 105.0% of the labeled amount of
metformin hydrochloride (C4 H11 N5 ·HCl).
IDENTIFICATION
• A. The retention time of the sitagliptin peak of the Sample solution corresponds to that of
the Standard solution, as obtained in Assay, Procedure 1: Sitagliptin.
• B. The UV spectrum of the sitagliptin peak of the Sample solution corresponds to that of the
Standard solution, as obtained in Assay, Procedure 1: Sitagliptin.
• C. The retention time of the metformin peak of the Sample solution corresponds to that of
the Standard solution, as obtained in Assay, Procedure 2: Metformin Hydrochloride.
• D. The UV spectrum of the metformin peak of the Sample solution corresponds to that of the
Standard solution, as obtained in Assay, Procedure 2: Metformin Hydrochloride.
ASSAY
• Procedure 1: Sitagliptin
Buffer pH 2.5: 3.45 g/L of monobasic sodium phosphate (0.025 M). Adjust with phosphoric
acid to a pH of 2.5.
Solution A: Acetonitrile and Buffer pH 2.5 (5:95)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
2
21
21.01
25

Table 1
Solution A
(%)
87
87
53
87
87

Solution B
(%)
13
13
47
13
13

Dilute phosphoric acid: Transfer 1 mL of phosphoric acid to a 1-L volumetric flask, and
dilute with water to volume.
Diluent: Acetonitrile and Dilute phosphoric acid (5:95)
Standard solution: 0.1 mg/mL of USP Sitagliptin Phosphate RS in Diluent
Sample stock solution: Nominally 0.5 mg/mL of sitagliptin prepared as follows. Place a
quantity of Tablets, equivalent to 250 mg of sitagliptin, in a 500-mL volumetric flask. Add
about 150 mL of Diluent and shake for NLT 1.5 h or until the Tablets are completely
dispersed. Dilute with Diluent to volume and mix. Allow the cloudy solution to settle for
NLT 5 min.
Sample solution: Nominally 0.08 mg/mL of sitagliptin in Diluent from Sample stock solution.
Pass through a suitable filter, discarding the first few milliliters of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 205 nm. For Identification B, use a diode array detector in the range of
190–400 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sitagliptin (C16 H15 F 6 N5 O) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of sitagliptin from the Sample solution
rS = peak response of sitagliptin from the Standard solution
CS = concentration of USP Sitagliptin Phosphate RS in the Standard solution (mg/mL)
CU = nominal concentration of sitagliptin in the Sample solution (mg/mL)
Mr1 = molecular weight of sitagliptin, 407.31
Mr2 = molecular weight of anhydrous sitagliptin phosphate, 505.31
Acceptance criteria: 95.0%–105.0%
• Procedure 2: Metformin Hydrochloride
Buffer pH 3.5: 6.8 g/L of monobasic potassium phosphate (0.05 M). Adjust with phosphoric
acid to a pH of 3.5.
Mobile phase: Acetonitrile and Buffer pH 3.5 (18:82). [Note—To improve the resolution,
the composition may be changed to (15:85), if necessary.]
Dilute phosphoric acid: Transfer 1 mL of phosphoric acid to a 1-L volumetric flask, and
dilute with water to volume.
Diluent: Acetonitrile and Dilute phosphoric acid (5:95)
Standard solution: 0.2 mg/mL of USP Metformin Hydrochloride RS in Diluent
Sample stock solution: Place 5 Tablets into a 500-mL volumetric flask. Add about 150 mL
of Diluent and shake for NLT 1.5 h or until the Tablets are completely dispersed. Dilute
with Diluent to volume and mix. Allow the cloudy solution to settle for NLT 5 min.
Sample solution: Nominally 0.2 mg/mL of metformin hydrochloride in Diluent from the
Sample stock solution. Pass through a suitable filter, discarding the first few milliliters of
the filtrate.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm. For Identification D, use a diode array detector in the range of
190–400 nm.
Column: 4.6-mm × 5-cm; 5-µm packing L9
Column temperature: 30°
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of metformin from the Sample solution
rS = peak response of metformin from the Standard solution
CS = concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of metformin hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 0.025 M sodium chloride; 900 mL
Apparatus 2: 75 rpm
Time: 20 min
Buffer pH 3.5: Prepare as directed in Assay, Procedure 2: Metformin Hydrochloride.
Mobile phase: Acetonitrile and Buffer pH 3.5 (25:75)
Standard stock solution: 0.4 mg/mL of USP Sitagliptin Phosphate RS in Mobile phase
Standard solution: 0.05–0.07 mg/mL of USP Sitagliptin Phosphate RS from Standard stock
solution and (L/900) mg/mL of USP Metformin Hydrochloride RS in Mobile phase, where L is
the label claim, in mg/Tablet, of metformin hydrochloride
Sample solution: Pass a portion of the solution under test through a suitable filter.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector
Metformin: UV 255 nm
Sitagliptin: UV 205 nm
Column: 4.6-mm × 5-cm; 5-µm packing L9
Column temperature: 30°
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for sitagliptin and metformin are about 0.56 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between sitagliptin and metformin
Relative standard deviation: NMT 2.0% for metformin and sitagliptin
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sitagliptin (C16 H15 F 6 N5 O) dissolved:
Result = (rU/rS) × CS × V × (1/L) × (Mr1/Mr2) × 100
rU = peak response of sitagliptin at 205 nm from the Sample solution
rS = peak response of sitagliptin at 205 nm from the Standard solution
CS = concentration of USP Sitagliptin Phosphate RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim of sitagliptin (mg/Tablet)
Mr1 = molecular weight of sitagliptin, 407.31
Mr2 = molecular weight of anhydrous sitagliptin phosphate, 505.31
Calculate the percentage of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response of metformin at 255 nm from the Sample solution
rS = peak response of metformin at 255 nm from the Standard solution
CS = concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim of metformin hydrochloride (mg/Tablet)
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Tolerances: NLT 80% (Q) of the labeled amount of sitagliptin (C16 H15 F 6 N5 O) is dissolved;
NLT 80% (Q) of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities: Sitagliptin
Buffer pH 2.5, Solution A, Solution B, Mobile phase, Dilute phosphoric acid, Diluent,
Sample stock solution, Sample solution, and Chromatographic system: Proceed as
directed in Assay, Procedure 1: Sitagliptin.
System suitability solution: [Note—Preparation 1 may be used for Tablets containing
sodium stearyl fumarate as an excipient in the formulation, and Preparation 2 may be used
for all products.]
Preparation 1: Place 1 Tablet of any potency in a vial, add 10 mL of water, and tightly
seal the vial. Sonicate for 15 min or until the Tablet disperses. Heat at 80° for about 30
h to generate sitagliptin acid (hydrolysis product) and the fumarate adduct of sitagliptin.
Allow the contents to cool, and transfer to a 50-mL volumetric flask. Dilute with Diluent
to volume and mix. Further dilute with Diluent to obtain a solution with a concentration
of 0.08 mg/mL of sitagliptin based on the label claim of the Tablets. Centrifuge a portion
of the solution, and use the clear supernatant.
Preparation 2: Place 10 mg of USP Sitagliptin Phosphate RS and 1 mg of sodium stearyl
fumarate in a vial, add 1 mL of water, and tightly seal the vial. Heat at 80° for about 30
h to generate sitagliptin acid (hydrolysis product) and the fumarate adduct of sitagliptin.
Allow the contents to cool, and transfer to a 100-mL volumetric flask. Dilute with Diluent
to volume and mix well. Centrifuge a portion of the solution, add about 1 mg of USP
Metformin Hydrochloride RS per each milliliter of the clear supernatant obtained, and mix.
Standard solution: 0.0002 mg/mL of USP Sitagliptin Phosphate RS in Diluent
Sensitivity solution: 0.0001 mg/mL of USP Sitagliptin Phosphate RS in Diluent from the
Standard solution
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between sitagliptin and the fumarate adduct, System suitability
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100
rU = peak response of each individual impurity from the Sample solution
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rS = peak response of sitagliptin from the Standard solution
CS = concentration of USP Sitagliptin Phosphate RS in the Standard solution (mg/mL)
CU = nominal concentration of sitagliptin in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Mr1 = molecular weight of sitagliptin, 407.31
Mr2 = molecular weight of anhydrous sitagliptin phosphate, 505.31
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.

Name
Metformin
Sitagliptin acida
Sitagliptin

Table 2
Relative
Retention
Time
0.22
0.53
1.0

Relative
Response
Factor
—
0.65
—

Acceptance
Criteria,
NMT (%)
—
0.2
—

Fumarate adduct (if present)b,c
1.1
1.0
0.2
Sitagliptin triazecine analogd
1.5
1.0
0.2
e
Sitagliptin styrylacetyl analog
2.5
1.0
0.2
Sitagliptin phenylcrotonyl analogf
2.6
2.1
0.2
Any other unspecified individual
—
impurity
1.0
0.2
Total impurities
—
—
0.7
a (R)-3-Amino-4-(2,4,5-trifluorophenyl)butanoic acid.
b 2-[[(R)-4-Oxo-4-[3-(trifluoromethyl)-5,6-dihydro-[1,2,4]triazolo[4,3- α]pyrazin7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-yl]amino]succinic acid.
c This degradation product may be present in Tablets containing sodium stearyl
fumarate as an excipient in the formulation.
d 10-(2,4,5-Trifluorobenzyl)-3-(trifluoromethyl)-6,7,10,11-tetrahydro[1,2,4]triazolo[3,4-c][1,4,7]triazecine-8,12(5H,9H)-dione.
e (E)-1-{3-(Trifluoromethyl)-5,6-dihydro-[1,2,4]triazolo[4,3- α]pyrazin-7(8H)-yl}-4(2,4,5-trifluorophenyl)but-3-en-1-one.
f (E)-1-{3-(Trifluoromethyl)-5,6-dihydro-[1,2,4]triazolo[4,3- α]pyrazin-7(8H)-yl}-4(2,4,5-trifluorophenyl)but-2-en-1-one.
• Organic Impurities: Metformin Hydrochloride
Buffer pH 3.5, Mobile phase, Dilute phosphoric acid, Diluent, Sample stock solution,
Sample solution, and Chromatographic system: Proceed as directed in Assay,
Procedure 2: Metformin Hydrochloride.
Standard stock solution: Use the Standard solution prepared as directed in Assay,
Procedure 2: Metformin Hydrochloride.
Standard solution: 0.0002 mg/mL of USP Metformin Hydrochloride RS in Diluent from
Standard stock solution
Sensitivity solution: 0.0001 mg/mL of USP Metformin Hydrochloride RS in Diluent from the
Standard solution
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System suitability stock solution: 0.1 mg/mL of USP Sitagliptin Phosphate RS in Diluent
System suitability solution: Transfer 20 mL of the Standard stock solution to a 25-mL
volumetric flask, add 3 drops (approximately 0.1 mL) of 0.1 N sodium hydroxide solution,
seal, and heat at 80° for 2 h. Allow to cool to room temperature, and acidify with 3 mL of
phosphoric acid. Dilute with System suitability stock solution to volume and mix.
[Note—This procedure is used to generate two specified unknown degradation products.
The relative retention times for the two specified unknown degradation products of
sitagliptin and metformin are about 0.43 and 0.63, respectively. The relative retention
times for sitagliptin and metformin are about 0.64 and 1.0, respectively.]
System suitability
Samples: Standard solution, Sensitivity solution, and System suitability solution
Suitability requirements
Resolution: NLT 2.0 between sitagliptin and metformin; NLT 1.0 between the
degradation product at the relative retention time of 0.63 and sitagliptin, System
suitability solution
Relative standard deviation: NMT 10.0% for the metformin peak, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each metformin hydrochloride related impurity in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of metformin from the Standard solution
CS = concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of metformin hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: The reporting threshold is 0.1%.
Any individual impurity: NMT 0.1%
Total impurities: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Metformin Hydrochloride RS
USP Sitagliptin Phosphate RS
1S (USP42)

BRIEFING
Sitagliptin and Metformin Hydrochloride Extended-Release Tablets. Because there is
no existing USP monograph for this drug product, a new monograph, based on validated
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methods of analysis, is proposed.
1. The HPLC procedure in Assay, Procedure 1: Sitagliptin and in the test for Organic
Impurities: Sitagliptin is based on analyses performed with the Waters YMC-Pack ODSAM brand of column with L1 packing. The typical retention time for sitagliptin is about 8
min.
2. The HPLC procedure in Assay, Procedure 2: Metformin Hydrochloride and in the test for
Organic Impurities: Metformin Hydrochloride is based on analyses performed with the
Phenomenex Luna SCX brand of column with L9 packing. The typical retention time for
metformin is about 4 min.
3. The HPLC procedure in the test for Dissolution is based on analyses performed with the
Phenomenex Luna SCX brand of column with L9 packing. The typical retention times for
sitagliptin and metformin are about 2 and 3 min, respectively.
The Sitagliptin and Metformin Hydrochloride Extended-Release Tablets monograph is part of a
project between USP and the Medicines and Healthcare products Regulatory Agency for
prospective harmonization of monographs for drug products. The draft monograph has been
prepared collaboratively for the USP and British Pharmacopoeia and is now being presented for
public comments by USP.
(CHM3: A. Carney.)
Correspondence Number—C135386
Comment deadline: July 31, 2018
Add the following:
Sitagliptin and Metformin Hydrochloride Extended-Release Tablets
DEFINITION
Sitagliptin and Metformin Hydrochloride Extended-Release Tablets contain sitagliptin
phosphate (C16 H15 F 6 N5 O·H3 PO4 ·H2 O) equivalent to NLT 92.5% and NMT 107.5% of the
labeled amount of sitagliptin (C16 H15 F 6 N5 O) and NLT 95.0% and NMT 105.0% of the labeled
amount of metformin hydrochloride (C4 H11 N5 ·HCl).
IDENTIFICATION
• A. The retention time of the sitagliptin peak of the Sample solution corresponds to that of
the Standard solution, as obtained in Assay, Procedure 1: Sitagliptin.
• B. The UV spectrum of the sitagliptin peak of the Sample solution corresponds to that of the
Standard solution, as obtained in Assay, Procedure 1: Sitagliptin.
• C. The retention time of the metformin peak of the Sample solution corresponds to that of
the Standard solution, as obtained in Assay, Procedure 2: Metformin Hydrochloride.
• D. The UV spectrum of the metformin peak of the Sample solution corresponds to that of the
Standard solution, as obtained in Assay, Procedure 2: Metformin Hydrochloride.
ASSAY
• Procedure 1: Sitagliptin
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Buffer pH 2.5: 3.45 g/L of monobasic sodium phosphate (0.025 M). Adjust with phosphoric
acid to a pH of 2.5.
Solution A: Acetonitrile and Buffer pH 2.5 (5:95)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
2
25
25.1
29
29.1
37.0

Table 1
Solution A
(%)
87
87
46
25
25
87
87

Solution B
(%)
13
13
54
75
75
13
13

Dilute phosphoric acid: Transfer 1 mL of phosphoric acid to a 1-L volumetric flask, and
dilute with water to volume.
Diluent A: Methanol and Dilute phosphoric acid (80:20)
Diluent B: Acetonitrile and Dilute phosphoric acid (5:95)
Standard solution: 0.1 mg/mL of USP Sitagliptin Phosphate RS in Diluent B
Sample stock solution: To a 2-L volumetric flask add Diluent A to approximately 50%–75%
of the final volume, and add a stirring bar. While stirring, add 20 Tablets to the flask (one
at a time), and continue stirring until all Tablets are dispersed. Allow to equilibrate to room
temperature, remove the stirring bar, dilute with Diluent A to volume, return the stirring
bar to the flask, and stir for 30 min. Centrifuge a portion of the solution for about 15 min,
and use the supernatant. [Note—To avoid hydrolysis degradation, it is recommended to
use this solution within 24 h of the start of the stirring.]
Sample solution: Nominally 0.08 mg/mL of sitagliptin in Diluent B from the Sample stock
solution. Centrifuge a portion of this solution for about 5 min, and use the clear
supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm. For Identification B, use a diode array detector in the range of
190–400 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
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Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sitagliptin (C16 H15 F 6 N5 O) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of sitagliptin from the Sample solution
rS = peak response of sitagliptin from the Standard solution
CS = concentration of USP Sitagliptin Phosphate RS in the Standard solution (mg/mL)
CU = nominal concentration of sitagliptin in the Sample solution (mg/mL)
Mr1 = molecular weight of sitagliptin, 407.31
Mr2 = molecular weight of anhydrous sitagliptin phosphate, 505.31
Acceptance criteria: 92.5%–107.5%
• Procedure 2: Metformin Hydrochloride
Buffer pH 3.5: 6.8 g/L of monobasic potassium phosphate (0.05 M). Adjust with phosphoric
acid to a pH of 3.5.
Mobile phase: Acetonitrile and Buffer pH 3.5 (18:82). [Note—To improve the resolution,
the composition may be changed to (15:85), if necessary.]
Dilute phosphoric acid: Transfer 1 mL of phosphoric acid to a 1-L volumetric flask, and
dilute with water to volume.
Diluent A: Methanol and Dilute phosphoric acid (80:20)
Diluent B: Acetonitrile and Dilute phosphoric acid (5:95)
Standard solution: 0.2 mg/mL of USP Metformin Hydrochloride RS in Diluent B
Sample stock solution: To a 2-L volumetric flask add Diluent A to approximately 50%–75%
of the final volume, and add a stirring bar. While stirring, add 20 Tablets to the flask (one
at a time), and continue stirring until all Tablets are dispersed. Allow to equilibrate to room
temperature, remove the stirring bar, dilute with Diluent A to volume, return the stirring
bar to the flask, and stir for 30 min. Centrifuge a portion of the solution for about 15 min,
and use the supernatant. [Note—To avoid hydrolysis degradation, it is recommended to
use this solution within 24 h of the start of the stirring.]
Sample solution: Nominally 0.2 mg/mL of metformin hydrochloride in Diluent B from the
Sample stock solution. Centrifuge a portion of this solution for about 5 min, and use the
clear supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 205 nm. For Identification D, use a diode array detector in the range of
190–400 nm.
Column: 4.6-mm × 5-cm; 5-µm packing L9
Column temperature: 30°
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of metformin from the Sample solution
rS = peak response of metformin from the Standard solution
CS = concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of metformin hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 50 mM phosphate buffer, pH 6.8; 900 mL, deaerated
Apparatus 2: 75 rpm, with sinkers
Times
Sitagliptin: 30 min
Metformin hydrochloride: 1, 3, and 10 h
Buffer pH 3.5: Prepare as directed in Assay, Procedure 2: Metformin Hydrochloride.
Mobile phase: Acetonitrile and Buffer pH 3.5 (25:75)
Standard solution
For Tablets labeled to contain 50 mg of sitagliptin: 0.05–0.07 mg/mL of USP Sitagliptin
Phosphate RS and (LM/900) mg/mL of USP Metformin Hydrochloride RS in Mobile phase,
where LM is the label claim, in mg/Tablet, of metformin hydrochloride
For Tablets labeled to contain 100 mg of sitagliptin: 0.1–0.15 mg/mL of USP
Sitagliptin Phosphate RS and (LM/900) mg/mL of USP Metformin Hydrochloride RS in
Mobile phase, where LM is the label claim, in mg/Tablet, of metformin hydrochloride

PF 44(3): May.-Jun. 2018

618

Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector
Metformin: UV 255 nm
Sitagliptin: UV 205 nm
Column: 4.6-mm × 5-cm; 5-µm packing L9
Column temperature: 30°
Flow rate: 2 mL/min
Injection volume
For Tablets labeled to contain 500 mg of metformin hydrochloride: 10 µL
For Tablets labeled to contain 1000 mg of metformin hydrochloride: 5 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for sitagliptin and metformin are about 0.56 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between sitagliptin and metformin
Relative standard deviation: NMT 2.0% for metformin and sitagliptin
Analysis for sitagliptin
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sitagliptin (C16 H15 F 6 N5 O) dissolved:
Result = (rU/rS) × CS × V × (1/L) × (Mr1/Mr2) × 100
rU = peak response of sitagliptin at 205 nm from the Sample solution
rS = peak response of sitagliptin at 205 nm from the Standard solution
CS = concentration of USP Sitagliptin Phosphate RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim of sitagliptin (mg/Tablet)
Mr1 = molecular weight of sitagliptin, 407.31
Mr2 = molecular weight of anhydrous sitagliptin phosphate, 505.31
Tolerances: NLT 75% (Q) of the labeled amount of sitagliptin (C16 H15 F 6 N5 O) is dissolved.
Analysis for metformin hydrochloride
Calculate the concentration of (Ci) of metformin hydrochloride (C4 H11 N5 ·HCl) in the
sample withdrawn from the vessel at each time point (i):
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Result = (rU/rS) × CS
rU = peak response of metformin at 255 nm from the Sample solution
rS = peak response of metformin at 255 nm from the Standard solution
CS = concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = {C3 × [V − (2 × VS)] + [(C2 + C1) × VS]} × (1/L) × 100
Ci = concentration of metformin hydrochloride in the portion of the sample withdrawn at
each time point (mg/mL)
V = volume of the Medium, 900 mL
L = label claim of metformin hydrochloride (mg/Tablet)
VS = volume of the Sample solution withdrawn from the Medium (mL)
Tolerances: See Table 2.
Table 2
Time
Point
(i)
1
2
3

Time
(h)
1
3
10

Amount of
Metformin Hydrochloride
Dissolved
(%)
15–35
42–62
NLT 80

The percentages of the labeled amounts of metformin hydrochloride (C4 H11 N5 ·HCl) dissolved
at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities: Sitagliptin
Buffer pH 2.5, Solution A, Solution B, Mobile phase, Dilute phosphoric acid, Diluent A,
Diluent B, Sample stock solution, Sample solution, and Chromatographic system:
Proceed as directed in Assay, Procedure 1: Sitagliptin.
System suitability solution: [Note—Preparation 1 may be used for Tablets containing
sodium stearyl fumarate as an excipient in the formulation, and Preparation 2 may be used
for all products.]
Preparation 1: Place 1 Tablet of any potency in a vial, add 10 mL of water, and tightly
seal the vial. Sonicate for 15 min (the Tablet will not fully disperse). Heat at 80° for
about 30 h to generate sitagliptin acid (hydrolysis product) and the fumarate adduct of
sitagliptin. Allow the contents to cool, and transfer to a 50-mL volumetric flask. Dilute
with Diluent B to volume and mix. Further dilute with Diluent B to obtain a solution with a
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concentration of about 0.08–0.1 mg/mL of sitagliptin based on the label claim of the
Tablets. Centrifuge a portion of the solution, and use the clear supernatant.
Preparation 2: Place 10 mg of USP Sitagliptin Phosphate RS and 1 mg of sodium stearyl
fumarate in a vial, add 1 mL of water, and tightly seal the vial. Heat at 80° for about 30
h to generate sitagliptin acid (hydrolysis product) and the fumarate adduct of sitagliptin.
Allow the contents to cool, and transfer to a 100-mL volumetric flask. Dilute with Diluent
B to volume and mix. Centrifuge a portion of the solution, add about 1 mg of USP
Metformin Hydrochloride RS per each milliliter of the clear supernatant obtained, and mix.
Standard solution: 0.0002 mg/mL of USP Sitagliptin Phosphate RS in Diluent B
Sensitivity solution: 0.0001 mg/mL of USP Sitagliptin Phosphate RS in Diluent B from the
Standard solution
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—See Table 3 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between sitagliptin and the fumarate adduct, System suitability
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of sitagliptin from the Standard solution
CS = concentration of USP Sitagliptin Phosphate RS in the Standard solution (mg/mL)
CU = nominal concentration of sitagliptin in the Sample solution (mg/mL)
F = relative response factor (see Table 3)
Mr1 = molecular weight of sitagliptin, 407.32
Mr2 = molecular weight of anhydrous sitagliptin phosphate, 505.31
Acceptance criteria: See Table 3. The reporting threshold is 0.1%.
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Name
Metformin
Sitagliptin acida
Sitagliptin

Table 3
Relative
Retention
Time
0.22
0.46
1.0

Relative
Response
Factor
—
0.65
—

Acceptance
Criteria,
NMT (%)
—
0.3
—

Fumarate adduct (if present)b,c
1.1
1.0
0.2
d
Sitagliptin triazecine analog
1.5
1.0
0.2
Sitagliptin styrylacetyl analoge
2.4
1.0
0.2
f
Sitagliptin phenylcrotonyl analog
2.5
2.1
0.2
Any other unspecified individual
—
impurity
1.0
0.2
Total impurities
—
—
1.0
a (R)-3-Amino-4-(2,4,5-trifluorophenyl)butanoic acid.
b 2-[[(R)-4-Oxo-4-[3-(trifluoromethyl)-5,6-dihydro-[1,2,4]triazolo[4,3- α]pyrazin7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-yl]amino]succinic acid.
c This degradation product may be in Tablets containing sodium stearyl fumarate as
an excipient in the formulation.
d 10-(2,4,5-Trifluorobenzyl)-3-(trifluoromethyl)-6,7,10,11-tetrahydro[1,2,4]triazolo[3,4-c][1,4,7]triazecine-8,12(5H,9H)-dione.
e (E)-1-{3-(Trifluoromethyl)-5,6-dihydro-[1,2,4]triazolo[4,3- α]pyrazin-7(8H)-yl}-4(2,4,5-trifluorophenyl)but-3-en-1-one.
f (E)-1-{3-(Trifluoromethyl)-5,6-dihydro-[1,2,4]triazolo[4,3- α]pyrazin-7(8H)-yl}-4(2,4,5-trifluorophenyl)but-2-en-1-one.
• Organic Impurities: Metformin Hydrochloride
Buffer pH 3.5, Mobile phase, Dilute phosphoric acid, Diluent A, Diluent B, Sample
stock solution, Sample solution, and Chromatographic system: Proceed as directed
in Assay, Procedure 2: Metformin Hydrochloride.
Standard stock solution: Use the Standard solution prepared as directed in Assay,
Procedure 2: Metformin Hydrochloride.
Standard solution: 0.0002 mg/mL of USP Metformin Hydrochloride RS in Diluent B from the
Standard stock solution
Sensitivity solution: 0.0001 mg/mL of USP Metformin Hydrochloride RS in Diluent B from
the Standard solution
System suitability stock solution: 0.1 mg/mL of USP Sitagliptin Phosphate RS in Diluent B
System suitability solution: Transfer 20 mL of the Standard stock solution to a 25-mL
volumetric flask, add 3 drops (approximately 0.1 mL) of 0.1 N sodium hydroxide solution,
seal, and heat at 80° for 2 h. Allow to cool to room temperature, and acidify with 3 mL of
phosphoric acid. Dilute with System suitability stock solution to volume and mix.
[Note—This procedure is used to generate two specified unknown degradation products.
The relative retention times for these two specified unknown degradation products of
sitagliptin and metformin are 0.43 and 0.63, respectively. The relative retention times for
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sitagliptin and metformin are about 0.64 and 1.0, respectively.]
System suitability
Samples: Standard solution, Sensitivity solution, and System suitability solution
Suitability requirements
Resolution: NLT 2.0 between sitagliptin and metformin; NLT 1.0 between the
degradation product at the relative retention time of 0.63 and sitagliptin, System
suitability solution
Relative standard deviation: NMT 10.0% for metformin, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each metformin hydrochloride related impurity in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of metformin from the Standard solution
CS = concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of metformin hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: The reporting threshold is 0.1%.
Any individual impurity: NMT 0.1%
Total impurities: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Metformin Hydrochloride RS
USP Sitagliptin Phosphate RS
1S (USP42)

BRIEFING
Sorafenib Tosylate. Because there is no existing USP monograph for this drug substance, a
new monograph, based on validated methods of analysis is proposed. The liquid
chromatographic procedure used in the Assay and the test for Organic Impurities is based on
analyses performed with the Zorbax Eclipse XDB-C8 brand of column with L7 packing. The
typical retention time for sorafenib is about 25.5 min.
(CHM3: F. Mao.)
Correspondence Number—C161036
Comment deadline: July 31, 2018

PF 44(3): May.-Jun. 2018

623

Add the following:
Sorafenib Tosylate

C21 H16 ClF 3 N4 O3 ·C7 H8 O3 S

637.03

2-Pyridinecarboxamide, 4-[4-[[[[4-chloro-3(trifluoromethyl)phenyl]amino]carbonyl]amino]phenoxy]-N-methyl-, mono(4methylbenzenesulfonate);
4-(4-{3-[4-Chloro-3-(trifluoromethyl)phenyl]ureido}phenoxy)-N2-methylpyridine-2-carboxamide
mono(4-methylbenzenesulfonate)
[475207-59-1].
Sorafenib (free base)
C21 H16 ClF 3 N4 O3
464.83
[284461-73-0].
DEFINITION
Sorafenib Tosylate contains NLT 97.0% and NMT 102.0% of sorafenib tosylate
(C21 H16 ClF 3 N4 O3 ·C7 H8 O3 S), calculated on the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 〈197〉: [Note—Methods described in 〈197K〉 or 〈197A〉 may be used.]
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Protect solutions containing sorafenib tosylate from light. Do not sonicate.
Solution A: 1 mL of phosphoric acid and 1 g of potassium phosphate, monobasic in 1 L of
water
Solution B: Absolute alcohol and acetonitrile (4:6)
Mobile phase: See Table 1. Return to original conditions, and equilibrate the system for 10
min.
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Time
(min)
0
2
24
32
37

Table 1
Solution A
(%)
95
95
56.5
10
10

Solution B
(%)
5
5
43.5
90
90

Diluent: Dimethyl sulfoxide, acetonitrile, and phosphoric acid (85: 15: 0.1)
Standard solution: 1.0 mg/mL of USP Sorafenib Tosylate RS in Diluent
Sample solution: 1.0 mg/mL of Sorafenib Tosylate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 2.1-mm × 15-cm; 3.5-µm packing L7
Column temperature: 75°
Flow rate: 0.6 mL/min
Injection volume: 3 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.6
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sorafenib tosylate (C21 H16 ClF 3 N4 O3 ·C7 H8 O3 S) in the portion of
Sorafenib Tosylate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Sorafenib Tosylate RS in the Standard solution (mg/mL)
CU = concentration of Sorafenib Tosylate in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Organic Impurities
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Protect solutions containing sorafenib tosylate from light. Do not sonicate.
Solution A, Solution B, Mobile phase, Diluent, Standard solution, and Sample solution:
Prepare as directed in the Assay.
System suitability solution: 3.0 µg/mL of USP Sorafenib Related Compound H RS in
Standard solution. It contains 3.0 µg/mL of USP Sorafenib Related Compound H RS and 1.0
mg/mL of USP Sorafenib Tosylate RS in Diluent.
Sensitivity solution: 0.5 µg/mL of USP Sorafenib Tosylate RS in Diluent, from Standard
solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 2.1-mm × 15-cm; 3.5-µm packing L7
Column temperature: 75°
Flow rate: 0.6 mL/min
Injection volume: 3 µL
System suitability
Samples: System suitability solution and Sensitivity solution
Suitability requirements
Resolution: NLT 2.2 between the sorafenib related compound H and sorafenib peaks,
System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Sorafenib Tosylate taken:
Result = [rU × (1/F)]/{Σ[rU × (1/F)] + rS} × 100
rU = peak response of each impurity from the Sample solution
F = relative response factor (see Table 2)
rS = peak response of sorafenib from the Sample solution
Acceptance criteria: See Table 2. The reporting threshold is 0.05%. Disregard
toluenesulphonic acid at a relative retention time of 0.07. [Note—Toluenesulphonic acid is
the counter ion of sorafenib and is present in the chromatogram of the Sample solution.]
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Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Sorafenib impurity Aa
0.15
1.5
b
Sorafenib impurity B
0.33
2.0
Sorafenib impurity Cc
0.68
0.80
d
Sorafenib impurity D
0.69
2.2
Sorafenib impurity Ee
0.73
1.5
f
Sorafenib impurity F
0.92
1.1
Sorafenib related compound H
0.98
1.1
Sorafenib
1.00
—
Any individual unspecified impurity
—
1.0
Total impurities
—
—
a 4-(4-Aminophenoxy)-N-methylpicolinamide.
b 4-(4-Formamidophenoxy)-N-methylpicolinamide.
c 4-Chloro-3-(trifluoromethyl)aniline.
d Isopropyl {4-[2-(methylcarbamoyl)pyridin-4-yl]oxyphenyl}carbamate.
e N,N’-Bis{4-[2-(N-methylcarbamoyl)-4-pyridyloxy]phenyl}urea.
f N-Methyl-4-{4-[3-(3-trifluoromethylphenyl)ureido]phenoxy}picolinamide.

0.15
0.15
0.15
0.15
0.15
0.15
0.30
—
0.10
1.0

SPECIFIC TESTS
• Water Determination 〈921〉, Method I
Sample: 200 mg
Analysis: Evaporation technique
Temperature: 150°
Heating time: 3 min
Carrier gas: Nitrogen
Flow rate: 70 mL/min
Reagent: Hydranal Coulomat AG, or Hydranal Coulomat AK or equivalent
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and protect from light. Store at room
temperature.
• USP Reference Standards 〈11〉
USP Sorafenib Tosylate RS
USP Sorafenib Related Compound H RS
4-(4-{3-[2-Chloro-3-(trifluoromethyl)phenyl]ureido}phenoxy)-N-methylpicolinamide.
C21 H16 ClF 3 N4 O3
464.83
1S (USP42)
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BRIEFING
Stavudine for Oral Solution, USP 41 page 3836. As part of USP monograph modernization
efforts, it is proposed to make the following revisions:
1. Add Identification B with a spectroscopic procedure based on the UV spectrum match
from the existing HPLC procedure in the Assay.
2. Add the particle size information for the analytical column and guard column in the
Assay and the test for Organic Impurities based on the available data.
3. Delete the Column efficiency requirement from the Assay and the test for Organic
Impurities, because the other system suitability requirements can adequately establish
the suitability of the instrument performance.
4. Provide clarification by adding a Buffer, Mobile phase, and System suitability
requirements to the Organic Impurities test.
5. Replace thymine and thymidine with zidovudine related compound C and zidovudine
related compound D, respectively.
6. Add new Reference Standards to the USP Reference Standards section to support the
Assay and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: P. Pabba.)
Correspondence Number—C165450
Comment deadline: July 31, 2018
Stavudine for Oral Solution
DEFINITION
Stavudine for Oral Solution, when reconstituted as directed in the labeling, yields a 1 mg/mL
solution that contains NLT 90.0% and NMT 110.0% of the labeled amount of stavudine
(C10 H12 N2 O4 ). It may contain suitable flavors, preservatives, sweeteners, and stabilizers.
IDENTIFICATION
Change to read:
•
A. 1S (USP42)
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
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• Procedure
[Note—All testing solutions must be prepared immediately before use and remain refrigerated
until use.]
Buffer: 1.93 mg/mL of ammonium acetate in water
Solution A: Methanol and Buffer (6:94)
Solution B: Methanol and Buffer (1:1)
Mobile phase: See Table 1.
Time
(min)
0
12
12.1
17
17.1
35

Table 1
Solution A
(%)
100
100
0
0
100
100

Solution B
(%)
0
0
100
100
0
0

System suitability solution: 2.5 µg/mL each of thymine
USP Zidovudine Related Compound C RS 1S (USP42)
and thymidine
USP Zidovudine Related Compound D RS 1S (USP42)
in water
Standard solution: 0.1 mg/mL of USP Stavudine RS in water
Sample solution: Nominally 0.1 mg/mL of stavudine in water, prepared as follows.
Constitute Stavudine for Oral Solution as directed in the labeling. Dilute an accurately
measured volume of Stavudine for Oral Solution quantitatively, and stepwise if necessary,
with water.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 268 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Columns
Guard: 4-mm × 20-mm;
5-µm 1S (USP42)
packing L1
Analytical: 4.6-mm × 3.3-cm;
3-µm 1S (USP42)
packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL

1S (USP42)
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System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 8.4 between thymine
zidovudine related compound C 1S (USP42)
and thymidine
zidovudine related compound D, 1S (USP42)
System suitability solution
Column efficiency: NLT 2000 theoretical plates, Standard solution
1S (USP42)

Tailing factor: NMT 2 for the stavudine peak, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of stavudine (C10 H12 N2 O4 ) in each milliliter
of Stavudine for Oral Solution taken:
Result = (rU/rS) × (CS/Cu) × 100
rU = peak area from the Sample solution
rS = peak area from the Standard solution
CS = concentration of USP Stavudine RS in the Standard solution (mg/mL)
CU = nominal concentration of stavudine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Deliverable Volume 〈698〉: Meets the requirements
IMPURITIES
Change to read:
• Organic Impurities
[Note—All testing solutions must be prepared immediately prior to use and remain
refrigerated until use.]
Buffer, 1S (USP42)
Solution A, Solution B,
Mobile phase, 1S (USP42)
System suitability solution, Standard solution, Sample solution, Chromatographic
system, and
System suitability: 1S (USP42)
Proceed as directed in the Assay.
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Stavudine for Oral Solution
taken:
Result = (rU/rT) × 1/F × 100
rU = peak response of each impurity from the Sample solution
rT = sum of all the peak responses including that of the main stavudine peak from the
Sample solution
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2.

Name

Table 2
Relative
Retention
Time

Thymine
Zidovudine related compound
a
C 1S (USP42)
Any other individual impurity
Total impurities

a 5-Methylpyrimidine-2,4-(1H,3H)-dione.

0.24
—
—

Relative
Response
Factor

0.69
1.0
—

Acceptance
Criteria,
NMT (%)

1.0
0.2
1.5

1S (USP42)

SPECIFIC TESTS
• pH 〈791〉
Sample: Constitute as directed in the labeling.
Acceptance criteria: 5–7
• Water Determination 〈921〉, Method I: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tightly closed containers, protected from excessive
moisture. Store at controlled room temperature. After constitution, store the Stavudine for
Oral Solution in tightly closed containers under refrigeration. Discard unused portion after
30 days.
• Labeling: The label contains directions for constitution of the powder and states the
equivalent amount of stavudine (C10 H12 N2 O4 ) in a given volume of the Stavudine for Oral
Solution obtained after constitution.
Change to read:
• USP Reference Standards 〈11〉
USP Stavudine RS
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USP Zidovudine Related Compound C RS
Thymine;
5-Methylpyrimidine-2,4(1H,3H)-dione.
C5 H6 N2 O2
126.11
USP Zidovudine Related Compound D RS
Thymidine;
[1-(2-Deoxy-β-d-ribofuranosyl)]thymine.
C10 H14 N2 O5
242.23 1S (USP42)
Recent Official Publications:
USP41–NF36 Page 3836
BRIEFING
Tetrabenazine. Because there is no existing USP monograph for this drug substance, a new
monograph, based on validated methods of analysis, is proposed.
1. The liquid chromatographic procedure in the Assay is based on analyses performed with
the Hypersil BDS C18 brand of column with L1 packing. The typical retention time for
tetrabenazine is about 13.5 min.
2. The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Inertsil ODS-3V brand of column with L1 packing. The
typical retention time for tetrabenazine is about 23.5 min.
(CHM4: S. Ramachandran.)
Correspondence Number—C170263
Comment deadline: July 31, 2018
Add the following:
Tetrabenazine

C19 H27 NO3

317.42

2-H-Benzo[a]quinolizin-2-one, 1,3,4,6,7,11b-hexahydro-9,10-dimethoxy-3-(2-methylpropyl);
(3RS,11bRS)-3-Isobutyl-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-a]isoquinolin2-one.
[58-46-8].
DEFINITION
Tetrabenazine contains NLT 98.0% and NMT 102.0% of tetrabenazine (C19 H27 NO3 ),
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calculated on dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.32 g/L of dibasic ammonium phosphate; adjusted with 10% phosphoric acid to a
pH of 6.5
Mobile phase: Acetonitrile and Buffer (50:50)
System suitability solution: 0.2 mg/mL of USP Tetrabenazine RS and 0.003 mg/mL of USP
Tetrabenazine Related Compound C RS in acetonitrile
Standard solution: 0.2 mg/mL of USP Tetrabenazine RS in acetonitrile
Sample solution: 0.2 mg/mL of Tetrabenazine in acetonitrile
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 282 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2.2 times the retention time of tetrabenazine
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for tetrabenazine and tetrabenazine related
compound C are 1.0 and 1.1, respectively.]
Suitability requirements
Resolution: NLT 2.0 between tetrabenazine and tetrabenazine related compound C,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of tetrabenazine (C19 H27 NO3 ) in the portion of Tetrabenazine
taken:
Result = (rU/rS) × (CS/CU) × 100

PF 44(3): May.-Jun. 2018

633

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of the USP Tetrabenazine RS in the Standard solution (mg/mL)
CU = concentration of Tetrabenazine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
• Organic Impurities
Buffer and Mobile phase: Prepare as directed in the Assay.
Diluent: Acetonitrile and methanol (50:50)
System suitability solution: 0.2 mg/mL of USP Tetrabenazine RS and 0.003 mg/mL of USP
Tetrabenazine Related Compound C RS in Diluent
Sensitivity solution: 0.5 µg/mL of USP Tetrabenazine RS in Diluent
Standard solution: 0.001 mg/mL of USP Tetrabenazine RS in Diluent
Sample solution: 1 mg/mL of Tetrabenazine in Diluent
Chromatographic system: Proceed as directed in the Assay except for the Run time.
Run time: NLT 2.8 times the retention time of tetrabenazine
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between tetrabenazine and tetrabenazine related compound C,
System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tetrabenazine taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of tetrabenazine from the Standard solution
CS = concentration of USP Tetrabenazine RS in the Standard solution (mg/mL)
CU = concentration of Tetrabenazine in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
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Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Dehydroheliaminea
0.17
2.4
0.15
b
Tetradehydrotetrabenazine
0.23
3.6
0.10
Tetrabenazine alcoholc
0.30
1.0
0.15
d
Didehydrotetrabenazine
0.40
2.1
0.10
Tetrabenazine
1.0
1.0
—
Tetrabenazine related compound C
1.1
1.0
0.15
Any individual unspecified impurity
—
1.0
0.10
Total impurities
—
—
0.35
a 6,7-Dimethoxy-3,4-dihydroisoquinoline.
b 3-Isobutyl-9,10-dimethoxy-6,7-dihydro-2H-pyrido[2,1-a]isoquinolin-2-one.
c (3RS,11bRS)-3-Isobutyl-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2Hpyrido[2,1-a]isoquinolin-2-ol.
d 3-Isobutyl-9,10-dimethoxy-3,4,6,7-tetrahydro-2H-pyrido[2,1-a]isoquinolin-2-one.
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 60° for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Tetrabenazine RS
USP Tetrabenazine Related Compound C RS
(3RS,11bRS)-3-Butyl-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2Hpyrido[2,1-a]isoquinolin-2-one.
C19 H27 NO3
317.43
1S (USP42)

BRIEFING
Tetraxetan. Because there is no existing USP monograph for this drug substance, a new
monograph, based on validated methods of analysis, is proposed. The liquid chromatographic
procedure used in the test for Organic Impurities is based on validation performed with the
Hypercarb brand of column with L109 packing manufactured by Thermo Scientific, in which
tetraxetan elutes at about 6.5 min.
(CHM4: R. Ravichandran.)
Correspondence Number—C155154
Comment deadline: July 31, 2018

PF 44(3): May.-Jun. 2018

635

Add the following:
Tetraxetan

C16 H28 N4 O8

404.42

1,4,7,10-Tetraazacyclododecane-1,4,7,10-tetraacetic acid;
2,2′,2′′,2′′′-(1,4,7,10-Tetraazacyclododecane-1,4,7,10-tetryl)tetraacetic acid.
1].

[60239-18-

DEFINITION
Tetraxetan contains NLT 98.5% and NMT 101.5% of tetraxetan (C16 H28 N4 O8 ), calculated on
the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 〈197A〉 or 〈197K〉
• B. The retention time of the tetraxetan peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the test for Organic Impurities.
ASSAY
• Procedure
Sample solution: Dissolve 150 mg of Tetraxetan in 15 mL of water and add 30 mL of
methanol.
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Potentiometric
Analysis
Sample: Sample solution
Titrate with Titrant using a glass electrode and a silver–silver chloride electrode system.
Perform a blank determination and make any necessary correction.
Calculate the percentage of tetraxetan (C16 H28 N4 O8 ) in the portion of Tetraxetan taken:
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Result = [(V − B) × N × F/W] × 100
V = volume of Titrant consumed by the Sample solution to reach the first endpoint (mL)
B = blank Titrant volume (mL)
N = normality of the Titrant (mEq/mL)
F = equivalency factor for tetraxetan, 20.22 mg/mEq
W = weight of the sample taken (mg)
Acceptance criteria: 98.5%–101.5% on the anhydrous basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
• Organic Impurities
Buffer: 0.6 g/L of monobasic sodium phosphate in water. Adjust with phosphoric acid to a
pH of 2.1.
Solution A: Acetonitrile and water (50:50)
Solution B: Buffer
Mobile phase: See Table 1.
Time
(min)
0
30
40
41
60

Table 1
Solution A
(%)
1
40
90
1
1

Solution B
(%)
99
60
10
99
99

System suitability solution: 10 mg/mL of USP Tetraxetan RS and 30 µg/mL of USP
Tetraxetan Related Compound A RS in water
Sensitivity solution: 5 µg/mL of USP Tetraxetan RS in water
Sample solution: 10 mg/mL of Tetraxetan in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L109
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Sensitivity solution
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[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between tetraxetan and tetraxetan related compound A, System
suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each individual impurity in the portion of Tetraxetan taken:
Result = (rU/rT) × 100
rU = peak response of each impurity
rT = sum of all the peak responses
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
Table 2

Name
Tetraxetan
Tetraxetan related compound A
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
1.0
1.4
—
—

Acceptance
Criteria,
NMT (%)
—
0.20
0.10
0.50

SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 15.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Tetraxetan RS
USP Tetraxetan Related Compound A RS
2,2′,2″-[10-(2-Ethoxy-2-oxoethyl)-1,4,7,10-tetraazacyclododecane-1,4,7triyl]triacetic acid.
C18 H32 N4 O8
432.47
1S (USP42)

BRIEFING
Triamcinolone Acetonide Lotion, USP 41 page 4188. On the basis of comments received
and as part of USP monograph modernization efforts, the following revisions are proposed:
1. Replace the TLC-based Identification A with a retention time agreement based on the
proposed Assay.
2. Add Identification B with a UV spectrum agreement based on the proposed Assay.
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3. Replace the current chromatographic procedure in the Assay, which uses an Internal
standard solution, with a chromatographic procedure similar to that proposed in the
Organic Impurities test. The HPLC procedure is based on analyses performed with the
Inertsil ODS-3 brand of column with L1 packing. The typical retention time of
triamcinolone acetonide is about 15 min.
4. Add the test for Organic Impurities with a liquid chromatographic procedure based on a
validated method.
5. Include proposed acceptance criteria for specified and unspecified degradation products
in the Organic Impurities test based on specifications of the International Council for
Harmonisation (ICH). Manufacturers are strongly encouraged to submit their
specifications to USP if they are different from those proposed in this revision.
6. Add the acceptance criteria to the Microbial Enumeration Tests.
7. Revise the storage conditions in the Packaging and Storage section based on the
manufacturer's information.
8. Add new Reference Standards to the USP Reference Standards section to support the
proposed Assay and test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.-H. Yeh.)
Correspondence Number—C183309
Comment deadline: July 31, 2018
Triamcinolone Acetonide Lotion
DEFINITION
Triamcinolone Acetonide Lotion is Triamcinolone Acetonide in a suitable lotion base. It
contains NLT 90.0% and NMT 110.0% of the labeled amount of triamcinolone acetonide
(C24 H31 FO6 ).
IDENTIFICATION
Delete the following:
• A.
Standard solution: 100 µg/mL of USP Triamcinolone Acetonide RS in chloroform
Sample solution: Nominally 100 µg/mL of triamcinolone acetonide prepared as follows.
Place a 2-g quantity of Lotion in a conical flask, add 50 mL of chloroform and 15 g of
anhydrous sodium sulfate, and swirl to dissolve the specimen. Filter the solution and
clarify the filtrate, if necessary, by the further addition of anhydrous sodium sulfate and a
second filtration. Evaporate the filtrate to near dryness, and dissolve the residue in
chloroform to obtain a solution containing about 100 µg/mL.
Chromatographic system
(See Chromatography 〈621〉, Thin Layer Chromatography.)
Mode: TLC
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Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 10 µL
Developing solvent system: Chloroform, benzene, and methanol (100:40:20)
Spray reagent: Mix equal volumes of sodium hydroxide solution (1 in 5) and a solution (1
in 500) of blue tetrazolium in methanol.
Analysis
Samples: Standard solution and Sample solution
Apply the Standard solution and the Sample solution at a line about 1.5 cm from the
bottom edge of a TLC plate. Develop the chromatogram in a developing chamber
containing and equilibrated with the Developing solvent system until the solvent front
has moved about 12 cm above the line of application. Remove the plate, allow the
solvent to evaporate, and spray with the Spray reagent.
Acceptance criteria: The intensity of the blue color and the RF of the spot obtained with
the Sample solution are similar to those of the spot obtained with the Standard solution.
1S (USP42)

Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
Add the following:
• B. The UV spectrum of the major peak of the Sample solution correspond to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and water (30:70)
Internal standard solution: 50 µg/mL of fluoxymesterone in isopropyl alcohol
Standard stock solution: 75 µg/mL of USP Triamcinolone Acetonide RS in the Internal
standard solution
Standard solution: 37.5 µg/mL of USP Triamcinolone Acetonide RS in Mobile phase, from
Standard stock solution
Sample solution: Transfer a quantity of Lotion equivalent to 1.5 mg of triamcinolone
acetonide to a screw-cap tube. Add 20.0 mL of the Internal standard solution, and cap
securely. Heat for 5 min at 60°, then swirl vigorously for NLT 30 s. Repeat the heating and
swirling sequence three times. Cool in a methanol–ice bath for 15–20 min, then centrifuge
for 15 min at −5°. Mix equal volumes of the supernatant and Mobile phase. Cool in a
methanol–ice bath for 10–15 min, with occasional agitation. Filter first through a pledget
of glass wool or a prefilter disk and then through a 0.45-µm pore size membrane to obtain
a clear solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1
Flow rate: Adjust the operating parameters with Mobile phase on the column so that the
separation of triamcinolone acetonide and internal standard is optimized, with a
retention time of about 14.5 min for triamcinolone acetonide.
Injection volume: 15–25 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between triamcinolone acetonide and fluoxymesterone peaks
Coefficient of variation : NMT 3.0% from five replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of triamcinolone acetonide (C24 H31 FO6 ) in the portion of Lotion
taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak height ratio of triamcinolone acetonide to the internal standard from the
Sample solution
RS = peak height ratio of triamcinolone acetonide to the internal standard from the
Standard solution
CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (µg/mL)
CU = nominal concentration of triamcinolone acetonide in the Sample solution (µg/mL)
[Note—Protect solutions containing triamcinolone acetonide from light.]
Solution A: 0.01% formic acid in water
Solution B: 0.1% formic acid in acetonitrile
Mobile phase A: Acetonitrile and Solution A (30:70). See Table 1.
Mobile phase B: Solution B and water (65:35). See Table 1.
Time
(min)
0
20.0
40.0
40.1
45

Table 1
Mobile Phase A
(%)
100
100
0
100
100

Solution C: Tetrahydrofuran and Solution A (50:50)
Solution D: Acetonitrile and Solution A (40:60)
Diluent: Solution C and Solution D (20:80)

Mobile Phase B
(%)
0
0
100
0
0
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System suitability solution: 25 µg/mL of USP Triamcinolone Acetonide RS and 1.5 µg/mL
of USP Triamcinolone Acetonide Related Compound B RS in Diluent. Sonication may be
needed to aid dissolution.
Standard solution: 25 µg/mL of USP Triamcinolone Acetonide RS in Diluent. Sonication may
be needed to aid dissolution.
Sample solution: Nominally 25 µg/mL of triamcinolone acetonide in Diluent prepared as
follows. Transfer a quantity of Lotion, equivalent to 500 µg of triamcinolone acetonide, to
a 20-mL volumetric flask. Add 4 mL of Solution C to the flask and mix with a vortex mixer
for 2–3 min or until the sample is thoroughly dispersed. Add 10 mL of Solution D and
sonicate for 10 min with intermittent vortexing and shaking, then dilute with Solution D to
volume. Centrifuge the solution for 30 min at −5°. [Note—A centrifuge with a speed of
3500 rpm may be suitable.] Pass the supernatant through a suitable filter of 0.2-µm pore
size and discard the first 2 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm. For Identification B, use a diode array detector in the range of
210–400 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
Autosampler: 4°
Column: 40°
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between triamcinolone acetonide related compound B and
triamcinolone acetonide, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of triamcinolone acetonide (C24 H31 FO6 ) in
the portion of Lotion taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
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rS = peak response from the Standard solution
CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (µg/mL)
CU = nominal concentration of triamcinolone acetonide in the Sample solution (µg/mL)
1S (USP42)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Minimum Fill 〈755〉: Meets the requirements
IMPURITIES
Add the following:
• Organic Impurities
[Note—Protect solutions containing triamcinolone acetonide from light.]
Solution A, Solution B, Mobile phase A, Mobile phase B, Solution C, Solution D,
Diluent, Sample solution, and Chromatographic system: Proceed as directed in the
Assay.
System suitability solution: 25 µg/mL of USP Triamcinolone Acetonide RS and 1.5 µg/mL
each of USP Triamcinolone Acetonide Related Compound B RS and USP Triamcinolone
Acetonide Related Compound C RS in Diluent. Sonication may be needed to aid dissolution.
Standard solution: 0.05 µg/mL of USP Triamcinolone Acetonide RS in Diluent. Sonication
may be needed to aid dissolution.
Sensitivity solution: 0.025 µg/mL of USP Triamcinolone Acetonide RS from Standard
solution in Diluent
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between triamcinolone acetonide related compound B and
triamcinolone acetonide; NLT 1.5 between triamcinolone acetonide related compound C
and triamcinolone acetonide related compound B, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each degradation product in the portion of Lotion taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of triamcinolone acetonide from the Standard solution
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CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (µg/mL)
CU = nominal concentration of triamcinolone acetonide in the Sample solution (µg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.
Table 2

Name
Triamcinolone
Triamcinolone acetonide related compound C
Triamcinolone acetonide related compound B
Triamcinolone acetonide
Any individual unspecified degradation product
Total degradation products

Relative
Retention
Time
0.2
0.7
0.8
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.2
0.2
0.2
—
0.2
0.8

1S (USP42)

SPECIFIC TESTS
Change to read:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉:
The total aerobic microbial count is NMT 102 cfu/mL and the total combined yeasts and
molds count is NMT 101 cfu/mL. 1S (USP42)
It meets the requirements of the tests for absence of Staphylococcus aureus and
Pseudomonas aeruginosa.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. Avoid freezing.

1S (USP42)

Change to read:
• USP Reference Standards 〈11〉
USP Triamcinolone Acetonide RS
USP Triamcinolone Acetonide Related Compound B RS
9-Fluoro-11,21-dihydroxy-16,17-[(1-methylethylidene)bis(oxy)]-(11β,16α)-pregna1,4,14-triene-3,20-dione.
C24 H29 FO6
432.48
USP Triamcinolone Acetonide Related Compound C RS
9-Fluoro-11,21,21-trihydroxy-16,17-[(1-methylethylidene)bis(oxy)]-(11β,16α)-pregna1,4-diene-3,20-dione.
C24 H31 FO7
450.50
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 4188
BRIEFING
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Triamcinolone Acetonide Injectable Suspension, USP 41 page 4192. On the basis of
comments received and as part of USP monograph modernization efforts, the following revisions
are proposed:
1. Replace the procedure in Identification A, which uses an ether-extraction method, with
a retention time agreement based on the proposed Assay.
2. Replace the UV-based procedure in Identification B with a UV spectrum agreement
based on the proposed Assay.
3. Replace the current chromatographic procedure in the Assay, which uses an Internal
standard solution, with a chromatographic procedure similar to that proposed in the
Organic Impurities test. The HPLC procedure is based on analyses performed with the
Inertsil ODS-3 brand of column with L1 packing. The typical retention time of
triamcinolone acetonide is about 15 min.
4. Add the test for Organic Impurities with a liquid chromatographic procedure based on a
validated method.
5. Include proposed acceptance criteria for specified and unspecified degradation products
in the Organic Impurities test based on specifications of the International Council for
Harmonisation (ICH). Manufacturers are strongly encouraged to submit their
specifications to USP if they are different from those proposed in this revision.
6. Remove the numerical limit requirement in the Bacterial Endotoxins Test section and
refer to Bacterial Endotoxins Test 〈85〉 for calculation of limits.
7. Add a Sterility Tests section to provide an explicit reference to the requirements.
8. Add new Reference Standards to the USP Reference Standards section to support the
proposed Assay and test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.H.-Yeh.)
Correspondence Number—C183309
Comment deadline: July 31, 2018
Triamcinolone Acetonide Injectable Suspension
DEFINITION
Change to read:
Triamcinolone Acetonide Injectable Suspension is a sterile suspension of Triamcinolone
Acetonide in a suitable aqueous medium. It contains NLT 90.0% and NMT 115.0% of the
labeled amount of
triamcinolone acetonide 1S (USP42)
(C24 H31 FO6 ).
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
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Sample: Extract a volume of Injectable Suspension, equivalent to 50 mg of triamcinolone
acetonide, with two 10-mL portions of peroxide-free ether, and discard the ether
extracts. Filter with the aid of suction, wash with small portions of water, and dry the
precipitate at 105° for 1 h.
Acceptance criteria: Meets the requirements
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
Change to read:
• B. Ultraviolet Absorption 〈197U〉
Sample solution: 20 µg/mL in methanol, using the triamcinolone acetonide obtained from
Identification test A
Acceptance criteria: Meets the requirements
The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and water (30:70)
Internal standard solution: 84 µg/mL of fluoxymesterone in methanol
Standard stock solution: 200 µg/mL of USP Triamcinolone Acetonide RS in methanol
Standard solution: 80 µg/mL of USP Triamcinolone Acetonide RS from the Standard stock
solution diluted with Internal standard solution
Sample stock solution: Dissolve a volume of freshly mixed Injectable Suspension in
methanol to obtain a solution containing 200 µg/mL of triamcinolone acetonide.
Sample solution: 80 µg/mL of triamcinolone acetonide from the Sample stock solution
diluted with Internal standard solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1
Flow rate: 1.0 mL/min
Injection volume: 15–25 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between triamcinolone acetonide and fluoxymesterone
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Relative standard deviation: NMT 3.0% for five replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of triamcinolone acetonide (C24 H31 FO6 ) in the portion of
Injectable Suspension taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of the triamcinolone acetonide peak to the internal standard
peak from the Sample solution
RS = peak response ratio of the triamcinolone acetonide peak to the internal standard
peak from the Standard solution
CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (mg/mL)
CU = nominal concentration of triamcinolone acetonide in the Sample solution (mg/mL)
[Note—Protect solutions containing triamcinolone acetonide from light.]
Solution A: 0.01% formic acid in water, prepared by diluting 0.1 mL of formic acid with
water to 1 L
Solution B: 0.1% formic acid in acetonitrile, prepared by diluting 1.0 mL of formic acid with
acetonitrile to 1 L
Mobile phase A: Acetonitrile and Solution A (30:70). See Table 1.
Mobile phase B: Solution B and water (65:35). See Table 1.
Time
(min)
0
20.0
40.0
40.1
45

Table 1
Mobile Phase A
(%)
100
100
0
100
100

Mobile Phase B
(%)
0
0
100
0
0

Diluent: Acetonitrile and Solution A (40:60)
System suitability solution: 0.2 mg/mL of USP Triamcinolone Acetonide RS and 0.012
mg/mL of USP Triamcinolone Acetonide Related Compound B RS in Diluent. Sonication may
be needed to aid dissolution.
Standard solution: 0.2 mg/mL of USP Triamcinolone Acetonide RS in Diluent. Sonication
may be needed to aid dissolution.
Sample solution: Nominally 0.2 mg/mL of triamcinolone acetonide in Diluent prepared as
follows. Transfer an appropriate volume of the well-mixed Injectable Suspension to a
suitable volumetric flask. Add 85% of the flask volume of Diluent to the flask and sonicate
to dissolve. Dilute with the Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 240 nm. For Identification B, use a diode array detector in the range of
210–400 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
Autosampler: 4°
Column: 40°
Flow rate: 1.2 mL/min
Injection volume: 40 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between triamcinolone acetonide related compound B and
triamcinolone acetonide, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of triamcinolone acetonide (C24 H31 FO6 ) in
the portion of Injectable Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (mg/mL)
CU = nominal concentration of triamcinolone acetonide in the Sample solution (mg/mL)
1S (USP42)

Acceptance criteria: 90.0%–115.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements
IMPURITIES
Add the following:
• Organic Impurities
[Note—Protect solutions containing triamcinolone acetonide from light.]
Solution A, Solution B, Mobile phase A, Mobile phase B, Diluent, Sample solution, and
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Chromatographic system: Proceed as directed in the Assay.
System suitability solution: 0.2 mg/mL of USP Triamcinolone Acetonide RS and 0.012
mg/mL each of USP Triamcinolone Acetonide Related Compound B RS and USP
Triamcinolone Acetonide Related Compound C RS in Diluent. Sonication may be needed to
aid dissolution.
Standard solution: 0.0004 mg/mL of USP Triamcinolone Acetonide RS in Diluent. Sonication
may be needed to aid dissolution.
Sensitivity solution: 0.0002 mg/mL of USP Triamcinolone Acetonide RS in Diluent from
Standard solution
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between triamcinolone acetonide related compound B and
triamcinolone acetonide; NLT 1.5 between triamcinolone acetonide related compound C
and triamcinolone acetonide related compound B, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each degradation product in the portion of Injectable
Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of triamcinolone acetonide from the Standard solution
CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (mg/mL)
CU = nominal concentration of triamcinolone acetonide in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.
Table 2

Name
Triamcinolone
Triamcinolone acetonide related compound C
Triamcinolone acetonide related compound B
Triamcinolone acetonide
Any individual unspecified degradation product
Total degradation products
1S (USP42)

Relative
Retention
Time
0.2
0.7
0.8
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.2
0.2
0.2
—
0.2
0.8
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SPECIFIC TESTS
Change to read:
• Bacterial Endotoxins Test 〈85〉: It contains NMT 4.4 USP Endotoxin Units/mg of
triamcinolone acetonide.
Meets the requirements 1S (USP42)
Add the following:
• Sterility Tests 〈71〉: Meets the requirements 1S (USP42)
• pH 〈791〉: 5.0–7.5
• Injections and Implanted Drug Products 〈1〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, protected from light. Store at controlled room temperature. Do not freeze.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Triamcinolone Acetonide RS
USP Triamcinolone Acetonide Related Compound B RS
9-Fluoro-11,21-dihydroxy-16,17-[(1-methylethylidene)bis(oxy)]-(11β,16α)-pregna1,4,14-triene-3,20-dione.
C24 H29 FO6
432.48
USP Triamcinolone Acetonide Related Compound C RS
9-Fluoro-11,21,21-trihydroxy-16,17-[(1-methylethylidene)bis(oxy)]-(11β,16α)-pregna1,4-diene-3,20-dione.
C24 H31 FO7
450.50
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 4192
BRIEFING
Xylometazoline Hydrochloride, USP 41 page 4355. It is proposed to modernize this
monograph as follows:
1. Revise Identification A by adding Infrared Absorption 〈197K〉 and 〈197A〉 to allow
flexibility.
2. Replace Identification B by TLC with a retention time match based on the proposed
procedure in the Assay.
3. Add Identification C to identify the chloride counter ion based on Identification Tests—
General 〈191〉.
4. Widen the acceptance criteria in the Definition to be consistent with the HPLC
procedure proposed in the Assay.
5. Replace the titrimetric assay with a selective HPLC procedure in the Assay. The
proposed chromatographic procedure is based on the European Pharmacopoeia 8.2. The
procedure is based on validations performed with the Waters Symmetry Shield RP-18
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brand of column with L1 packing manufactured by Waters Corporation. Under the
chromatographic conditions, xylometazoline elutes at about 7 min.
6. Replace the TLC-based procedure in the Organic Impurities test with a selective HPLC
procedure which is identical to the proposed Assay. The limits for the impurities in the
proposal are identical to the limits in the European Pharmacopoeia 9.4.
7. Add USP Xylometazoline Related Compound A RS to the USP Reference Standards
section to support the proposed revision to the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: R. Ravichandran.)
Correspondence Number—C127674
Comment deadline: July 31, 2018
Xylometazoline Hydrochloride

C16 H24 N2 ·HCl

280.84

1H-Imidazole, 2-[[4-(1,1-dimethylethyl)-2,6-dimethylphenyl]methyl]-4,5-dihydro-,
monohydrochloride;
2-(4-tert-Butyl-2,6-dimethylbenzyl)-2-imidazoline monohydrochloride
[1218-35-5].
DEFINITION
Change to read:
Xylometazoline Hydrochloride contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0% 1S (USP42)
of xylometazoline hydrochloride (C16 H24 N2 ·HCl), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197M〉,
〈197K〉, or 〈197A〉 1S (USP42)
Change to read:
• B. The RF value of the principal spot of the Identification solution corresponds to that of
Standard solution A, as obtained under Organic Impurities, Procedure.
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The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
Add the following:
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride
Sample solution: 5 mg/mL of Xylometazoline Hydrochloride in water
Acceptance criteria: Meets the requirements of the silver nitrate precipitate test
1S (USP42)

ASSAY
Change to read:
• Procedure
Sample solution: 500 mg of Xylometazoline Hydrochloride in 70 mL glacial acetic acid
Analysis: To 70 mL of Sample solution add 10 mL of mercuric acetate TS, and titrate with
0.1 N perchloric acid VS, using a calomel–glass electrode system. Perform a blank
determination, and make any necessary correction (see Titrimetry 〈541〉). Each mL of 0.1
N perchloric acid is equivalent to 28.08 mg of C16 H24 N2 ·HCl.
Acceptance criteria: 99.0%–101.0% on the dried basis
Solution A: 1.4 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to a
pH of 3.0.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
5
20
35
37
45

Table 1
Solution A
(%)
70
70
15
15
70
70

Solution B
(%)
30
30
85
85
30
30

System suitability solution: 0.02 mg/mL each of USP Xylometazoline Hydrochloride RS
and USP Xylometazoline Related Compound A RS in water
Standard solution: 0.1 mg/mL of USP Xylometazoline Hydrochloride RS in water
Sample solution: 0.1 mg/mL of Xylometazoline Hydrochloride in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
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Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times are given in Table 2.]
Suitability requirements
Resolution: NLT 2.0 between xylometazoline related compound A and xylometazoline,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of xylometazoline hydrochloride (C16 H24 N2 ·HCl) in the portion of
Xylometazoline Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of xylometazoline from the Sample solution
rS = peak response of xylometazoline from the Standard solution
CS = concentration of USP Xylometazoline Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Xylometazoline Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

1S (USP42)

IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Change to read:
• Organic Impurities
Developing solvent system: Methanol and ammonium hydroxide (20:1)
Standard solutions: 100 µg/mL of USP Xylometazoline Hydrochloride RS in methanol; dilute
with methanol to obtain Standard solutions, designated below by letter, having the
following compositions:
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Dilution
(undiluted)
(4 in 5)
(3 in 5)
(2 in 5)
(1 in 5)

Concentration
(µg RS/mL)
100
80
60
40
20

Percentage
(%, for
comparison
with test
specimen)
0.5
0.4
0.3
0.2
0.1

Sample solution: 20 mg/mL of Xylometazoline Hydrochloride in methanol
Identification solution: 100 µg/mL from Sample solution in methanol
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Detection reagent: (1) 10 mg/mL of potassium iodide in water, and (2) 30 mg/mL of
soluble starch in boiling water. Just prior to use, mix 10 mL of each solution with 3 mL of
alcohol.
Application volume: 5 µL
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram until the solvent front has moved three-fourths of the length
of the plate. Remove the plate, and allow to dry under a current of warm air for at least
30 min. Expose the plate to chlorine gas for NMT 5 min, and air-dry until the chlorine has
dissipated (15 min). Spray the plate with Detection reagent, and immediately compare
the intensities of any secondary spots observed for the Sample solution with those of
the principal spots for the Standard solutions.
Acceptance criteria: The sum of the intensities of all secondary spots from the Sample
solution corresponds to NMT 1.0%.
Solution A, Solution B, Mobile phase, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.5 µg/mL of USP Xylometazoline Hydrochloride RS in water
Standard solution: 0.002 mg/mL of USP Xylometazoline Hydrochloride RS in water
Sample solution: 1.0 mg/mL of Xylometazoline Hydrochloride in water
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—The relative retention times are given in Table 2.]
Suitability requirements
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Resolution: NLT 2.0 between xylometazoline related compound A and xylometazoline,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Xylometazoline Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of xylometazoline from the Standard solution
CS = concentration of USP Xylometazoline Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Xylometazoline Hydrochloride in the Sample solution (mg/mL)
F = relative response factor for the corresponding impurity (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
Table 2
Relative
Retention
Name
Time
Xylometazoline related compound A
0.89
Xylometazoline
1.0
Any individual unspecified impurity
—
Total impurities
—

Relative
Response
Factor
0.67
—
—
—

1S (USP42)

SPECIFIC TESTS
Change to read:
• pH 〈791〉 5.0–6.6, in a solution (1 in 20)
Sample solution: 50 mg/mL of Xylometazoline Hydrochloride in water
Acceptance criteria: 5.0–6.6 1S (USP42)
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:

Acceptance
Criteria,
NMT (%)
0.2
—
0.10
0.5
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• USP Reference Standards 〈11〉
USP Xylometazoline Hydrochloride RS
USP Xylometazoline Related Compound A RS
N-(2-Aminoethyl)-2-[4-(tert-butyl)-2,6-dimethylphenyl]acetamide.
C16 H26 N2 O
262.39
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 4355
BRIEFING
Xylometazoline Hydrochloride Nasal Solution, USP 41 page 4355. It is proposed to
modernize this monograph as follows:
1. Replace the procedure in Identification A by TLC with a UV spectra match based on the
proposed procedure in the Assay.
2. Add Identification B with a retention time match based on the proposed procedure in
the Assay.
3. Replace the non-selective spectrometric procedure in the Assay, which uses a
chlorinated solvent, with a selective HPLC procedure. The proposed chromatographic
procedure is based on the European Pharmacopoeia 8.2. The procedure is based on
validations performed with the Waters Symmetry Shield RP-18 brand of column with L1
packing manufactured by Waters Corporation. Under the chromatographic conditions,
xylometazoline elutes at about 7 min.
4. Add a procedure in the test for Organic Impurities based on the selective HPLC
procedure which is identical to the proposed Assay. The limits for the impurities in the
proposal are consistent with International Council for Harmonisation (ICH) Q3B
guidelines.
5. Revise the Packaging and Storage section to include a storage temperature consistent
with the approved label.
6. Add a section for Microbial Enumeration Tests and Tests for Specified Microorganisms
with appropriate specifications which are consistent with Microbial Enumeration Tests
〈61〉 and Tests for Specified Microorganisms 〈62〉.
7. Add USP Xylometazoline Related Compound A RS to the USP Reference Standards
section to support the proposed revision to the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: R. Ravichandran.)
Correspondence Number—C178904
Comment deadline: July 31, 2018
Xylometazoline Hydrochloride Nasal Solution
DEFINITION
Xylometazoline Hydrochloride Nasal Solution is an isotonic solution of Xylometazoline

PF 44(3): May.-Jun. 2018

656

Hydrochloride in water. It contains NLT 90.0% and NMT 110.0% of the labeled amount of
xylometazoline hydrochloride (C16 H24 N2 ·HCl).
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatography
Diluent: Chloroform and methanol (1:1)
Standard solution: 1 mg/mL of USP Xylometazoline Hydrochloride RS in water. Transfer 10
mL of the solution into a suitable separator, add 2 mL of sodium carbonate solution (1 in
10), and extract with 10 mL of chloroform, filtering the extract through anhydrous sodium
sulfate. Evaporate the chloroform extract on a steam bath to dryness, and dissolve the
residue in 1 mL of Diluent.
Sample solution: Transfer 10 mL of Nasal Solution to a suitable separator, add 2 mL of
sodium carbonate solution (1 in 10), and extract with 10 mL of chloroform, filtering the
extract through anhydrous sodium sulfate. Evaporate the chloroform extract on a steam
bath to dryness, and dissolve the residue in 1 mL of Diluent.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 5 µL
Developing solvent system: Chloroform, methanol, and isopropylamine (92:3:3)
Spray reagent: 50 mg/mL of p-nitrobenzenediazonium tetrafluoroborate in water. Mix,
and filter.
Analysis
Samples: Standard solution and Sample solution
Apply the Samples to the TLC plate. Allow the spots to dry, and develop the
chromatogram in the Developing solvent system. Remove the plate from the developing
chamber, mark the solvent front, and allow the solvent to evaporate. Spray the plate
with the Spray reagent. Then spray the plate with sodium carbonate solution (1 in 10).
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
The UV spectrum of the xylometazoline peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. 1S (USP42)
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP42)
ASSAY
Change to read:
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• Procedure
Standard stock solution: 0.5 mg/mL of USP Xylometazoline Hydrochloride RS in water
Standard solution: 0.1 mg/mL of USP Xylometazoline Hydrochloride RS in methylene
chloride prepared as follows. Transfer 10.0 mL of the Standard stock solution to a 125-mL
separator; add 10 mL each of water and dilute hydrochloric acid (1 in 6), respectively;
and extract with three 10-mL portions of methylene chloride. Discard the methylene
chloride extracts, add 10 mL of sodium hydroxide solution (1 in 5) to the separator, and
extract with three 15-mL portions of methylene chloride. Filter the combined extracts
through glass wool into a 50-mL volumetric flask, dilute with methylene chloride to volume,
and mix.
Sample solution: Nominally 0.1 mg/mL of xylometazoline hydrochloride prepared as follows.
Transfer a measured volume of Nasal Solution, equivalent to 5 mg of xylometazoline
hydrochloride, to a 125-mL separator; add 10 mL each of water and dilute hydrochloric
acid (1 in 6), respectively; and extract with three 10-mL portions of methylene chloride.
Discard the methylene chloride extracts, add 10 mL of sodium hydroxide solution (1 in 5)
to the separator, and extract with three 15-mL portions of methylene chloride. Filter the
combined extracts through glass wool into a 50-mL volumetric flask, dilute with methylene
chloride to volume, and mix.
Instrumental conditions
Mode: Vis
Analytical wavelength: 565 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
Transfer 5.0 mL each of the Standard solution and the Sample solution, respectively, to
separate 10-mL volumetric flasks, and evaporate in a water bath maintained at 40°, with
the aid of a stream of nitrogen, to dryness. Dissolve the residue in 0.50 mL of dehydrated
alcohol, and add 0.50 mL of dehydrated alcohol to a third 10-mL volumetric flask to
provide a blank. Add 0.50 mL of sodium hydroxide solution (1 in 25) to each flask, swirl,
add 5.0 mL of sodium nitroferricyanide solution (1 in 200) to each flask, and mix. After 10
min, accurately timed, add 1.0 mL of a saturated solution of sodium bicarbonate to each
flask, swirl, and allow to stand for 10 min. Dilute each with water to volume, and allow to
stand for 15 min. Measure the absorbance of the resulting extract of the Standard
solution and the Sample solution against that of the blank.
Calculate the percentage of the labeled amount of xylometazoline hydrochloride
(C16 H24 N2 ·HCl) in the portion of Nasal Solution taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Xylometazoline Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of xylometazoline hydrochloride in the Sample solution
(mg/mL)
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Solution A: 1.4 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to a
pH of 3.0.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
5
20
35
37
45

Table 1
Solution A
(%)
70
70
15
15
70
70

Solution B
(%)
30
30
85
85
30
30

System suitability solution: 0.01 mg/mL each of USP Xylometazoline Hydrochloride RS
and USP Xylometazoline Related Compound A RS in water
Standard solution: 0.05 mg/mL of USP Xylometazoline Hydrochloride RS in water
Sample solution: Nominally 0.05 mg/mL of xylometazoline hydrochloride from a suitable
volume of Nasal Solution in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm. For Identification A, use a diode array detector in the range of
210–300 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times are given in Table 2.]
Suitability requirements
Resolution: NLT 2.0 between xylometazoline related compound A and xylometazoline,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of xylometazoline hydrochloride
(C16 H24 N2 ·HCl) in the portion of Nasal Solution taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak response of xylometazoline from the Sample solution
rS = peak response of xylometazoline from the Standard solution
CS = concentration of USP Xylometazoline Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of xylometazoline hydrochloride in the Sample solution
(mg/mL)
1S (USP42)

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.001 mg/mL of USP Xylometazoline Hydrochloride RS in water
Sensitivity solution: 0.5 µg/mL of USP Xylometazoline Hydrochloride RS from the Standard
solution in water
Sample solution: Nominally 0.5 mg/mL of xylometazoline hydrochloride from a suitable
volume of Nasal Solution in water
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—The relative retention times are given in Table 2.]
Suitability requirements
Resolution: NLT 2.0 between xylometazoline related compound A and xylometazoline,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Nasal Solution
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of xylometazoline from the Standard solution
CS = concentration of USP Xylometazoline Hydrochloride RS in the Standard solution
(mg/mL)
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CU =nominal concentration of xylometazoline hydrochloride in the Sample solution
(mg/mL)
F = relative response factor for the corresponding degradation product (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.10%.
Table 2
Relative
Retention
Name
Time
Xylometazoline related compound A
0.79
Xylometazoline
1.0
Any individual unspecified degradation
—
product
Total degradation products
—

Relative
Response
Factor
0.67
—
—
—

Acceptance
Criteria,
NMT (%)
0.2
—
0.2
0.5

1S (USP42)

SPECIFIC TESTS
• pH 〈791〉: 5.0–7.5
Add the following:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The
total aerobic microbial count does not exceed 102 cfu/g, and the total combined molds and
yeasts count does not exceed 101 cfu/g. It meets the requirements of the tests for
absence of Staphylococcus aureus and Pseudomonas aeruginosa. 1S (USP42)
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature. 1S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Xylometazoline Hydrochloride RS
USP Xylometazoline Related Compound A RS
N-(2-Aminoethyl)-2-[4-(tert-butyl)-2,6-dimethylphenyl]acetamide.
C16 H26 N2 O
262.39
1S (USP42)

Recent Official Publications:
USP41–NF36 Page 4355
BRIEFING
Astaxanthin Esters, USP 41 page 4446. On the basis of comments received, it is proposed
to add a test for Limit of Benzo[a]pyrene (BaP), Benzo[b]fluoranthene (BbF),
Benzo[a]anthracene (BaA), and Chrysene (CHR). The new test is based on analyses performed
with the Agilent Select PAH brand of capillary column, coated with phase G51. The typical
retention times for benzo[a]anthracene (BaA), chrysene (CHR), benzo[b]fluoranthene (BbF),
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and benzo[a]pyrene (BaP) are about 11.2, 11.4, 13.8, and 15.1 min, respectively. The typical
retention times for the corresponding internal standards, BaA-d12 , CHR-d12 , BbF-d12 , and BaPd12 are about 11.1, 11.4, 13.7, and 15.0 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: H. Dinh.)
Correspondence Number—C201325
Comment deadline: July 31, 2018
Astaxanthin Esters
Astaxanthin esters;
Astaxanthin fatty acid esters;
Fatty acid esters of (3S,3′S)-3,3′-dihydroxy-β,β-carotene-4,4′-dione.
DEFINITION
Astaxanthin Esters is obtained by extraction with either supercritical carbon dioxide or
acetone from cultures of Haematococcus pluvialis. It consists mainly of 3S,3′S
stereoisomers of astaxanthin in the monoester, diester, and free forms. The monoester form
is the most abundant, followed by the diester form. The free form is a minor component.
Suitable antioxidants may be added. It contains NLT 5% of total astaxanthin, calculated as
free astaxanthin on the anhydrous basis.
IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution: 10 mg/mL of USP Astaxanthin Esters from Haematococcus pluvialis RS
in acetone
Sample solution: 10 mg/mL of Astaxanthin Esters in acetone
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture. Dry the adsorbent at
110° for 1 h before use.
Application volume: 5 µL
Developing solvent system: Hexane and acetone (70:30)
System suitability
Sample: Standard solution
Suitability requirements: The chromatogram of the Standard solution exhibits three
clearly separated zones, with astaxanthin diester having the highest RF value, followed
by astaxanthin monoester (the most intense) and free astaxanthin (the least intense).
Analysis
Samples: Standard solution and Sample solution
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Develop the chromatogram in the Developing solvent system until the solvent front has
moved about three-fourths of the length of the plate. Remove the plate from the
chamber, and dry in a current of air. Examine the plates under white light.
Acceptance criteria: The Sample solution exhibits three main zones corresponding in RF
value to those obtained from the Standard solution. The zone in the middle (monoester) is
the most intense, and the zone with the lower RF is the least intense.
• B. HPLC: The Sample solution exhibits three major peaks with the retention times
corresponding to those of 13-cis-astaxanthin, all-trans-astaxanthin, and 9-cis-astaxanthin
peaks in the Standard solution, as obtained in the Assay for Content of Total Astaxanthin.
ASSAY
Change to read:
• Content of Total Astaxanthin
[Note—Astaxanthin determined by this method is total astaxanthin, including the free
astaxanthin, the monoester, and the diester.]
Buffer solution: Dissolve 6.06 g of tris(hydroxymethyl)aminomethane in 750 mL of water,
adjust with 1 N hydrochloric acid to a pH of 7.0, and dilute with water to 1000 mL.
Cholesterol esterase solution: 4 Units/mL of cholesterol esterase1 in Buffer solution.
Prepare fresh daily.
Solution A: Methanol
Solution B: t-Butylmethylether
Solution C: Phosphoric acid, 1% aqueous
Mobile phase: See Table 1.
Time
(min)
0
15
23
27
27.1
35

Table 1
Solution A
Solution B
(%)
(%)
81
15
66
30
16
80
16
80
81
15
81
15

Solution C
(%)
4
4
4
4
4
4

Internal standard solution: 37.5 µg/mL of USP Apocarotenal RS in acetone
Standard stock solution: Transfer 30 mg of USP Astaxanthin Esters from Haematococcus
pluvialis RS to a 100-mL volumetric flask. Dissolve in 30 mL of acetone, shake by
mechanical means, and dilute with acetone to volume.
Standard solution: Combine 2.0 mL of the Standard stock solution and 1.0 mL of the
Internal standard solution in a glass centrifuge tube. Add 3.0 mL of Cholesterol esterase
solution to the tube, and mix gently by inversion. Place the tube in a block heater set to
37°, and allow the reaction to continue for 45 min, gently and slowly inverting the tube
every 10 min. After 45 min, add 1 g of sodium sulfate and 2 mL of petroleum ether to the
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tube. Mix on a vortex mixer for 30 s, and then centrifuge at 3000 rpm for 3 min. Carefully
transfer the petroleum ether layer to a 10-mL glass centrifuge tube containing 1 g of
anhydrous sodium sulfate. Be careful to avoid pipetting the intermediate emulsive layer.
Evaporate the petroleum ether layer using a vacuum or a stream of inert gas at room
temperature. Add 3 mL of acetone, sonicate, and filter the mixture. The filtered solution is
the Standard solution.
Sample stock solution: Warm a quantity of the sample in a water bath at 50°–60° for 30
min. Shake the sample well at 10-min intervals. After 30 min, transfer 30 mg of the sample
to a 100-mL volumetric flask. Dissolve in 30 mL of acetone, shake by mechanical means,
and dilute with acetone to volume.
Sample solution: Combine 2.0 mL of the Sample stock solution and 1.0 mL of the Internal
standard solution in a glass centrifuge tube. Add 3.0 mL of Cholesterol esterase solution
to the tube, and mix gently by inversion. Place the tube in a block heater set to 37°, and
allow the reaction to continue for 45 min, gently and slowly inverting the tube every 10
min. After 45 min, add 1 g of sodium sulfate and 2 mL of petroleum ether to the tube. Mix
on a vortex mixer for 30 s, and then centrifuge at 3000 rpm for 3 min. Carefully transfer
the petroleum ether layer to a 10-mL glass centrifuge tube containing 1 g of anhydrous
sodium sulfate. Be careful to avoid pipetting the intermediate emulsive layer. Evaporate
the petroleum ether layer using a vacuum or a stream of inert gas at room temperature.
Add 3 mL of acetone, sonicate, and filter the mixture. The filtered solution is the Sample
solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 474 nm
Column: YMC Carotenoid,
1S (USP42)

4.6-mm × 25-cm; 5-µm packing L62
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—See Table 2 for approximate relative retention times.]
Table 2

Name
13-cis-Astaxanthin
all-trans-Astaxanthin
9-cis-Astaxanthin
Apocarotenal (internal standard)
Suitability requirements

Relative
Retention
Time
0.9
1.0
1.4
1.7

Relative
Response
Factor
1.3
1.0
1.1
—
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Chromatogram similarity: The chromatogram of the Standard solution is similar to
the reference chromatogram provided with the lot of USP Astaxanthin Esters from
Haematococcus pluvialis RS being used.
Resolution: NLT 2.0 between 13-cis-astaxanthin and all-trans-astaxanthin
Relative standard deviation: NMT 2.0% for all-trans-astaxanthin
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of total astaxanthin content in the portion of sample taken:
Result = (RU/RS) × (CS/CU) × P
RU = [(1.3 × the peak area of 13-cis-astaxanthin + the peak area of all-transastaxanthin + 1.1 × the peak area of 9-cis-astaxanthin)/the peak area of the
internal standard] from the Sample solution
RS = [(1.3 × the peak area of 13-cis-astaxanthin + the peak area of all-transastaxanthin + 1.1 × the peak area of 9-cis-astaxanthin)/the peak area of the
internal standard] from the Standard solution
CS = concentration of USP Astaxanthin Esters from Haematococcus pluvialis RS in the
Standard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL)
P = labeled amount of total astaxanthin as free astaxanthin in the USP Astaxanthin
Esters from Haematococcus pluvialis RS (%)
Acceptance criteria: NLT 5% of total astaxanthin, calculated as free astaxanthin on the
anhydrous basis
CONTAMINANTS
• Elemental Impurities—Procedures 〈233〉
Acceptance criteria
Arsenic: NMT 2.0 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 1.0 µg/g
Mercury: NMT 1.0 µg/g
Add the following:
• Limit of Benzo[a]pyrene (BaP), Benzo[b]fluoranthene (BbF), Benzo[a]anthracene
(BaA), and Chrysene (CHR)
Internal standard stock solution: 10 µg/mL each of BaP-d12 -isooctane,2 BbF-d12 isooctane,2 BaA-d12 -isooctane,2 and CHR-d12 -toluene-d8 2 in n-hexane
Internal standard solution: 0.1 µg/mL each of BaP-d12 -isooctane, BbF-d12 -isooctane,
BaA-d12 -isooctane, and CHR-d12 -toluene-d8 in n-hexane, by serially diluting the Internal
standard stock solution with n-hexane
Standard stock solution: 0.1 µg/mL each of BaP-dichloromethane,3 BbF-acetone,3 BaAdichloromethane,3 and CHR-dichloromethane3 in n-hexane
Standard solution: 0.01 µg/mL each of BaP-dichloromethane, BbF-acetone, BaA-
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dichloromethane, and CHR-dichloromethane in n-hexane, by serially diluting the Standard
stock solution with n-hexane
Working standard solutions: See Table 3.
Table 3
Volume Taken (mL)

Working
Standard
Concentration
(ng/mL)
10
5
2
1
0.5

Standard
Stock
Solution
2
1
—
—
—

Standard
Solution
—
—
4
2
1

Internal
Standard
Solution
2
2
2
2
2

Final
Volume
after
Dilution
with
nHexane
(mL)
20
20
20
20
20

Sample solution: Transfer 1 g of Astaxanthin Esters to a suitable refluxing flask. Add 100
µL of the Internal standard solution, 10 mL of water, 5 g of potassium hydroxide, and 80
mL of ethanol. The mixture is refluxed at 90° for 1 h. Cool, filter the solution through glass
wool, and collect the filtrate in a suitable separator. Add 100 mL each of water and nhexane to the separator, and shake for 10 min. Transfer the upper layer (hexane extract)
to a second separator. Add 50 mL of n-hexane to the first separator and repeat the
extraction again. Combine the upper layer with the extract in the second separator. Wash
the combined extracts twice, each with 50 mL of water. Pass the washed extracts
through anhydrous sodium sulfate to remove water. Evaporate the extracts to dryness
using a stream of nitrogen. Dissolve the residue in 100 mL of n-hexane. Transfer this
solution to a separator. Add 50 mL of dimethyl sulfoxide (DMSO) to the separator and
shake it for 10 min. Transfer the lower layer to a second separator. Repeat the extraction
with the solution in the first separator two more times. Combine the second and third
extracts with the first extract in the second separator. To the combined extracts add 150
mL of sodium chloride solution (1 in 75), mix, and allow to cool. Add 50 mL of n-hexane to
the extracts and shake the separator for 10 min. Transfer the upper layer to a third
separator. Repeat the hexane extraction two more times. Combine the second and third
extracts with the first extract in the third separator. Wash the combined extracts twice
with 150 mL of water each time. Pass the washed extracts through anhydrous sodium
sulfate to remove water. Evaporate the extracts to dryness using a stream of nitrogen.
Dissolve the residue in 10 mL of n-hexane. Quantitatively transfer this solution to a
chromatographic column (prepared by packing 5 g of silica gel in a brown glass column and
wash with 30 mL of n-hexane), wash the column with 20 mL of n-hexane, and then elute
the sample with 90 mL of a mixture of n-hexane and acetone (99:1). Evaporate the eluant
to dryness with a stream of nitrogen, and dissolve the residue in 1 mL of n-hexane.
Quantitatively transfer this solution to a molecular imprinted polymer cartridge that has
been prewashed with 1 mL of cyclohexane. Wash the cartridge three times with 1 mL of
n-hexane each time. Elute the sample with 4 mL of ethyl acetate. Evaporate the eluant to
dryness with a stream of nitrogen, and dissolve the residue in 1.0 mL of n-hexane. This is
the Sample solution.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability and Mass Spectrometry 〈736〉.)
Mode: GC
Detector: Mass spectrometer, electron energy 70 eV
Ionization method: Electron impact (EI)
Column: 0.15-mm × 15-m capillary; coated with a 0.1-µm film of phase G51
Temperatures
Injection port: 320°
Ion source: 300°
Transfer line: 320°
Column: See Table 4.
Table 4
Initial
Temperature
(°)
100
230
280

Temperature
Ramp
(°/min)
50
50
30

Final
Temperature
(°)
230
280
350

Hold Time
at Final
Temperature
(min)
7
7
10

Carrier gas: Helium
Flow rate: 1.2 mL/min
Injection volume: 2 µL
Injection type: Pulsed splitless
Pulse pressure: 400 kPa
Pulse time: 2 min
Solvent delay: 9.2 min
System suitability
Sample: Standard solution
[Note—The relative retention times for benzo[a]anthracene (BaA), chrysene (CHR),
benzo[b]fluoranthene (BbF), and benzo[a]pyrene (BaP) are about 1.00, 1.02, 1.23, and
1.35 min, respectively.]
Suitability requirements
Resolution: NLT 1.5 between benzo[a]anthracene and chrysene
Analysis
Samples: Working standard solutions and Sample solution
Use the following monitoring ions for peak detection:
m/z 254: BbF-d12 and BaP-d12
m/z 252 and 253: BbF and BaP
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m/z 240: BaA-d12 and CHR-d12
m/z 228 and 229: BaA and CHR
Construct a calibration curve for each BaP, BbF, BaA, and CHR standard by plotting the
concentrations of the Working standard solutions versus the ratios of the peak response
of the BaP, BbF, BaA, or CHR standard to that of the internal standard. Calculate the
slope and y-intercept for each standard calibration curve using linear regression analysis.
Separately calculate the content of BaP, BbF, BaA, and CHR in the portion of Astaxanthin
Esters taken:
Result = [(RU − Y)/S] × (V/W)
RU = ratio of the peak response of BaP, BbF, BaA, or CHR to that of the internal standard
from the Sample solution
Y = y-intercept of the calibration curve for BaP, BbF, BaA, or CHR from the Working
standard solutions
S = slope of the calibration curve for BaP, BbF, BaA, or CHR from the Working standard
solutions
V = total volume used to dissolve the sample (mL)
W = weight of the sample (g)
Acceptance criteria
Benzo[a]pyrene: NMT 2 ppb
Sum of benzo[a]pyrene, benzo[b]fluoranthene, benzo[a]anthracene, and
chrysene: NMT 10 ppb
1S (USP42)

• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 103
cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
• Pheophorbide Content
Solution A: 50 mg/mL of sodium sulfate
Solution B: Saturated solution of sodium sulfate
Sample stock solution: Transfer 100 mg of the sample to a 10-mL test tube, add 10 mL of
acetone, and dissolve with sonication. Quantitatively transfer this solution to a separatory
funnel, rinsing the test tube three times with 10-mL portions of acetone and adding the
rinsings to the funnel. Add 30 mL of ethyl ether to the separatory funnel, followed by 50
mL of Solution A. Mix the contents of the separatory funnel by shaking gently, then draw
off and discard the lower layer. Repeat washing with Solution A three times. Dehydrate
the remaining extract with anhydrous sodium sulfate, then transfer the extract to a 50-mL
volumetric flask, and dilute with ethyl ether to volume.
Sample solution: Transfer 20 mL of the Sample stock solution to a small beaker. Add 20
mL of 17% hydrochloric acid, and mix the solution vigorously. Transfer the hydrochloric
acid layer to a separatory funnel, and repeat the extraction with a second 10-mL portion
of 17% hydrochloric acid, adding the hydrochloric acid layer to the separatory funnel. Add
150 mL of Solution B, 20 mL of ethyl ether, and mix the contents of the separatory funnel
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by shaking. Transfer the ethyl ether layer to a 20-mL volumetric flask, and dilute with
ethyl ether to volume.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 667 nm
Cell path: 1 cm
Blank: Ethyl ether
Analysis
Sample: Sample solution
Calculate the percentage of pheophorbide in the portion of sample taken:
Result = A/(C × F)
A = absorbance of the Sample solution
C = concentration of the Sample solution (g/mL)
F = coefficient of extinction (ε1% ) of pure pheophorbide in ethyl ether (100
mL·g−1·cm−1), 702
Acceptance criteria: NMT 0.02%
SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Apocarotenal RS
trans-beta-Apo-8′-carotenal.
C30 H40 O
USP Astaxanthin Esters from Haematococcus pluvialis RS
1 Use Wako Pure C hemicals catalog #037-11221, available from www.wakousa.com; Sigma catalog #C 9281,
available from www.sigmaaldrich.com; or equivalent.
2 Use Supelco C ertified Reference Material, available from www.sigmaaldrich.com, or equivalent.

1S (USP42)

3 Use Polycyclic Aromatic Hydrocarbon (PAH) Standards and Standard Mixtures, available from
www.isotope.com/products/index.cfm, or equivalent. 1S (USP42)

Recent Official Publications:
USP41–NF36 Page 4446
BRIEFING
Creatine, PF 41(6) [Nov.–Dec. 2015]. On the basis of comments received, the previous
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proposal for a new monograph has been canceled and is replaced by a new proposal with the
following changes:
1. Replace the HPLC procedure in the Assay with an HPLC procedure that is better in terms
of precision and accuracy and capable of detecting dihydrotriazine, a very highly toxic
process-related impurity. The HPLC method is based on analyses performed with the
Macherey-Nagel Nucleosil® SA brand of column with L9 packing. The typical retention
times for dicyandiamide, creatine, dihydrotriazine, and creatinine are 2.9, 3.5, 4.7, and
7.3 min, respectively.
2. Replace the test for Related Compounds with two procedures for Process-Related
Impurities in which the analyst can choose to perform either Procedure 1 or Procedure
2, depending on the manufacturing process from which the test article was obtained.
Procedure 1 uses the chromatographic system described in the Assay; Procedure 2 uses
the HPLC procedure proposed in PF 41(6), which is based on analyses performed with
the Agilent Zorbax SiL brand of column with L3 packing. The typical retention times for
creatinine and creatine are 3.8 and 13.4 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: H. Dinh.)
Correspondence Number—C199157
Comment deadline: July 31, 2018
Add the following:
Creatine

C4 H9 N3 O2 ·H2 O

149.15

Glycine, N-(aminoiminomethyl)-N-methyl-, monohydrate;
N-Carbamimidoyl-N-methylglycine monohydrate
[6020-87-7].
C4 H9 N3 O2
131.14
Anhydrous

[57-00-1].

DEFINITION
Creatine contains one molecule of water of hydration. It contains NLT 98.0% and NMT
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102.0% of creatine (C4 H9 N3 O2 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Dissolve 23 g of monobasic ammonium phosphate in 1 L of water and adjust
with phosphoric acid to a pH of 4.0.
Diluent: Water
System suitability solution: 0.1 mg/mL of USP Creatine RS, 0.1 mg/mL of USP Creatinine
RS, and 0.002 mg/mL of dicyandiamide1 in Diluent
Standard solution: 2.5 mg/mL of USP Creatine RS in Diluent
Sample solution: 2.5 mg/mL of Creatine in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.0-mm × 25-cm; 5-µm packing L9
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for dicyandiamide, creatine, and creatinine are about
0.8, 1.0, and about 2.0, respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 2.0 between dicyandiamide and creatine, System suitability solution
Column efficiency: NLT 1000 theoretical plates, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of creatine (C4 H9 N3 O2 ) in the portion of Creatine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of creatine from the Sample solution
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rS = peak response of creatine from the Standard solution
CS = concentration of USP Creatine RS in the Standard solution (mg/mL)
CU = concentration of Creatine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
• Chloride and Sulfate 〈221〉, Sulfate
Standard solution: 0.10 mL of 0.020 M sulfuric acid
Sample: 200 mg of Creatine
Acceptance criteria: NMT 0.1%
PROCESS-RELATED IMPURITIES
[Note—On the basis of information regarding the manufacturing process, perform either
Procedure 1 or Procedure 2.]
• Procedure 1
Mobile phase, Diluent, System suitability solution, Chromatographic system, and
System suitability: Proceed as directed in the Assay.
Standard solution: 2.5 µg/mL of USP Creatine RS and 2.5 µg/mL of USP Creatinine RS in
Diluent
Sample solution: 2.5 mg/mL of Creatine in Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of creatinine (C4 H7 N3 O) in the portion of Creatine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of creatinine from the Sample solution
rS = peak response of creatinine from the Standard solution
CS = concentration of USP Creatinine RS in the Standard solution (mg/mL)
CU = concentration of Creatine in the Sample solution (mg/mL)
Separately calculate the percentage of dicyandiamide and dihydrotriazine in the portion of
Creatine taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of dicyandiamide or dihydrotriazine from the Sample solution
rS = peak response of creatine from the Standard solution
CS = concentration of USP Creatine RS in the Standard solution (mg/mL)
CU = concentration of Creatine in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
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Calculate the percentage of any unspecified impurity in the portion of Creatine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified impurity from the Sample solution
rS = peak response of creatine from the Standard solution
CS = concentration of USP Creatine RS in the Standard solution (mg/mL)
CU = concentration of Creatine in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.

Name
Dicyandiamide
Creatine
Dihydrotriazine
Creatinine
Any unspecified impurity
Total unspecified impurities
Total impurities

Table 1
Relative
Retention
Time
0.8
1.0
1.3
2.0
—
—
—

Relative
Response
Factor
68.5
1.0
44.5
—
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.1
—
0.0005
0.1
0.1
1.5
2.0

[Note—On the basis of information regarding the manufacturing process, perform either
Procedure 1 or Procedure 2.]
• Procedure 2
Buffer solution: 10 mM of monobasic sodium phosphate in water
Mobile phase: Acetonitrile and Buffer solution (83:17)
Diluent: Acetonitrile and water (50:50)
System suitability solution: 0.05 mg/mL of USP Creatine RS, 0.02 mg/mL of USP
Creatinine RS, and 2 mg/mL of urea
Standard solution: 2 µg/mL of USP Creatine RS and 2 µg/mL of USP Creatinine RS in
Diluent
Sample solution: 2 mg/mL of Creatine in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 208 nm
Column: 4.6-mm × 15-cm; 5-µm packing L3
Column temperature: 30°
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
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Sample: System suitability solution
[Note—The relative retention times for urea, creatinine, and creatine are 0.15, 0.30, and
1.0, respectively.]
Suitability requirements
Resolution: NLT 3.0 between urea and creatinine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of creatinine (C4 H7 N3 O) in the portion of Creatine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of creatinine from the Sample solution
rS = peak response of creatinine from the Standard solution
CS = concentration of USP Creatinine RS in the Standard solution (mg/mL)
CU = concentration of Creatine in the Sample solution (mg/mL)
Separately calculate the percentage of dicyandiamide, urea, and sarcosine in the portion of
Creatine taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of dicyandiamide, urea, or sarcosine from the Sample solution
rS = peak response of creatine from the Standard solution
CS = concentration of USP Creatine RS in the Standard solution (mg/mL)
CU = concentration of Creatine in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Calculate the percentage of any unspecified impurity in the portion of Creatine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of unspecified impurity from the Sample solution
rS = peak response of creatine from the Standard solution
CS = concentration of USP Creatine RS in the Standard solution (mg/mL)
CU = concentration of Creatine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
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Table 2
Relative
Retention
Time
0.11
0.15
0.28
0.73
1.0
—
—

Relative
Response
Factor
3.0
0.016
—
0.016
—
1.0
—

Acceptance
Criteria,
NMT (%)
0.1
0.1
0.1
0.1
—
0.1
2.0

SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
Acceptance criteria: 10.5%–12.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: If Procedure 2 for Process-Related Impurities is used, then the labeling states
that the article complies with Process-Related Impurities, Procedure 2.
• USP Reference Standards 〈11〉
USP Creatine RS
USP Creatinine RS
1S (USP42)

1 Use AC S reagent grade.

BRIEFING
Cyanocobalamin Chewable Gels. A new monograph is being proposed. For the liquid
chromatographic procedures used in Strength, Method 1 is performed with the Agilent Zorbax
SB-Aq brand of column with L96 packing and Method 2 is performed with the Agilent Zorbax
RRHD SB-C18 brand of column with L1 packing. The typical retention times for cyanocobalamin
are 5 and 8.5 min for Method 1 and Method 2, respectively.
(NBDS: N. Davydova.)
Correspondence Number—C185598
Comment deadline: July 31, 2018
Add the following:
Cyanocobalamin Chewable Gels
DEFINITION
Cyanocobalamin Chewable Gels contain NLT 90.0% and NMT 150.0% of the labeled amount of
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cyanocobalamin (C63 H88 CoN14 O14 P).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Strength, Method 1 or Method 2.
STRENGTH
[Note—The requirements may be met by following any one of the methods specified in this
section. The method used is stated in the labeling only if Method 1 is not used.]
• Method 1
[Note—Protect all samples from light. Use cryogenic gloves when handling liquid nitrogen.]
Solution A: 0.1% formic acid in water
Solution B: 0.1% formic acid in acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
7.0
8.0
9.0
10.0

Table 1
Solution A
(%)
98.0
80.0
65.0
65.0
98.0

Solution B
(%)
2.0
20.0
35.0
35.0
2.0

System suitability solution: Dissolve 5 mg of USP Cyanocobalamin RS in 10 mL of water,
warming if necessary. Allow to cool. Add 1 mL of a 1.0-mg/mL solution of tosylchloramide
sodium, 0.5 mL of 0.01 M hydrochloric acid, and then dilute with water to 25 mL. Shake
and allow to stand for 5 min. Dilute with Solution A to 1 µg/mL of cyanocobalamin, and
inject immediately. [Note—This procedure generates 7β,8β-lactocyanocobalamin, which
has a retention time near that of cyanocobalamin.]
Standard solution: 1 µg/mL of cyanocobalamin from USP Cyanocobalamin RS in water
Sample solution: Immerse 25–30 Chewable Gels in liquid nitrogen in a cryogenic vessel for
10 min. Cool a blender jar by swirling liquid nitrogen for about 1 min and discard. Add
frozen Chewable Gels to the cooled blender jar, and grind to a fine powder. Transfer a
portion of the powder, nominally equivalent to 25 µg of cyanocobalamin, into a 50-mL
centrifuge tube. [Note—Proceed to the next step immediately or keep the powdered
Chewable Gels frozen until use.]
Add 200 mg of pancreatin and 25.0 mL of water, accurately measured, and mix on a vortex
mixer for 30 s. Shake on a water bath shaker at 40° until complete dissolution (about 10
min). Cool to room temperature, add 10 mL of methylene chloride, and mix on a vortex
mixer until well mixed. Shake on a horizontal shaker for 15 min. Centrifuge the sample at
2000 rpm for 5 min. Pass a portion of the top aqueous layer through a 0.2-µm nylon filter,
and discard the first few milliliters of the filtrate.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 361 nm
Column: 2.1-mm × 5-cm; 1.8-µm packing L96
Column temperature: 25°
Flow rate: 0.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between the cyanocobalamin peak and the nearby peak of 7β,8βlactocyanocobalamin, System suitability solution. [Note—Use Strength, Method 2 if
unresolved nearby peaks are observed.]
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P) in
the portion of Chewable Gels taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of cyanocobalamin from the Sample solution
rS = peak area of cyanocobalamin from the Standard solution
CS = concentration of cyanocobalamin in the Standard solution (µg/mL)
CU = nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0%
• Method 2
[Note—Protect all samples from light. Use cryogenic gloves when handling liquid nitrogen.]
Solution A, Solution B, System suitability solution, Standard solution, Sample
solution, and Analysis: Proceed as directed in Strength, Method 1.
Mobile phase: See Table 2.
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Time
(min)
0
13
14.5
16.0
17.0
20.0

Table 2
Solution A
(%)
98.0
80.0
65.0
65.0
98.0
98.0

Solution B
(%)
2.0
20.0
35.0
35.0
2.0
2.0

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 361 nm
Column: 2.1-mm × 10-cm; 1.8-µm packing L1
Column temperature: 30°
Flow rate: 0.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between the cyanocobalamin peak and the nearby peak of 7β,8βlactocyanocobalamin, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Acceptance criteria: 90.0%–150.0%
PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Dissolution
Buffer: Mix 95 mL of 0.1 M citric acid monohydrate and 405 mL of 0.1 M sodium citrate
dihydrate, dilute with water to 1000 mL, and mix. Adjust with either 0.1 M hydrochloric
acid or 0.1 M sodium hydroxide solution to a pH of 6.0.
Medium: Buffer; 500 mL
Apparatus 2: 50 rpm
Time: 30 min
Standard solution: Relevant concentration of cyanocobalamin from USP Cyanocobalamin
RS in Medium
Sample solution: Withdraw a portion of the solution under test, pass through a 0.2-µm
nylon membrane filter, and use the pooled sample as the test specimen.
Analysis: Proceed as directed in Strength, Method 1 or Method 2, making any necessary
modifications.
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P)
dissolved:
Result = (rU/rS) × (CS × V/L) × 100
rU = peak area of cyanocobalamin from the Sample solution
rS = peak area of cyanocobalamin from the Standard solution
CS = concentration of cyanocobalamin in the Standard solution (µg/mL)
V = volume of Medium, 500 mL
L = label claim of cyanocobalamin (µg/Chewable Gel)
Tolerances: NLT 75% of the labeled amount of cyanocobalamin is dissolved.
• Weight Variation 〈2091〉, Tablets, Uncoated Tablets and Film-Coated Tablets: Meet the
requirements
SPECIFIC TESTS
• pH 〈791〉
Sample solution: Cut the Chewable Gels into small pieces. Transfer about 15 g of the cut
Chewable Gels into a 50-mL centrifuge tube, add 15 g of hot (80°–90°) water, and close
the cap. Put the centrifuge tube into a shaker water bath at 55°. Shake for 50–60 min or
until all of the Chewable Gels are dissolved. Cool to 30° and measure the pH.
Acceptance criteria: NMT 4.5
• Water Activity
Sample: Slice the Chewable Gels into pieces about 2 mm thick.
Analysis: Measure the water activity by using the Official Methods of Analysis of AOAC
International, No. 978.18.
Acceptance criteria: NMT 0.75
CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count does not exceed 103
cfu/g, and the total combined yeasts and molds count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers; protect from heat.
• Labeling: The label states the quantity of cyanocobalamin in µg/Chewable Gel. The Strength
method used to determine compliance is stated in the labeling, if different from Method 1.
• USP Reference Standards 〈11〉
USP Cyanocobalamin RS
1S (USP42)

BRIEFING
Omega-3 Free Fatty Acids. A new USP monograph for this dietary ingredient is being
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proposed. A similar ingredient with different specifications has been approved as a drug by FDA
under a different USAN name. Omega-3 Carboxylic Acids, as approved by USAN, is reserved for
that article. The gas chromatographic procedure in the test for Content of EPA, DHA, and Total
Omega-3 Free Fatty Acids is based on analyses performed with the Restek Stabilwax brand of
column coated with phase G16. The typical retention times for alpha-linolenic acid methyl
ester, moroctic acid methyl ester, eicosatetraenoic acid methyl ester, eicosapentaenoic acid
methyl ester, heneicosapentaenoic acid methyl ester, docosapentaenoic acid methyl ester, and
docosahexaenoic acid methyl ester are about 12.0, 15.3, 16.3, 16.8, 19.1, 21.3, and 21.9 min,
respectively.
(NBDS: H. Dinh.)
Correspondence Number—C168807
Comment deadline: July 31, 2018
Add the following:
Omega-3 Free Fatty Acids
DEFINITION
Omega-3 Free Fatty Acids is a mixture of omega-3 acids in their free form. It consists mainly
of alpha-linolenic acid (C18:3 n−3), moroctic acid (C18:4 n−3), eicosatetraenoic acid
(C20:4 n−3), eicosapentaenoic acid (EPA) (C20:5 n−3), heneicosapentaenoic acid (C21:5
n−3), docosapentaenoic acid (C22:5 n−3), and docosahexaenoic acid (DHA) (C22:6 n−3). It
contains NLT 80% (w/w) of total omega-3 free fatty acids. It contains NLT 45% (w/w) and
NMT 65% (w/w) of EPA, and NLT 10% (w/w) and NMT 30% (w/w) of DHA. Suitable
antioxidants in appropriate concentrations may be added.
IDENTIFICATION
• A. The retention times of the peaks of eicosapentaenoic acid methyl ester and
docosahexaenoic acid methyl ester of the Sample solution correspond to those of the
respective compounds of the Standard solution, as obtained in the test for Content of EPA,
DHA, and Total Omega-3 Free Fatty Acids.
• B. It meets the Acceptance criteria in the test for Content of EPA, DHA, and Total Omega-3
Free Fatty Acids.
COMPOSITION
• Content of EPA, DHA, and Total Omega-3 Free Fatty Acids
System suitability solution 1: Transfer 250 mg of USP Omega-3 Free Fatty Acids RS and
70 mg of USP Methyl Tricosanoate RS (internal standard) to a 100-mL flask suitable for
heating under reflux. Add 8 mL of a 2% (w/v) solution of sodium hydroxide in methanol to
the flask. Heat the mixture under reflux while stirring until the sample is dissolved. Add
through the reflux condenser 10 mL of 14% boron trichloride–methanol solution. Continue
to reflux the solution for NLT 2 min, and then cool to room temperature in a water bath.
Add 10 mL of n-hexane and then 20–30 mL of 10% (w/v) sodium chloride solution. Cap the
flask and shake vigorously for NLT 30 s. Allow the layers to separate and dry the upper
layer over anhydrous sodium sulfate before analysis.
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System suitability solution 2: Transfer 55 mg of docosahexaenoic acid methyl ester and
about 5 mg of tetracos-15-enoic acid methyl ester, accurately weighed, to a 10-mL
volumetric flask. Dissolve in and dilute with n-hexane to volume.
Standard solution: Transfer 70 mg of USP Methyl Tricosanoate RS (internal standard),
60.0 mg of USP Docosahexaenoic Acid RS, and 90.0 mg of USP Eicosapentaenoic Acid RS
to a 100-mL flask suitable for heating under reflux. Prepare as directed for System
suitability solution 1 starting with “Add 8 mL”.
Sample solution: Prepare as directed for System suitability solution 1 except replace the
USP Omega-3 Free Fatty Acids RS with Omega-3 Free Fatty Acids.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 25-m; coated with a 0.20-µm film of phase G16
Temperatures
Injection port: 250°
Detector: 270°
Column: See Table 1.
Table 1

Initial
Temperature
(°)
170

Hold
Time
at
170°
(min)
2

Temperature
Ramp
(°/min)
3

Final
Temperature
(°)
240

Hold Time
at Final
Temperature
(min)
2.5

Carrier gas: Helium
Flow rate: 1 mL/min
Injection volume: 1 µL
Injection type: Split; split ratio, 200:1
System suitability
Samples: System suitability solution 1, System suitability solution 2, and Standard
solution
[Note—The relative retention times for docosahexaenoic acid methyl ester and tetracos15-enoic acid methyl ester from System suitability solution 2 are 1.0 and about 1.01,
respectively. The relative retention times for eicosapentaenoic acid methyl ester, methyl
tricosanoate (internal standard), and docosahexaenoic acid methyl ester from the
Standard solution are 1.0, about 1.2, and about 1.3, respectively.]
Suitability requirements
Chromatogram similarity: The chromatogram of System suitability solution 1 is similar
to the reference chromatogram provided with the lot of USP Omega-3 Free Fatty Acids
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RS being used.
Resolution: NLT 1.2 between docosahexaenoic acid methyl ester and tetracos-15enoic acid methyl ester, System suitability solution 2
Relative standard deviation: NMT 2.0% for peak response ratios of the EPA methyl
ester and DHA methyl ester to the internal standard, Standard solution
Analysis
Samples: System suitability solution 1, Standard solution, and Sample solution
Identify the relevant fatty acid methyl esters (see Table 2) in the chromatogram of the
Sample solution by comparing the peaks with those in the chromatogram of System
suitability solution 1 and the reference chromatogram provided with the lot of USP
Omega-3 Free Fatty Acids RS being used.
Separately calculate the percentage of EPA and DHA, as free fatty acids, in the portion of
Omega-3 Free Fatty Acids taken:
Result = (RU/RS) × (WS/WU) × 100
RU = peak response ratio of the EPA methyl ester or DHA methyl ester to the internal
standard from the Sample solution
RS = peak response ratio of the EPA methyl ester or DHA methyl ester to the internal
standard from the Standard solution
WS = weight of USP Eicosapentaenoic Acid RS or USP Docosahexaenoic Acid RS taken to
prepare the Standard solution (mg)
WU = weight of Omega-3 Free Fatty Acids taken to prepare the Sample solution (mg)
Calculate the percentage of the total omega-3 free fatty acids in the portion of Omega-3
Free Fatty Acids taken:
Result = EPA + DHA + [An−3 × (EPA + DHA)/(AEPA + ADHA)]
EPA = content of EPA, as free fatty acid (%)
DHA = content of DHA, as free fatty acid (%)
An−3 = sum of the peak areas corresponding to C18:3 n−3, C18:4 n−3, C20:4 n−3, C21:5
n−3, and C22:5 n−3 methyl esters in the Sample solution
AEPA = peak area corresponding to the EPA methyl ester in the Sample solution
ADHA = peak area corresponding to the DHA methyl ester in the Sample solution
Acceptance criteria: See Table 2.
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Table 2
Relative
Acceptance
Retention
Criteria,
Time
NLT (%, w/v)

Acceptance
Criteria,
NMT (%, w/v)

—
C18:3 n−3, FFAa
0.550
b
—
C18:4 n−3, FFA
0.700
—
C20:4 n−3, FFAc
0.743
d
C20:5 n−3, FFA (EPA)
0.766
45
—
C21:5 n−3, FFAe
0.874
f
—
C22:5 n−3, FFA
0.971
C22:6 n−3, FFA (DHA)g
1.000
10
Total omega-3 FFA
—
80
a Alpha-linolenic free fatty acid.
b Moroctic free fatty acid.
c Eicosatetraenoic free fatty acid.
d Eicosapentaenoic free fatty acid.
e Heneicosapentaenoic free fatty acid.
f Docosapentaenoic free fatty acid (clupanodonic free fatty acid).
g Docosahexaenoic free fatty acid.

—
—
—
65
—
—
30
—

IMPURITIES
• Cholesterol
Internal standard stock solution: 3 mg/mL of 5α-cholestane in n-heptane.
[Note—Prepare fresh before use.]
Internal standard solution: 0.3 mg/mL of 5α-cholestane in n-heptane. [Note—Prepare
fresh before use.]
Standard stock solution: 3.0 mg/mL of USP Cholesterol RS in n-heptane. [Note—This
solution is stable for 6 months stored in a freezer.] Transfer 1.0 mL of this solution to a
10.0-mL volumetric flask. Dilute with n-heptane to volume. [Note—Prepare this solution
fresh daily.]
Standard solution: Transfer 1.0 mL each of the Standard stock solution and the Internal
standard solution to a 15-mL centrifuge tube. Evaporate to dryness at about 50° with a
gentle stream of nitrogen. Add 0.5 mL of 50% (w/v) potassium hydroxide and 3 mL of
alcohol, fill the tube with nitrogen, and cap. Heat the sample at 100° for 60 min using a
heating block. Cool for about 10 min. Add 6 mL of water to the tube, and shake for 1 min.
Extract the solution four times with 2.5-mL portions of ethyl ether, using a vortex mixer or
suitable shaker for 1 min for each extraction. Transfer and combine the extracts into a
large centrifuge tube, and wash with 5 mL of water, mixing completely with gentle
inversion. Remove the water phase, and add 5 mL of 0.5 M potassium hydroxide to the
ether phase, mixing carefully to avoid an emulsion. Remove the potassium hydroxide, and
add another 5 mL of water, mixing carefully. Transfer the ether phase to a small
centrifuge tube. [Note—If an emulsion has occurred, a small amount of sodium chloride
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may be added to obtain a separation of the phases.] Evaporate the ether phase to
dryness under a stream of nitrogen with careful heating. Dissolve the sample in 600 µL of
ethyl acetate, and mix well. Transfer 200 µL of this solution to a sample vial, and dilute
with ethyl acetate to about 2 mL.
Alpha tocopherol stock solution: 1.5–2.0 mg/mL of USP Alpha Tocopherol RS in nheptane. [Note—This solution is stable for 12 months stored in a freezer.]
System suitability solution: Mix 1.0 mL of the Standard stock solution, 1.0 mL of the
Internal standard stock solution, and 2.0 mL of the Alpha tocopherol stock solution in a
50-mL volumetric flask. Evaporate to dryness with the aid of heat, and dilute with ethyl
acetate to volume. Dilute 1.0 mL of this solution with ethyl acetate to 10.0 mL.
[Note—This solution is stable for 6 months stored in a freezer.]
Sample solution: Transfer 100 mg of Omega-3 Free Fatty Acids to a 15-mL centrifuge
tube. Add 1.0 mL of the Internal standard solution. Prepare as directed for the Standard
solution beginning with “Evaporate to dryness”.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m capillary; coated with a 0.25-µm film of phase G27
Temperatures
Injection port: 320°
Detector: 300°
Column: See Table 3.
Table 3
Initial
Temperature
(°)
170
170

Temperature
Ramp
(°/min)
0
4

Final
Temperature
(°)
170
320

Hold Time at Final
Temperature
(min)
1
1.5

Carrier gas: Helium
Flow rate: 1.3 mL/min
Injection volume: 1 µL
Injection type: Splitless
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.2 between alpha tocopherol and cholesterol
Analysis
Samples: Standard solution and Sample solution
Calculate the content of total cholesterol in the portion of Omega-3 Free Fatty Acids taken:
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Result = (RU/RS) × (WS/WU)
RU = peak area ratio of cholesterol to the internal standard from the Sample solution
RS = peak area ratio of cholesterol to the internal standard from the Standard solution
WS = weight of USP Cholesterol RS taken to prepare the Standard solution (mg)
WU = weight of Omega-3 Free Fatty Acids taken to prepare the Sample solution (g)
Acceptance criteria: NMT 3.0 mg/g
• Oligomers
Mobile phase: Tetrahydrofuran
System suitability solution: Monodocosahexaenoin, didocosahexaenoin, and
tridocosahexaenoin1 in Mobile phase, with concentrations of about 0.5, 0.3, and 0.2
mg/mL, respectively.
Sample solution: 1.00 mg/mL of Omega-3 Free Fatty Acids in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Differential refractometer
Columns: Three in series, 7.8-mm × 30-cm; 5-µm packing L21, with the following pore
sizes:
Column 1: 50 nm
Column 2: 10 nm
Column 3: 5 nm
Connection sequence: Injector–Column 1–Column 2–Column 3–Detector
Flow rate: 0.8 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Elution order: Tridocosahexaenoin, didocosahexaenoin, and monodocosahexaenoin
Resolution: NLT 2.0 between monodocosahexaenoin and didocosahexaenoin; NLT 1.0
between didocosahexaenoin and tridocosahexaenoin
Analysis
Sample: Sample solution
Measure the areas of the major peaks.
Calculate the percentage of oligomers in the portion of Omega-3 Free Fatty Acids taken:
Result = (rU/rT) × 100
rU = peak response of oligomers (sum of the areas of the peaks with a retention time less
than that of triglyceride) from the Sample solution
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rT = sum of the areas of all the peaks from the Sample solution
Acceptance criteria: NMT 2.0% of oligomers
• Limit of Dioxins, Furans, and Polychlorinated Biphenyls (PCBs): Determine the content
of polychlorinated dibenzo-para-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs)
by method No. 1613 revision B of the Environmental Protection Agency. Determine the
content of polychlorinated biphenyls (PCBs) by method No. 1668 revision A of the
Environmental Protection Agency.
Acceptance criteria: The sum of PCDDs and PCDFs is NMT 1 pg/g of WHO toxic
equivalents. The sum of PCBs (polychlorinated biphenyls, IUPAC congeners PCB-28, PCB52, PCB-101, PCB-118, PCB-138, PCB-153, and PCB-180) is NMT 0.5 ppm.
• Limit of Total Unidentified Fatty Acid Methyl Esters
From the chromatogram obtained with the Sample solution in the test for Content of
EPA, DHA, and Total Omega-3 Free Fatty Acids, determine the area of the largest
single unidentified peak with a relative retention time different from those in Table 4.
Table 4
Identified Fatty Acid Methyl Ester
C16:1 n−7
Phytanic acid
C18:1 n−9
C18:2 n−6
C18:3 n−6
C18:3 n−3
C18:4 n−3
C18:4 n−1
Furan acid 5
C20:2 n−6
C20:3 n−6
C20:4 n−6
C20:4 n−3
EPA
C21:5 n−3
Furan acid 10
C22:5 n−6
C22:5 n−3
DHA

Relative Retention Time
0.322
0.369
0.470
0.509
0.535
0.564
0.592
0.602
0.676
0.705
0.710
0.731
0.770
0.793
0.887
0.913
0.939
0.973
1.000

Calculate the content of unidentified fatty acid methyl esters in area percentage:
Result = 100 − (100 × ΣAi/rT)
Ai = peak area of each identified fatty acid methyl ester in Table 4
rT = sum of the areas of all peaks except solvents and butylated hydroxytoluene (BHT)
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Acceptance criteria: The area of the largest single unidentified peak is NMT 0.5% of the
total area. The total area of unidentified peaks as previously calculated is NMT 2%.
SPECIFIC TESTS
• Fats and Fixed Oils 〈401〉, Procedures, Acid Value: 165–195
• Fats and Fixed Oils 〈401〉, Procedures, Anisidine Value: NMT 15.0
• Fats and Fixed Oils 〈401〉, Procedures, Peroxide Value: NMT 10.0
• Fats and Fixed Oils 〈401〉, Procedures, Ester Value: NMT 15.0
• Absorbance
Sample solution: 0.24 mg/mL in isooctane
Acceptance criteria: NMT 0.73, determined at 233 nm, with isooctane being used as the
blank
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature. It may be bottled or otherwise packaged in containers from
which air has been expelled by production of a vacuum or by an inert gas.
• Labeling: The label states the average content of DHA and EPA as free acids, and the total
content of omega-3 acids as free acids. It also states the name and concentration of any
added antioxidant.
• USP Reference Standards 〈11〉
USP Cholesterol RS
USP Docosahexaenoic Acid RS
USP Eicosapentaenoic Acid RS
USP Methyl Tricosanoate RS
USP Omega-3 Free Fatty Acids RS
USP Alpha Tocopherol RS
1S (USP42)

1 Suitable grades of monodocosahexaenoin, didocosahexaenoin, and tridocosahexaenoin may be obtained
from Nu-C hek Prep.
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Stage 2 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Pre-PDG through Stage 5, as defined below). Stage 2
drafts are available for comments. Below are descriptions of the developmental Stages as
defined by the USP, EP, and the JP.
Pre-PDG PDG identifies subjects to be harmonized among PDG pharmacopeias and nominates a
coordinating pharmacopeia (CP) for each subject. The subject can include potential new topics,
as well as revisions to existing topics to the PDG workplan. The Pre-PDG step provides a
pipeline of potential topics/request for revisions to the PDG Work Plan.
New topic: For a subject to be harmonized the CP develops a clear concept written
document, scientific rationale, including stakeholder input, impact and perspective. The
CP will coordinate with the other PDG pharmacopeias, determine impact of local
requirements and barriers to harmonization and utilize technical teleconferences if
needed (limited to three experts per pharmacopeia). PDG decides on an
approve/disapprove decision whether to add a new topic to the PDG workplan and on
the agreed upon timeframe. Subject should be considered for removal after 12 months if
no agreement is reached.
Requests for revision: Following coordination with the Experts from the three
pharmacopeias, PDG decides on an approve/disapprove decision whether to add a
revision to the PDG workplan. Subject should be considered for removal after 12 months
if no agreement is reached.
PDG Approval Once a topic/request for revision is added to the PDG workplan, the three PDG
pharmacopeias strive not to revise their national (regional) text unilaterally, with the
understanding that each pharmacopeia would notify PDG of any required changes to local or
regional text stemming from regulations and policy that will have impact on the harmonized text
moving forward.
Stage 1: Preparation of First Draft Upon PDG approval to add the topic/request for revision
to the workplan, the CP prepares and forwards the Stage 1 draft and supporting data to PDG
for pharmacopeial expert committee review/comment within the timeframe as proposed in the
Concept Paper. The Stage 1 draft explains the reasons for each test method or limit proposed.
Each pharmacopeia shall provide feedback or rationale through consultation with experts or
governing body within 3 months. The comment period should, however, not exceed 4
months. Each pharmacopeia should consolidate their comments and forward to the CP.
The CP reviews the comments received and makes an initial go/no go decision on whether
the proposed harmonized draft document can move on for public comment/inquiry (Stage 2
draft). If the initial CP decision is “go”, the Stage 2 draft is prepared as close as possible to
“global style”, together with the commentary and sent to the secretariats of the other
pharmacopeias.
The other pharmacopeias commit to providing a response within 1 month whether they can
agree to publish the draft for public comment/inquiry. If all three pharmacopeias agree the
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decision is a “go”, the draft moves forward for public comment/inquiry.
If the decision by one or more pharmacopeias is “no go”, additional teleconferences may be
held (limited to 3 experts per pharmacopeia) to resolve “sticking points”. Ideally, these
teleconferences will be held within 1–2 months of the decision to “no go”. The goal of these
teleconferences will be to either successfully commit to publish a Stage 2 draft, determine
necessary next steps to reach Stage 2 (e.g., obtaining sponsor data, development and
validation of analytical methods, etc.), or remove the topic from the PDG workplan.
Stage 2: Official Inquiry The Stage 2 draft and the commentary are published in the
respective fora of each pharmacopeia. The draft proposal is published in its entirety. The style
may be adapted to that of the individual pharmacopeia concerned or the “global style” may be
used. The three pharmacopeias commit to publish the drafts simultaneously or as closely as
possible.
The corresponding secretariats may have to add information needed for the understanding of
implementation of the texts, e.g., the addition of the description of an analytical procedure
or of reagents that do not exist in the pharmacopeia and a translation is added by the
European and Japanese Pharmacopoeias.
Each pharmacopeia analyses the comments received and submits its consolidated comments
to the CP within 2 months of the end of the review/comment period.
The CP reviews the comments received. If the comments received during the public
comment/inquiry stage are significant enough to preclude a reasonable chance to reach
consensus at Stage 3, the CP will determine the appropriate course of action, with
consultation of the other PDG pharmacopeias. Otherwise, the CP prepares a draft
harmonized document (Stage 3A draft) accompanied by a commentary discussing comments
received regarding the previous text and providing reasons for action taken in response to
those comments. When residual differences are anticipated for sign-off, the Stage 3A draft
includes a draft of the sign-off cover sheet (see below).
The Stage 3A draft together with the commentary is sent to the other two PDG
pharmacopeias.
Stage 3: Consensus
A. Provisional The Stage 3A draft is reviewed and commented on by the other two PDG
pharmacopeias within 2 months of receipt. The three pharmacopeias shall do their utmost to
reach full agreement already at this stage with a view to reaching a final consensus document.
If a consensus has not been reached, the CP prepares a pharmacopeia teleconference within 2
months to discuss remaining residual differences brought up through the public comment/inquiry
period. The purpose of the pharmacopeia teleconference is to make decisions on the remaining
differences and whether they can be resolved, assigned as non-harmonized attributes or local
requirements, if re-publication is necessary at Stage 2, or in extreme circumstances, remove
from the workplan.
If harmonization by attributes/provisions is applied, a special sign-off cover sheet (see
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Appendixes 1 and 2) indicating harmonization is included with the draft. The text contains only
harmonized attributes/provisions; nonharmonized attributes/provisions and local requirements
are not included. The table is prepared as follows:
Three pharmacopeias agree on the attribute/provision: “+” in all columns
Two pharmacopeias agree that the attribute/provision should be included and have
agreed on the method and limit: “+” in the column for those two pharmacopeias, “–” in
the column for the pharmacopeia that will not stipulate the test
Three pharmacopeias agree that the attribute/provision should be included but have not
come to an agreement on the method and/or limit: state attribute/provision under
“Nonharmonized attributes/provisions”
One pharmacopeia only will include an attribute/provision: state under “Local
requirement”.
The CP collects information about needs for amendments (local requirements) corresponding to a
general policy in the national or regional (European) area. Local requirements, if needed, will be
listed on the sign-off cover sheet.
B. Draft Sign-Off When full agreement is reached, the Stage 3B draft is sent by the CP to
the other pharmacopeias no later than 4 weeks before a PDG meeting for final confirmation.
Sign-off on Stage 3B can occur either electronically via email, by mail, or during the PDG
meeting.
Stage 4: Regional Adoption and Implementation Stage 4 takes place individually according
to the procedures established by each pharmacopeial organization.
A. Adoption and Publication The document is submitted for adoption to the organization
responsible for each pharmacopeia. Each pharmacopeia incorporates the harmonized draft
according to its own procedure.
If a pharmacopeia needs to include a local requirement after the sign-off of a text, it will submit
a proposed revision of the sign-off cover sheet to PDG. This can be done electronically or at
the PDG meeting.
B. Implementation The pharmacopeias will inform each other of the date of implementation in
the particular region.
The date of implementation of a harmonized document varies in the three PDG regions depending
on their legal requirements, need of translation, and publication schedules. Each pharmacopeia
generally allows some period of time after publication for implementation, to allow
manufacturers and other users to achieve conformity.
C. Indication of Harmonization Each pharmacopeia will introduce a statement indicating the
harmonization status according to the policy of the pharmacopeia. In case of residual
differences, these are indicated by specific symbols (black diamonds indicate nonharmonized
attributes/provisions, white diamonds indicate local requirements). The residual differences all
correspond to differences that have been agreed upon by PDG, via the sign-off cover sheet.
Stage 5: Inter-regional Acceptance (for chapters previously evaluated by ICH Q4B for

PF 44(3): May.-Jun. 2018

690

Regulatory Interchangeability) 16 chapters were evaluated by the ICH Q4B Expert Working
Group. Following the Q4B evaluation process, a formal notification of regulatory acceptance
was posted on the ICH website.
A topic-specific annex to the Q4B guideline for each monograph or chapter concerned is
processed for publishing and implementation by each regional authority.
Revision Procedure for the revision of harmonized monographs and chapters.
The pharmacopeias participating in PDG have agreed not to revise unilaterally any harmonized
document (monograph or chapter) after sign-off or after publication.
Criteria for justification of revision may include but is not limited to:
Public health and safety reasons.
Insufficient supply of pharmacopeial quality product on the market.
Specified analytical reagents or equipment are not available.
New methods of preparation of product/reagent are not covered by the current
monograph.
Analytical methods can be replaced by more appropriate/accurate/precise methods.
New technologies that are suitable to be included in the pharmacopeias.
A pharmacopeia requesting the revision of a monograph or chapter shall provide PDG with a
formal request including a rationale for revision and appropriate supportive data.
The process for revisions will follow the Working Procedure of the PDG as described above
under “Pre-PDG”. The revisions of a sign-off document prepared for this or other reasons
are indicated as revision 1, 2, 3, etc., for the sake of consistency.
Whenever agreed by the PDG, an expedited procedure may be applied. In certain
circumstances where appropriately justified, the expedited procedure would result in a
revision reverting to Stage 3A as opposed to Stage 1. In these instances, a pharmacopeia
requesting the revision of a monograph or chapter using the expedited procedure will submit
a formal request for revision, including, in addition to the information supplied in the normal
revision process, a justification for recommending the expedited procedure. Agreement by
PDG to the expedited procedure will be handled on a case-by-case basis. After agreement
by PDG to proceed with the revision, the CP may proceed directly with the elaboration of a
Stage 3A draft.
The PDG as a whole instead of a pharmacopeia may also request a revision.
Revisions to already harmonized chapters can be introduced as national text if, after
consultation with all the parties, there is no consensus for the revision. An assessment of
the harmonization status is conducted which may result in suppression in the workplan.
Correction of a Sign-off Text Any pharmacopeia which has identified an error in a sign-off
text may submit a request for correction to PDG together with appropriate justification. A cover
sheet (see Appendix 3) is prepared by the pharmacopeia requesting the correction, together
with appropriate justification. The cover sheet includes the name and code of the general
chapter or monograph, the date of the sign-off and the description of the correction. After
confirmation by PDG, the cover sheet is signed-off at the PDG meeting. When needed for clarity
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purposes, a full text including the correction is to be signed-off together with the cover sheet.
Correction of a Sign-off Cover Sheet Any pharmacopeia which has identified a need for
addition of a new local requirement or a correction of a local requirement/nonharmonized
attribute already included in a previously signed-off cover sheet will inform PDG accordingly,
together with appropriate justification. When needed for clarity purposes, the pharmacopeia
provides PDG with a full text including the new/corrected local requirement/nonharmonized
attribute or with the published local text, if available. A corrected cover sheet (see Appendix 4)
is prepared by the pharmacopeia requesting the correction. The cover sheet includes the name
and code of the general chapter or monograph, the date of the sign-off and the description of
the new/corrected local requirement/nonharmonized attribute with tracked changes. After
agreement by PDG that this is a local requirement/nonharmonized attribute, only the corrected
cover sheet is signed-off at the PDG meeting.
BRIEFING
Gelatin, NF 36 page 5360. The European Pharmacopoeia is the coordinating pharmacopeia
for the international harmonization of the compendial standards for the Gelatin monograph, as
part of the process of international harmonization of monographs and general analytical
methods of the European, Japanese, and United States pharmacopeias. The following
monograph, which represents the OFFICIAL INQUIRY STAGE 2 document, include the
following changes from the current Gelatin monograph:
1. Identification C. Change the temperature from “0°” to “2°–8°”, based on the
stakeholder’s request and the agreement with the Pharmacopeial Discussion Group
(PDG). It was observed that some types of non-gelling gelatin cannot flow out
immediately at 0° due to the high viscosity of the gelatin solution.
2. Identification A. This test remains as a local requirement for USP only. Future decision
on inclusion as harmonized, non-harmonized attributes or local requirements will be
made at Stage 4 (current sign-off stage).
3. No changes for other tests in the existing USP–NF text.
Additionally, minor editorial changes have been made to update the monograph to the current
USP style.
Note: Effective April 1, 2018, the PDG will utilize a reduced 5-stage approach for harmonization,
retrospectively for existing monographs or chapters and prospectively for new monographs or
chapters. In this new structure, the previous Stage 1 and Stage 2 will be officially removed and
handled more informally within the PDG. The previous Stage 4, Stage 5, and Stage 6 are now
labeled Stage 2, Stage 3, and Stage 4, respectively. For more details, visit the USP website:
http://www.uspnf.com/notices/pdg-procedure-changes.
(EXC2: J. Liu.)
Correspondence Number—C200567
Comment deadline: July 31, 2018
Gelatin
Change to read:
Portions of this monograph that are national USP text, and are not part of the harmonized
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text, are marked with symbols (♦♦) to specify this fact.
NF36

DEFINITION
Purified protein obtained from collagen of animals (including fish and poultry) by partial
alkaline and/or acid hydrolysis, by enzymatic hydrolysis, or by thermal hydrolysis.
The hydrolysis leads to gelling or non-gelling grades. This monograph covers both the gelling
and non-gelling grades as well as hydrolyzed gelatin.
IDENTIFICATION
Add the following:
•

♦A. Infrared Absorption 〈197A〉: [Note—Compare the spectra of the test specimen and

the corresponding Reference Standard over the range from 800 to 3500 cm−1. Disregard
any peak at about 1403 cm−1.]♦ NF36
Change to read:
• B. NF36
Sample solution: Dissolve 1.00 g in carbon dioxide-free water at about 55°, dilute with
the same solvent to 100 mL, and keep at 55°. Save the unused portion of this solution for
use in the test for pH.
Analysis: To 2 mL of the Sample solution add 0.05 mL of a 125-g/L solution of copper
sulfate pentahydrate. Mix, and add 0.5 mL of an 85-g/L solution of sodium hydroxide.
Acceptance criteria: A violet color is produced.
Change to read:
• C. NF36
Sample: 0.5 g
Analysis: Place the Sample in a test tube of about 15-mm internal diameter and add 10 mL
of water. Allow to stand for 10 min, heat at 60° for 15 min, and keep the tube upright at
0°2°–8°
for 6 h. Invert the tube.
Acceptance criteria: The contents do not flow out immediately for gelling grades. The
contents immediately flow out for non-gelling grades.
Change to read:
• D. NF36 For Non-Gelling Grades
Medium: pH 6.8 phosphate buffer. Mix 77.3 mL of a 71.5-g/L solution of disodium hydrogen
phosphate dodecahydrate with 22.7 mL of a 21-g/L solution of citric acid.
Sample: 0.5 g
Analysis: Place the Sample in a 250-mL bottle. Add 10 mL of water and 5 mL of sulfuric
acid. Place the bottle, partly but not completely closed (for example, using a watch
glass), in an oven at 105° for 4 h. Allow to cool, and add 200 mL of water. Adjust with a
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200-g/L solution of sodium hydroxide to a pH of 6.0–8.0. Place 2 mL of the solution in a
test tube, and add 2 mL of oxidizing reagent (14-g/L solution of chloramine T in the
Medium; prepare immediately before use). Mix, and allow to stand for 20 min. Add 2 mL of
color reagent (prepared immediately before use by dissolving 1.0 g of
dimethylaminobenzaldehyde in 3.5 mL of perchloric acid [600 g/L of perchloric acid
(HClO4 )] and slowly adding 6.5 mL of 2-propanol). Mix, and place in a water bath at 60°
for about 15 min.
Acceptance criteria: A red color develops.
SPECIFIC TESTS
Change to read:
• pH 〈791〉
Sample: Use the Sample solution prepared in Identification B. NF36
Acceptance criteria: 3.8–7.6 at 55°
• Water Conductivity 〈645〉
Sample: 1.0% solution at 30 ± 1.0°
Analysis: Determine without the use of the temperature compensation.
Acceptance criteria: NMT 1 mS·cm−1
• Sulfur Dioxide
Sample: 25.0 g
Titrimetric system
Mode: Direct titration
Titrant: 0.1 M sodium hydroxide VS
Endpoint detection: Visual
Analysis: Introduce 150 mL of water into the flask (A) (see Figure 1), and pass carbon
dioxide through the whole system for 15 min at a rate of 100 mL/min. To 10 mL of
hydrogen peroxide solution [30 g/L of hydrogen peroxide (H2 O2 )] add 0.15 mL of
bromophenol blue TS. Add 0.1 M sodium hydroxide until a violet-blue color is obtained,
without exceeding the endpoint. Place the solution in the test tube (D). Without
interrupting the stream of carbon dioxide, remove the funnel (B), and introduce through
the opening into the flask (A) the Sample with the aid of 100 mL of water. Add through
the funnel 80 mL of diluted hydrochloric acid [73 g/L of hydrogen chloride (HCl)], and boil
for 1 h. Open the tap of the funnel, stop the flow of carbon dioxide, and also stop the
heating and the cooling water. Transfer the contents of the test tube with the aid of a
little water to a 200-mL wide-necked, conical flask. Heat on a water bath for 15 min, and
allow to cool. Add 0.1 mL of bromophenol blue TS, and titrate with Titrant until the color
changes from yellow to violet-blue.
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Figure 1. Apparatus for determination of sulfur dioxide.
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Carry out a blank titration, and calculate the content of sulfur dioxide, in ppm:
Result = [(VS − VB) × (M/W)] × 32,030
VS = volume of 0.1 M sodium hydroxide consumed by the Sample (mL)
VB = volume of 0.1 M sodium hydroxide consumed by the blank (mL)
M = actual molarity of the Titrant (mol/L)
W = weight of the Sample (g)
Acceptance criteria: NMT 50 ppm
• Peroxides
Peroxidase transfers oxygen from peroxides to an organic redox indicator which is
converted to a blue oxidation product. The intensity of the color obtained is
proportional to the quantity of peroxide, and can be compared with a color scale
provided with the test strips to determine the peroxide concentration.
Peroxide test strips: Use commercial test strips with a suitable scale covering the range
of 0–25 ppm of peroxide.
Sample: 20.0 ± 0.1 g
Suitability test: Dip a test strip for 1 s into hydrogen peroxide standard solution [2 ppm of
hydrogen peroxide (H2 O2 )] prepared by dilution of hydrogen peroxide solution [30 g/L of
hydrogen peroxide (H2 O2 )], such that the reaction zone is properly wetted. Remove the
test strip, shake off excess liquid, and after 15 s, compare the reaction zone with the
color scale provided. The test strips are suitable if the color matches that of the 2-ppm
concentration.
Analysis: Weigh the Sample in a beaker, and add 80.0 ± 0.2 mL of water. Stir to moisten
all the gelatin, and allow the Sample to stand at room temperature for 1–3 h. Cover the
beaker with a watch glass. If the Sample is not dissolved completely, place the beaker in
a water bath at 65 ± 2° for 20 ± 5 min to dissolve the Sample. Stir the contents of the
beaker with a glass rod to achieve a homogeneous solution. Dip a test strip for 1 s into
the test solution, such that the reaction zone is properly wetted. Remove the test strip,
shake off excess liquid, and after 15 s, compare the reaction zone with the color scale
provided. Multiply the concentration read from the color scale by a factor of 5 to
calculate the concentration, in ppm, of peroxide in the test substance.
Acceptance criteria: NMT 10 ppm
• Gel Strength (Bloom Value)
For gelling grades
The gel strength is expressed as the mass in grams necessary to produce the force
which, applied to a plunger 12.7 mm in diameter, makes a depression 4 mm deep in a
gel with a concentration of 6.67% m/m and matured at 10°.
Sample: 7.5 g
Apparatus: Texture analyzer or gelometer with a cylindrical piston 12.7 ± 0.1 mm in
diameter with a plane pressure surface and a sharp bottom edge, and a bottle 59 ± 1
mm in internal diameter and 85 mm high. Adjust the apparatus according to the
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manufacturer’s manual.
Settings
Distance: 4 mm
Test speed: 0.5 mm/s
Analysis: Place the Sample in a bottle. Add 105 mL of water, place a watch glass over
the bottle, and allow to stand for 1–4 h. Heat in a water bath at 65 ± 2° for 15 min.
While heating, stir gently with a glass rod. Ensure that the solution is uniform and that
any condensed water on the inner walls of the bottle is incorporated. Allow to cool at
room temperature for 15 min, and transfer the bottle to a thermostatically controlled
bath at 10.0 ± 0.1°, fitted with a device to ensure that the platform on which the bottle
stands is perfectly horizontal. Close the bottle with a rubber stopper, and allow to stand
for 17 ± 1 h. Remove the Sample bottle from the bath, and quickly wipe the water from
the exterior of the bottle. Center the bottle on the platform of the Apparatus so that
the plunger contacts the Sample as nearly at its midpoint as possible, and start the
measurement.
Acceptance criteria: 80%–120% of the labeled nominal value
• Iron
Atomic absorption spectrometry, standard additions method
Iron standard solution (8 ppm): Dissolve 80 mg of iron in 50 mL of hydrochloric acid
[220 g/L of hydrogen chloride (HCl)], and dilute with water to 1000.0 mL. Immediately
before use, prepare a 1:10 dilution with water.
Standard solution: Prepare using the Iron standard solution, diluted with water as
necessary.
Sample solution: In a conical flask, add 10 mL of hydrochloric acid [37% m/m of
hydrogen chloride (HCl)] to 5.00 g of the substance to be examined. Close the flask, and
place in a water bath at 75°–80° for 2 h. (If necessary for proper solubilization, the
gelatin may be allowed to swell after addition of the acid and before heating, the
heating time may be prolonged, and a higher temperature may be used.) Allow to cool,
and adjust the contents of the flask with water to 100.0 g.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectroscopy
Analytical wavelength: 248.3 nm
Acceptance criteria: NMT 30 ppm
• Chromium
Atomic absorption spectrometry, standard additions method
Chromium standard solution (100 ppm): 0.283 mg/mL of potassium dichromate
(K2 Cr2 O7 ) in water
Standard solution: Prepare using the Chromium standard solution, diluted with water if
necessary.
Sample solution: Use the Sample solution described in the test for Iron.
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Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectroscopy
Analytical wavelength: 357.9 nm
Acceptance criteria: NMT 10 ppm
• Zinc
Atomic absorption spectrometry, standard additions method
Zinc standard solution (10 ppm): Dissolve 0.440 g of zinc sulfate heptahydrate and 1 mL
of acetic acid [300 g/L of acetic acid (C2 H4 O2 )] in water, and dilute to 100.0 mL.
Immediately before use, prepare a 1:100 dilution in water.
Standard solution: Prepare using the Zinc standard solution, diluted with water if
necessary.
Sample solution: Use the Sample solution described in the test for Iron.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectroscopy
Analytical wavelength: 213.9 nm
Acceptance criteria: NMT 30 ppm
• Loss on Drying 〈731〉
Sample: 5.0 g
Analysis: Dry the Sample in an oven at 105° for 16 h.
Acceptance criteria: NMT 15%
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
bacterial count does not exceed 103 cfu/g, the total yeasts and molds count does not
exceed 102 cfu/g, and the tests for Salmonella species and Escherichia coli are negative.
ADDITIONAL REQUIREMENTS
• Storage: Protect from heat and moisture.
• Labeling: The label states the Gel Strength (Bloom Value) or that it is a non-gelling grade.
Add the following:
• USP Reference Standards 〈11〉
USP Gelatin RS
NF36

Recent Official Publications:
USP41–NF36 Page 5360
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
reports or statements of Expert Committees
original research reports
evaluations of new and existing pharmacopeial methods
commentaries
articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
INSTRUCTIONS TO AUTHORS
Contributions in the form of original research reports, evaluations of new and existing
compendial methods, and other commentaries and articles relevant to drug standards or to
USP–NF revision will be considered for publication in Pharmacopeial Forum under the section
Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that
they have not been published previously in any language or medium and that they are not
simultaneously under consideration by any other publication. All manuscripts are subject to
review by USP headquarters staff, Committee members, or qualified outside referees, and if
accepted for publication they will be subject to editing by USP staff. Accepted manuscripts
become the property of the USP Convention (USPC) and may not be subsequently published
elsewhere without written permission from the USPC. Authors are also responsible for obtaining
permission for reprinting any illustrations that have been published elsewhere.
Abstract—Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References—Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright—Copyright transfer documents will be sent to authors after manuscripts have been
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accepted for publication.
Disclosure of Potential Conflicts of Interest—Maintaining independence and impartiality are
critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/ethics
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/conflicts-of-interest/
Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions—Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
The Complexity of Setting Compendial Specifications for Excipient Composition and
Impuritiesa
Richard Creekmore,b,e Chris Moreton,b,e Mary (Kate) Houck,c,e Steve Wolfgang,d,e Galina
Holloway,f ,g Catherine Sheehan,f Hong Wangf
ABSTRACT
Setting specifications for excipients is complex due to the vast array of materials that are
utilized in drug product formulation and is becoming increasingly more complicated with the
need to update excipient monographs through the introduction of modern analytical techniques.
These techniques provide additional information about the makeup of the excipients and a
further understanding of the complexity of the materials utilized in the formulations of drug
products. The variety of sources, manufacturing methods, and functionality of excipients must
be considered when setting specifications. Strict adherence to guidelines intended for active
ingredients when setting specifications for excipients is not always possible, advantageous, or
necessary to ensure public safety. It is important to recognize the potential impact of
excipients on product formulations and understand that any changes to the excipient
specifications could have unintended consequences on effectiveness of drug products or
impact the availability of materials needed to manufacture products. The February 2017 FDA–
USP Workshop on the Critical Importance of Excipients in Product Development—Why
Excipients are Important Now and In the Future highlighted the importance of advancing the
science of excipient selection and regulatory evaluation that impact generic drug development
(1). The workshop sought constructive input from a wide range of stakeholders and regulatory
agencies in establishing a quality NF specification through up-to-date and harmonization
initiatives.
This article will discuss the need to provide clear guidelines for setting specifications for
excipients, to provide consistent practice, and to reduce the time it takes to gather information
and set these specifications. It includes a discussion of the existing International Council for
Harmonisation (ICH) Q3A (2) guidelines and USP General Notices and Requirements and the
difficulties in applying these guidelines to excipients, as well as a discussion of the types of
components and impurities that are found in excipients. Terminology and definitions are also
provided.
INTRODUCTION
This Stimuli article is intended to 1) provide the views of the Excipient Impurities Joint
Subcommittee on the complexity of excipient composition; 2) introduce definitions for simple
excipient, complex excipient, excipient composition, and excipient impurity; and 3) describe
challenges that the Excipient Monographs 1 and 2 (EM1 and EM2) Expert Committees (ECs)
face in setting specifications for different components and impurities in excipients, and to
provide a proposed direction and guidance in standards setting and establishing specifications
for excipient components and impurities. Compared to drug substances, excipients often exhibit
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complex composition. An excipient composition can be defined as a set of components
comprising the material used as a pharmaceutical excipient in drug products. The following is a
list of components that could be in an excipient, and which are discussed in greater detail
later:
Nominal component
Concomitant component
Added substances
Residual starting materials, reagents, solvents, and catalysts
By–products
Intermediates
Degradation products
Classification of each substance as either an acceptable part of the excipient composition, or
an impurity, is challenging. USP excipient monographs are being updated to improve methods for
assessment of purity and identity. Similarly, in the development of new excipient monographs,
USP seeks to include tests that will reveal excipient composition. This additional information can
be advantageous, providing insights into how and why the composition may vary, for example,
revealing how a change or differences in the manufacturing process for an excipient can impact
excipient composition. However, we should not be overly constrictive in specifying composition.
Setting appropriate specifications must balance between a desire to account for both the
composition and impurities and practical limitations and the needs pertaining to excipient and
drug product quality. To achieve this very challenging goal, USP collaborates with and seeks
input from its stakeholders (including manufacturers and users of excipients, FDA, external and
internal laboratories, and academia).
Many excipients are polymers or of plant, mineral, or animal origin. Thus, it remains
challenging, or even impractical, to develop a specific assay which can accurately measure the
percentage of each component. Often adding to the challenge of developing an appropriate
excipient specification is the lack of knowledge correlating excipient composition with the
performance of the excipient in a particular drug product.
As USP makes progress in working towards “Resolution 2: USP–NF Monograph Modernization”,
adopted by the USP Convention Membership on April 25, 2015, more excipient monographs are
being updated to include modern technologies that can help reveal excipient composition. In
contrast to drug substances and drug products, there are no general chapters in USP–NF that
provide guidance on how to specify excipient composition, including control of impurities.
Substances present in excipients which are deliberately added are addressed in USP General
Notices, 5.20.10 Added Substances in Official Substances. Although, the Excipient Impurities
Joint Subcommittee recognizes the importance of Added Substances in the excipient”s
composition, this topic will be discussed at a later date. Two sections of General Notices
(5.60.10 Other Impurities in USP and NF Articles and 5.60.20 Residual Solvents in USP and NF
Articles) cover impurities in official substances. However, as written, the applicability of these
guidelines on impurities to excipients is questionable.
Furthermore, the term “impurity” or “impurities” has a negative connotation and may not be
appropriate for excipients when no negative impact is associated with the presence of a minor
component, especially if the minor component has a favorable impact or is necessary for the
excipient to perform correctly in a drug product. Additionally, the performance of an excipient
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does not always correlate with purity.
The Excipient Impurities Joint Subcommittee is considering development of a general
information chapter that would provide guidance on setting specifications for excipient
composition and impurities. The subcommittee is seeking input from the manufacturers and
users of excipients. Input from all stakeholders is critical to the development of composition and
impurity specifications. Therefore, all interested parties are encouraged to comment on the
views and approaches presented by the Excipient Impurities Joint Subcommittee in this Stimuli
article.
To facilitate this, a survey will be launched concurrent with this PF publication to obtain
feedback and comments from stakeholders regarding the idea of developing a general chapter
on excipient composition and impurities in excipients. Specific survey objectives are to:
1. Identify overall needs and challenges regarding the current written standards
(monographs and General Notices) on impurities in excipients
2. Assess the level of satisfaction with the current written standards on impurities for
excipients
3. Identify opportunities for improvement
4. Analyze input on modernizing documentary standards on impurities in excipients
5. Determine potential challenges in implementing the new approach.
BACKROUND
The Federal Food, Drug and Cosmetic Act (FD&C Act) of 1938 defines the term “drug” to
include components (i.e., the active ingredients and excipients) that go into the manufacture
of finished drug formulations.
More recently, the ICH Q3A (2) Guidance (Impurities in New Drug Substances) was issued to
provide “guidance for registration applications on the content and qualification of impurities in
new drug substances.” Note that ICH Q3A applies to drug substances and ICH Q3B applies to
drug products, but neither applies to excipients. However, the ICH Q3 documents are a logical
starting point for developing specifications for impurities in excipients, but there are some
important limitations as discussed below.
The first consideration is how to treat components above thresholds which, for drug
substances, would dictate that these be considered impurities and must be identified and/or
specified and controlled. Such an approach to excipients from an excipient safety and
functionality standpoint is thought to be either unnecessary or impractical. This is because
many excipients are derived from natural sources or are, as defined and specified, relatively
inhomogeneous in composition, and contain homologous components in minor amounts (e.g.,
Oleyl Alcohol NF can contain up to 8.0% of cetyl alcohol, 5.0% of stearyl alcohol, 7.0% of
linoleyl alcohol, 1.0% of linolenyl alcohol, and up to 1.0% of arachidyl alcohol). Many of today’s
excipients have been used for many years and are composed of minor and variable amounts of
substances which, absent any evidence of adverse impact, ought not to be considered
impurities but rather part of the excipient. Minor amounts of components present due to natural
derivation or by virtue of the manufacturing process may contribute to the excipient’s
functionality—and yet the function and identity of these components is often unknown. To add
to the complexity, these other components may interact with each other or the main
component in the excipient to give the excipient its specific functionality. However, in many
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cases these specific interactions and mechanisms that contribute to the excipient’s overall
functionality are not well understood.
Recently, the ability to detect adulterants in excipients has been questioned by stakeholders
and regulators amid notable adulteration incidents that involved substitution or dilution and
falsification of ingredient labeling. In response to these concerns, upon review of excipient
monographs, it became apparent that nonspecific identification tests or assays which could not
differentiate between the genuine article and one that contained even an appreciable, perhaps
harmful, amount of an added adulterant, were a factor. FDA requested the identification and
assay tests specified in pharmacopeial monographs for certain articles at greatest risk of
intentional adulteration be improved or replaced with more specific tests to combat fraudulent
activity in the global supply chain. In response, USP initiated an excipient monograph
modernization program (currently known as the USP Up-to-Date Initiative) which would
incorporate up-to-date analytical techniques and mitigate adulteration risk.
One area related to the discussion on specification of impurities in excipients is the
questionable applicability of General Notices, 5.60.10 Other Impurities in USP and NF Articles to
excipients stating “The presence of any unlabeled other impurity in an official substance is a
variance from the standard if the content is 0.1% or greater.” This provision is intended to
ensure that impurities found in drug substances are declared as impurities in the labeling.
Applying the rules established by 5.60.10, a substance present in a minor amount in an
excipient and not specified or reported as part of the excipient assay could be regarded as an
impurity. While 5.60.10 might apply to simple excipients (e.g., sodium hydroxide, mandelic acid),
applying the rules would be problematic for excipients of natural origin, polymeric excipients, or
excipients that usually contain larger amounts (>0.1%) of components related to the main or
nominal component.
As with exceptions provided in 5.60.10 for complex drug substances, the reporting of minor
components in excipients as “impurities not specified in the monograph” is not beneficial and
may be counterproductive to drug product quality or availability. Therefore, reporting of each
identified minor component in excipients of natural origin may not be possible at this time. One
possible way to reconcile the differences with excipients and 5.60.10 is to add excipients to
the exclusion list except in cases when the excipient application dictates the excipient be of
high purity (e.g., dextrose used in parenteral formulations) and/or when an excipient is used as
a drug substance (e.g., Polyethylene Glycol 3350).
An important driver for publishing this Stimuli article is a need to provide clearer direction and
guidance to USP expert volunteers, scientists, and staff engaged in standards setting and
establishing specifications for excipient components and impurities, including the use of
representative samples to account for multiple manufacturing processes by which an excipient
can be produced. This is especially true in cases where USP has no sponsor commitment.
Figure 1 illustrates classes of substances that can be used as excipients.
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Figure 1. Classes of substances used as excipients.
The following information is provided to serve as examples of the types of difficulties
encountered when setting specifications for excipients:
1. Biopolymers from natural materials and polymers synthesized from monomeric units:
a. Variable lengths of polymer chains as well as how the chains are linked often
account for functionality, in which case the isoforms with short-range chemical
similarities clearly are not impurities and are more likely concomitant
components.
b. Components that are co-extracted in upstream processing of the excipient are
less readily classified as impurities, even when their chemical structures are
elucidated. However, such components probably should be at least controlled
within the domain of the process parameters limits. The excipient manufacturer
would not necessarily be required to reduce their amounts by performing
additional processing, or by changing process parameters, because their removal
could also impact other components and thus have an unknown impact on the
functionality of the excipient.
2. Small molecules derived from natural materials, and small molecules obtained via
synthetic routes from well-characterized chemical components:
a. When synthetically derived, these tend to be well-characterized single molecular
entities.
b. When obtained from natural raw materials, these excipients tend to be
incompletely characterized, and it is often difficult to determine the contribution
of each component to excipient functionality or performance.
As stated above, despite the analytical tools available, for some excipients (e.g., polymers,
minerals, and from plant and animal sources), it remains challenging—in some cases, impossible
—to develop a validated chemical assay that accurately detects and quantitates each
component (3). Likewise, it is often challenging to construct a specification with orthogonal
methods of chemical analysis that enable pharmaceutical manufacturers to account for virtually
every component present in an excipient. In addition to these difficulties, an even bigger
problem is the uncertainty about how to classify components detected in the excipient as
either an impurity or a component that we define below as a concomitant component, which
may have a beneficial effect in the use of the excipient.
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Unlike most active ingredients, excipients are not manufactured with the intention of yielding
a single well-characterized substance. Some excipients are manufactured by polymerization
(e.g., povidone). Although the degree of variation of the polymer size within a given range can
be controlled to some extent, a single molecular entity is never obtained. The range of polymer
molecular weights for a given grade of povidone is specified in the Pharmacopeia, and is
generally well understood. In the case of natural polymers (biopolymers), the range of molecular
weights is not well understood.
Many excipients are obtained by extraction from naturally occurring materials, or from the
further processing of these extracts. The purified extracts will often contain components with
similar chemical structure or functional groups. In other situations, there may be unrelated
components that cannot be easily separated from the main components in the extract. In
addition, the amount of each of these components often varies based on factors such as
species, regions, climate, weather, and/or processing technique. The many variables related to
the starting material and its processing can lead to differences in excipient composition from
batch to batch, or changes in composition over time. Such changes may eventually impact
excipient performance and drug product performance.
Manufacturing of excipients must take place in accordance with appropriate Good
Manufacturing Practice (GMP) (4) such that excipient composition and impurities can be
adequately reproduced and controlled, respectively. Thus, excipient manufacturers need some
guidance from pharmaceutical manufacturers to determine which substances in the excipient
need to be controlled as impurities. Uncertainty or disparity among end users makes setting of
specifications challenging in terms of classification of a substance as an excipient impurity as
opposed to being part of the excipient composition. As the composition of Oleyl Alcohol NF was
revealed with introduction of a gas chromatographic method for the Assay and Limit of Related
Fatty Alcohols test, there were two distinct groups of drug manufacturers, although, who used
Oleyl Alcohol within the range specified in the monograph, NLT 75.0% and NMT 102.0%, had
completely different preferences in regards to the content of the major and minor components
and views on how to classify those minor components. One group of the drug manufacturers
preferred Oleyl Alcohol with the content of oleyl alcohol within 78%–85% and minor components
within 15%–22%. They reported that those minor components were necessary and useful for
their topical drug formulations. In contrast, the other group preferred Oleyl Alcohol of greater
than 95% purity with limited amounts of minor components because those components
negatively impacted their specific formulations.
The term “concomitant component” is used in this Stimuli article to encompass all
components that are a necessary part of the excipient, and hence should not be considered
impurities unless they are shown in some way to compromise the quality of the excipient.
Concomitant components of an excipient include substances that either are known to promote
excipient function or have an unknown contribution to excipient function, and are clearly not
deleterious to excipient quality.
Concomitant components are often not part of the excipient specification, although for some,
a limit might be specified. These limits often result from what is learned about the excipient
composition when testing commercially available samples of excipients. Concomitant
components might be detected in analyses such as chromatographic assays designed to
measure the major and perhaps other known minor components of the excipient for which limits
are specified in the official method.
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Chromatographic methods often reveal that other components are present in an excipient in
minor amounts. Often, it is difficult to make an unambiguous determination whether such a
component is a concomitant component, or an impurity (e.g., the presence of hemicelluloses in
microcrystalline cellulose).
One area of confusion related to excipient composition is the relationship between the
compendial title (official name) and the actual composition. This is particularly troublesome for
excipients that almost always have a multitude of related components present due to the
nature of how such excipients are derived, even after undergoing chemical transformations and
purification. For example, Microcrystalline Cellulose NF contains α-cellulose (cellulose I), Βcellulose (cellulose II), hemicelluloses, sugar residues (from the hydrolysis step), ammonia
residues, and residues from the pulping process, together with components carried over from
the original cellulose source that were not removed by subsequent processing. For such
excipients, the compositional profile may look significantly different when comparing samples of
the same excipient from different sources or manufacturing processes.
Certain assay and impurity tests in excipient monographs are nonspecific and collectively
detect related substances. In these cases, the reporting consists of stating the amounts semiquantitatively by reference to a single component (e.g., aldehydes, reported as formaldehyde;
amino groups, reported as nitrogen).
An important goal is to provide, if possible, a specific assay in each excipient monograph.
Chromatographic assays, where appropriate, enable measurements that, at the very least,
provide information on the excipient composition, including how this composition may vary.
Since many excipients considered for monograph updating have variable amounts of main
components, assay specifications will dictate a range or a limit (upper and/or lower) for the
percentage of each major component or sum of major components. Levels for some of the
closely related chemical components present in minor amounts may also be similarly addressed
either by specifying ranges or limits. Some examples include Sesame Oil NF, Castor Oil USP,
Hydrogenated Castor Oil NF, and Lecithin NF. Although minor components might not be
specified, these substances can be identified in an assay method and, if desired, measured
using chromatographic retention times. An upper limit in the specification should not imply that
a substance is an impurity unless justified based on a known, inverse correlation between the
presence of the substance and product quality/patient safety as discussed above.
Given the large number of excipients listed in USP–NF and their complexity, the Excipient
Impurities Joint Subcommittee is proposing the following set of definitions to aid in classifying
excipients and to improve contrast between acceptable components of the excipients and
impurities in excipients. When discussing the composition and quality of any Official Substance
(5), it is intended for the definitions below to apply when used as a pharmaceutical excipient.
Nominal component: Substance typically found in the excipient that is expressed by the
official name and definition and/or assay provided in the USP monograph.
Minor component: A component of an excipient which is not the nominal component or,
where the official name does not relate to the excipient components, not the major
component.
Simple excipient: An excipient composed of a single main substance with a well-defined
chemical structure that can be characterized well analytically.
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Complex excipient: Any excipient that does not fit the definition of a simple excipient.
Concomitant component: A minor component of an excipient that accompanies the nominal
component which is identified either in the title or definition of a monograph. Concomitant
components are characteristic of many excipients and are not considered to be impurities if
there is no negative impact on drug products. Some but not all concomitant components are
defined or specified in excipient monographs. Added substances are not considered
concomitant components. (Any component that can be considered a toxic impurity because
of significant undesirable biological effect is not considered to be a concomitant component.)
Added substances in official substances: Substances added to improve excipient handling,
processing or performance, including stability (see also General Notices, 5.20.10 Added
Substances in Official Substances).
Excipient impurity: Any substance that detracts from the quality of the excipient (i.e., that
is not the substance appearing in the official name, or a concomitant component or added
substance as defined above).
One of the challenges when setting specifications is that ranges for the different substances
found in an excipient are usually developed from analytical data provided by monograph
sponsors. This approach represents a sampling of the market, but is not necessarily
representative of all marketed sources of the excipient. The ranges tend to characterize
excipients based on how they are manufactured, including how they are derived. These data
tend to provide some point of reference for making comparisons, for example when one is
considering supplier changes. Often these related substances are part of a homologous series
of components that have very similar structures (e.g., carbon chain lengths in series that differ
by two carbon atoms in excipients tracing back to oils extracted from seeds).
Additional information on the excipient composition will allow product manufacturers to
monitor for differences that might indicate deviation from the norm or to make better decisions
allowing them to improve product manufacturing. Each drug product manufacturer can interpret
differences and decide how to take advantage of additional information on excipient
composition, as in the case of Oleyl Alcohol described above.
Minor components of the excipient are often not specified at all, or they may be specified
with upper limits for reasons that should not lead as a rule to their classification as impurities.
Incomplete chemical characterization of the individual components of an excipient could be due
to the inability to detect or accurately quantitate the minor components, or inability to
elucidate the structure of a newly detected component well enough to compare it with other
components that might also be present. As methods are improved, it is likely that additional
minor components will be detected. However, it is important to remember that these minor
components probably have always been in the excipient. In addition, absent e.g. safety
concerns, minor components known to be present in certain excipients might not have been
considered important enough to be measured and monitored.
Stearic acid and stearate derivatives (e.g., alkaline earth metal soaps and glyceryl esters),
provide an excellent example, whereby the two main components, stearic acid and palmitic
acid, comprise roughly 95% of the fatty acid composition; related fatty acids are known to be
present but have not needed to be monitored in virtually all cases. Even in cases where a minor
component has an upper limit (e.g., in a fatty acid assay), this should not necessarily indicate
that it needs to be considered an impurity. Components present in minor amounts are more
likely to have some effect on the performance of the drug product than to pose any safety

PF 44(3): May.-Jun. 2018

708

concerns. One such example is dibasic calcium phosphate dihydrate. While it is possible to
obtain a very pure material with very low levels of foreign ions, tests have shown that the very
pure dibasic calcium phosphate dihydrate does not compact as well as the less pure material.
The reason is that the foreign ions, when incorporated into the crystal lattice during excipient
manufacturing, provide dislocations that facilitate brittle fracture. The very pure material does
not have sufficient dislocations in the crystal lattice to facilitate adequate brittle fracture
during manufacture of the tablets. For many tablet products, this is a key property that
contributes to the excipient’s performance.
Modern analytical techniques, such as the chromatographic assays that USP has implemented
for certain excipients in the past and is currently investigating for others, are shedding new
light on the variability in composition of many excipients. Manufacturers of drug products might
not have been aware of such variability. There are many compendial excipients for which the
composition is only vaguely understood, and this situation will not change barring additional
testing not required for ascertaining compliance with the respective official monographs. Many
of these excipients are derived from starting materials that in raw form might not be considered
safe, thus some degree of purification is often necessary. Moreover, the supply chains for many
of these excipients appear to be globalized and may have some degree of complexity potentially
obscuring the identity of the original manufacturer or the source derivation (e.g., botanical
species) of the excipient. Many excipient supply chains have the potential to be intertwined
with industrial chemical supply chains such that enhanced characterization might provide a
means to monitor supply chain integrity after supplier qualification.
EVALUATION OF EXCIPIENT COMPOSITION AND SETTING SPECIFICATIONS
USP–NF monograph requirements are the minimum requirements for quality, identity, and
purity of the excipients. The quality, identity, and purity of each excipient are related to the
safety of the excipient. A specification should adequately ensure that the excipient composition
is as expected for that particular excipient, substances considered to be impurities are
acceptably limited, and the excipient can, to the extent possible, be unequivocally identified to
preclude use of a mislabeled excipient. Excipients that comply with the identity and purity tests
and which are used within a proper context (e.g., amount and route of administration) would
generally be considered safe to use.
Historically, USP has relied on the external stakeholders to submit new monographs or to
support revisions to the existing monographs. However, recently, USP has been engaging its
internal laboratories to fulfill this task. In both approaches, one of the many requirements for
accepting either a submission for a new monograph or a request for revision (6,7) is that the
excipient, for which a revision or development is initiated, or sponsor’s material is used in an
FDA regulated drug. However because excipients are evaluated as part of the drug aproval
process it is possible that only a single manufacturing process and corresponding potential
impurities, and not necessarily all possible methods of manufacturing and resultant impurities
will have been evaluated for safety. As other manufacturers start making the same excipients
but employ a different manufacturing process should the excipient safety profile be considered
equivalent? Can we make an assumption that each manufacturer knows their product impurities
and safety implications? What if they limit their testing to the procedures in a monograph that
may not be specific? To address the above concerns, all excipient makers and users are
encouraged to review and provide commentary to proposals, as well as provide samples of or
infromation about excipients in question to USP, to ensure any specification that ultimately
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becomes official adequately covers the excipient in regulated drugs.
In this section, we will provide a description of a systematic approach EM1 has taken in
evaluating excipient composition and in setting limits or ranges for excipients components in the
monographs that have been identified in need of more specific Assay and/or Impurities tests.
This is a multistep process reflective of the complexity of the excipient composition and
setting specifications for excipients that includes both a general as well as a specific approach
to the evaluation of excipient composition depending on the nature of the excipient. On the
side of caution, when an impurity profile or a composition of an excipient is revealed by a more
specific procedure, all minor components are initially looked at as potential impurities unless it
can be otherwise justified. In the case of simple excipients, when minor components exceed
0.1%, the EC’s general approach is to identify what those components are, if possible. However
for polymeric and mixture type excipients, USP closely works with the stakeholders to address
composition, concomitant components, and/or impurities. When successful, the EC considers a
review of the safety data, toxicological data (LD50s for the nominal and all other components
and data from TOXNET (8), a resource for searching databases on toxicology, hazardous
chemicals, environmental health, and toxic releases), process capability, and a statistical
evaluation of the impurity levels of the currently marketed pharmacopeial excipients. However,
this evaluation could not be undertaken by USP without a set of samples representative of the
excipient U.S market. Thus, a large range of samples would be needed to ensure that samples
from as many sources and manufacturing processes for the excipient as possible are available
for analysis. If the toxicological data for the nominal and minor components are similar, then the
limit for the minor component can be set based on the process capability [see Case Study 1.
Fumaric Acid (9)]. Additionally, FDA is often consulted to weigh in on newly identified
components as was the case for Methyl Salicylate [Case Study 2 (10)]. In the event there is
no pertinent information on safety or toxicity of a minor component available, other
Pharmacopeias are consulted, and input from stakeholders is also sought. In this instance, a
limit specified in another Pharmacopeia or used by stakeholders to control variability of the
excipient can be proposed for adoption. Collaboration of drug manufacturers, material
manufacturers, trade associations and FDA can definitely help USP ECs develop an up-to-date
monograph with appropriate impurity specifications as in the case of Polyethylene Glycol 3350
[Case Study 4 (11)].
As we strive to improve the assay methods, we expect to detect more components that
have always been present at relatively low levels in excipients but were undetectable or
unresolvable from other components. One way to classify minor excipient components is to
divide them into two groups: known and unknown. Known components are further subdivided
into two subgroups, existing and new. For the existing subgroup, it is proposed that either the
limits remain the same as the current monograph or they are updated based on data from
representative samples. A good example of an excipient that contains an existing and a new
component is Fumaric Acid, for which the monograph was recently revised in PF 43(5) (Case
Study 1. Fumaric Acid).
However, as described earlier, some of these newly detected or identified substances may be
concomitant components which contribute to the generally expected functionality of the
excipient. For example, as previously mentioned above, the removal of foreign ions from dibasic
calcium phosphate affects its compaction properties. Furthermore, an unintended consequence
of a change in composition is that the desired performance of the excipient is not realized. This
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is especially a concern when the performance has not been correlated to excipient composition
and/or the method of manufacturing, as is often the case for excipients. The primary focus in
establishing limits for newly detected components in excipients must remain on safety. It should
be pointed out that the current monograph structure provides flexibility in listing impurities and
components that are part of an excipient composition in different monograph sections,
Impurities versus Specific Tests and/or Other Components. However, in order for USP to
properly classify components and avoid unnecessarily referring to a specified component as an
impurity, relevant information should be shared with USP by the drug manufacturers.
There are several situations in which previously unknown or unidentified components in an
excipient may arise:
1. From use of a new analytical technology or methodology that shows more components
than previously detected (Case Study 1. Fumaric Acid and Case Study 2. Methyl
Salicylate).
2. Where the excipient is manufactured synthetically or from natural sources and an
alternate source of material is, or becomes available [Case Study 3. Deoxycholic Acid
(12)].
3. Intentional alteration of an existing manufacturing process potentially affecting levels of
components not considered to be part of the nominal composition. For example, a
change in composition might be the result of a change in the source (e.g., supplier or
derivation) of an excipient starting material.
As previously discussed, all unknown components exceeding 0.1% in simple excipients and at
minor to significant amounts in polymeric and mixture type excipients will be reviewed by the EC
following the multistep process described above.
With the differences in source and manufacturing process potentially leading to different
composition profiles there are two possible approaches to resolving these differences:
1. Have different specifications for the same excipient reflecting different composition
profiles. This approach is covered by General Notices, 4.10.10 Applicability of Test
Procedures. The recent update to the Octyldodecanol (13) monograph is a good
example of this approach.
2. Have the same specifications that would include concomitant components and impurities
from all sources and manufacturing processes for excipients.
There are some advantages and disadvantages of the approaches described above. However
each of them will require a significant amount of time and resources when dealing with
excipients coming from different sources and/or manufacturing processes.
Another consideration when setting specifications is the consistency of the composition of
the excipients. Many excipients have been used for many years, and most have a use in other
industries such as the food industry. However, because most excipients are mixtures of related
components or other components, the composition of many of these excipients was not known
precisely enough until recently. The exceptions were cases of significant problems in the
sourcing, manufacture, or storage of an excipient. Overall, consistency of composition was not
measurable or definable because the impurity profiles were simply not known. With the USP Upto-Date Initiative and other advances in analytical technology and toxicology data, the issue of
consistency is now relevant.
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Figure 2 captures outlines of what has been discussed in this section and illustrates a
decision tree for evaluating and setting specifications for components in excipients that is
presented below:

Figure 2. A decision tree for evaluating and setting specifications for components in excipients.
Case Study 1: Fumaric Acid (9)
Fumaric Acid is classified as a simple excipient consisting of a well characterized single major
component.
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The monograph Definition neither specifies the source nor provides any details of the Fumaric
Acid manufacturing process. However, on the basis of literature search at least two different
manufacturing processes were identified. The current monograph has a titrimetric Assay and an
HPLC-UV test for Limit of Maleic Acid with the acceptance criterion of NMT 0.1%. The EM1 EC
recommended replacing the titrimetric Assay with an HPLC-UV Assay. Additionally, the EC
proposed developing one HPLC procedure that could be employed for evaluating purity and
composition of Fumaric Acid and other two related acids, Maleic Acid and Malic Acid. The
analysis of 10 samples of Fumaric Acid from five different manufacturers revealed that some
samples contained up to 1.0% of malic acid (new component) in addition to a minor presence
(about 0.01%) of maleic acid (existing component). The variance component model was used
to determine a 95% prediction interval around the mean value to set the limit for malic acid.
That limit was calculated as NMT 1.1%. Because there are no safety issues with malic acid, the
EC recommended setting a limit for malic acid at NMT 1.5% and keeping the limit for maleic acid
unchanged at NMT 0.1%.
Case Study 2: Methyl Salicylate (10)
Methyl Salicylate is classified as a simple excipient consisting of a well-characterized single
nominal component.
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According to the monograph Definition, methyl salicylate is produced synthetically or is
obtained from natural sources. During the modernization effort, with the assistance of the USP
compendial development laboratory (CDL) the EC discovered the presence of an impurity,
dimethyl 4-hydroxyisophthalate, which may be generated from manufacturing processes as a
process intermediate. The USP CDL utilized LC-MS, UV/Vis, and authentic substance to confirm
the identity of the impurity, and analyzed Methyl Salicylate NF grade materials from various and
different manufacturers/suppliers, which are available from the market. FDA provided the EC
feedback for the proposed impurity—dimethyl 4-hydroxyisophthalate.
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On the basis of all the information and test sample results, the EC proposed a limit for
dimethyl 4-hydroxyisophthalate as NMT 0.5%.
Case Study 3: Deoxycholic Acid (12)
Deoxycholic Acid is classified as a simple excipient consisting of a single well-characterized
nominal component.

Even though the original monograph Definition did not specify the source of Deoxycholic Acid
the only available source of this excipient on the market was bovine bile acids. When a new
synthetic source became available the monograph was revised to replace a titrimetric Assay
with an HPLC Assay. Additionally, a test for Organic Impurities by HPLC was added to the
monograph. The sponsor of the monograph revision provided a list of impurities typically
observed in the synthetic Deoxycholic Acid. Using this HPLC method, which was specific for
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impurities in Deoxycholic Acid of both origins, the USP lab analyzed nine samples of Deoxycholic
Acid of animal origin. The analysis showed that the impurity profiles of Deoxycholic Acid from
the two sources were very different. As a result, two sets of Acceptance criteria were included
in the Organic Impurities of the monograph (see below).

Acceptance criteria
Deoxycholic acid of animal origin
Cholic acid: NMT 1.0%
Total impurities: NMT 2.0%
Deoxycholic acid of synthetic origin: See Table 1.
Table 1

Name
3α, 12β-Dihydroxy-5β-cholan-24-oic acid
3α, 12α-Dihydroxy-5β-chol-9(11)-en-24-oic acid
Ethyl 3α, 12α-dihydroxy-5β-cholan-24-oate
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
0.69
0.87
1.61
—
—

Acceptance
Criteria
NMT (%)
0.15
0.15
0.15
0.10
2.0

Case Study 4: Polyethylene Glycol 3350 (11)
Polyethylene Glycol 3350 is classified as a complex excipient. Polyethylene Glycol 3350 is
defined as an addition polymer of ethylene oxide and water, represented by the formula
H(OCH2 CH2 )nOH, in which n represents the average number of oxyethylene groups. The
apparent weight-average molecular weight is 3015–3685 g/mol (Da). It contains NLT 97.0% and
NMT 103.0% of polyethylene glycol 3350, calculated on the anhydrous basis. It may contain a
suitable antioxidant.
Polyethylene Glycol 3350 was initially included in the official Polyethylene Glycol NF
monograph without impurity tests for formaldehyde and acetaldehyde. Within the newly
developed Polyethylene Glycol 3350 monograph, in the Impurities section, in addition to
inorganic impurities that can be estimated through Residue on Ignition, the test for Limit of
Ethylene Oxide and Dioxane is used to monitor and limit the residual starting material—ethylene
oxide and the process intermediate—dioxane that is a dimer of ethylene oxide. Both ethylene
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oxide and dioxane are toxic. The test for Limit of Ethylene Glycol and Diethylene Glycol was
implemented to monitor and control ethylene glycol and diethylene glycol that are process
intermediates. Ethylene glycol is generated when ethylene oxide reacts with water, and
diethylene glycol is a dimer of ethylene glycol. Both ethylene glycol and diethylene glycol are
toxic as well. Finally, many researches and studies reported that formaldehyde and
acetaldehyde are process impurities which greatly impact polyethylene glycol 3350 product
stability, and further deteriorate drug formulation because they are reactive in nature. Some
additional impurities such as formic acid and acetic acid can be controlled by setting an
appropriate specification for Acidity and Alkalinity. The Excipients EM1 EC worked with two
excipient manufacturers, two drug companies, a trade organization, FDA, and the USP lab to
set appropriate specifications for impurities.
CONCLUSIONS
With the modernization and updating of excipient monographs, and the move away from e.g.
nonspecific titrations to chromatographic methods, it is becoming more clear that excipients
typically are not small molecules, but often very complex substances requiring different types
of specification to small molecule APIs. Thus, setting specifications for excipients is not
straightforward. In many cases, the criteria given in USP General Notices, 5.60.10 Other
Impurities in USP and NF Articles and 5.60.20 Residual Solvents in USP and NF Articles cannot
be applied to excipients because of the complexity of their composition. The rigid application of
the term “impurity” to any excipient component present above the USP 5.60.10 threshold
(0.1%, w/w) would mean that the majority of excipients available today could not be used for
the manufacture of pharmaceutical finished products, with catastrophic consequences for
patients. Many of the components present in excipients may be necessary for performance in
different application, and are thus not impurities but concomitant components. A distinction
must be made between excipient impurities that detract from the quality of the excipient
(including safety), and those components which can be present, have always been present,
and may need to be present to achieve the necessary performance in the application. It must
also be remembered that most excipients have been in use for many decades and are
considered safe, including the levels of their concomitant components. In setting specifications
in USP–NF for excipients, the ECs take into account the information available to them; however,
it must be acknowledged that with the diversity in source and manufacture of many excipients,
it may not be possible to provide specifications for all components, covering all potential
sources, of a particular excipient. In addition, the link between excipient composition and
excipient performance is typically not well understood. Thus, it is difficult to identify which
concomitant excipient components should be controlled. This is more properly the responsibility
of the excipient user since the performance requirements and limits will be application
(formulation) dependent. The Excipient Impurities Joint Subcommittee is seeking feedback from
stakeholders, and encourages stakeholders to submit comments on the article. In addition, the
Subcommittee strongly encourages all stakeholders to complete the survey questionnaire on
the USP website when it becomes available.
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Pharmacopeial Forum's Public Review and Comment Process

This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP website). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP website.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.
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Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP website (http://www.usp.org/getinvolved/donate/submission-guidelines). Note that the Expert Committee listing and the
Scientific Staff Directory also are located on the USP website (see below for links).
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information provided at the end of each
proposed changes.
proposed revision. For general inquiries or
May include other
in cases where a Scientific Liaison is not
information useful to
identified, use the general USP telephone
the analyst, such as
number 301-881-0666 or fax number 301the brand name of
998-6839 or stdsmonographs@usp.org.
the column used in
developing the
proposed procedure
and the USP Expert
Committee and USP
Scientific Liaisons
who handle the
monograph or general
chapter.
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Content
Revision proposals from
the Pharmacopoeial
Discussion Group (PDG),
which comprises the
European
Pharmacopoeia, the
Japanese
Pharmacopoeia, and
USP. The Stage 2 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The
draft is published in its
entirety.

How Readers Can Respond
Review material and provide comments to
the USP Scientific Liaison using the
contact information provided at the end of
each Stage 2 Harmonization.

BRIEFING: Scientific
rationale for the
potential inclusion or
change or for the
proposed change.
Stimuli to the
Revision
Process

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

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

Other Sections
Expert Committees
A listing of the 2015–2020 Expert Committees that work on the development of USP
compendial standards (http://www.usp.org/expert-committees)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards (http://www.usp.org/help/scientificsupport/standards-development-staff)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.uspnf.com/pharmacopeial-forum for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's website.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example: new text Where the symbols appear together with no enclosed
text, such as
, it means that text has been deleted and no new text was proposed to
replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the
date the proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Insulin, USP 41 page 2161 and PF 44(1) [Jan.–Feb. 2018]. On the basis of comments
received, it is proposed to revise the monograph as follows:
1. Change the reference for the Zinc Determination test from Zinc Determination 〈591〉,
Dithizone Method to Zinc Determination 〈591〉.
2. Delete the information on sample size under the Zinc Determination test because this
sample amount does not apply to all methods.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: M. Metta.)
Correspondence Number—204310
Comment deadline: September 30, 2018
Insulin

C256 H381 N65 O76 S6
Insulin (pig)

5777.54

[12584-58-6].
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5733.49

[11070-73-8].

DEFINITION
Change to read:
Insulin is a protein that affects the metabolism of glucose. Insulin is a two-chain peptide
hormone consisting of 51 amino acids, and its structure corresponds to native insulin produced
in vivo by the beta cells of the pancreas. The A-chain is composed of 21 amino acids, and the
B-chain is composed of 30 amino acids. USP42 It is obtained from the pancreas of healthy
bovine or porcine animals, or both, used for food by humans. Its potency is NLT 26.5 USP
Insulin Units/mg, calculated on the dried basis; Insulin labeled as purified contains NLT 27.0 USP
Insulin Units/mg, calculated on the dried basis. The proinsulin content is NMT 10 ppm,
determined by a validated method.
USP42
[Note—One USP Insulin Unit is equivalent to 0.0342 mg of pure Insulin derived from beef or
0.0345 mg of pure Insulin derived from pork.]
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
appropriate species of the Identification solution, as obtained in the Assay.
[Note—It may be necessary to inject a mixture of Sample solution and Identification
solution.]
Delete the following:
• B. Peptide Mapping
Sulfate buffer: 2.0 M ammonium sulfate and 0.5 M sulfuric acid (1:1)
Enzyme solution: 500 units/mL of Staphylococcus aureus V-8 protease activity in water
HEPES buffer: 0.1 M HEPES (N-2-hydroxyethylpiperazine-N′-2-ethanesulfonic acid). Adjust
with 5 M sodium hydroxide to a pH of 7.5 before diluting with water to a final volume.
Solution A: Acetonitrile, water, and Sulfate buffer (100:700:200)
Solution B: Acetonitrile, water, and Sulfate buffer (400:400:200)
Mobile phase: See Table 1.
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Time
(min)
0
60
65
70
71
86

Table 1
Solution A
(%)
90
30
0
0
90
90

Solution B
(%)
10
70
100
100
10
10

Standard digest solution: 2 mg/mL of USP Insulin RS of the appropriate species in 0.01 N
hydrochloric acid. Transfer 500 µL of the resulting solution to a clean vial. Add 2.0 mL of
HEPES buffer and 400 µL of Enzyme solution, and incubate at 25° for 6 h. Quench the
digestion by adding 2.9 mL of Sulfate buffer.
Sample digest solution: 2 mg/mL of Insulin in 0.01 N hydrochloric acid, mix to dissolve.
Transfer 500 µL of the resulting solution to a clean vial. Add 2.0 mL of HEPES buffer and
400 µL of Enzyme solution, and incubate at 25° for 6 h. Quench the digestion by adding
2.9 mL of Sulfate buffer.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 10-cm; packing L1
Column temperature: 40°
Flow rate: 1 mL/min
System suitability
Sample: Standard digest solution
Suitability requirements
Chromatogram comparability: The chromatogram of the Standard digest solution
corresponds to that of the reference chromatogram provided with USP Insulin RS of
the appropriate species.
Resolution: NLT 1.9 between digest fragments II and III.
[Note—Fragment I elutes at the same time in insulin derived from pork and Insulin
Human; Fragment II elutes at the same time in Insulin Human and insulin derived from
beef and pork; and Fragment III elutes at the same time in insulin derived from beef
and pork.]
Tailing factor: NMT 1.5
Analysis
Samples: Standard digest solution and Sample digest solution
Using the gradient program, run a blank. Separately inject equal volumes of the Standard
digest solution and the Sample digest solution, and record the responses of each peak.
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Acceptance criteria: The chromatographic profile of the Sample digest solution
corresponds to that of the Standard digest solution. USP42
Add the following:
• B. Physicochemical Analytical Procedures for Insulins 〈121.1〉, Peptide Mapping:
Proceed as directed, except for the Mobile phase and System suitability.
Mobile phase: See Table 1.
Time
(min)
0
60
65
70
71
86

Table 1
Solution A
(%)
90
30
0
0
90
90

Solution B
(%)
10
70
100
100
10
10

System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.9 between digest fragments II and III
[Note—Fragment I elutes at the same time in insulin derived from pork and Insulin
Human; Fragment II elutes at the same time in Insulin Human and insulin derived from
beef and pork; and Fragment III elutes at the same time in insulin derived from beef
and pork.]
Tailing factor: NMT 1.5 for digest fragments II and III
Chromatogram comparability: The chromatogram of the Standard solution
corresponds to that of the reference chromatogram provided with insulin of the
appropriate species.
Acceptance criteria: Meets the requirements USP42
Add the following:
• C. Insulin Assays 〈121〉, Assay, Bioidentity Test: Meets the requirements

USP42

ASSAY
• Procedure
Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
of phosphoric acid into the solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Mobile phase: Acetonitrile and Solution A (26:74). [Note—The acetonitrile is warmed to a
temperature of NLT 20° to avoid precipitation.]
System suitability solution: 1.5 mg/mL of Insulin in 0.01 N hydrochloric acid. Allow to
stand at room temperature for NLT 3 days to obtain a solution containing NLT 5% of A-21
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desamido insulin.
[Note—The Identification solution, Standard solution, and Sample solution may be stored at
room temperature for up to 12 h or in a refrigerator for up to 48 h.]
Identification solution: 0.6 mg/mL each of USP Insulin Pork RS and USP Insulin Beef RS in
0.01 N hydrochloric acid
Standard solution: 1.5 mg/mL of insulin of the appropriate species, either USP Insulin Beef
RS or USP Insulin Pork RS, in 0.01 N hydrochloric acid. For insulin of mixed species prepare
a solution containing 1.3 mg/mL of USP Insulin Beef RS and 0.25 mg/mL of USP Insulin Pork
RS in 0.01 N hydrochloric acid.
Sample solution: 1.5 mg/mL of Insulin in 0.01 N hydrochloric acid
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between insulin and A-21 desamido insulin, System suitability
solution
Tailing factor: NMT 1.8 for the insulin peak, System suitability solution
Relative standard deviation: NMT 1.6%, Standard solution
Analysis
Samples: Identification solution, Standard solution, and Sample solution
Measure the peak responses for insulin and A-21 desamido insulin, using the chromatogram
of the Identification solution to identify the insulin peaks.
For Insulin derived from a single species, calculate the potency on the undried basis, in USP
Insulin Units/mg, of Insulin in the Sample solution:
Result = (ΣrU/ΣrS) × (CS/CU)
rU = sum of the peak responses of insulin and A-21 desamido insulin from the Sample
solution
rS = sum of the peak responses of insulin and A-21 desamido insulin from the Standard
solution
CS = concentration of insulin of the appropriate species, either USP Insulin Beef RS or
USP Insulin Pork RS, in the Standard solution (USP Insulin Units/mL)
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CU = concentration of Insulin in the Sample solution (mg/mL)
For Insulin derived from a mixture of beef insulin and pork insulin, calculate the total
potency as the sum of the potencies of the beef-derived insulin and pork-derived insulin,
determined separately.
Acceptance criteria: NLT 26.5 USP Insulin Units/mg on the dried basis; Insulin labeled as
purified contains NLT 27.0 USP Insulin Units/mg on the dried basis.
OTHER COMPONENTS
Change to read:
• Zinc Determination 〈591〉, Procedure, Dithizone Method
Zinc Determination 〈591〉 (IRA 1-Jan-2019)
Sample: 10 mg
(IRA 1-Jan-2019)

Acceptance criteria: NMT 1.0% on the dried basis

USP42

PRODUCT-RELATED SUBSTANCES AND IMPURITIES
Change to read:
• Organic Impurities Product-Related Substances USP42
Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
of phosphoric acid into the solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Solution B: Acetonitrile and Solution A (18:82)
Solution C: Acetonitrile and Solution A (50:50)
Mobile phase: See Table 2.
Time
(min)
0
60
85
91
92

Table 2
Solution B
(%)
81
81
36
36
81

Solution C
(%)
19
19
64
64
19

System suitability solution: 1.5 mg/mL of Insulin in 0.01 N hydrochloric acid. Allow to
stand at room temperature for NLT 3 days to obtain a solution containing NLT 5% of A-21
desamido insulin.
[Note—Standard solutions A–C may be stored at room temperature for up to 12 h and in a
refrigerator for up to 48 h.]
Standard solution A: 3.75 mg/mL of insulin of the appropriate species, either USP Insulin
Beef RS or USP Insulin Pork RS, in 0.01 N hydrochloric acid. For insulin of mixed species
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prepare a solution containing 3.2 mg/mL of USP Insulin Beef RS and 0.6 mg/mL of USP
Insulin Pork RS in 0.01 N hydrochloric acid.
Standard solution B: 0.375 mg/mL of insulin of the appropriate species, either USP Insulin
Beef RS or USP Insulin Pork RS, in 0.01 N hydrochloric acid prepared as follows. Pipet 1 mL
of Standard solution A into a 10-mL volumetric flask, dilute with 0.01 N hydrochloric acid
to volume, and mix.
Standard solution C: 0.0375 mg/mL of insulin of the appropriate species, either USP Insulin
Beef RS or USP Insulin Pork RS, in 0.01 N hydrochloric acid prepared as follows. Pipet 1 mL
of Standard solution B into a 10-mL volumetric flask, dilute with 0.01 N hydrochloric acid
to volume, and mix.
Sample solution: 3.75 mg/mL of Insulin in 0.01 N hydrochloric acid. Prepare the solution in
a capped vial, cap the vial, and shake gently to dissolve. Store the solution for NMT 2 h
at room temperature or for NMT 12 h in a refrigerator.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution A, Standard solution B, and
Standard solution C
[Note—Adjust the Mobile phase composition and the duration of the isocratic elution to
obtain a retention time of about 31 min for insulin, with the A-21 desamido insulin
eluting just prior to the start of the gradient elution phase.]
Suitability requirements for the System suitability solution
Resolution: NLT 2.0 between insulin and A-21 desamido insulin
Tailing factor: NMT 1.8 for the insulin peak
Suitability requirements for the Standard solutions
Calculate the factor X1:
X1 = (rB/rA) × D
rB = peak response from Standard solution B
rA = peak response from Standard solution A
D = dilution factor, 10
Result: Between 0.91 and 1.09
Calculate the factor X2:
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X2 = (rC/rA) × D
rC = peak response from Standard solution C
rA = peak response from Standard solution A
D = dilution factor, 100
Result: Between 0.7 and 1.3
Analysis
Sample: Sample solution
Calculate the percentage of insulin, A-21 desamido insulin, and other impurities insulinrelated substances USP42 in the portion of Insulin taken:
Calculate the percentage of Insulin (%I):
Result = (rI /rT) × 100
rI = peak response of insulin from the Sample solution
rT = sum of the responses of all the peaks from the Sample solution
Calculate the percentage of A-21 desamido insulin (%D):
Result = (rD/rT) × 100
rD = peak response of A-21 desamido insulin from the Sample solution
rT = sum of the responses of all the peaks from the Sample solution
Calculate the percentage of other insulin-related compounds substances:

USP42

Result = 100 − (%I + %D)
Acceptance criteria: NMT 10.0% of A-21 desamido insulin, and NMT 5.0% of other insulinrelated compounds substances USP42
For Insulin derived from a single species, measure the responses of any peaks corresponding
to beef insulin or pork insulin, and calculate the concentration as a percentage of rT. The
amount of cross-contamination is NMT 1.0%.
Change to read:
• Limit of High Molecular Weight Proteins Physicochemical Analytical Procedures for
Insulins 〈121.1〉, Limit of High Molecular Weight Proteins: Meets the requirements USP42
Solution A: 1 mg/mL of l-arginine
Mobile phase: Solution A, acetonitrile, and glacial acetic acid (65:20:15)
Resolution solution: 4 mg/mL of Insulin containing NLT 0.4% high molecular weight
proteins in 0.01 N hydrochloric acid. Store in a refrigerator, and use within 7 days.
[Note—Insulin containing NLT 0.4% high molecular weight proteins may be prepared by
allowing Insulin to stand at room temperature for about 5 days.]
Sample solution: 4 mg/mL of Insulin in 0.01 N hydrochloric acid. Store in a refrigerator,
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and use within 7 days.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 7.8-mm × 30-cm; packing L20
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Resolution solution
Suitability requirements
Retention times: Between 13 and 17 min for the polymeric insulin complexes, about
17.5 min for the covalent insulin dimer, and between 18 and 22 min for the insulin
monomer, with salts eluting after the insulin monomer
Peak-to-valley ratio: The ratio of the height of the covalent insulin dimer peak to the
height of the valley between the covalent insulin dimer peak and the insulin monomer
peak is NLT 2.0.
Analysis
Sample: Sample solution
Disregard any peaks having retention times greater than that of the insulin monomer.
Calculate the percentage of high molecular weight proteins in the portion of Insulin taken:
Result = 100 × ΣrH/(ΣrH + rM)
ΣrH = sum of the responses of all peaks having retention times less than that of the
insulin monomer
rM = peak response of the insulin monomer
USP42

Acceptance criteria: NMT 1.0%
PROCESS-RELATED IMPURITIES
Add the following:
• Proinsulin Content: NMT 10 ng/mg, determined by a validated method

USP42

SPECIFIC TESTS
Delete the following:
• Insulin Assays 〈121〉, Assay, Bioidentity Test: Meets the requirements
• Loss on Drying 〈731〉
Sample: 200 mg
Analysis: Dry the Sample at 105° for 16 h.

USP42
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Acceptance criteria: NMT 10.0%
Delete the following:
•
Zinc Determination 〈591〉, Procedure, Dithizone Method (CN 1-May-2018)
Sample: 10 mg
Acceptance criteria: NMT 1.0% on the dried basis USP42
• Bacterial Endotoxins Test 〈85〉: NMT 10 USP Endotoxin Units/mg of insulin
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
bacterial count does not exceed 3 × 102 cfu/g, the test being performed on a portion of
about 0.2 g, accurately weighed.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store, protected from light, in a
freezer.
• Labeling: Label it to indicate the one or more animal species to which it is related, as pork,
beef, or a mixture of pork and beef. If the Insulin is purified, label it as such.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Insulin Beef RS
USP Insulin Pork RS
Recent Official Publications:
USP41–NF36 Page 2161
BRIEFING
Insulin Injection, USP 41 page 2163. On the basis of comments received, it is proposed to
revise the monograph to change the reference for the Zinc Determination test from Zinc
Determination 〈591〉, Dithizone Method to Zinc Determination 〈591〉.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: M. Metta.)
Correspondence Number—C204311
Comment deadline: September 30, 2018
Insulin Injection
DEFINITION
Insulin Injection is an isotonic, sterile solution of Insulin. Its potency, based on the sum of
the insulin and desamido insulin components, is NLT 95.0% and NMT 105.0% of the potency
stated on the label, expressed in USP Insulin Units/mL.
IDENTIFICATION
• A. The retention time of the insulin peak of Sample solution A or Sample solution B
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corresponds to that of the appropriate species of the Identification solution, as obtained in
the Assay. [Note—It may be necessary to inject a mixture of Sample solution and
Identification solution.]
ASSAY
• Procedure
Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
of phosphoric acid into the solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Mobile phase: Acetonitrile and Solution A (26:74). [Note—The acetonitrile is warmed to
NLT 20° to avoid precipitation.]
System suitability solution: 1.5 mg/mL of insulin of the appropriate species, either insulin
beef or insulin pork, in 0.01 N hydrochloric acid. For insulin of mixed species, prepare a
solution containing 1.3 mg/mL of insulin beef and 0.25 mg/mL of insulin pork in 0.01 N
hydrochloric acid. Allow to stand at room temperature for NLT 3 days to obtain a solution
containing NLT 5% of A-21 desamido insulin.
[Note—The Identification solution, Standard solution, and Sample solutions may be stored
at room temperature for up to 12 h or in a refrigerator for up to 48 h.]
Identification solution: 0.6 mg/mL each of USP Insulin Beef RS and USP Insulin Pork RS in
0.01 N hydrochloric acid
Standard solution: 1.5 mg/mL of either USP Insulin Beef RS or USP Insulin Pork RS in 0.01
N hydrochloric acid. For insulin of mixed species, prepare a solution containing 1.3 mg/mL
of USP Insulin Beef RS and 0.25 mg/mL of USP Insulin Pork RS in 0.01 N hydrochloric acid.
Sample solution A (for Injection labeled as containing 40 USP Insulin Units/mL): Add 2.5 µL
of 9.6 N hydrochloric acid for each milliliter of an accurately measured volume of Injection.
Allow the suspension, if present, to clarify, and mix.
Sample solution B (for Injection labeled as containing 100 USP Insulin Units/mL): Add 2.5
µL of 9.6 N hydrochloric acid for each milliliter of an accurately measured volume of
Injection. Allow the suspension, if present, to clarify, and mix. [Note—Pooling several
package units may be necessary to obtain sufficient volume of the sample.] Pipet 2 mL of
this solution into a 5-mL volumetric flask, dilute with 0.01 N hydrochloric acid to volume,
and mix.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
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Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between insulin and A-21 desamido insulin, System suitability
solution
Tailing factor: NMT 1.8 for the insulin peak, System suitability solution
Relative standard deviation: NMT 1.6%, Standard solution
Analysis
Samples: Identification solution, Standard solution, and either Sample solution A or
Sample solution B
Measure the peak responses for insulin and A-21 desamido insulin using the chromatogram
of the Identification solution to identify the insulin peaks.
For Injection prepared from a single species, calculate the potency, in USP Insulin Units/mL,
in the portion of Injection taken:
Result = (ΣrU/ΣrS) × CS × D
ΣrU = sum of the peak responses of insulin and A-21 desamido insulin from the Sample
solution
ΣrS = sum of the peak responses of insulin and A-21 desamido insulin from the Standard
solution
CS = concentration of either USP Insulin Beef RS or USP Insulin Pork RS in the Standard
solution (USP Insulin Units/mL)
D = dilution factor used to prepare the Sample solution
For Injection prepared from a mixture of insulin beef and insulin pork, calculate the total
potency as the sum of the potencies of insulin beef and insulin pork, determined
separately, as directed above.
Acceptance criteria: 95.0%–105.0% of the potency stated on the label, expressed in USP
Insulin Units/mL
OTHER COMPONENTS
Change to read:
•
Zinc Determination 〈591〉, Procedure, Dithizone Method (CN 1-May-2018)
Zinc Determination 〈591〉: (IRA 1-Jan-2019) 10–40 µg for every 100 USP Insulin Units of
the appropriate species
PRODUCT-RELATED SUBSTANCES AND IMPURITIES
• Physicochemical Analytical Procedures for Insulins 〈121.1〉, Limit of High Molecular
Weight Proteins
Proceed as directed, except for the Sample solution. It meets the requirements.
Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid to each milliliter of an
accurately measured volume of Injection, and mix.
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Acceptance criteria: NMT 2.0%
SPECIFIC TESTS
• pH 〈791〉: 7.0–7.8
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• Bacterial Endotoxins Test 〈85〉: NMT 80 USP Endotoxin Units per 100 USP Insulin Units
• Sterility Tests 〈71〉, Test for Sterility of the Product to Be Examined, Membrane Filtration:
Meets the requirements
• Injections and Implanted Drug Products 〈1〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in the unopened, multiple-dose container provided by the
manufacturer. Do not repackage. Store in a refrigerator, protect from sunlight, and avoid
freezing.
• Labeling: Label it to indicate the one or more animal species to which it is related, as
porcine, bovine, or a mixture of porcine and bovine. If the Insulin Injection is made from
insulin that is purified, label it as such. Label it to state that it is to be stored in a
refrigerator and that freezing is to be avoided. The label states the potency in USP Insulin
Units/mL.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Insulin Beef RS
USP Insulin Pork RS
Recent Official Publications:
USP41–NF36 Page 2163
BRIEFING
Insulin Aspart Injection, USP 41 page 2166. On the basis of comments received, it is
proposed to revise the monograph to change the reference for the Zinc Determination test
from Zinc Determination 〈591〉, Dithizone Method to Zinc Determination 〈591〉.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: D. McCarthy.)
Correspondence Number—C203496
Comment deadline: September 30, 2018
Insulin Aspart Injection
DEFINITION
Insulin Aspart Injection is an isotonic, sterile solution of Insulin Aspart in Water for Injection.
It has a potency of NLT 95% and NMT 105% of the potency stated on the label, expressed
in USP Insulin Aspart Units/mL. [Note—One USP Insulin Aspart Unit is equivalent to 0.0350
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mg of pure insulin aspart.]
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Dissolve 70 g of anhydrous sodium sulfate in approximately 4500 mL of water,
add 6.5 mL of phosphoric acid, and adjust with sodium hydroxide TS to a pH of 3.4. Dilute
with water to 5000 mL. Mix 900 mL of this solution with 100 mL of acetonitrile.
Solution B: Acetonitrile and water (1:1)
Mobile phase: See Table 1.
Time
(min)
0
35
40
45
46
60

Table 1
Solution A
(%)
56
56
20
20
56
56

Solution B
(%)
44
44
80
80
44
44

[Note—If necessary, adjust the Mobile phase composition to obtain a retention time of
insulin aspart of 20–26 min and to ensure that the preservatives are well separated from
B28isoAsp insulin aspart peak. If necessary, adjust the start time of the gradient to
ensure that B3isoAsp insulin aspart is eluted before the gradient starts.]
System suitability solution: Use an appropriate solution with a content of B3Asp insulin
aspart and A21Asp insulin aspart of NLT 1%. This may be achieved by storing the
Standard solution at room temperature for about 1–3 days.
Standard solution: Dissolve the contents of 1 vial of USP Insulin Aspart RS in 0.01 N
hydrochloric acid to obtain a known concentration of 100 USP Insulin Aspart Units/mL. Add
4 µL of 6 N hydrochloric acid per milliliter, and mix.
Sample solution: Acidify each milliliter of Injection with 4 µL of 6 N hydrochloric acid.
Dilute, if necessary, a portion of the acidified solution with 0.01 N hydrochloric acid to
obtain a solution containing about 100 USP Insulin Aspart Units/mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.0-mm × 25.0-cm; 5-µm packing L1
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Column temperature: 35°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for B28isoAsp insulin aspart, insulin aspart, B3Asp
insulin aspart plus A21Asp insulin aspart (generally coelute), and B3isoAsp insulin aspart
are about 0.9, 1.0, 1.3, and 1.5 min, respectively.]
Suitability requirements
Resolution: NLT 1.6 between the peak for insulin aspart and the peak for A21Asp
insulin aspart and for B3Asp insulin aspart, System suitability solution
Relative standard deviation: NMT 1.4% for five replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the potency, in USP Insulin Aspart Units/mL, of Injection taken:
Result = CS × D × (rU/rS)
CS = concentration of insulin aspart in the Standard solution (USP Insulin Aspart
Units/mL)
D = dilution factor used to prepare the Sample solution
rU = peak area of insulin aspart (sum of B28isoAsp insulin aspart, insulin aspart, B3Asp
insulin aspart, A21Asp insulin aspart, and B3isoAsp insulin aspart peak areas) from
the Sample solution
rS = peak area of insulin aspart (sum of B28isoAsp insulin aspart, insulin aspart, B3Asp
insulin aspart, A21Asp insulin aspart, and B3isoAsp insulin aspart peak areas) from
the Standard solution
Acceptance criteria: 95%–105% of the potency stated on the label, expressed in USP
Insulin Aspart Units/mL
IMPURITIES
• Related Proteins
Mobile phase, System suitability solution, Standard solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay
using the normalization procedure.
Acceptance criteria
Individual impurities: NMT 2.5% of B28isoAsp insulin aspart; NMT 5.0% total of the
peaks due to A21Asp insulin aspart, B3Asp insulin aspart, and B3isoAsp insulin aspart
Total of other impurities: NMT 3.5%
• Physicochemical Analytical Procedures for Insulins 〈121.1〉, Limit of High Molecular
Weight Proteins
Sample solution: Acidify each milliliter of Injection with 4 µL of 6 N hydrochloric acid.
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Dilute, if necessary, a portion of the acidified solution with 0.01 N hydrochloric acid to
obtain a solution containing about 100 USP Insulin Aspart Units/mL.
Acceptance criteria: Meets the requirements of Limit of High Molecular Weight Proteins;
NMT 1.5%
SPECIFIC TESTS
• Bacterial Endotoxins Test 〈85〉: NMT 80 USP Endotoxin Units per 100 USP Insulin Aspart
Units
• Sterility Tests, 〈71〉, Test for Sterility of the Product to Be Examined, Membrane Filtration:
Meets the requirements
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• pH 〈791〉: 7.0–7.8, determined potentiometrically
Change to read:
•
Zinc Determination 〈591〉, Dithizone Method (CN 1-May-2018)
Zinc Determination 〈591〉: (IRA 1-Jan-2019) 10–40 µg for every 100 USP Insulin Aspart
Units
• Injections and Implanted Drug Products 〈1〉: It meets the requirements.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in the unopened, multi-dose container provided by the
manufacturer. Store in a refrigerator, protect from sunlight, and avoid freezing.
• Labeling: The label states that it has been prepared with insulin aspart obtained from
microbial synthesis; it is to be stored in a refrigerator and that freezing is to be avoided;
the potency, expressed in USP Insulin Aspart Units/mL.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Insulin Aspart RS
Recent Official Publications:
USP41–NF36 Page 2166
BRIEFING
Human Insulin Isophane Suspension and Human Insulin Injection, USP 41 page 2174.
On the basis of comments received, it is proposed to revise the monograph to change the
reference for the Zinc Determination test from Zinc Determination 〈591〉, Dithizone Method to
Zinc Determination 〈591〉.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: K. Arora.)
Correspondence Number—C204177
Comment deadline: September 30, 2018
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Human Insulin Isophane Suspension and Human Insulin Injection
DEFINITION
Human Insulin Isophane Suspension and Human Insulin Injection is a sterile buffered
suspension of Insulin Human, complexed with Protamine Sulfate, in a solution of Insulin
Human. Its potency, based on the sum of its insulin and desamido insulin components as
determined in the Assay, is NLT 95.0% and NMT 105.0% of the potency stated on the label,
expressed in USP Insulin Human Units/mL.
IDENTIFICATION
• A. The retention time of the major peak of Sample solution A or Sample solution B
corresponds to that of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
of phosphoric acid into this solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Mobile phase: Acetonitrile and Solution A (26:74). [Note—The acetonitrile is warmed to
NLT 20° to avoid precipitation.]
System suitability solution: 1.5 mg/mL of insulin human in 0.01 N hydrochloric acid. Allow
to stand at room temperature for NLT 3 days to obtain a solution containing NLT 5% of A21 desamido insulin human.
Standard solution: 1.5 mg/mL of USP Insulin Human RS in 0.01 N hydrochloric acid
Sample solution A (for Injection labeled as containing 40 USP Insulin Human Units/mL):
Add 2.5 µL of 9.6 N hydrochloric acid to each milliliter of an accurately measured volume
of Injection. Allow the suspension to clarify, and mix.
Sample solution B (for Injection labeled as containing 100 USP Insulin Human Units/mL):
Add 2.5 µL of 9.6 N hydrochloric acid to each milliliter of an accurately measured volume
of Injection. Allow the suspension to clarify, and mix. [Note—Pooling of several package
units may be necessary to obtain sufficient volume of the sample.] Pipet 2 mL of this
solution into a 5-mL volumetric flask, dilute with 0.01 N hydrochloric acid to volume, and
mix.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
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System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between insulin human and A-21 desamido insulin human, System
suitability solution
Tailing factor: NMT 1.8 for the insulin human peak, System suitability solution
Relative standard deviation: NMT 1.6%, Standard solution
Analysis
Samples: Standard solution and either Sample solution A or Sample solution B
Calculate the potency, in USP Insulin Human Units/mL, of Injection taken:
Result = (ΣrU/ΣrS) × CS × D
rU = sum of the peak responses of insulin human and A-21 desamido insulin human from
the Sample solution
rS = sum of the peak responses of insulin human and A-21 desamido insulin human from
the Standard solution
CS = concentration of USP Insulin Human RS in the Standard solution (USP Insulin Human
Units/mL)
D = dilution factor used to prepare the Sample solution
Acceptance criteria: 95.0%–105.0% of the potency stated on the label, expressed in USP
Insulin Human Units/mL
OTHER COMPONENTS
Change to read:
•
Zinc Determination 〈591〉, Procedure, Dithizone Method (CN 1-May-2018)
Zinc Determination 〈591〉 (IRA 1-Jan-2019) : 0.02–0.04 mg for every 100 USP Insulin
Human Units
PRODUCT-RELATED SUBSTANCES AND IMPURITIES
• Physicochemical Analytical Procedures for Insulins 〈121.1〉, Limit of High Molecular
Weight Proteins
Proceed as directed in 〈121.1〉, except for the Sample solution. It meets the
requirements.
Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid to each milliliter of an
accurately measured volume of Injection, and mix.
Acceptance criteria: NMT 3.0%
SPECIFIC TESTS
• Soluble Insulin Human Content
[Note—Use one of the two methods listed below.]
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Method 1
Mobile phase, System suitability solution, Standard solution, Chromatographic
system, and System suitability: Proceed as directed in the Assay.
Soluble insulin sample solution: Maintain the temperature at 25 ± 1° throughout the
Analysis. Transfer 5.0 mL of Injection to a centrifuge tube. Add 20 µL of 1 N sodium
hydroxide, and adjust with 0.05 N hydrochloric acid or 0.05 N sodium hydroxide to a pH
of 8.20 ± 0.02 if the total zinc concentration is approximately 20 µg/mL, or adjust to a
pH of 8.35 ± 0.02 if the total zinc concentration is approximately 30 µg/mL. Record the
volume (VA), in µL, of acid or base needed to adjust the pH. Allow to stand for 1 h.
Centrifuge, transfer the supernatant to another centrifuge tube, and repeat the
centrifugation. Transfer 2 mL of the supernatant to another tube, add 5 µL of 9.6 N
hydrochloric acid, and mix.
Total insulin sample solution: Transfer 2 mL of Injection to a suitable vessel, add 5 µL
of 9.6 N hydrochloric acid, and allow the suspension to clarify. Dilute the resulting
solution with 0.01 N hydrochloric acid to the same theoretical concentration of insulin as
the Soluble insulin sample solution. [Note—For example, if Injection is labeled to contain
20% soluble insulin, the dilution factor is 100/20 = 5.]
Analysis
Samples: Soluble insulin sample solution and Total insulin sample solution
Calculate the quantity of soluble insulin human as a percentage of the total insulin
content of Injection:
Result = (ΣrS/ΣrT) × [(VT + VA)/VI ] × (100/D)
rS = sum of the peak responses of insulin human and A-21 desamido insulin human from
the Soluble insulin sample solution
rT = sum of the peak responses of insulin human and A-21 desamido insulin human from
the Total insulin sample solution
VT = sum of initial volume (5000 µL) of Injection to be transferred to a centrifuge tube
and 20 µL of 1 N sodium hydroxide to be added to Injection for the Soluble insulin
sample solution, 5020 µL
VA = volume added to adjust the pH of the Soluble insulin sample solution (µL)
VI = initial volume of Injection to be transferred to a centrifuge tube for the Soluble
insulin sample solution, 5000 µL
D = dilution factor used to prepare the Total insulin sample solution
Acceptance criteria: The percentage of soluble insulin human is in the range L ± 5,
where L is the percentage of soluble insulin human stated on the product label.
Method 2
Mobile phase and Chromatographic system: Proceed as directed in the Assay, except
use 50 µL for Injection volume.
0.1 M tris buffer: Dissolve 3.54 ± 0.01 g of tris(hydroxymethyl)aminomethane
hydrochloride and 3.34 ± 0.01 g of tris(hydroxymethyl)aminomethane in 500 mL of
water. The pH of this solution must be between 8.15 and 8.35. If the pH is outside of
this range, discard the solution and prepare fresh; do not adjust the pH.
System suitability solution: Dissolve about 0.14 mg of insulin human in 1.0 mL of 0.01 N
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hydrochloric acid. Allow to stand at room temperature for NLT 3 days to obtain a
solution containing NLT 5% of A-21 desamido insulin human.
Soluble insulin sample solution: Dilute a suitable volume of Injection with 0.1 M tris
buffer to obtain a solution containing about 6 USP Insulin Human Units/mL of soluble
insulin (e.g., 2 mL of 70/30 Injection containing 100 USP Insulin Human Units/mL would
be diluted with 8 mL of 0.1 M tris buffer to obtain a filtrate that contains 6 USP Insulin
Human Units/mL of soluble insulin). Immerse the container in a water bath at 25 ± 1° for
30 ± 2 min. Immediately pass this solution through a filter of 0.2-µm pore size using a
disposable syringe. Transfer 2 parts of the filtrate to a suitable vessel, and add 1 part
0.2 N hydrochloric acid. [Note—For example, the dilution factor for the Soluble insulin
sample solution that contains 30% soluble insulin is (5 × 3)/2 = 7.5.]
Total insulin sample solution: For each milliliter of Injection add 3.0 µL of 9.6 N
hydrochloric acid, mix, and allow the suspension to clarify. Dilute the resulting solution
with 0.01 N hydrochloric acid to 4 USP Insulin Human Units/mL (e.g., if the product is
labeled to contain a total of 100 USP Insulin Human Units/mL, the dilution factor is 25).
System suitability
Make adjustments as necessary to obtain a retention time for insulin human between
10 and 17 min.
Samples: System suitability solution, five replicate injections
[Note—The retention time for human insulin is between 10 and 17 min.]
Suitability requirements
Resolution: NLT 2.0 between insulin human and A-21 desamido insulin human
Tailing factor: Between 0.8 and 1.5 for the insulin human peak
Relative standard deviation: NMT 1.6%
Analysis
Samples: Soluble insulin sample solution and Total insulin sample solution
Calculate the quantity of soluble insulin human as a percentage of the total human insulin
content of Injection:
Result = (ΣrS/ΣrT) × (DS/DT) × 100
rS = sum of the peak responses of insulin human and A-21 desamido insulin human from
the Soluble insulin sample solution
rT = sum of the peak responses of insulin human and A-21 desamido insulin human from
the Total insulin sample solution
DS = dilution factor used to prepare the Soluble insulin sample solution
DT = dilution factor used to prepare the Total insulin sample solution
Acceptance criteria: The percentage of soluble insulin human is in the range L ± 5,
where L is the percentage of soluble insulin human stated on the product label.
• pH 〈791〉: 7.0–7.8
• Bacterial Endotoxins Test 〈85〉: NMT 80 USP Endotoxin Units per 100 USP Insulin Human
Units
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• Sterility Tests 〈71〉, Test for Sterility of the Product to Be Examined, Membrane Filtration:
Meets the requirements when tested as directed in 〈71〉 and the Injection being filtered
immediately after it has been put into a solution using a validated suitable solvent.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in the unopened, multiple-dose container provided by the
manufacturer. Store in a refrigerator, protect from sunlight, and avoid freezing.
• Labeling: The Injection container label states that the Injection is to be properly
resuspended before use. Label it to indicate that it has been prepared with Insulin Human
produced by methods based on recombinant DNA technology or that it is derived by
enzymatic modification of insulin from porcine pancreas. Label it to state that it is to be
stored in a refrigerator and that freezing is to be avoided. The label states the potency in
USP Insulin Human Units/mL and the percent ratio of Human Insulin Isophane Suspension to
soluble Human Insulin Injection.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Insulin Human RS
Recent Official Publications:
USP41–NF36 Page 2174
BRIEFING
Isophane Insulin Suspension, USP 41 page 2176. On the basis of comments received, it is
proposed to revise the monograph to change the reference for the Zinc Determination test
from Zinc Determination 〈591〉, Dithizone Method to Zinc Determination 〈591〉.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: K. Arora.)
Correspondence Number—C204192
Comment deadline: September 30, 2018
Isophane Insulin Suspension
DEFINITION
Isophane Insulin Suspension is a sterile suspension of zinc–insulin crystals and Protamine
Sulfate in buffered Water for Injection, combined in a manner such that the solid phase of
the suspension consists of crystals composed of insulin, protamine, and zinc. The Protamine
Sulfate is prepared from the sperm or from the mature testes of fish belonging to the genus
Oncorhynchus Suckley, or Salmo Linné (Fam. Salmonidae). Its potency, based on the sum
of its insulin and desamido insulin components, is NLT 95.0% and NMT 105.0% of the
potency stated on the label, expressed in USP Insulin Units/mL.
IDENTIFICATION
• A. The retention time of the insulin peak of Sample solution A or Sample solution B
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corresponds to that of the appropriate species of the Identification solution, as obtained in
the Assay. [Note—It may be necessary to inject a mixture of Sample solution and
Identification solution.]
ASSAY
• Procedure
Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
of phosphoric acid into the solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Mobile phase: Acetonitrile and Solution A (26:74). [Note—The acetonitrile is warmed to
NLT 20° to avoid precipitation.]
System suitability solution: 1.5 mg/mL of insulin of the appropriate species, either insulin
beef or insulin pork, in 0.01 N hydrochloric acid. For insulin of mixed species, prepare a
solution containing 1.3 mg/mL of insulin beef and 0.25 mg/mL of insulin pork in 0.01 N
hydrochloric acid. Allow to stand at room temperature for NLT 3 days to obtain a solution
containing NLT 5% of A-21 desamido insulin.
Identification solution: 0.6 mg/mL each of USP Insulin Beef RS and USP Insulin Pork RS in
0.01 N hydrochloric acid. [Note—The Identification solution may be stored at room
temperature for up to 12 h or in a refrigerator for up to 48 h.]
Standard solution: 1.5 mg/mL of either USP Insulin Beef RS or USP Insulin Pork RS in 0.01
N hydrochloric acid. For insulin of mixed species, prepare a solution containing 1.3 mg/mL
of USP Insulin Beef RS and 0.25 mg/mL of USP Insulin Pork RS in 0.01 N hydrochloric acid.
Sample solution A (for Suspension labeled as containing 40 USP Insulin Units/mL): Add 2.5
µL of 9.6 N hydrochloric acid for each milliliter of an accurately measured volume of
Suspension. Allow the suspension to clarify, and mix.
Sample solution B (for Suspension labeled as containing 100 USP Insulin Units/mL): Add
2.5 µL of 9.6 N hydrochloric acid for each milliliter of an accurately measured volume of
Suspension. Allow the suspension to clarify, and mix. [Note—Pooling several package units
may be necessary to obtain sufficient volume of the sample.] Pipet 2 mL of this solution
into a 5-mL volumetric flask, dilute with 0.01 N hydrochloric acid to volume, and mix.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between insulin and A-21 desamido insulin, System suitability
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solution
Tailing factor: NMT 1.8 for the insulin peak, System suitability solution
Relative standard deviation: NMT 1.6%, Standard solution
Analysis
Samples: Identification solution, Standard solution, and either Sample solution A or
Sample solution B
Measure the peak responses for insulin and A-21 desamido insulin of the appropriate
species, using the chromatogram of the Identification solution to identify the insulin
peaks.
For Suspension prepared from a single species, calculate the potency, in USP Insulin
Units/mL, in the portion of Suspension taken:
Result = (ΣrU/ΣrS) × CS × D
ΣrU = sum of the peak responses of insulin and A-21 desamido insulin from the Sample
solution
ΣrS = sum of the peak responses of insulin and A-21 desamido insulin from the Standard
solution
CS = concentration of either USP Insulin Beef RS or USP Insulin Pork RS in the Standard
solution (USP Insulin Units/mL)
D = dilution factor used to prepare the Sample solution
For Suspension prepared from a mixture of insulin beef and insulin pork, calculate the total
potency as the sum of the potencies of insulin beef and insulin pork, determined
separately, as directed above.
Acceptance criteria: 95.0%–105.0% of the potency stated on the label, expressed in USP
Insulin Units/mL
OTHER COMPONENTS
Change to read:
•
Zinc Determination 〈591〉, Procedure, Dithizone Method (CN 1-May-2018)
Zinc Determination 〈591〉: (IRA 1-Jan-2019) 10–40 µg for every 100 USP Insulin Units
PRODUCT-RELATED SUBSTANCES AND IMPURITIES
• Physicochemical Analytical Procedures for Insulins 〈121.1〉, Limit of High Molecular
Weight Proteins
Proceed as directed in 〈121.1〉, except for the Sample solution. It meets the
requirements.
Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid to each milliliter of an
accurately measured volume of Suspension, and mix.
Acceptance criteria: NMT 3.0%
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SPECIFIC TESTS
• Insulin in the Supernatant
Sample solution: Centrifuge 10 mL of the Suspension at 1500 × g for 10 min. Use the
supernatant.
Analysis: Determine the insulin content of the Sample solution by a suitable method.
Acceptance criteria: NMT 1.0 USP Insulin Unit/mL
• pH 〈791〉: 7.0–7.8
• Bacterial Endotoxins Test 〈85〉: NMT 80 USP Endotoxin Units per 100 USP Insulin Units
• Sterility Tests 〈71〉, Test for Sterility of the Product to Be Examined, Membrane Filtration:
Meets the requirements when tested as directed, and the Suspension being filtered
immediately after it has been put into a solution using a validated suitable solvent
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in the unopened, multiple-dose container provided by the
manufacturer. Do not repackage. Store in a refrigerator, protect from sunlight, and avoid
freezing.
• Labeling: Label it to indicate the one or more animal species to which it is related, as
porcine, bovine, or a mixture of porcine and bovine. If the Isophane Insulin Suspension is
made from insulin that is purified, label it as such. The Suspension container label states
that the Suspension is to be shaken carefully before use. Label it to state that it is to be
stored in a refrigerator and that freezing is to be avoided. The label states the potency in
USP Insulin Units/mL.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Insulin Beef RS
USP Insulin Pork RS
Recent Official Publications:
USP41–NF36 Page 2176
BRIEFING
Isophane Insulin Human Suspension, USP 41 page 2177. On the basis of comments
received, it is proposed to revise the monograph to change the reference for the Zinc
Determination test from Zinc Determination 〈591〉, Dithizone Method to Zinc Determination
〈591〉.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: K. Arora.)
Correspondence Number—C204191
Comment deadline: September 30, 2018
Isophane Insulin Human Suspension
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DEFINITION
Isophane Insulin Human Suspension is a sterile suspension of zinc–insulin human crystals and
Protamine Sulfate in buffered Water for Injection, combined in a manner such that the solid
phase of the suspension consists of crystals composed of insulin human, protamine, and
zinc. Protamine Sulfate is prepared from the sperm or from the mature testes of fish
belonging to the genus Oncorhynchus Suckley, or Salmo Linné (Fam. Salmonidae). Its
potency, based on the sum of its insulin and desamido insulin components as determined in
the Assay, is NLT 95.0% and NMT 105.0% of the potency stated on the label, expressed in
USP Insulin Human Units/mL.
IDENTIFICATION
• A. The retention time of the major peak of Sample solution A or Sample solution B
corresponds to that of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
of phosphoric acid into this solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Mobile phase: Acetonitrile and Solution A (26:74). [Note—The acetonitrile is warmed to
NLT 20° to avoid precipitation.]
System suitability solution: 1.5 mg/mL of insulin human in 0.01 N hydrochloric acid. Allow
to stand at room temperature for NLT 3 days to obtain a solution containing NLT 5% of A21 desamido insulin human.
Standard solution: 1.5 mg/mL of USP Insulin Human RS in 0.01 N hydrochloric acid
Sample solution A (for Suspension labeled as containing 40 USP Insulin Human Units/mL):
Add 2.5 µL of 9.6 N hydrochloric acid to each milliliter of an accurately measured volume
of Suspension. Allow the suspension to clarify, and mix.
Sample solution B (for Suspension labeled as containing 100 USP Insulin Human Units/mL):
Add 2.5 µL of 9.6 N hydrochloric acid to each milliliter of an accurately measured volume
of Suspension. Allow the suspension to clarify, and mix. [Note—Pooling of several package
units may be necessary to obtain sufficient volume of the sample.] Pipet 2 mL of this
solution into a 5-mL volumetric flask, dilute with 0.01 N hydrochloric acid to volume, and
mix.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
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System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between insulin human and A-21 desamido insulin human, System
suitability solution
Tailing factor: NMT 1.8 for the insulin human peak, System suitability solution
Relative standard deviation: NMT 1.6%, Standard solution
Analysis
Samples: Standard solution and either Sample solution A or Sample solution B
Calculate the potency, in USP Insulin Human Units/mL, of Suspension taken:
Result = (ΣrU/ΣrS) × CS × D
rU = sum of the peak responses of insulin human and A-21 desamido insulin human from
the Sample solution
rS = sum of the peak responses of insulin human and A-21 desamido insulin human from
the Standard solution
CS = concentration of USP Insulin Human RS in the Standard solution (USP Insulin Human
Units/mL)
D = dilution factor used to prepare the Sample solution
Acceptance criteria: 95.0%–105.0% of the potency stated on the label, expressed in USP
Insulin Human Units/mL
OTHER COMPONENTS
Change to read:
•
Zinc Determination 〈591〉, Dithizone Method (CN 1-May-2018)
Zinc Determination 〈591〉 (IRA 1-Jan-2019) : 0.021–0.04 mg for every 100 USP Insulin
Human Units
PRODUCT-RELATED SUBSTANCES AND IMPURITIES
• Physicochemical Analytical Procedures for Insulins 〈121.1〉, Limit of High Molecular
Weight Proteins
Proceed as directed in 〈121.1〉, except for the Sample solution. It meets the
requirements.
Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid to each milliliter of an
accurately measured volume of Suspension, and mix.
Acceptance criteria: NMT 3.0%
SPECIFIC TESTS
• Insulin in the Supernatant
Sample solution: Centrifuge 10 mL of Suspension at 1500 × g for 10 min. Use the
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supernatant.
Analysis: Determine the insulin content of the Sample solution by a suitable method.
Acceptance criteria: NMT 1.0 USP Insulin Human Unit/mL
• pH 〈791〉: 7.0–7.5
• Bacterial Endotoxins Test 〈85〉: NMT 80 USP Endotoxin Units/100 USP Insulin Human Units
• Sterility Tests 〈71〉, Test for Sterility of the Product to Be Examined, Membrane Filtration:
Meets the requirements when tested as directed, and the Suspension being filtered
immediately after it has been put into a solution using a validated suitable solvent.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in the unopened, multiple-dose container provided by the
manufacturer. Do not repackage. Store in a refrigerator, protect from sunlight, and avoid
freezing.
• Labeling: The Suspension container label states that the Suspension is to be shaken
carefully before use. The labeling states that it has been prepared with Insulin Human
produced by methods based on recombinant DNA technology or that it is derived by
enzymatic modification of insulin from porcine pancreas. Label it to state that it is to be
stored in a refrigerator and that freezing is to be avoided. The label states the potency in
USP Insulin Human Units/mL.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Insulin Human RS
Recent Official Publications:
USP41–NF36 Page 2177
BRIEFING
Insulin Lispro, USP 41 page 2178. On the basis of comments received, it is proposed to
revise the monograph as follows:
1. Change the reference for the Zinc Determination test from Zinc Determination 〈591〉,
Dithizone Method to Zinc Determination 〈591〉.
2. Delete the information on sample size in the Zinc Determination test because this
sample amount does not apply to all methods.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: D. McCarthy.)
Correspondence Number—C203491
Comment deadline: September 30, 2018
Insulin Lispro
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5807.57

Insulin (human), 28B -l-lysine-29B -l-proline-;
28B -l-Lysine-29B -l-prolineinsulin (human)
[133107-64-9].
DEFINITION
Insulin Lispro is identical in structure to Insulin Human, except that it has lysine and proline
at positions 28 and 29, respectively, of the B-chain, whereas this sequence is reversed in
Insulin Human. Insulin Lispro is produced by methods based on recombinant DNA
technology. The presence of host cell DNA in Insulin Lispro is process-specific. The
capability of the process to clear host-derived DNA requires validation and is determined by
validated methods. Its potency is NLT 27.0 USP Insulin Lispro Units/mg, calculated on the
dried basis.
[Note—One USP Insulin Lispro Unit is equivalent to 0.0347 mg of pure Insulin Lispro.]
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. Physicochemical Analytical Procedures for Insulins 〈121.1〉, Peptide Mapping
Proceed as directed, except use the following Flow rate in the Chromatographic system
and System suitability. It meets the requirements.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Flow rate: 0.8 mL/min
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3.4 between digest fragments II and III
Tailing factor: NMT 1.5 for digest fragments II and III
Chromatogram similarity: Identify the peaks due to digest fragments I, II, III, and IV
in the Standard solution. The chromatogram of the Standard solution corresponds to
that of the typical chromatogram provided with USP Insulin Lispro RS.
ASSAY
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• Procedure
Solution A: 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Adjust with
phosphoric acid to a pH of 2.3.
Mobile phase: Acetonitrile and Solution A (51:149)
System suitability solution: 1 mg/mL of Insulin Lispro in 0.01 N hydrochloric acid. Allow to
stand at room temperature to obtain a solution containing 0.8%–11% of A-21 desamido
insulin lispro.
Standard solution: About 0.7 mg/mL of USP Insulin Lispro RS in 0.01 N hydrochloric acid
Sample solution: About 0.8 mg/mL of Insulin Lispro in 0.01 N hydrochloric acid
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 10-cm; packing L1
Column temperature: 40°
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Adjust the Mobile phase to obtain a retention time of about 24 min for the main insulin
lispro peak.
Sample: System suitability solution (three replicate injections)
Suitability requirements
Resolution: NLT 3.0 between insulin lispro and A-21 desamido insulin lispro
Tailing factor: NMT 1.5 for the insulin lispro peak
Relative standard deviation: NMT 1.1% for the insulin lispro peak
Analysis
Samples: Standard solution and Sample solution
Calculate the potency on the undried basis, in USP Insulin Lispro Units/mg, of insulin lispro in
the Sample solution:
Result = (rU/rS) × (CS/CU)
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Insulin Lispro RS in the Standard solution (USP Insulin Lispro
Units/mL)
CU = concentration of the Sample solution (mg/mL)
Acceptance criteria: NLT 27.0 USP Insulin Lispro Units/mg on the dried basis
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OTHER COMPONENTS
Change to read:
•
Zinc Determination 〈591〉, Dithizone Method:
Zinc Determination 〈591〉 (IRA 1-Jan-2019)
Sample: 20 mg

(CN 1-May-2018)

(IRA 1-Jan-2019)

Acceptance criteria: 0.30%–0.60% on the dried basis
PRODUCT-RELATED SUBSTANCES AND IMPURITIES
• Related Substances
Solvent: 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Adjust with phosphoric
acid to a pH of 2.3.
Solution A: Acetonitrile and Solvent (18:82)
Solution B: Acetonitrile and Solvent (50:50)
Mobile phase: See Table 1.
Time
(min)
0
60
83
84
94

Table 1
Solution A
(%)
81
81
51
81
81

Solution B
(%)
19
19
49
19
19

System suitability solution: 3.5 mg/mL of Insulin Lispro in 0.01 N hydrochloric acid. Allow
to stand at room temperature to obtain a solution containing 0.8%–11% of A-21 desamido
insulin lispro.
Sample solution: 3.5 mg/mL of Insulin Lispro in 0.01 N hydrochloric acid. [Note—Store this
solution for NMT 56 h in a refrigerator.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
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Adjust the Mobile phase composition and the duration of the isocratic elution to obtain
a retention time of about 41 min for the main insulin lispro peak, with A-21 desamido
insulin lispro eluting just before the start of the gradient elution phase.
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.5 between insulin lispro and A-21 desamido insulin lispro
Tailing factor: NMT 2.0 for the insulin lispro peak
Analysis
Sample: Sample solution
Calculate the percentage of insulin lispro, A-21 desamido insulin lispro, and other impurities
in the portion of Insulin Lispro taken.
Calculate the percentage of insulin lispro (%I):
Result = (rI /rT) × 100
rI = peak response of insulin lispro from the Sample solution
rT = sum of the responses of all the peaks from the Sample solution
Calculate the percentage of A-21 desamido insulin lispro (%D):
Result = (rD/rT) × 100
rD = peak response of A-21 desamido insulin lispro from the Sample solution
rT = sum of the responses of all the peaks from the Sample solution
Calculate the percentage of other insulin lispro-related substances:
Result = 100 − (%I + %D)
Acceptance criteria
Individual impurities: NMT 1.00% of A-21 desamido insulin lispro
Other individual impurities: NMT 0.50% of any insulin lispro-related substance
Total impurities: NMT 2.00%, excluding A-21 desamido insulin lispro
• Physicochemical Analytical Procedures for Insulins 〈121.1〉, Limit of High Molecular
Weight Proteins: Meets the requirements
Acceptance criteria: NMT 0.25%
PROCESS-RELATED IMPURITIES
• Single-Chain Precursor Content: The single-chain precursor content of Insulin Lispro is
NMT 10 ng/mg, determined by a validated method.
• Host Cell Protein: The residual host cell protein content is NMT 10 ng/mg, determined by a
validated method or demonstrated by a validated process.
SPECIFIC TESTS
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• Insulin Assays 〈121〉, Assay, Bioidentity Test
Analysis: Proceed as directed, except obtain the first blood specimen at 45 min, instead of
1 h, after the time of injection.
Acceptance criteria: Meets the requirements
• Loss on Drying 〈731〉
Sample: 300 mg
Analysis: Dry the Sample at 105° for 16 h.
Acceptance criteria: NMT 10.0%
• Bacterial Endotoxins Test 〈85〉, Photometric Quantitative Techniques, Chromogenic
Technique: NMT 10 USP Endotoxin Units/mg of Insulin Lispro, using the kinetic-chromogenic
assay
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 100 cfu/g, the test being performed on a portion
of about 0.3 g, accurately weighed.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store in a freezer and protect from
light.
• Labeling: Label it to indicate that it has been produced by methods based on recombinant
DNA technology.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Insulin Lispro RS
Recent Official Publications:
USP41–NF36 Page 2178
BRIEFING
Insulin Lispro Injection, USP 41 page 2180. On the basis of comments received, it is
proposed to revise the monograph to change the reference for the Zinc Determination test
from Zinc Determination 〈591〉, Dithizone Method to Zinc Determination 〈591〉.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: D. McCarthy.)
Correspondence Number—C203494
Comment deadline: September 30, 2018
Insulin Lispro Injection
DEFINITION
Insulin Lispro Injection is an isotonic, sterile solution of Insulin Lispro in Water for Injection. It
has a potency of NLT 95.0% and NMT 105.0% of the potency stated on the label,
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expressed in USP Insulin Lispro Units/mL.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Adjust with
phosphoric acid to a pH of 2.3.
Mobile phase: Acetonitrile and Solution A (51:149)
System suitability solution: 1 mg/mL of insulin lispro in 0.01 N hydrochloric acid. Allow to
stand at room temperature to obtain a solution containing 0.8%–11% of A-21 desamido
insulin lispro.
Standard solution: 0.7 mg/mL of USP Insulin Lispro RS in 0.01 N hydrochloric acid
Sample solution: Acidify each milliliter of Injection with 3 µL of 9.6 N hydrochloric acid.
Quantitatively dilute a portion of the acidified solution with 0.01 N hydrochloric acid to
obtain a solution containing 20 USP Insulin Lispro Units/mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 10-cm; packing L1
Column temperature: 40°
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Adjust the Mobile phase to obtain a retention time of about 24 min for the main insulin
lispro peak.
Sample: System suitability solution (3 replicate injections)
Suitability requirements
Resolution: NLT 3.0 between insulin lispro and A-21 desamido insulin lispro
Tailing factor: NMT 1.5 for the insulin lispro peak
Relative standard deviation: NMT 1.1% for the insulin lispro peak
Analysis
Samples: Standard solution and Sample solution
Calculate the potency, in USP Insulin Lispro Units/mL, of Injection taken:
Result = (rU/rS) × CS × D
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rU = peak response of insulin lispro from the Sample solution
rS = peak response of insulin lispro from the Standard solution
CS = concentration of USP Insulin Lispro RS in the Standard solution (USP Insulin Lispro
Units/mL)
D = dilution factor used to prepare the Sample solution
Acceptance criteria: 95.0%–105.0% of the potency stated on the label, expressed in USP
Insulin Lispro Units/mL
OTHER COMPONENTS
Change to read:
•
Zinc Determination 〈591〉, Dithizone Method (CN 1-May-2018)
Zinc Determination 〈591〉: (IRA 1-Jan-2019) 14–35 µg for every 100 USP Insulin Lispro
Units
PRODUCT-RELATED SUBSTANCES AND IMPURITIES
• Related Substances
Solvent: 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Adjust with phosphoric
acid to a pH of 2.3.
Solution A: Acetonitrile and Solvent (18:82)
Solution B: Acetonitrile and Solvent (50:50)
Mobile phase: See Table 1.
Time
(min)
0
60
83
84
94

Table 1
Solution A
(%)
81
81
51
81
81

Solution B
(%)
19
19
49
19
19

System suitability solution: 3.5 mg/mL of insulin lispro in 0.01 N hydrochloric acid. Allow
to stand at room temperature to obtain a solution containing 0.8%–11% of A-21 desamido
insulin lispro.
Sample solution: Acidify each milliliter of Injection with 3 µL of 9.6 N hydrochloric acid.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40°
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Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Adjust the Mobile phase composition and the duration of the isocratic elution to obtain
a retention time of about 41 min for the main insulin lispro peak, with A-21 desamido
insulin lispro eluting just prior to the start of the gradient elution phase.
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.5 between insulin lispro and A-21 desamido insulin lispro
Tailing factor: NMT 2.0 for the insulin lispro peak
Analysis
Sample: Sample solution
Calculate the percentage of insulin lispro, A-21 desamido insulin lispro, and other impurities
in the portion of Insulin Lispro taken.
Calculate the percentage of insulin lispro (%I):
Result = (rI /rT) × 100
rI = peak response of insulin lispro from the Sample solution
rT = sum of the responses of all the peaks from the Sample solution
Calculate the percentage of A-21 desamido insulin lispro (%D):
Result = (rD/rT) × 100
rD = peak response of A-21 desamido insulin lispro from the Sample solution
rT = sum of the responses of all the peaks from the Sample solution
Calculate the percentage of other insulin lispro-related substances:
Result = 100 − (%I + %D)
Acceptance criteria
Individual impurities: NMT 1.50% of A-21 desamido insulin lispro
Total impurities: NMT 4.00%, excluding A-21 desamido insulin lispro
• Physicochemical Analytical Procedures for Insulins 〈121.1〉, Limit of High Molecular
Weight Proteins
Proceed as directed in 〈121.1〉, except prepare the following Sample solution. It meets
the requirements.
Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid to each milliliter of an
accurately measured volume of Injection, and mix.
Acceptance criteria: NMT 1.50%
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SPECIFIC TESTS
• pH 〈791〉: 7.0–7.8
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• Bacterial Endotoxins Test 〈85〉, Photometric Quantitative Techniques, Chromogenic
Technique: NMT 80 USP Endotoxin Units per 100 USP Insulin Lispro Units, using the kineticchromogenic assay
• Sterility Tests 〈71〉, Test for Sterility of the Product to Be Examined, Membrane Filtration:
Meets the requirements
• Injections and Implanted Drug Products 〈1〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, multiple-dose containers. Dispense in the
unopened, multiple-dose container provided by the manufacturer. Store in a refrigerator,
protect from sunlight, and avoid freezing.
• Labeling: Label it to indicate that it has been prepared with Insulin Lispro produced by
methods based on recombinant DNA technology. Label it to state that it is to be stored in
a refrigerator and that freezing is to be avoided. The label states the potency in USP
Insulin Lispro Units/mL.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Insulin Lispro RS
Recent Official Publications:
USP41–NF36 Page 2180
BRIEFING
Insulin Zinc Suspension, USP 41 page 2181. On the basis of comments received, it is
proposed to revise the monograph to change the reference for the Zinc Determination test
from Zinc Determination 〈591〉, Dithizone Method to Zinc Determination 〈591〉.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: K. Arora.)
Correspondence Number—C204190
Comment deadline: September 30, 2018
Insulin Zinc Suspension
Insulin zinc

[8049-62-5].

DEFINITION
Insulin Zinc Suspension is a sterile suspension of Insulin in buffered Water for Injection,
modified by the addition of a suitable zinc salt in a manner such that the solid phase of the
suspension consists of a mixture of crystalline and amorphous insulin in a ratio of
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approximately 7 parts of crystals to 3 parts of amorphous material. Its potency, based on
the sum of its insulin and desamido insulin components, is NLT 95.0% and NMT 105.0% of
the potency stated on the label, expressed in USP Insulin Units/mL.
IDENTIFICATION
• A. The retention time of the insulin peak of Sample solution A or Sample solution B
corresponds to that of the appropriate species of the Identification solution, as obtained in
the Assay. [Note—It may be necessary to inject a mixture of Sample solution and
Identification solution.]
ASSAY
• Procedure
Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
of phosphoric acid into the solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Mobile phase: Acetonitrile and Solution A (26:74). [Note—The acetonitrile is warmed to
NLT 20° to avoid precipitation.]
System suitability solution: 1.5 mg/mL of insulin of the appropriate species, either insulin
beef or insulin pork, in 0.01 N hydrochloric acid. For insulin of mixed species, prepare a
solution containing 1.3 mg/mL of insulin beef and 0.25 mg/mL of insulin pork in 0.01 N
hydrochloric acid. Allow to stand at room temperature for NLT 3 days to obtain a solution
containing NLT 5% of A-21 desamido insulin.
Identification solution: 0.6 mg/mL each of USP Insulin Beef RS and USP Insulin Pork RS in
0.01 N hydrochloric acid. [Note—The Identification solution may be stored at room
temperature for up to 12 h or in a refrigerator for up to 48 h.]
Standard solution: 1.5 mg/mL of either USP Insulin Beef RS or USP Insulin Pork RS in 0.01
N hydrochloric acid. For insulin of mixed species, prepare a solution containing 1.3 mg/mL
of USP Insulin Beef RS and 0.25 mg/mL of USP Insulin Pork RS in 0.01 N hydrochloric acid.
Sample solution A (for Suspension labeled as containing 40 USP Insulin Units/mL): Add 2.5
µL of 9.6 N hydrochloric acid for each milliliter of an accurately measured volume of
Suspension. Allow the suspension to clarify, and mix.
Sample solution B (for Suspension labeled as containing 100 USP Insulin Units/mL): Add
2.5 µL of 9.6 N hydrochloric acid for each milliliter of an accurately measured volume of
Suspension. Allow the suspension to clarify, and mix. [Note—Pooling several package units
may be necessary to obtain sufficient volume of the sample.] Pipet 2 mL of this solution
into a 5-mL volumetric flask, dilute with 0.01 N hydrochloric acid to volume, and mix.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 40°
Flow rate: 1 mL/min
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Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between insulin and A-21 desamido insulin, System suitability
solution
Tailing factor: NMT 1.8 for the insulin peak, System suitability solution
Relative standard deviation: NMT 1.6%, Standard solution
Analysis
Samples: Identification solution, Standard solution, and either Sample solution A or
Sample solution B
Measure the peak responses for insulin and A-21 desamido insulin using the chromatogram
of the Identification solution to identify the insulin peaks.
For Suspension prepared from a single species, calculate the potency, in USP Insulin
Units/mL, in the portion of Suspension taken:
Result = (ΣrU/ΣrS) × CS × D
rU = sum of the peak responses of insulin and A-21 desamido insulin from the Sample
solution
rS = sum of the peak responses of insulin and A-21 desamido insulin from the Standard
solution
CS = concentration of either USP Insulin Beef RS or USP Insulin Pork RS in the Standard
solution (USP Insulin Units/mL)
D = dilution factor used to prepare the Sample solution
For Suspension prepared from a mixture of insulin beef and insulin pork, calculate the total
potency as the sum of the potencies of insulin beef and insulin pork, determined
separately, as directed above.
Acceptance criteria: 95.0%–105.0% of the potency stated on the label, expressed in USP
Insulin Units/mL
OTHER COMPONENTS
Change to read:
•
Zinc Determination 〈591〉, Procedure, Dithizone Method (CN 1-May-2018)
Zinc Determination 〈591〉 (IRA 1-Jan-2019) : 0.12–0.25 mg for every 100 USP Insulin
Units
Change to read:
• Zinc in the Supernatant
Analysis: Centrifuge a portion of Suspension sufficient for the test and determine the zinc
content in the clear supernatant as directed in
Zinc Determination 〈591〉, Procedure, Dithizone Method (CN 1-May-2018)
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Zinc Determination 〈591〉. (IRA 1-Jan-2019)
Acceptance criteria: Concentration of zinc (mg/mL) is 20%–65% of the zinc concentration
of Suspension.
PRODUCT-RELATED SUBSTANCES AND IMPURITIES
• Physicochemical Analytical Procedures for Insulins 〈121.1〉, Limit of High Molecular
Weight Proteins
Proceed as directed in 〈121.1〉, except for the Sample solution. It meets the
requirements.
Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid to each milliliter of an
accurately measured volume of Suspension, and mix.
Acceptance criteria: NMT 1.5%
SPECIFIC TESTS
• Insulin Not Extracted by Buffered Acetone Solution
Sample solution: Centrifuge a quantity of Suspension representing 1000 USP Insulin Units,
and discard the supernatant. Suspend the residue in 8.4 mL of water, quickly add 16.6 mL
of buffered acetone TS, shake or stir vigorously, and centrifuge within 3 min after the
addition of the buffered acetone TS. Discard the supernatant, repeat the treatment with
water and buffered acetone TS, centrifuge, and discard the supernatant. Dissolve the
crystalline residue in 5 mL of dilute hydrochloric acid (1 in 100), transfer to a 25-mL flask,
and dilute with water to volume.
Analysis: Use an appropriate method to determine the insulin concentration.
Acceptance criteria: Insulin concentration is 63%–77% of the insulin content of an equal
amount of Suspension.
• Insulin in the Supernatant
Sample solution: Centrifuge 10 mL of Suspension at 1500 × g for 10 min. Use the
supernatant.
Analysis: Determine the insulin content of the Sample solution by a suitable method.
Acceptance criteria: NMT 1.0 USP Insulin Unit/mL
• pH 〈791〉: 7.0–7.8
• Bacterial Endotoxins Test 〈85〉: NMT 80 USP Endotoxin Units per 100 USP Insulin Units
• Sterility Tests 〈71〉, Test for Sterility of the Product to Be Examined, Membrane Filtration:
Meets the requirements when tested as directed, and the Suspension being filtered
immediately after it has been put into a solution using a validated suitable solvent
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in the unopened, multiple-dose container provided by the
manufacturer. Do not repackage. Store in a refrigerator, protect from sunlight, and avoid
freezing.
• Labeling: Label it to indicate the one or more animal species to which it is related, as
porcine, bovine, or a mixture of porcine and bovine. If the Insulin Zinc Suspension is made
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from insulin that is purified, label it as such. The Suspension container label states that the
Suspension is to be shaken carefully before use. Label it to state that it is to be stored in
a refrigerator and that freezing is to be avoided. The label states the potency in USP
Insulin Units/mL.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Insulin Beef RS
USP Insulin Pork RS
Recent Official Publications:
USP41–NF36 Page 2181
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, (2) modifications of
revisions previously proposed under In-Process Revision, or (3) proposed revisions for articles
awaiting approval by FDA. Readers should review material in this section and provide comments
to the Scientific Liaison using the contact information appearing at the end of each proposal.
Information on how to comment can be found under the “Participation” section of
www.usp.org. It is important to send comments promptly, before the comment deadline listed
after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text: new text if slated for an IRA; new text if slated for USP–NF; new
text if slated for a Supplement to USP–NF; new text for articles awaiting approval by
FDA. The same symbols indicate recent revisions that are already official. Where the symbols
appear together with no enclosed text, such as
, or
, or
text has been deleted and no new text was proposed to replace it.

, or

, it means that

In revisions, the closing symbol is accompanied by an identifier that indicates the particular IRA,
Supplement, or the USP or NF as the publication where the revision will appear if approved. For
example, 2S (USP 34) indicates that the proposed revision is slated for the Second Supplement
to USP 34, and USP35 and NF30 indicates that the revisions are proposed for USP 35 and NF
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30, respectively. In the case of revisions for articles awaiting approval by FDA, the symbols are
followed by TBD indicating that the official publication is To Be Determined. For example, (TBD)
does not yet have a target official publication.
Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING

〈 203〉 High-Performance Thin-Layer Chromatography Procedure for Identification of
Articles of Botanical Origin, USP 41 page 6105. The following changes are proposed:
1. In the Procedure section, a table of Standard Parameters is added to provide most
commonly utilized HPTLC settings to be conveniently referenced in the individual
monographs.
2. In response to comments received, it is proposed to use the terms “short-wave UV” and
“long-wave UV” instead of discrete wavelengths when describing plate illumination
conditions.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
The following Briefing list includes monographs and/or chapters that both reference the
General Chapter under revision and require revision to keep references to the General Chapter
accurate. Other monographs and/or chapters may also be listed, even where the reference to
the General Chapter remains unchanged, as additional notice to stakeholders where there is
believed to be potential for the change in the general chapter itself to affect pass-fail
determinations for particular monograph articles.
Chapter Dependencies (click to expand).
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〈1064 〉 IDENTIFICATION OF ARTICLES OF BOTANICAL ORIGIN
BY HIGH-PERFORMANCE THIN-LAYER CHROMATOGRAPHY
PROCEDURE
Ashw agandha Root
Astragalus Root Dry Extract
Black Cohosh
Cinnamomum cassiaTw ig
Curcuminoids
EchinaceaSpecies Dry Extract Tablets
Eleuthero Root and Rhizome Dry Extract
Eleuthero Root and Rhizome Pow der Capsules
Fenugreek Seed Pow der
Garcinia indica
Ginger Tincture
Goldenseal
Japanese Honeysuckle Flow er
Japanese Honeysuckle Flow er Pow der
Olive Leaf
Olive Leaf Pow der
Pow dered Ashw agandha Root Extract
Pow dered Black Pepper
Pow dered Goldenseal
Pow dered Gymnema
Pow dered Turmeric
Pow deredGarcinia indica
Rhodiola crenulataRoot and Rhizome
Rhodiola crenulataRoot and Rhizome Pow der
SalixSpecies Bark Dry Extract
St. John's W ort Flow ering Top
St. John's W ort Flow ering Top Dry Extract Capsules
St. John's W ort Flow ering Top Pow der
Tienchi Ginseng Root and Rhizome Dry Extract Tablets
Tienchi Ginseng Root and Rhizome Pow der Tablets

〈2251 〉 SCREENING FOR
UNDECLARED DRUGS AND DRUG
ANALOGUES
Astragalus Root
Astragalus Root Pow der
Black Pepper
Cinnamomum cassiaTw ig
Pow der
EchinaceaSpecies Dry Extract
Capsules
Eleuthero Root and Rhizome
Eleuthero Root and Rhizome
Pow der
Fenugreek Seed
Fenugreek Seed Pow dered
Extract
Ginger
Ginkgo
Gymnema
Japanese Honeysuckle Flow er
Dry Extract
Northern Schisandra Fruit Dry
Extract
Olive Leaf Dry Extract
Pow dered Ashw agandha Root
Pow dered Black Cohosh
Pow dered Ginger
Pow dered Goldenseal Extract
Pow dered Red Clover Extract
Pow dered Turmeric Extract
Red Clover Aerial Parts
Isoflavone Aglycones Dry
Extract
Rhodiola crenulataRoot and
Rhizome Dry Extract
SalixSpecies Bark
SalixSpecies Bark Pow der
St. John's W ort Flow ering Top
Dry Extract
St. John's W ort Flow ering Top
Dry Extract Tablets
Tienchi Ginseng Root and
Rhizome Dry Extract Capsules
Tienchi Ginseng Root and
Rhizome Pow der Capsules
Turmeric

(BDSHM: A. Bzhelyansky.)
Correspondence Number—C201070
Comment deadline: September 30, 2018

〈 203〉 HIGH-PERFORMANCE THIN-LAYER CHROMATOGRAPHY PROCEDURE FOR
IDENTIFICATION OF ARTICLES OF BOTANICAL ORIGIN
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Change to read:
INTRODUCTION
This chapter describes a procedure for use in a USP Identification test that relies on
employs 2S (USP42)
the technique of high-performance thin-layer chromatography (HPTLC). It is applicable to the
identification of articles of botanical origin in USP's compendia that serve as a drug substance
or drug product, or as an ingredient or a dietary supplement. Careful
Precise 2S (USP42)
control of the
experimental 2S (USP42)
variables for the HPTLC technique is briefly described with references to more detailed
information provided in equipment manuals. Reproducibility of the results allows comparison of
closely related botanical materials that are not official ingredients. The analytical technique
uses high-performance plates, appropriate equipment to control variables, and a system
suitability test for purposes of performance qualification
is essential for reproducible analysis. 2S (USP42)
[Note—
For additional information, 2S (USP42)
see Identification of Articles of Botanical Origin by High-Performance Thin-Layer
Chromatography Procedure 〈1064〉.]
Change to read:
REQUIRED
2S (USP42)

EQUIPMENT
The equipment used for HPTLC technique consists of the following
analysis typically includes: 2S (USP42)
Plates: Unless otherwise specified in the individual monograph, use 20 × 10 cm plates
coated with a uniform 200-µm layer of porous (60- Å pore size) silica gel having irregular
particles of 2–10 µm and an average particle size of 5 µm, a polymeric binder, and a
fluorescence indicator (F 254 ). [Note—Chromatographic methods using high-performance
thin-layer chromatographic
2S (USP42)

Glass plates are preferred over aluminum-backed sheets. because of greater mechanical
stability
2S (USP42)

]
A device suitable for the application of specified volumes of samples as bands with
application of indicated volumes as bands of 2S (USP42)
specified length at the specified
designated 2S (USP42)
positions.
A device suitable for controlling the activity of the stationary phase via
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by preconditioning the plate to a prescribed 2S (USP42)
relative humidity.
A suitable chromatographic chamber allowing for control of saturation and developing
distance
to maintain reproducible vapor phase composition and to allow for control of
developing distance 2S (USP42)
(for example, a twin-trough chamber).
A device suitable for reproducible drying of the developed plate.
A device suitable for treatment of the plate with derivatization reagent, if required.
A device suitable for
controlled plate 2S (USP42)
heating as part of the derivatization procedure, if required.
A system
device 2S (USP42)
suitable for documentation of chromatograms under UV (254 nm), UV (365 nm)
illumination under prescribed observation conditions, typically, short-wave UV
(nominally 254 nm), long-wave UV (nominally 365 or 366 nm), 2S (USP42)
and white light.
[Note—Light sources used for chromatogram visualization typically produce broadband emission; therefore, the maxima quoted above carry only nominal significance.]
A system (photographic or digital camera with appropriate software) suitable for
documentation of chromatograms under the prescribed visualization conditions.
2S (USP42)

Each of these devices as well as the system as a whole should pass installation qualification
(IQ), operational qualification (OQ), and performance qualification (PQ) in order to assure that
the instruments are working according to their specifications to control the variables within
their intended ranges. [Note—See Analytical Instrument Qualification 〈1058〉 for additional
information.] Installation qualification and operational qualification are typically performed by
the instrument manufacturer. The system suitability test is performed by the analyst as proof
of performance qualification.

2S (USP42)

Change to read:
PROCEDURE
Preparation of the Test Solution
Unless otherwise stated in an individual monograph, 100 mg of a powdered botanical
ingredient, 10 mg of a dry extract, or fraction
2S (USP42)

or the amount of a dosage form containing the equivalent of the aforementioned quantities of
the botanical ingredient is sonicated for 15 min with 1 mL of methanol. After
filtration or 2S (USP42)
centrifugation, the filtrate or supernatant is used as the Sample solution. Unless otherwise
stated in an individual monograph, 50 µL of an essential oil is dissolved in 1 mL of toluene and
For essential oils, 50 µL/mL solution in toulene is 2S (USP42)
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used as the Sample solution.
Preparation of the Standard Solutions
Unless otherwise stated in an individual monograph, Reference Standards of individual marker
compounds are dissolved
in methanol 2S (USP42)
at a concentration of 1 mg/mL. The Reference Standard extracts are shaken and sonicated in
methanol at a concentration of 10 mg/mL or, for essential oils, the USP Reference Materials are
dissolved in toluene at a concentration of 50 µL/mL.
in toulene at 50 µL/mL. 2S (USP42)
Sample Application and Plate Layout
Samples are applied as narrow bands of 8.0 ± 0.5 mm
8-mm 2S (USP42)
length at a distance of 8.0 ± 0.5 mm
8 mm 2S (USP42)
from the lower edge of the plate
[Note—Refer to 〈1064〉 for additional information.] 2S (USP42)
The system suitability standards are applied to the lane
track 2S (USP42)
nearest to the
lateral 2S (USP42)
edge at NLT 20 mm from the
lateral 2S (USP42)
edge of the plate. The distance between tracks, center-to-center, is NLT
11 mm. 2S (USP42)
All application volumes are specified in the individual monographs, Application volumes
and 2S (USP42)
usually range from 2–10 µL. The developing distance is marked with a pencil close to one of the
lateral 2S (USP42)
edges of the plate before the development; although
alternatively, 2S (USP42)
an electronic solvent front detection device may be substituted
is used. 2S (USP42)
Preconditioning of the Plate
Following sample application and unless otherwise stated in an individual monograph, the
plate is conditioned at a relative humidity of 33%
by exposure to the atmosphere generated by vapors in equilibrium with saturated magnesium
chloride solution in a sealed chamber 2S (USP42)
for a minimum of 10 min. (for example, by standing in a closed chamber containing a saturated
solution of magnesium chloride)
Other frequently used saturated salt solutions of potassium thiocyanate and sodium chloride
establish equilibrium relative humidity of 47% and 75%, respectively, at 25°. 2S (USP42)
Preparation of the Developing Chamber and Development of the Plate
Where a twin-trough chamber is used, the rear trough is fitted with filter paper. The chamber
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is charged with a sufficient volume of developing solvent to wet the filter paper completely and
achieve a level of developing solvent of exactly 5 mm in both troughs. With the lid closed, the
chamber is left
allowed to achieve saturation for 2S (USP42)
20 min. for saturation.
2S (USP42)

The plate is introduced in a vertical position
vertically 2S (USP42)
into the front trough of the chamber so that the coating layer faces
with the chromatographic layer facing 2S (USP42)
the filter paper. When the mobile phase
Once the solvent front 2S (USP42)
has reached a distance corresponding to a development path of 6 cm
ascended 6 cm from the application line, 2S (USP42)
the plate is removed from the chamber and dried in a vertical position in a current of cold air
that does not affect the integrity of the separated zones. Other
Alternative 2S (USP42)
chamber configurations and developing distances may be specified in an individual monograph.
[Note—Other development chambers may be employed if the results obtained fulfill all of the
system suitability criteria.]
Derivatization Procedure
Where derivatization reagents are used, defined
appropriate 2S (USP42)
volumes of reagents in solution
2S (USP42)

(typically 1–2 mL) are homogeneously
uniformly 2S (USP42)
sprayed onto the plate or the plate is immersed into the reagent solution at a defined speed
and for a defined dwell time. [Note—Immersion speed of 50 mm/s and the dwell time of 1 s
works
are recommended 2S (USP42)
for most nonaqueous reagents.]
Visualization
Chromatograms on the plate are visualized as directed in an individual monograph,
Observation and evaluation may be performed under UV 254 nm, UV 365 nm
typically under short-wave UV, long-wave UV, 2S (USP42)
or white light prior to and after derivatization.
System Suitability
To check the
A general system suitability requirement is that the solvent front and the chromatographic
bands are strictly parallel to the horizontal sides of the chromatographic plate. Specific
suitability parameters are detailed in the monographs. Typically, to assess 2S (USP42)
suitability of the chromatographic system for resolution, position, and color of the bands, unless
otherwise stated in an individual monograph,
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2S (USP42)

two or more reference substances are selected that have similar but just separable RF values
under the chromatographic conditions to be used; for example, chlorogenic acid (blue) and
hyperoside (yellow-orange) in chromatographic systems
are commonly 2S (USP42)
used for flavonoids in chromatographic systems
methods. System suitability is required every time the analysis is performed; it is conducted
on the same plate alongside the test articles. Failure to meet the system suitability
requirements invalidates the analysis. In the event of failure, its cause needs to be identified
and corrected (see 〈1064〉 for potential sources of failure), and the analysis repeated until the
suitability requirements have been met. Individual 2S (USP42)
Reference Standards,
or their 2S (USP42)
mixtures,
are typically employed 2S (USP42)
for system suitability may be provided, or the substances designated to check the system
suitability for resolution, position, and colors of the bands may be included in
monitoring, and the use of 2S (USP42)
the USP Reference Standard
reference 2S (USP42)
extracts Description of the
is common. The 2S (USP42)
resolution, position, and colors of the key bands of the reference material fingerprint
Reference Standard chromatogram 2S (USP42)
should match the description in the monograph within a specified tolerance. range. The system
suitability requirements of an individual monograph are satisfied when the results obtained
comply with those specified in the monograph.
2S (USP42)

Evaluation and Acceptance Criteria
Chromatograms of the Sample solution and Standard solution are compared against the
descriptions in the Acceptance criteria section of the monograph with respect to zone
band 2S (USP42)
position, zone
2S (USP42)

separation, color, and relative intensity.
Documentation
Documentation is necessary to record the results
Test results are required to be documented 2S (USP42)
in an auditable manner to comply with the current good manufacturing practices. Proper
documentation tools should be employed; for example, a
digital 2S (USP42)
camera suitable for taking digital pictures
capable of capturing images 2S (USP42)
under UV and white light and an
prescribed illumination, or a scanning densitometer along with the 2S (USP42)
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imaging software suitable for archival, retrieval, and analysis of the results. makes it easy to
maintain electronic records.
Standard Parameters
Unless otherwise indicated in an individual monograph, the following standard parameters, as
specified in Table 1, are to be employed in every procedure referencing this chapter.
Table 1
Parameter
Chromatographic plate, glass,
20 × 10 cm
Application position, from
plate lower edge
Band application length
Band spacing, center-tocenter
Relative humidity
Plate conditioning time
Chamber saturation time
Developing distance
Temperature

Standard Parameter
200-µm silica layer, 5-µm average particle size, with
fluorescence indicator F 254
8 mm
8 mm
NLT 11 mm
33%
10 min
20 min
6 cm
22 ± 5°

2S (USP42)

Recent Official Publications:
USP41–NF36 Page 6105
BRIEFING

〈 591〉 Zinc Determination, USP 41 page 6325. It is proposed to revise this chapter as
follows:
1. Add a third analytical procedure, the Atomic Absorption Method.
2. Revise the Introduction to allow the use of any of the three methods for zinc
determination.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
The following Briefing list includes monographs and/or chapters that both reference the
General Chapter under revision and require revision to keep references to the General
Chapter accurate. Other monographs and/or chapters may also be listed, even where the
reference to the General Chapter remains unchanged, as additional notice to stakeholders
where there is believed to be potential for the change in the general chapter itself to affect
pass-fail determinations for particular monograph articles.
Chapter Dependencies (click to expand).
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Extended Insulin Zinc
Suspension
Insulin
Insulin Human
Insulin Injection
Insulin Lispro Injection
Isophane Insulin Human
Suspension
Prompt Insulin Zinc Suspension

Human Insulin Isophane Suspension and Human Insulin
Injection
Insulin Aspart Injection
Insulin Human Injection
Insulin Lispro
Insulin Zinc Suspension
Isophane Insulin Suspension

(GCCA: K. Zaidi.)
Correspondence Number—C203272
Comment deadline: September 30, 2018

〈 591〉 ZINC DETERMINATION
Delete the following:
The need for a quantitative determination of zinc in the Pharmacopeial insulin preparations
reflects the fact that the element is an essential component of zinc-insulin crystals. In common
with lead, zinc may be determined either by the dithizone method or by atomic absorption.
USP41

INTRODUCTION
Change to read:
The need for a quantitative determination of zinc in drug substance and drug product
monographs containing zinc is achieved by the Dithizone Method or Ion Chromatographic
Method. For Pharmacopeial insulin preparations containing zinc, the dithizone method or atomic
absorption may be used. USP41
A quantitative determination of zinc in drug substance and drug product monographs
containing zinc is achieved by the Dithizone Method, Ion Chromatographic Method, or
Atomic Absorption Method. Unless a specific method is indicated in the individual monograph
any of these methods can be used. 2S (USP42)
PROCEDURE
Change to read:
• Dithizone Method
Select all reagents for this test to have as low a content of heavy metals as
practicable. If necessary, distill water and other solvents into a hard or borosilicate
glass apparatus. Rinse thoroughly all glassware with warm diluted nitric acid (1 in 2)
followed by water. Avoid using on the separator any lubricants that dissolve in
chloroform.
Special solutions and solvents
Alkaline ammonium citrate solution: Dissolve 50 g of dibasic ammonium citrate in
water to make 100 mL. Add 100 mL of ammonium hydroxide. Remove any heavy metals

PF 44(4): Jul.-Aug. 2018

61

that may be present by extracting the solution with 20-mL portions of the Dithizone
extraction solution (see Lead 〈251〉) until the Dithizone
extraction 2S (USP42)
solution retains a clear green color, then extract any dithizone remaining in the citrate
solution by shaking with chloroform.
Chloroform: Distill chloroform in a hard or borosilicate glass apparatus, receiving the
distillate in sufficient dehydrated alcohol to make the final concentration 1 mL of alcohol
for each 100 mL of distillate.
Dithizone solution: Use the Standard dithizone solution (see 〈251〉), prepared with the
distilled Chloroform.
Standard zinc solution: Dissolve 625 mg of zinc oxide, accurately weighed and
previously gently ignited to constant weight, in 10 mL of nitric acid, and add water to
make 500.0 mL. This solution contains 1.0 mg/mL of zinc.
Diluted standard zinc solution: Dilute 1 mL of the Standard zinc solution, accurately
measured, with 2 drops of nitric acid and sufficient water to make 100.0 mL. This
solution contains 10 µg/mL of zinc. Use this solution within 2 weeks.
Trichloroacetic acid solution: Dissolve 100 g of trichloroacetic acid in water to make
1000 mL.
Procedure: Transfer 1–5 mL of the preparation to be tested, accurately measured, to a
centrifuge tube graduated at 40 mL. If necessary, add 0.25 N hydrochloric acid, dropwise,
to obtain a clear solution. Add 5 mL of the Trichloroacetic acid solution and sufficient
water to make 40.0 mL. Mix and centrifuge.
Transfer to a hard-glass separator an accurately measured volume of the supernatant
believed to contain 5–20 µg of zinc, and add water to make about 20 mL. Add 1.5 mL of
the Alkaline ammonium citrate solution and 35 mL of the Dithizone solution. Shake
vigorously 100 times. Allow the chloroform phase to separate. Insert a cotton plug in the
stem of the separator to remove any water emulsified with the chloroform. Collect the
chloroform extract (discarding the first portion that comes through) in a test tube, and
determine the absorbance at 530 nm, with a suitable spectrophotometer.
Calculate the amount of zinc present by reference to a standard absorbance–concentration
curve obtained by using 0.5, 1.0, 1.5 mL, and, if the zinc content of the sample extracted
exceeds 15 µg, 2.0 mL of the Diluted standard zinc solution, corrected as indicated by a
blank determination run concomitantly, using all of the reagents but no added zinc.
Change to read:
• Ion Chromatographic Method
The following ion chromatographic general procedure is provided for the determination of zinc in
compendial articles. ,when specified in the individual monographs
2S (USP42)

See Ion Chromatography 〈1065〉 for discussion of the theory and principles of
measurements using ion chromatography.
Use water with a resistivity of NLT 18 megohm-cm to prepare the solutions.
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Diluent: 0.2% (w/v) hydrochloric acid
Mobile phase: 7.0 mM dipicolinic acid, 66.0 mM potassium hydroxide, 5.6 mM potassium
sulfate, and 74.0 mM formic acid in water; adjust with 2 N potassium hydroxide TS to a pH
of 4.2. Pass through a suitable filter of 0.2-µm pore size.
Post-column derivatization reagent: 0.5 mM 4-(2-pyridylazo)resorcinol monosodium salt,
1.0 M 2-dimethylaminoethanol, 0.50 M ammonium hydroxide, and 0.30 M sodium
bicarbonate in water. Stir and sonicate until the solid is completely dissolved. Pass
through a suitable filter of 0.2-µm pore size.
Standard stock solution: 1500 µg/mL of zinc from USP Zinc Oxide RS prepared as follows.
Transfer an appropriate portion of USP Zinc Oxide RS to a suitable volumetric flask. Add 6
N hydrochloric acid to about 10% of the final flask volume to dissolve. Dilute with water to
volume.
Standard solution: 15.0 µg/mL of zinc in Diluent from the Standard stock solution
Sample stock solution: Prepare as directed in the monograph.
Sample solution: Equivalent to 15.0 µg/mL of zinc in Diluent from the Sample stock
solution, unless otherwise stated in the monograph
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Vis 530 nm
Columns
Guard: 4.0-mm × 5-cm; 9-µm packing L100
Analytical: 4.0-mm × 25-cm; 9-µm packing L100
Column temperature: 30°
Flow rate: 1.2 mL/min
Flow rate of post-column reagent: 0.6 mL/min. Introduce using a pulseless flow of
reagent through a 375-µL polymeric mixing coil or other suitable volume coil. [Note—A
knitted reaction coil, part number 043700, available from ThermoFisher Scientific
(www.thermofisher.com), may be suitable.]
1

2S (USP42)

Injection volume: 10 µL
Run time: NLT 2 times the retention time of zinc
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%, unless otherwise stated in the monograph
Analysis
Samples: Standard solution and Sample solution
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Unless otherwise stated in the monograph, calculate the concentration of zinc in the portion
of Sample solution taken:
Result = (rU/rS) × CS
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of zinc in the Standard solution (µg/mL)
USP41

Add the following:
• Atomic Absorption Method
The following atomic absorption general procedure is provided for the determination of
zinc in compendial articles.
Diluent: 0.01N hydrochloric acid
Zinc stock standard solution: Use a certified 1000-µg/mL standard.
Zinc working standard solution: Prepare a 10-µg/mL solution by pipetting 5.0 mL of the
1000-µg/mL Zinc stock standard solution into a 500-mL volumetric flask. Dilute with
Diluent to volume.
Zinc calibration standard solutions: Dilute the Zinc working standard solution with
Diluent in a 100-mL volumetric flask to prepare the calibration solutions as indicated in
Table 1. Dilute with Diluent to volume.
Table 1
Volume of 10-µg/mL
Zinc Working Standard Solution
(mL)
2.0
3.0
4.0
5.0
6.0

Final Volume
(mL)
100
100
100
100
100

Final Zinc Concentration
(µg/mL)
0.2
0.3
0.4
0.5
0.6

Drug substance sample solution: Prepare the solution in Diluent such that the zinc
concentration is within the range of the standard curve. Typically the drug substance
concentration is approximately 0.1 mg/mL.
Drug product sample solution: Resuspend if necessary. Insulin suspensions should appear
uniformly cloudy. Acidify neutral formulations with 5–7 µL of concentrated hydrochloric
acid per milliliter of sample. Samples in cartridges are acidified in the cartridge.
Acidification is not required for acidic formulations. Dilute the samples within the range of
the method using the Diluent.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
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Analytical wavelength: 213.9 nm
Lamp: Zinc hollow-cathode
Lamp current: 5–15 mA
Flame: Air–acetylene
Slit width: 0.5–1.0 nm
Integration time: 3 s
Replicate integrations: 3/aspiration
Background correction: Off
Blank: 0.125 N hydrochloric acid
Analysis
System suitability
Sample: Zinc working standard solution
Suitability requirements: The %RSD of the triplicate measurements for each
aspiration of the Zinc working standard solution is NMT 2.5, and the correlation
coefficient of the standard curve is NLT 0.997.
Calculations: The %RSD from replicate sample preparations is NMT 5.0.

Calculate the zinc content (as-is) in the portion of the drug substance taken:

Samples: Zinc working standard solution and Drug substance sample solution or Drug
product sample solution
Determine the absorbances of the standard and sample solutions against the Blank. Plot the
absorbances of the Zinc working standard solution versus the concentration, in µg/mL, of
zinc, and draw the straight line best fitting the five plotted points. From the graph so
obtained, determine the concentration, in µg/mL, of zinc in the Drug substance sample
solution or Drug product sample solution. 2S (USP42)
ADDITIONAL REQUIREMENTS
Add the following:
• USP Reference Standards 〈11〉
USP Zinc Oxide RS
USP41

1 A knitted reaction coil, part number 043700, available from ThermoFisher Scientific
(www.thermofisher.com), may be suitable. 2S (USP42)

Recent Official Publications:
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USP41–NF36 Page 6325
BRIEFING

〈 607〉 Pharmaceutical Foams—Product Quality Tests. The need for USP standards for
foams was discussed in a Stimuli article entitled, Pharmaceutical Foams, published in PF 43(1)
[Jan.–Feb. 2017]. This new chapter offers quality tests for pharmaceutical foams. The
contents of this chapter may apply to individual USP foam articles in total or part (see General
Notices, 3.10 Applicability of Standards). Where multiple test procedures are given as specified
in Drug Content Uniformity Between Containers, the monograph will provide guidance on the
appropriate procedure to follow (see General Notices, 4.10.10 Applicability of Test Procedures).
A leak rate test was considered for inclusion and was rejected. Additionally, such a test is part
of the US Department of Transportation regulations for aerosol products and including it as a
USP requirement may be wasteful. The General Chapters—Dosage Forms Expert Committee
requests commentary on this decision.
A procedure and description of a test apparatus for the attribute, volume of foam expansion, is
given in this chapter. By using the wording, “unless otherwise specified”, it is intended that
alternative procedures or apparatus can be used and if used will be specified in the individual
monograph.
(GCDF: W. Brown.)
Correspondence Number—C201696
Comment deadline: September 30, 2018
Add the following:

〈 607〉 PHARMACEUTICAL FOAMS—PRODUCT QUALITY TESTS
INTRODUCTION
Foams are a dispersion of gas in a liquid or semisolid continuous phase wherein the liquid or
semisolid contains the drug substance and suitable excipients. Typical excipients intended for
foam dosage forms include: aqueous or nonaqueous vehicle, surfactants to ensure distribution
of the gas/propellant in the formulation, and propellants (for pressurized systems). Foams are
produced by mechanical means or via interaction of propellant gas and the formulation under
pressure. Foams dispensed from nonpressurized containers use mechanical forces allowing the
mixing of the formulation and air, resulting in foam generation. Foams dispensed from
pressurized containers use propellant present in gas phase to increase pressure inside the
container. When the nozzle of the actuator is opened the liquid phase is pushed out through
specific actuators resulting in foam generation.
Foams are primarily used to apply drug substances to topically accessible sites. The most
significant of these is the skin where direct application is frequently used to alleviate symptoms
(e.g., inflammation, infection). An extension of this approach is to apply foams to accessible
but not superficial sites such as the ear canal, or mucosal sites such as the rectum, vagina, or
oropharynx, the latter in the form of chewable foam. Invasive approaches such as application
at surgical sites or insertion in blood vessels extend the application of foams and their purpose.
This chapter provides a list of product quality tests that may be applied to pharmaceutical
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foam products. In part or in its entirety, this chapter applies when referenced in a drug product
monograph (see General Notices, 3.10 Applicability of Standards). Manufacturers may use
quality tests listed in this chapter, as appropriate, when considering the content of new drug
product monographs for submission to USP.
PRODUCT QUALITY TESTS FOR PHAMACEUTICAL FOAMS
Drug product quality tests fall into two categories: 1) universal tests that are applicable to all
drug products and should be included in the monograph, and 2) specific tests that should be
considered for inclusion for specific types of products. Universal tests include identification,
assay, and impurities and are discussed in the following USP chapters, based on route of
administration: Injections and Implanted Drug Products 〈1〉, Oral Drug Products—Product
Quality Tests 〈2〉, Topical and Transdermal Drug Products—Product Quality Tests 〈3〉, Mucosal
Drug Products—Product Quality Tests 〈4〉, and Inhalation and Nasal Drug Products—General
Information and Product Quality Tests 〈5〉. Pharmaceutical foams are delivered by the injection,
topical, and mucosal routes. For more information on specific tests by those routes of
administration, see 〈1〉, 〈3〉, and 〈4〉, respectively.
QUALITY TESTS FOR FOAM PRODUCTS BY ALL ROUTES OF ADMINISTRATION
Container Content Uniformity
DRUG CONTENT UNIFORMITY BETWEEN CONTAINERS
Procedure A (all foams): Unless otherwise specified, select a sample of 10 filled containers.
Follow the procedure for Delivered Dose Uniformity Throughout Canister Life and determine the
average value for the three results from each canister.
Procedure B (aerosol foams): Select a sample of 10 filled containers and proceed as follows.
Remove any labeling that might be altered in weight during the removal of the container
contents. Thoroughly cleanse and dry the outside of the containers by suitable means, and
weigh individually, W1. Quantitatively remove the contents from each container after chilling to
reduce the internal pressure by employing any safe technique (e.g., using liquid
hydrofluoroalkanes, dry ice/acetone, or a similar agent). Open the canister with a decrimping
tool or pipe cutter. Quantitatively collect the contents including any residual contents with a
suitable solvent. [Note—A suitable solvent will dissolve the formulation components and not
exhibit significant volatility when heated to 35° for 5 min.] The solution of canister contents is
weighed, then sonicated, or heated to 35° for 5 min and reweighed to determine solution
weight (after the propellant gas has evaporated). The difference between the weight of the
freshly removed contents with rinsing solvent and the weight of contents with rinsing solvent
after heating is the weight of propellant, WP. Using an appropriate analytical method, determine
the drug substance content for the container contents, W3. Retain as a unit the container, the
valve, and all associated parts, and heat them at 100° for 5 min. Cool, and again weigh each of
the containers together with its corresponding parts, W2. The difference between the original
weight and the weight of the empty canister plus propellant is the net fill weight. Determine the
net fill weight for each container tested:
Net fill weight = W1 − (W2 + WP)
The drug substance concentration of the deliverable contents is:
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Result = W3/[W1 − (W2 + WP)]
or expressed as a percentage:
Result = 100% × W3/[W1 − (W2 + WP)]
W1
W2
W3
WP

= weight of filled canister
= weight of empty container, valve, and parts
= drug substance content
= weight of contents free of propellant

Acceptance criteria (Procedure A and Procedure B): The range of values for the average of the
10 container contents is NMT 10% of labeled concentration. For example, if the product is
labeled as having a drug substance concentration of 1%, the maximum difference of
concentration observed in the sample is NMT 0.1%.
DELIVERED DOSE UNIFORMITY THROUGHOUT CANISTER LIFE
Non-metered products: Select one container and determine its weight. Dispense quantities
according to the labeled instructions separately collecting 5–10 g portions, individually weighed.
[Note—Usually, but depending on formulation, the can is not shaken prior to expelling foam.
Depending on the orientation of the valve and the labeled instructions, the foam is expelled
with the canister either in the inverted or in the upright position. Use the labeled content and
the weights of samples collected and material discarded for the following sampling procedure.]
Retain the portions of foam corresponding to: 1) an initial 5–10 g portion from the filled
canister; 2) a 5–10 g portion from the middle of the canister, e.g., the portion representing
45%–55% of the labeled canister contents delivered; and 3) the 5–10 g portion corresponding
to the canister contents with 85% of the labeled contents delivered. Properly discard the
material removed from the canister by valve actuations required to collect specified samples.
Allow each sample to outgas for the time specified in the monograph. Using an appropriate
analytical method, determine the drug substance concentration in each of the three portions.
[Note—Between actuations, warm the canister in a water bath at 30° for 30 s.]
Acceptance criteria: None of the portions has a drug substance concentration outside the
monograph assay limits, and the maximum difference in concentration for the three portions is
NMT 10% of the labeled value.
For example, if the labeled concentration is 2%, the maximum difference between the three
values is NMT 0.2%.
Metered-dose products: Delivered dose uniformity measures the drug substance content as
dispensed over the entire unit life. Select one container. Using separate collection vessels,
quantitatively collect delivered doses representing actuations for the initial dose, a middle dose,
and the final dose from the container. Discard the material removed from the canister by valve
actuations required to collect specified samples. Determine the drug substance content of each
of the three collected samples. [Note—Between actuations, warm the canister in a water bath
at 30° for 30 s.]
Acceptance criteria: None of the three results is more than 10% outside of the labeled amount
per dose, and the maximum difference between any of the results is NMT 10% of the claim for
delivered dose.
For example, if the labeled dose per actuation is 2 mg, the limit for the three results is
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1.8—2.2 mg; and the maximum difference between any results is NMT 0.2 mg.
MINIMUM FILL
Minimum Fill 〈755〉: Proceed as directed for aerosols and sprays. Meets the requirements
OTHER TESTS
Propellant (Aerosol Products)
Propellants 〈602〉: Meets the requirements as specified in the monograph
Pressure in Canister (Aerosol Products)
Pressure in the canister is only measured for products with continuous valves using a
mechanism that attaches to a pressure gauge while sealing against the valve in a manner that
contains the expelled gas and foam.
Topical Aerosols 〈603〉: Meets the requirements for the pressure test, as specified in the
monograph
pH
Apply pH 〈791〉 for the collapsed foam, as appropriate. In order to measure this attribute, the
collapsed foam may require dilution with an appropriate solvent.
Sterility
If applicable: see Sterility Tests 〈71〉.
Microbial Limits
Apply microbial limits tests (see Microbial Enumeration Tests 〈61〉 and Tests for Specified
Microorganisms 〈62〉), as appropriate.
Antimicrobial Preservative Content
If applicable: see Antimicrobial Effectiveness Testing 〈51〉 and Antimicrobial Agents—Content
〈341〉.
Antioxidant Content
If applicable: for antioxidant content, see 〈3〉.
Osmolarity and Osmolality
If applicable: see Osmolality and Osmolarity 〈785〉.
ADDITIONAL QUALITY TESTS APPLICABLE FOR TOPICAL FOAM PRODUCTS
Foam Stability
Rate of foam liquid drainage and collapse can be observed by dispensing a foam into a
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graduated cylinder. Record the foam volume as freshly dispensed and again after a period, e.g.,
30 min, as specified in the monograph. The volume of drained liquid at the specified time is also
recorded.
Relative Foam Density
Foam density can be a more effective measure of uniformity of dispensed dose from metered
dosing valved foam canisters than delivered dose uniformity. Determine the relative foam
density by weighing a mass of foam (m) and a mass of the same volume of water (e) in a flatbottom dish.
Relative foam density = m/e
Volume of Foam Expansion
Unless otherwise specified, estimate the volume of foam expansion at 25° using a graduated
buret and a foam-generating container equipped with a dose-actuating device and fitted to the
buret.
Water Content
If applicable: see Water Determination 〈921〉.
Particle Size
If applicable: see Optical Microscopy 〈776〉.
Crystal Formation
If applicable: see 〈776〉.

2S (USP42)

BRIEFING

〈 659〉 Packaging and Storage Requirements, USP 41 page 6384. The Packaging and
Distribution Expert Committee is proposing the following revisions, which are meant to update
the current chapter. Listed below are the key changes being proposed:
1. Make an editorial change to the definition for “imaging bulk package” based on
comments and feedback from stakeholders.
2. Add a new definition for “controlled cold temperature”.
3. Add a definition and calculation for “mean kinetic temperature” and remove it from the
chapter in which it previously appeared, Good Storage and Distribution Practices for
Drug Products 〈1079〉.
4. The revision of 〈1079〉, which also appears in this issue of PF, is meant to support the
revision of this chapter by identifying common risks in the storage and transportation of
drug products and by recommending mitigation strategies.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCPD: D. Hunt.)
Correspondence Number—C199320
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Comment deadline: September 30, 2018

〈 659〉 PACKAGING AND STORAGE REQUIREMENTS
Change to read:
(A portion of the Associated Components section of this chapter will become official on
May 1, 2019, as indicated and a portion of the Packaging section of this chapter will
become official on May 1, 2020, as indicated. Early adoption of the requirements in this
chapter and in Plastic Materials of Construction 〈661.1〉 and Plastic Packaging Systems for
Pharmaceutical Use 〈661.2〉 is permitted by USP.) (RB 1-May-2017)
INTRODUCTION
The purpose of this chapter is to provide packaging definitions, auxiliary packaging
information, and storage condition definitions relevant to the storage and distribution of active
ingredients, excipients, and medical products, such as pharmaceuticals, devices, combination
products (e.g., drug-eluting stents), and dietary supplements.
Change to read:
PACKAGING
Packaging materials must not interact physically or chemically with a packaged article in a
manner that causes its safety, identity, strength, quality, or purity to fail to conform to
established requirements. Any plastic material used to construct a “packaging system” must
meet the applicable requirements of Plastic Materials of Construction 〈661.1〉.
(O fficial 1-May-2020) All packaging systems must meet the applicable requirements specified in
Containers—Glass 〈660〉, Plastic Packaging Systems and Their Materials of Construction 〈661〉,
Plastic Packaging Systems for Pharmaceutical Use 〈661.2〉,
(RB 1-May-2017)
(O fficial 1-May-2020) and Auxiliary Packaging Components 〈670〉. All elastomeric “closures” must
meet the applicable requirements in Elastomeric Closures for Injections 〈381〉.
Every monograph in USP–NF must have packaging and storage requirements. For the
packaging portion of the statement, the choice of “containers” is provided in this chapter. For
active pharmaceutical ingredients (APIs), the choice would be a tight, well-closed, or, where
needed, light-resistant container. For excipients, given their typical presentation as largevolume commodity items (packaging systems ranging from drums to tank cars), a well-closed
container is an appropriate default requirement. Articles must be protected from moisture,
freezing, and excessive heat (see General Definitions) when no specific directions or limitations
are provided.
The compendial requirements for the use of specified containers apply also to articles
packaged by “dispensers”, “repackagers”, or other individuals, unless otherwise indicated in the
individual drug product monograph.
POISON PREVENTION PACKAGING ACT
This act, which is administered by the United States Consumer Product Safety Commission
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(CPSC), requires special packaging for most human oral prescription drugs, oral controlled
drugs, certain non-oral prescription drugs, certain dietary supplements, and many over-thecounter (OTC) drug preparations, to protect the public from personal injury or illness from
misuse of these preparations (16 CFR §1700.14).
The primary packaging of substances regulated under the Poison Prevention Packaging Act
(PPPA) must comply with the special packaging standards (16 CFR §1700.15). These apply to
all packaging types, including reclosable, non-reclosable, and unit-dose types.
Special packaging is not required for drugs dispensed within a hospital setting for inpatient
administration. Also, special packaging does not need to be used by manufacturers and
packagers of bulk-packaged prescription drugs that will be repackaged by the pharmacist.
PPPA-regulated prescription drugs may be dispensed in non-“child-resistant packaging” upon
the request of the purchaser or when directed in a legitimate prescription (15 USC §1473).
Manufacturers or packagers of PPPA-regulated OTC preparations are allowed to package one
size in non-child-resistant packaging as long as popular-size, special packages are also
supplied. The non-child-resistant packaging requires special labeling (16 CFR §1700.5).
TEMPERATURE AND STORAGE
Specific directions are stated in some monographs with respect to storage conditions (e.g.,
the temperature or humidity) at which an article must be stored and shipped. Such directions
apply except where the label on the article has different storage conditions that are based on
stability studies. Where no specific directions or limitations are provided in the article’s labeling,
articles must be protected from moisture, freezing, excessive heat, and, where necessary, from
light during shipping and distribution. Drug substances are exempt from this standard.
Change to read:
GENERAL DEFINITIONS
Packaging Definitions
Packaging system (also referred to as a container–closure system): The sum of “packaging
components” and materials that together contain and protect the article. This includes “primary
packaging components” as well as “secondary packaging components” when such components
are required to provide additional protection.
Container: A receptacle that holds an intermediate compound, API, excipient, or dosage form,
and is in direct contact with the article (e.g., ampules, vials, bottles, syringes, and pen
injectors).
Closure: A material that seals an otherwise open space of a container and provides protection
for the contents. It also provides access to the contents of the container (e.g., screw caps
and stoppers).
Packaging component: Any single part of the package or container–closure system, including:
the container (e.g., ampules, syringes, vials, and bottles); closures (e.g., screw caps and
stoppers); ferrules and overseals; closure liners (e.g., tube cartridge liners); inner seals;
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administration ports; overwraps; administration accessories; labels; cardboard boxes; and
shrink wrap.
Primary packaging component: A packaging component that is in direct contact with or may
come into direct contact with the article.
Secondary packaging component: A packaging component that is in direct contact with a
primary packaging component and may provide additional protection for the article.
Tertiary packaging component: A packaging component that is in direct contact with a
secondary packaging component and may provide additional protection for the article during
transportation and/or storage.
Ancillary component: A component or entity that may come into contact with a tertiary
packaging component during the distribution, storage, and/or transportation of the packaged
article (e.g., pallets, skids, and shrink wrap).
Associated component: A packaging component that is typically intended to deliver the drug
article to the patient but is not stored in contact with the article for its entire shelf life (e.g.,
spoons, “dosing cups”, and dosing syringes).
Materials of construction: The materials (e.g., glass, plastic, elastomers, and metal) of which
a packaging component consists.
Small-volume injection (
also referred to as 2S (USP42)
small-volume parenteral): An injectable dosage form that is packaged in containers labeled as
containing 100 mL or less.
Large-volume injection (
also referred to as 2S (USP42)
large-volume parenteral): An injectable dosage form that is packaged in containers labeled as
containing more than 100 mL.
Child-resistant packaging: A packaging system designed or constructed to meet CPSC
standards pertaining to opening by children (16 CFR §1700.20 et seq. and 16 CFR §1700.15).
Senior-friendly packaging: A packaging system designed or constructed to meet CPSC
standards pertaining to opening by senior adults (16 CFR §1700.15 and 16 CFR §1700.20).
Restricted delivery system: A packaging system designed or constructed to restrict (control)
the amount of the drug product that may be delivered in order to limit unintended access by
children and other similarly vulnerable populations. Restricted delivery systems should meet and
may exceed CPSC standards for special packaging [child-resistant and senior-friendly packaging
(16 CFR §1700.15 et seq.)]. For oral medicinal liquids, surface and flow characteristics vary. It
is the responsibility of the manufacturer to ensure that all components of the restricted
delivery system provide the intended safety protection. One component of the restricted
delivery system is the flow restrictor, which is a packaging component that restricts the flow of
liquid. The flow restrictor may be used as part of a restricted delivery system or as an adaptor
to facilitate use of a measuring device for oral medicinal liquids. A flow restrictor should not
compromise CPSC standards for special packaging [child-resistant and senior-friendly packaging
(16 CFR §1700.15 et seq.)].
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Tamper-evident packaging: A packaging system that may not be accessed without obvious
destruction of the seal or some portion of the packaging system. Tamper-evident packaging
must be used for sterile drug products intended for ophthalmic or otic use, except where
extemporaneously compounded for immediate dispensing on prescription. Drug products
intended for sale without prescription are also required to comply with the tamper-evident
packaging and labeling requirements of the FDA where applicable (21 CFR §221.132).
Preferably, the immediate container and/or the outer container or protective packaging used by
a manufacturer or distributor for all dosage forms that are not specifically exempt is designed to
show evidence of any tampering with the contents.
Reclosable packaging: A package that after it has been initially opened is capable of being
reclosed with a similar degree of security and is capable of being used a sufficient number of
times to dispense the total contents without loss of security. Reclosable packaging may
incorporate child-resistance capabilities.
Non-reclosable packaging: A package or part of a package that cannot be closed again after
all or part of the contents have been removed. Examples of non-reclosable packaging are
blisters, sachets, strips, and other “single-unit containers”. Non-reclosable packaging may
include cold-formed foil blisters, foil strip packs, and polyvinyl chloride (PVC)/Aclar combining
multilayer materials that are thermo-formed or cold-formed foil blisters. Non-reclosable
packaging may be child resistant depending on the intended use and place of use. Household
non-reclosables are subject to the PPPA as defined in 16 CFR §1700.14.
Hermetic container: A container–closure system that is impervious to air or any other gas
under the ordinary or customary conditions of handling, shipment, storage, and distribution.
Tight container: A container–closure system that protects the contents from contamination by
extraneous liquids, solids, or vapors; from loss of the article; and from efflorescence,
deliquescence, or evaporation under the ordinary or customary conditions of handling,
shipment, storage, and distribution, and is capable of tight reclosure. Where a tight container is
specified, it may be replaced by a hermetic container for a single dose of an article. [Note
—Where packaging and storage in a tight container or well-closed container is specified in the
individual monograph, the container used for an article when dispensed on prescription meets
the requirements in Containers—Performance Testing 〈671〉.]
Well-closed container: A container–closure system that protects the contents from
contamination by extraneous solids and from loss of the article under the ordinary or customary
conditions of handling, shipment, storage, and distribution. See 〈671〉.
Light-resistant container: A container–closure system that protects the contents from the
effects of light by virtue of the specific properties of the material of which it is composed,
including any coating applied to it. A clear and colorless or a translucent container may be
made light-resistant by means of an opaque covering or by use of secondary packaging, in
which case the label of the container bears a statement that the opaque covering or
secondary packaging is needed until the articles are to be used or administered. Where it is
directed to “protect from light” in an individual monograph, preservation in a light-resistant
container is intended. See Plastic Packaging Systems for Pharmaceutical Use 〈661.2〉,
Functionality, Spectral Transmission Requirements for Light-Resistant Containers.
(CN 1-May-2018)

Equivalent container–closure system: A container–closure system that is as protective as,
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or more protective than, the original manufacturer’s packaging system in terms of moisture
vapor transmission rate, oxygen transmission, light transmission, and compatibility. System
equivalency extends to any special protective materials, such as those for seals or desiccants
associated with the original packaging system.
Table 1. Packaging Systems Definitions: Injection vs. Noninjection
Injection
Noninjection
Multiple-dose
Multiple-unit
Single-dose
Single-unit
—
Unit-dose
—
Unit-of-use
Pharmacy bulk package
—
Imaging bulk package
—
Injection Packaging Systems
Multiple-dose container (also referred to as multi-dose): A container–closure system that
holds a sterile medication for parenteral administration (injection or infusion) that has met
antimicrobial effectiveness testing requirements, or is excluded from such testing requirements
by FDA regulation. A multiple-dose container is intended to contain more than one dose of a
drug product. When space permits, a multiple-dose container is labeled as such. Multiple-dose
containers are generally expected to contain 30 mL or less of medications. The beyond-use
date for an opened or entered (e.g., needle-punctured) multiple-dose container is 28 days
unless otherwise specified by the manufacturer on the label. An example of a multiple-dose
container is a vial.
Single-dose container: A container–closure system that holds a sterile medication for
parenteral administration (injection or infusion) that is not required to meet the antimicrobial
effectiveness testing requirements. A single-dose container is designed for use with a single
patient as a single injection/infusion.1 When space permits, a single-dose container is labeled
as such and should include on the label appropriate discard statements. Examples of singledose containers are vials, ampules, and prefilled syringes.
Pharmacy bulk package: A container–closure system of a sterile preparation for parenteral
use that contains many single doses. The contents are intended for use in a pharmacy
admixture program and are restricted to the preparation of admixtures for infusion or, through a
sterile transfer device, for the filling of empty sterile syringes. The closure must be penetrated
only one time after constitution, if necessary, with a suitable sterile transfer device or
dispensing set that allows measured dispensing of the contents. The pharmacy bulk package is
to be used only in a suitable work area such as a laminar flow hood (or an equivalent clean-air
compounding area). Designation as a pharmacy bulk package is limited to injection, for
injection, or injectable emulsion dosage forms as defined in Nomenclature 〈1121〉, General
Nomenclature Forms.
Pharmacy bulk packages, although containing more than one single dose, are exempt from the
multiple-dose container volume limit of 30 mL and the requirement that they contain a
substance or suitable mixture of substances to prevent the growth of microorganisms. See
Labeling 〈7〉 for labeling requirements.
Imaging bulk package: A container of a sterile preparation for parenteral use that contains
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many single doses of a contrast agent (medical imaging drug product) for use with a medical
imaging device. The contents are restricted to use in direct conjunction with a device with
features to mitigate the risk of cross-contamination (i.e., an automated contrast injection
system, or
2S (USP42)

contrast management system
, or contrast media transfer set 2S (USP42)
approved or cleared for use with an imaging bulk package). The sterility assurance of the
imaging bulk package contents in part is dependent upon the automated contrast injection
system, or
2S (USP42)

the contrast management system
, or the contrast media transfer set.

2S (USP42)

The imaging bulk package is to be used only in a room designated for radiological procedures
that involve intravascular administration of a contrast agent. Using aseptic technique, the
imaging bulk package closure must be penetrated only one time with a suitable sterile
component of the automated contrast injection system, or
2S (USP42)

the contrast management system
, or the contrast media transfer set. 2S (USP42)
If the integrity of the imaging bulk package and the delivery system cannot be assured through
direct continuous supervision, the imaging bulk package and all associated disposables for the
automated contrast injection system, or
2S (USP42)

the contrast management system
, or the contrast media transfer set
should be discarded.

2S (USP42)

Designation as an imaging bulk package is limited to injection, for injection, or injectable
emulsion dosage forms as defined in Nomenclature 〈1121〉, General Nomenclature Forms.
Imaging bulk packages, although containing more than one single dose, are exempt from the
multiple-dose container volume limit of 30 mL. The contents of the imaging bulk package must
have demonstrated the ability to limit the growth of microorganisms over the labeled period of
use.
Where a container is offered as an imaging bulk package, the label must (1) state prominently
“Imaging Bulk Package” and, in juxtaposition with this statement, include the following use
statement: “For use only with an automated contrast injection system, or
2S (USP42)

contrast management system
, or contrast media transfer set 2S (USP42)
approved or cleared for use with this contrast agent in this Imaging Bulk Package”; (2) bear a
statement limiting the time frame in which the container may be used once it has been entered,
provided it is held under the labeled storage conditions; and (3) bear the statement, “See drug
and device labeling for information on devices indicated for use with this Imaging Bulk Package
and techniques to help assure safe use”.
Noninjection Packaging Systems
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Multiple-unit container: A container–closure system that permits withdrawal of successive
portions of a noninjection article without changing the safety, strength, quality, or purity of the
remaining portion (e.g., bottle of capsules, tablets, and oral or topical liquids).
Single-unit container: A container–closure system that holds a quantity of a noninjection
article intended for administration as a single dose or a single finished device intended for use
promptly after the packaging system is opened.
Unit-dose container: A single-unit container–closure system for an article intended for
administration by other than the parenteral route as a single dose.
Unit-of-use container: A container–closure system that contains a specific quantity of an
article that is intended to be dispensed as such without further modification except for the
addition of appropriate labeling (see 〈7〉). It is not permitted to repackage unit-of-use
containers for sale.
Miscellaneous
Repackaging: The act of removing a drug product from the original manufacturer’s packaging
system and placing it into another packaging system, usually one of smaller size.
Repackager: A firm that repackages drug products or medical devices for distribution (e.g., for
resale to distributors, hospitals, or pharmacies). For drug products, this applies to a function
that is beyond the regular practice of pharmacy. The distribution is not patient-specific, in that
there are no prescriptions. Repackagers and relabelers of medical devices are also required to
register and list and meet the provisions described in 21 CFR §807.
Contract packager/contract repackager: A firm that is contracted by another organization,
such as a manufacturer, to package bulk into a marketed container of a drug product. A
contract packager does not take ownership from the manufacturer and generally receives the
assigned expiration date from the manufacturer.
Dispenser: A licensed or registered practitioner who is legally responsible for providing the
patient with a preparation that is in compliance with a prescription or a medication order and
contains a specific patient label. In addition, dispensers may prepare limited quantities in
anticipation of a prescription or medication order from a physician. Dispensers are governed by
the board of pharmacy of the individual state. The terms “dispenser” and “pharmacy” are used
interchangeably.
Beyond-use date: See 〈7〉.
Expiration date: See 〈7〉.
Black closure system or black bands: The use of a black closure system on a vial (e.g., a
black cap overseal and a black ferrule to hold the elastomeric closure) or the use of a black
band or series of bands above the constriction on an ampule is prohibited, except for Labeling
〈7〉, Labels and Labeling for Injectable Products, Potassium Chloride for Injection Concentrate.
INJECTION PACKAGING
Packaging for sterile products intended for injection must be validated as meeting the
containment and protection requirements that are essential for maintaining the article’s quality.
Refer to Package Integrity Evaluation—Sterile Products 〈1207〉, Package Integrity Testing in the
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Product Life Cycle—Test Method Selection and Validation 〈1207.1〉, Package Integrity Leak Test
Technologies 〈1207.2〉, and Package Seal Quality Test Technologies 〈1207.3〉 for further
information regarding sterile product container–closure integrity testing and validation. Closures
for multiple-dose containers permit the withdrawal of the contents without removal or
destruction of the closure. The closure permits penetration by a needle and, upon withdrawal
of the needle, closes at once, protecting the contents against contamination. Refer to 〈381〉 for
closure reseal tests that are useful for screening multiple-dose closures for their reseal
properties. Additional testing may be needed to ensure that the specific closure selected for a
product package is able to prevent loss of product contents and microbial contamination under
anticipated conditions of multiple entry and use. Piggyback packaging systems are usually
intravenous infusion container–closure systems that are used to administer a second infusion
through a connector of some type or an injection port on the administration set of the first
fluid, thereby avoiding the need for another injection site on the patient’s body. Piggyback
packaging systems also are known as secondary infusion containers.
The volume of injection in a single-dose container provides the amount specified for one-time
parenteral administration, and in no case is more than sufficient to permit the withdrawal and
administration of 1 L. Preparations intended for intraspinal, intracisternal, or peridural
administration are packaged in single-dose containers only. Unless otherwise specified in the
individual monograph, a multiple-dose container contains a volume of injection sufficient to
permit the withdrawal of NMT 30 mL.
The following injections are exempt from the 1-L restriction of the foregoing requirements
relating to packaging:
Injections packaged for extravascular use as irrigation solutions or peritoneal dialysis
solutions
Injections packaged for intravascular use as parenteral nutrition or as replacement or
substitution fluid to be administered continuously during hemofiltration
Injections packaged for intravascular use that may be used for intermittent, continuous, or
bolus replacement fluid administration during hemodialysis or other procedures, unless exempted
above, must conform to the 1-L restriction. Injections labeled for veterinary use are exempt
from the packaging and storage requirements concerning the limitation to single-dose packaging
systems and the limitation on the volume of multiple-dose containers.
Packaging for Constitution
Containers, including the closures, for dry solids intended for injection must not interact
physically or chemically with the preparation in any manner that alters the strength, quality, or
purity beyond the official requirements under the ordinary or customary conditions of handling,
shipment, storage, sale, and use. A packaging system for a sterile solid permits the addition of
a suitable solvent and withdrawal of portions of the resulting solution or suspension in such a
manner that the sterility of the product is maintained. Where the assay in a monograph
provides a procedure for the sample solution, in which the total withdrawable contents are to
be withdrawn from a single-dose container with a hypodermic needle and syringe, the contents
are to be withdrawn as completely as possible into a dry hypodermic syringe of a rated
capacity not exceeding three times the volume to be withdrawn and fitted with a 21-gauge
needle NLT 2.5 cm (1 in) in length. Care must be taken to expel any air bubbles, and the
contents are then discharged into a container for dilution and assay.
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Change to read:
MEDICAL GAS PACKAGING
Gas cylinder: A metallic packaging system constructed of steel or aluminum and designed to
hold medical gases under pressure; these gases may include: Carbon Dioxide USP, Helium USP,
Medical Air USP, nitric oxide,
2S (USP42)

Nitrous Oxide USP, Nitrogen NF, and Oxygen USP. As a safety measure for carbon dioxide,
helium, medical air, nitrous oxide, and oxygen, the pin index safety system of matched fittings
is recommended for cylinders of size E or smaller.
Change to read:
ASSOCIATED COMPONENTS
Many associated components are graduated for measurement and dose administration.
Associated components can be packaged with the drug product or sold and purchased
separately. It is the responsibility of the manufacturer to ensure that the appropriate
measurement and dosing component is provided or that a general purpose component, such as
those described in this section, is specified for delivering the appropriate amount/dose with the
intended accuracy. Liquid preparations have unique surface and flow characteristics.
Consequently, the volume delivered from a measurement/dosing component may vary for each
preparation.
The graduated associated components described in this section are for general use and
should be composed of safe materials. Graduated markings should be legible, indelible, and on
an extraoral surface that does not contact the product.
The associated volume markings must be in metric units only and limited to a single
measurement scale that corresponds with the dosing instructions on the OTC or prescription
container label (see Prescription Container Labeling 〈17〉). Under expected conditions of use,
the volume error incurred in measuring liquids for individual dose administration by means of
such graduated components should be NMT 10% of the indicated amount of the liquid
preparation with which the graduated component will be used. (O fficial 1-May-2019)
Dosing cup: A measuring device consisting of a small cup that may be packaged with oral liquid
articles.
Dosing spoon: A measuring device consisting of a bowl and handle that may be packaged with
oral liquid articles. The handle may be a graduated tube.
Medicine dropper: A measuring device consisting of a transparent or translucent barrel or tube
that is generally fitted with a collapsible bulb. It may be packaged with oral liquid articles.
Oral syringe: A measuring device consisting of a plunger and barrel made of transparent or
translucent plastic material and a seal on the end. It may be packaged with oral liquid articles.
The syringe should deliver a measured amount of a liquid drug product.
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Change to read:
TEMPERATURE AND STORAGE DEFINITIONS
Freezer: A place in which the temperature is controlled between −25° and −10° (−13° and 14°
F). It is noted that, in some instances, articles may have a recommended storage condition
below −20° (−4° F). In such cases, the temperature of the storage location should be
controlled to ±10°.
Refrigerator: A cold place in which the temperature is controlled between 2° and 8° (36°–46°
F).
Cold: Any temperature not exceeding 8° (46° F).
Cool: Any temperature between 8° and 15° (46°–59° F). [Note—An article for which storage in
a cool place is directed may, alternatively, be stored and shipped as refrigerated, unless
otherwise specified by the individual monograph.]
Room temperature (also referred to as ambient temperature): The temperature prevailing in a
working environment.
Controlled cold temperature: The temperature maintained thermostatically between 2° and
8° (36°–46° F), that allows for excursions in temperature between 2° and 15° (36°–59° F) that
may be experienced during storage, shipping, and distribution, but not to exceed 24 h, such
that the allowable calculated “mean kinetic temperature” (MKT) is NMT 8° (46° F). These limits
(time and temperature) and the calculated MKT must be documented. Additionally, controlled
cold excursions may only occur one time during possession of the product within the supply
chain unless directed otherwise by the manufacturer. Other limits may be permitted only if the
manufacturer so instructs as supported by the manufacturer’s stability budget/data. 2S (USP42)
Controlled room temperature: The temperature maintained thermostatically that
encompasses the usual and customary working environment of 20°–25° (68°–77° F). The
following conditions also apply.
MKT not to exceed 25°. Excursions between 15° and 30° (59°–86° F) that are experienced in
pharmacies, hospitals, and warehouses, and during shipping are allowed. Provided the MKT does
not exceed 25°, transient spikes up to 40° are permitted as long as they do not exceed 24 h.
Spikes above 40° may be permitted only if the manufacturer so instructs.
Articles may be labeled for storage at “controlled room temperature” or at “20°–25°”, or other
wording based on the same MKT. [see also Good Storage and Distribution Practices for Drug
Products 〈1079〉, Quality Management System, Environmental Management System, Mean
Kinetic Temperature (MKT) Calculation].
2S (USP42)

An article for which storage at controlled room temperature is directed may, alternatively, be
stored and shipped in a cool place or refrigerated, unless otherwise specified in the individual
monograph or on the label.
Warm: Any temperature between 30° and 40° (86°–104° F).
Excessive heat: Any temperature above 40° (104° F).
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Mean kinetic temperature: MKT is the single calculated temperature at which the total
amount of degradation over a particular period is equal to the sum of the individual
degradations that would occur at various temperatures. MKT may be considered as an
isothermal storage temperature that simulates the nonisothermal effects of storage
temperature variation. It is not a simple arithmetic mean.
The temperatures used for calculating MKT can be conveniently collected using electronic
devices that measure temperatures at frequent intervals (e.g., every 15 min). MKT can be
calculated directly or the data can be downloaded to a computer for processing. Software to
compute the MKT is available commercially.
The arithmetic mean of the weekly high and low temperatures is then used in the calculation
of MKT. MKT is calculated by the following equation (derived from the Arrhenius equation):

T k = mean kinetic temperature
ΔH = heat of activation, 83.144 kilojoules · mole−1 (unless more accurate information is
available from experimental studies)
R = universal gas constant, 8.3144 × 10−3 kilojoules·mole−1·degree−1
n = total number of storage temperatures recorded during the observation period
T 1 = value for the temperature recorded during the first time period
T 2 = value for the temperature recorded during the second time period
T n = value for the temperature recorded during the time period
[Note—All temperatures, T, are absolute temperatures in degrees Kelvin (K).]
Drug products in the distribution supply chain may be held at temperatures outside their
labeled storage requirements as determined by the appropriate stability data. Drug products
stored either in warehouse conditions or during transportation may experience excursions from
their acceptable temperature ranges. Each product excursion must be evaluated and impact on
the final product determined. The means of evaluation must be scientifically sound with
documented justification that the integrity and quality of the drug product has not been
affected. One method of analysis for examining temperature excursion is the use of MKT.
Because MKT expresses the cumulative thermal stress that a drug product experiences, it is
considered an acceptable practice for storage and can be considered for excursions during
transit. The calculation must be justified for use with distribution excursions by confirming that
the stability-limiting characteristic of the product follows first-order kinetics over the
temperature range encountered. 2S (USP42)
Dry place: A place that does not exceed 40% average relative humidity at 20° (68° F) or the
equivalent water vapor pressure at other temperatures. The determination may be made by
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direct measurement at the place. Determination is based on NLT 12 equally spaced
measurements that encompass a season, a year, or, where recorded data demonstrate, the
storage period of the article. There may be values of up to 45% relative humidity provided that
the average value does not exceed 40% relative humidity. Storage in a container validated to
protect the article from moisture vapor, including storage in bulk, is considered a dry place.
Protect from freezing: The container label will bear an appropriate instruction to protect the
article from freezing in cases where freezing exposes an article to loss of strength or potency
or to destructive alteration of its characteristics. These risks are present in addition to the risk
that the container may break if exposed to freezing temperatures.
Protect from light: Where light subjects an article to loss of strength or potency or to
destructive alteration of its characteristics, the container label bears an appropriate instruction
to protect the article from light. The article must be packaged in a light-resistant container.
1 Exceptions may be considered only under conditions described in Pharmaceutical Compounding—Sterile
Preparations 〈797〉.

Recent Official Publications:
USP41–NF36 Page 6384
BRIEFING

〈 861〉 Sutures—Diameter, USP 41 page 6666 and PF 43(4) [July–Aug. 2017]. The General
Chapters—Dosage Forms Expert Committee is proposing the following revision to the current
chapter, which replaces the previous proposal in PF 43(4) that has been canceled. The
objective of the proposed revision is to update the chapter so that it reflects current practice
for determining the diameter of surgical sutures. Note that proposed revisions for the following
general chapters and monographs related to sutures also appear in this issue of PF.
1.
2.
3.
4.

Sutures—Needle Attachment 〈871〉
Tensile Strength 〈881〉
Absorbable Surgical Suture
Nonabsorbable Surgical Suture

Additionally, minor editorial changes have been made to update this chapter to current USP
style.
(GCDF: D. Hunt.)
Correspondence Number—C197670
Comment deadline: September 30, 2018

〈 861〉 SUTURES—DIAMETER
Change to read:
The gauge for determining the diameter of sutures is of the dead-weight type, mechanical or
electrical, and equipped with a direct-reading dial, a digital readout, or a printed readout. Use a
gauge graduated to 0.002 mm or smaller. The anvil of the gauge is about 50 mm in diameter,
and the presser foot is 12.70 ± 0.02 mm in diameter. The presser foot and moving parts
connected therewith are weighted so as to apply a total load of 210 ± 3 g to the specimen.
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The presser foot and anvil surfaces are plane to within 0.005 mm and parallel to each other to
within 0.005 mm. For measuring the diameter of sutures of metric size 0.4 and smaller, remove
the additional weight from the presser foot so that the total load on the suture does not
exceed 60 g.
Diameters of surgical sutures can be determined by either contact or noncontact methods.
2S (USP42)

Change to read:
COLLAGEN ABSORBABLE SURGICAL SUTURE
Determine the diameter immediately after removal from the immediate container and without
stretching. Lay the strand across the center of the anvil and presser foot, and gently lower the
foot until its entire weight rests upon the suture. Measure the diameter of each strand at three
points corresponding roughly to one-fourth, one-half, and three-fourths of its length.
SYNTHETIC ABSORBABLE SURGICAL SUTURE
Proceed as directed for Nonabsorbable Surgical Suture.
NONABSORBABLE SURGICAL SUTURE
Lay the strand across the center of the anvil and presser foot, and gently lower the foot until
its entire weight rests upon the suture. Measure nonabsorbable sutures, whether packaged in
dry form or in fluid, immediately after removal from the container, without prior drying or
conditioning.
Measure the diameter of the suture at three points corresponding roughly to one-fourth, onehalf, and three-fourths of its length. In the case of braided suture of sizes larger than 3-0
(metric size 2), make two measurements at each point at right angles to each other, and use
the average as the observed diameter at that point.
In measuring multifilament sutures, attach a portion of the designated section of the strand
in a fixed clamp in such a way that the strand lies across the center of the anvil. While holding
the strand in the same plane as the surface of the anvil, place the strand under tension by
suitable means, such as by passing the free end of the strand around a cylinder or a pulley and
attaching to the free end a weight of about one-half of the knot-pull limit for the non-sterilized
Class I suture of the size concerned, taking care not to permit the strand, if twisted, to
untwist. Measure the diameter at the designated points on the strand, and calculate the
average diameter likewise as directed.

CONTACT METHODS
The gauge for determining suture diameter shall be mechanical or electrical, equipped with a
direct-reading dial, a digital readout, or a printed readout. The gauge shall have a minimum
accuracy of 0.002 mm, an anvil 50 ± 5 mm in diameter, and a flat contact point (presser foot)

PF 44(4): Jul.-Aug. 2018

83

12.70 ± 0.02 mm in diameter. The flat contact point and anvil surfaces shall be plane to within
0.005 mm and parallel to each other to within 0.005 mm. For suture sizes 7–0 and larger, the
presser foot and moving parts attached to it shall apply a force of 210 ± 3 g to the specimen.
For sutures of size 8-0 and smaller, the presser foot and moving parts attached to it shall apply
a force of 60 ± 3 g to the specimen.
Measure sutures, whether packaged in dry or fluid form, immediately after removal from the
container and without prior drying or conditioning. Do not stretch the suture before measuring.
MONOFILAMENT SUTURES (ABSORBABLE AND NONABSORBABLE)
For monofilament sutures, lay the strand across the center of the anvil (see Figure 1). Apply
tension to the suture NMT required to straighten the suture. Measure the diameter of the
suture by slowly lowering the presser foot to avoid crushing the suture. Measure the suture
diameter at three locations corresponding to approximately one-fourth, one-half, and threefourths of its labeled length. Each location is considered an individual measurement.
Repeat the test on a total of 10 suture strands. Compare each individual measurement to the
individual specifications in the appropriate monograph. Compare the average of the 30 individual
measurements to the average specification in the appropriate monograph.
MULTIFILAMENT SUTURES (ABSORBABLE AND NONABSORBABLE)
Diameter Measurement Strategy
Refer to Table 1 for the diameter measurement strategy for various suture lengths.

Condition

Table 1. Diameter Measurement Strategy
Suture Length
as
Noted on
Number of
Number of
Package
Data
Suture
(inches)
Points/Strands
Strands

1
2
3

<4
4 to ≤12
>12 to ≤48

1
1
3

30
30
10

4

>48

3

10

Sample
Type
Use a
noncontact
method
Strand
Strand
Random
subsection

For Condition 1, where the suture length is less than 4 inches during diameter testing, use a
noncontact method. For Condition 2, measure the suture diameter at a single location on 30
strands for a total of 30 individual diameter measurements. For Condition 3, measure the suture
diameter at three locations corresponding to approximately one-fourth, one-half, and threefourths of the labeled length. Measure 10 strands for a total of 30 individual diameter
measurements. For Condition 4, measure the suture diameter at three locations corresponding
to approximately one-fourth, one-half, and three-fourths on a random subsection NLT 48
inches in length from the total suture product. Measure 10 strands for a total of 30 individual
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diameter measurements.
Preparation
Mount the suture on a tensioning board by clamping one end of the suture so that the strand
lies across the center of the anvil in the same plane as the surface of the anvil and routing the
free end of the suture to be tensioned, such as by passing the suture around a cylinder or a
pulley and attaching a weight to the free end, ensuring the strand does not twist or untwist.
Apply a load of about one-half of the knotted tensile strength for the nonsterilized Class I
suture as given in Table 2. Class III sutures do not require tension.
Measurement
Measure the diameter of the suture by slowly lowering the presser foot to avoid crushing the
suture. Measure the suture diameter as specified in Diameter Measurement Strategy.
For suture sizes 2-0 and larger: Take two measurements at right angles to each other at
each location. Average the two measurements taken at each location and record as the
observed diameter at that location for comparison to the individual specifications. For suture
sizes 3-0 and smaller, take a single measurement at each location for comparison to the
individual specifications. Each location is considered an individual measurement. The average
diameter of the samples are within the limits on average diameter (for all 30 measurements) per
the monograph for the size stated on the label. None of the observed individual measurements
should be less than or greater than the limits on individual diameter in the monograph. None of
the individual observed measurements should be less or greater than the tolerances in the
monograph.
Data Analysis
Compare each individual measurement to the individual specifications in the appropriate
monograph. Compare the average of the 30 individual measurements to the average
specification in the appropriate monograph.
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Figure 1. Multifilament equipment setup.
NONCONTACT METHODS
The laser micrometer (optical micrometer) for determining suture diameter shall be equipped
with a digital or printed readout. The laser micrometer shall have a minimum accuracy of 0.002
mm, and be capable of dual axis measurements. The test method should be correlated with the
contact method and the appropriate specifications should be established based on the
correlation.
Place the suture without any preconditioning into the path of the laser beam, ensuring the
suture is appropriately aligned. For a monofilament suture, hold the suture with minimal applied
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tension. For a multifilament suture, apply a tensile load of about one-half of the knotted tensile
strength (see Tensile Strength 〈881〉) for the nonsterilized Class I suture of the given size.
Measure each suture at three points corresponding roughly to one-fourth, one-half, and threefourths of its length.
TENSIONS
Tensions for both contact and noncontact methods are calculated to represent approximately
one-half of the knot-pull limit for nonsterile Class I sutures of the designated size in Table 2.
Table 2. Tensioning Weights (in grams) for Measuring Multifilament Strand Diameters
Size
Nonabsorbable
Absorbable
12-0
0.6
N/A
11-0
3.8
N/A
10-0
12
12
9-0
27
25
8-0
38
35
7-0
69
70
6-0
125
125
5-0
250
340
4-0
375
475
3-0
600
887
2-0
899
1341
0
1351
1948
1
1702
2539
2
2199
3176
3 and 4
3046
3645
5
3849
N/A
6
4550
N/A
7
5647
N/A
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 6666
BRIEFING

〈 871〉 Sutures—Needle Attachment, USP 41 page 6667 and PF 43(4) [July–Aug. 2017].
The previous proposal published in PF 43(4) has been canceled; the General Chapters—Dosage
Forms Expert Committee is reproposing the following revisions, which are meant to clarify the
purpose and scope of the chapter. Table 2 is being omitted and requirements are being placed
in the Procedure section. Note that proposed revisions for the following general chapters and
monographs related to sutures also appear in this issue of PF.
1. Sutures—Diameter 〈861〉
2. Tensile Strength 〈881〉
3. Absorbable Surgical Suture
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4. Nonabsorbable Surgical Suture
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCDF: D. Hunt.)
Correspondence Number—C201698
Comment deadline: September 30, 2018

〈 871〉 SUTURES—NEEDLE ATTACHMENT
Change to read:
Absorbable (collagen) surgical sutures
2S (USP42)

and nonabsorbable surgical sutures with standard needle attachment are such that the needles
are firmly attached and are not intended to be separated. Sutures supplied with eyeless
needles attached fall into either the category of standard needle attachment or the category
of removable needle attachment. Removable needle attachment of both absorbable and
nonabsorbable surgical sutures is such that the needle may be deliberately separated from the
suture by means of a quick tug. Both types of attachments are tested on equipment as
specified in Tensile Strength 〈881〉.
Change to read:
PROCEDURE
Clamp each of 5 sutures in the tensilometer
tensile testing device 2S (USP42)
so that the needle is in the fixed clamp with all of the swaged portion exposed and in line with
the direction of force applied to the suture by the moving clamp. Determine the force required
to detach the suture from the needle. In the case of standard needle attachment, the suture
may break without needle detachment.
Standard Needle Attachment
The requirements are met if neither the average of the five values nor any individual value is
less than the limit
limits 2S (USP42)
given for the designated size in Table 1.
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Table 1. Standard Needle Attachment for Absorbable and Nonabsorbable Sutures
Metric Size (Gauge No.)

Limits on Needle Attachment

Nonabsorbable and
Synthetic
Absorbable
Sutures

Absorbable
Collagen
Suture

USP Size
11-0
and
smaller 2S (USP42)
10-0
9-0
8-0

—

Average
(in kgf)
(Min.)

Individual
(in kgf)
(Min.)

0.007
0.014
0.021
0.050

0.005
0.010
0.015
0.025

—
0.4
0.5

0.1
0.2
0.3
0.4

0.7
1

0.5
0.7

7-0
6-0

0.080
0.17

0.040
0.08

1.5

1

5-0

0.23

0.11

2
3
3.5
4

1.5
2
3
3.5

4-0
3-0
2-0
0

0.45
0.68
1.10
1.50

0.23
0.34
0.45
0.45

5

4

1

1.80

0.60

6 and larger

5 and larger

2 and larger

1.80

0.70

Average (in
N) (Min.)

0.069
0.137
0.206
0.490
0.784
0.785 2S (USP42)
1.67
2.25
2.26 2S (USP42)
4.41
6.67
10.8
14.7
17.6
17.7 2S (USP42)
17.6
17.7 2S (USP42)

Individual
(in N) (Min.)

0.049
0.098
0.147
0.245
0.392
0.784
1.08
2.25
2.26 2S (USP42
3.33
4.41
4.41
5.88
6.86

Removable Needle Attachment
For USP sizes 5-0 through 2-0, 2S (USP42)
the requirements are met if the individual values of the 5 sutures are within the limits shown in
Table 2
NLT 0.028 kgf (0.275 N) or greater than 1.59 kgf (15.6 N). 2S (USP42)
[Note—For either type of attachment, if NMT one of the individual values falls outside the
prescribed limits, repeat the test on an additional 10 sutures. The requirements of the test are
met if none of the 10 additional values falls outside the individual limit requirements.]
Table 2. Removable Needle Attachment for Absorbable and Nonabsorbable Sutures
Metric Size (Gauge No.)

Limits on Needle Attachment

Absorbable
Collagen
Suture

Nonabsorbable and Synthetic
Absorbable
Sutures

USP
Size

Minimum (in
kgf)

Maximum
(in kgf)

Minimum
(in N)

Maximum
(in N)

1.5
2
3
3.5
4
5
6

1
1.5
2
3
3.5
4
5

5-0
4-0
3-0
2-0
0
1
2

0.028
0.028
0.028
0.028
0.028
0.028
0.028

1.59
1.59
1.59
1.59
1.59
1.59
1.59

0.274
0.274
0.274
0.274
0.274
0.274
0.274

15.6
15.6
15.6
15.6
15.6
15.6
15.6

2S (USP42)
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Recent Official Publications:
USP41–NF36 Page 6667
BRIEFING

〈 881〉 Tensile Strength, USP 41 page 6668 and PF 43(4) [July–Aug. 2017]. The General
Chapters—Dosage Forms Expert Committee is proposing the following revision to the current
chapter, which replaces the previous proposal in PF 43(4) that has been canceled. The
objective of the proposed revision is to update the chapter so that it reflects current practice
for determining the tensile strength of surgical sutures. Note that proposed revisions for the
following general chapters and monographs related to sutures also appear in this issue of PF.
1.
2.
3.
4.

Sutures—Diameter 〈861〉
Sutures—Needle Attachment 〈871〉
Absorbable Surgical Suture
Nonabsorbable Surgical Suture

Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCDF: D. Hunt.)
Correspondence Number—C201699
Comment deadline: September 30, 2018

〈 881〉 TENSILE STRENGTH
Change to read:
Devices
Testing devices 2S (USP42)
for measurement of tensile strength used in the United States may be calibrated in the English
units of measure. The following directions are given in metric units with the understanding that
the corresponding English equivalents may be used.
Change to read:
SURGICAL SUTURE
Determine the tensile strength of surgical suture on a motor-driven tensile strength testing
machine having suitable clamps for holding the specimen firmly and using either the principle of
constant rate of load on specimen or
2S (USP42)

the principle of constant rate of elongation of specimen, as described below. The apparatus
has two clamps for holding the strand. One of these clamps is mobile. The clamps are designed
so that the strand being tested can be attached without any possibility of slipping. Gauge
length is defined as the interior distance between the two clamps. For gauge lengths of 125–
200 mm, the mobile clamp is driven at a constant rate of elongation of 30 ± 5 cm/min. For
gauge lengths of less than 125 mm, the rate of elongation per minute is adjusted to equal 2
times the gauge length per minute. For example, a 5-cm gauge length has a rate of elongation
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of 10 cm/min.
Determine the tensile strength of the suture, whether packaged in dry form or in fluid,
promptly after removal from the container, without prior drying or conditioning.
Except where straight pull (no knot required) is indicated in the suture monographs, tie the
test suture into a simple knot formed by placing one end of a strand held in the right hand over
the other end held in the left hand. Then pass one end over the strand and through the loop
that is formed (see Figure 1), and pull the knot tight so as not to affect the integrity of the
suture.

Figure 1. Knot for test suture.
Place the specimen in the testing device with the knot approximately midway between the
clamps. 2S (USP42)
Attach one
free 2S (USP42)
end of the suture to the clamp at the load end of the machine, pass the other
free 2S (USP42)
end through the opposite clamp, applying sufficient tension so that the specimen is taut
between the clamps, and engage the second clamp. Perform as many breaks as are specified in
the individual monograph. If the break occurs at
or in 2S (USP42)
the clamp, discard the reading on the specimen
and replace with an additional pull with a new test suture. The discarded result should be
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noted and recorded, but not included in the averaging of the results.
For suture devices that are not knotted, a straight pull should be used for testing. Strength
should be compared to the knot tie values for labeled sizes in the monograph table.
2S (USP42)

Procedure for a Machine Operating on the Principle of Constant Rate of Load on
Specimen
This description applies to the machine known as the Incline Plane Tester.
The carriage used in any test is of a weight such that when the break occurs, the position of
the recording pen on the chart is between 20% and 80% of the capacity that may be recorded
on the chart. The friction in the carriage is low enough to permit the recording pen to depart
from the zero line of the chart at a point not exceeding 2.5% of the capacity of the chart
when no specimen is held in the clamps.
For surgical sutures of intermediate and larger sizes, the clamp for holding the specimen is of
the roll type, with a flat gripping surface. The roll has a diameter of 19 mm and the flat gripping
surface is not less than 25 mm in length. The length of the specimen, when inserted in the
clamps, is at least 127 mm from nip to nip. The speed of inclination of the plane of the tester is
such that it reaches its full inclination of 30° from the horizontal in 20 ± 1 seconds from the
start of the test.
For surgical sutures of small sizes, the suitable clamp has a flat gripping surface of not less
than 13 mm in length. The speed of inclination of the plane is such that it reaches its full
inclination of 30° from the horizontal in 60 ± 5 seconds from the start of the test.
Except where straight pull (no knot required) is indicated in the suture monograph, tie the
test suture into a surgeon's knot with one turn of suture around flexible rubber tubing of 6.5mm inside diameter and 1.6-mm wall thickness. The surgeon's knot is a square knot in which
the free end is first passed twice, instead of once, through the loop, and pulled taut, then
passed once through a second loop, and the ends are drawn taut so that a single throw is
superimposed upon a double throw. Start the first knot with the left end over the right end,
exerting sufficient tension to tie the knot securely. Where the test specimen includes a knot,
place the specimen in the testing device with the knot approximately midway between the
clamps. Leave the flexible rubber tubing in place for the duration of the test.
Procedure for a Machine Operating on the Principle of Constant Rate of Elongation of
Specimen
This description applies to any suitable tensile testing machine that operates on the principle
of constant rate of elongation of specimen.
Except where straight pull (no knot required) is indicated in the suture monographs, tie the
test suture into a simple knot formed by placing one end of a strand held in the right hand over
the other end held in the left hand, passing one end over the strand and through the loop so
formed, and pulling the knot tight. The specimen is placed in the testing device with the knot
approximately midway between the clamps.
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2S (USP42)

Add the following:

BARBED SUTURES
Barbed suture type devices that do not require the use of knots in their application should
not be tested for USP knot-pull tensile strength by the use of knots. The alterations to the
surface (i.e., barbing) of these devices would lead to testing bias were a USP knot pull be
applied to the device. For these types of devices, refer to the manufacturer’s specifications
with respect to the USP size designation identified and perform straight pull testing accordingly.
Compare results generated to the identified USP size knot-pull specifications. 2S (USP42)
Change to read:
TEXTILE FABRICS AND FILMS
Determine the tensile strength of textile fabrics, including adhesive tape, on a constantspeed or pendulum type of testing machine
device 2S (USP42)
of the following general description.
The clamps for holding the specimen are smooth, flat, parallel jaws that are NLT 25 mm in
length in the dimension parallel to the direction of application of the load. When the width of
the strip being tested does not exceed 19 mm, the jaws of the clamp should be at least 25 mm
wide. If the width of the strip is greater than 19 mm and NMT 44 mm, the width of the jaws of
the clamp should be at least 50 mm. If the width of the specimen is greater than 44 mm, cut a
25-mm strip, and use a clamp with jaws NLT 50 mm wide. Round all edges that might have a
cutting action on the specimen to a radius of 0.4 mm. The jaws are 76.2 mm apart at the
beginning of the test, and they separate at the rate of 30.5 cm ± 13 mm/min. The machine is
of such capacity that when the break occurs, the deviation of the pendulum from the vertical
is 9°–45°.
Recent Official Publications:
USP41–NF36 Page 6668
BRIEFING

〈 1079〉 Good Storage and Distribution Practices for Drug Products, USP 41 page 7120.
This chapter focuses on packaging, storage, and transportation processes that maintain drug
product quality and supply chain integrity. The proposed revision to this general chapter
identifies common risks in the storage and transportation of drug products and recommends
appropriate mitigation strategies.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
The following Briefing list includes monographs and/or chapters that both reference the
General Chapter under revision and require revision to keep references to the General Chapter
accurate. Other monographs and/or chapters may also be listed, even where the reference to
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the General Chapter remains unchanged, as additional notice to stakeholders where there is
believed to be potential for the change in the general chapter itself to affect pass-fail
determinations for particular monograph articles.
Chapter Dependencies (click to expand).
〈659 〉 PACKAGING AND STORAGE
REQUIREMENTS
〈1178 〉 GOOD REPACKAGING
PRACTICES

〈1163 〉 QUALITY ASSURANCE IN PHARMACEUTICAL
COMPOUNDING
〈1197 〉 GOOD DISTRIBUTION PRACTICES FOR BULK
PHARMACEUTICAL EXCIPIENTS

(GCPD: D. Hunt.)
Correspondence Number—C199318
Comment deadline: September 30, 2018
Change to read:

〈 1079〉 GOOD STORAGE AND DISTRIBUTION PRACTICES FOR DRUG PRODUCTS
RISKS AND MITIGATION STRATEGIES FOR THE STORAGE AND TRANSPORTATION OF
FINISHED DRUG PRODUCTS 2S (USP42)
Add the following:
1. INTRODUCTION
2. SCOPE
3. RISK-BASED APPROACH TO THE STORAGE AND TRANSPORTATION OF FINISHED DRUG
PRODUCTS
4. RISK MITIGATION CATEGORIES AS QMS ELEMENTS
4.1Documentation and Procedures
4.2 Training
4.3 Resources for Storage, Transportation, and Personnel
4.4 Qualification and Validation
2S (USP42)

Change to read:
INTRODUCTION
This general information chapter describes good storage and distribution practices to ensure
that drug products (medicines) reach the end user (practitioners and patient/consumers) with
quality intact.
In the context of this chapter, the following definitions are used.
SCOPE
Good storage and distribution practices apply to all organizations and individuals involved in
any aspect of the storage and distribution of all drug products, including but not limited to the
following:
Manufacturers of drug products for human and veterinary use where manufacturing may
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involve operations at the application holder's facilities (i.e., facilities that belong to the
holder of an approved New Drug Application or Abbreviated New Drug Application) or at
those of a contractor for the applicant holder
Packaging operations by the manufacturer or a designated contractor for the applicant
holder
Repackaging operations in which the drug product may be owned by an organization
other than the primary manufacturer
Laboratory operations at the manufacturer's or at the contractor's site
Physician and veterinary offices
Pharmacies including but not limited to retail, compounding, specialty, mail order,
hospital, and nursing home pharmacies
Importers and exporters of Record
Wholesale distributors; distribution companies involved in automobile, rail, sea, and air
services
Third-party logistics providers, freight forwarders, and consolidators
Health care professional dispensing or administering the drug product to the end user
Mail distributors including the U.S. Postal Service (USPS) and other shipping services
including expedited shipping services
The information is intended to apply to all drug products regardless of environmental storage
or distribution requirements.
It is recognized that conceivably there are special cases and many alternative means of
fulfilling the intent of this chapter and that these means should be scientifically justified.
Although this chapter is not intended to address the storage and distribution of active
pharmaceutical ingredients (APIs), excipients, radioactive products, reagents, solvents, medical
devices, medical gases, or clinical trial materials for which storage requirements may not yet be
defined (e.g., Phase I clinical trial drug products), the general principles outlined here may be
useful if applied selectively or comprehensively.
This general information chapter does not supersede or supplant any applicable national,
federal, and/or state storage and distribution requirements, or USP monographs. General
Chapter 〈659〉 Packaging and Storage Requirements contains definitions for storage conditions.
This chapter is not intended to cover counterfeiting, falsified medicines, drug pedigrees, or
other supply chain security, including chain of custody issues.
BACKGROUND INFORMATION
Storage and distribution processes may involve a complex movement of product around the
world, differences in documentation and handling requirements, and communication among
various entities in the supply chain. The translation of best practices into good storage and
distribution meets these challenges and sets forth a state of control.
The good storage and distribution practices described in this chapter should facilitate the
movement of drug products throughout a supply chain that is controlled, measured, and
analyzed for continuous improvements and should maintain the integrity of the drug product in
its packaging during storage and distribution.
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RESPONSIBILITIES
The holder of the drug product application, the drug product manufacturer (in the case of
many OTCs, where there is no application) and the repackager bear primary responsibility and
accountability including but not limited to the following:
The decision for regulatory submissions, where applicable, relative to the contents of
this chapter for the storage and distribution of drug products. If breaches occur in any
of the QMS systems and cannot be justified or documented with scientific evidence, the
appropriate entity should consider action with the product to ensure the public safety.
Determining proper storage and handling practices
Communicating storage and distribution practices through the supply chain
Drug product stability profiles or the associated stability information from the holder,
inclusive of distribution conditions and excursions that may be allowable should they
occur. These stability profiles include the approved storage conditions for the shelf life
of the drug product and, where appropriate, supporting data for the distribution
conditions, if these differ from the storage conditions.
Appropriate firms, such as an applicant holder, are to convey relevant environmental
requirements (e.g., when appropriate, product-specific lifecycle stability data), when
needed to support deviations or temperature excursions. If stability data cannot be
reviewed or is not shared, an assessment may be needed to consider regulatory review
or other appropriate actions (e.g., destruction of product or additional stability testing).
Recalling the drug product if it is found to be adulterated in any part of the supply chain
However, all organizations along the supply chain bear responsibility for ensuring that they
handle drug products within adequate storage and distribution parameters that will not affect
the drug product identity, strength, quality, purity, or safety.
Each holder of drug product is responsible and accountable for the receipt from an entity and
transfer out of the drug product to the next entity.
LABELING CONSIDERATIONS FOR DRUG PRODUCTS
The environmental requirements for drug product storage conditions should be indicated on
the drug product primary container–closure system. If space on the immediate container is too
small (e.g., an ampule) or is impractical for the container–closure system (e.g., blister
package), this information can be placed on the most immediate container of appropriate size
(e.g., carton). Environmental storage conditions and/or environmental warning statements
should be evident, securely fixed, and indelible on the outermost container (generally the
shipping container).
Products classified as hazardous materials and/or dangerous goods by the U.S. Department of
Transportation or other relevant authorities or bodies should be labeled, stored, and handled in
accordance with applicable federal/state/local regulations. Drug products classified as
controlled substances by the U.S. Drug Enforcement Administration or by individual state
requirements should be labeled and handled in accordance with applicable regulations.
Good practices and controls for labeling should provide the receiver with instructions for the
correct handling of the drug product upon receipt. When a drug product’s storage conditions
are not readily available, use the storage conditions described in Packaging and Storage
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Product labels with expanded information beyond the single long-term storage temperature
ensure ease of transport and use for shippers, distributors, healthcare professionals, and
patients. Product labels should clearly define the storage temperature range, and broader
distribution or in-use temperature ranges where allowable. Products labeled “Keep in a cold
place” or “Do not freeze” are subject to interpretation and are discouraged if used without
accompanying temperature ranges. USP storage definitions and temperature ranges are defined
in General Notices and Requirements.
During international transport, the proper language(s) should be used to ensure that handlers
understand the requirements set forth on drug product labeling. The use of symbols that are
recognized by international organizations is advisable.
Drug products can be transported at temperatures outside of their labeled storage
temperatures if stability data and relevant scientific justification demonstrate that product
quality is maintained. The length of the stability studies and the storage conditions for a drug
product should be sufficient to cover the shipment, distribution, and subsequent use of the
drug product. The data gathered from ICH, Q1A R2, accelerated testing or from testing at an
ICH intermediate condition may be used to evaluate the effect of short-term excursions outside
of the label storage conditions that might occur during storage and/or distribution.
QUALITY MANAGEMENT SYSTEM
Good storage and distribution practices require that entities involved in the storage and/or
distribution of drug products maintain a Quality Management System (QMS) that is based on
standard quality concepts, includes good manufacturing practice (GMP) in compliance with the
appropriate regulatory agency(s), and is complementary to the ICH quality guidances, including
ICH Q10 Pharmaceutical Quality System and ICH Q9 Quality Risk Management. In the context
of this chapter, the QMS includes the following management system programs: (1) Storage
Management System, (2) Distribution Management System, (3) Environmental Management
System, and (4) Risk Management System.
The storage and distribution QMS should, at minimum, cover the following elements:
corrective and preventive actions (CAPA), change management, deviation/investigation
management, and the management review process.
Written agreements (e.g., Quality Agreement, Technical Agreement, Service Level
Agreements) should be in place between applicable organizations involved in the drug product
supply chain. This means that the originating manufacturer may not be required to hold a
Written Agreement with all parties in the supply chain. The use of written agreements ensures
clarity and transparency, and delineates the responsibilities of each organization in the supply
chain.
Good Documentation Practices
Good documentation practices should be practiced in the QMS. This documentation includes
standard operating procedures and corporate policies and standards, as well as protocols and
other written documents that delineate the elements of the QMS. The QMS programs should
describe events and actions that must be documented as well as the proper verbiage to be
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used, the copies required, and any other items that will ensure adequate processing of the drug
product and prevent delays. The documentation process should use a standard such as a
quality manual or other practice and, should include routine assessment for review and update
as needed.
Written procedures should ensure that drug products are held in accordance with their
labeling instructions and associated regulatory requirements. Procedures should provide the
written steps needed to complete a process and ensure consistency and standard outcomes.
The following elements should be included: (1) how and when a product should be moved from
one transport container/vehicle into another, (2) how products are handled when equipment
malfunctions or when there are delays in distribution due to Customs hold, and (3) how to
communicate with the necessary parties.
The QMS should require monitoring of processes to demonstrate that a state of control is
being maintained, where the set of controls consistently provides assurance of continued
process performance and product quality (ICH Q10).
If deviations occur, a nonconformance should be documented, and investigation should be
performed and documented as appropriate. The investigative process should determine the root
cause(s) of the deviation. For example, the following should be determined: whether the drug
product experienced stress, damage, delays, or environmental lapses, or whether there were
errors in documentation. The associated supply quality management staff should have final
responsibility for approving or rejecting the investigation. The investigation process should be
linked to the risk management program to ensure that proper mitigation occurs and preventive
measures are put in place.
For example, a written investigation should be performed if the receiving and/or transferring
processes result in a drug product being subjected to unacceptable temperature conditions or
contamination (e.g., pests, microorganisms, or moisture). Any breach of standard operating
procedures should be documented with a risk justification as needed. This information should be
forwarded to the appropriate organization responsible for the drug product. The drug product
should be quarantined, and final disposition should be based on good science with appropriate
evidence to justify the decision(s).
Manufacturers should develop written procedures for recording the security process that
confirms container–closure integrity for drug products that require special handling, such as
security seals for controlled substances. Returned and salvaged goods records should address
how the drug product is assessed through a written procedure. In addition, training on such
procedures should be part of the QMS.
Records should be retained for purchases and sales of drug products and should show the
date of purchase or supply; the name of the drug product and the amount; the name and
address of the supplier or consignee; and the associated lot numbers. These records should
allow for the traceability of a drug product in the supply chain.
All records and documents should be maintained in accordance with a traceable recordsretention program and should be made available upon request to regulatory agencies. These
documents should be approved, signed, and dated by the department responsible for the QMS.
Storage Management System
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STORAGE LOCATIONS AND PROCESSES
It is important that each entity define their appropriate storage locations to ensure that
adequate controls are in place. These locations include buildings and facilities for drug product
storage (e.g., warehouse, storage or hold area, the original manufacturer’s warehouses,
contractor warehouses, wholesale distribution warehouses, mail order or retail pharmacy
storage area, hospital or nursing home pharmacy storage areas; and border Customs storage
areas).
In these locations, two basic processes can occur. First, receiving for storage is the act of
bringing a drug product into a facility, while transferring refers to the moving of a drug product
internally within a facility or into or out of a vehicle. Second, storing and holding refers to the
act of maintaining temporary possession of a drug product in the supply chain process, during
which no movement of the product will occur.
STORAGE IN BUILDINGS AND FACILITIES
Drug product storage areas are required to maintain the product temperature between the
limits as defined on the product label. Buildings and facilities used for the warehousing, storage,
and/or holding of drug products should be of adequate size for their intended use. These
facilities should be adequate to prevent overcrowding. The building and facility should be
designed to control environmental conditions where necessary and should be made of readily or
easily cleanable materials. Sanitation and pest control procedures should be written, indicating
frequency of cleaning and the materials and methods used. The pest-control program should
ensure the prevention of contamination as well as the safe use of pesticides. Records of all
cleaning and pest-control activities should be maintained.
Storage should be orderly and should provide for the segregation of approved, quarantined,
rejected, returned, or recalled drug product. If computerized systems are used for the control
of storage conditions, the software should be appropriately qualified for its intended purposes.
Facilities should have controls that mitigate risks such as fire, water, or explosion. Certain drug
products may cause these risks and should be stored accordingly. Storage areas, when not
computerized, should be appropriately visually labeled.
Storage facilities themselves, unless thermostatically controlled, cannot be validated;
however, they can be qualified via a mapping process. The generator back-up power supply
should be qualified.
RECEIVING AND TRANSFERRING DRUG PRODUCTS
Storage of a drug product includes not only the period during which the drug product is held
in the manufacturer’s storage areas but also time spent at the receiving bay area. When drug
products arrive at warehouse loading docks and other arrival areas, they should be transferred
as quickly as possible to a designated storage or within a time period that is consistent with
the risk and exposure of the product in the receiving area to a designated storage environment
to ensure minimal time outside specified storage conditions as described in a written procedure.
Relative to the incoming receipt of drug product, it is recognized that the process of product
reaction to ambient conditions begins immediately and may occur quickly (e.g., reach
temperature equilibrium within minutes to a few hours depending on details such as the product
mass, volume, and packaging density taking into account secondary and tertiary packaging)1.
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Time spent in a transport vehicle is considered to be part of the distribution process and is not
a storage location.
Receiving docks should protect drug product deliveries from inclement weather during
unloading. Any storage area, including loading and unloading docks for receipt and distribution
of drug products, should be clean, cleanable, and free from pests. The incoming receiving area
should limit access to authorized persons. Where appropriate, the delivery vehicle/container
should be examined before unloading to ensure that adequate protection from contamination
was maintained during transit. Deliveries should be examined at receipt in order to check that
containers are not damaged and that the consignment corresponds to the order. The results of
this examination should be documented.
Areas should be designated to provide an adequate space in which containers of drug
products can be cleaned and opened for sampling. If sampling is performed in the receiving
area, it should be done in a manner that prevents contamination and cross-contamination and
ensures that environmental requirements for the drug product are not breached.
Adequate precautions should be taken to prevent theft and diversion of drug products. Drug
products that have been identified as counterfeit should be quarantined to prevent further
distribution. The appropriate regulatory agencies should be contacted according to established
procedures.
Appropriate delivery records (e.g., as applicable, transport vehicle movement papers,
receiving/delivery records, data logging records, temperature recorders and similar devices, bill
of lading, house air waybill, master air waybill, etc.) should be reviewed by each receiving
entity in the supply chain to determine if the product has been subjected to any transportation
delays or other events that could have exposed the product to undesirable conditions. Each
entity should ensure that their respective Service Level Agreement documents and supporting
documents such as SOPs cover delivery and receiving responsibilities of the transactional
parties.
Smoking, eating, and drinking should not be permitted in any storage/hold areas.
REFRIGERATORS AND FREEZERS
Refrigerators and freezers used to store drug products are required to maintain the product
temperature between the limits as defined on the product label. Typically, a refrigeration unit
specification would be set to 5° with an allowable range of ±3° to store products labeled
2°–8°. Freezer temperatures may vary and typically range from −25° to −10°. Some frozen
drug products, however, require lower temperatures, e.g., dry ice or liquid nitrogen
temperatures.
Regular operating procedures and maintenance protocols should be in place along with written
contractual agreements for all maintenance and evaluation procedures including the following:
1. Items should be stored in the units in a manner that allows adequate air flow to
maintain the specified conditions.
2. Units should be positioned in the facility so that they are not subjected to
environmental extremes that could affect their performance. If this cannot be
prevented, the mapping protocol should include a provision for testing during the
anticipated environmental extremes.
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3. Large commercial units such as walk-in cold rooms are qualified via a temperature
mapping study or other type of qualification process to determine the unit’s suitability
for storing drug products. A suitable number of temperature-recording devices should be
utilized to record temperatures and to provide temperature area maps. Thereafter, the
units should be monitored as determined by the results of the mapping study. Refer to
the Temperature Monitoring section under Environmental Management System.
4. Units should utilize recording systems to log and track temperatures. Alarm systems
should be an integral part of the monitoring system for both refrigerators and freezers.
While automated systems monitor units continuously, manual checks should be
performed as appropriate to the validation program. When automated systems are not
available, manual systems may be used.
Distribution Management System
Distribution of drug products occurs within a facility or location such as a manufacturer,
wholesaler, pharmacy dispensing area, retail site, clinic/hospital/nursing home pharmacy, and
the physician’s practice. Distribution of drug products occurs as point-to-point movement
within the supply chain between distribution facilities via semitrailer trucks, vans, emergency
medical service vehicles, industry representatives’ automobiles, trains, aircraft, sea vessels,
and mail delivery vehicles.
Communication within the supply chain should be coordinated to determine proper timing for
drug products to be transported and received, taking into account holiday schedules,
weekends, or other forms of interruption. When international distribution is required, alerts
should be made in advance and proper language should be used to ensure understanding of the
requirements set forth on drug product labeling.
PACKAGING FOR THE DISTRIBUTION AND TRANSPORTATION PROCESSES
Pharmaceutical manufacturers should consider primary, secondary, and tertiary packaging
that best protects the drug product during storage and distribution. Package performance
testing should be documented as part of a manufacturer's QMS. Several standard test
procedures are available for evaluating package performance for factors such as shock,
vibration, pressure, compression, and other transit events. Organizations with standard test
methods include the following: the American Society for Testing and Materials (ASTM) Standard
Practice for Performance Testing of Shipping Containers and Systems, and the International
Safe Transit Association (ISTA) specifications for various types of transit modes such as lessthan-truckload, small package, rail car, and air freight.
It is important to be aware that removal or modification of the original packaging may subject
the product to unacceptable conditions.
The packaging (tertiary or thereafter) for the distribution of the drug product should be
selected and tested to ensure that product quality is maintained and to protect the contents
from the rigors of distribution including environmental or physical damage.
All drug products have storage requirements that may contain specific controls. The
container used for transporting the drug product should be qualified on the basis of the labeled
conditions of the product as well as anticipated environmental conditions. Consideration should
be made for seasonal temperature differences, transportation between hemispheres, and the
routes and modes of transport.
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The type, size, location, and amount of the temperature stabilizers required to protect the
product should be based on documented studies of specific distribution environments including
domestic and international lanes, mode(s) of transport, duration, temperature, and other
potential environmental exposures or sensitivities that may impact product quality.
Transportation container materials such as warm/cold packs and materials used to control
temperature conditions should be properly conditioned before use. Barrier protection may be
important in helping to determine the position of materials such as gel packs in order to avoid
direct contact with the drug product. It should be determined if studies are required to ensure
that the dry ice and its vapors do not adversely affect the drug product, including the drug
product labeling.
VALIDATION AND THERMAL PERFORMANCE QUALIFICATION FOR TRANSPORT SYSTEMS
Drug product transport systems should be continuously monitored by calibrated monitoring
systems, (continuous verification), or shipping systems should be qualified and based on
historical data relative to the process. However, it may be acceptable to use product stability
data and supply chain risk assessment to justify shipping without either continuous monitoring
or qualification of the shipping system.
Operational and performance shipping studies should on a generic level be part of a formal
qualification protocol that may use controlled environments or actual field testing, depending on
the projected transport channel. These studies should reflect actual load configurations,
conditions, and expected environmental extremes. Testing should be performed on both active
and passive thermal packaging systems.
Environmental Management System
While storage and distribution temperature ranges for drug products are labeled on the
packaging, relative humidity effects occur over a much longer time frame. The primary
container is designed and tested to protect the product from moisture; therefore, humidity
monitoring should be considered when a product will be stored in an uncontrolled facility.
TEMPERATURE MONITORING
Environmental conditions are important parameters to consider in the storage and distribution
of all drug products and may require monitoring depending on the requirements. When specific
storage conditions are required and transportation qualification has not been performed, and in
the absence of active or passive containers, environmental recorders or devices should be used
to confirm that an acceptable range has been properly maintained during each stage in the
supply chain.
Temperature is one of the most important conditions to control, and requirements for each
drug product should be based on stability data. Temperatures should be tracked using a
monitoring system, and the monitoring devices used should be included in a calibration and/or
preventive maintenance program. Environmental monitoring devices should be calibrated for
their range of operation. The monitoring devices used should provide an alert mechanism if the
preset ranges are breached. The following practices and controls are examples of appropriate
measures that should be put in place to ensure environmental control (see also Monitoring
Devices—Time, Temperature, and Humidity 〈1118〉):
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Temperature-monitoring equipment, a monitoring device, a temperature data logger, or
other such device that is suitable for its intended purpose should be used.
An appropriate number of temperature monitors or some other form of recordation or
proof of temperature control. Temperature monitor(s) should be used with every
distribution process unless another process has been put in place to ensure specified
temperature ranges.
Electronic temperature monitors should be calibrated to National Institute of Standards
and Technology (NIST) or other suitable standard.
Chemical temperature indicators may be used as appropriate.
Predetermined temperature ranges should be set for all applicable areas, as well as a
plan of action in the event of an unacceptable excursion.
TEMPERATURE MAPPING
The basis of any temperature mapping in a temperature controlled space (e.g., facility,
vehicle, shipping containers, refrigerator, freezer) is the identification and documentation of a
sound rationale used for a given mapping procedure. The temperature variability associated
with mapped locations and the level of thermal risk to the product should be defined, unless
another process has been put in place to ensure environmental control.
A temperature mapping study should be designed to assess temperature uniformity and
stability over time and across a three-dimensional space. Completing a three-dimensional
temperature profile should be achieved by measuring points at not less than three dimensional
planes in each direction/axis—top-to-bottom, left-to-right, front-to-back, where product will
be present.
When temperature mapping is necessary, it should begin with an inspection of the facility,
equipment and/or vehicle and should be re-evaluated as appropriate. Environmental mapping
also should be performed after any significant modification to the distribution system that could
affect drug product temperature.
Facility temperature mapping: The following factors, which may contribute to temperature
variability, should be considered during the process of temperature mapping storage locations:
(1) size of the space; (2) location of HVAC equipment, space heaters, and air conditioners; (3)
sun-facing walls; (4) low ceilings or roofs; (5) geographic location of the area being mapped;
(6) airflow inside the storage location; (7) temperature variability outside the storage location;
(8) workflow variation and movement of equipment (weekday vs. weekend); (9) loading or
storage patterns of product; (10) equipment capabilities (e.g., defrost mode, cycle mode); and
(11) SOPs.
The recording of temperatures during the thermal mapping of a warehouse or cold room
should be sufficient in time frame to capture workflow variation that may impact air flow and
the resulting temperature fluctuation (i.e., a period of one week is recommended for data
collection and should capture workflow cycles).
Equipment (container/trailer) temperature mapping: To minimize risk of product exposure
to damaging temperatures during transport, dedicated containers/vehicles cargo space should
be mapped. When complete fleet mapping (i.e., wholesaler or distributor vehicles) is not
realistic or appropriate, minimally at least one container/vehicle from the fleet must be mapped.
Thereafter, the following conditions should be considered: (1) SOPs, including loading and
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unloading procedures; (2) route-specific operation of the temperature control equipment; (3)
seasonal effects encountered on expected routes; (4) loading patterns; and (5) transport
durations.
When nondedicated (i.e., mail carriers) transport containers/vehicles and equipment are used,
they should be designed to minimize the risk of contamination of the product being handled. If
environmental mapping of such vehicles is not performed, some other means of control should
be in place to ensure that the drug product is adequately protected. Mapping by the shipper
may not be necessary if the shipper uses a transport container that is properly insulated and
has been previously qualified for the duration of the distribution process by the transport
container manufacturer via a mapping study or if drug products are continuously monitored by
calibrated monitoring systems (continuous verification).
The vehicle in which drug products are transported should be mapped to determine the
appropriate placement of temperature-recording devices and to confirm that the load
configuration is not restricting air flow. The following are recommended practices and controls
for vehicles that receive and transfer drug products:
1. Transport containers/vehicles and equipment used to store and transport drug products
should be suitable for their intended function.
2. Procedures should be established that describe how to operate, clean, and maintain
transport containers/vehicles and equipment used in the storage and distribution of drug
products.
3. Transport containers/vehicles should be designed to prevent damage to the drug
product, and pharmaceutical manufacturers should collaborate with their transporter to
determine contingency response plans for how drug products are handled when
equipment malfunction.
4. When drug product must be moved from one transport container/vehicle into another,
the proper load configuration should be followed.
5. It should be understood how communication is made to the necessary entities when
such transfer occurs.
6. Subcontracted vehicles should be considered in contractual agreements and audits, and
documentation should be maintained for their use.
Temperature mapping should account for maximum and minimum loads to capture temperature
variability resulting from variations in temperature mass of the payload. Performance of
equipment under extreme scenarios including door open, door closed, and simulated equipment
failure should be taken into account.
Thermal mapping of vehicles should be representative of the fleet with the intention of
capturing variability across the range of vehicles (type of vehicle including non-refrigerated
equipment, use, heating and/or cooling system). A periodic requalification program should be
documented.
Mapping for both facilities and transportation containers/vehicles should be done in a way
that confirms their fitness for operation during periods of expected extreme weather (e.g.,
summer and winter). Facilities should be mapped under varying operating conditions—ideally
during periods of greater variability, accounting for and capturing the result of any seasonal
fluctuations of inventory movement, equipment movement, or workflow variation.
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The temperature-mapping protocol and associated number of temperature data loggers used
to map a three dimensional space should meet the intent of demonstrating three-dimensional
uniformity and compliance with product requirements. For both facility and trailer/container
temperature mapping, the ambient conditions should be recorded and correlations between
ambient conditions and potential thermal risks inside the controlled space should be identified.
Drug products should not be stored in areas where a thermal risk has been identified as a result
of the temperature mapping. Areas identified as being unsuitable for storage should be clearly
labeled as such to ensure that they are not used.
Temperature data loggers should be used for temperature mapping and PQ testing of
facilities, equipment, and transportation containers used for storage or transportation of
temperature-sensitive medicinal products. Temperature data loggers and any associated
software applications should be appropriately validated. Certificates of calibration to an NIST or
other international traceable standard should be available for individual monitoring devices.
EXCURSIONS
The mapping process will help determine when excursions could occur and are useful when
pharmaceutical manufacturers develop a plan for dealing with them. Alarms should be used to
reveal environmental excursions during operations. Temperature excursions for brief periods
outside of respective storage label conditions may be acceptable provided stability data and
scientific/technical justification exists demonstrating that product quality is not affected (see
Health Canada's GUI 0069 entitled, Guidelines for Temperature Control of Drug Products During
Storage and Transportation, 2011).
MEAN KINETIC TEMPERATURE (MKT) CALCULATION
The MKT is the single calculated temperature at which the total amount of degradation over
a particular period is equal to the sum of the individual degradations that would occur at
various temperatures. MKT may be considered as an isothermal storage temperature that
simulates the non-isothermal effects of storage temperature variation. It is not a simple
arithmetic mean.
The temperatures used for calculating MKT can be conveniently collected using electronic
devices that measure temperatures at frequent intervals (e.g., every 15 minutes). MKT can be
calculated directly or the data can be downloaded to a computer for processing. Software to
compute the MKT is available commercially.
For dispensing sites, such as pharmacies and hospitals, where the use of such instruments
may not be feasible, devices such as high-low thermometers capable of indicating weekly high
and low temperatures may be employed. The arithmetic mean of the weekly high and low
temperatures is then used in the calculation of MKT. MKT is calculated by the following
equation (derived from the Arrhenius equation):
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where T k is the mean kinetic temperature; ΔH is the heat of activation, 83.144 kJ·mole–1
(unless more accurate information is available from experimental studies); R is the universal gas
constant, 8.3144 × 10–3 kJ·mole–1·degree–1; T 1 is the value for the temperature recorded
during the first time period, e.g., the first week; T 2 is the value for the temperature recorded
during the second time period, e.g., second week; and T n is the value for the temperature
recorded during the nth time period, e.g., nth week, n being the total number of storage
temperatures recorded during the observation period. [Note—All temperatures, T, are absolute
temperatures in degrees Kelvin (K).]
MKT DURING STORAGE AND DISTRIBUTION
The holding of a drug may occur as part of storage and distribution practices. Drug products
in the distribution supply chain may be held at temperatures outside their labeled storage
requirements as determined by an appropriate stability study. Drug products stored either in
warehouse conditions or in transportation modes may experience excursions from their
acceptable temperature ranges. Each product excursion must be evaluated to determine the
final product effect. The means of evaluation must be scientifically sound with documented
technical justification that the integrity of the drug product has not been affected. One
method of analysis for drug product stored outside its respective label storage conditions is the
use of an MKT calculation.
Because MKT expresses the cumulative thermal stress a drug product experiences, it is
considered an acceptable practice for storage, and it follows that it should be considered for
transit excursions in the process of distribution. The calculation must be justified for use with
distribution excursions by confirming that the stability limiting characteristic of the product
follows first order kinetics over the temperature range encountered. The ICH stability-testing
guidelines define MKT as a “single” derived temperature, which, if maintained over a defined
period, would afford the same thermal challenge to a pharmaceutical product as would have
been experienced over a range of both higher and lower temperatures for an equivalent defined
period.
The MKT analysis must be based on good science and should take into account the integrity
of the product. The calculated MKT is not sensitive to the impact of excursions that may occur
if the baseline is a long period of time such as a storage segment or the entire lifetime of the
drug product. For shorter baseline periods of time, such as transport segments, an excursion
can have a significant impact on the resulting MKT for that segment; however, this would not
necessarily have a significant impact on product quality.
The MKT analysis may be used for storage conditions that have exceeded the acceptable
parameters for a drug product, for a short period of time and is not intended to be a measure
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for long-term storage.
Knowing the MKT for an excursion is useful for evaluating the potential impact on product
quality. However, it is also essential to know the upper and lower temperature limits of any
excursion. If these extreme temperatures are outside available stability data, it may not be
possible to predict the quality impact of the excursion with any confidence regardless of the
MKT. Although higher temperatures are given greater weight in the calculation, the calculation
of MKT for nonfrozen product that becomes frozen for any amount of time may not result in an
acceptable temperature although the product may not be adulterated. At higher temperatures
the kinetics of degradation may change or new degradation reactions may occur; at lower
temperatures (near freezing) a phase change may occur that is known to have a negative
impact on the quality of some drug products (e.g., some proteins and vaccines). For an
example of a calculation, see Pharmaceutical Calculations in Pharmacy Practice 〈1160〉.
Emergency Medical Service Vehicles, Automobiles, and Van Transportation
Road vehicles used to transport drug products (e.g., ambulances and other emergency
response vehicles, vans, or automobiles, including those used by sales representatives to
transport physicians' samples) should be suitable for their purpose. Monitoring devices should
be placed in different areas of the trunk or cabin where the drug product will be positioned
during seasonal extremes (e.g., summer and winter). The monitor should be secured so that it
is immobile, and there should be no ambiguity about its exact position within the payload so
that the monitor is always placed in the same position. Monitoring devices used on or in
packages or on containers may also be used. Suitable measures should be taken to maintain
the drug product within the allowable limits of the labeled storage requirements. Storage of
physician drug product samples by sales representatives is regulated under 21 CFR Part
203.34(b)(4).
Mail Order Pharmacy Distribution
The mailing party is accountable for the appropriate mailing process. Mail distributors including
the U.S. Postal Service (USPS) and other shipping services including expedited shipping
services are responsible to provide the service contracted.
In the event that the package cannot be delivered as scheduled, the package should be
returned to the mailing pharmacy.
Risk Management System
Risk Management System strategies should ensure that each organization's best interests are
served by adhering to proper practices, controls, and procedures, including but not limited to
the following: the nature of the drug products; distribution requirements on the readable
container labeling; exposure to adverse environmental conditions; number of stages/receipts in
the supply chain; manufacturer's written instructions; contractors; and drugs at risk from
freezing (vaccines, insulin, and biological products) or elevated temperatures (fatty-based
suppositories, vaccines, insulin, and biological products).
Examples of risks include the following: (1) vibration that can cause aggregation of some drug
products such as proteins and peptide-based drugs; (2) temperature excursions that may lead
to phase changes (melting or freezing); (3) loss of container–closure integrity in transit that
could cause glass fractures or loss of sterility in sterile drug product containers; and (4) ingress
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of water or oxygen that could lead to an increase in degradation products. Appropriate firms
such as applicant holders are recommended to convey relevant environmental requirements
when needed to support deviations or excursions. There may be alternate ways of determining
acceptable environmental conditions and these should be documented and justified.
Pharmaceutical manufacturers should ensure that suppliers of drug product transportation are
monitored. Auditing transportation firms should be carried out routinely to ensure adequate
product handling. The manufacturer's change control system should capture and evaluate
changes in logistic factors such as warehouse or receiving areas and vehicle changes.
CONCLUSION
The practices and processes set forth in this general information chapter apply to storage
and distribution as part of the life-cycle management of drug products. All involved should
ensure the product to its point of use, creating a contiguous supply network that is
collaborative and emphasizes preventive measures to protect drug product quality. The
increase in global processes coupled with products requiring special environmental controls
highlights the need for a strong QM program. QM should provide the foundation for maintaining
the storage and distribution practices in a continual improvement program and part of an overall
management system review by each entity, as appropriate, in the supply chain.
It is equally important to stay current and be ready to change as new solutions evolve.
These new technologies should be considered in developing strategies for good distribution
practices, controls, and procedures.
GLOSSARY
Adulteration: FDA FDC Act, SEC. 501 (351), A drug or device shall be deemed to be
adulterated, if (2)(A) It has been prepared, packed, or held under insanitary conditions it may
have been contaminated with filth, or whereby it may have been rendered injurious to health;
or (B) the methods used in, or the facilities or controls used for, its manufacture, processing,
packing, or holding do not conform to or are not operated or administered in conformity with
current good manufacturing practice to assure that such drug meets the requirements of this
Act as to safety and has the identify and strength, and meets the quality and purity
characteristics, which it purports or is represented to possess.
Continuous improvement: Recurring activity to increase the ability to fulfill requirements (see
Quality Management Systems—Fundamentals and Vocabulary. ISO Standard 9000:2005).
Distribution: Refers to elements such as shipping and transportation activities that are
associated with the movement and supply of drug products.
Distribution management system: A program that covers the movement, including storage
and transportation, of drug products.
Documentation: Recorded information.
Drug products: Medicines, including marketed human and veterinary prescription finished
dosage medications, in-process/intermediate/bulk materials, drug product samples, clinical trial
materials, over-the-counter products (OTC).
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End user: The patient as well as the healthcare provider administering the drug product to the
patient.
Environmental management system: A management system that allows for the
identification of quality critical environmental aspects (such as temperature, humidity, and/or
other environmental factors) for the drug product and ensures that adequate processes to
maintain that environment are in place.
Hazardous materials and/or dangerous goods: Any item or chemical which, when being
transported or moved, is a risk to public safety or the environment, and is regulated as such
under any of the following: Hazardous Materials Regulations (49 CFR 100–180); International
Maritime Dangerous Goods Code; Dangerous Goods Regulations of the International Air
Transport Association; Technical Instructions of the International Civil Aviation Organization; or
the U.S. Air Force Joint Manual, Preparing Hazardous Materials for Military Air Shipments.
International Conference on Harmonization (ICH) Guidance for Industry, Q10
Pharmaceutical Quality System; ICH Q9, Quality Risk Management; and, ICH Q1A R2, Stability
Testing of New Drug Substances and Products: Internationally harmonized documents intended
to assist the pharmaceutical industry.
Mean kinetic temperature (MKT): The single calculated temperature at which the total
amount of degradation over a particular period is equal to the sum of the individual
degradations that would occur at various temperatures.
Preventive actions: The measures to eliminate the cause of a potential nonconformity or
other undesirable potential situation.
Quality: The physical, chemical, microbiological, biological, bioavailability, and stability
attributes that a drug product should maintain in order to be deemed suitable for therapeutic or
diagnostic use. In this chapter, the term is also understood to convey the properties of safety,
identity, strength, quality, and purity.
Quality management system (QMS): In the context of this chapter, minimally a set of
policies, processes, and procedures that enable the identification, measurement, control, and
improvement of the distribution and storage of drug product. It is the management system used
to direct and control a company with regard to quality (see ICH Q10 model and Quality
System—Fundamentals and Vocabulary, ISO Standard 9000:2005).
Risk management system: A systematic process used to assess, control, communicate, and
review risks to the quality of a drug product across the product lifecycle. Integral to an
effective pharmaceutical quality system, it is a systematic and proactive approach to
identifying, scientifically evaluating, and controlling potential risks to quality as described in ICH
Q10. It facilitates continual improvement of process performance and product quality
throughout the product lifecycle. ICH Q9 Quality Risk Management provides principles and
examples of tools that can be applied to different aspects of pharmaceutical quality.
Written agreement or contract (commonly referred to as a Quality Agreement,
Technical Agreement, Service Level Agreement, or other): A negotiated, documented
agreement between the drug product owner and service provider that defines the common
understanding about materials or service, quality specifications, responsibilities, guarantees,
and communication mechanisms. It can be either legally binding or an information agreement. A
Service Level Agreement may also specify the target and minimum level of performance,
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operation, or other service attributes.
Storage management system: A program that is used to control the storage of drug
products.
Supply chain: The continuum of entities spanning the storage and distribution lifecycle of a
product to the end user.
Temperature stabilizer: A material or combination of materials that stores and releases
thermal energy used to maintain a specified temperature range within an active or passive
packaging container or system (e.g., water-, chemical-, or oil-based phase change material,
such as carbon dioxide solid/dry ice and liquid nitrogen).
Transport vehicles: Vehicles used in the supply chain including semitrailer trucks, vans, trains,
airplanes, sea vessels, and mail delivery vehicles. Other vehicles, when used to transport drug
products are included here, such as emergency medical service vehicles and industry
representatives' automobiles.

1.INTRODUCTION
Proper storage and transportation of finished drug products are critical activities in an
integrated supply chain. These finished drug products include but are not limited to
temperature-sensitive small molecules, vaccines, biologics, biotechnological products,
radiopharmaceuticals, and drug-device combinations (e.g., drug-eluting stents and autoinjectors). With the globalization of the pharmaceutical industry, various individuals and
organizations from locations around the world can come into contact with the finished drug
product. The storage and transportation processes for a drug product may involve complex
movements with differences in documentation, handling requirements, and communication
between the various entities throughout the supply chain.
To maintain the original quality, every party involved in the storage and transportation of a
finished product should have an in-depth understanding of the storage and transportation risks
and have the appropriate mitigation strategies in place to control these risks. The intent of this
chapter is to identify common risks in the storage and transportation of drug products and to
recommend mitigation strategies. The chapter is not meant to prescribe specific approaches or
discuss regulatory frameworks currently in place, but rather to focus on risks and mitigation
strategies for quality processes to maintain product and supply chain integrity. The principles of
this chapter can be used to facilitate the storage and transportation of drug products
throughout a supply chain that is controlled, measured, and analyzed for continuous
improvements while also maintaining the integrity of the drug product in its packaging during
distribution.
2.SCOPE
This chapter applies to organizations and individuals involved in the storage and
transportation of drug products, including but not limited to the following:
Manufacturers of drug products, radiopharmaceuticals, biological products, and
biotechnological products
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Repackaging operations in which the product may be owned by a company other than
the primary manufacturer
Healthcare providers and institutions such as hospitals; outpatient, ambulatory, and
urgent care centers; home health providers; vaccine clinics; emergency departments;
and medical, dental, and veterinary offices
Pharmacies, including but not limited to retail, infusion/compounding, specialty, mail
order, hospital, nursing home, and hospice
Importers and exporters
Wholesale distributors
Third-party logistics providers, brokers, freight forwarders, consolidators, and other
organizations involved in storage, road, rail, sea, and/or air transport services or mail
distributors that offer expedited or controlled-temperature shipping services
Manufacturers of active pharmaceutical ingredients, excipients, packaging materials, medical
devices, and dietary supplements are not within the scope of this chapter. However, the
concepts, risks, and mitigation strategies discussed in this chapter may be useful and can be
applied in these cases, if desired.
3.RISK-BASED APPROACH TO THE STORAGE AND TRANSPORTATION OF FINISHED DRUG
PRODUCTS
Figure 1 illustrates the risk-based approach of a quality management system (QMS). It
represents how product knowledge and process knowledge facilitate the identification of risk.
The figure also illustrates how mitigation strategies that are planned to reduce the identified
risks, categorized in clusters, form the pillars of a QMS.

Figure 1. Risk-based approach for a QMS.
Product and process knowledge is the starting point in identifying risks related to the storage
and transportation of drug products. Process mapping is a useful tool for organizations to gain
further understanding of a particular process and/or operation (e.g., transport lane selection or
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loading/unloading patterns of warehouses and vehicles). Product knowledge includes but is not
limited to the following: intended use; storage conditions; potential hazards to environment and
personnel (e.g., hormones, cytotoxic drug products, radiopharmaceuticals); and inherent
vulnerability (e.g., high potential for abuse, high-value drugs, attractiveness cargo theft,
counterfeiting, and diversion). Process knowledge includes but is not limited to the following:
knowledge of supply chain partners; physical modes of transportation (air, sea, rail, or road);
transportation routes; and national and international regulation. Understanding these factors
helps an organization identify their associated risks.
Risk identification is the systematic use of information to identify potential sources of harm
(hazards). Information can include historical data, theoretical analysis, informed opinions,
product and process knowledge, and the concerns of stakeholders. Risk identification addresses
the question: “What might go wrong?” Mitigation strategies are part of the risk control process,
specifically risk reduction. Risk reduction addresses the question: “What can be done to reduce
or eliminate risks?” In this way, risk reduction can include actions taken to mitigate the severity
or probability of harm. Processes that improve the detectability of hazards and quality risks can
also be used as part of a risk control strategy.
Different stakeholders perceive risks differently; for example, they may assign different levels
of risk based on their experience and knowledge or they may estimate the probability of harm
differently. The mitigation strategies can be divided into four categories that are fundamentals
(or pillars) of a QMS (see Figure 1). These strategies, when implemented, give an organization
the autonomy to plan, implement, measure, and improve their processes according to current
regulations and associated risks. Generally, mitigation strategies fall within four categories
related to: 1) documentation, i.e., providing instructions for a specific operation or process to
standardize it and establish consistency; 2) training, i.e., ensuring competence; 3) resources,
i.e., providing capability through infrastructure and human resources; and 4) qualification and
validation, i.e., assurance that the resources and processes are reliable, reproducible, and
robust.
Several informal and formal tools can be used to conduct risk assessments and control risk.
Flow charts, process mapping, trends, and observations are examples of sources of information
used to perform risk identification. Other tools such as failure mode effects analysis (FMEA),
fault tree analysis (FTA), hazard analysis and critical control points (HACCP), hazard operability
analysis (HAZOP), and preliminary hazard analysis (PHA) can also be used for conducting risk
management.
Table 1 contains illustrative examples of the risks related to drug product storage and
transportation, along with their mitigation strategies. The list presented below is not exhaustive
and is meant to stimulate discussion and provide examples.
Table 1. Storage and Transportation Risks and Mitigation Strategies
Hazard

Effect
General Risk

Mitigation Strategy

Mitigation Category

PF 44(4): Jul.-Aug. 2018
Hazard

Human error due to excessive
duties, lack of training, competence

Buy from or sell to unlicensed
trading partners

Receive adulterated, falsified, or
recalled product

Receive product that was not
ordered

Mix products with different status
(rejected, recalled, or returned)

Shipping and receiving delays due to
inclement weather, natural
disasters, traffic disruption
Improper entry into a materials
management system: wrong batch
number, wrong expiration date,
wrong status (e.g., product was
approved but should be
quarantined), or wrong amount

112
Effect

Mitigation Strategy

Evaluate training
effectiveness [are
trainees competent in
key aspects of the
standard operating
procedures (SO Ps)?]
A ppropriate number of
personnel to avoid
excessive duties placed
on one individual
A ssign employees to
Mishandling along the
duties that they are
supply chain, which can
qualified for based on
affect product quality and
education, experience,
integrity and patient safety
and competence
Procurement and Sales
Supplier qualification
Customer qualification
Checks to ensure
license is current and
appropriate
Q uality agreements
between
supplier and trading
Legal sanctions
partners
Receiving and Shipping
Q uarantine
Q uality control test
Patient safety
Packaging identification
Introduction into legitimate
fingerprints
supply chain of a product
Recall awareness
that is potentially
Notify regulatory
substandard, illegal, or
authorities or trading
counterfeited
partners
Unmatched transaction
(e.g., wrong paperwork or
transaction data sent)
Introduction into legitimate
supply chain of a product
that is potentially
substandard, illegal, or
counterfeited
A dhere to receiving SO P
Product segregation
Warehouse layout
(logical flow and holding
Patient safety
areas in order to avoid
Shipping or selling of
mix-ups)
inappropriate product
A dhere to receiving SO P
Reschedule the delivery
Temporary parking
(waiting for opportunity
to
unload), or off-loading to
a temperature-controlled
Patient safety
facility or vehicle
A rrival delays
Recondition materials to
Temperature out of
ensure temperature
specification (temperature
maintenance during
excursions, e.g., product
delay
freezes accidentally)
Rescue services
Storage
Inaccurate stock
Picking and/or shipping
product that should have
been quarantined but was
marked approved

A dhere to stocking SO P
Software validation

Mitigation Category

Training and Resources

Documentation and
Resources

Documentation and
Training

Documentation and
Training

Documentation and
Resources

Documentation,
Training, and Resources

Documentation and
V alidation
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Hazard

Effect
Patient safety because of
picking error (software
shows location, but staff
can pick the wrong product
if there is no check of the
physical location)

Product exposed to
temperature excursions

Product stored in wrong physical
location

Environmental conditions out of
specification

Temperature monitoring device
failure
Storage or temperature system
failure due to:
Loss of electrical power
Failure of temperature
control or air circulation
systems
Unusual weather event

Fear of reporting non-conformance
and exception conditions

Picking (human) error

Legal sanctions for
controlled substance
Risk of diversion for
controlled substance
A ffects product quality,
product integrity, and
patient safety (e.g., freezing
of vaccine or biologic
product)
Product loss causing
financial loss
O ut-of-range cold or hot
areas
Product storage
temperature excursion
product loss
Financial loss
Patient product availability
O ut-of-range cold or hot
areas
Product storage
temperature excursion
Product loss

O ut-of-range cold, warm, or
hot areas
Product storage
temperature excursion
Product loss

A ffects product integrity
and patient safety due to
serious conditions not
communicated
Picking
Patient safety
Wrong item shipped
(product availability)
Product returns

Mitigation Strategy

A dhere to stocking SO P
A utomated checking
system
Refer to SO P showing
list of products and their
temperature
specifications
Refer to SO P showing
list of products and their
license category (e.g.,
controlled,
radiopharmaceutical)
Warehouse, packaging,
and transportation
qualification
(temperature mapping)
Product storage
identification
Q ualification:
temperature mapping
Storage temperature
monitoring program
Homogenous airflow
Monitoring and alarms
A dhere to excursionhandling SO P
Back-up monitoring
devices with independent
power source
A dhere to excursionhandling SO P

Mitigation Category

Documentation,
Training, and V alidation

Documentation

Documentation

Q ualification/V alidation,
Training, and
Documentation

Documentation,
Resources, and
Q ualification/V alidation

Documentation and
Resources

Temperature and power
alarms
Back-up power and
coolant systems
(redundant) and/or
contingency storage
A dhere to excursionhandling SO P
Independent quality
reporting structure
Education on product
integrity and impact on
patients and the supply
chain

Documentation and
Resources

A utomated checking
system or secondperson verification

Documentation,
Training, and
Q ualification/V alidation

Training and Resources

4.RISK MITIGATION CATEGORIES AS QMS ELEMENTS
A QMS is necessary to implement, monitor, and maintain a robust storage and transportation
process. Key elements of a QMS are management responsibility, documentation, training,
resource management, complaint handling, deviation/excursion handling, returns and recalls
management, qualification/validation, monitoring, audit, corrective action, preventive action,
and continuous improvement. This chapter does not intend to provide a QMS framework; rather
this chapter highlights how risk mitigation strategies are pillars of a QMS and how QMS
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elements ensure the quality and security of drug products throughout storage and transport.
The four categories of risk mitigation strategies are discussed in Table 2, with a matrix that
links the mitigation strategy to the role that an organization plays within the supply chain.
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Table 2. Mitigation Strategies Used by Organizations within Supply Chain
Applicable Mitigation
Strategies

Role of Organization within Supply Chain

Manufacturer

Wholesaler
and
Distributor

Pharmacy or
Compounding
Pharmacy

Documentation (Manuals, Procedures, Protocols, Records)
Q uality manual
Yes
Yes
Labeling
Yes
Yes
Procurement
Yes
Yes
Receiving
Yes
Yes
Picking
Yes
Yes
Packing
Yes
Yes
Sales
Yes
Yes
Storage
Yes
Yes
Transportation
Supplier qualification
Customer qualification
Q uality agreements
Licenses and authorizations
Recall
Return
Temporary parking
Excursion handling
Disposal of expired and
rejected drug product
Pest control and pallet
conservation
Training
Resources
Product segregation
Storage area (layout/logical
flow)
Maintenance
Calibration
Monitoring systems and
alarms
A ppropriate number of
personnel
O rganizational chart and job
descriptions
Qualification and Validation
Temperature mapping
Shipping packaging
qualification
Software validation
(automated checking
systems, inventory
management system)

Hospital
and
Healthcare
Providers

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Brokers

Freight
Forwarders

Yes
No
Yes
No
No
No
Yes
No

Yes
No
Yes
Yes
Yes
No
No
Yes

Yes
No
Yes
Yes
Yes
Yes
No
Yes

No
Yes
Yes
Yes
Yes
Yes
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes

Yes
Yes
Yes
Yes
Yes
No
No
Yes
Noa

Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes

Yes
Yes
No
Yes
Yes
Yes
Yes
No
Yes

Yes

Yes

Yes

Yes

No

Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

No
Yes

Yes
Yes

Yes

Yes

Yes

Yes

No

Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

No
No
No

Yes b
Yes
Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Noa

No

No

Yes

Yes

Yes

Yes

Yes

Yes

a Unless the healthcare entity ships between owned facilities.
b A pplied only if the freight forwarder has a temporary storage area.

4.1. Documentation and Procedures
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Documentation provides written information that allows for consistency and traceability of
actions. For this reason, documentation is a fundamental part of any quality system. In a riskbased approach, documentation is a category of risk mitigation. Some examples of
documentation include quality manuals; standard operating procedures (SOPs); labeling;
records pertaining to procurement, receiving, storage, and transportation; supplier qualification
records; quality agreements; recalls; and excursion-handling records.
The sections that follow describe key types of documents that are fundamental for a QMS
supply chain system. These documents can be used in a range of different organizations (see
Table 2).
4.1.1 QUALITY MANUAL
A quality manual is a top-level quality document for all areas of the business affected by the
quality system. The quality manual contains the quality policy, quality objectives, quality
system structure, and information related to the management of a specific organization. The
content may also include inspection management information, customer complaints, recalls,
withdrawals and holds, corrective and preventive actions, information about regulatory issues,
and performance evaluation through quality indicators.
4.1.2 STANDARD OPERATING PROCEDURES
SOPs should be controlled documents, with document owners and approvers, effective dates,
revision management, and scheduled reviews. Procedures should cover areas governed by the
quality manual and should cover all aspects of the operation that may affect product quality,
including handling, distribution, and all regulated activities in relation to the specific business
(e.g., national and international laws). SOPs should also address actions that are performed to
identify and mitigate risks.
Some examples of SOPs include the following:
Corrective action/preventive action (CAPA)
Documentation
Record keeping
Inventory management
Licensing
Management reviews
Non-conforming product
Order processing
Purchasing
Picking
Packing and shipping
Receiving
Returns
Storage
Training
Procurement: One of the risks in procurement is buying and selling for transport with an
unlicensed trading partner, leading to legal sanctions. A procurement procedure ensures that a
product is purchased according to product specifications and that purchases are made from
qualified partners that are licensed as appropriate.
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Receiving: One potential risk when moving a product forward and backward along the supply
chain is the introduction of substandard, illegal, or counterfeit products into the legitimate
supply chain. Receiving is the operation related to the entrance of cargo into the warehouse,
starting with unloading the cargo from vehicles and then receiving, checking, and stocking the
warehouse. Each organization should have a receiving procedure that determines the
appropriate checks for this operation. A checklist can be used as a reminder of what to inspect
and what to record. Where appropriate, the transport vehicle can be inspected before
unloading to verify that adequate protection from contamination was maintained during transit.
To avoid the risk of receiving a product that was not ordered, all deliveries should be verified at
the time of receipt in order to check that containers were not damaged and that the
consignment corresponds to the order.
All incoming products should be quarantined. After disposition is confirmed, steps are taken to
include applicable transaction data covered by traceability or serialization laws. To accomplish
this, products should be transferred to their respective storage areas according to their
classification and storage specification. When products arrive at warehouse loading docks and
other arrival areas, they should be transferred as quickly as possible to a designated storage
area within a time period that is consistent with the risk assessment in place.
Inclement weather, natural disasters, and traffic disruption can cause receiving delays and
potential temperature excursions. Rescheduling the delivery, temporarily parking while waiting
for an opportunity to unload, rescue services, or even reconditioning materials to ensure
temperature maintenance during delays are all mitigation strategies that can be implemented.
Procedures to follow for these contingencies should be written, and personnel should be trained
on them.
Storage and transportation: During storage and transportation, two approaches can be used
to keep the product within its required labeled specifications:
1. Controlling the environmental conditions within equipment, storage rooms, and
transportation vehicles; and when applicable, using thermostatically controlled devices
such as a heating, ventilation, and air conditioning (HVAC) system or refrigerators
2. Using packaging materials that allow for the control of environmental conditions (e.g.,
thermal blankets, temperature stabilizers, desiccants, and light-resistant material)
The organization should have a written and validated procedure for the storage and
transportation (in-transit storage) of drug products, taking into account at a minimum:
Product category (e.g., narcotics, medical devices, temperature-sensitive or hazardous
products)
Layout of the area (e.g., floor-standing pallets, pallet racking, boxes inside
refrigerators)
Volume of stored product (including peaks of storage)
Air circulation and environmental conditions (e.g., temperature, relative humidity,
pressure, shock, vibration)
Contingency plan for outages and employee breaks
The procedure should be written based on a risk assessment of factors that can impact
product quality during storage and transportation. This procedure will be a measure to mitigate
this risk.
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If there are problems with vehicles during the transportation process (e.g., breakdowns,
accidents, loss of fuel), a product should be protected against environmental factors, theft,
and diversion. Written procedures should take these situations into consideration.
Recalls: All supply chain partners are responsible for the quality and integrity of products under
their control. Any time a deviation is found that affects the quality, safety, or efficacy of a
marketed product, a recall should be promptly initiated to ensure that the products are not
used. A challenge involved in recalling a product is ensuring that the amount of product that
was initially distributed is returned. Thus, sharing information on product recall increases the
efficacy of the recall procedure, provides transparency to supply chain partners, and mitigates
the risk of reintroducing a recalled product into the supply chain. The organization should have
a written procedure that establishes the steps for recalling products and the control of recalled
products, such as product identification and segregation. The extent of the recall needs to
correspond to the level of risk. The extent of the recall may change if the risk is re-evaluated.
Returns: Accepting a returned product for restocking poses the risk that the product may not
be authentic or its quality may have decreased. A risk-based evaluation should be performed to
determine if the product will be acceptable for restocking and resale or if it needs to be
destroyed. During the evaluations, returned products should be kept in a segregated area
designated specifically for returns until final disposition. A written procedure for handling returns
should be in place, taking into account:
Reasons for return
Appearance and integrity of the original packaging
Evidence of conditions in which the cargo was transported and stored throughout the
entire time span
Duration of time between the original shipment and its return
Authenticity of the product, to include product identifier verification covered by
applicable traceability and serialization laws and evidence of proper storage while in
possession of the entity returning the product (e.g., ongoing assurance)
Representative sampling for quality control analysis
Expiry date and batch number
Information from any track-and-trace system in place
Supplier qualification: Supplier qualification is a process in which the organization assesses its
suppliers regarding their licenses, authorizations, and compliance with regulatory requirements
for the distribution of drug products. The organization should establish a written procedure for
how suppliers are selected and evaluated, including the criteria for qualification.
4.1.3 LABELS
Labels are fundamental to material identification. For this reason, any label change should be
communicated to downstream supply chain partners. Labels applied, even to small containers,
should be clear, indelible, unambiguous, and permanently fixed in the format established by the
manufacturer, packager, or repackager. The label should include wording or icons to emphasize
storage and transportation conditions, handling requirements, and hazards. The use of symbols
that are recognized by international organizations is strongly recommended. See General
Notices, 10.20 Labeling.
4.1.4 QUALITY AGREEMENTS
Written agreements (e.g., quality agreement, technical agreement, service level agreement)
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should be in place between applicable organizations involved in the supply chain. Each supply
chain partner should ensure that its respective service level agreements and supporting
documents cover delivery and receiving responsibilities. The use of written agreements ensures
clarity and transparency, while delineating the responsibilities of each organization in the supply
chain.
4.1.5 EXCURSION HANDLING
Short-term temperature excursions can occur during distribution. Each excursion should be
documented and handled as a deviation. Product disposition should be established on the basis
of an assessment of the excursion (i.e., the temperature to which the material or product was
exposed, and for how long), the stability data obtained from traditional stability studies [under
accelerated and long-term conditions and performed in accordance with International
Conference on Harmonisation (ICH) guidelines], and distribution stability studies (e.g., extremes
of temperature, temperature-cycling studies, and freeze-thaw studies, as appropriate).
Combining stability data from long-term and accelerated studies, mean kinetic temperature
(MKT), temperature-excursion studies, and temperature-cycling studies should provide the
information necessary to evaluate the effects of excursions. Systematic excursions should be
handled and corrected to ensure that excursions are eliminated. See Packaging and Storage
Requirements 〈659〉 for the use of MKT. MKT should be calculated for the period of time that a
drug is in residence at a warehouse and/or in transit on a truck to avoid the problem of diluting
the impact of excursions by calculating annual MKT values.1,2
4.2 Training
Training is a teaching-learning process used in the workplace to provide knowledge and
develop skills and behaviors. The objective of training is to reduce the gap between the
existing competencies and those required for performing the work. Training comprises
knowledge of the topic to be taught and the types of training practices such as class-like, onthe-job training, web-based, blind sample analysis, mocks, and simulations. The type of training
can influence the effectiveness of that training.
A written training procedure is necessary to establish who can be the trainer, how training
needs are identified, and how training effectiveness will be evaluated. Training needs could be
identified and linked to job descriptions, complexity of duties, types of product handled,
management reviews, and any kind of human resources program for competence development.
SOPs are the foundation of a quality system, and training must be provided for each SOP to
the appropriate job roles responsible for executing the processes outlined in each SOP.
Frequency of training and when training or re-training should occur should also be outlined in
the overarching training SOP. Training records should be maintained either as hard copies or
electronically.
The effectiveness of training should be considered and evaluated to determine its impact on
task execution and quality. This may include written or performance tests, observation, error
rates, non-conformance or CAPAs, customer complaints, and internal and external audits. Any
identified training effectiveness gaps should be corrected and evaluated. This may include
retraining or evaluation and modification of SOPs, training materials, training method, or the
instructor.
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As a risk mitigation strategy, training should be performed before the SOP becomes effective.
All employees whose actions have an impact on product quality and security should have initial
and ongoing training based on an approved schedule. Basic training should be provided
regarding risks and mitigation for storage and transportation of drug products so that
employees will better understand how individual and collective actions impact product quality,
and so they will develop awareness and a risk-based mindset.
4.3 Resources for Storage, Transportation, and Personnel
In the context of this chapter, resources are warehouses, vehicles, and organizational
personnel. Facilities, equipment, and transportation vehicles are emphasized as systems that
function to control environmental conditions in accordance with product specifications. All
facilities, equipment, and transportation vehicles should be evaluated and challenged under a
performance qualification protocol.
4.3.1 STORAGE
The facility should be designed to maintain the quality and integrity of the stored drug
product. Buildings should be constructed in such a way that they are appropriate for the
intended operations, taking into account:
Security
Product characteristics (e.g., narcotics, radiopharmaceuticals, fire/explosion risk)
Product status (e.g., approved, recalled, returned, rejected, quarantined, falsified)
Ease of cleaning and maintenance
Logical flow of personnel and materials
Means of preventing mix-ups and cross-contamination
Ergonomic measures
Product demand in order to prevent overcrowding
Any local, national, or international requirements
Necessary environmental controls
Product segregation and proper identification can reduce the risk of mixing up products with
different statuses, such as quarantined (rejected, expired, recalled, returned, or falsified) and
released/salable. Products with special handling authorization, such as narcotics, should be
segregated and locked in a secure area per applicable regulations. Radiopharmaceuticals should
be contained in dedicated, locked storage areas. Products with fire or explosion risks should
also be kept in dedicated areas specially constructed for this purpose. Other products that
require special storage conditions such as hazardous products (see Hazardous Drugs—Handling
in Healthcare Settings 〈800〉) should also be segregated per applicable safety standards. Any
system used to replace physical segregation should offer the same level of security and
protection.
Buildings and facilities used for the warehousing, storage, and/or holding of drug products
should be of adequate size for their intended use to prevent product overcrowding. The building
and facility should be designed to control environmental conditions, where necessary, and
should be made of materials that are readily or easily cleaned. Sanitation and pest control
procedures should be written, indicating the frequency of cleaning and the materials and
methods to be used. The pest-control program should prevent contamination and ensure the
safe use of pesticides. Records of all cleaning and pest-control activities should be maintained.
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Storage facilities themselves, unless thermostatically controlled, cannot be validated.
However, they can be qualified via a mapping process, with appropriate attention to geography
and seasons. The generator back-up power supply should be qualified.
Drug product storage areas are required to maintain the product temperature between the
limits defined on the product label (see 〈659〉). Product storage areas/units should utilize
recording systems to log and track temperatures. Alarm systems should be an integral part of
the monitoring system for product temperatures. Although automated systems monitor units
continuously, manual checks should be performed as appropriate to ensure functionality. When
automated systems are not available, manual systems may be used.
Controlled access to warehouses and vehicles is a measure used to prevent unauthorized
personnel from coming into contact with the product. Access control can be accomplished with
automated systems or by procedure. Adequate precautions should be taken to prevent theft
and diversion of products.
4.3.2 TRANSPORTATION
All vehicles used in supply chain activities—such as trucks, vans, trains, airplanes, sea
vessels, mail delivery vehicles, and emergency medical services vehicles—should be suitable for
the intended purpose because they are providing in-transit storage. Thus, all the precautions
needed to maintain product quality, integrity, and security should be taken. Risk identification
and mitigation strategies should be applied to determine whether the transportation method
adequately protects the product from environmental exposures such as temperature and
vibration without the need for additional packaging, or if additional packaging is necessary to
mitigate the risk.
4.3.3 PERSONNEL
Organizations should hire personnel and contractors who meet the requirements for handling
drugs safely and securely per applicable laws and regulations. Job descriptions and individual
profiles should be reviewed to ensure that all experience and training requirements are met and
maintained.
4.4 Qualification and Validation
Qualification and validation for storage and transportation of drugs focus on the assurance
that the storage and transportation methods meet predetermined criteria, and that processes
and procedures produce the desired outcome. Calibration is necessary for instruments used in
qualification studies. Organizations need to include appropriate qualification, validation, and
calibration activities in their master plan and SOPs, as well as schedules and the use of
approved protocols to conduct these activities and produce final reports. The sections below
provide brief explanations of calibration, qualification, and validation, focusing on storage and
transportation. The scope for each stakeholder within the supply chain is described in Table 3.
4.4.1 CALIBRATION OF INSTRUMENT OR DEVICE
Calibration ensures that measurements such as temperature and humidity meet recognized
standards. Calibration frequency may be determined by the device manufacturer, device
workload, operational demands, and/or damage that requires repairs. Instruments or devices
used for qualification or monitoring of set criteria must be calibrated to recognized standards
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such as those from the National Institute of Standards and Technology (NIST) and those found
in Monitoring Devices—Time, Temperature, and Humidity 〈1118〉.
Table 3. Calibration, Qualification, and Validation Activities of Organizations
Role of Organization within Supply Chain

Calibration, Qualification,
and Validation Activities

Manufacturer

Wholesaler
Distributor

Pharmacy
and
Compounding
Pharmacy

Hospital
and
Healthcare
providers

Brokers

Freight
Forwarders

Calibration
Temperature recording
devices used for
temperature
mapping or monitoring
during storage and
transportation
Temperature mapping of
warehouse and equipment
(freezers, refrigerators)
Shipping packaging
performance qualification
Transportation vehicle
performance qualification
Software validation for
systems that make quality
decisions

Yes

Yes
Yes
Qualification

Yes

No

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

No

No

Yes

Yes
Validation

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

4.4.2 QUALIFICATION
For the purposes of this chapter, performance qualification is defined as all tests designed
and executed to evaluate whether the storage rooms and areas, warehouse facilities, utilities,
equipment, transport vehicles, and shipping containers are suitable for their intended purpose.
Qualification studies should reflect actual load configurations and environmental conditions.
Testing should be performed on both active and passive thermal packaging systems.
During the qualification process, temperature mapping is performed to provide information
relative to temperature consistency throughout a product area. This information may confirm a
uniform temperature over the mapped area or it may identify areas that need mitigation. Such
mitigation may include the movement or installation of insulation, HVAC units, or fans, or the
need to modify the relevant SOPs. The identification, documentation, and rationale for the
mapping procedure are the foundation of temperature mapping of any temperature-controlled
space (e.g., facility, vehicle, shipping containers, refrigerator, and freezer). Temperature
variability in mapped locations and the level of thermal risk to the product should both be
defined, unless another process to ensure environmental control has been put in place (see
〈1118〉).
Temperature mapping in facilities and equipment: The following factors, which may
contribute to temperature variability in a facility, should be considered during the process of
temperature mapping for storage locations: 1) size of the space; 2) location of HVAC
equipment, space heaters, and air conditioners; 3) sun-facing walls; 4) low ceilings or roofs; 5)
geographic location of the area being mapped; 6) airflow inside the storage location; 7)
temperature variability outside the storage location; 8) workflow variation and movement of
equipment (weekday vs. weekend); 9) loading or storage patterns of product; 10) equipment
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capabilities (e.g., defrost mode, cycle mode); and 11) SOPs. The duration of temperature
recordings during the thermal mapping of a warehouse or cold room should capture workflow
variation that may impact airflow and the resulting temperature fluctuation; for example, this
process could last from 1 day to 1 week, depending on the workflow cycle.
Temperature mapping for shipping packaging and vehicles: Pharmaceutical manufacturers
should consider primary, secondary, and tertiary packaging that best protects the drug product
during storage and distribution. Shipping package performance testing should be documented as
part of a QMS. Several standard test procedures are available to evaluate package
performance for factors such as shock, vibration, pressure, compression, and other transit
events. Standards for test methods include the American Society for Testing and Materials
(ASTM)’s Standard Practice for Performance Testing of Shipping Containers and Systems, as
well as the International Safe Transit Association (ISTA) specifications for various types of
transit modes such as less-than-truckload shipments, small package, rail car, and air freight.
Packaging at the tertiary level or thereafter for the distribution of the drug product should be
selected and tested to ensure that product quality is maintained and to protect the contents
from the rigors of distribution, including environmental or physical damage.
The thermal packaging and vehicles used for transporting the drug product for pharmaceutical
manufacturers, wholesalers, and pharmacies should be evaluated based on the labeled storage
or transport conditions of the product as well as anticipated environmental conditions. Special
consideration should be made for seasonal temperature differences, transportation between
hemispheres, and the routes and modes of transport.
Identification of risks and mitigation strategies to protect the product should be based on
documented studies of specific distribution environments, including domestic and international
lanes (as appropriate), mode(s) of transport, duration, temperature, and other potential
environmental exposures or sensitivities that may impact product quality. If risks to product
integrity have been identified by using historical data, observation of current practices, or
operational changes, mitigation strategies may be employed to address the identified risks.
Strategies include temperature-controlled vehicles, active or passive thermal containers or
packaging, or ambient conditions based upon identified risks (product storage labeling, time,
temperature, and geography).
Temperature monitors/indicators may include calibrated monitoring or recording devices, realtime monitors such as GPS, and chemical indicators of temperature. Monitoring devices should
include an alert mechanism if the preset ranges are breached.
Thermal packaging and vehicles may be qualified based on historical data that are relevant to
the process. If qualified thermal packaging is used without a temperature verification method
(monitors or indicators), a plan should be in place to schedule transport within qualifying times
and to mitigate and respond to exceptions. However, it may be acceptable to use product
stability data from manufacturers and supply chain risk assessment to justify shipping without
either continuous monitoring or qualification of the shipping system.
Operational and performance shipping studies should be part of a formal qualification protocol
that may use controlled environments or actual field testing, depending on the projected
transport channel. These studies should reflect actual load configuration conditions and
expected environmental extremes. Testing should be performed on both active and passive
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thermal packaging systems.
When developing a thermal package qualification protocol, the following factors should be
considered:
Transportation temperature profile for the shipping lane(s)
Delivery cycle time, accounting for reasonable delays due to weather, traffic, or
customs
Testing beyond qualification time to obtain worst-case data for excursion dispositioning
Seasonal changes in the environment
Use of seasonal (warm/summer and cool/winter) configurations versus universal
configuration
Testing with actual payload or a representative sample
Wholesalers need to consider variable order sizes, which makes it difficult to select a
representative sample; testing for the minimum and maximum payload possible in each
package may be necessary
Probe placement should be directly attached to the product (or representative samples)
or in the most vulnerable temperature locations within the package
Perform at least 3 tests on a thermal package per payload per season (e.g., 3 tests
with minimum payload for hot/summer, 3 tests with maximum payload for summer, 3
tests with minimum payload for cold/winter, and 3 tests with maximum payload for
winter)
Allow the product payload as well as coolant to precondition for 24 h at the required
temperature before testing
Utilize a recognized standard to conduct thermal qualification (see below) or develop a
written rationale for a qualification SOP
Useful resources include the following: ASTM D4169-16 Standard Practice for Performance
Testing of Shipping Containers and Systems; ASTM D3103-14 Standard Test Method for
Thermal Insulation Performance of Distribution Packages; ISTA 7E Testing Standard for
Thermal Transport Packaging Used in Parcel Delivery System Shipment; WHO QAS/14.598,
Supplement 13 Qualification of shipping containers; and Parenteral Drug Association (PDA)
Technical Report 39: Guidance for Temperature-Controlled Medicinal Products: Maintaining the
Quality of Temperature-Sensitive Medicinal Products through the Transportation Environment,
2007.
4.4.3 VALIDATION OF PROCESS AND PROCEDURES
Validation involves testing or proving the accuracy of processes and/or procedures to see if
the desired outcome is within acceptable criteria, which may be predetermined by procedures,
published standards, or applicable laws and regulations. In the context of this chapter,
validation used for software that can impact the quality of the product in storage or
transportation may be necessary to ensure that systems that make quality decisions are
operating correctly. The following are considerations for using validation as a mitigation
strategy. These considerations do not suggest replacing or enforcing any existing regulatory
standards in place for various members of the supply chain [e.g., current good manufacturing
practices (cGMP) for manufacturers, wholesale distributors, or pharmacies].
Prior to their use, computerized systems should be validated according to approved protocols.
Systems already in place should also be validated. The extent of validation depends on the risk
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or impact the software can have on product or service quality. Validation is not applied to
software that has no impact on quality. An inventory of computerized systems should be done
periodically, and include at least:
Software identification (name, version)
Software supplier
Processes where software is used
Process owner
Risk assessment
Status (validated, not validated, validation in progress, not applicable)
A multidisciplinary team with representatives from information technology, quality, and
operations should be responsible for protocols and report approvals. Responsibilities for the
tests should be assigned in the protocols. Software validation tests should cover the following:
Security (e.g., access levels, profiles, responsibilities inclusion, exclusion, or changing
profiles)
Data validity (e.g., challenge the software with entries above and below specification
and with entry value errors)
Documentation (e.g., software design in accordance with user requirements and other
documents)
Functionality (e.g., calculations, operations). [Note—Most of the functionality tests for
embedded software are covered during equipment qualification (installation, operation,
and performance qualifications).]
Data integrity (e.g., changes, traceability, backup, recovery, protection)
After validation, any modification to the system should be done according to change control
procedures, and records of these changes should be kept.
GLOSSARY
Calibration: A process that typically focuses on instruments or devices to provide assurance
that they produce results within specified limits. Organizations need to include the appropriate
qualification, validation, and calibration activities in their SOPs and master schedules and should
follow protocols to conduct these activities and final reports.
Qualification: Qualification is the assurance that systems or equipment meet predetermined
acceptance criteria. This process typically focuses on equipment and utilities such as
refrigerators and HVAC systems, as well as packaging. There are several different types of
qualification, and an organization should determine which to use and when. Some of these
include design qualification, installation qualification, operational qualification, and performance
qualification.
Service level agreement (SLA): An SLA or contract is a negotiated agreement between the
customer and service provider that defines the common understanding about materials or
service quality specifications, responsibilities, guarantees, and communication mechanisms. It
can either be a legally binding document, or an information agreement. The SLA may also
specify the target and minimum-level performance, operation, or other service attributes.
Temperature excursion: An event in which a time- and temperature-sensitive pharmaceutical
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product (TTSPP) is exposed to temperatures outside the range(s) prescribed for storage and/or
transport. Temperature ranges for storage and transport may be the same or different; they
are determined by the product manufacturer, based on stability data.
Validation: Validation typically focuses on processes and procedures, to provide assurance
that the processes or equipment produce the desired outcome. 2S (USP42)
1 JP Emond, Study for Temperature Sensitive Product: Preliminary Testing, October 2009, University of
Florida.
1 Seevers RH, Hofer J, Harber P, Ulrich DA, and Bishara R. The use of mean kinetic temperature (MKT) in
the handling, storage and distribution of temperature sensitive pharmaceuticals. Pharmaceutical Outsourcing.
May/June 2009;12–17. 2S (USP42)
2 Andersen C , Seevers R, and Hunt D. The use of mean kinetic temperature to aid evaluation of
temperature excursions: proper and improper application. Pharm Forum. 2018;44(4). 2S (USP42)
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Relevance of Limits for Compounded Sterile Preparations
Calculating Endotoxin Limits for Active Substances and Excipients
Calculating Endotoxin Limits for Combination Products
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Use of Risk Assessments in Bacterial Endotoxins Tests
Centrality of GNB Proliferation in Bacterial Endotoxins Contamination of Product
Basic Risk Identification, Evaluation, and Control Principles
Data Integrity in Bacterial Endotoxins Test
GLOSSARY
REFERENCES
INTRODUCTION
In 1987, the FDA released the “Guideline on Validation of the Limulus Amebocyte Lysate Test
as an End-Product Endotoxin Test for Human and Animal Parenteral Drugs, Biological Products,
and Medical Devices”. That document contained useful background and best practice
information for laboratory personnel, managers, and regulatory professionals. The 1987
document was withdrawn when the FDA released its new guidance document in 2012,
“Guidance for Industry: Pyrogen and Endotoxins Testing: Questions and Answers” (1).
However, questions still remain in the testing community about best practices for the bacterial
endotoxins test (BET). The purpose of this chapter is to provide background information and
guidance for the performance of the compendial bacterial endotoxins assays.
Pyrogens, or fever-causing agents, are possible contaminants in parenteral products. Many
substances can cause fevers when injected, infused, implanted, or when they come in contact
with the bloodstream or cerebrospinal fluid of mammals. Although some biologics, vaccines, and
cell and gene therapies may elicit pyrogenic responses, the predominant and most potent
pyrogenic contaminants in the manufacturing of parenteral drugs and medical devices are
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bacterial endotoxins, which are components of the cell walls of gram-negative bacteria (GNB).
Endotoxins are released as part of the normal growth cycle of GNB. If GNB cannot grow,
endotoxins cannot be generated. Bacterial endotoxins, when present in parenteral drugs or
medical devices, indicate that the growth of GNB occurred at some point during manufacture of
the drug product. Endotoxins can be introduced by pharmaceutical ingredients including water
or raw materials (particularly from natural sources), improperly cleaned or stored manufacturing
equipment, primary packaging components, the active pharmaceutical ingredient (API), and/or
the drug product formulation and fill/finish.
The term BET applies to compendial limulus amebocyte lysate (LAL)-based assays that
measure bacterial endotoxins activity including gel clot (limits test and assay), kinetic
chromogenic, endpoint chromogenic, and kinetic turbidimetric quantitative assays. Although any
tests other than the LAL-based assays, such as recombinant factor C and monocyte activation
tests, are currently considered by the FDA to be “alternate tests”, these alternative tests may
be used in place of LAL-based assays as long as they are validated and approved for the
specific application by the FDA. The content of Bacterial Endotoxins Test 〈85〉, as an official
general chapter, has been harmonized with the European Pharmacopoeia and the Japanese
Pharmacopoeia. The harmonized chapter provides specific instructions on performance of the
BET, and because it is an official chapter numbered below 1000, the assays are considered
validated when conducted as described. Prerequisites that must be completed prior to
performing any routine testing in the laboratory include:
All of the control standard endotoxins (CSE) secondary standards must be compared to
or be otherwise traceable to the reference standard endotoxins (RSE) primary standard.
This comparison is needed to determine a potency or activity for each unique
combination of lysate reagent lot number and CSE lot number in use in the laboratory.
See Preliminary Testing, RSE: CSE Standardization.
The test for sensitivity of the assay—meaning confirmation of label claim for gel clot or
demonstration of the ability to create a linear standard curve for quantitative
tests—must be performed according to the respective subsection(s) within Bacterial
Endotoxins Test 〈85〉, Gel-Clot Technique, Preparatory Testing or 〈85〉, Photometric
Quantitative Techniques, Preparatory Testing for each unique combination of lysate and
CSE lots that are used in the laboratory.
Product contact materials including disposable plastics used in the test must not
interfere with the test, meaning they must be shown to neither contribute endotoxins
to the test nor inhibit the detection of endotoxins that may be in a test sample. See
Preliminary Testing, Screening and Qualification of Consumables: Compendial
Requirement.
Equipment, instrumentation, and software must be properly calibrated, qualified, and
validated as required. See Preliminary Testing, Equipment and Instrumentation
Calibration and Qualification.
Analysts must be trained and qualified on all BET methods used. See Preliminary
Testing, Analyst Qualification.
Suitability of the validated BET assay for each material under test must be
demonstrated. See Method Suitability.
Although general test methods in the compendium are considered to be validated, all
laboratories, including contract testing laboratories, must demonstrate that the chosen BET
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methodology is suitable for a specific product or material tested according to Bacterial
Endotoxins Test 〈85〉, Gel-Clot Technique, Preparatory Testing, Test for Interfering Factors or
〈85〉, Photometric Quantitative Techniques, Preparatory Testing, Test for Interfering Factors
(also known as inhibition/enhancement testing). This suitability testing will require the following
prerequisites:
Calculation or assignment of an endotoxins specification or limit for the material under
test, and calculation of the maximum valid dilution (MVD). See the following sections:
Method Suitability, Calculating Endotoxins Limits for Drug and Biological Products,
Calculating Endotoxins Limits for Medical Devices, Calculating Endotoxins Limits for
Combination Products, and Calculating Endotoxins Limits for Active Substances and
Excipients below.
Demonstration that the positive product control (PPC) can be recovered at a dilution of
material that does not exceed the MVD. See Bacterial Endotoxins Test 〈85〉, Gel-Clot
Technique, Preparatory Testing, Test for Interfering Factors or 〈85〉, Photometric
Quantitative Techniques, Preparatory Testing, Test for Interfering Factors.
Once assay suitability has been demonstrated, the laboratory may perform routine testing
according to the calculations and sample preparation conditions that were described in the
suitability study. Changes to those conditions (e.g., the lysate and/or endotoxins source,
product component(s), formulation, or changes in manufacturing) are subject to change control
and may require that the laboratory repeat the suitability study.
PRELIMINARY TESTING
Endotoxins
The terms “bacterial endotoxins” and “endotoxins” refer to a component of the outer cell
membrane of GNB. Natural contaminants in sterile parenteral drug products or medical devices
include outer membrane vesicles (OMV), which are mini-spheres of outer membrane material
that are released from actively proliferating cells as part of the normal bacterial growth cycle
(2,3) or outer membrane fragments that come from disrupted or dead GNB cells. As an integral
part of these OMV and fragments, the biologically active lipopolysaccharide (LPS) is embedded
in or associated with other gram-negative outer membrane components including various
proteins, phospholipids, and lipoproteins (2,3). The hydrophobic lipid A portion of the LPS
molecule is embedded in the membrane and the hydrophilic polysaccharide portion is exposed to
the external environment surrounding the cells.
From the perspective of GNB membrane structure, the current USP Endotoxin Reference
Standard (RSE) and commercially prepared control standard endotoxins (CSE) are extracted
and purified forms of the LPS molecule. These LPS preparations are extracted, generally by the
hot phenol Westphal method, and purified to remove any surrounding cell membrane
components. Additionally, these purified preparations are often further formulated with
stabilizing agents (4). As such, LPS prepared from Westphal or other extraction methods
cannot and do not contaminate pharmaceutical products because they do not exist in this form
in nature. As a result they may not always be the optimal or even appropriate surrogates for
modeling the behavior of natural endotoxins in some pharmaceutical or medical device
extraction experiments (1).
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RSE: CSE Standardization
It is well known that purified LPS from different genera/species/strains of GNB, when
experimentally administered to rabbits on a uniform weight or mass basis, can produce
significantly different pyrogenic reactions. However, by relating these effects to the
administered activity—meaning their ability to elicit a fever in the rabbit (Pyrogen Test 〈151〉) or
initiate an LAL reaction (〈85〉)—rather than weight or mass, the structural variability of LPS
molecules can be normalized to a defined unit of activity called the endotoxin unit (EU). Two
notes apply here:
One USP EU is equivalent to one International Unit (IU) as indicated in 〈85〉.
Lysate reagents are licensed by the FDA and have a sensitivity associated with them,
but CSE preparations are not licensed by the FDA.
The RSE is the purified LPS primary standard that is a common preparation shared among the
World Health Organization (WHO), European Pharmacopoeia (Ph.Eur.), Japanese Pharmacopoeia
(JP), and U.S. Pharmacopeia (USP). The RSE was originally developed by the FDA in the 1970s
to calibrate lysate reagents from different vendors, and it remains the primary standard for
lysate calibration, calibration and standardization of secondary standards (e.g., CSE), and the
generation of assay parameters such as standard curves and PPC assay controls.
Although RSE is available from USP for routine use, most BET assays are performed using a
CSE, which is a secondary standard that may be included in LAL test kits purchased from
reagent manufacturers. Many CSEs are provided as lyophilized preparations of a purified LPS
that was filled and packaged by weight, not by activity. The purpose of the standardization
activity is to determine the specific activity, or potency, of the CSE in EU/unit of weight of the
material against the RSE primary standard.
All the reagents used in BET assays are biological in nature and, therefore, can exhibit some
variability in sensitivity and potency, making standardization against the RSE an important task.
Calibration against RSE is necessary for each unique combination of lysate lot and CSE lot. If a
kit is purchased from a reagent vendor, the vendor will conduct the lot-specific standardization
and provide a lot-specific certificate of analysis (CoA) in the kit, which should be retained for
reference in the laboratory. However, there may be circumstances when a laboratory might
choose to purchase CSE from a third party or even prepare an in-house CSE, which requires
that the laboratory conduct the standardization.
RSE: CSE Standardization Using the Gel-Clot Method
CSE potency determination in the gel-clot test is accomplished by comparing the geometric
mean (GM) endpoints of separate dilution series of RSE and CSE made in Water for BET [see
Bacterial Endotoxins Test 〈85〉, Reagents and Test Solutions, Water for Bacterial Endotoxins
Test (BET)] and tested in quadruplicate. The endpoint is defined as the last tube in a two-fold
series of RSE or CSE dilutions showing a positive reaction (gel). To have an endpoint, the last
positive tube must be followed in the series by at least one negative dilution. The GM is
calculated as follows:
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The RSE is labeled in units of activity (EU/vial), and the units for the GM endpoint for the RSE
are expressed as EU/mL. Because the CSE is filled by weight, the units for the GM endpoint for
the CSE are expressed as ng/mL. The potency of the CSE in EU/ng is calculated as follows:

For example, to standardize a new lot of CSE for use with a gel-clot lysate lot with a labeled
sensitivity of 0.125 EU/mL, dilute the RSE in EU/mL to bracket the label claim of the lysate
reagent. For this example, the GM of the RSE confirms the label claim of 0.125 EU/mL. Dilute
the CSE in ng/mL so that an endpoint will be reached. For this example, the endpoint of the
CSE series is 0.00625 ng/mL. The potency of the CSE for the particular lysate lot is calculated
as follows:

For this lot of lysate, the potency of the new CSE lot is 20 EU/ng. If the lab wants to use
this CSE lot with a different lysate lot, the standardization must be repeated because potency
determination references only a specific combination of lysate lot and CSE lot.
RSE: CSE Standardization Using Quantitative Kinetic and Endpoint Assays
Determining the potency of CSE in a quantitative assay is performed much like a standard
assay for an unknown. Onset/reaction times from dilutions of the CSE diluted in ng/mL are
interpolated from an RSE standard curve to yield the activity of the CSE dilution in EU/mL.
Since the concentrations in ng/mL of these dilutions are known, calculation of EU/ng is a simple
mathematical function. For any given concentration of CSE, calculate as follows:

For example, to standardize a new CSE lot for use with a chromogenic assay, the first step is
to prepare a standard curve from RSE. The standard curve range is left to the discretion of the
analyst, but an appropriate choice would be the same range as is routinely used in the
laboratory. Next, one should dilute the CSE to a concentration of 1 ng/mL and test dilutions of
this starting concentration as unknowns. Testing this 1 ng/mL preparation will show the number
of EU/ng (see Table 1). Dilutions of this 1 ng/mL solution may be needed if a low-range
standard curve is referenced.
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Table 1. Example of an RSE: CSE Standardization in a Quantitative Assay
Example
concentration
Result
Result
(ng/mL)
(EU/mL)
(EU/ng)
1
15
15
0.5
6
12
0.25
3
12
0.125
1.8
14
—
—
Average: 13.25
In this case, the potency of the new CSE lot with kinetic chromogenic reagent is the mean of
the four determinations. That calculation is 13.25 EU/ng, which is properly rounded down to 13
EU/ng. If the lab wants to use this CSE lot with a different lot of lysate—be it kinetic, endpoint,
or gel clot—the standardization must be repeated because potency determination references a
specific combination of lysate lot and CSE lot.
Activity Determination for a Liquid CSE
A liquid CSE such as a native endotoxin preparation does not have potency unless the actual
weight of the source material is known (Endotoxin Indicators for Depyrogenation 〈1228.5〉).
Typically, liquid CSE are described in terms of a concentration of activity expressed in EU/mL.
The activity of a liquid CSE in EU/mL is determined by GM endpoint determination for replicate
tubes in gel clot or by treating the solution as an unknown against an RSE standard curve for
quantitative assays.
Screening and Qualification of Consumables: Compendial Requirement
The harmonized compendial chapter on the BET requires that the laboratory screen
consumable plastics for test interferences. From Bacterial Endotoxins Test 〈85〉, Apparatus:
If employing plastic apparatus, such as microplates and pipet tips for automatic pipettes, use
apparatus that is shown to be free of detectable endotoxins and does not interfere in the
test. [Note—In this chapter, the term “tube” includes any other receptacle such as a
microtiter well.]
Plastics used in the performance of the test are molded, meaning that plastic pellets have
been heated to a very high temperature to produce molten plastic in preparation for the
molding process. This high temperature will destroy bacterial endotoxins, so molded plastics are
free of detectable endotoxins when they are released from the molds. However, depending on
the subsequent handling, recontamination is possible. Control measures should be in place to
ensure appropriate storage conditions and avoid contact with potentially contaminating
substances. However, unless depyrogenated plastics are stored in damp conditions or
encounter substances during handling in which GNB could proliferate, the probability of
recontamination is remote.
If a laboratory accepts a vendor CoA for the endotoxin content of a disposable component,
there should be an understanding of the methods used to determine the reported test result.
Two examples of CoAs are provided below:
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If a shipment of dilution tubes is received from a vendor and is labeled “non-pyrogenic”,
what does this really mean? Was the lot tested for pyrogens using a rabbit pyrogen test
or a validated monocyte activation test? Was it tested using a standard 〈85〉, and if so,
at what level of endotoxin does the vendor consider the material to be “nonpyrogenic”? It is important to ask the vendor how the material was prepared and
tested.
If a shipment of 10-mL tubes is received from a vendor with the label of “<0.5 EU/mL”,
what does that mean? With what volume was the tube extracted (1, 5, or 10 mL)? A 1mL extraction would mean <0.5 EU/tube, whereas a 5-mL extraction would mean <2.5
EU/tube and a 10-mL extraction would mean <5 EU/tube. The laboratory should ask the
vendor about the method of endotoxin extraction from the tube as well as the BET test
conditions that were used to generate the result.
A default method to confirm the CoA result is to treat the plastic disposable as if it were a
medical device and proceed according to the methodology provided in Medical
Devices—Bacterial Endotoxin and Pyrogen Tests 〈161〉. However, while 〈161〉 defines the
endotoxin limit for medical devices as <20 EU/device, a laboratory may want to consider
redefining the limits for disposables used in the test to be less than the value of the most
sensitive test used in the laboratory. For example, if the laboratory is using sterile polystyrene
tubes for sample dilution, and the most sensitive test is a kinetic chromogenic test with a λ =
0.05 EU/mL, then set a limit of <0.05 EU/tube to prevent interference across all test methods.
Likewise, some materials could contain extractable or leachable substances that could inhibit
the LAL-bacterial endotoxins assay. The PPC will indicate whether the normal, routine use of
the plastic results in any leached inhibitory substance. If a laboratory is considering use of
disposable plastic containers such as sterile polystyrene for long-term storage of materials that
ultimately will be tested, it is suggested that they do testing to confirm that there are no
inhibitory or enhancing factors that could affect the accuracy of the test.
Analyst Qualification
General laboratory training for analysts is good laboratory practice, as well as a current good
manufacturing practice (cGMP) requirements (Microbiological Best Laboratory Practices 〈1117〉).
Typically, training for performing any BET involves demonstration of acceptable proficiency for
both sample preparation and assay method(s). It is suggested that training be divided into two
parts:
1. Classroom training delivered by a subject matter expert (SME) develops an
understanding of the principles and limitations of the test as well as the effects of the
analyst’s technique on the test result. Differences between analysts in the accuracy
and precision of executing basic laboratory tasks such as pipetting, weighing raw
materials, and making dilutions may introduce bias. Due to the inherent variability of the
LAL reagents, poor or inconsistent techniques may significantly affect the accuracy of
test results. Analysts must be retrained if a new test method is introduced into the
laboratory (e.g., a change in laboratory procedures from gel clot to a kinetic assay).
2. Training effectiveness should be confirmed by the demonstration of analyst competency
in performing the test. This part of the training examines the analyst’s ability to prepare
dilutions of CSE (or RSE) and meet assay-specific accuracy requirements as outlined in
〈85〉. Depending on the assay in use in the laboratory, it is recommended that this
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performance part of the training follow the provision in Bacterial Endotoxins Test 〈85〉,
Gel-Clot Technique, Preparatory Testing or 〈85〉, Photometric Quantitative Techniques,
Preparatory Testing. For the gel-clot method, this is the test for confirmation of labeled
lysate sensitivity, and for quantitative tests, this requires the construction of a linear
standard curve. Both of these proficiency assessments require analysts to prepare and
dilute RSE or CSE standards. If the laboratory uses a cartridge system with an on-board
archived standard curve, it is recommended that the laboratory devise another method
of ensuring that the analyst’s technique in sample preparation and dilution is sound. One
way to do this is to require the analyst to dilute RSE to nominal (assumed correct)
levels and test them as unknowns. Proficiency may be determined based on the
closeness of the calculated values to the nominal values. If the calculated values are
incorrect, this may raise a concern about the analyst’s technique.
The following should be stressed during training:
Standard laboratory aseptic technique is important so the analyst does not contaminate
samples, diluents, or accessories used to perform the test.
Use of a vortex mixer is important to optimize the distribution of endotoxins in samples
and the aggregation state of the purified standards in the standard series. Because the
formulations of the CSEs provided in LAL test kits are proprietary and not regulated by
the FDA, it is highly recommended that analysts follow the manufacturers’ instructions
for vortexing time, both for reconstitution of the vial of LPS and in between dilutions.
However, vortexing of lysate is not recommended as it may result in bubbles in the
reagent.
If reagents are saved, ensure that the “open” date and “expiration” date are clearly
marked on the primary containers and that any holding of unused reagents follows
manufacturers’ instructions.
Do not store RSE or CSE dilutions without a validation study that includes vessel type
and materials of manufacture, concentrations of RSE or CSE that are to be held, hold
temperature, and volume of the dilutions to be held.
When reading gel-clot results, pick tubes up one at a time and invert 180°. Picking up
more than one tube could jostle the contents. Once a gel is broken, it will not re-form,
and the result may be a false-negative.
When inoculating a microplate, tube, or cartridge care should be taken to avoid the
formation of bubbles, because they will impact the accuracy of the test result.
When using heating equipment (e.g., bead baths, water baths, plate readers), be
certain that the equipment is qualified.
If using a water bath for gel-clot incubation, change the water frequently. The
recommended frequency is at least once a week.
Ensure that all mechanical pipettors are calibrated, and use them only within the
calibrated range.
When possible, use larger volumes (milliliters) for dilution rather than smaller volumes
(microliters), as smaller volumes increase variability.
Onset times are essential for obtaining accurate quantitative test results. Pay attention
to the onset times of the standards to ensure that they are consistent from run to run,
analyst to analyst, and day to day for any given combination of CSE lot and lysate lot.
See Routine Testing, Standard Curve Control.
If using a monocyte activation test, be sure to include at least one non-endotoxin
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control.
An analyst requires additional training if any of the following is noted by a supervisor:
Failure to meet the requirements of the initial performance training.
Frequent inability to meet system suitability parameters, yielding invalid test results
(e.g., confirmation of label claim for gel clot, demonstration of linearity for quantitative
assays, inability to ensure that negative controls are nonreactive). Note that the
inability to recover the PPC within the required range may signal an issue with analyst
technique or a change in the product’s manufacturing or formulation that changes the
product’s interference profile.
Erratic results for slope and y-intercept for quantitative assays. See Routine Testing,
Standard Curve Control.
Adverse trends for out-of-specification (OOS) or out-of-trend (OOT) test results.
Equipment and Instrumentation Calibration and Qualification
All instrumentation and equipment used in the performance of an LAL test, including (but not
limited to) mechanical pipettes, water baths, heat blocks, and incubating plate readers, should
be qualified using proper scientific standards and according to approved protocols. See
Analytical Instrument Qualification 〈1058〉 for additional guidance. All equipment used in
performing the BET should be properly calibrated and maintained at frequencies that are in
accordance with the equipment manufacturer’s recommendations. Because BET incubation
temperatures are critical, equipment such as incubating plate readers, heat blocks, and water
baths should be evaluated for uniformity of heat distribution.
Incubating plate or tube readers should reference a user requirement specification (URS), an
installation qualification (IQ), an operational qualification (OQ), and a performance qualification
(PQ). Very often the vendors of these instruments will provide the laboratory with IQ/OQ/PQ
templates and hands-on assistance that are very useful for the execution of these validation
studies.
If a laboratory or production dry heat oven is used to depyrogenate glassware or other heatstable items used in the performance of any of the BET assays, it must be validated to ensure
appropriate time/temperature exposure and load pattern.
Computer software must be compliant with all federal regulations and standards (21 CFR part
11 in the United States). It must allow for individual user passwords and audit trails. Quality
control should understand how the vendors of the BET software have programmed their
calculations. For example, if the instrument reports out an averaged result for the assay of
three individual samples tested in duplicate, did the software program average the onset times
to get the result or did it average the replicate results?
Laboratory Environmental Conditions
The BET can be performed in most modern laboratories under controlled conditions. Good
aseptic technique is important when preparing and diluting standards and handling samples.
Gowning practice outside of normal laboratory personal protective equipment (PPE)
requirements is not a concern unless the product under test demands specific analyst safety
considerations due to toxicity or infectiousness. Gloves should talc-free, as the talc may
contain significant levels of endotoxins. Plate readers, water baths, and dry heat blocks used
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for sample incubation should be on a laboratory bench away from heating, ventilation, and air
conditioning (HVAC) ducts, significant vibration, and laboratory traffic that could affect the
test results. Sample hold times and conditions should be determined and subsequently
documented, if necessary, to ensure that accurate test results can be generated in the
qualified time. For example, if the laboratory receives a Water for Injection (WFI) or in-process
sample, must it be refrigerated or can it remain at room temperature, and for how long? Prior to
testing, it is recommended that the primary sample container(s) be adequately mixed before
removing the test aliquot(s) for either direct testing or subsequent dilution.
METHOD SUITABILITY
Calculating Endotoxin Limits for Drug and Biological Products
An endotoxin limit specification for a compendial article is the allowable amount of endotoxin
activity that can be safely contained in a parenteral product, according to current
understanding and experimental evidence (5). The endotoxin limit calculation for any drug
product is dependent on three variables: 1) the route of administration, which largely defines K,
the numerator in the endotoxin limit formula, 2) the dose of the product per kilogram of body
weight, and 3) the duration (time) of administration. This information can be found in the
package insert for an approved drug product or can be obtained from the product development
group for a product that is either still in development or in early clinical trials.
An endotoxin limit specification is calculated for each drug product formulation and set of
administration conditions as follows:
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K

= threshold pyrogenic dose of 5 EU/kg for most routes of administration or 0.2 EU/kg for
intrathecally administered drugs (see Table 1)
M = maximum recommended dose of product per kilogram of body weight of the patient.
This dose relates to the concentration of active ingredient (potency of the active
ingredient) in the finished product formula. If a product is infused or injected into a
patient at frequent intervals over an extended time, then M is based on the maximum
total dose administered in a 1-h period. If the pediatric dose per kilogram per hour is
higher than the adult dose, the pediatric dose must be used for the calculation.
When calculating the endotoxin limit specification, body weight is defined according to the
intended patient population, which can differ in terms of geographical regions or patient
populations. For example, the average adult in the United States is assumed to weigh 70 kg,
whereas the average adult in Japan is assumed to weigh 60 kg. Pediatric patients could be 30
kg or below. The average weights for children can be found on the Centers for Disease Control
and Prevention clinical growth charts page (see
https://www.cdc.gov/growthcharts/clinical_charts.htm). The body weight factor selected for
pediatric and other special category patients should consider the worst case, i.e., lowest body
weight in targeted patient populations that can receive the greatest recommended dose. There
is also a special consideration with respect to body weights for veterinary products. Veterinary
drug products may be administered to a variety of different species or subspecies. Generally,
the smallest animal will have the greatest dose per kilogram. Reference to the product package
insert is highly recommended when establishing veterinary endotoxin limit specifications.
Different routes of administration or types of product, e.g., radiopharmaceuticals or oncology
products administered per square meter of body surface, have defined values for K in the
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endotoxin limit calculation as described in 〈85〉 and above. Where the product package insert
describes multiple patient populations, indications, and routes of administration, it is suggested
that the laboratory calculates the limit specification for each administration and chooses the
most conservative one as the endotoxin limit specification for the product. A summary is shown
in Table 2.
Table 2. Defined Values for K in Terms of Route of Administration
Route of Administration
K
M
Intravenous (IV) for parenteral
5 EU/kg of
Maximum dose per kilogram
products
body weight
administered in 1 h
Volume of the maximum
IV for radiopharmaceuticals
175 EU
recommended dose
0.2 EU/kg of
Maximum dose per kilogram
Intrathecal (IT) for parenteral products
body weight
administered in 1 h
Volume of the maximum
IT for radiopharmaceuticals
14 EU
recommended dose
Parenterals administered per square
Maximum dose per square
meter of body surface
100 EU/m2
meter per hour
Injections other than IV (intramuscular,
5 EU/kg of
Maximum dose per kilogram
subcutaneous, etc.)
body weight
administered in 1 h
Intraocular fluids
0.2 EU/mL (6)
—
0.2 EU/device
Anterior segment solid devices
(6)
—
Some USP product monographs have endotoxin specifications defined at a specific
concentration for administered product. However, endotoxin limit specifications should be
calculated for all indications in the product’s package insert because indications and
administrations for the product may be different from the data used to calculate the original
USP monograph limit. If a firm’s most stringent limit is lower than the USP limit, the firm should
use its lower calculated endotoxin limit.
It is important that the endotoxin limit specification, as a critical quality attribute for a new
product, be calculated early in development and monitored throughout development and earlystage clinical trials. If a dose has not been established, the limit should be calculated based on
the worst case (highest) dose that is anticipated for the product with respect to the target
patient population. Early endotoxin limits may change based on dosing and/or formulation
changes prior to commercialization.
Relevance of Limits for Compounded Sterile Preparations
When sterile compounding pharmacies prepare therapies for injection or infusion, care must
be taken to avoid the addition of endotoxins to the preparations. The compounding pharmacy
should use only product contact materials that they have depyrogenated in house or that they
have received as sterile and nonpyrogenic. When diluents or intravenous (IV) solutions are used
for preparing a product for parenteral or intrathecal (IT) administration, the diluents should be
commercially obtained and should meet the compendial limits, which most commonly are 0.5
EU/mL. If the required diluent is not a USP monograph article, it should be manufactured to
meet the compendial limit of 0.5 EU/mL. If the required diluent is to be used for IT
administration, it is essential that the laboratory ensure that the diluent plus drug product does
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not exceed the more stringent IT endotoxin limit.
Calculating Endotoxin Limits for Active Substances and Excipients
The control of the levels of endotoxins in excipients and active substances can minimize the
risk of finished drug product contamination. Suppliers and drug manufacturers should perform
risk assessments of these substances based on raw material origins, production methods,
representative sampling and testing, and storage conditions. For example, materials of natural
origin such as sugars, heparins, and enzymes may contain significant levels of endotoxins
and/or glucans. Suppliers of these materials should be audited to ensure control of bioburden
and endotoxins in their manufacturing operations. If these suppliers provide a CoA regarding the
endotoxins or glucan content for individual lots of product, the audit should also include an
assessment of the validity of test methods and the accuracy of test results.
Consideration should be given to testing any product or material of natural origin using a
glucan blocker, as these materials often contain glucans in addition to endotoxins. Because
products do not have glucan specifications, glucan-blocking reagents are specific to assay
methods and lysate formulations and are generally offered by lysate reagent manufacturers.
Glucan blockers are used to ensure endotoxin specific tests, preventing a false-positive
reaction of the test to glucans.
If noncompendial materials or articles are tested and released in-house, endotoxin limits
should be assigned after a thorough understanding of their potential contribution to the
formulation. Working backwards from the calculated drug product specification for endotoxins,
limits can be assigned to each individual component in the formulation with the assurance that
the drug product limit would not be exceeded if each component were at its limit. If the same
component is used in multiple formulations, the lowest limit should be used for the testing and
release of that component.
Calculating Endotoxin Limits for Combination Products
A combination product is defined as “a product composed of two or more different types of
medical products (i.e., a combination of a drug, device, and/or biological product with one
another)” (7). Typically, these products can be two or more regulated components presented
as a single-entity product (e.g., prefilled syringe), or a kit where two or more regulated
products are packaged for use together as a single-entity product (e.g., a lyophilized drug
packaged with a diluent and a syringe). Although a manufacturer can propose and justify
unique limits for review in regulatory submissions, there are some general points to consider:
If the combination product is two sterile medical devices that are used together as a
single entity (either for injection, infusion, or implantation), then the endotoxin limit for
the two devices together is 20 EU for most administrations and 2.15 EU for IT
administration.
If the combination product is a drug/device combination such as a prefilled syringe, the
endotoxin limit for the drug product prevails. Any endotoxin contributed by the
container (device) are assumed to be eluted with the drug product during sample
preparation.
If the combination product is two drugs to be administered simultaneously [IV or
intramuscular (IM)], then the endotoxin content of the combined dose may not exceed
the endotoxin limit for drugs of 5 EU/kg/h for IV or IM administrations or 0.2 EU/kg/h for
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IT administration.
If the combination product is a kit containing multiple components that are administered
as a single entity (e.g., a lyophilized product/diluent/syringe) the endotoxin content of
the combined dose may not exceed the endotoxin limit for drugs of 5 EU/kg/h for IV or
IM administrations or 0.2 EU/kg/h for IT administration.
Calculating Endotoxin Limits for Medical Devices
Chapter 〈161〉 assigns the endotoxin limit for medical devices as 20 EU/device except for
those medical devices that come in contact with the cerebrospinal fluid, which has an assigned
limit of 2.15 EU/device. Endotoxins in or on medical devices are not measured directly, but
rather the device is rinsed, soaked, or extracted in an appropriate volume of solvent (generally
WFI) and the extracts are tested; in some cases extracts from several devices are pooled for
testing. As a result, the endotoxin limit for a device extract is expressed in EU/mL, which can
later be converted mathematically to EU/device. The endotoxin limit for an extract is inversely
proportional to the volume of solvent used for the extraction. The relationship is:

K = where endotoxin limit per device (20 EU unless otherwise defined and justified; 2.15
EU/device for IT devices)
N = number of devices represented in the pool
V = total volume of solvent used to extract the devices
For example, if the laboratory tests 10 IT devices, each with an extraction volume of 50 mL,
the endotoxin limit specification for the pooled extract is:

Maximum Valid Dilution
As product-associated interferences are diluted, so will any endotoxin in the sample be
diluted. Therefore a calculation called the MVD is included in the compendial chapter to define
the upper bound of allowable product dilution. The MVD is dependent on the endotoxin limit for
the product, the starting concentration of the product (generally the concentration of the
active ingredient), and the sensitivity of the test method. The MVD is defined as:

where
The endotoxin limit is the calculated limit for the product or device.
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The product concentration equals the concentration of the active ingredient in units per
milliliter. For those products administered on a milliliter per kilogram basis, the product
concentration equals 1. For medical device extracts, the product concentration equals
1.
λ = the confirmed label claim sensitivity for gel-clot method or the lowest point on the
referenced standard curve for the quantitative tests
Additional information on the MVD includes the following:
The endotoxin limit is constant for any given formulation/dose/administration.
The MVD is directly related to the starting concentration of active ingredient, and the
higher the concentration, the higher the MVD.
The MVD is inversely related to the value given to the test method sensitivity. The
more sensitive the test (λ as the denominator in the MVD formula gets lower), the
higher the MVD. Changing the test sensitivity to a lower number (more sensitive test)
will assist in providing additional dilution room for interfering products.
The units in the formula cancel out. The resulting calculated value is a dilution factor
with no units (e.g., 1:100).
The MVD does not limit the necessary product dilution when determining the true
amount of product contamination in a sample that fails to meet the endotoxin limit.
When a product fails at the MVD, it is recommended that the laboratory determine the
total bacterial endotoxin content in that product by dilution to extinction (a negative
test for gel clot and a valid reading on the quantitative standard curve). The actual
level of endotoxin contamination in the product may prove very helpful for trending
purposes and to determine the root cause of the contamination during the OOS
investigation.
Method Suitability Testing
INTERFERENCE SCREENING
The principles and practice for performing inhibition/enhancement testing are provided in
Bacterial Endotoxins Test 〈85〉, Gel-Clot Technique, Preparatory Testing, Test for Interfering
Factors or 〈85〉, Photometric Quantitative Techniques, Preparatory Testing, Test for Interfering
Factors. Although not a requirement, it is suggested that an appropriate number of unique lots
of product be used for this suitability test to assess the potential for variability in endotoxins
content. This is especially important for biological products or products where product
development and process validation has indicated lot-to-lot variability. Products with greater
variability in their starting material and manufacture may require more unique lots for suitability
testing than products with little or no variability. Although the minimum number of unique lots
needed for interference testing has been three, a risk assessment including sources of
variability will support the number of lots chosen by the laboratory for suitability testing.
COMMON TEST INTERFERENCES
Most pharmaceutical products have been found to interfere to some extent with BET
performance (8). Because of the high assay sensitivity, these product-specific interferences
can usually be overcome by dilution in Water for BET [see Bacterial Endotoxins Test 〈85〉,
Reagents and Test Solutions, Water for Bacterial Endotoxins Test (BET)], not to exceed the
product-specific MVD. Table 3 is a listing of common interferences and mitigations that may be
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implemented beyond mere dilution (9). Where additional reagents such as buffers are required,
they should be free of detectable endotoxins.

Interference

pH
Osmolarity

Chelating agents
Glucan
Nonspecific
protein
interference (e.g.,
serine proteases)

Table 3. Common Interferences and Mitigations
Interferes
With
Mitigation
Dilution in Water for BET
Adjust pH of the product with hydrochloride, sodium
hydroxide, or dilution in tris buffer so that lysate +
sample is within the optimal range specified by the
LAL cascade
lysate manufacturer.
LAL cascade
Dilution in Water for BET is usually sufficient.
LAL cascade
LPS
Dilution in Water for BET
aggregation
Add a magnesium ion-containing buffer.
Use a glucan blocker supplied by the reagent
LAL cascade
manufacturer.

High detergent

LAL cascade
LAL cascade
LPS
aggregation
LAL cascade
LPS
aggregation
LAL cascade
LPS
aggregation

Calcium cation

LAL cascade

Heavy metals

Proteins

Dilution in Water for BET
Dilution in Water for BET combined with heat
Dilution in Water for BET or diluents containing 1 mM
chelating agent ethylenediaminetetraacetic acid
(EDTA)
Dilution in Water for BET or normal saline
Dilution in Water for BET combined with heat

Dilution in Water for BET is usually sufficient.
Dilution in Water for BET or diluents containing 1 mM
chelating agent EDTA

Lysates from different manufacturers have different proprietary formulations, and all are
calibrated for sensitivity using the RSE to ensure that they all detect LPS equally well in water.
However, RSE may not be recovered equally in different products, or by using different
compendial test methods. If there is significant product-specific interference that cannot be
overcome by dilution to within the MVD or by standard mitigation methodologies (Table 3), the
laboratory should try another lysate formulation or assay method before concluding that the
LAL-bacterial endotoxins test is either invalid or unacceptable (10).
Qualifying Test Preparation Methods Other than Dilution
For sample preparation that requires manipulation other than simple dilution, e.g., heating or
ultrafiltration, 〈85〉 instructs the analyst to proceed as follows:
Interference may be overcome by suitable treatment such as filtration, neutralization, dialysis,
or heating. To establish that the chosen treatment effectively eliminates interference without
loss of endotoxins, perform the assay described above using the preparation to be examined
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to which Standard Endotoxin has been added and which has then been submitted to the
chosen treatment.
ROUTINE TESTING
Sampling
Historically, the sampling scheme for finished drug products is to take at least three units
representing the beginning, middle, and end of the batch. However, in the manufacture of a
typical lot of 100,000 units, three is hardly a representative sample. This sampling scheme will
identify only those batches of product that are uniformly and highly contaminated, an
assumption based on a validated manufacturing process where endotoxins are in control (see
Alternate Test Methods, Basic Risk Identification, Evaluation, and Control Principles). Note that
pooling of samples can conceal any unit-to-unit variation in endotoxin content (see Routine
Testing, Pooling).
All materials used to sample materials for endotoxin content (scoops, pipettes, bottles) must
be inert with respect to the material(s) being sampled, and they must be sterile and free of
detectable endotoxins. Even though samples are often taken in the field without the aid of a
laminar flow hood, samplers must take precautions that a) they do not contaminate the sample
itself, and b) in taking the sample, they do not contaminate the rest of the material in its
original container.
Just as bacteria are not always homogeneously distributed in a product, so are endotoxins
not homogeneously distributed. Liquid samples taken after a validated mixing step may be
considered mixed. Water samples from a dynamic water loop are theoretically homogeneous
while in the loop, but care must be taken to flush ports before sampling and use the same
equipment for sampling that is used for manufacture. For example, if a hose is attached to a
port for the purpose of transporting water to another vessel, the water sample must be taken
from that same hose with the same flush times as used by manufacture. So, while the water
within the loop theoretically is homogeneous, differences in the ports along the distribution loop
may add endotoxins to samples.
For highly viscous materials, a suitable inert rod may be used to mix the material prior to
sampling. Sterile, pyrogen-free spatulas and scoops are used for powdered and granular solids.
Because of the lack of assurance of homogeneity, the number of samples from viscous
materials and powders should be determined relative to the number of units initially received
using appropriate statistical procedures. Samples of raw materials that could exhibit variability
in endotoxin content should not be pooled.
Particularly for samples of viscous and powdered materials, samplers should have training on
how to spot signs of non-uniformity. Such indicators may include differences in shape, size, or
color or evidence of moisture in powdered materials. For viscous materials, samplers should be
trained to look for stratification of the material, differences in viscosity or colors, and
particulate contamination in viscous liquids.
In the case of a new vendor of a raw material, the methodology and calculations used in the
determination of the endotoxin content of the material should be reviewed. If the material is
designated as critical for manufacturing, a site audit of the vendor may be in order. In addition,
it is highly suggested that an in-house confirmation of the accuracy of the endotoxin level
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stated on the CoA be performed. For critical materials, the quality agreement should require
that manufacturers of these materials inform the pharmaceutical manufacturer of changes in
processes, controls, or raw materials so that the changes can be discussed at change control
and the need for re-confirmation of materials can be determined. Once the CoAs have been
successfully confirmed for a predetermined number of shipments (usually 3–10, depending on
the variability of the manufacturing process), the laboratory can consider accepting the CoA
with periodic testing of the incoming materials, as long as the manufacture of the materials has
not changed.
Pooling
The term pooling refers to creating a composite sample preparation that includes the total
contents of several individual units or equal aliquots from the units taken from the same lot or
batch. Pooling is often done for batch-release testing. Pooling is an option for laboratories
performing any of the BET assays. However, pooling has a number of drawbacks; the most
obvious is that it will dilute endotoxins that may be in any one of the units, potentially
concealing the variability in endotoxin content among the units that were pooled.
If units are pooled, the MVD must be adjusted to account for the possibility of endotoxin
dilution (1). The adjusted MVD is calculated by dividing the originally calculated MVD by the
number of units contributing to the pool. For example, if the MVD for a small volume parenteral
is 240 and a manufacturer chooses to pool three vials for testing, the adjusted MVD is 240/3,
which is 80. This reduction in MVD effectively reduces the endotoxin limit for the product by a
factor of three to compensate for pooling. While pooling may result in an incremental savings in
reagent usage and therefore save some money, there are a number of points to consider when
pooling:
Pooling will obscure any non-uniformity in endotoxin content between the individual
sample units. Information on variability may be valuable in troubleshooting or
investigations. For example, random contamination of rubber stoppers or one of multiple
filling needles may cause some vials to contain endotoxins and others not.
Taking aliquots of samples for pooling should always be performed using aseptic
technique and with individual units vigorously mixed prior to removing the aliquots. The
original containers with remaining product should be retained for investigation in the
event of an OOS test result. Removing the aliquot through the disinfected rubber
stopper using a pyrogen-free syringe is advisable to maintain the integrity of the unit
container during subsequent storage for investigative testing.
The concept of adjusted MVD does not apply to medical devices as they are, by
convention, commonly pooled for testing.
Sampling for drug products must represent the beginning, middle, and end of the batch.
It is recommended that NMT three units be part of the composite for drug products.
If testing at the adjusted MVD causes an unacceptable increase in product-specific
interference, samples should be tested individually.
Products with low calculated MVDs, or suspensions where there is no assurance of
homogeneity in the removed aliquots, may not be good candidates for pooling.
Pooling is not appropriate for in-process samples, particularly those representing
different stages of manufacturing.
Calculation of Endotoxin Content
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All BET results are provided in EU/mL. If the product being tested has a limit expressed in EU
per unit of weight or activity (e.g., EU/mg), a calculation must be made to convert EU/mL to
EU/mg. For example, Product A has an endotoxin limit of 6 EU/mg. The endotoxin content for a
product with a starting concentration of 10 mg/mL, after adjustment for the dilution factor, is
determined by gel clot to be 5 EU/mL. The endotoxin content expressed in EU/mg is:

Out-of-Specification Results and Retesting Considerations
An endotoxins test result that does not meet product specifications necessitates a laboratory
investigation. The failure is considered valid unless a comprehensive investigation clearly
demonstrates otherwise.
Invalid tests, however, are not OOS results. Invalid tests are those where system suitability
parameters such as negative controls, PPCs, confirmation of label claim in gel clot, or
generation of a linear standard curve do not function as expected and therefore may affect the
accuracy of the test results. Although invalid tests should be tracked and trended to look for
patterns and trends that might require a corrective action, a true OOS test failure only exists
when a valid assay has been done and generates results that exceed the specification.
A finding of a nonconforming test result requires a laboratory assessment of the accuracy of
the data. The FDA OOS guidance for industry terms this a Phase I investigation (11). Despite
the fact that failed BET is rare, the investigation should be done to ascertain if there was
anything atypical about this sample, its preparation, calculations that may affect the test
result, or the performance of the assay. Phase I should include a critical and in-depth review of
sampling methods and techniques, sample hold conditions, sample preparation, test method
parameters, and any documentation, including a review to find any errors in calculation. If the
Phase I assessment finds no reason to invalidate the test result, the OOS is valid. The product
is confirmed to be OOS, which is suggestive of a manufacturing process failure. Investigation of
production practices, otherwise known as Phase II investigations, require assessment of all
manufacturing activities that could have impacted the endotoxin content of the failed product
sample. Phase II may be more easily conducted by a cross-functional team including
operations, facilities, and engineering, with assistance from a microbiologist to identify potential
sources of contamination in the laboratory including those relating to contamination control
requirements during manufacturing. An organizing tool, such as a fault tree analysis (FTA) or
Ishikawa (fishbone) diagram, may help the team members to organize their thoughts and
complete the investigation in a timely and compliant manner.
An approved BET standard operating procedure (SOP) should include two important directions
to analysts:
1. If an analyst observes that a mistake has been made during the testing, including an
error in calculation, sample preparation, dilution, or performance of the assay, the test
should be stopped and the reason for the termination of the test documented at the
time that the error was identified.
2. Analysts should not discard the original sample, any of the sample preparation dilution
tubes, or the reagents until the results of the assay are known and evaluated against
the product specification. The tubes and reagents from an OOS assay may be an
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important part of the laboratory investigation.
At any point in the investigation, testing can be performed to challenge hypotheses regarding
the reason for the failure of the material to meet its limit. However, it is important to note that
these investigational tests are not considered re-tests and should not be used to release
material. Rather, they are used to highlight conditions that might have contributed to an
inaccuracy in the testing of the product. A laboratory SOP or policy should also be written that
precisely describes the procedure(s) that must be followed for the purposes of investigational
testing. Such a plan eliminates situational decisions regarding the appropriateness of
investigational testing, retesting, or resampling; the plan should be approved by the quality
unit.
Investigational testing should be well-defined and justified, pre-approved, and welldocumented. If an investigational second test of the original sample preparation finds that the
product meets the specifications for the test, it is possible that an error was made in some
aspect of the execution of the original assay. If this is the case, any hypotheses should be
proposed and testing executed to confirm that an error was made. The intended purpose of the
investigational tests on the sample is not to reverse the original OOS result but rather to gain
information regarding a potential failure so that a more effective effort can be made to pinpoint
the problem and implement any necessary corrective and preventive actions.
The statement in 〈85〉 that reads “In the event of doubt or dispute, the final decision is made
based upon the gel-clot limit test unless otherwise indicated in the monograph for the product
being tested” has been widely misinterpreted and is relevant only to the specific case of a
conflicting result between a regulatory agency using the gel-clot method for lot release testing
and a testing laboratory using a different LAL-bacterial endotoxins test platform. It is not
intended to allow a laboratory to use a gel-clot result that provides passing results when the
customary assay method for the product shows an OOS test result.
In the event of a product failure, the total amount of endotoxins in the failed sample(s)
should be determined. For gel-clot assays, this may involve testing of dilutions beyond the MVD
until an endpoint is reached for gel clot or a valid test result is obtained for quantitative tests.
These values may provide a clue as to the source of potential or actual product contamination,
or a case of mishandling of a positive control, or a tube mix-up.
Use of Checklists in OOS Investigations
The use of a checklist approach will promote completeness and consistency across all
assessments.
PHASE I INVESTIGATION
The purpose of the Phase I laboratory investigation is to confirm the accuracy of the original
test result. A Phase I checklist should include the following, at a minimum:
The testing history of the material under test—for example, has a specific assay
problem or repeated failures for the same product been previously observed?
Sampling procedures, sample container integrity, and sample preparation: Were samples
taken, transported, and stored correctly, following approved methods?
Reagent preparation, storage, and use.
Calibration and maintenance status of dispensing, incubation, and reading
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instrumentation.
Appropriateness of sample contact equipment and disposables.
The test procedure: Is it consistent with the suitability data, and was it precisely
followed?
Were all controls and other system suitability indicators within normal limits? If not, then
the test is not OOS, it is invalid.
Were all calculations (product endotoxin limits, MVD, and endotoxin contamination
levels) performed correctly? Were all transcriptions performed accurately?
Was the analyst adequately trained? What is the analyst’s OOS history?
If the results of the laboratory investigation suggest that the OOS test result is valid, then
the investigation should be expanded to include manufacturing. A product manufactured under
a state of control should not fail endotoxins testing, so the Phase II investigation should focus
on anything that may have been different about the lot in question.
PHASE II INVESTIGATION
The Phase II investigation is actually a reassessment of validated process control, particularly
if this failure was not the first failure for the product. A Phase II investigation might include the
following:
Deviations and change controls: Were deviations reported or recent process changes
implemented that could have contributed to the failure?
Were raw materials properly screened for endotoxin content? Did a vendor of raw
materials send in a notification of change in their process? A focus here should be on
raw materials from natural sources.
Have vendor changes to materials or processes been reported that could impact the
endotoxin content of starting materials?
Were the processing hold times exceeded?
Did the bioburden controls show evidence of GNB contamination?
Is the water system operating in a state of control? Were any self-sanitizing cycles
operating according to validated conditions and parameters? Have there been any
endotoxin excursions with the water system and have GNB been recovered from the
water system?
Were all product contact materials, including primary packaging, properly treated and
stored to ensure that they are free of detectable endotoxins?
Was there any evidence of conditions in the processing environment that might favor
proliferation of GNB, e.g., was an expired spray bottle of water used for equipment
lubrication?
[Note—A careful review of production history is required before it is possible to ascribe a
failed assay to a single GNB recovery. GNB will not proliferate at typical WFI storage or
circulation temperatures above 60°. Therefore, water cooled and stored for an extended period
at lower temperatures will require scrutiny.]
Standard Curve Control
Standard curves are created for endpoint chromogenic assay by evaluating the direct
relationship between color intensity and standard concentration. The resulting curve has a
positive slope, and 〈85〉 indicates that the correlation coefficient of the curve must be ≤0.980.
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For kinetic tests, the standard curve is created by plotting the log10 of the onset or reaction
time required for each standard to reach a predetermined optical density for kinetic tests or
color intensity for chromogenic tests, as a function the log10 of the standard concentration.
This transformation of the data results in a standard curve with a negative slope, and the
correlation coefficient must be ≤0.980. Therefore, it can be stated that the linearity
requirement for all compendial quantitative BET assays is |r| ≥ 0.980. The requirement is
expressed to three significant figures because the last “0” is important; it is inappropriate to
have a standard curve with r = 0.979 and round up. However, in a well-controlled laboratory,
correlation coefficients should routinely be well above 0.980.
All standard curves have a corresponding linear equation y = mx + b where m is the slope of
the standard curve regression line and b is the y-intercept. Because the y-intercept is the
point where x = 0, and because the log10 of 1 is 0, the y-intercept is really at the 1 EU
standard. Because of the transformation of data to log10 , standard curves for quantitative
assays can be very sensitive to small changes in onset times.
Accuracy of test results depends on the accuracy of the standard curve. Therefore, the
onset times for standards representing unique combinations of lysate lot and CSE lot from run
to run, instrument to instrument and analyst to analyst should all be monitored. For example,
an analyst can make a twofold or tenfold dilution error in the dilution of the standards, yet still
produce a linear standard curve that meets the requirement |r| ≥ 0.980. The dilution error
would not be noticed in the correlation coefficient, but would be evident in the onset times of
the standards. An overdiluted set of standards would run more slowly (longer onset/reaction
times) than a properly diluted standard series, and an underdiluted set of standards would run
more quickly (shorter onset/reaction times) than a properly diluted standard series. The dilution
error would also be reflected in the values generated for the y-intercept. Changes in slope can
also affect the accuracy of the test data. It is suggested that part of an analyst’s training in
quantitative assay performance is to understand the impact of variability on the accuracy of
the test result (12,13).
ALTERNATE TEST METHODS
The methods listed in 〈85〉 for the detection of bacterial endotoxins (gel-clot limits test, gelclot assay, kinetic chromogenic, endpoint chromogenic, kinetic turbidimetric) are considered to
be validated. However, a laboratory may choose to use an assay methodology that is not listed
in 〈85〉. If such a choice is made, the alternate test for the detection of bacterial endotoxins
must be fully validated to ensure that decisions made using the alternate methodology are
equivalent to or better than decisions made using the validated USP methods. Although
endotoxin testing is not specifically cited, guidance on how to think about the validation of
alternate methods can be found in Validation of Alternative Microbiological Methods 〈1223〉 and
Validation of Compendial Procedures 〈1225〉.
Use of Risk Assessments in Bacterial Endotoxins Tests
The purpose of BET is to evaluate product for the presence of specific GNB cell wall
constituents or fragments at levels that have the potential to produce a pyrogenic response in
mammals. Historically, where endotoxin contamination has been found in devices and parenteral
products the root cause has been the proliferation of GNB in either an active or inactive

PF 44(4): Jul.-Aug. 2018

149

ingredient, processing materials, inadequately cleaned processing equipment, or deposition of
endotoxins onto packaging components during washing to remove foreign material.
The most prevalent source of endotoxins as a contaminant in parenteral products is water for
pharmaceutical use. Therefore, since water is the most significant ingredient in parenteral drugs
and biologics and as a universal solvent on a mass and volumetric basis, water has always
played a critical role in drug product formulation as well as cleaning of both equipment and
packaging materials.
In the early days of IV infusion therapy, fever was common and the causes were thought to
be water distribution systems. Therefore, it is not surprising that the technological advance
most responsible for the elimination of pyrogenicity in IV infusions was the use of steam
distillation to produce what has come to be known as WFI. Subsequently, it was found that by
storing and circulating pharmaceutical grade waters at temperatures elevated above those that
would not allow GNB survival and growth, the risk of pyrogenic infusions could be effectively
controlled. The establishment of temperatures of >60° (typically 75°–80° for the storage of
process water) was a critical control point for the manufacture of parenteral products.
Centrality of GNB Proliferation in Bacterial Endotoxins Contamination of Product
The only possible source of endotoxins in product is from the presence of viable GNB at some
point in the product’s history. Endotoxins may be found in formulation components and raw
materials (especially those from natural sources), product contact equipment, columns, filters,
or primary packaging materials. While materials or process streams may test negative for GNB in
bioburden or sterility tests, the “remnants” of the growth and proliferation of GNB, meaning the
aggregate levels of cell wall fragments and OMV from all parts of the manufacture, may be
present in “clean” or sterile input materials in sufficient quantities to cause a clinical fever after
administration of the drug product.
It follows then that unless conditions allow for GNB growth at any portion of the supply chain,
there is no risk of endotoxins contamination in a material, component, or ingredient. However,
the proliferation of GNB does not need to be present in current product or manufacturing
conditions. It is only necessary for GNB proliferation to have been possible in the manufacture
of a material that will be used in the production process and which is in the product or in
contact with it. Remnant components of dead GNB may retain pyrogenicity unless cell wall
fragments have been removed or denatured (see Depyrogenation 〈1228〉). Once a material is
depyrogenated there is no further risk of pyrogenicity unless 1) depyrogenated materials are
handled and stored in a manner that will allow the recolonization by GNB or 2) the growth of
GNB is possible within the subsequent manufacturing process.
How many bacteria does it take to make an EU? The answer is: it depends. It depends on the
organism, the growth conditions, and the measurement tool. However, some estimates of
femtogram (fg) of LPS per cell have been offered in the literature, as shown below in Table 4.
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Organism
E. coli
E. coli
Various (many
Vibrio)
Enterobacter
cloacae
Klebsiella
pneumoniae
Various
Various
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Table 4. Estimates of LPS per Cell
LPS Levels (fg of
Conditions
LPS/cell)
50% growth medium, log
phase
49.4
50% growth medium,
stationary phase
28.9
sea water
8 h growth in lipid emulsion
at 25°
8 h in lipid emulsion at 5°
WFI system: pretreatment
WFI system: distribution
loop

Citation
(14)
(14)

1.35–4.2

(14)

16.25
None detected; bacteria did
not grow.
15.7

(15)

2.1

(16)

(15)
(16)

Looking at the highest estimate, 49.4 fg of LPS per cell (log phase, growth medium), it would
take about 1 × 104 cells/mL to equal 5 EU. Looking at the lowest estimate, 1.35 fg of LPS per
cell (sea water), it would take about 4 × 106 cells/mL to equal 5 EU/mL. In any event, it takes
a considerable number of cells, once alive, to result in a quantitative endotoxin concentration
of 5 EU/mL.
The “take home” lesson is that control of GNB bioburden in nonsterile components and
processing of sterile drug products must be controlled to prevent contamination of finished drug
product.
Basic Risk Identification, Evaluation, and Control Principles
The first step in the process is identification of risk and identification of potential sources of
GNB proliferation. Table 5 is a partial list of potential inputs in the manufacture of a sterile
product. The first column is a list of the various inputs, the second column gives general risk
likelihood, and the third column suggests mitigations that will control endotoxins.
Table 5. Potential Sources of Endotoxins During Manufacturing
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Risk of Endotoxins
Contamination

Most likely

Mitigation
Distillation
Ultrafiltration
Reverse osmosis
Hold/circulate at high
temperature

Likely for
biologicals
Less likely for
small
molecules

Control inputs for endotoxins
Include depyrogenation steps in
the process where needed

Less likely for
small
molecules
Unlikely for
dry chemical
or chemically
synthesized
source

Filtration
Control of water activity for dry
API
Include depyrogenation steps in
the process where needed
Audit supplier for endotoxins
control
For drug substances used to
manufacture biological drug
products, audit the supplier for
bioburden control

Likely for
biological
source
Unlikely for
dry chemical

Control of incoming pyroburden
for natural materials
Control of water activity for dry
materials
Depyrogenation steps in the
process where needed
Audit supplier for endotoxins
control

Unlikely if
equipment is
properly
cleaned and
stored dry

Cleaning in place (CIP) chemicals
rinsing
Hold cleaned equipment under
dry conditions

Very unlikely

High heat of molding eliminates
endotoxins
Further sterilization and
depyrogenation steps mitigate
endotoxins
Hold depyrogenated materials
under dry conditions where GNB
will not proliferate

Very unlikely

Low water activity discourages
GNB proliferation
Dry heat sterilization may reduce
or eliminate endotoxins

Water

Processing/purification
of product

API or formulation
excipient

Inactive ingredients
(excipients)

Manufacturing
equipment/process
piping

Glass/plastics and
elastomeric closures

Nonaqueous lubricants
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In any review of GNB proliferation risk there are five categories of mitigation controls for
microbiological proliferation risk that should be considered:
1. Temperature: The temperatures at which GNB growth is possible range from
approximately 10°–50°. Proliferation is well controlled in processes operating outside of
this range. This is a commonly used and very reliable means of avoiding contamination
with microbes in general including GNBs. Examples include the operation of WFI systems
at temperatures >60° and the typical storage of biological products including proteins
and peptides at refrigeration temperatures (<8°) or even frozen for long-term storage.
2. Residual water: Low moisture level is a very effective countermeasure against
microbial/GNB proliferation as the presence of available water is an absolute prerequisite
for growth. Water activity levels below 0.95 can be considered preventive regarding
GNB growth (see Application of Water Activity Determination to Nonsterile
Pharmaceutical Products 〈1112〉). Equipment, process tankage, pipework, or other
equipment cleaned and stored when visibly dry will not support microbial proliferation.
3. pH: Process steps that require pH outside the range of 4–9 are typically outside the
range at which GNB proliferation occurs. Thus, purification systems such as carbon beds
that are treated with 0.1 N sodium hydroxide (NaOH), for example, are safe from general
microbial or GNB proliferation. Also, chemical steps that require acid precipitation of an
intermediate are well protected against proliferation.
4. Chemicals: The presence of organic solvents, oxidizing agents (peroxygen compounds,
halogens), and other sterilants or disinfectants, as well as high-ionic-strength solutions,
can either prevent proliferation or kill GNB depending upon concentration and contact
time.
5. Sterilizing grade filtration: Sterilization grade filtration can eliminate bacteria including
GNBs from a process liquid or gas, whether it is in the final formulation or
intermediate(s). It should be noted, however, that while whole bacteria may be
removed by 0.2-µm retention filters, the process will not eliminate bacterial cell wall
components or OMV from the solution. Thus the chance of bacterial endotoxins
contamination remains possible in these filtered products.
Unfortunately, most biologicals are manufactured under ambient conditions, they use an
abundance of water, they utilize rich growth media for cells, and they have long processing
times. Manufacturers of these products must utilize the principles of Quality by Design (QbD)
and risk management to identify critical processing points and impose appropriate mitigation to
prevent microbial proliferation.
Data Integrity in Bacterial Endotoxins Test
SOFTWARE VALIDATION
Software used in the performance of the various quantitative BET assays is usually provided
by the supplier of the plate or tube reader. The software should come with a validation
package that includes, among other attributes, demonstration of an audit trail for all collected
and modified data. If the plate reader and onboard validated software are interfaced with a
Laboratory Information Management System (LIMS), the laboratory will need to validate that
the data transmission is accurate and that all functions associated with the original software
still operate as expected once the interface is made. In routine use, each analyst should have
appropriate access to software using unique and independent passwords.
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CALCULATIONS
There are standard calculations for BET that should be checked for accuracy by a second
knowledgeable person. These calculations include:
Endotoxin limit specification calculations for each drug product
Endotoxin limits for raw materials and excipients (as needed)
Maximum valid dilution
Manual calculations of endotoxin content
Manual calculations that relate test results in EU/mL to units defined by the endotoxin
limit calculation, e.g., relating BET results in EU/mL to an endotoxin limit expressed in
EU/mg.
ROUNDING AND SIGNIFICANT FIGURES
It is suggested that laboratories have approved SOPs that define rounding rules and
significant figure requirements. In the absence of in-house SOPs, it is suggested that
laboratories and analysts consult the General Notices, 7. Test Results for guidance.
TRANSCRIPTION
Transcription or manual data entry should be avoided, if possible. Where data are transcribed,
the transcription should be checked by a second knowledgeable person.
GLOSSARY
Bacterial endotoxins: Components of the gram-negative bacterial cell wall that may cause a
pyrogenic response, i.e., a fever, when injected, infused, or implanted into a mammal
Bacterial endotoxins test (BET): Compendial bacterial endotoxins test
Control standard endotoxin (CSE): Secondary endotoxin standard. CSEs may be purified or
they may be a preparation of native endotoxins. If a CSE is a preparation not already
adequately characterized, its evaluation should include characterizing parameters such as
activity, uniformity, and stability, which would demonstrate the suitability of the material to
serve as a reference. Detailed procedures for its preparation and use to ensure consistency in
performance should also be included.
Intrathecal: Coming in contact with the cerebrospinal fluid
Lysate or limulus amebocyte lysate (LAL): The reagent used in the performance of the BET
Parenteral: Drugs or medical devices that are injected, infused, or implanted or that may
otherwise come in contact with the bloodstream or cerebrospinal fluid
Reference standard endotoxin (RSE): Primary endotoxin standard. RSE is an extracted,
purified, and formulated preparation of E. coli 0113 LPS.
Suitability: Demonstration that the chosen assay is appropriate for the material under test
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BRIEFING

〈 1430〉 Analytical Methodologies Based on Scattering Phenomena—General. Several
general chapters in the USP–NF describe methods that are based on the scientific principles of
scattering phenomena. There are other applications of scattering methodologies in the
pharmaceutical industry that are not currently represented in the pharmacopeia. To address
the need for these methodologies in the pharmaceutical industry and to establish better
correlations among the various techniques based on scattering, the General Chapters—Chemical
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Analysis Expert Committee is proposing a suite of general chapters on scattering technologies.
This proposed new chapter provides a general overview of the scientific principles and
analytical procedures used in scattering techniques and their applications.
(GCCA: E. Biba.)
Correspondence Number—C201891
Comment deadline: September 30, 2018
Add the following:

〈 1430〉 ANALYTICAL METHODOLOGIES BASED ON SCATTERING PHENOMENA—GENERAL
1. OVERVIEW: GENERAL CHAPTERS BASED ON SCATTERING PHENOMENA
2. INTRODUCTION
3. THEORY (GENERAL PRINCIPLES OF SCATTERING)
1. OVERVIEW: GENERAL CHAPTERS BASED ON SCATTERING PHENOMENA
This chapter provides a general overview of the scientific principles and analytical procedures
used in scattering techniques and their applications. Figure 1 shows a taxonomy (tree diagram)
of the techniques that are covered in this chapter. The first branch classifies the techniques
according to the wavelength of the incident radiation, ranging from visible light (700–400 nm)
to neutrons (2.5–0.15 nm) to X-rays (0.15 nm). The next branch classifies techniques into
those based on the measured light intensities (i.e., scattering), where the radiation exiting the
sample is measured at an angle relative to the incident beam, or transmission, where this angle
is equal to zero. Scattering techniques can be further classified based on how the exiting
radiation is quantified, in either a time-averaged (static) or time-dependent (dynamic) mode.
Finally, since scattering techniques are often coupled with separation techniques, such as
chromatography or field flow fractionation, these are included as well.
Two of the most important parameters of the light–matter interaction relationship are the
wavelength of the incident light (λ = λ 0 /m0 , where λ 0 is the wavelength of the light in vacuo
and m0 is the refractive index of the medium) and the size of the particle, often expressed as
an equivalent spherical radius (r). A dimensionless parameter α = 2 r/λ can be used to describe
different scattering regimes. For α<<1, the scattering is considered as being in the Rayleigh
regime and the Rayleigh scattering theory applies (named after Lord Rayleigh, who developed
the theory in 1871); for α∼ 1, the scattering is considered as being in the Mie regime and the
Mie scattering theory applies (named after Gustav Mie, who developed the theory in 1908); and
for α>>1, geometric optics apply. These theories are further addressed in the respective
chapters where they are applied. Table 1 lists all chapters whose fundamental physical
principles are addressed in this chapter. These chapters deal with elastic light scattering in
heterogeneous systems and its applications in the pharmaceutical industry.

π
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〈1430〉

〈1430.1〉

〈1430.2〉

〈1430.3〉

〈1430.4〉

〈1430.5〉

〈1430.6〉a

〈1430.7〉a
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Table 1. List of 〈 1430.X〉 General Chapters Family
Measured
Chapter Title
Property
Primary Purpose
Analytical Methodologies
Based on Scattering
Overarching
Phenomena—General
chapter
General overview; N/A
Scattered
light
Analytical Methodologies
intensity as
Based on Scattering
a function of
Phenomena—Static Light
detector’s
Molecular weight, size,
Scattering
angle
shape; molecular interactions
Analytical Methodologies
Diffracted
Based on Scattering
light
Phenomena—Light
intensity at
Particle size distributions in
Diffraction Measurements of
multiple
the approximate range of
Particle Size
angles
0.01–3000 µm
Fluctuations
Analytical Methodologies
of the
Based on Scattering
scattered
Average hydrodynamic
Phenomena—Dynamic Light
light
diameter and polydispersity
Scattering
intensity
index
Analytical Methodologies
Based on Scattering
Phenomena—Electrophoretic
Doppler shift
Light Scattering
of scattered
(Determination of Zeta
light
Stability of suspensions and
Potential)
frequency
emulsions
Analytical Methodologies
Scattered
Direct probing of the size,
Based on Scattering
intensity of a shape, ordering, and
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a This chapter will be published in a future Pharmacopeial Forum (PF) issue.
Because these methods are based on the same underlying physics, the general principles are
given only once in this overarching chapter. The relationships between these methods are
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shown in Figure 1.

Figure 1. Taxonomy of light scattering methods.
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2. INTRODUCTION
When light [i.e., an electromagnetic (EM) wave] strikes/interacts with a small object (a
particle or a molecule) and thereby changes its direction, it is called light scattering. If the
scattered light has exactly the same energy (wavelength) as the incident light, it is called
elastic scattering. When the photons come out of the scattering process with a changed
energy, the scattering process is termed “inelastic”. Inelastic light scattering is exploited, as an
example, by Raman spectroscopy (refer to Raman Spectroscopy 〈1120〉). Scattered light is
detected and measured as a function of the angle between the detector and the incident beam
direction.
Scattered light is measured indirectly when the actual measurement is that of the
transmitted light. This is the case for both turbidity and light obscuration methods (see the
following chapters on turbidity and light obscuration: Nephelometry, Turbidimetry, and Visual
Comparison 〈855〉, Subvisible Particulate Matter in Therapeutic Protein Injections 〈787〉,
Particulate Matter in Injections 〈788〉, and Methods for the Determination of Particulate Matter
in Injections and Ophthalmic Solutions 〈1788〉). Both methodologies exploit time averaged
signals.
In static light scattering (SLS), the inevitable short-term temporal fluctuations in scattering
intensity due to Brownian motion are averaged over a range of times from tens to hundreds of
milliseconds. SLS therefore measures the “time average” intensity of scattered light from
particles in a (suitably prepared) sample. Depending on the specific technique, SLS provides
information about molecular weight, particle size, particle shape, and molecular interactions.
Light scattered in the near-forward direction by particles is analogous to diffraction of light
through an aperture. This is exploited by (laser-) diffraction techniques, which are optimized to
afford the derivation of a full size distribution, with moderate to high resolution, rather than a
single characteristic size as in low-angle light scattering (LALS)/multi-angle light scattering
(MALS).
Small-angle X-ray scattering (SAXS) and small-angle neutron scattering (SANS) are also
static techniques in that they make use of time averaged signals. These differ from LALS (and
MALS) in that the former are based on scattering of X-rays (SAXS) or neutrons (SANS) rather
than visible light.
Dynamic light scattering (DLS), which is addressed in Particle Size Analysis by Dynamic Light
Scattering 〈430〉1 and Analytical Methodologies Based on Scattering Phenomena—Dynamic Light
Scattering 〈1430.3〉, differs from SLS in that DLS measures the fluctuation of the scattered light
intensity over very short time intervals (e.g., approximately 200, 400 ns).
Electrophoretic light scattering (determination of zeta potential), which is addressed in more
detail in Determination of Zeta Potential by Electrophoretic Light Scattering 〈432〉1 and
Analytical Methodologies Based on Scattering Phenomena—Electrophoretic Light Scattering
(Determination of Zeta Potential) 〈1430.4〉, measures the Doppler shift of the frequency of
scattered light as the result of particle movements from the cumulative effect of
electrophoresis and electroosmosis.
3. THEORY (GENERAL PRINCIPLES OF SCATTERING)
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Light/EM scattering is the result of a complex interaction between incident light/EM waves
and matter. A light wave that is redirected, i.e. changes direction, when it encounters
obstacles such as a molecule or molecular aggregates, or particles, it is said to have been
scattered. As the EM wave interacts with a discrete particle, the electron orbits within the
particle’s constituent molecules are perturbed periodically with the same frequency (ν0 ) as the
electric field of the incident wave. The oscillation or perturbation of the electron cloud results
in a periodic separation of charge within the molecule, which is called an induced dipole
moment. The oscillating induced dipole moment is manifest as a source of EM radiation, thereby
resulting in scattered light (see Figure 2).

Figure 2. Scattering of an incident EM wave by an induced dipole moment.
The (time averaged) intensity (I) of the light beam as it interacts with matter along its path
(i.e., when the incident light is detected at an angle of zero) decreases exponentially with the
thickness, x, of the layer of material as follows in Equation 1:

where
sample.

τ

is the turbidity and x is the distance that the incident light travels through the

This equation is the basis for turbidimetry and nephelometry (see 〈855〉).
In SLS, the theoretical description of the relationship between the (time averaged) intensities
of incident and scattered light, while quite complex, originates from the following simple
relationship (Equation 2).2
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The scattering coefficient, σscat, and with it the intensity of the scattered light depends on
factors determined by the interaction of the incident light with the material/particles itself as
well as those stemming from the equipment used for generating and detecting the signal (e.g.,
r, the distance of the detector from the sample, I0 , the intensity of the incident light, and, Θ,
the angle of observation).
On the other hand, when studying the fluctuations in scattered intensity (DLS), the way to
extract useful, quantitative information is by calculating the so-called “autocorrelation
function”, denoted g2 ( ) based on the measured intensities (Equation 3):

τ

τ

τ

where in this case, denotes a correlation time (not to be confused with the in Equation 1
above), and the use of the index, i, accounts for different particle types (e.g., different sizes)
present. A computer program is used to find the parameters A i, B i (=A1, B1, A2, B2,…) that
produce the best agreement between the measured and theoretical autocorrelation function.
Depending on the methodology, the equations above are transformed to obtain a measure
that relates the measured intensities, I and I0 , respectively, and the autocorrelation function
g2 ( ) to the material itself, independent of equipment characteristics. These are further
discussed in the specific chapters in the USP–NF dedicated to the corresponding techniques
(see Table 1). 2S (USP42)

τ

1 This chapter will appear in a future Pharmacopeial Forum (PF) issue.
2 Hahn DW. Light Scattering Theory. University of Florida; 2009.
http://plaza.ufl.edu/dwhahn/Rayleigh%20and%20Mie%20Light%20Scattering.pdf.

BRIEFING

〈 1430.1〉 Analytical Methodologies Based on Scattering Phenomena—Static Light
Scattering. Several general chapters in the USP–NF describe methods that are based on the
scientific principles of light scattering phenomena. There are other applications of scattering
methodologies in the pharmaceutical industry that are not currently represented in the
pharmacopeia. To address the need for these methodologies in the pharmaceutical industry and
to establish better correlations among the various techniques based on scattering, the General
Chapters—Chemical Analysis Expert Committee is proposing a suite of general chapters on
these technologies. This proposed new chapter provides guidance and procedures for static
light scattering.
(GCCA: E. Biba.)
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1. INTRODUCTION
The phenomena observed when photons [i.e., an electromagnetic (EM) wave] strike or
interact with a small object (a particle or a molecule) and thereby change direction is called
light scattering (LS).
In static light scattering (SLS), the inevitable short-term temporal fluctuations in scattering
intensity due to Brownian motion are averaged over a range of time scales from several
hundredths to several tenths of a second. SLS measures the time average intensity of
scattered light from particles in a suitably prepared sample; the detector signal is, therefore,
time independent or “static”.
In SLS, the scattered light is detected and measured as a function of the angle between the
detector and the incident beam direction. Light scattering can be either at a single fixed angle,
as in low-angle light scattering (LALS) or right-angle light scattering (RALS); or over a range of
angles, as in multi-angle light scattering (MALS).
SLS provides information about molecular weight, particle size, particle shape, and molecular
interactions.
This chapter provides guidance and procedures for LALS and MALS. These SLS methodologies
are based on the Rayleigh approximation of classical Mie scattering theory. In these scattering
methods, the particles are assumed to be present in solution (or gas) and free to move; thus,
the particles are inherently in an unordered state. Other scattering phenomena such as
reflection, refraction, and diffraction require the scattering particles to be highly ordered and
are out of the scope of this text.
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2. THEORY
SLS techniques are based on measurement(s) of the scattered light intensity (IS) itself, as
opposed to indirect measurements (e.g., inferring the scattered intensity from the attenuation
of transmitted light).
In order to obtain a measure that relates the material itself to the scattering intensity,
independent of equipment characteristics, one defines the Rayleigh ratio, R(Θ), for the sample
under investigation (Equation 1):

R(Θ) is defined as the scattered intensity per unit solid angle, scattering volume (VS), and
incident intensity (I0) that is in excess of that scattered by solvent alone, and r is the distance
of the scattering volume from the detector.
Figure 1 shows that the scattering of light on the particle changes the wave vector from
kincident to ~kscatter. For sufficiently small particles, only the direction, but not the wavelength,

changes as a result of the collision. Hence, the length of the wave vector
unchanged.

, remains
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Figure 1. Scattering of light at an angle Θ.
As the EM wave interacts with the electron orbits of the constituent molecules, the orbits
are perturbed periodically at the same frequency as the electric field of the EM wave. The
oscillations of bound and free charges in turn generate EM waves inside and outside of the
particle.
Although Maxwell’s equations for an EM light wave interacting with a sphere completely
describe these interactions, proper boundary conditions for electric and magnetic fields are
needed to find the exact solutions for these equations, along with the values of the quantities
of interest. Moreover, such solutions are difficult to find.
One of the rare exact solutions for the scattering of a plane wave by a uniform sphere is
obtained from the Mie theory of scattering (1). Mie theory has no size limitations; it converges
to the limit of geometric optics for large particles. Mie theory, therefore, may be used to
describe most spherical particle scattering systems. However, difficulties in finding exact
solutions for the wave equations have led to the development of approximate methods of
solving the scattering problem. One class of these approximations, known as Rayleigh
scattering theory, describes light scattering by particles that are small compared to the
wavelength of the light (2,3). Due to the complexity of the Mie scattering solution, the Rayleigh
scattering theory is generally preferred, if applicable.
When the scattering particles are much smaller than the wavelength of the light
(approximately 1/20 of the wavelength or less), they are considered to be at the Rayleigh
scattering regime. The EM field acting on the particle in the Rayleigh scattering regime is
effectively homogenous. This is a very important approximation for biomedical optics because
many of the structures from which cell organelles are built (e.g., the tubules of the endoplasmic
reticulum, cisternae of the Golgi apparatus) fall into this category.
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Therefore, the time for penetration of the electric field is much shorter than the period of
oscillation of the EM wave. The particle behaves like a dipole and therefore radiates (scatters)
light isotropically, i.e., at an equal intensity in all directions relative to the direction of the
incident light. With larger particles and/or shorter wavelengths, the scattered light begins to
exhibit additional interference effects from other atoms within the molecule.
In addition, the scattered light has the same wavelength as the incoming light, a process
referred to as elastic scattering. Moreover, the intensity of the scattered light is independent
of the particle size.
At the Rayleigh limit, the Rayleigh ratio is transformed to Equation 2:

The variables are defined as follows:
R(Θ)
= Rayleigh ratio
K*
= optical contrast parameter =

where K is a constant,

[Note—K* ≠ 0 only when n≠n0, i.e., dn/dc≠ 0. Modern instruments rely on laser
light, and the incident light is polarized. For unpolarized light, the constant factor 4
is replaced with 2.]
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= form factor =

captures the decrease in scattered intensity resulting from interference between
individual scattering centers within a large molecule. At a small Θ, P(Θ)≈1,
because sin2(Θ/2) → 0.
= 2nd virial coefficient; describes interactions between molecules. In an ideal
system/solution, A2 = 0 (i.e., there are no interactions between molecules) and
the intensity of scattered light will increase linearly with the concentration.
Because interactions between molecules become rarer at lower concentrations (c),
at the limit c → 0 it is reasonable to assume that A2 = 0.
= weight-average molecular weight of the analyte/solute
= radius of gyration, the equivalent spherical particle radius. At the Rayleigh
limit, rg << λ 0, for example in the case of visible light in which λ 0 > 400 nm, then rg
< 15–20 nm. This is true for folded proteins with Mw < 5 × 107.
= analyte concentration
= relative scattering wavelength: λ = λ 0/n
= incident wavelength
= real refractive indices of the particle and solvent [refractive index (RI) in the
absence of absorption]
= the differential RI (concentration) increment, i.e., the change of n with the
analyte concentration, needs to be known in advance. It should be determined
separately, either from literature data or experimentally. It has a constant value
for many proteins in water-based buffers and for polysaccharides:
Proteins = 0.18–0.20 mL/g
Polysaccharides = 0.14–0.15 mL/g
For glycosylated proteins, dn/dc may not be the same for all glycoforms.
= Avogadro constant

3. APPLICATIONS
3.1 Low-Angle Light Scattering Determination of Molecular Weight
Depending on the experimental conditions, it is possible to further simplify Equation 2, thereby
making it amenable to practical applications. In particular, at small scattering angles, Θ → 0,
P(Θ) → 1. Therefore, at small angles, scattering is independent of Θ. This observation forms
the basis of LALS. Note that measurements at Θ = 0 are impractical because the incident
(laser) light would interfere with the measurement.
3.1.1 MEASUREMENTS AT LOW CONCENTRATION
Further, at the limit of low concentrations, the term A2 × c approaches 0. Equation 2 then
simplifies to Equation 3, as shown below:
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A prerequisite prior to applying the above equation is an accurate determination of the value
of dn/dc, which is dependent on both the solvent and the sample/analyte. The value of dn/dc
can be determined experimentally by measuring the RI of the sample in a known solvent at
various concentrations. The slope of the regression line of n vs. c is then dn/dc.
For example, for a protein or complex that contains no carbohydrate, dn/dc is constant
(often ≈ 0.185 mL/g) and nearly independent of the amino acid composition of the protein.
However, it is advised to measure the actual dn/dc for each material in order to obtain an
accurate result.
3.1.2 MEASUREMENTS AT MULTIPLE CONCENTRATIONS
When data are available at several concentrations, the second virial coefficient, A2, may be
determined (see Equation 2).
To determine the molecular weight, Mw, from measurements at different concentrations and
at low angles [at which P(Θ) ≈ 1], use Equation 2:

. By extrapolating the function
concentrations, the linear regression yields MW as well as A2:

to zero

However, the molecular weight obtained by this approach is very sensitive to the molecular
polydispersity of the sample as well as interference by impurities.
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3.1.3 COMBINATION WITH OTHER DETECTION TECHNIQUES
Determination of Mw by LALS stipulates that dn/dc is known. To this end, the RI increment,
dn/dc, has to be measured for several different concentrations to generate a plot of dn/dc
versus c, the y-intercept of which is dn/dc. Alternatively, when dn/dc is constant, the slope of
the regression line of n versus c is dn/dc. Determination of dn/dc is facilitated by the coupling
of LALS with an RI detector, and Equation 4 is used for the RI signal, as shown below:

Combining Equation 3 and Equation 4 leads to Equation 5, as shown below:

where K′ = KRI /[KLS(dn/dc)] is the instrument calibration constant. The molecular weight MW is
then derived from the ratio of the LS versus the RI signal. This assumes that dn/dc is constant.
When dn/dc is no longer constant, for example in the case of carbohydrate-containing
proteins, an additional detector is needed. For samples detectable by UV, a wavelength is
chosen at which ε for the carbohydrate but not the protein part is = 0. Then the ε in Equation
6 below is effectively that of the protein:

The value of the specific refractive increment, dn/dc, can then be assumed to be
proportional to (RI)A/(UV). The outputs of the three detectors, designated LS, RI, and UV,
respectively, are related to the molar mass of a sample according to Equation 7, as shown
below:

ε is a material but not an equipment constant and usually must be determined separately.
3.2 Multi-Angle Light Scattering
In MALS, measurements are made at multiple angles (at least three). To obtain the values of
the three unknowns on the right-hand side of Equation 2 (MW, A2, and the mean square radius,
rg2), measurements of R(Θ) at three different angles are needed in order to obtain three
independent expressions of Equation 2. The number of angles at which measurements are made
(i.e., the quantity of data collected) determines the precision (reproducibility) as well as the
accuracy of the measurement.
By measuring the angular dependence of the signal, it is possible to calculate the molecular
size (rg) from the initial slope (at small angles) of the angular dependence in Equation 8, as
shown below:
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where n0 is the RI of the solvent, rg is the root mean square radius (radius of gyration,
molecular size), λ 0 is the vacuum wavelength of the laser, and Mw is the molecular weight.
In addition, measuring the signal over multiple angles provides information on the threedimensional shape of the analyte, either by using non-linear regression analysis or graphically
by using Zimm plots (4).
3.3 Combination of Light Scattering with Size-Fractionation Techniques
A more robust approach to molecular weight determination is based on pre-fractionation of
poly-disperse protein mixtures or analytes into “slices” of uniform molecular weight. The
coupling of fractionation and detection techniques affords more information than either method
can provide on its own.
Size-fractionation techniques include size exclusion chromatography (SEC), field-flow
fractionation (FFF) techniques, and other separation modes. By applying light scattering in
combination with another concentration detector such as RI or UV, a more complete description
of the molecular weight distribution can be realized.
Figure 2 shows an example of this for a sample of Dextran with a known molecular weight of
approximately 40 kDa. The diagonal line shows the molecular weight across the SEC curve, and
the entire distribution can be used to calculate molecular weight moments; the most obvious
one is Mp, which is the molecular weight at the peak of the distribution. In addition, three other
parameters can be calculated:
1. Number-average molar mass:

2. Weight-average molar mass:
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3. Z-average molar mass:

The value of ni is the number of molecules with molar mass Mi, and c i is the weight
concentration of molecules with molar mass Mi (as determined by the RI detector).
In the case of 40 kDa Dextran, the measured parameters are shown in Table 1, along with a
calculation of the polydispersity (Ip = MW/Mn).
Table 1.Measured Molar Mass Parameters for 40 kDa Dextran
Parameter
Value
Mn
29,420
Mp
34,650
Mw
40,760
Mz
55,960
Ip (= Mw/Mn)
1.385

Figure 2. Molecular weight distribution for 40 kDa Dextran.
4. INSTRUMENTATION
Modern light scattering spectrometers use laser light because of the following advantages
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that lasers offer over conventional light sources:
Reliability
Beam collimation
Single wavelength (scattering depends on the wavelength of the scattered light)
Equipment durability and compactness
Figure 3 shows a typical setup for the measurement of SLS. A monochromatic light source
(i.e., a light source emitting light of only one wavelength; usually a laser) shines light on the
sample. The intensity or the power of the scattered light is being measured at a known
scattering angle Θ by a detector.

Figure 3. A typical setup of a static light-scattering instrument.
Historically, the measurements at different angles were made using a scanning photometer
(single detector, variable angle). More recently, photometers containing a fixed array of 3–18
detectors have come into use.
5. LOW-ANGLE LIGHT SCATTERING VERSUS MULTI-ANGLE LIGHT SCATTERING
A major advantage of LALS is the exact measurement of high molecular weights (>10 million
g/mol) without the principle-related errors that often occur with extrapolations, which are
necessary for measurements at higher angles (but not with the use of many angles).

170
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The major drawbacks of LALS when compared to MALS are as follows:
Higher noise: Low angles are always noisier than high angles. Although using in-line
filter(s) removes the scattering effects of debris from the low-angle data, it also
removes much of the signal. Further, the measurement precision is roughly proportional
to the square root of the number of detectors.
Less information: Multi-angle data are needed to solve the Rayleigh equations.
Inability to obtain information on molecular shape (see 3.2 Multi-Angle Light Scattering).
LALS techniques and systems may be preferred for their simplicity and have been optimized
to deal with their inherently lower information content (e.g. linearization strategies of multi
concentration data such as Zimm plots). Low-angle systems will be much cheaper and less
dependent than the more complex equipment and (proprietary) fitting algorithms used in multiangle systems. Finally, with the use of additional coupled simple detector systems such as RI
and UV, the determination of molecular weight using LALS is a feasible, robust option.
A combination of the simplicity of LALS with the improved signal-to-noise ratio of higher
scattering angles, offered by modern detectors, is achieved when performing measurements at
Θ = 90°, the angle with the highest signal-to-noise ratio. Also, except for proteins of high
molecular weight, there will be no significant angular dependence of the scattering with this
configuration. However, for high molecular weight proteins, the light scattering signal has to be
corrected with a viscosity detector, which requires making additional theoretical assumptions
that are difficult to verify for routine applications.
6. PRACTICAL CONSIDERATIONS
Many SLS experiments, particularly those aimed at elucidating properties of proteins and
other polymers in solution, will fall into the Rayleigh–Gans–Debye (RGD) scattering regime. Table
2 summarizes the governing equations for four typical experimental situations: 1) low-angle
scattering at a low concentration, which provides information on the molecular weight of the
sample; 2) low-angle scattering at multiple concentrations, which provides information on
molecular weight and solution non-ideality; 3) multi-angle scattering at a low concentration,
which provides information on molecular weight and molecular size; and 4) multi-angle
scattering at multiple concentrations, which provides information on molecular weight,
molecular size, and solution non-ideality.
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Table 2. Most Common Governing Equations
Low Concentration
Multiple Concentrations

Lowangle
light
scattering
(LALS)

Multiangle
light
scattering
(MALS)

Output: Mw only

Output: Mw and

Output: Mw and A2

Output: Mw,

, and A2

Additional considerations:
To obtain a reliable estimate for the excess Rayleigh ratio, one must use a calibration
standard to obtain an “absolute” scattered intensity. Pure organic solvents (e.g.,
toluene) can be used for this purpose. It is important to note that the Rayleigh ratio of
the solvent is a function of wavelength of the incident light. Alternatively, one can
calibrate the system using a standard of known molecular weight (e.g., bovine serum
albumin).
For the above RGD equations to hold, samples must not absorb light in the wavelength
range of the incident beam. Because laser light in the visible range is most common,
samples should be colorless.
Likewise, cuvettes in the instrument systems with removable cuvette should not absorb
light in the wavelength range of the incident beam. Care should be taken to ensure that
the cuvette is free from smudges, scratches, or any other optical defect that could
interfere with the measurement.
Scattered intensity depends on the molecular size. Very small levels of large particles
can dominate the signal and compromise the measurement. Samples should be
appropriately prepared to minimize contamination from environmental or other sources.
Sample preparation may include filtration, centrifugation, or other appropriate separation
techniques. Care should be taken to ensure that the method of sample preparation itself
does not introduce experimental artifacts (e.g., the analyte of interest adsorbing to a
filter membrane). It is good practice to examine samples by dynamic light scattering to
verify the absence of large contaminating species prior to conducting SLS
measurements.
7. ADDITIONAL SOURCES OF INFORMATION
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BRIEFING

〈 1430.2〉 Analytical Methodologies Based on Scattering Phenomena—Light Diffraction
Measurements of Particle Size. Several general chapters in the USP–NF recognize light
scattering phenomena as the scientific principle for the method. Other applications of
scattering methodologies exist in the pharmaceutical industry and are not currently represented
in the pharmacopeia. To address the needs for these methodologies in pharmacopeias and the
pharmaceutical industry, and to establish a better correlation among these techniques, the
General Chapters—Chemical Analysis Expert Committee is proposing a suite of chapters on
these technologies. The USP–NF currently has a sub-1000 chapter for this topic, Light
Diffraction Measurement of Particle Size 〈429〉, which covers the mandatory requirements for
performing the test when referenced in the monographs. This proposed new chapter covers the
light diffraction measurements of particle size and will also address how this technique relates
to other techniques based on scattering. This proposed chapter will also provide more
background information for a better understanding of the technique as well as tips and
recommendations for users to ensure the efficient and relevant use of the technique. It will
also address other applications of the technique for pharmaceutical development.
(GCCA: E. Biba.)
Correspondence Number—C201893
Comment deadline: September 30, 2018
Add the following:

〈 1430.2〉 ANALYTICAL METHODOLOGIES BASED ON SCATTERING PHENOMENA—LIGHT
DIFFRACTION MEASUREMENTS OF PARTICLE SIZE

PF 44(4): Jul.-Aug. 2018

1.
2.
3.
4.
5.
6.
7.

174

INTRODUCTION
THEORY
INSTRUMENTATION
APPLICATIONS
METHOD DEVELOPMENT
METHOD VALIDATION STRATEGY
DATA INTERPRETATION AND REPORTING
1. INTRODUCTION

Light scattering measurements may be used for the determination of particle size distributions
because light scattered from particles has an angular dependence on the size of the particles.
In principle, this application makes use of same phenomenon as the low-angle light scattering
(LALS) and multi-angle light scattering (MALS) techniques. The difference in the particle size
measurement method lies in the higher spatial or angular resolution needed for the detection of
scattered light. Light diffraction measurements allow for the derivation of a full-size distribution,
with moderate to high resolution, rather than a single characteristic size. Specialized
instrumentation and software have been developed for the specific needs of this application.
Additional details on method and instrument requirements are provided in Light Diffraction
Measurement of Particle Size 〈429〉.
Light scattered by particles in the near-forward direction is analogous to diffraction of light
through an aperture. As this application makes use of the full pattern of diffracted light, it is
properly described as light diffraction. It is also often referred to as laser diffraction due to the
almost universal use of laser light sources.
The range of application, speed, minimal sample restrictions, and ease of use has made this
the most broadly applied and commonly used technique for particle size analysis. Distributions
with a resolution on the order of 100 independent channels are common. Measurements can be
performed in seconds or less. Depending on the instrument configuration, the method is
applicable to sizes ranging from about 0.01 µm to greater than 3000 µm. Particles may be
measured in almost all matrices through which light can be transmitted, including liquids, gases,
vacuums, and, potentially, solids.
The discussion in this chapter will focus on the application of laser light diffraction to
materials of pharmaceutical interest. This still covers a wide range of materials, including
excipients, active pharmaceutical ingredients (APIs), intermediates, starting materials, raw
materials, in-process formulations, and drug products. Materials may be liquid, solid, inorganic,
organic, crystalline, amorphous, single- or multi-phase, and combinations of these materials.
2. THEORY
The complete description of light scattering by spheres is given by the Mie theory, which is
based on the solution to Maxwell’s equation for the interaction of light with an optically
homogeneous sphere. This accounts for light diffracted by the particles, but also for light
passing through the particles, i.e., refracted light. The Fraunhofer model represents a special
case of the Mie theory, which does not account for refraction. The assumptions here are that
the refractive index (RI) of the particle material relative to the matrix and the absorptivity are
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high, so that effectively no light passes through. It also assumes that particles are large
relative to the wavelength of the incident light. Thus, it is most properly applicable to particles
greater than several micrometers for visible light sources. Though the Fraunhofer model can be
applied when these conditions are not met, it can produce known artifacts and errors.
However, it can still be useful as a default when the RI is unknown. The errors are often
negligible for larger particles. A more detailed description of the Mie and Fraunhofer models can
be found in ISO 13320:2009—Particle size analysis—Laser diffraction methods.
Some limitations in Mie theory are that it assumes (among other conditions) that particles are
spheres with smooth surfaces, and that they are optically homogeneous. These conditions are
not generally met for most real particles of pharmaceutical materials. An additional complication
is that most measurements are performed with the particles in motion. Thus, non-spherical
particles may present a range of aspects to the incident light axis during the measurement, in
effect appearing as multiple particles. Consequences of these deviations from theory are
discussed in 7. Data Interpretation and Reporting.
Refractive index includes both real and complex components. The real component is
commonly determined by either a microscopy method (Becke line technique) or from the RI of
solutions of known concentration.
In the Becke line technique, particles are immersed in oils of known RI and observed with
transmitted light. As the focus is moved above the plane of the particle, a bright ring may be
observed moving into the region of higher RI, i.e., either into or away from the particle
boundary. Using different oils, the particle RI may be determined well within the needed
accuracy. Using polarized light, the RI of the individual crystalline axes may also be determined.
In that case, an averaged value may be used in the Mie model.
In the solution method, an Abbe refractometer is used to measure the RI of a solution for
which the concentration of the material is known. Extrapolating the solution RI, from a series of
known concentrations of the material, to that of the pure substance yields a good
approximation. This may require knowledge of the true density of the material.
The imaginary component of the RI is the absorptivity value for the wavelength of light used
in the light diffraction measurement. For most non-colored materials, this will be very low. This
value is not typically measured.
For both components, the values should be considered as initial approximations. Although the
Mie model results are not especially dependent on the chosen values, it can sometimes yield
unrealistic results. The sensitivity of the measurement to small changes in the assumed values
should be assessed. This requires only the recalculation of an existing measurement using
different RI values. Final RI and absorbance values should be chosen to avoid being too near an
area of high sensitivity. The resulting size distributions should always be evaluated to assure
that they realistically represent the sample.
3. INSTRUMENTATION
Instrumentation consists of light source(s), a measurement region, optics to collect the
scattered and unscattered light, multi-element detector(s), and necessary hardware and
software for the computations. Often more than one light source may be used. Light sources
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are usually lasers, though not always. Sources of different wavelengths are mainly used to
extend the size range, especially to better handle samples in the submicron region.
The measurement region is where the sample is measured. Depending on the specific
application, this is typically in a well-defined position relative to the detector and optics, and
comprises windows that physically contain the sample dispersion. Associated sample dispersion
equipment is also part of the instrument. (An exception would be for instruments specifically
designed for sprays or on-line use.)
The detectors must provide adequate spatial resolution needed to best define the diffraction
pattern. To best resolve the variations in diffraction patterns in the applicable size range, most
elements are within a relatively low forward angle. Additional detectors at wider angles are
often incorporated to extend the range to smaller sizes. Depending on the instrument design,
different lenses may be used for specific size ranges. This is not common with the reverse
Fourier configuration.
Further descriptions and illustrations of common instrumentation configurations are shown in
〈429〉 and ISO 13320.
4. APPLICATIONS
In principle, the light diffraction technique may be applied to any particulate system that
allows for sufficient transmission of light: solid in liquid, liquid in liquid, gas in liquid, solid in gas,
and liquid in gas. However, it is most commonly applied to solids dispersed in either liquids or
gas (air), and to sprays of liquids or solids in air.
For solid powders, dispersion in either liquid or gas both offer advantages and disadvantages.
Dispersion in liquids generally allows better control of the degree of dispersion of the material,
which is important for understanding the desired characteristics of the powder. It also offers
the advantage of being able to sample the dispersion for observation by microscopy.
Microscopy permits observation of the particles in the same state they exist during the light
diffraction measurement. Obtaining particles from a dry dispersion as they exist in the
dispersion would be difficult, if not impossible.
Disadvantages of liquid dispersion include possible changes in the material characteristics due
to dissolution or flocculation. Selection of the dispersant system, including use of surfactants,
is critical to developing a suitable method.
The advantages of dry or air dispersion of solid powders include the absence of solubility
concerns and minimal sample preparation. A significant disadvantage is decreased control of
particle dispersion. Though a range of dispersion energy can be applied by controlling the
shearing air pressure, there is typically a reduced ability to separate deagglomeration from
particle fracture processes. The occurrence of artifacts appearing as larger particles have also
been observed, possibly due to material flaking from the surfaces of the dispersion unit. Larger
sample sizes may also be needed.
Dry dispersion also requires adequate filtration and containment of the vacuum exhaust.
Highly potent or toxic materials may not be suited for this analysis.
The use of dry dispersion is most appropriate for materials used in a similarly dispersed state,
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for example, the analysis of liquid or powder sprays from drug products and devices.
5. METHOD DEVELOPMENT
The fundamental step in starting the development of a method is to define the desired state
of dispersion for the sample. Almost all powder samples will exhibit some degree of
agglomeration. Attractions due to dispersion or Van der Waals forces, electrostatics, or
physical attachment, etc., are present in any sample. The strength of the attachments varies
widely and depends on the particles’ size, composition, and prior processing.
The terms agglomerate and aggregate will not be defined here. Within the scope of
pharmaceutical materials, there can be an essentially continuous range of particle association
strengths. Agglomerates or associations can range from those that are very weak and easily
disrupted with minimal agitation, to those that are very strong and physically bound particles.
Hence, the terms agglomerate and aggregate are sometimes used interchangeably, depending
on the process used to create the material.
It is critical that the intended use of the particle size information be understood to determine
the appropriate degree of dispersion. For example, measurement of primary, i.e., fully
deagglomerated, particles may be more informative for understanding the particle formation
process or inherent dissolution behavior of a powder. Alternatively, including agglomerates in
the measured distribution may be more useful for understanding issues of content uniformity
and powder flow. A good understanding of the intended use of the material and expected
forces encountered during further processing will help to determine the appropriate dispersion.
Optical microscopy is an important tool to characterize the sample dispersion.
A typical dispersion study (assuming a solid in liquid dispersion) would first consist of
analyzing a suspension created with minimal dispersion energy, e.g., by stirring or vortexing.
Subsequent analyses of the suspension are performed after application of increasing dispersion
energy, e.g., with added sonication times. If this is not possible with a single preparation,
multiple preparations may be used. At each stage, the stability of the sample should be
examined, e.g., with a stirring study. Comparing the resulting distributions with consideration of
the sample behavior and supporting microscopy reveals the suitability of the dispersion
conditions.
For dry dispersions, analyses using different shear air pressures are done. This is often
referred to as an air pressure titration study.
Once the intended state of dispersion is determined, method development will focus on how
to best achieve and maintain that state reproducibly and reliably. For powders, dispersion
either in air or a liquid is necessary. For liquids, the dispersant must support the dispersion of
the particles to the desired extent, with no dissolution, or other physical change, or reagglomeration. Though dissolution is not an issue for air or gas dispersion, achieving the proper
degree of dispersion may be a greater issue.
The amount of incident light scattered or absorbed by the sample, expressed in terms of
obscuration or transmittance, is related to the sample concentration and serves as a
convenient proxy for relative concentration. It is expected that this will affect the measured
size, though a range of values where the sensitivity of the results is low should be possible.
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This is generally a function of the overall instrument design and not material-specific. The
lowest concentration must be sufficient to minimize the effects of noise, and the upper limit is
needed to minimize the effects of multiple scattering. Suitable ranges may be recommended by
the instrument manufacturer. Restricting the range may improve reproducibility.
6. METHOD VALIDATION STRATEGY
Chapter 〈429〉 provides guidance to demonstrate the required accuracy and precision for the
instrument and methods of the laser light diffraction technique.
The International Council for Harmonisation (ICH) guidelines on method validation do not fully
account for characterization methods such as particle size analysis. However, the fundamental
concerns about method precision and robustness still apply.
As described in Validation of Compendial Procedures 〈1225〉, precision should be addressed by
assessing repeatability and intermediate precision. Additional assessments of reproducibility
could include multiple instruments and laboratory location.
The robustness assessment should address the sensitivity of the method to other likely
sources of variation and should establish a range of acceptable conditions. Factors to consider
will depend on the type of dispersion. For liquid dispersions, in addition to the classic stability
considerations, this should include an assessment of the stability of the dispersion in the
instrument over potential analysis times. Sample concentration, as indicated by obscuration, is
an important factor, as it is most likely to have some effect. Other typical factors could include
stability of the predispersion, recirculation or stir rate, equilibration or stir time before initiating
the measurement, and measurement time. For dry dispersion, measurement time, sample
amount, and air pressure may be most important. These factors may be examined using an
experimental design. For example, two or more factors could be evaluated by using high and
low values at about the nominal value and determining the main effects.
Overall, the greatest sources of variations in the light diffraction technique are the sample
properties, the sample preparation, and sampling. These far exceed any variations in the
measurement process.
Given the fundamental aspects of the measurement process and the technique-dependent
definition of size, the assessment of the accuracy is not simple. Comparison to an orthogonal
technique is not always possible, especially given the different effects the particle shapes may
have. A subjective assessment using optical or electron microscopy is recommended to
compare the range of particle sizes observed with the reported light diffraction results.
7. DATA INTERPRETATION AND REPORTING
The ease of acquiring particle size distribution information by light diffraction belies potential
pitfalls in its interpretation. Other than for perfect spheres, the concept of accuracy in
describing the size of a single particle, much less a collection of varied particles, is elusive. The
chosen optical model, particle shapes, and optical properties of the sample all influence the
results of the measurement.
Calculations are based not on the sizing of any single particle, but on the average diffraction
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pattern from the ensemble of particles passing through the measurement region over time.
During this time, the particles can present multiple orientations.
The calculated size distribution is also not directly calculated from the diffraction pattern.
Rather, it is the result of comparing the cumulative theoretical patterns of individual size
fractions, calculated using the chosen optical model, to the measured diffraction pattern. The
relative proportions of the individual size are varied until the resulting calculated pattern best
matches the measured one.
Thus, the size distribution of a sample is best described as the size distribution of spheres
with defined optical properties that produces a diffraction pattern equivalent to that of the
sample. Interpreting the measured size distribution in terms of specific physical dimensions,
e.g., length or width, is a mistake. Doing so has important implications for the interpretation of
the reported size distribution, especially when considering the effects of particle shape on the
results.
In some cases, the distribution of the modeled spheres may be restricted to a certain defined
shape, e.g., a normal, log-normal, or Rosin–Rammler distribution. This was more common during
the early stages of the instrument development, when computational abilities were more
limited. This approach is not commonly used today, though the option may be available in the
instrument software.
Because of how the results are derived, the particle size distribution from light diffraction
measurement is best considered as the cumulative fraction of volume (or mass, assuming a
uniform density) which is less than the defined sizes. This cumulative distribution is the basis
for deriving the most commonly used statistics. These include percentile sizes such as ×50 and
×90 (the sizes for which 50% and 90%, respectively, of the sample volume is less than), as
well as size quantiles such as Q10 (the fraction less than 10 µm). These are derived easily by
interpolation from the cumulative distribution. For other statistics, such as various mean sizes,
central values of the individual size bins must be assumed.
In plotting particle size distributions, if represented as a scatter plot, it should be realized
that it is more properly considered as a histogram, with the relative height of each band
representing the volume fraction within the size band, i.e., between the upper and lower limit.
Unless the bins are evenly distributed on the size scale, the distribution density function versus
size is what should actually be plotted. The distribution density is the volume fraction divided
by the width of the size bin. This allows for the properly proportioned representation of a
distribution when the size bands are of different widths. It will also permit measurements from
different sources, with different numbers of bins to be overlaid on the same plot. One caution is
that this quantity will change if the scale basis of the size axis is changed, e.g., from linear to
logarithmic.
Further descriptions of particle size distribution statistics can be found in ISO 92761:1998—Representation of results of particle size analysis—Part 1: Graphical representation
through ISO 9276-6:2008—Representation of results of particle size analysis—Part 6:
Descriptive and quantitative representation of particle shape and morphology. 2S (USP42)
BRIEFING

〈 1430.3〉 Analytical Methodologies Based on Scattering Phenomena—Dynamic Light
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Scattering. Several general chapters in the USP–NF describe methods that are based on the
scientific principles of scattering phenomena. There are other applications of scattering
methodologies in the pharmaceutical industry that are not currently represented in the
pharmacopeia. To address the need for these methodologies in the pharmaceutical industry and
to establish better correlations among the various techniques based on scattering phenomena,
the General Chapters—Chemical Analysis Expert Committee is proposing a suite of general
chapters on scattering technologies. This new proposed chapter discusses dynamic light
scattering—a noninvasive, light scattering technique for particle characterization of colloidal
dispersions, biological solutions, and macromolecules.
(GCCA: E. Biba.)
Correspondence Number—C201896
Comment deadline: September 30, 2018
Add the following:

〈 1430.3〉 ANALYTICAL METHODOLOGIES BASED ON SCATTERING
PHENOMENA—DYNAMIC LIGHT SCATTERING
1. INTRODUCTION
2. APPLICATIONS
3. THEORY
3.1 Correlation Function Analysis
3.2 Frequency Analysis
4. INSTRUMENTATION
5. MEASUREMENT
5.1 Parameters That Affect the Sample
5.2 Sample Preparation
5.3 Test Procedures
5.4 Data Interpretation
6. ADVANTAGES AND LIMITATIONS
7. ADDITIONAL SOURCES OF INFORMATION
1. INTRODUCTION
Dynamic light scattering (DLS), also known as quasi-elastic light scattering (QELS) or photon
correlation spectroscopy (PCS), is a noninvasive, light scattering technique for particle
characterization of colloidal dispersions, biological solutions, and macromolecules. It is often
used for measuring average particle diameter and the broadness of the size distribution of
submicron-sized particles that are dispersed in a liquid and are free from the influence of
sedimentation. Compared to other light scattering techniques, DLS can provide size information
in the nanometer (nm) range, which is out of the primary range of static light scattering (e.g.,
laser diffraction). DLS has gained popularity in part because the instrumentation is typically a
less expensive characterization option than other analytical instrument techniques that
characterize materials in a similar size range. In addition, DLS can also provide information on
the stability of suspensions/emulsions since it is highly sensitive to aggregation and to how
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particles/emulsions behave under different suspension conditions.
2. APPLICATIONS
Typical applications for particle sizing by DLS include any particle or emulsion dispersion within
a liquid environment and are influenced by Brownian motion. These applications include, but are
not limited to:
micronization of water insoluble active pharmaceutical ingredients (APIs) for injectable,
oral, or other use;
droplet size of oil emulsions in water where the API is dissolved in the oil;
monitoring liposome formation to ensure a desired size is attained;
monitoring the quality and uniformity of a suspension used in a coating process, such as
time-release coatings;
monitoring the size of macromolecules, such as proteins or protein conjugates; and
any additional step in a process or finished product where a suspension is used.
3. THEORY
The application of DLS applies the concept of random motion of particles in a colloidal
system, commonly referred to as Brownian motion, in the particle size measurement. Dispersed
particles scatter incident light proportional to the 6th power of their radii, indicating that the
shorter the wavelength, the stronger the scattering. If the sizes of the particles are less than
1/10th of the wavelength of the incident light, the scattered light carries the same energy as
the incident light and is angle independent. This type of scattering phenomenon is commonly
referred to as Rayleigh scattering. On the other hand, if the particles are greater than 1/10th
of the wavelength of the incident light in size, then anisotropic Mie scattering replaces Rayleigh
scattering. In that case, scattered light does not carry the same energy as the incident light,
and the scattering is angle dependent and is most intense toward the direction of the intense
light.
As the particles scatter light in DLS, the time-dependent fluctuations of the intensity of the
scattered light resulting from random motion of the particles is measured. Because of this
randomness, the scattered light from multiple particles may be added together, leading to
constructive interference, or there may be destructive interference as well. In DLS, the
fluctuations of intensity in scattered light are correlated with short decay intervals ( ). One of
the approaches to mathematically describe the time variation of such a random motion is the
application of the correlation function. For monodisperse systems, the intensity autocorrelation
function (ACF) is expressed as a mono-exponential function [G( )] as shown in Equation 1:

τ

τ

where, b is a constant, depending upon the instrument and settings of optics; Dt is the
translational diffusion coefficient; and q is the scattering vector.
The scattering vector is further expressed as shown in Equation 2:

PF 44(4): Jul.-Aug. 2018

182

where, n0 is the refractive index (RI) of the solvent, λ 0 is the wavelength in vacuum, and Θ is
the scattering angle.

Πτ

τ

The intensity autocorrelation function [G( )], often expressed as G2 ( ), is expressed as a
function of the field correlation function, G1( ), as shown in Equation 3:

In DLS, a correlation is generated where raw correlation function (RCF) is plotted against
delay time ( ) as shown in Equation 4:

τ

τ τ

The autocorrelation functions [G2( ) or G2( ) − 1] are calculated by data fitting and then Dt is
calculated using Equation 1.
The size of spherical particles is calculated from the Stokes-Einstein equation, based on the
time-dependent fluctuations of the scattered light of the particles. The average particle size
and its distribution may be calculated if the viscosity of the medium is known at a given
temperature. Also, the intensity correlation function C( ) is employed to calculate the intensity
fluctuations, which subsequently provide the diffusion coefficient of the particles.

τ

The diffusion coefficient (D) is then related to the radius (R) of the particles by means of the
Stokes–Einstein equation as shown in Equation 5:

where, kB is the Boltzmann constant, T is the temperature, and η is the viscosity. As can be
seen from Equation 5, temperature is an important factor impacting the diffusion coefficient
since viscosity is an inverse function of temperature. However, it should be noted that the
particle size measured is the hydrodynamic size.
Since globular proteins are often spherical in shape, the Stokes–Einstein equation can be
used to estimate the apparent hydrodynamic radius of the protein molecule as shown in
Equation 6:
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where, Rh(app) is the hydrodynamic radius of the protein. Thus, DLS measurement based on

τ

C( ) may be applied to estimate the apparent size of the protein molecule. The diffusion
coefficient of protein is also concentration dependent.
3.1 Correlation Function Analysis
3.1.1 AUTOCORRELATION AND CROSS-CORRELATION
Intensity correlation coefficients are usually normalized so that C(∞) equals 1. Normalization
of autocorrelation coefficient results in a lower baseline limit of 1 for C(∞) for monochromatic
light, with an upper correlation limit of 2 for C( 0). However, the empirical upper limit for DLS
autocorrelation is approximately 1 in reality.

τ

The time dependence of the fluctuation intensity is typically evaluated employing a digital
correlator. The measured intensity correlation function is described as the average of the
number of photons counted in one sampling interval as a function of delay time. The digital
correlator adds and multiplies short time scale variations in the scattering intensity to produce
the correlation curve. Correlation is high at short delay times, and as particles diffuse over
time, correlation reduces to zero. The exponential decay of the correlation function is a
characteristic feature of the diffusion coefficient.
3.1.2 CUMULANTS ANALYSIS
The intensity correlation function is analyzed, most commonly by the cumulant method, to
obtain the diffusion coefficient. The decay rate, Γ, is commonly obtained by fitting a polynomial
of third degree to the logarithm of the intensity correlation function.
The decay rate is directly related to the diffusion coefficient (D) as shown in Equation 7:

where q is the modulus of the scattering vector. The q factor is a function of the scattering
angle. For monodisperse samples consisting of one group of particle size, the correlation curve
can be fitted into a single exponential form.
3.2 Frequency Analysis
For polydisperse samples, higher orders of the fitting result (2 and 3 cumulant) give the
polydispersity index (PI) of the sample. A series of exponentials is obtained with polydisperse
systems, and complex models may be required for fitting purposes. Modern dynamic light
scattering instruments perform cumulant analysis automatically. The quality of the result,
however, depends significantly on the quality of the data and the constraint settings of the
fitting procedure. Multimodal or skewed distribution may be obtained using standard
assumptions such as log normal. The cumulant analysis can only determine the particle size
distribution of a Gaussian distribution around the mean particle size. For more bi- or polymodal
particle size distributions, more complex analysis methods such as the Contin method are
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required.
The area under each peak of the intensity particle size distribution is proportional to the
relative scattering intensity of each group of particles. The scattering intensity is relative to
the square of the molecular weight, and hence the intensity distribution is more skewed toward
the larger particles. Therefore, a change of the intensity to a mass or volume distribution can
be achieved by means of the Mie theory, in which the analyte’s optical properties are utilized to
standardize the impacts of the R6 on the scattering intensity. The underlying assumptions are:
1. All particles exhibit an equal and uniform density.
2. The particles are spherical.
3. No inaccuracy exists in the intensity particle size distribution.
Although the first two assumptions can be applicable, the third assumption is not accurate
due to the ineffective correlogram fitting in the DLS method indicating that no matter how
monodisperse a sample is, the particle size distribution as measured by the DLS method will
have intrinsic polydispersity and will not have a single band distribution. As a result, the relative
mass composition may be reported from the mass transformation, but not the particle size
distribution.
DLS studies were usually performed at an angle of 90°, indicating the need for very dilute
samples to avoid multiple scattering phenomena. However, it is now possible to perform DLS
measurement on higher concentrated samples, up to 40% (w/v), with the advancement of
noninvasive backscatter technology.
The DLS technique provides size and polydispersity information at the early stages of
aggregation. However, due to multiple scattering resulting from a greater presence of
aggregates at a higher concentration, DLS measurements become more challenging. These
issues have been resolved to a great extent by the recent advancements in DLS
backscattering and 3D cross-correlation. Backscattering measurements, normally carried out at
the beginning of aggregate formation, allow detection of scattered light at a higher angle
(173°), which is measured close to the cuvette wall. In 3D cross-correlation technology, two
samples are analyzed simultaneously at the same scattering vector employing the same sample
volume. Such measurements allow cross-correlating the measured scattered intensities for the
two samples, ensuring contribution from only one scattering.
Dynamic light scattering is typically used for measurements in the submicron range, although
this technology may measure up to a few microns in size. The upper size limit of DLS depends
on sample density, implying that the upper size measurement limit is the point where the
sedimentation of the particles overcomes the diffusion process. The lower limit of particle size
measurement depends on the excess scattered light produced by the scattering particles
relative to the suspending medium. In addition, sample concentration, relative RI of the particle
and medium, laser power and wavelength of light, and detector configuration will affect the
lower size limit measured by DLS. The major advantages of this method include its noninvasive
nature, small amount of sample requirement, and ease of sample preparation. The accuracy of
results determined by DLS may be compromised by sample contamination during the elaborate
sample preparation. In addition, air bubbles and silicone droplets may also be erroneously
regarded as particles, leading to inaccurate results. DLS is also incapable of measuring nonspherical particles accurately, causing inaccurate estimates. DLS provides only qualitative data,
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and not quantitative results.
4. INSTRUMENTATION
The instrumentation generally comprises a laser as the light source, sample holder or cell,
suitable optics, detector, correlator or spectrum analyzer, and a computation unit. Several
configurations of signal detection and analysis are possible (see Figure 1).

Figure 1. Typical optical arrangement for DLS.
Homodyne detection uses only the light scattered from the incident beam. In heterodyne
detection, a portion of the incident beam is mixed with the scattered light as a reference. A
cross-correlation arrangement involves the combination of two simultaneous homodyne
measurements.
A laser light source provides a monochromatic, coherent light source to illuminate the sample.
The laser is generally polarized with the electric field component perpendicular to the plane of
the incident and scattered light paths, usually vertically.
The sample is contained in a holder or cell. This must be capable of maintaining the
temperature of the sample to within ±0.3°.
Optics focus the beam to define the measurement region and collect the scattered light for
analysis. These may be external to the sample cell or, with fiber optics, may be inserted into
the sample dispersion. A polarizing analyzer may be included to maximize transmission of the
vertically polarized light.
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Scattered light collected by the optics is measured by a detector capable responding to the
temporal fluctuations of the light intensity and providing an output proportional to the intensity.
The detector is positioned at a fixed angle relative to the incident light, generally between 90°
and 180° (side-scattering and backscattering). Some instruments that include the optics to
perform zeta potential allow for size by DLS to be determined using a forward-scattering angle,
such as 10° or 15°.
The time-dependent signal from the detector is processed by the correlator or spectrum
analyzer. Further computations are then carried out to determine the results: the average
hydrodynamic diameter and the PI.
Further details about the recommended instrumentation and possible configurations may be
found in ISO 22412:2017—Particle size analysis—Dynamic light scattering (DLS) or in Particle
Size Analysis by Dynamic Light Scattering 〈430〉.1
As the measurement depends on first principles, including knowledge about the suspending
fluid, there is no calibration required. However, proper instrument function should be confirmed
periodically using suitably characterized standard particles. Standards may be available from
the instrument vendors, or from a national standards organization such as the National Institute
of Standards and Technology. Requirements for the instrument suitability are specified in 〈430〉.
5. MEASUREMENT
5.1 Parameters That Affect the Sample
Concentration: The concentration must be sufficiently high to maintain constant timeaveraged intensity, but at the same time very low to prevent multiple scattering.
Ergodicity: In order to obtain an accurate measurement, all particles need to be measured.
However, it may be difficult to measure all the particles.
Measurement duration: The typical measurement time is from 1 to 10 min.
Multiple scattering: In the absence of very low concentrations, scattered photons may
undergo scattering again, which results in a correlation function that decays faster and which
then results in an apparent smaller particle size. Therefore, sample concentrations should be
low enough so that the optical paths remain to avoid multiple scattering.
Sample preparation: It is absolutely critical to avoid large particles, commonly called “dust”,
to avoid inaccurate signals and erroneous particle size measurements.
Size range: The size range commonly determined by DLS is in the range of 0.002–2 µm. The
laser power determines the lower size limit, while the upper limit is determined by the
sedimentation and number fluctuations due to the limited number of large particles in a small
scattering volume.
Stray light: Stray light must be minimized under all conditions to avoid a lower angular
measuring range.
5.2 Sample Preparation
When preparing a sample for analysis, it is best to consider DLS as a suspension analyzer
rather than a particle size analyzer since the liquid environment will affect the particle–particle
interaction that will affect the Brownian motion detected in the sample aliquot. Since DLS
monitors the intensity fluctuations in the light scattered from the sample due to the Brownian
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motion observed, different liquid environment conditions will affect the observed particle size.
The conditions include: pH, conductivity, surfactants, or other chemicals or materials dissolved
in the base liquid. This is why size data from DLS will differ from microscopic images from
scanning electron microscopy or transmission electron microscopy data. Microscopic
characterization of nanomaterials involved drying the sample and placing it under vacuum while
DLS requires the material to be dispersed in a liquid. DLS will give information on how the
nanomaterial will behave in a liquid and report this behavior in terms of size.
It is best practice to analyze the sample suspension as close as possible to the concentration
and conditions where the suspension will be used. In cases where the sample may be too
concentrated, it is important to perform dilutions with the exact same base liquid and perform
the dilution by mass in order for the DLS results to be repeatable and so that the data from any
subsequent samples analyzed will be comparable. If the dilution is done differently each time,
the results from DLS could be random, based on the explanation in the previous paragraph.
5.3 Test Procedures
The test procedures in a typical DLS instrument take into consideration the following
aspects:
1. Type of cell/cuvette: typically plastic or glass (quartz is not necessary unless
specified by the manufacturer and is reserved for work in the ultraviolet light range and
most DLS instruments operate in the visible light range).
2. Temperature setting: typically controlled by a Peltier thermoelectric controller.
3. Equilibration time: if the sample is not at room temperature prior to analysis or if the
temperature setting is set higher or lower than room temperature, it is important to
allow the suspension temperature to equilibrate.
4. Accumulation time: the number of accumulations represents the number of individual
measurements of the light fluctuations to build the ACF. Increasing the number of
accumulations increases resolution and quality of the ACF, while decreasing the number
of accumulations decreases analysis time. Most manufacturers have a recommended
accumulation time that is a balance of resolution and analysis time.
5. Selection of base liquid: this is the base liquid with no particles present. In most
cases, this is simply water. It is not necessary to add pH or salt concentration
information since these characteristics of the water are considered additives or
conditions and will have a negligible effect on viscosity and RI.
6. Number of repetitions: this is the number of times to repeat the analysis on the same
aliquot.
Additional procedures, calculation algorithms, and other items can be added based on the
availability of the features by the instrument manufacturer.
5.4 Data Interpretation
The primary size result reported by DLS is the cumulant average (or z-average) and the PI.
The cumulant average is not the same as a mathematical average, but is an overall
representation of the entire population of particles present. The PI is a measure of the
broadness of the size distribution. For monodispersed materials, these two values are sufficient
to evaluate the size of the particles.
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For polydispersed systems, it is possible to calculate a particle size distribution using a
Laplace inversion of the ACF and distribution algorithms. In practice, the general acceptance of
criteria for a Laplace inversion is that the PI is less than 0.7. The typical size distribution
algorithms available are Contin and non-negative least squares. Other algorithms may be
available from the instrument manufacturer. The primary output for the size distribution data is
an intensity weighted distribution. Number and volume-weighted distributions can be calculated
from the intensity distribution.
Due to the low resolution of DLS and the error from the mathematical conversion, the values
of D10, D50, and D90 should not be used to describe the distribution. Instead, the average
diameter and the PI are being reported.
6. ADVANTAGES AND LIMITATIONS
DLS gives size information in the nanometer (nm) range, which is out of the primary range of
laser diffraction. DLS also gives information on the stability of a suspension as well as
interactions with the liquid environment, since the size determined is the hydrodynamic
diameter based on the Stokes–Einstein equation. DLS also is a less expensive way of
characterizing macromolecules, such as proteins.
DLS is not a very high-resolution technique for broad size distributions. The presence of any
larger particles will influence the size calculation at the smaller end of the distribution. In some
cases, filtration of the aliquot under analysis may be needed to ensure aggregates,
agglomerates, or large particles are removed.
The assumption is made that the particles in the suspension are only in Brownian motion and
no other influences. If the particles are actively flocculating or settling, this motion can be
detected and the instrumentation will assume that it is Brownian motion and give inconsistent
results. This is why the upper size limit is dependent on the density of the particles and the
viscosity of the liquid. It is not always correct to assume that using a higher viscosity liquid will
limit settling and yield better results because this will also limit Brownian motion.
7. ADDITIONAL SOURCES OF INFORMATION
International Organization for Standardization. ISO 22412:2017: Particle size
analysis—Dynamic light scattering (DLS). https://www.iso.org/standard/65410.html.
Berne BJ, Pecora R. Dynamic Light Scattering With Applications to Chemistry, Biology,
and Physics. Hoboken, NJ: John Wiley & Sons; 1976 (reprinted, Mineola, NY: Dover
Publications, Inc.; 2000).
Pecora R, ed. Dynamic Light Scattering: Applications of Photon Correlation
Spectroscopy. New York, NY: Plenum Publishing Corp.; 1985. 2S (USP42)
1 This chapter will be published in a future Pharmacopeial Forum (PF) issue.

BRIEFING

〈 1430.4〉 Analytical Methodologies Based on Scattering Phenomena—Electrophoretic
Light Scattering (Determination of Zeta Potential). Several general chapters in the USP–NF
describe methods that are based on the scientific principles of light scattering phenomena.
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There are other applications of scattering methodologies in the pharmaceutical industry that
are not currently represented in the pharmacopeia. To address the need for these
methodologies in the pharmaceutical industry and to establish better correlations among the
various techniques based on scattering, the General Chapters—Chemical Analysis Expert
Committee is proposing a suite of general chapters on scattering technologies. This proposed
new chapter discusses determination of zeta potential by electrophoretic light scattering. It
also addresses the relationship of this technique to the other techniques based on scattering,
including similarities and differences in technical aspects. This proposed chapter provides
additional background information to enhance the user’s understanding of the technique, scope,
and limitations of its applications, as well as tips and recommendations to ensure the efficient
and relevant use of the technique. Currently, USP is also developing a chapter below 1000 for
this technique, Determination of Zeta Potential by Electrophoretic Light Scattering 〈432〉, which
provides the mandatory requirements for performing this test [to be published in a future issue
of Pharmacopeial Forum (PF)].
(GCCA: E. Biba.)
Correspondence Number—C201897
Comment deadline: September 30, 2018
Add the following:

〈 1430.4〉 ANALYTICAL METHODOLOGIES BASED ON SCATTERING
PHENOMENA—ELECTROPHORETIC LIGHT SCATTERING (DETERMINATION OF ZETA
POTENTIAL)
1. INTRODUCTION
2. THEORY
3. INSTRUMENTATION
4. APPLICATIONS
5. DATA ANALYSIS
5.1 Calculation of Electrophoretic Mobility
5.2 Calculation of Zeta Potential
6. DATA INTERPRETATION
7. ADDITIONAL SOURCES OF INFORMATION
1. INTRODUCTION
Zeta potential is a parameter that is primarily used to characterize the stability of
suspensions and emulsions. It can also be used to study surface morphology and adsorption on
particles and other surfaces in contact with a liquid. Zeta potential is indirectly determined by
the appropriate theoretical models from experimentally determined parameters, such as
electrophoretic mobility. Electrophoretic light scattering (ELS) is the most general and common
way to determine zeta potential.
2. THEORY
A suspension of particles that has a given electrokinetic charge is placed in a cell which has a
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pair of electrodes placed apart at a known distance. A potential of known strength is generated
between the electrodes and, by electrophoresis, results in the particles migrating toward the
electrode of opposite charge. To detect and quantify this migration, a laser is focused in the
sample cell and the Doppler shift of the scattered light is recorded. The difference between the
frequencies of the incident light and the scattered light is used to determine the velocity and
direction of the particle migration. The particle velocity is then used to calculate the
electrophoretic mobility by taking into account the strength of the electric field. Then, taking
into account the viscosity and permittivity of the base liquid, the electrophoretic mobility is
used to calculate the zeta potential.
3. INSTRUMENTATION
A typical example of a small-angle light scattering arrangement (from ISO 13099-2:20121) is
shown in Figure 1.

Figure 1. An example of a small-angle light scattering arrangement of a zeta potential
instrument.
Key
1.Optical modulator
2.Attenuator
3.Laser
4.Sample cell with electrodes
5.Beam stop

6.Beam splitter
7.Reference beam
8.Scattered or reference light
9.Processor
10.Photoelectric detector

A typical zeta potential measurement instrument is comprised of the following components:
a. A sample cell to contain the test suspension between two electrodes so that an electric
field can be applied.
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b. A suitable laser to illuminate the particles within the sample.
c. A suitable detector to capture the scattered light and the frequency shifts in the
scattered light when the electric field is applied.
d. A software and computer system to process the collected scattering data and compute
the mobility and zeta potential using appropriate models and algorithms.
The primary experimental technique used to determine zeta potential is ELS. In this
technique, a suspension is placed between two electrodes and an electric field is generated
causing the ions and charged particles to migrate towards the oppositely charged electrode.
When a laser is focused on the sample, this migration causes a Doppler shift in the frequency of
the light scattered by the solution. An intensity or spectrum analysis of the shift in frequency is
used to determine the electrophoretic mobility of the particles. Electroosmosis, the migration of
the liquid along the sides of the cell flowing in the opposite direction from the particle migration,
may affect the electrophoretic mobility measurement. A mechanism to correct for
electroosmosis is often used during the measurement.
In cases where the Doppler shift is very small, the frequency analysis may not have enough
resolution to determine the change. In such cases, phase analysis light scattering-based
systems (PALS) can be used to perform the phase analysis of the shift. A typical schematic
example of a PALS-based instrument is shown in Figure 2.

Figure 2. An example of PALS-based arrangement set-up of a zeta potential instrument.
Key
1.Laser
2.Beam splitter
3.Pair of mirrors
4.Sample cell with electrodes

5. Mirror
6.Variable attenuator
7.Scattering detector
8. Computer

The primary advantage of PALS is that it has higher resolution and can therefore detect very
small Doppler shifts. This is typically needed for suspensions in non-polar solvents or in aqueous
solvents of high ionic strength in order to reduce Joule heating of the electrode surface.
Elevated temperatures can cause changes in solution viscosity, which convolutes the

PF 44(4): Jul.-Aug. 2018

192

measurement. Additionally, sample degradation can occur in some cases. Another advantage of
PALS is that it can eliminate the effects of electroosmosis in aqueous suspensions.
4. APPLICATIONS
In general, ELS is used to characterize the charge distribution (or average charge) and
stability of suspensions, dispersions, and emulsions. ELS has been used widely for
characterizing colloidal dispersions where it is important to control the stability of colloidal
systems (e.g., flocculation of submicron materials suspended in a liquid). Examples include
preparations of pharmaceutical suspensions and emulsions where flocculation could affect
appearance, efficacy, and bioavailability. In biological applications and in the biotechnology
industry, ELS was used early on to characterize the surface properties of cells. More recently,
the biopharmaceutical industry has adopted ELS measurements during development of
formulations for the evaluation of degradation pathways and the characterization of
compositional variants.
5. DATA ANALYSIS
5.1 Calculation of Electrophoretic Mobility
The ELS method is used to determine the electrophoretic mobility (µ) by measurement of the
Doppler frequency shift (Δω) of the scattered light in an applied electric field (E) using either
Equation 1 (for the reference beam optical alignment) or Equation 2 (for the cross-beam optical
alignment):

Where,
Δω = Doppler frequency shift
λ = laser wavelength in vacuum
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n = refractive index of the medium, or base liquid
E = electric field strength
= angle between the incident light and the scattered light
= angle between the scattered light and the orientation of the electric field
′ = angle between the two beams
5.2 Calculation of Zeta Potential
For non-conductive spheres, zeta potential (ζ) is commonly calculated using an extension of
the Henry equation for its relationship with electrophoretic mobility (µ) (Equation 1).

Where,
ε = dielectric permittivity of the medium, or base liquid
η0 = viscosity of the medium, or base liquid
κ = reciprocal of the Debye double layer thickness
α = sphere radius
ƒ(κα) = a monotonic function varying from ƒ(κα) = 1, as κα → 0, to ƒ(κα) = 3/2, as κα → ∞
When κα >> 1, typical for large particles in aqueous suspensions, ƒ(κα) = 3/2 in the above
formula, leading to the Smoluchowski equation (Equation 4).
When κα << 1, typical for small particles in organic liquids, ƒ(κα) = 1 in the above formula,
leading to the Hückel equation (Equation 5).
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Thus, depending on the nature of the particles and suspending medium, zeta potential (ζ) is
calculated from the electrophoretic mobility (µ) utilizing either the Smoluchowski equation
(Equation 4) or the Hückel equation (Equation 5).
The Smoluchowski equation is used when large solute particles (the hydrodynamic radius is
large compared to the thickness of the electrical double layer) are probed, whereas the Hückel
equation is preferred when small solute particles (the hydrodynamic radius is small compared to
the thickness of the electrical double layer) are probed.
6. DATA INTERPRETATION
Zeta potential, expressed in units of millivolts (mV), is primarily used to characterize the
physical stability of a suspension. An unstable suspension may result in flocculation and
sedimentation. In general, as the absolute value of zeta potential decreases in magnitude, the
suspension may become less stable and vice versa. The stability evaluation must be performed
in conjunction with other relevant techniques. Although the relative stability change of the
suspension may be indicated by changes in the value of the zeta potential, there is no direct
link between zeta potential and absolute stability. Moreover, multiple determinations of different
lots or preparations may be necessary to make general conclusions regarding the stability of
different suspensions.
Although zeta potential is commonly used to quantitatively characterize the stability of a
suspension, it is not intended to be the sole indicator of stability. Typically, zeta potential data
are coupled with other quantitative or qualitative characterization techniques to monitor and
characterize suspension stability, such as monitoring appearance or turbidity over time.
Zeta potential is also relative to the composition of the suspension. Typically, there is no
distinct value of zeta potential that can be used as a threshold of stability.
It is important to note that zeta potential is a characteristic of a suspension, and not just of
the particles. This includes the particles and the surrounding liquid environment with any ions or
chemicals present in equilibrium. If care is not taken, performing multiple dilutions may alter this
environment and change the zeta potential. It is also important to note that since the
measurement relies on the migration of particles in an electric field, performing repeat
measurements (NMT 3–5 depending on the sample) on the same aliquot may cause a shift in
the zeta potential. If significant change is observed, an orthogonal method may be used to
verify the integrity of the sample. Also note that a change of the zeta potential of a
suspension may also change the observed hydrodynamic particle diameter by dynamic light
scattering.
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7. ADDITIONAL SOURCES OF INFORMATION
International Organization for Standardization. ISO 13099-2:2012: Colloidal
systems—Methods for zeta potential determination—Part 2: Optical methods.
Xu R. Electrophoretic light scattering—zeta potential measurement. In: Xu R, ed.
Particle Characterization: Light Scattering Methods. New York, NY: Kluwer Academic
Publishers; 2002:289–343. 2S (USP42)
1 ©ISO. This material is reproduced from ISO 13099-2:2012 with permission of the American National
Standards Institute (ANSI) on behalf of the International Organization for Standardization. The complete
standard can be purchased from ANSI at https://webstore.ansi.org. All rights reserved.
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〈 1430.5〉 Analytical Methodologies Based on Scattering Phenomena—Small-Angle XRay Scattering and Small-Angle Neutron Scattering.Several general chapters in the USP–NF
describe methods that are based on the scientific principles of light scattering phenomena.
There are other applications of scattering methodologies in the pharmaceutical industry that
are not currently represented in the USP–NF. To address the need for these methodologies in
the pharmaceutical industry and to establish better correlations among the various techniques
based on scattering, the General Chapters—Chemical Analysis Expert Committee is proposing a
suite of general chapters on scattering technologies. This new proposed chapter covers smallangle X-ray scattering (SAXS) and small-angle neutron scattering (SANS). Both techniques are
valuable for determining the structural characteristics of biomolecules, crystals, natural and
synthetic polymers, and other materials. These techniques are very useful and versatile, and
can provide complementary structural information to cryogenic transmission electron
microscopy (cryo-TEM), high-resolution nuclear magnetic resonance (NMR), and analytical
ultracentrifugation.
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7.DATA PROCESSING
7.1Data Reduction
7.2Data Analysis
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REFERENCES
1. INTRODUCTION
Small-angle X-ray scattering (SAXS) and small-angle neutron scattering (SANS) make up a
sub-family of small-angle scattering (SAS) diffraction techniques suitable for probing the size,
shape, ordering, and interactions of molecules and molecular assemblies on length scales that
are typically from around 1 nanometer (nm) to a few hundred nm. This size range overlaps with
the lower range probed using the laser light diffraction technique (see Analytical Methodologies
Based on Light Scattering Phenomena—Light Diffraction Measurements of Particle Size
〈1430.2〉).
Because these length scales are much larger than inter-atomic distances, in crystallographic
terms SAS is considered low-resolution diffraction. Nonetheless, it is an extremely useful and
versatile technique capable of providing structural information complementary to cryogenic
transmission electron microscopy (cryo-TEM), high-resolution nuclear magnetic resonance
(NMR), and analytical ultracentrifugation.
SAS differs from dynamic light scattering (DLS; see Analytical Methodologies Based on
Scattering Phenomena—Dynamic Light Scattering 〈1430.3〉) in that it is a direct probe of size
and shape.
1.1 Applications
SAS is routinely performed on solids, liquids, and dispersion samples (both aqueous and
nonaqueous). Some types of SAS have been used to study foams.
In terms of pharmaceutical applications, SAS has been used to study topical creams,
intravenous emulsions, hydrogels, polymer-drug conjugates, proteins, enzymes, and antibodies
(1–5). Some types of SAS are particularly well suited to studying the physical chemistry
underlying formulation problems.
SAS can be used in various applications to evaluate the size, shape, and ordering of
molecules. For example, SAS can provide information on the size and dispersity of droplets,
macromolecules, micelles, liposomes, nanoparticles, crystalline domains, and pores (including in
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mixtures of these and other multi-phase systems). With regard to shape, SAS can be used to
determine the shape of micelles and nanoparticles; the tertiary structure of proteins, enzymes,
and antibodies (using SAS-constrained modelling); and the conformational distribution of
adsorbed layers. Finally, examples of the use of SAS to assess molecular order include
determining the core-shell structure of micelles and sterically stabilized nanoparticles, the
bilayer structure in liposomes, and the liquid crystalline structure (e.g., lattice parameters,
space groups).
2. TYPES OF SAS
SAS is a specialized, but nonetheless highly useful and versatile, technique. While a detailed
discussion of SAS is beyond the scope of this chapter, the intention of this chapter is to raise
awareness and then direct the reader to authoritative sources for further information.
SAS is most commonly performed using light [small-angle light scattering (SALS)], X-rays
(SAXS), or neutrons (SANS). It is the wavelength of these different radiation sources, and the
way that the radiation interacts with the atoms in a sample, that determines what type of
information is obtained in a particular SAS experiment. Importantly, data from all of these
variants of SAS can be analyzed using common formulae and software packages. Table 1
summarizes some of the key aspects of the different types of SAS.
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Table 1. Key Aspects of Different Types of Small-Angle Scattering
SynchrotronLabSALS
SAXS
SAXSa
Radiation scattered by
Electrons
Electrons
Electrons
Radiation velocity (m/s)
3 × 108
3 × 108
3 × 108
Accessibility
Laboratory
Medium
400–700
250–25,000
Significant

Laboratory
Medium
0.07–0.15
1–250
Negligible

Large facility
High
0.06–0.33
0.1–2500
Negligible

SANSa
Nuclei
102−102
Large
facility
Low
0.15–2.5
0.2–1000+
Negligible

Relative brilliance
Wavelengths (nm)
Length scales probed (nm)
Impact of dust contamination
Effect of hydrogen
(H)/deuterium (D)
substitution
None
None
None
Large
Radiation/heat damage
Negligible
Likely
Very likely
Negligible
Absolute intensity calibration
Possible
Possible
Possible
Routine
Sample volumes (mL)
0.05–5
0.007–0.03
0.0001–0.5
0.1–5.5
Study optically opaque
samples
No
Yes
Yes
Yes
Use quartz sample containers
Yes
Yes
Yes
Yes
Use metallic sample
containers
No
No
No
Yes
a Access to national and international large facilities is usually obtained through
competitive peer review, but experimental time for successful proposals is then free,
provided that the results are placed in the public domain. Where this route of access is
unsuitable, for example, for commercial customers who require confidentiality or a guarantee
of experimental time, a range of paid industrial access mechanisms will typically be available.
3. BASIC THEORY
When a beam of radiation is directed at a sample, a fraction of the beam will be transmitted,
a fraction will be absorbed (and in some experiments may then be re-radiated), and the
remainder will be diffracted through a range of angles, Θ. In a typical SAS experiment, 0.01° <
Θ < 10°; this value of Θ may be different from that in a classical crystallographic diffraction
experiment.

Radiation scattered through the same angle but originating from different points in the sample
may then superimpose constructively or destructively at the detector to construct a
“scattering pattern”. This reflects spatial fluctuations in the refractive index (RI) (SALS),
electron density (SAXS), or scattering length density (SANS) of the sample, which in turn arise
from differences in the size, shape, and order of the constituent molecules.
The length scale, d, of the spatial fluctuations that may be accessed in a SAS experiment is
determined by Bragg’s Law:
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where λ is the wavelength. Experimentally, it is more typical to express this in terms of (the
modulus of) a quantity called the “scattering vector”, q:

from which it follows that:
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Where ki and ks are the incident and scattered wave vectors and n is the RI of the medium.
Conveniently, for neutrons and for X-rays, n may be assumed to be unity. Note that q is an
inverse length scale. The geometry of a SAS experiment is illustrated in Figure 1.

Figure 1. (a) The geometry of an SAS experiment, where ki and ks are the incident and
scattered wave vectors and q is the resultant scattering vector. (b) Schematic representation
of diffraction from atoms in a sample.
The number of photons/neutrons of a given wavelength, scattered through a particular angle,
that arrive at a detector pixel in a unit time, N(λ,q), may be expressed as:

where N0 is the incident flux of photons/neutrons, ΔΩ is the solid angle element defined by the
size and distance of the detector pixel from the sample, η is the detector efficiency, T r is the
transmission of the sample (i.e., 1 − absorbance), VS is the volume of the sample illuminated by
the beam, and I(q) is the scattering function. Note that the first three terms are instrumentspecific, while the last three terms are sample-dependent. The scattering function, the
quantity determined in an SAS experiment, is given by:
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where Φ is the volume fraction of the scattering objects in the sample (e.g., the volume
fraction of nanoparticles in a dispersion); V is the volume of one scattering object; Δρ = (ρobject
— ρmatrix) is the contrast of the sample (discussed below); the form factor P(q) describes how
the scattering is modulated by the size, shape, and dispersity of the scattering objects; the
structure factor S(q) describes how the scattering is modulated by interactions; and B is a
residual background signal normally taken to be q-independent. P(q) has a value between 0 and
1. As Φ → 0, so S(q) → 1.
For a solute in solution:

where c is the mass concentration of the solute, M is its formula weight, and δ is its bulk
density. The objective of an SAS experiment is to extract information from P(q) and/or S(q).
How this is achieved is discussed later. However, every component in the sample, including the
container, will contribute to the overall scattering from the sample. So in addition to obvious
background correction measurements (e.g., empty container; container + solvent), it is often
useful to manipulate the various other individual contributions.
4. CONTRAST MATCHING
From the discussion in the preceding section, it is apparent that if the contrast term is zero,
there will be no SAS. This condition is known as “contrast matching” and is potentially
extremely useful because it permits the simplification of the scattering from complex multicomponent samples and the study of individual components.
In SALS, contrast matching requires that two or more components have the same RI. The
reader may have experienced this phenomenon when washing a glass in a bowl of water; the
glass can seem to disappear because the glass and the water have similar RIs. In many
experiments, however, RI matching of the components in a sample is often difficult to achieve
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in a useful manner. Some SALS and DLS instruments, however, use index-matching baths
around the sample cell to reduce scattering from the outer wall of the cell.
In SAXS, contrast matching requires that two or more components have the same electron
density. Because the electron density of a molecule is strongly influenced by the atomic
number of the elements it contains, contrast matching a molecule with a heavy atom, such as
a cationic surfactant, to an aqueous medium is not possible unless an additional solute is added
to bolster the electron density of the medium. However, this course of action may not be
desirable.
Contrast matching is more useful in SANS. Here, contrast matching is achieved if two or more
components have the same scattering length density, ρ:

where bi is the (bound) “coherent neutron scattering length” of nucleus i, and the other
variables are as defined previously. The summation only needs to be performed over the
empirical formula for a component.
Scattering length density calculators can be found online or as tools in some SAS analysis
programs.
A compendium of neutron scattering lengths is available online (6).
An example of a calculation for poly(ethylene oxide),–[CH2 -CH2 -O]n–:
C2 H4 O, M = 44 g/mol, δ = 1.127 g/cm3, b in cm

ρ = 0.64 × 1010cm−2 or 0.64 × 10−6Å−2
Importantly, because they depend on the neutron–nucleus interaction, scattering lengths are
isotope-dependent. The same calculation for perdeuterated poly(ethylene oxide), for example,
would yield ρ = 6.46 × 10−10 cm−2. [Note—It is a coincidence that this value appears to be 10
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times the hydrogenous value.] Thus, D–for–H exchange offers significant opportunities for
exploiting contrast matching in soft-matter SANS experiments.
Table 2 lists some illustrative scattering length densities. These may sometimes be found
expressed in the equivalent but non-SI units of 10−6 Å−2.
Table 2. Neutron Scattering Length Densities of Pharmaceutically Relevant Molecules
ρ(1010 cm−2 )

Molecule

ρ(1010cm−2)

Molecule

ρ(1010cm−2)

H2O

−0.56

0.33

Lipids

0.1–0.4

D2 O

6.37

H 25 –sodium dodecyl sulfate
(SDS)
D 25 –SDS

5.83

Proteins

2.2–2.6

H 8 –toluene

Molecule

0.94

H 60 –Triton ×100

0.57

Carbohydrates

2.7

D 8 –toluene

5.66

H 31 –DDA O

−0.20

DNA

4.0

Perfluorodecalin

4.21

H 39 –deoxycholate Na

0.66

RNA

4.5

Several useful characteristics of scattering length densities are evident in the table. First,
they can be positive, negative, or, in principle, zero. Second, different classes of biological
molecules span a wide range of scattering length densities. Lastly, it is usually possible to find
a solvent, or preferably a mixture of solvents, that will contrast match any solute. So, for
example, DNA can be contrast matched in a mixture of 34.1% H2 O: 65.9% D2 O by volume, and
a perfluordecalin-in-water emulsion would not scatter neutrons if the oil was dispersed in a
mixture of 31.1% H2 O: 68.9% D2 O by volume. It is even possible to make an H2 O: D2 O mixture
that does not scatter (i.e., Δρ = 0). Figure 2 shows how contrast matching could be used in a
SANS study.

Figure 2. Schematic illustration of how contrast matching might be used in a hypothetical SANS
study of a dispersion containing polymer/surfactant and drug particles. The scattering from all
four figures would be different. The first and last would differ only in overall intensity, but the
form of the scattering from these would differ from the forms of the second and third figures,
which highlight different components of the sample.
When calculating scattering length densities, it is important to use as accurate a value as
possible for the bulk density, δ. However, sometimes determining δ can be problematic for
deuterated compounds. In such instances, a useful rule of thumb for solvents and relatively
simple molecules is δD = δH × 1.1. Also, it is important to remember that δ is temperaturedependent.
Molecules containing hydroxyl groups, carboxylic acid groups, and even some amine groups
will readily exchange those functional protons for deuterons when exposed to D2 O. This means
that the scattering length density of some molecules can be pH-dependent; proteins are an
obvious example. Some scattering length density calculators include a degree of exchange
parameter to compensate for this pH dependence.
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5. INSTRUMENTATION
The components of a SAS system (see Figure 3) are common across the different forms of
the technique.

Figure 3. Schematic representation of a generic SAS instrument.
Key
1. Source 3. Slits
2. Optics
4. Sample
5. Detector
SALS and SAXS are performed using monochromatic radiation. The wavelength of
monochromatic radiation is determined by the choice of source, although it may also be varied
by changing the laser or optical filter, replacing one type of rotating metal anode with another,
or adjusting the synchrotron monochromator. SANS at reactor neutron sources is also
performed in this manner, with the wavelength adjustment performed by a rotating device
called a velocity selector. In these fixed-wavelength measurements, altering the dynamic range
in q of the instrument requires moving the detector (either along the incident beam direction or
off-axis) in order to change the range of scattering angles subtended to the sample.
However, SANS can also be performed at pulsed neutron sources (based on particle
accelerators—so-called spallation sources—or pulsed reactors). At these sources, a
“polychromatic” (“white”) beam of neutrons is directed at the sample, and the time of flight
(TOF) of the scattered neutrons to the detector is recorded. This establishes the neutron
velocity and thereby its wavelength. The dynamic range in q of these TOF-SANS instruments is
much broader than that of their fixed-wavelength counterparts because every wavelength that
reaches a pixel on the detector corresponds to a different q value, although a given pixel on
the detector still represents a single scattering angle. Moreover, the intrinsic wavelength
resolution, and therefore q-resolution, of TOF-SANS is much better than that of fixedwavelength SANS.

π

The scattering from a sample actually occurs over 4 space, but because an SAS instrument
is linear, the detector only intercepts a conic section of the total scattering. Because most
soft matter samples have some degree of intrinsic disorder (referred to as “polycrystallinity” by
crystallographers), the detector records multiple rings of varying intensity rather than discrete
spots (reflections) (see Figure 4).
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Figure 4. Two representations of the SAS (in this case, SANS) from the same aqueous
dispersion of elongated surfactant micelles. The sample has gelled to form a lyotropic liquid
crystalline phase exhibiting lamellar order (at least 4 orders of diffraction are visible as rings or
peaks). The lamellae have then aligned vertically (giving rise to an anisotropic 2D pattern along
the equatorial direction on the detector) as a result of the shear field imposed when the sample
was injected into the sample cuvette.
The scattered radiation will usually be detected by solid-state charge-coupled device (CCD)
cameras (SALS/SAXS), gas detectors (SAXS/SANS), or scintillator detectors (SANS). Often
these will be highly pixelated two-dimensional (“area”) detectors, which are extremely useful for
resolving anisotropic scattering from oriented samples. A state-of-the-art SAXS detector for
laboratory applications may have 300 thousand to 1 million pixels, and more for large-facility
instruments. Consequently, the data volumes generated during an experiment may be quite
large (gigabytes to terabytes).
In order to allow them to access smaller angles, and because they require more substantive
radiation shielding, SAXS/SANS instruments at large facilities may extend several tens of meters
from the source. Even a state-of-the-art laboratory SAXS instrument is typically 3–5 m in
length. While in principle one could attain ever-smaller q values by building very long
instruments, in practice the count rate at the detector declines as the inverse-square of the
sample–detector distance; thus, measurements become impractically slow. To circumvent this
limitation and permit very-small-angle scattering (VSAXS/VSANS) or ultra-small-angle
scattering (USAXS/USANS) measurements, alternative strategies are employed, such as using
focusing optics or Bonse–Hart “double–crystal” geometries. These instruments can access
length scales (d) into the micron scale, i.e., the same realm accessible by optical microscopy.
Very recently, a new form of SANS has emerged wherein the scattering angle is encoded in the
precession of polarized neutrons. This technique, spin-echo (modulated) SANS
(SESANS/SEMSANS), can also access micron-length scales but measures in d-space rather
than in q-space. Its advantages over Bonse–Hart VSANS are that it retains good count rates
and is much less susceptible to multiple scattering from the sample. Further discussion of these
extended SAS techniques is beyond the scope of this chapter, but the reader should be aware
of their existence.
6. EXPERIMENTAL CONSIDERATIONS
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Performing a successful SAS experiment depends on many factors, including but not limited to
the following factors described in subsections 6.1–6.12 (7–9).
6.1.Incident Flux
Incident flux is the number of photons/neutrons per unit area per second delivered to the
sample. It is a function of the brilliance of the source (see Table 1) and the wavelength
selection/collimation employed for the experiment. Kinetic or dynamic measurements, or
measurements on very weakly scattering samples, will fare better on higher-flux instruments.
6.2 Resolution
There are two types of resolution of relevance to an SAS experiment:
1. Size resolution of the instrument
2. q-resolution of the measurement
6.2.1 SIZE RESOLUTION
The maximum, dmax, and minimum, dmin, length scales of the structure to be probed need to
lie inside the measurement limits of the instrument, i.e.:

and

This principle is illustrated in Figure 5.
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Figure 5. Calculated scattering for three dispersions of perfectly spherical homogeneous
particles of the same material in the same matrix, differing only in the particle radius, R. A 10%
log-normal particle size distribution has been applied to aid realism. The curves are displaced
vertically to aid clarity. Only the scattering from the R = 50 nm particles is fully within the
measurement window of this simulated instrument. Also note the q-4 dependence of the high-q
scattering, a manifestation of Porod’s Law arising from the particle surfaces. Down triangles, R
= 5 nm; up triangles, R = 50 nm; squares, R = 500 nm.
6.2.2 Q-RESOLUTION
The q-resolution is the precision with which adjacent q-points can be distinguished, and
therefore it governs the level of fine detail in the measured scattering data that can be
resolved (for example, the peaks in Figure 4).
The q-resolution is primarily determined by the wavelength resolution of the instrument, then
by the geometric resolution arising from the selected instrument collimation, and then by a
range of other less significant factors.
Laser light sources and X-ray sources have the best wavelength resolution, with Δλ /λ values
as low as 0.01%. Conventional light sources depend on the use of a bandpass filter. The
wavelength resolution of fixed-wavelength SANS instruments depends on the specification of
the neutron velocity selector employed. Typically, this resolution will be between 8% and 20%.
However, in TOF-SANS the wavelength resolution is determined by the precision with which the
neutron TOF (typically a few thousand microseconds) can be measured, and thus Δλ /λ values
of approximately 5% would not be uncommon.
The geometric resolution is essentially governed by the beam size at the sample; a smaller
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size is better. Laser-based SALS and SAXS instruments with submillimeter beam footprints fare
much better than SANS instruments in this regard, where a relatively small beam may still be
6–8 mm in diameter. This difference is further compounded by the fact that because neutrons
cannot be easily focused, reducing the beam footprint also decreases the flux on the sample.
6.3 Instrument Calibration
SAS instruments require two separate calibrations, but with an astute choice of calibration
sample it might be possible to perform both calibrations in one measurement:
1. Calibration of the q-scale
2. Calibration of the intensity scale
An instrument technician or, at large facilities, the assigned experiment local contact, will
normally perform these calibrations. However, if one’s plan is to use several different SAS
instruments it is advisable to acquire and measure one’s own calibrants to ensure confidence in
the local calibrations and ensure that all one’s data are on self-consistent scales.
6.3.1 Q-CALIBRATION
It is possible to omit the q-calibration on a fixed-geometry SAS instrument where the sampleto-detector distance is constant/known. In all other instances, it is necessary to measure a
sample with a characteristic q–dependence related to structure that can be unambiguously
verified by other means [e.g., TEM, atomic force microscopy (AFM), etc.]. Alternatively, if an
SAXS instrument has an energy-responsive detector, and an accurate determination of
scattering angle is possible, then an absorption edge can be used to verify q. Two commonly
used q-calibrants for SAXS/SANS are silver behenate (AgBH) (see Figure 6), and rat tail
collagen (RTC).

Figure 6. Two representations of the SAS (in this case, SAXS) from the same sample of
polycrystalline silver behenate.
6.3.2 INTENSITY CALIBRATION
Intensity calibration relies on the fact that for some types of material, I(q = 0) can be related
to molecular parameters that can be calculated with reliability or determined using other
techniques, for example, the molecular weight of a polymer, the surface area-to-volume ratio
of a porous solid, or the second virial coefficient or isothermal compressibility of a pure liquid.
However, because an SAS instrument does not physically collect data at q = 0, an
extrapolation is required. Extrapolation is only possible, with the necessary precision, if the
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scattering function for the chosen calibrant has a definitive form. Commonly used intensity
calibrants include water (SAXS; 10), Lupolen (SAXS), blends of hydrogenated and
perdeuterated homopolymers (SANS; 11,18), porous solids (SAXS/SANS; 18), glassy (vitreous)
carbon (SAXS/SANS; 12,18), and vanadium (SANS).
6.4 Sample Quality
As in any experiment, the best results will be obtained using carefully prepared samples. In
particular, because the SAS from an object scales as the sixth power of its size, the presence
of even a relatively few large objects in a sample can disproportionately interfere with the
quality of the data, all else being equal. SALS is particularly affected by the presence of large
particles because of the aforementioned difficulties in RI matching. For this reason, all solvents
used for SALS experiments should be rigorously filtered before use to exclude the presence of
dust particles. SAXS and SANS (but not USAXS/USANS) are much less affected by dust
because they probe shorter length scales (dust particles are micron-sized). However, the
presence of unwanted, unintended, or unexpected aggregation of components of the sample
can be just as troublesome. Prescreening for aggregation in biological samples destined for
SAXS or SANS instruments (for example, by DLS) should be considered de rigour. Poor contrast
in a sample can also be problematic, although in some instances (for example, in SANS contrast
matching experiments), it is unavoidable.
6.5 Sample Concentration
While the magnitude of I(q), and the precision with which it is measured, are both generally
improved by using more concentrated samples, this comes with disadvantages as well, i.e.,
lower transmissions (see 6.9 Sample Transmission) and the possible introduction of atomic pair
correlations manifesting themselves in an S(q) contribution to the scattering function. Whether
this is an issue depends on the sample being studied and the intended method of data analysis.
Some relatively simple modelling of the scattering before the experiment may help to establish
the viable concentration envelope.
Of course, the converse is also true, and very dilute samples will likely suffer from a poor
signal-to-noise ratio and necessitate longer experimental counting times, although this longer
experimental time might be mitigated by the use of a high-flux instrument. However, as an
illustration, most SAXS/SANS instruments can handle protein/enzyme solutions at
concentrations as low as Φ ~ 0.1% (1 mg/mL), while S (q) is not usually a concern in a
colloidal dispersion at Φ < 5%.
6.6 Sample Containers
Unless one is working with a self-supporting sample, the sample will need to be contained.
The problem with sample containers is that they also scatter, so the material from which they
are constructed is an important consideration.
For SALS and SAXS, it is quite common to use glass sample containers. Glass is composed
only of light atoms (an important consideration for SAXS), and its transparency is as useful for
observing the sample as it is a prerequisite for SALS. However, because glass contains boron (a
neutron absorber) it is not suitable for SANS.
Amorphous synthetic quartz (SiO2, also called fused silica) is a good choice of material for
SALS, SAXS, and SANS. It can be cut, polished, and fabricated and is also transparent and
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only composed of light atoms; however, it is boron-free. It also has good thermo-mechanical
stability over an experimentally useful range of temperatures, and is chemically inert to all but
concentrated bases and hydrofluoric acid. Material tradenames include Spectrosil and Suprasil,
but in principle anything suitable for far-UV (not IR) spectrophotometry should suffice.
For SAXS, it is possible to utilize sample containers constructed from amorphous engineering
polymers such as poly(carbonate) (PC) or poly(etheretherketone) (PEEK). Poly(amides) (nylons)
are not suitable because they are semi-crystalline. All hydrogenous polymers are wholly
unsuitable for use as SANS sample containers.
The greater penetrating ability of neutrons means that SANS sample containers can be
constructed from metals. Pure metals should be used where possible (as SANS is an excellent
technique for probing the nanostructure of metal alloys), or when a prior assessment of
suitability has been conducted. Good choices of metals for use with neutrons are aluminum,
titanium, vanadium, and copper. These metals can activate on prolonged exposure to neutron
radiation but not to levels that make them impractical to use.
In most experiments, the sample will simply be contained in the quiescent state in a capillary
or cuvette. However, it is important to understand that quiescent conditions are not
necessary. Indeed, the ability of SAS to probe a sample under changing conditions (pH,
temperature, pressure) or applied fields (electric, magnetic, shear) is usually where the
greatest information is ultimately derived. The use of cryostats, furnaces, pressure cells,
rheometers, and stop-flow cells is very common with large-facility SAXS/SANS instruments. The
use of flow-through cells to mitigate radiation damage (see 6.11 Radiation Damage) is very
common on high-flux SAXS instruments.
Sample containers will typically have path lengths ranging from 0.1–0.5 mm (SAXS) to 1–5
mm (SANS) to 10 mm or more (SALS). Multiplying this value by the incident beam size—a few
micrometers (SAXS) to a few millimeters (SALS/SANS)—reveals that the required sample volume
is rarely more than a couple of milliliters, and potentially less.
6.7 Backgrounds
In the same way that the sample container contributes to the measured scattering, so does
the matrix containing the sample, for example, the dispersion medium. For this reason, it is
typical to measure the scattering from the pure matrix, in the same or an identical sample
container under the same experimental conditions, and then to subtract this matrix scattering
from the sample scattering. This procedure should also correct for other sources of “sampleindependent” background (for example, the container, vacuum windows, detector response,
etc.).
Difficulties can arise if the sample component of interest occupies a substantial proportion of
the overall sample volume because subtracting 100% of the matrix may no longer be
appropriate, leading to over-correction of the data. In these instances, a volume fractionweighted background correction may be appropriate.
Arguably, the most insidious form of “sample-independent” background is multiple scattering
(discussed in 6.10 Multiple Scattering).
6.8 Counting Times
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Experimental measuring times for an SAS experiment may vary from a fraction of a second
(synchrotron-SAXS) to many minutes or hours (SANS). However, because SAS measurements
are Poisson counting processes, to halve the statistical uncertainty on an I(q) point requires
four times as much data. This calculation is further complicated by the fact that when a
background is subtracted, the statistical errors on the sample and background are added in
quadrature, as shown here:

Thus the final data quality may not be apparent until after the experiment has finished. This
means that invariably one ends up making a judgment call about the statistical quality of the
data before moving on to the next sample. Therefore, counting times are often based on
previous experience or simple trial-and-error, or a combination of both. A good rule of thumb is
to measure each background for the same number of photons/neutrons as the sample it is
intended to correct.
6.9 Sample Transmission
The sample transmission, T r, is a dimensionless number ranging between 0 and 1 and is a
measure of the balance between the scattering power of the sample and absorption as
described by the Beer–Lambert Law:

where t is the pathlength (in most instances, the thickness) of the sample, µ is an absorption
coefficient, and A is the absorbance; µ is dependent on the type of radiation in use.
Despite the simple appearance of this expression, accurately calculating T r for a sample is
fraught with difficulties because µ may be unknown or difficult to determine. The best course of
action is to measure T r at the time the SAS is recorded, simultaneously, if possible. Note that
in TOF–SANS, T r is a function of wavelength.
A good rule of thumb is to keep T r > 0.37 (i.e., t < 1/µ), although this will have
consequences for multiple scattering (see 6.10 Multiple Scattering).
6.10 Multiple Scattering
Multiple scattering is where a photon/neutron that has been scattered once by the sample is
scattered again (possibly several times). Multiple scattering should be avoided, if possible,
because a routine method for correcting SAS data for multiple scattering has not been
developed, except in some limited circumstances. The essence of the problem is that the
history of multiply scattered photons/neutrons is unknown, and thus one cannot know whether
or not to use them.
It is, however, quite straightforward to estimate the extent of multiple scattering from a
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sample. To a first approximation, the average number of times a photon/neutron has been

τ

scattered, , is:

Thus, even for T r = 0.9 there is a 10% probability of multiple scattering. By T r = 0.5 that
probability has risen to almost 70%.
If multiple scattering is suspected, two strategies for mitigating its effects are to thin the
sample and/or use shorter wavelengths and then re-measure and look for differences.
6.11 Radiation Damage
An important consideration during SAXS experiments is that the X-ray beam can be extremely
destructive to the sample if mitigating strategies are not deployed, such as the use of flowthrough cells or cryogenic cooling. This is because the energy of the X-ray photons [for
example, 8047 eV at the copper (Cu) (Kα) wavelength of 0.154 nm] is far greater than the
strength of the bonds holding the sample together (for example, the C–C bond energy is just 4
eV), and hydrogen bonds are weaker still. Even visible photons from a modest blue laser can
cause sample degradation if left to irradiate the sample for long enough. Conversely, the energy
of neutrons of equivalent wavelengths are orders of magnitude lower (for example, a mere
0.034 eV at a wavelength of 0.154 nm), meaning neutrons are a truly non-destructive probe,
especially of sensitive biological material.
6.12.Sample Deuteration
Although selective deuteration is a valuable experimental tool for extracting maximum
information from a SANS experiment, it is unfortunately not without complications. The slightly
larger atomic volume of deuterium, differences in the polarizability of C–H bonds and C–D bonds,
and differences in the strength of O…H and O…D hydrogen bonds all contribute to subtle
modifications of the underlying thermodynamics in the sample which can, and do, affect the
phase behavior. For example, cloud points, critical micelle concentration, micelle aggregation
numbers, and theta temperatures have all been known to change (sometimes in opposite
directions depending on whether the solute or the solvent is deuterated). These challenges
should be considered when designing a SANS experiment.
7. DATA PROCESSING
SAS data processing has two steps:
1. Data reduction: The transformation of the as-measured instrument-dependent data into
portable instrument-independent data (ideally in absolute units on an absolute scale)
2. Data analysis: The interpretation of the instrument-independent data to extract
physical information characterizing the sample
7.1 Data Reduction
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Data reduction procedures, and the factors for which they are corrected, will vary from one
SAS instrument to the next. In the case of SANS, these procedures can even vary between
reactor-SANS instruments and TOF-SANS instruments. However, every SAS instrument
manufacturer or large facility will provide the necessary software to correctly reduce the data
collected from their instrument(s). This software is typically graphical user interface (GUI)driven (although scripts are still used) and will offer both “novice” and “expert” modes of use,
for either “manual”/“single” or “automated”/“batch” data reductions.
In general, the data reduction process will include most or all of the following steps:
1. Calculate the q values of each detector pixel
2. Integrate the recorded counts at a given q within some region of interest (azimuthal
angle, sector, etc.)
3. Normalize for the incident flux or quantum efficiency of the source
4. Correct for the detector efficiency, dark current, dead time, and spatial linearity
(flatness)
5. Correct for the sample transmission (absorbance correction)
6. Correct for the volume of sample illuminated (beam area × sample thickness)
7. Apply an intensity calibration factor
8. Convert the intensity scale into absolute units
This process is repeated for every sample measured, and for any backgrounds measured. The
appropriate background is then subtracted from a sample to yield the final, fully reduced SAS
data set.
7.2.Data Analysis
SAS data analysis for a single sample may use one or more of the following methodologies:
Model-fitting/curve-fitting methods:
Involve optimized fitting of analytical functions for P(q) and/or S(q) to the
experimental I(q) data, for example, to determine generic shape information
(sphere, cylinder, coil, etc.), size (radius, radius-of-gyration, cross-sectional
radius, etc.), and interaction potentials (hard sphere, Percus–Yervick, etc.) (see
Figure 7)
Applicable to all sample types
Computationally straightforward
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Figure 7. Left: Fit of a model calculation (line) to the SANS from a 2% (w/w) solution of
surfactant sodium dodecyl sulfate (SDS) in D2 O (shaded circles). At this concentration, above
the critical micelle concentration (CMC), the system comprises electrostatically interacting,
near-spherical, charged micelles. Right: The model parameter set, illustrating the level of
sophistication that this approach can bring. Data and figures courtesy of Doucet et al., 2017
(13).
Real-space methods:
Involve mathematical transformation of the experimental I(q) data from
reciprocal-space to real-space, for example, to obtain density correlation
functions (Γ(r) ), distance distribution functions [pair-distance distribution
function (PDDF) or P(r)], or scattering length/segment density profiles [ρ(r)]
(see Figure 8)
Applicable to all sample types
Computationally straightforward

Figure 8. Two representations of the structure of a surfactant-stabilized oil-in-water emulsion
system obtained from the SANS at three different scattering contrasts: “core” (line 1: where
the scattering arises from the oil droplets only); “drop” (line 2: where the scattering arises from
the oil cores and the surfactant layers); and “shell” (line 3: where the scattering arises from
the surfactant layers only). For this system, the model-fitting approach suggests relatively
monodisperse spherical objects of 25 Åradius with a 6 Å thick surfactant shell. Left: The one
dimensional density correlation functions. Right: The pair-distance distribution functions. Data
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and figures courtesy of Doucet et al., 2017 (13).
Γ(r) depicts the average separation of regions of similar scattering-length density in the
sample. The minima and maxima in the function represent structural boundaries, for
example, the edge of the object:

Where the “scattering invariant” (also called the “total scattering”) is given by:

The PDDF depicts the relative number of instances that two points in each scattering object
are separated by a given distance, r. It is a function of distance only and is not a threedimensional representation of the structure. The more symmetric the curve, the more
rotationally symmetric the shape of the scattering object. Basic shapes like spheres, rods,
and disks produce distinct distributions.

Ab-initio methods:
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Involve the iterative creation of complex-shape envelopes, for example, from
assemblies of homogeneous spheres ordered on a lattice or using spherical
harmonic functions, the computed scattering of which is then compared with the
experimental I(q) data (14,15)
Are particularly useful for approximating the tertiary structure of biological molecules,
but can also be applied to self-assembled soft matter systems like micelles
Do not take into account the chemical physics of the sample (e.g., bond lengths, bond
angles, packing fractions, electrostatics)
Are computationally modest
Simulation methods:
Involve the iterative manipulation of atomistic structures, for example, as
derived from X-ray or high-resolution NMR crystal structures, by Boltzmanweighted Monte Carlo/Molecular Dynamics methods, the computed scattering of
which is then compared with the experimental I(q) data (16,17)
Are particularly useful for determining the tertiary structure of biological molecules
Take into account the chemical physics of the sample
Are computationally expensive, but can be used with coarse-graining methods
8. ADDITIONAL SOURCES OF INFORMATION
For further information about SAS, visit http://smallangle.org.
For further information about synchrotron X-ray sources, visit http://lightsources.org.
For further information about neutron sources, visit http://neutronsources.org.
The interests of the world-wide SAS community are represented by a subcommission of
the International Union of Crystallography (IUCr)
(http://www.iucr.org/resources/commissions/small-angle-scattering) augmented by the
community network CanSAS (http://www.cansas.org/). Together, these bodies
advocate for and foster best practice, standardization, and data interchange,
particularly where SAXS and SANS are concerned.
The IUCr also operates a moderated SAS-specific email discussion list. To join it, visit
http://mailman.iucr.org/cgi-bin/mailman/listinfo/sa_scat.
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BRIEFING

〈 1602〉 Spacers and Valved Holding Chambers Used With Inhalation Aerosols—
Characterization Tests, USP 41 page 7878. This chapter has been revised to address
comments received. Changes proposed in this revision include:
1. Notes have been added under Tests for Configuration B and Tests for Configuration D
to provide clarity on emitted mass (EM) testing of spacers/valved holding chambers
(VHCs).
Additionally, minor editorial changes have been made to update this chapter to current USP
style and to achieve internal consistency of nomenclature within the chapter.
USP's Aerosols Subcommittee is aiming to have this chapter submitted for ballot for
consideration as Official Text after this next round of public comment. Comments are therefore
invited on the changes made to the document, unless there is perceived to be an overriding
need for revision to the existing text approved at the last round of public comment. If a
revision to the existing text is seen to be necessary, concise alternative wording should be
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provided for the Aerosols Subcommittee to review.
(GCDF: K. Zaidi.)
Correspondence Number—C196744
Comment deadline: September 30, 2018

〈 1602〉 SPACERS AND VALVED HOLDING CHAMBERS USED WITH INHALATION AEROSOLS—
CHARACTERIZATION TESTS
1. INTRODUCTION
1.1 Background
1.2 Purpose
1.3 Rationale
1.4 Recommendations
1.5 Definitions of Key Terms Relating to This Chapter
1.6 Choice of Drug Product with which to Test
2. TEST METHOD SELECTION
2.1 Spacer/VHC Configurations
2.2 Comments on Test Methods
3. MEASUREMENT OF APSD
3.1 No Delay between the MDI Actuation and Sampling Onset
3.2 Delay between the MDI Actuation and Sampling Onset
4. MASS OF DRUG DELIVERED FROM A SPACER/VHC WHILE SIMULATING PATIENT TIDAL
BREATHING
4.1 Without Facemask
4.2 With Facemask
Change to read:
1. INTRODUCTION
1.1 Background
Spacers and valved holding chambers (VHCs) are widely used in conjunction with inhalation
aerosols [commonly known as pressurized metered-dose inhalers (MDIs)]. When used correctly,
VHCs assist with the administration of inhalation aerosols to patients who have poor
coordination of MDI actuation and inhalation, and VHCs reduce oro-pharyngeal deposition of the
drug. Patients using these spacers/VHCs in general breathe tidally when inhaling their
medication, regardless of any delay, and this is particularly true for young and elderly users.
Also, spacers and VHCs often come with a facemask instead of the mouthpiece normally
supplied for inhalation aerosols. These add-on devices (spacers/VHCs) interface with the
actuator/mouthpiece of the MDI and provide additional volume for the aerosol plume to
develop. In this chapter, these aspects are addressed by providing patient-use appropriate
scenarios that have been evaluated extensively.
Although existing methods for evaluating inhalation aerosols rely on sampling at a constant
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flow rate, spacers and VHCs may be used by patients who have poor inhalation technique (i.e.,
they delay inhalation after actuating the MDI). This chapter describes tests that are intended
to provide information on how the spacer/VHC modifies the aerosol emitted by the MDI.
1.2 Purpose
The purpose of this chapter is to define potential standardized methods for characterizing the
in vitro performance of a given MDI drug product with a specific spacer and VHC. It is
recognized that spacer/VHC configurations will deliver a modified particle-size distribution and
dose compared with the dose indicated on the label by the manufacturer of the MDI product,
chiefly by collecting almost all of the portion of the dose contained in particles too large to be
available for inhalation by the patient and potentially reach the lungs. This chapter does not
advise on the outcome of such changes, rather the interpretation of data obtained using the
methods described should be developed by the user after discussion with the appropriate
receiving organization.
1.3 Rationale
This chapter includes separate testing by a multi-stage cascade impactor to determine
aerosol aerodynamic particle size distribution (APSD) and tests mimicking fully coordinated and
fully uncoordinated use, with tidal breathing simulated to establish emitted mass (EM) with the
MDI-spacer/VHC coupled to a breathing simulator.1
2S (USP42)

It is now possible to combine both APSD and EM measurements by means of a mixing inlet.2
2S (USP42)

However, the more conservative approach adopted herein reflects the absence of method
validation data for multiple marketed drug products delivered by MDI. Spacers and VHCs modify
the APSD substantially from what is emitted by the MDI when used alone. In particular, almost
all of the mass fraction of drug associated with particles having ballistic trajectories, by virtue
of propellant expansion upon actuation, is contained within the add-on device. The user should
refer to the Canadian Group standard for further interpretation of changes in APSD brought
about by the presence of a spacer or VHC.
1.4 Recommendations
The use of the induction port identified in Inhalation and Nasal Drug Products: Aerosols,
Sprays, and Powders—Performance Quality Tests 〈601〉 is recommended for compliance with the
pharmacopeial standard. However, it is acknowledged that alternative designs of the induction
port, as yet to be included as pharmacopeial standards, offer unique testing opportunities.
These are either anatomically correct or idealized to have aerosol transport properties similar to
an anatomically correct induction port. Given the widespread use of spacers/VHCs for infants
and small children, it is important to note that many of these anatomically appropriate induction
ports are scaled in terms of such potential users (e.g., the “Alberta” idealized throats,3
2S (USP42)

developed at the University of Edmonton, Canada). The user is free to adopt such an induction
port but should specify the induction port design and age group with which the induction port
will be used.
The evaluation of facemask performance requires a model face of the appropriate age range
specified in the labeling for the add-on device (i.e., infant, small child, or adult). This
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arrangement is necessary because there is no other way to accurately simulate the magnitude
of the dead space or test for the possibility of leak pathways between facemask and face,
both of which are known to influence efficiency of the drug delivery. Some face models are
available commercially.3
2S (USP42)

Therefore, because the use of a face model is an appropriate way to test these add-on
devices, the user will need to either acquire a model from a source where age-appropriate face
models have been developed and validated, or develop and validate his or her own design.
Whichever pathway is chosen, a description of the model, in particular the dimensions of the
face where the facemask comes into contact, should be provided in the data report to the
recipient.
1.5 Definitions of Key Terms Relating to This Chapter
Spacers: Open tubes that do not have a valve at the exit nearest the patient interface
(either the mouthpiece or facemask) to retain the aerosol before the user can inhale (see
Figure 1). Spacers simply increase the distance between the MDI mouthpiece and the mouth of
the patient. If the patient exhales instead of inhaling, the medication will be blown out of the
spacer and lost.

Figure 1. Open-tube spacer with no mechanism for aerosol conservation during exhalation.
(ERR 1-Apr-2017)

VHCs: Contain at least one valve that opens to allow the patient to inhale aerosol on
inspiration. This inhalation valve remains closed at other times during each breathing cycle (see
Figure 2). Some VHCs may also contain an exhalation valve that is open only during exhalation
to direct the exhaled flow away from the inhalation valve.

PF 44(4): Jul.-Aug. 2018

221

Figure 2. Conventional VHC with valve opening upon inhalation, accepting MDI with forwardfiring actuator mouthpiece.
Integral actuator: A companion piece with some spacers and VHCs that accepts a MDI
canister removed from its actuator-mouthpiece. A “reverse firing” feature may enable the
design to be modified such that the built-in actuator faces away from rather than toward the
user. In the example illustrated in Figure 3, the spacer operates in this way. It has some of the
characteristics of a VHC, in that an air dam is created by closure of the valve located distally
from the user on exhalation into the chamber. This type of spacer can therefore be evaluated
as if it were a VHC, because the aerosol released on MDI actuation is conserved during
exhalation.
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Figure 3. Holding chamber with reverse-firing integral actuator for MDI canister.
1.6 Choice of Drug Product with which to Test
It is understood that testing will take place with each single active component within the
drug product or with each strength of multi-strength drug products as required by the recipient
of the data.
Change to read:
2. TEST METHOD SELECTION
2.1 Spacer/VHC Configurations
Four spacer/VHC configurations have been identified that require different test methods to
complete the evaluation process (see Table 1).
Table 1. Identification of Test Configurations of the Spacer/VHC
Configuration
Spacer
VHC
Mouthpiece
Facemask
A
B
C
D

+a
+
−
−

−b
−
+
+

+
−
+
−

−
+
−
+

a + denotes that this item was part of the condition.
b − denotes that this item was not part of the condition.
In Configuration A, the device being tested is a spacer with a mouthpiece. Likewise, in
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Configuration B, the device under test is a spacer with a facemask. In Configuration C, the
device is a VHC with a mouthpiece, and in Configuration D the device is a VHC with a
facemask. The evaluation of devices without patient interface (i.e., those intended for use by
patients on mechanical ventilation) is outside the scope of this chapter.
TESTS FOR CONFIGURATION A
Configuration A, spacer with mouthpiece (see Figure 4), comprises two tests: 1) APSD
measurement with no delay (see Part 1A); and 2) EM by breathing simulation—fully coordinated
(see Part 2A). Testing with a delay would be inappropriate for this configuration because the
medication cannot be retained within the spacer because it has no valving mechanism.
TESTS FOR CONFIGURATION B
Configuration B, spacer with facemask (see Figure 4), comprises one test with the facemask
in place: 1) EM by breathing simulation—fully coordinated (see Part 3A).
[Note—The facemask should NOT be removed for this test, because it is important to be able
to evaluate the effect of dead space between facemask and face, as well as the correct
function of an exhalation valve, if provided.] 2S (USP42)
It is recommended that this class of device be evaluated for APSD measurement with no delay
(see Part 1A) by removing the facemask and coupling the spacer on-axis to the induction port
entry with a suitable connector. Testing with delay would be inappropriate for this
configuration, because the medication cannot be retained within the spacer because it has no
valving mechanism.
[Note—Removal of the facemask is acceptable for APSD determination, because the entire
bolus of medication leaving the spacer is sampled in the continuous vacuum that is required to
operate the cascade impactor.] 2S (USP42)
TESTS FOR CONFIGURATION C
Configuration C, VHC with mouthpiece (see Figure 4), comprises four tests: 1) APSD
measurement with no delay (see Part 1A); 2) APSD measurement with delay (see Part 1B); 3)
EM by breathing simulation—fully coordinated (see Part 2A); and 4) EM by breathing simulation
—fully uncoordinated (see Part 2B).
TESTS FOR CONFIGURATION D
Configuration D, VHC with facemask (see Figure 4), comprises two tests with the facemask in
place: 1) EM by breathing simulation—fully coordinated (see Part 3A); and 2) EM by breathing
simulation—fully uncoordinated (see Part 3B).
[Note—The facemask should NOT be removed for this test, because it is important to be able
to evaluate the effect of dead space between facemask and face, as well as the correct
function of an exhalation valve, if provided.] 2S (USP42)
It is recommended that this class of device be evaluated for APSD measurement with and
without delay (see Parts 1A and 1B) by removing the facemask and coupling the VHC on-axis to
the induction port entry with a suitable connector.
[Note—Removal of the facemask is acceptable for APSD determination, because the entire
bolus of medication leaving the spacer is sampled in the continuous vacuum that is required to
operate the cascade impactor.] 2S (USP42)
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Figure 4. Decision tree for test selection by add-on device type.
2.2 Comments on Test Methods
The tests in Parts 1A and 1B (see Table 2) are an extension of the procedures described in
〈601〉. However, sampling at a constant flow rate via a cascade impactor does not do more
than enable the assessment of the APSD of the emitted aerosol. In the later parts of Products
for Nebulization—Characterization Tests 〈1601〉, tests are described in which tidal breathing is
simulated to assess spacer/VHC performance in terms of the delivered dose (equivalent to EM)
in situations that are more representative of patient use. In Part 1A (see Table 2), the purpose
is to enable the determination of metrics for which a direct comparison can be made with and
without the add-on device. This methodology is the same as that described using either 〈601〉,
Apparatus 1 or Apparatus 6
the Andersen Cascade Impactor without pre-separator or the Next Generation Impactor
without pre-separator (see 〈601〉) 2S (USP42)
and is therefore not repeated here. In Part 1B (see Table 2), delayed sampling is introduced
because add-on devices, especially VHCs, are widely prescribed for individuals who, for
whatever reason, are unable to coordinate MDI actuation with the onset of inhalation as
described for the MDI alone in “patient information” and “instructions for use”. All of the tests
in Part 1 are undertaken with the facemask removed from the spacer/VHC equipped with this
type of patient interface. This modification is allowed so that the device can be readily
interfaced by fitting the facemask adapter directly to the entry of the induction port without
the complication of a direct facemask-to-induction port connection, where internal dead space
would likely be both ill-defined and unrepresentative of the “in-use” condition.
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Table 2. In Vitro Tests for Spacers and VHCs
Test

Delay at
Constant
Flow Rate

Breathing
Simulation

Suitability

Part 1A : Measurement of A PSD with 4-L
sample volume

None

Not applicable

Spacers and
V HCs

Part 1B: Measurement of A PSD with 4-L
sample volume

For example, 2, 5,
or 10 s a

Not applicable

V HCs only

Part 2
A : 2S (USP42)
Measurement of EM with sufficient number
of inhalations from the V HC following
guidance in the patient instructions to
ensure that the drug is
delivered from the V HC as intendedb
Part 2B: Measurement of EM with
sufficient number of inhalations from the
V HC following guidance in the patient
instructions to ensure that the drug is
delivered from the V HC as
intendedb 2S (USP42)

Part 3
A : 2S (USP42)
Measurement of EM delivered by facemask
with sufficient number of
inhalations from the V HC following
guidance in the patient instructions to
ensure that the drug is
delivered from the V HC as intendedb

Part 3B: Measurement of EM delivered
by facemask with sufficient number of
inhalations from the V HC following
guidance in the patient instructions to
ensure that the drug is delivered from the
V HC as intendedb 2S (USP42)

Filter collection of
aerosol simulating
tidal breathing in
coordinated
and uncoordinated
2S (USP42)

Not applicable

use

Not
applicable

Filter collection
of aerosol
simulating tidal
breathing in
uncoordinated
use 2S (USP42)

2S (USP42)

Spacers and
V HCs

V HCs
only 2S (USP42)

Filter collection of
aerosol behind
lips or at nares of
model, simulating
tidal breathing in
coordinated and
uncoordinated
2S (USP42)

Not applicable

Not
applicable

2S (USP42)

use

Filter collection
of aerosol behind
lips or at nares of
model, simulating
tidal breathing in
uncoordinated
use 2S (USP42)

Relevance to
Patient Use
Scenarios
Baseline
performance
compared with
MDI alone
Simulation of a
delay by a poorly
coordinated user
Simulation of
optimum use
(fully
coordinated) with
MDI
pMDI 2S (USP42)
actuation (Part
2A-Spacers and
V HCs) and fully
uncoordinated
use Part 2BV HCs only and
fully
uncoordinated
use
2S (USP42)

Simulation of
fully
uncoordinated
use with pMDI
actuation 2S (USP42)
Simulation of
optimum use
(fully
coordinated) with
MDI
pMDI 2S (USP42)
actuation. Part
3A -Spacers and
V HCs) and fully
uncoordinated
use, Part 3BV HCs only
2S (USP42)

Spacers and
V HCs

Simulation of use
with facemask
applied with a
1.6-kg forcec

V HCs
only 2S (USP42)

Simulation of
fully
uncoordinated
use with pMDI
actuation.
Simulation of use
with facemask
applied with a
1.6- kg
forcec 2S (USP42)

a O ther delay intervals may also be used as required, if justified.
b Representative breathing patterns for different patient ages are listed in Table 3; other patterns may be used as required, if
justified.
c 1.6-kg applied force has been shown to be clinically appropriate, but the force used may differ from this value if justified.
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The tests in Parts 2 and 3, depending on whether a mouthpiece or facemask is present as
the patient interface, respectively (see Table 2), evaluate the performance of the inhalation
valve (and exhalation valve, if equipped) of the add-on device. This evaluation is accomplished
by simulating tidal breathing, with parameters that are appropriate for the intended user group
(e.g., infant, small child, or adult). This testing approach creates the continually varying flow
conditions that are expected in use. Note that in the determination of EM, a sufficient number
of inhalations should be taken in accordance with the instructions for use of the VHC, to ensure
that the intended amount of drug is delivered.
Spacers/VHCs using a facemask as the patient interface should be evaluated ideally with the
facemask in place (see 1.3 Rationale). The desirable approach is such that in vitro testing
makes use of a model face that is representative of the age range for which the spacer/VHC is
intended. There are currently limited commercially available model faces; however, the peerreviewed literature contains several articles providing the necessary technical information to
enable suitable age-appropriate model(s) to be created for the purpose of testing spacer/VHCs.
It is also important that the surfaces of the face coming into contact with the facemask have
mechanical characteristics (e.g., deformability) that are representative of the skin and
underlying soft tissues when the facemask is applied to the face with an appropriate force. In
Part 3 (see Table 2), the spacer/VHC is evaluated by a breathing simulation with the facemask
fitted, mimicking similar fully coordinated use as defined in Part 2A and also fully uncoordinated
use as defined in Part 2B (see Table 2). By comparing the EM of the drug with and without the
use of a facemask, it is possible to assess the influence of the facemask.
[Note—Not all of the tests described in this chapter are applicable to open-tube spacers
because such devices require fully coordinated use; otherwise, drug delivery will be significantly
reduced. Figure 4 shows the decision tree to be followed so that the tests chosen are
appropriate to the type of add-on device being evaluated.]
Table 2 further defines the test, method, applicable device, and relevance to patient use
scenarios of the procedures that are described in this chapter. Example delay intervals of 2, 5,
and 10 s are noted in the table, although other delay intervals may be substituted or added as
required and justified. For the testing in Parts 3
A and B 2S (USP42)
(see Figure 4), it is recognized that currently there are limited commercially available face
models representing the most widely recognized age categories, which may be required (i.e.,
infant, small child, and adult). The user is advised to select an appropriate commercial model or
develop his or her own, providing justification for the selection as required. Additionally, Table 3
shows representative tidal-breathing patterns for the various patient age categories from
neonate to adult.
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Table 3. Representative Tidal Breathing Patternsa
Pediatric
Parameter
Tidal volume (mL)

Neonate
25

Infant
50

Small
Child
155

Adult

Normal
1b
770

Normal
2b
500

Frequency (min−1)
40
30
25
12
13
c
I/E ratio
1:3
1:3
1:2
1:2
1:2
Minute volume
(mL)
1000
1500
3875
9240
6500
a With the permission of the Canadian Standards Association (operating as the CSA Group),
material is reproduced from CSA Group standard CAN/CSA-Z264.1-02 (R2011), “Spacers and
Holding Chambers for Use with Metered-Dose Inhalers”, which is copyrighted by CSA Group,
5060 Spectrum Way, Suite 100, Mississauga ON, L4W 5N6. This material is not the complete
and official position of the CSA Group on the referenced subject, which is represented solely
by the standard in its entirety. Although use of the material has been authorized, CSA is not
responsible for the manner in which the data are presented, nor for any interpretations
thereof. For more information or to purchase standards from the CSA Group, please visit
http://shop.csa.ca/ or call 1-800-463-6727.
b Normal 1 represents a resting adult of large build; Normal 2 represents an active adult of
normal build.
c I/E ratio = inspiratory time/expiratory time.
Testing is undertaken (see 3.1 No Delay between the MDI Actuation and Sampling Onset)
to ensure that there are no leakages of ambient air into the measurement apparatus. The
purpose is not to evaluate leakages associated with the spacer/VHC. Such testing would be
impractical because of the variety of adapters that would be needed to interface the flow
meter with the different designs associated with these add-on devices.
2S (USP42)

Change to read:
3. MEASUREMENT OF APSD
3.1 No Delay between the MDI Actuation and Sampling Onset
BACKGROUND
In Part 1A (see Figure 4), the measurement of APSD from the spacer or VHC with no delay
following actuation of the inhaler is defined as an important test of the optimum performance of
the device. This test also provides information with which to compare the in vitro performance
of the MDI with and without the add-on device present.
TEST PROTOCOLS
If the spacer/VHC is intended for adult use, and comparison is being made with the MDI
alone, follow
one of 2S (USP42)
the procedures given for 〈601〉, Apparatus 1 or Apparatus 6
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inhalation aerosols and sprays, 2S (USP42)
as required. Alternatively,
the pediatric version of 2S (USP42)
the Marple-Miller Cascade Impactor (Model 150),4 which has the same stage cut-point sizes at
30 L/min as those of 〈601〉, Apparatus 2,
(Model 150P) 2S (USP42)
may be used.
If the spacer/VHC is intended for neonates, infants, or small children, it may be appropriate
to use an alternative apparatus that operates at the reduced flow rate(s) more appropriate for
these classes of patients. Examples are 〈601〉, Apparatus 6
the Next Generation Impactor (without pre-separator) 2S (USP42)
operated at 15.0 L/min or the pediatric version of 〈601〉, Apparatus 2
2S (USP42)

the Marple-Miller Cascade Impactor (Model 150P) that functions at either 4.9 or 12.0 L/min.
Set up the cascade impactor as described in the manufacturer's literature. To ensure
efficient particle capture, coat appropriately the particle collection surface of each stage with
glycerol, silicone oil, or other suitable liquid unless this has been demonstrated to be
unnecessary. Connect an induction port with internal dimensions as defined in 〈601〉 to the
impactor inlet. Connect the impactor to a vacuum pump via a suitable flow control valve.
Attach a flowmeter capable of providing volumetric flow rate, within the range of operation
leaving the meter, to the induction port, ensuring an airtight seal. Verify that the flow rate for
the test is within ±5% of the specified flow rate. This is achieved by applying a vacuum to the
test apparatus by means of the flow control valve located between the cascade impactor and
vacuum source. Turn off the source of vacuum to this apparatus after this check has been
completed and remove the flow meter.
Attach a suitable coupling for the spacer/VHC to the induction port. 2S (USP42)
Conduct the
remainder of the 2S (USP42)
evaluation with the mouthpiece of the spacer or VHC, if so equipped, connected to the test
apparatus. If the spacer or VHC is equipped with a facemask, remove the facemask and
perform the evaluation with the add-on device connected to the test apparatus by means of
the facemask adapter.
If a VHC is tested, prepare it
Prepare the spacer/VHC 2S (USP42)
for the test by washing in accordance with the manufacturer's instructions, if so indicated. If
no instructions for preparation are provided, test the device out of the package without
prewashing, and note this information in the test report.
Connect the spacer or VHC via the mouthpiece or facemask adapter to the entry to the
induction port described in 〈601〉. This connection can be made either with a short piece of
flexible tubing or with a purpose-built coupling that ensures on-axis alignment with the entry to
the induction port. If flexible tubing is used for this connection, ensure that the add-on device
is supported in such a way that its long axis aligns with the axis of the induction port entry.
Care should be taken to ensure that the coupling, however constructed, does not result in a
significant loss of the drug and/or change in measured APSD.

PF 44(4): Jul.-Aug. 2018

229

Verify that the coupling is leak-tight by first connecting a calibrated gas flow meter to the
entry of the induction port and then verifying that the flow rate specified for the test is within
±5% of the desired flow rate. This is achieved by applying a vacuum to the test apparatus by
means of an appropriate regulation valve located between the cascade impactor and vacuum
source. Remove the flow meter from the induction port and connect the spacer/VHC as
described above. Verify that the volumetric flow rate determined by attaching the same flow
meter to the MDI mouthpiece acceptance port of the spacer/VHC is NLT 95% of that obtained
at the first flow rate measurement at the entry of the induction port. Turn off the source of
vacuum to this apparatus after this check has been completed and remove the flow meter,
ensuring the connection between the spacer/VHC and induction port is not disturbed.

2S (USP42)

The practice of actuating the MDI with the spacer or VHC initially disconnected from the
induction port and then rapidly connecting the add-on device after MDI actuation is not
recommended, because there is always a small delay interval and medication will be lost in an
uncontrolled manner from an open-tube spacer if this procedure is followed.
Follow the directions in the patient information and instructions for use for the MDI to prime it
before inserting into the MDI adapter of the spacer/VHC. In the case of an add-on device
equipped with an integral actuator, after priming the MDI canister in its mouthpiece adapter as
supplied, remove the canister from the adapter and clean the external valve stem with a
suitable wipe. Insert the canister valve stem into the receptacle following the instructions for
use for the particular add-on device, taking care to avoid premature actuation.
In cases where more than one actuation of the MDI is needed to collect sufficient mass of
drug product, follow the directions in the patient information and instructions for use; if no
directions are provided, allow a minimum of 30 s between actuations. Turn on the vacuum to
the cascade impactor before delivering any actuations. It is important to deliver the minimum
number of actuations to obtain an adequate sample of the size-fractionated drug mass for
measurements to be made to the same degree of precision as would be the case if the MDI was
evaluated alone.
After the MDI actuation and aerosol sampling are completed, recover the drug from each
component of the cascade impactor, including the induction port, and also from within the
spacer/VHC by using a validated method appropriate to the product being measured. Carefully
remove the backup filter of the cascade impactor, whose purpose is to capture the drug mass
passing the last impaction stage, from its location and place it in a suitable container. For each
sample, add a predetermined volume of a suitable solvent to the container and agitate to
dissolve the collected drug. Transfer a sample to a cuvette or vial for drug assay using a
syringe equipped with an in-line filter to retain any suspended material. Care must be taken
with the recovery of a drug retained by the add-on device, because a greater volume of
solvent may be needed, compared with volumes needed for recovery from each impaction
plate/cup of the impactor. Perform separate assays to measure the mass of drug recovered
from each component, using a validated procedure.
Repeat the measurement with the required number of devices and replicates per device.
Typically, five separate spacers or VHCs are each tested once, but other testing protocols may
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be adopted as required, if justified. These protocols may include replicate measurements per
device to obtain information about intra- as well as inter-device performance.
MEASUREMENTS
Total mass of drug collected: This procedure is not a test of the product or add-on device
but serves as a system suitability test to ensure that the results are valid. The total mass of
drug collected comprises the sum of the drug mass in all of the components, including the MDI
mouthpiece and from within the spacer/VHC [material balance (MB)] divided by the number of
actuations of the MDI. Note that typically up to 5% of the target-delivered label claim may be
retained by the cascade impaction apparatus as inter-stage wall losses.
Total mass of drug emitted: The total mass of drug emitted from the spacer/VHC with zero
seconds delay (delivered dose, equivalent to EM) is determined from the sum of the values for
the mass of drug collected in all of the components of the test apparatus divided by the
number of actuations of the MDI. Spacers and VHCs are intended to reduce the mass of coarse
particles inhaled by the patient; therefore, an important part of data interpretation of the APSD
should involve separate assessments of the pertinent subfractions relevant to the inhalation
aerosol product. The precise size limits for these subfractions will agree with the recipient of
the test data. However, to provide initial guidance on this matter, it is suggested that the
following be considered as a minimum:
Determination of the mass of drug retained by the spacer/VHC together with the mass
recovered from the induction port
Stage-by-stage profile of the remaining EM
Further interpretation of these data is at the discretion of the user. The performance of the
spacer/VHC is compared with that of the MDI alone, following the procedure described in 〈601〉.
3.2 Delay between the MDI Actuation and Sampling Onset
[Note—This test is inappropriate for spacers.]
BACKGROUND
This test requires the adaptation of 〈601〉, Apparatus 1 and Apparatus 6
the Andersen Cascade Impactor without pre-separator and the Next Generation Impactor
without pre-separator (see 〈601〉) 2S (USP42)
to accept a means by which the delay interval can be realized. The actuation of the MDI into
the VHC on test with its mouthpiece or facemask adapter disconnected from the entry to the
induction port, followed by connection to the port with the vacuum applied to the apparatus
immediately after the delay interval has elapsed, is difficult to perform accurately and may
result in leakage or an inaccurate realization of the delay interval. For these reasons, an
apparatus of the type described in Figure 5 is recommended, because it enables the VHC
mouthpiece/facemask adapter to remain in position throughout the measurement. The
methodology for delay testing is based on the apparatus illustrated, but other equipment
offering similar capability may be used if justified.
TEST PROTOCOLS
The vertically mounted shutter plate comprises a circular opening in its upper half and is
mounted at setup such that the gap between the VHC mouthpiece/facemask adapter and
induction port entry is closed, as illustrated (see Figure 5). The induction port and VHC adapter
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fit tightly into the mounting block. In this position, when vacuum is applied to the test
apparatus, air is sampled by the apparatus at the desired flow rate via a bypass channel on the
side of the adapter facing the induction port. This arrangement avoids the need to start the
flow through the apparatus after the delay interval has elapsed, so that the cascade impactor
is always operated at a constant flow rate.

Figure 5. A configuration for an apparatus to assess the effect of a delay between the MDI
actuation and sampling onset.
In the configuration described in Figure 5, when the MDI is actuated, a microphone located
on the adapter block detects the sound emitted at actuation of the MDI, starting a timer that
operates a solenoid valve that retracts a pin immediately after the preset delay interval has
expired. This process permits gravity to operate on the shutter, which drops to the lower
position in which the aperture is aligned with the VHC mouthpiece/facemask adapter and
induction port entrance. The aerosol retained within the VHC is sampled as soon as the shutter
moves to the “open” position. This procedure avoids the risk of capturing any “blow-by” aerosol
that might escape the VHC as the propellant expands immediately following MDI actuation but
would not be inhaled by a user. If blow-by is observed, it should be noted in the test report. In
the configuration shown in Figure 5, the adapter introduces <5 mL of additional volume to the
aerosol pathway from the VHC to the filter, and the minimum delay interval achievable is 1 s.
Example delay intervals of 2, 5, and 10 s have been noted earlier in this chapter, although
other delay interval(s) may be substituted or added if required and justified.
Connect the impactor to a vacuum pump via a suitable flow control valve.
The delay apparatus, if constructed in accordance with Figure 5 will introduce leakage into
the apparatus, once attached to the induction port because the bypass flow passage is open
in order that in-flow comes in via this passage rather than through the VHC before the shutter
drops after the prescribed delay period. The flow rate verification test is therefore conducted
before the delay apparatus is attached. Connect an induction port with internal dimensions as
defined in 〈601〉 to the impactor inlet. Attach a flowmeter capable of providing volumetric flow
rate, within the range of operation leaving the meter, to the coupling, ensuring an airtight seal.
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Verify that the flow rate for the test is within ±5% of the specified flow rate. This is achieved
by applying a vacuum to the test apparatus by means of the flow control valve located
between the cascade impactor and vacuum source. Turn off the source of vacuum to this
apparatus after this check has been completed and remove the flow meter.
2S (USP42)

Securely attach the exit port from the delay apparatus to the entry of the induction port.
Conduct the remainder of the evaluation with the mouthpiece of the spacer or VHC, if so
equipped, connected to the test apparatus. If the spacer or VHC is equipped with a facemask,
remove the facemask and perform the evaluation with the add-on device connected to the test
apparatus by means of the facemask adapter. If this is the first testing of the spacer/VHC or
the intention is to evaluate the add-on as new for each delay condition, prepare it for the test
by washing in accordance with the manufacturer's instructions, if so indicated. If no
instructions for preparation are provided, test the device out of the package without
prewashing, and note this information in the test report. 2S (USP42)
Connect the VHC via the patient interface (mouthpiece or facemask adapter) to the entry port
of the delay apparatus. and verify that the coupling is leak-tight. This check is most easily
done by connecting a calibrated gas flow meter to the port for the MDI (MDI adapter) on the
VHC and verifying that the volumetric flow rate is NLT 95% of that obtained with the same flow
meter connected to the entry of the induction port. This should be done before attaching the
delay apparatus, with the vacuum source applied to the test apparatus to achieve the
appropriate nominal flow rate. Turn off the vacuum source to this apparatus after this check
has been completed, and remove the flow meter. Reconnect the VHC, and turn on the vacuum
source again.
2S (USP42)

Before actuating the MDI for the first time into the VHC being tested, ensure that the delay
apparatus is set such that the shutter is in the “up” or “closed” position. Select the desired
delay interval for the timer.
Follow the directions in the patient information and instructions for use before inserting the
actuator/mouthpiece of the MDI into the MDI adapter of the VHC before the first actuation into
the test apparatus. If the spacer/VHC is designed with an integral actuator, after priming the
MDI canister in its mouthpiece adapter as supplied, remove the canister from the adapter and
clean the external valve stem with a suitable wipe. Insert the canister valve stem into the
receptacle following the instructions for the particular add-on device, taking care to avoid
premature actuation.
In cases where more than one actuation of the MDI is needed to collect sufficient mass of
drug product, follow the directions in the patient instructions, or if no direction is provided,
allow a minimum of 30 s between actuations. Deliver the minimum number of actuations needed
to obtain an adequate sample of the size-fractionated drug mass so that measurements can be
made to the same degree of precision as if the MDI was evaluated alone. Reposition the shutter
of the delay apparatus in the up or closed position, and check that the timer is set for the
desired delay after each MDI actuation. Maintain the vacuum through the entire sequence until
all actuations are completed.
After the sampling part of the measurement is completed, recover the drug from each
component of the cascade impactor, including the induction port, and from within the
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spacer/VHC by using a validated method appropriate to the specific product. In the
configuration shown in Figure 5, the surface area of the shutter that is exposed to aerosol
particles is minimal. Therefore, recovery of drug from this component needs to be done only for
the most accurate work; in which case, the inner surfaces of the aperture in the shutter plate
and the exit port are washed with recovery solvent. Care should be taken with the recovery of
drug retained by the VHC, because a greater volume of solvent than is needed for recovery
from each impaction plate/cup of the impactor may be needed to be sure that drug is
quantitatively recovered. Assay for the mass of drug recovered from each component
separately by using a validated procedure.
Repeat the measurement with the required number of devices and replicates per device.
Typically, five separate spacers or VHCs are each tested once, but other designs, including
replicate measurements per device, may be adopted as required.
MEASUREMENTS
Total mass of drug collected: The total mass of drug collected in all of the components,
including the MDI mouthpiece and from within the spacer/VHC (MB) is divided by the number of
actuations of the MDI. The component of the dose that may escape past the inhalation valve
of the VHC on MDI actuation (due to momentary pressurization of the interior of the chamber)
is termed “blow-by”, and it may not be captured for the assay. If this phenomenon is observed,
it must be noted. [Note—Quantification of blow-by is not a practical proposition because the
act of collecting the aerosol will inevitably apply back-pressure to the valve, reducing or
eliminating the phenomenon altogether.]
The performance of the spacer/VHC tested with delay (see 3.2 Delay between the MDI
Actuation and Sampling Onset) is compared with that of the spacer/VHC tested with no delay
(see 3.1 No Delay between the MDI Actuation and Sampling Onset).
VHCs are intended to reduce the mass of coarse particles inhaled by the patient, so an
important part of data interpretation of the APSD should involve separate assessments of the
pertinent subfractions relevant to the inhalation aerosol product. The precise size limits for
these subfractions will agree with the recipient of the test data. However, to provide initial
guidance on this matter, it is suggested that the following be considered as a minimum:
Determination of the mass of drug retained by the spacer/VHC together with the mass
recovered from the induction port
Stage-by-stage profile of the remaining EM
Further interpretation of these data is at the discretion of the user.
Change to read:
4. MASS OF DRUG DELIVERED FROM A SPACER/VHC WHILE SIMULATING PATIENT TIDAL
BREATHING
4.1 Without Facemask
Cascade impactors used in the assessment of APSD are designed to operate at fixed flow
rates. However well the add-on device may perform during an in vitro test of function using
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such an apparatus, the operation of critical moving components (i.e., inhalation and exhalation
valves of VHCs) is not evaluated in the way that these components would perform when the
VHC is used by the patient. An additional test that simulates tidal breathing is therefore
included, because this type of respiratory pattern is most commonly encountered with patients
using an add-on device, particularly neonates, infants, and children who are incapable of a
forced inhalation maneuver. Several representative, age-related breathing patterns are listed in
Table 3.
There is no breathing simulator recognized in 〈601〉. However, 〈1601〉 provides for the use of a
commercially available breathing simulator that is able to generate the same breathing profiles
as those specified in Table 3. The methodology provided assumes that equipment meeting this
standard is available. Figure 6 illustrates schematically a setup that has been effective for
these measurements, but other configurations may be used as required.
The filter system used to collect the aerosol at the mouthpiece/facemask adapter of the
spacer/VHC should be a suitably validated, low-resistance filter capable of quantitatively
collecting the aerosol and enabling recovery of the drug substance with use of an appropriate
solvent. If the filter is contained in its own housing, the dead volume of the filter casing must
not exceed 10% of the tidal volume used in the breath simulation. This restriction will likely
make it necessary to use filters without a separate housing when performing tests that
simulate neonatal or infant use.
The first part of the test is suitable for both spacers and VHCs, because it simulates the
delivery of medication mimicking a fully coordinated user actuating the MDI at the onset of
inhalation. However, the second part of the test is only suitable for VHCs because the MDI is
actuated at the onset of exhalation to simulate a fully uncoordinated user.
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Figure 6. VHC evaluation by breathing simulator.
TEST, PART 1
Set the breathing simulator to the required breathing pattern (identified from Table 3) in
accordance with the manufacturer's instructions. Alternative breathing patterns may be used if
required. Ensure that the simulator has been calibrated before use so that the actual volumes
and frequency are within ±5% of the indicated value during each breathing cycle. Calibration
syringes are available from various suppliers of mechanical ventilation equipment to verify
volumes. To verify frequency, the method varies among breathing simulator manufacturers, and
therefore the advice of the particular supplier/manufacturer should be sought if the method is
not explicitly stated in the operating instructions for the apparatus.
Ensure that the selected flow waveform from the computer-controlled breathing simulator
(Figure 6) is stable before proceeding. Prepare each device in the group of spacers or VHCs to
be tested by washing in accordance with the manufacturer's instructions, if indicated. If no
instructions for preparation are provided, test the devices out of package without prewashing
and note this fact in the test report.
Connect the mouthpiece or facemask adapter of the spacer/VHC to the breathing simulator
by means of a short length of flexible hose. Locate the aerosol filter as close as possible to the
mouthpiece of the spacer/VHC using an adapter or other means that will enable a leak-tight
seal to be formed with the minimum amount of space (dead volume) between the device and
the filter. Ensure that the adapter does not restrict the path of the aerosol.
FiltreteTM is a suitable electret filter medium5
2S (USP42)

that readily releases collected drug quantitatively upon addition of a suitable solvent during the
assay procedure. However, other suitable filter media may be used provided that the tester is
satisfied that the filter is capable of collecting the entire emitted dose and that drug recovery
for assay is quantitative.
Follow the directions in the patient information and instructions for use for the MDI to prime it
before inserting into the MDI adapter of the spacer/VHC before the first actuation into the test
apparatus. In the case of an add-on device equipped with an integral actuator, after priming
the MDI canister in its mouthpiece adapter as supplied, remove the canister from the adapter
and clean the external valve stem with a suitable wipe. Insert the canister valve stem into the
receptacle by following the instructions for use for the particular add-on device, taking care to
avoid premature actuation. This test typically should require only one actuation of the MDI into
the spacer/VHC per determination. However, for certain highly potent products delivering low
unit mass of drug per actuation, more than one actuation of the MDI may be needed to collect
a sufficient mass of drug product. Under such circumstances, follow the directions in the
patient information and instructions for use for the MDI, or allow a minimum of 30 s between
actuations if no direction is provided. It is important to deliver the minimum number of
actuations to obtain an adequate sample of the drug mass for measurements to be made with
acceptable precision.
For the first part of the test, perform a single actuation timed to coincide with the beginning
of an inhalation. Allow sampling to occur for five additional breathing cycles for the actuation.
If additional actuations are required to improve analytical sensitivity, ensure that the sampling

PF 44(4): Jul.-Aug. 2018

236

time is of sufficient length for the spacer/VHC to be emptied of remaining aerosol before the
next actuation is delivered, and do not disconnect the spacer/VHC from the breathing simulator
between actuations.
Remove the filter carefully from its location and place it in a suitable container. Add a
predetermined volume of a suitable solvent to the container and agitate to dissolve the
collected drug. Transfer a sample to a cuvette or vial for drug assay using a syringe equipped
with an in-line filter to retain any suspended material. Recover the mass of drug from the filter
by using a validated procedure appropriate to the specific product, and assay for the mass of
drug collected by using a validated procedure. Calculate the total mass of drug per actuation;
this is the emitted mass in the fully coordinated condition (EMc ). Repeat the measurement with
the required number of devices and replicates per device.
TEST, PART 2
[Note—This part of the test is inappropriate for spacers.] For the second part of the test,
either clean the VHC between measurements or evaluate a new VHC out of its packaging, as
required and justified. Report whether cleaning or replacement of the VHC was carried out.
Repeat the procedure above in Test, Part 1 with the same VHC, this time actuating the MDI
timed to coincide with the onset of exhalation. Calculate the total mass of drug per actuation;
this is the EM in the fully uncoordinated condition (EMuc ). Repeat the measurement with the
required number of devices and replicates per device.
Calculate the ratio of EMc with the EMuc .
4.2 With Facemask
TEST, PART 1
The purpose of this test is to compare the EM from a spacer/VHC equipped with a facemask
to that obtained in the fully coordinated simulation with the facemask removed. Facemasks are
widely prescribed for infants, small children, and adults who lack coordination to use a
mouthpiece-based product. The evaluation of spacers/VHCs supplied with a facemask, rather
than a mouthpiece, requires additional attention beyond the methods described previously,
because the facemask itself has a major part to play in the transport of the drug-containing
aerosol particles from the add-on device to the patient (Figure 7). It is therefore important
that the facemask be tested in situ as part of the add-on device, rather than separately. A
critical component of the test apparatus is the representation of a human face appropriate to
the age range for which the add-on device is intended (e.g., neonate, infant, small child, or
adult). There are few models that can be defined as an apparatus in a way that is similar to
what is done for cascade impactors in the aerodynamic particle size analysis of MDI-generated
aerosols, although some face models are currently available commercially. Ideally, standardized,
age-appropriate models would be preferred.3
2S (USP42)
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Figure 7. VHC with facemask applied to face.
Ideal attributes for face models are the following:
Appropriate facial dimensions for the intended user age range
Ability to apply the facemask with the predicted amount of dead space when it is
applied with a clinically appropriate force to the model
Physiologically accurate soft facial tissue modeling around the chin, cheeks, and nose
where the facemask makes contact
Means of correctly mounting the spacer/VHC so that the facemask is oriented with the
correct alignment to the face, as would occur when in use by a patient
[Note—Some models may include anatomically accurate realization of the upper airway (nasoor oropharynx), with the aerosol collection filter located at the distal port of the model
representing the entry to the lungs.] For the sake of simplicity and to realize a measure of
spacer/VHC performance comparable to the measure obtained with facemask removed in Parts
2
A and B 2S (USP42)
(see Figure 4), the default assumption is that the model face simulates open-mouth breathing
without an anatomically accurate upper airway, and that the aerosol collection filter is located
in a cavity immediately behind the lips of the model. Alternatively, if an obligate nasal breathing
infant model is being used, then the filter can be placed behind the nares. The mass of drug is
reported as the emitted mass (EMfacemask).
Select a face model appropriate to the intended age range for the spacer/VHC facemask, and
mount the face model in an appropriate fixture. The fixture should enable the facemask to be
located at an appropriate angle to the face model, such that an effective seal between the
facemask and face model is created with a clinically appropriate force. This is typically a
loading force of 1.6 kg but may differ from this value if justified by the design of the facemask.
The arrangement shown schematically in Figure 8 is one way of achieving the desired result,
but other approaches may be adopted as required, if justified.
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Locate and secure the filter media in the cavity behind the lips of the face model. FiltreteTM
is a suitable electret filter medium5
2S (USP42)

that readily releases collected drug quantitatively upon addition of a suitable solvent during the
assay procedure. However, another suitable filter medium may be used, provided that the
tester is satisfied that it is capable of collecting the entire emitted dose, and that drug
recovery for the assay is quantitative.
Verify that a seal has been obtained between the facemask and face model. This is
conveniently done by connecting the outlet (distal) port of the face model, using a short length
of flexible hose, to an in-line calibrated gas flow meter whose distal port is in turn connected to
the vacuum source via a regulating valve capable of setting the flow rate to a suitable value,
typically 30 L/min. Connect a similar flow meter to the port for the MDI (MDI adapter) on the
spacer/VHC, and ensure that the mask is positioned in order to maximize flow rate. ideally NLT
90% of that obtained with the in-line flow meter between face model and regulating valve.
2S (USP42)

[Note—Leakage from the facemask to face seal, as detected by lower flow rate, is known to
reduce drug delivery.] Turn off the vacuum source after this check has been completed, and
disconnect the flexible hose from the in-line flow meter. Remove the upstream flow meter from
the MDI adapter of the spacer/VHC.

Figure 8. Mount for face model with alignment fixture including carriage for spacer/VHC; a fixed
(i.e., 1.6-kg) weight acts on the pulley below the VHC and draws the carriage toward the face
with the required force.
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Connect the outlet (distal) port of the face model to the appropriate port of the breathing
simulator using a short length of flexible hose. Set the breathing simulator to the required
breathing pattern (identified from Table 3) in accordance with the manufacturer's instructions.
Alternative breathing patterns may be used if required. Ensure that the simulator has been
calibrated before use so that the actual volumes and frequency are within ±5% of the indicated
value during each breathing cycle. Calibration syringes are available from various suppliers of
mechanical ventilation equipment to verify volumes. To verify frequency, the method varies
among breathing simulator manufacturers, and therefore the advice of the particular
supplier/manufacturer should be sought if the method is not explicitly stated in the operating
instructions for the apparatus. Ensure that the selected flow waveform from the breathing
simulator is stable before proceeding.
Follow the directions in the patient information and instructions for use for the MDI to prime it
before inserting it into the MDI adapter of the spacer/VHC before the first actuation into the
test apparatus. In the case of an add-on device equipped with an integral actuator, after
priming the MDI canister in its mouthpiece adapter as supplied, remove the canister from the
adapter, and clean the external valve stem with a suitable wipe. Insert the canister valve stem
into the receptacle according to the instructions for use for the particular add-on device,
taking care to avoid premature actuation. Typically, it should require only one actuation of the
MDI into the spacer/VHC per determination. However, for certain highly potent products
delivering a low-unit mass of drug per actuation, more than one actuation of the MDI may be
needed to collect a sufficient mass of drug product. Under such circumstances, follow the
directions in the patient instructions or allow a minimum of 30 s between actuations if no
direction is provided. Deliver the minimum number of actuations needed to obtain an adequate
sample of the drug so that mass measurements can be made with acceptable precision.
Perform a single actuation in the spacer/VHC, timed to coincide with the beginning of an
inhalation (see Figure 4, Part 3A). Allow sampling to occur for five additional breathing cycles
for the actuation. If additional actuations are required to improve analytical sensitivity, ensure
that the sampling time is of sufficient duration for the spacer/VHC to be emptied of remaining
aerosol before the next actuation is delivered, and do not disconnect the spacer/VHC from the
breathing simulator between actuations.
Following the tests, remove the filter carefully from its location and place it in a suitable
container. Add a predetermined volume of a suitable solvent to the container and agitate to
dissolve the collected drug. Transfer a sample to a cuvette or vial for drug assay using a
syringe equipped with an in-line filter to retain any suspended material. Recover the mass of
drug from the filter by using a validated method appropriate to the specific product, and assay
for the mass of drug collected by using a validated procedure. Calculate the total mass of drug
per actuation; this is the emitted mass in the fully coordinated condition with facemask fitted
to the spacer/VHC (EMc−fm). Repeat the measurement with the required number of devices and
replicates per device.
The values of EMc from the test undertaken in Part 2
A 2S (USP42)
(see Figure 4) in which the facemask adapter was removed for comparison of EM, simulating
fully coordinated use by a breathing simulator can be compared to the EMc–fm in order to
understand the impact of the facemask on drug delivery.
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TEST, PART 2
For a VHC only, the same process can be repeated, but with the MDI actuation(s) timed to
coincide with the beginning of exhalation (rather than inhalation) (see Figure 4, Part 3B). In
this instance, the mass of drug collected per actuation is the emitted mass in the
uncoordinated condition (EMuc−fm). The ratio of EMc−fm from Part 1
of this test 2S (USP42)
and the EMuc−fm can now be calculated.
1 C anadian Group standard, C AN/C SA/Z 264.1-02: 2008; C anadian Standards Association, Mississauga,
Ontario, C anada.
2S (USP42)

2 Available from C opley Scientific Ltd., Nottingham, UK, or RDD-Online, Richmond, VA, USA.
2S (USP42)

3 Available from C opley Scientific Ltd., Nottingham, UK.
2S (USP42)

4 Available from MSP C orp., St. Paul, MN.
2S (USP42)

5 Available from 3M C orp, St. Paul, MN.
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 7878
BRIEFING

〈 2091〉 Weight Variation of Dietary Supplements, USP 41 page 8185. It is proposed to
revise this general chapter to add a new Chewable Gels section that includes a test procedure
and acceptance criteria for chewable gels dosage forms. The proposed acceptance criteria for
weight variation are based on the results from different lots of chewable gel products currently
on the market from several manufacturers.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C199902
Comment deadline: September 30, 2018

〈 2091〉 WEIGHT VARIATION OF DIETARY SUPPLEMENTS
Change to read:
INTRODUCTION
The following tests provide limits for the permissible variations in the weights of individual
tablets, capsules,
or chewable gels 2S (USP42)
expressed in terms of the allowable deviation from the average weight of a sample. Separate
procedures and limits are described herein for capsules, uncoated tablets, coated tablets,
and chewable gels 2S (USP42)
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2S (USP42)

that are intended for use as dietary supplements.
CAPSULES
Capsules meet the requirements of the following test with respect to variation in weight of
contents.
Hard Shell Capsules
Weigh 20 intact capsules individually, and determine the average weight. The requirements
are met if each of the individual weights is within the limits of 90% and 110% of the average
weight.
If not all of the capsules fall within the aforementioned limits, weigh the 20 capsules
individually, taking care to preserve the identity of each capsule, and remove the contents of
each capsule with the aid of a small brush or pledget of cotton. Weigh the emptied shells
individually, and calculate for each capsule the net weight of its contents by subtracting the
weight of the shell from the respective gross weight. Determine the average net content from
the sum of the individual net weights. Then determine the difference between each individual
net content and the average net content: the requirements are met if (a) NMT 2 of the
differences are greater than 10% of the average net content and (b) in no case is the
difference greater than 25%.
If more than 2 but NMT 6 capsules deviate from the average between 10% and 25%,
determine the net contents of an additional 40 capsules, and determine the average content of
the entire 60 capsules. Determine the 60 deviations from the new average: the requirements
are met if (a) NMT 6 of the 60 capsules have differences that are greater than 10% of the
average net content and (b) in no case does the difference exceed 25%.
Soft Shell Capsules
Proceed as directed under Hard Shell Capsules, but determine the net weight of the contents
of individual capsules as follows. Weigh the intact capsules individually to obtain their gross
weights, taking care to preserve the identity of each capsule. Then cut open the capsules by
means of a suitable clean, dry cutting instrument, such as scissors or a sharp open blade, and
remove the contents by washing with a suitable solvent. Allow the occluded solvent to
evaporate from the shells at room temperature over a period of about 30 min, taking
precautions to avoid uptake or loss of moisture. Weigh the individual shells, and calculate the
net contents. The requirements are as stated under Hard Shell Capsules.
TABLETS
Tablets conform to the criteria given in Table 1.
Uncoated Tablets and Film-Coated Tablets
Weigh 20 whole tablets individually, and calculate the average weight. The requirements are
met if the weights of NMT 2 of the tablets differ from the average weight by more than the
percentage listed in Table 1, and no tablet differs in weight by more than double that
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percentage.
Coated Tablets (Other Than Film-Coated Tablets)
Weigh 20 whole tablets individually, and calculate the average weight. If the coated tablets
do not conform to the criteria in Table 1, place 20 tablets in a beaker of water at 37° and swirl
gently for NMT 5 min. Examine the cores for evidence of disintegration and repeat the
procedure for a shorter time if disintegration has begun. Dry the cores at 50° for 30 min.
Accurately weigh 20 individual tablet cores, and calculate the average weight.
The requirements are met if the weights of NMT 2 of the tablets differ from the average
weight by more than the percentage listed in Table 1 and no tablet differs in weight by more
than double that percentage.
Acceptance Criteria
Table 1. Weight Variation Tolerances for Uncoated Tablets, Film-Coated Tablets, and
Coated Tablets (Other Than Film-Coated Tablets)
Average Weight of Tablet
Difference
(mg)
(%)
130 or less
10
From 130 through 324
7.5
More than 324
5
Add the following:

CHEWABLE GELS
Chewable gels meet the requirements of the following test with respect to weight variation.
Individually weigh an equal number of units of each color and shape to obtain a total of NLT 20
and NMT 30 individual weights, and calculate the average weight.
The requirements are met if no individual weight deviates from the average weight by more
than 7.5%. If more than 1 unit exceeds the specified limit, the test fails.
If 1 unit falls outside of the limits, repeat the procedure with an additional set of NLT 20 and
NMT 30 individual chewable gels. The requirements are met if none of the units tested in the
second set differ from their average weight by more than 10%. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 8185
BRIEFING
Aqua Regia. It is proposed to add this new reagent.
(HDQ: M. Marques.)
Correspondence Number—C205833
Comment deadline: September 30, 2018
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Add the following:
Aqua Regia—HCl:HNO3 (3:1). Under a hood, carefully add, e.g., 5 mL of nitric acid to 15 mL
of hydrochloric acid.
Must be prepared just before use and in just the amount necessary.
Do not store it.
Handle it and dispose of it with the appropriate safety procedures.

2S (USP42)

BRIEFING
Triphenylphosphine Oxide. It is proposed to add this new reagent used in the monograph
for Bimatoprost.
(HDQ: M. Marques.)
Correspondence Number—C205416
Comment deadline: September 30, 2018
Add the following:
Triphenylphosphine Oxide (Triphenyl Phosphorus Oxide; Triphenylphosphine Monoxide),
(C6 H5 )3 PO—278.28 [791-28-6]—Use a suitable grade with a content of NLT 98%. 2S (USP42)
BRIEFING
Water, Ammonia-Free, page 8502 of the First Supplement to USP 41. It is proposed to
update the specification of this type of water for analytical purposes.
Additionally, minor editorial changes have been made to update this reagent to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C205485
Comment deadline: September 30, 2018
Change to read:
Water, Ammonia-Free, H2 O—18.02—Use Purified Water 1S (USP41) High-Purity Water as
defined in Water for Pharmaceutical Purposes 〈1231〉, 3. Waters Used for Pharmaceutical
Manufacturing and Testing Purposes, 3.3 Nonmonographed Waters, 3.3.10 High-Purity Water.
2S (USP42)

BRIEFING
25% Tetrabutylammonium Hydroxide TS. It is proposed to add this new test solution
used in the Assay in the monograph for Meropenem for Injection.
(HDQ: M. Marques.)
Correspondence Number—C177509
Comment deadline: September 30, 2018
Add the following:
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25% Tetrabutylammonium Hydroxide TS— Transfer about 34.82 g of tetrabutylammonium
hydroxide to a 100-mL volumetric flask. Dissolve in and dilute with water to volume. 2S (USP42)
CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, page 8505 of the First Supplement to
USP 41.
(HDQ.)
Correspondence Number—C132867; C179669; C189531; C194380; C196231; C196235;
C196367; C196954; C198372
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in
the United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and
light-resistant (LR) specifications applicable to containers in which the drug that is
repackaged should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
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Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
Delete the following:
Aminobenzoate Potassium Tablets

W

2S (USP42)

Delete the following:
Magaldrate Tablets

W

2S (USP42)

Change to read:
Magnesia Tablets

W
T

Delete the following:
Mazindol Tablets

T

2S (USP42)

2S (USP42)

Delete the following:
Menadiol Sodium Diphosphate Tablets

W, LR

2S (USP42)

Add the following:
Omeprazole and Sodium Bicarbonate Capsules

T, LR

2S (USP42)

Delete the following:
Oxprenolol Hydrochloride Tablets

W, LR

2S (USP42)

Change to read:
Pseudoephedrine Hydrochloride Extended-Release Tablets

LR

T,

Add the following:
Tizanidine Capsules

T

2S (USP42)

2S (USP42)

BRIEFING
Description and Relative Solubility of USP and NF Articles, page 8516 of the First
Supplement to USP 41.
(HDQ.)
Correspondence Number—C194447; C197752; C204534; C205134
Add the following:
Nebivolol Hydrochloride: White to almost-white powder. Freely soluble in dimethylsulfoxide;
soluble in N,N-dimethylformamide; sparingly soluble in methanol; slightly soluble in ethanol, in
propylene glycol, and in polyethylene glycol 400; very slightly soluble in 2-propanol and in
water; insoluble in acetonitrile, in tetrahydrofuran, in methylene chloride, in hexane, in ethyl
acetate, and in methylbenzene. 2S (USP42)
Add the following:
Polypropylene Glycol 11 Stearyl Ether: Colorless or pale yellow, clear or slightly turbid
liquid. Soluble in ethanol (96%), in mineral oils, and in 2-propanol; practically insoluble in water,
in propylene glycol, and in glycerol, Relative density: about 0.94 at 25°. Refractive index: about
1.448 at 25°. NF category: Emollient; solvent; vehicle. 2S (NF37)
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Add the following:
Ranolazine: White to off-white powder. Freely soluble in dichloromethane.

2S (USP42)

Add the following:
Sucralfate: White or almost-white amorphous powder. Soluble in a dilute solution of mineral
acids or alkali hydroxides; practically insoluble in water, in alcohol, and in methylene chloride.
2S (USP42)

BRIEFING
Acetaminophen Oral Solution, USP 41 page 37. As part of the USP monograph
modernization effort, the following revisions are being proposed:
1. Replace the TLC-based Identification B with an orthogonal UV spectral matching
procedure based on the proposed HPLC Assay.
2. Revise the HPLC Assay with a stability-indicating HPLC procedure that uses a 3.0-mm ×
10-cm HPLC column for low solvent use and 3.5-µm packing material for better
efficiency. The chromatographic conditions were developed to work on a wide variety of
products. The Assay was validated using a Zorbax SB–C18 brand of column with L1
packing. The typical retention time for acetaminophen is about 2.5 min.
3. Add the test for Limit of c-c Dimer to the Impurities section. The procedure uses the
same chromatographic conditions as in the proposed Assay with a longer isocratic hold
time. The typical retention time for the c-c dimer is about 10.0 min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: C. Anthony.)
Correspondence Number—C172049
Comment deadline: September 30, 2018
Acetaminophen Oral Solution
DEFINITION
Acetaminophen Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of
acetaminophen (C8 H9 NO2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Change to read:
• B. Thin-Layer Chromatographic Identification Test 〈201〉
Sample solution: Nominally 1 mg/mL of acetaminophen in methanol from the Oral Solution
Chromatographic system
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Developing solvent system: Methylene chloride and methanol (4:1)
Acceptance criteria: Meets the requirements
The UV spectrum of the acetaminophen peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol and water (1:3)
Standard solution: 0.01 mg/mL of USP Acetaminophen RS in Mobile phase
Sample stock solution: Nominally 2 mg/mL in Mobile phase, prepared as follows. Transfer
500 mg of acetaminophen from a measured volume of Oral Solution to a 250-mL volumetric
flask, and dilute with Mobile phase to volume.
Sample solution: Nominally 0.01 mg/mL of acetaminophen in Mobile phase from the Sample
stock solution. Pass a portion of this solution through a filter of 0.5-µm or finer pore size,
discarding the first 10 mL of the filtrate. Use the clear filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 243 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1000 theoretical plates
Tailing factor: NMT 2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of acetaminophen (C8 H9 NO2 ) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
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CU = nominal concentration of acetaminophen in the Sample solution (mg/mL)
Solution A: 1% (v/v) acetic acid in water
Solution B: Methanol
Diluent: Methanol and water (10:90)
Mobile phase: See Table 1.
Time
(min)
0
4.0
4.1
6.0
6.1
10.0

Table 1
Solution A
(%)
90
90
20
20
90
90

Solution B
(%)
10
10
80
80
10
10

Standard solution: 0.01 mg/mL of USP Acetaminophen RS in Diluent
Sample solution: Nominally 0.01 mg/mL of acetaminophen in Diluent prepared as follows.
Transfer an appropriate volume of Oral Solution to a suitable volumetric flask and dilute
with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 243 nm. For Identification B, use a diode array detector in the range of
220–400 nm.
Column: 3.0-mm × 10-cm; 3.5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of acetaminophen (C8 H9 NO2 ) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of acetaminophen from the Sample solution
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rS = peak response of acetaminophen from the Standard solution
CS = concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
CU = nominal concentration of acetaminophen in the Sample solution (mg/mL)
2S (USP42)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Deliverable Volume 〈698〉
For oral solutions packaged in multiple-unit containers: Meets the requirements
• Uniformity of Dosage Units 〈905〉
For oral solutions packaged in single-unit containers: Meets the requirements
IMPURITIES
• 4-Aminophenol in Acetaminophen-Containing Drug Products 〈227〉: Meets the
requirements
Add the following:
• Limit of c-c Dimer
Diluent and Chromatographic system: Proceed as directed in the Assay.
Mobile phase: See Table 2.
Time
(min)
0
11.0
11.1
13.0
13.1
17.0

Table 2
Solution A
(%)
90
90
20
20
90
90

Solution B
(%)
10
10
80
80
10
10

Standard solution: 2.4 µg/mL of USP Acetaminophen RS in Diluent
Sample solution: Nominally 1600 µg/mL of acetaminophen in Diluent prepared as follows.
Transfer an equivalent to 160 mg of acetaminophen from a portion of Oral Solution,
previously well shaken, to a 100-mL volumetric flask. Add 50 mL of Diluent and shake by
mechanical means for 10 min. Dilute with Diluent to volume. Pass a portion through a filter
of 0.5-µm pore size or finer, discarding the first 10 mL of the filtrate.
System suitability
Sample: Standard solution
[Note—See Table 3 for relative retention times.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of c-c dimer in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of c-c dimer from the Sample solution
rS = peak response of c-c dimer from the Standard solution
CS = concentration of USP Acetaminophen RS in the Standard solution (µg/mL)
CU = nominal concentration of acetaminophen in the Sample solution (µg/mL)
F = relative response factor (see Table 3)
Acceptance criteria: See Table 3.

Name
Acetaminophen
c-c Dimer

Table 3
Relative
Relative
Retention
Response
Time
Factor
1.0
—
4.0
1.4

Acceptance
Criteria,
NMT (%)
—
0.15

2S (USP42)

SPECIFIC TESTS
• pH 〈791〉: 3.8–6.1
• Alcohol Determination 〈611〉, Procedures, Method II (if present)
Analysis: Determine by the gas–liquid chromatographic procedure, using acetone as the
internal standard.
Acceptance criteria: 90.0%–115.0% of the labeled amount of alcohol (C2 H5 OH)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Acetaminophen RS
Recent Official Publications:
USP41–NF36 Page 37
BRIEFING
Albuterol Tablets, USP 41 page 96 and PF 41(5) [Sept.–Oct. 2015]. On the basis of
comments received, the proposal in PF 41(5) has been canceled and is being replaced with the
following proposal. As part of the USP monograph modernization effort, it is proposed to make
the following changes:
1. Replace the TLC procedure in Identification A with a retention time agreement from the
liquid chromatographic procedure in the Assay.
2. Delete Identification B for sulfate because the counter ion is identified in the drug
substance.
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3. Add Identification B based on a UV spectrum agreement from the chromatographic
procedures in the Assay.
4. Update the Chromatographic system in the Assay to support the proposed
Identification B.
5. Specify the particle size of the columns used in the Assay and Dissolution test.
6. Remove Column efficiency from the System suitability requirements in the Assay and
Dissolution test. The remaining criteria are adequate to evaluate system suitability.
7. Delete the requirement to use the Procedure for a pooled sample from the Dissolution
test because it is not consistent with current FDA approvals. Add an equation to the
Dissolution test for consistency with current USP style.
8. Replace the TLC procedure in the test for Organic Impurities with a stability-indicating
liquid chromatographic procedure. The LC procedure is based on validated analyses
performed with the Waters Acquity UPLC BEH C18 brand of column with L1 packing. The
typical retention time for albuterol is about 2.7 min.
9. Add new Reference Standards to the USP Reference Standards section to support the
proposed test for Organic Impurities.
Interested parties are encouraged to submit validated dissolution procedures, which test
individual units, along with supporting data to further improve the monograph.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.-H. Yeh.)
Correspondence Number—C137787; C169031
Comment deadline: September 30, 2018
Albuterol Tablets
DEFINITION
Albuterol Tablets contain an amount of albuterol sulfate [(C13 H21 NO3 )2 ·H2 SO4 ] equivalent to
NLT 90.0% and NMT 110.0% of the labeled amount of albuterol (C13 H21 NO3 ).
IDENTIFICATION
Change to read:
• A. The RF value of the principal spot of the Sample solution corresponds to that of Standard
solution A, obtained as directed in the Procedure for Organic Impurities.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
Change to read:
• B. Identification Tests—General, Sulfate 〈191〉
Sample solution: Shake a quantity of powdered Tablets equivalent to 4 mg of albuterol
with 10 mL of water, and filter. Use the filtrate.
Acceptance criteria: Meet the requirements
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The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Solution A: 10 mL/L of glacial acetic acid in water
Solution B: 1.13 g of sodium 1-hexanesulfonate in 1200 mL of water. Add 12 mL of glacial
acetic acid.
Diluent: Methanol and water (40:60)
Mobile phase: Methanol and Solution B (40:60)
Standard stock solution: 0.12 mg/mL of USP Albuterol Sulfate RS prepared as follows.
Transfer USP Albuterol Sulfate RS to a suitable volumetric flask, and add a volume of
Solution A corresponding to 60% of the flask volume. Sonicate for 5 min and dilute with
methanol to volume.
Standard solution: 0.03 mg/mL of USP Albuterol Sulfate RS in Diluent from Standard stock
solution
Sample solution: Nominally 0.025 mg/mL of albuterol prepared as follows. Transfer a
number of whole Tablets, equivalent to 50 mg of albuterol, to a suitable volumetric flask.
Add 60% of the flask volume of Solution A, shake by mechanical means for 45 min, and
sonicate for 10 min. Allow to cool to room temperature and dilute with methanol to
volume. Pass through a suitable filter of 0.45-µm or finer pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 276 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 15-cm;
5-µm 2S (USP42)
packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 800 theoretical plates
2S (USP42)

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

2S (USP42)

PF 44(4): Jul.-Aug. 2018

253

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of albuterol (C13 H21 NO3 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × M × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Albuterol Sulfate RS in the Standard solution (mg/mL)
CU = nominal concentration of albuterol in the Sample solution (mg/mL)
M = number of moles of albuterol per mole of albuterol sulfate, 2
Mr1 = molecular weight of albuterol, 239.31
Mr2 = molecular weight of albuterol sulfate, 576.70
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉, Procedure, Apparatus 1 and Apparatus 2, Immediate-Release Dosage
Forms, Procedure for a pooled sample
2S (USP42)

Medium: Water; 500 mL
Apparatus 2: 50 rpm
Time: 30 min
Diluent, Mobile phase, and Standard stock solution: Prepare as directed in the Assay.
Standard solution: 0.03 mg/mL of USP Albuterol Sulfate RS in Diluent, from Standard stock
solution. If necessary, dilute with Diluent to a concentration corresponding to the Sample
solution.
Sample solution: Pass a portion of the solution under test through a nylon filter of 0.45µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 4.6-mm × 15-cm;
5-µm 2S (USP42)
packing L1
Flow rate: 1.5 mL/min
Injection volume: 100 µL
System suitability

PF 44(4): Jul.-Aug. 2018

254

Sample: Standard solution
Suitability requirements
Column efficiency: NLT 800 theoretical plates
2S (USP42)

Tailing factor: NMT 2.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of albuterol (C13 H21 NO3 ) dissolved:
Result = (rU/rS) × CS × V × M × (Mr1/Mr2) × (1/L) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Albuterol Sulfate RS in the Standard solution (mg/mL)
V = volume of Medium, 500 mL
M = number of moles of albuterol per mole of albuterol sulfate, 2
Mr1 = molecular weight of albuterol, 239.31
Mr2 = molecular weight of albuterol sulfate, 576.70
L = label claim (mg/Tablet) 2S (USP42)
Tolerances: NLT 80% (Q) of the labeled amount of albuterol (C13 H21 NO3 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Standard solution A: 0.580 mg/mL of USP Albuterol Sulfate RS in water, equivalent to
0.483 mg/mL of albuterol
Standard solution B: 0.218 mg/mL of USP Albuterol Sulfate RS in water, equivalent to
0.183 mg/mL of albuterol
Standard solution C: 0.073 mg/mL of USP Albuterol Sulfate RS in water, equivalent to
0.061 mg/mL of albuterol
Sample solution: Place a quantity of finely powdered Tablets, equivalent to 48 mg of
albuterol, into a suitable container. Add 60 mL of diluted alcohol (1 in 2), and shake by
mechanical means for 30 min. Filter the mixture, and wash the filter with small portions of
alcohol, combining this with the filtrate. Evaporate the filtrate to dryness under reduced
pressure below 40°. Dissolve the residue as completely as possible in 2 mL of water.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
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Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 10 µL. Apply two successive 5-µL aliquots, allowing the solvent to
evaporate between applications.
Developing solvent system: Methyl isobutyl ketone, isopropyl alcohol, ethyl acetate,
ammonium hydroxide, and water (50:45:35:3:18)
Spray reagent A: 3-Methyl-2-benzothiazolinone hydrazone hydrochloride TS
Spray reagent B: Ammoniacal potassium ferricyanide TS
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Air-dry the plate. Develop the chromatograms until the solvent front has moved about 17
cm. Spray the plate first with Spray reagent A, and then Spray reagent B, and finally
again with Spray reagent A. Examine the plate and estimate the responses of any
secondary spots observed in the lane of the Sample solution by comparison with those of
Standard solutions A, B, and C.
Acceptance criteria
1. 2.0%; no major secondary spot is greater in size or intensity than the principal
spot produced by Standard solution A.
2. 0.75%; no other secondary spot is greater in size or intensity than the principal
spot produced by Standard solution B.
3. 0.25%; no more than two other secondary spots are equal in size or intensity to
the principal spot produced by Standard solution C.
4. The sum of the intensities of all secondary spots obtained from the Sample
solution corresponds to NMT 3.5%.
Solution A: 9.5 g/L of sodium borate in water; adjusted with a sodium hydroxide solution
to a pH of 10.1
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
1
9
9.5
9.6
11

Table 1
Solution A
(%)
95
95
47
47
95
95

Solution B
(%)
5
5
53
53
5
5

[Note—The gradient was established on an LC system with a dwell volume of 350–400 µL.]
System suitability solution: 0.002 mg/mL each of USP Albuterol Related Compound B RS
and USP Levalbuterol Related Compound H RS in water
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Sensitivity solution: 0.001 mg/mL of USP Albuterol Sulfate RS in water
Standard solution: 0.0025 mg/mL each of USP Albuterol Sulfate RS, USP Albuterol Related
Compound E RS, USP Levalbuterol Related Compound C RS, and USP Levalbuterol Related
Compound D RS in water
Sample solution: Nominally 1.0 mg/mL of albuterol from NLT 20 Tablets in water prepared
as follows. Transfer a suitable amount of Tablets to an appropriate volumetric flask. Add
80% of the final flask volume of water and sonicate for 15 min. Dilute with water to
volume. Pass through a suitable filter of 0.2-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 231 nm
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Column temperature: 30°
Flow rate: 0.37 mL/min
Injection volume: 6 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between levalbuterol related compound H and albuterol related
compound B, System suitability solution
Relative standard deviation: NMT 5.0% for albuterol, albuterol related compound E,
levalbuterol related compound C, and levalbuterol related compound D, Standard
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of albuterol related compound E, levalbuterol related compound C,
and levalbuterol related compound D in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of albuterol related compound E, levalbuterol related compound C, or
levalbuterol related compound D from the Sample solution
rS = peak response of albuterol related compound E, levalbuterol related compound C, or
levalbuterol related compound D from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(mg/mL)
CU = nominal concentration of albuterol in the Sample solution (mg/mL)
Calculate the percentage of each individual unspecified degradation product in the portion
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of Tablets taken:
Result = (rU/rS) × (CS/CU) × M × (Mr1/Mr2) × 100
rU = peak response of each individual unspecified degradation product from the Sample
solution
rS = peak response of albuterol from the Standard solution
CS = concentration of USP Albuterol Sulfate RS in the Standard solution (mg/mL)
CU = nominal concentration of albuterol in the Sample solution (mg/mL)
M = number of moles of albuterol per mole of albuterol sulfate, 2
Mr1 = molecular weight of albuterol, 239.31
Mr2 = molecular weight of albuterol sulfate, 576.70
Acceptance criteria: See Table 2.
Table 2

Name
Albuterol
Levalbuterol related compound D
Albuterol related compound Da,b
Ha,c

Relative
Retention
Time
1.00
1.40
1.45

Acceptance
Criteria,
NMT (%)
—
0.1
—

1.50

—

Albuterol related compound Ba,d
Levalbuterol related compound C

1.53
1.82

Albuterol related compound Ca,e

1.84

—
0.15
—

Albuterol related compound Aa,f

1.99

—

Levalbuterol related compound Ea,g
Albuterol related compound E

2.04
2.25

—
0.3
—
0.2
3.5

Levalbuterol related compound

Levalbuterol related compound F a,h
3.19
Any individual unspecified degradation product
—
Total degradation products
—
a Process impurities are included for identification only and are not to be included in
the calculation of total degradation products. These impurities are controlled in the
drug substance.
b 4-[2-(tert-Butylamino)-1-hydroxyethyl]-2-chloro-6-(hydroxymethyl)phenol.
c 4-[2-(tert-Butylamino)-1-methoxyethyl]-2-(hydroxymethyl)phenol.
d 2-(tert-Butylamino)-1-[4-hydroxy-3-(hydroxymethyl)phenyl]ethanone.
e 2-(tert-Butylamino)-1-[3-chloro-4-hydroxy-5-(hydroxymethyl)phenyl]ethanone.
f 4-{2-[(1,1-Dimethylethyl)amino]-1-hydroxyethyl}-2-methylphenol.
g 4-[2-(tert-Butylamino)-1-hydroxyethyl]-2-(ethoxymethyl)phenol; also known as α{[(1,1-Dimethylethyl)amino]methyl}-3-(ethoxymethyl)-4-hydroxy-benzenemethanol.
h 1-[4-(Benzyloxy)-3-(hydroxymethyl)phenyl]-2-(tert-butylamino)ethanol; also known
as α-{[(1,1-Dimethylethyl)amino]methyl}-4-(phenylmethoxy)-1,3-benzenedimethanol.
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2S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Albuterol Sulfate RS
USP Albuterol Related Compound B RS
2-(tert-Butylamino)-1-[4-hydroxy-3-(hydroxymethyl)phenyl]ethanone.
C13 H19 NO3
237.29
USP Albuterol Related Compound E RS
2,2′-Oxybis(methylene)bis{4-[2-(tert-butylamino)-1-hydroxyethyl]phenol}diacetate.
C26 H40 N2 O5 ·2(C2 H4 O2 )
580.71
USP Levalbuterol Related Compound C RS
4-[2-(tert-Butylamino)-1-hydroxyethyl]-2-(methoxymethyl)phenol;
Also known as α-{[(1,1-Dimethylethyl)amino]methyl}-4-hydroxy-3-(methoxymethyl)benzenemethanol.
C14 H23 NO3
253.34
USP Levalbuterol Related Compound D RS
5-[2-(tert-Butylamino)-1-hydroxyethyl]-2-hydroxybenzaldehyde sulfate;
Also known as 5-{2-[(1,1-Dimethylethyl)amino]-1-hydroxyethyl}-2-hydroxybenzaldehyde sulfate.
(C13 H19 NO3 )2 ·H2 SO4
572.67
USP Levalbuterol Related Compound H RS
4-[2-(tert-Butylamino)-1-methoxyethyl]-2-(hydroxymethyl)phenol.
C14 H23 NO3
253.34
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 96
BRIEFING
Aminobenzoate Potassium Tablets, USP 41 page 212. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Aminobenzoate Potassium Tablets are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C196954
Comment deadline: September 30, 2018
Delete the following:
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Aminobenzoate Potassium Tablets

» Aminobenzoate Potassium Tablets contain not less than 90.0 percent and
not more than 110.0 percent of the labeled amount of aminobenzoate
potassium (C 7 H 6 KNO 2 ).
Packaging and storage—Preserve in well-closed containers.
USP Reference standards 〈11〉—
USP Aminobenzoate Potassium RS
Identification—Proceed as directed for Aminobenzoate Potassium Capsules, using 1 g of finely
powdered Tablets.
Dissolution 〈711〉—
Medium: water; 900 mL.
Apparatus 1: 100 rpm.
Time: 45 minutes.
Procedure— Determine the amount of C7 H6 KNO2 dissolved by employing UV absorption at the
wavelength of maximum absorbance at about 270 nm on filtered portions of the solution under
test, suitably diluted with Medium, in comparison with a Standard solution having a known
concentration of USP Aminobenzoate Potassium RS in the same Medium.
Tolerances— Not less than 75% (Q) of the labeled amount of C7 H6 KNO2 is dissolved in 45
minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Assay—
Standard preparation— Prepare a solution of USP Aminobenzoate Potassium RS having a known
concentration of about 5 µg per mL.
Assay preparation and Procedure—Weigh and finely powder not fewer than 20 Tablets. Using a
portion of the powdered Tablets, equivalent to about 100 mg of aminobenzoate potassium,
proceed as directed in the Assay under Aminobenzoate Potassium Capsules. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 212
BRIEFING
Aminobenzoate Sodium, USP 41 page 213. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated with Aminobenzoate Sodium are currently marketed in the
United States.
2. Drug products containing Aminobenzoate Sodium are currently not used in veterinary
medicine in the United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C196955
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Comment deadline: September 30, 2018
Delete the following:
Aminobenzoate Sodium
Add the following:

C7 H6 NNaO2

159.12

Benzoic acid, 4-amino-, sodium salt;
Sodium 4-aminobenzoate
[555-06-6].

USP41

DEFINITION
Change to read:
Aminobenzoate Sodium contains NLT 98.0% USP41 and NMT 102.0%
aminobenzoate sodium (C7 H6 NNaO2 ), calculated on the dried basis.

USP41

of

IDENTIFICATION
Delete the following:
• A. Ultraviolet Absorption 〈197U〉
Sample solution: 10 µg/mL in 0.001 N sodium hydroxide
Acceptance criteria: Meets the requirements. USP41
Add the following:
• A. Infrared Absorption 〈197K〉

USP41

Delete the following:
• B.
Sample: 400 mg
Analysis: Dissolve the Sample in 10 mL of water, add 1 mL of 3 N hydrochloric acid, filter,
and wash the precipitate with two 5-mL portions of cold water. Recrystallize the
precipitate from alcohol, and dry at 110° for 1 h.
Acceptance criteria: The resulting p-aminobenzoic acid melts between 186° and 189°.
USP41
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Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP41
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Sodium: A solution (1
in 100) meets the requirements of the flame test.
ASSAY
Change to read:
• Procedure
Solution A: 1.5% acetic acid, prepared by mixing 690 mL of water with 10 mL of glacial
acetic acid, and passing through a suitable filter of 0.45-µm pore size
Mobile phase: Methanol and Solution A (15:85)
Standard solution: 0.1 mg/mL of USP Aminobenzoate Sodium RS in Mobile phase. Sonicate
to dissolve.
Sample solution: 0.1 mg/mL of Aminobenzoate Sodium in Mobile phase. Sonicate to
dissolve.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.0-mm × 15-cm; 3.5-µm packing L11
Flow rate: 0.35 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of aminobenzoate sodium (C7 H6 NNaO2 ) in the portion of
Aminobenzoate Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Aminobenzoate Sodium RS in the Standard solution (mg/mL)
CU = concentration of Aminobenzoate Sodium in the Sample solution (mg/mL)
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Acceptance criteria: 98.0%–102.0% on the dried basis
USP41

IMPURITIES
Delete the following:
• Chloride and Sulfate, Chloride〈221〉
Sample: 1.4 g
Acceptance criteria: Shows no more chloride than corresponds to 0.4 mL of 0.020 N
hydrochloric acid (0.02%). USP41
Delete the following:
• Chloride and Sulfate, Sulfate〈221〉
Sample: 1.4 g
Acceptance criteria: Shows no more sulfate than corresponds to 0.3 mL of 0.020 N
sulfuric acid (0.02%). USP41
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 0.002%

(O fficial 1-Jan-2018)

Delete the following:
• Volatile Diazotizable Substances
Standard stock solution: 0.1 mg/mL of p-toluidine, prepared by dissolving a quantity of ptoluidine in 5% of the volumetric flask volume of methanol, and diluting with water to
volume
Standard solution: 1 µg/mL of p-toluidine from the Standard stock solution
Sample solution: Transfer 5.0 g of Aminobenzoate Sodium to a suitable flask, and add a
volume of 1.25 N sodium hydroxide that is just sufficient to dissolve the sample and to
render the solution just alkaline to phenolphthalein TS. Dilute with water to 50 mL, and
steam-distill the solution, collecting 95 mL of the distillate in a 100-mL volumetric flask.
Dilute with water to volume.
Blank: Water
Instrumental conditions
Mode: Vis
Analytical wavelength: Wavelength of maximum absorbance at about 405 nm
Analysis
Samples: Standard solution, Sample solution, and Blank
Transfer 20.0 mL each of the Standard solution, Sample solution, and Blank to three
separate 100-mL beakers, and treat each as follows. Add 5.0 mL of 1 N hydrochloric acid,
and cool in an ice bath. Add 2.0 mL of 0.1 M sodium nitrite dropwise, with stirring. Allow to
stand for 5 min for the diazotization reaction to be complete, add quickly to 10.0 mL of a
cold solution of guaiacol (freshly prepared by dissolving 0.20 g of guaiacol in 100 mL of 1 N
sodium hydroxide), and allow to stand for 30 min. Concomitantly determine the
absorbances of the solutions.
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Acceptance criteria: The absorbance of the solution from the Sample solution does not
exceed that of the solution from the Standard solution, corresponding to NMT 0.002% of
volatile diazotizable substances as p-toluidine. USP41
Add the following:
• Limit of Aniline and p-Toluidine
Diluent: Methylene chloride
Standard stock solution: 0.1 mg/mL each of USP Aniline RS and USP p-Toluidine RS in
Diluent
Standard solution: 1.0 µg/mL each of USP Aniline RS and USP p-Toluidine RS in Diluent
from Standard stock solution
Sample solution: 100 mg/mL of Aminobenzoate Sodium in Diluent prepared as follows. Add
an appropriate quantity of Aminobenzoate Sodium to a suitable volumetric flask and dilute
with Diluent to volume. Agitate for 10 min on a shaker and centrifuge at 3000 rpm for 5
min. Use the supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detectors
Flame ionization: 300°
Hydrogen: 40 mL/min
Air: 400 mL/min
Column: 30-m × 0.32-mm fused silica capillary; coated with 0.5-µm film of phase G27
Temperatures
Injection port: 280°
Detector: 300°
Column: See Table 1.
Table 1
Initial
Temperature
(°)
130
130

Temperature
Ramp
(°/min)
—
20

Carrier gas: Helium
Flow rate: 1 mL/min
Injection volume: 2 µL
Injection type: Split ratio, 1:10
System suitability
Sample: Standard solution

Final
Temperature
(°)
130
180

Hold Time at
Final
Temperature
(min)
4
5
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[Note—The relative retention times of aniline and p-toluidine are about 4.1 and 5.1 min,
respectively.]
Suitability requirements
Resolution: NLT 7.0 between aniline and p-toluidine
Tailing factor: NMT 1.5 for aniline and p-toluidine
Relative standard deviation: NMT 6.0% for aniline and p-toluidine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of p-toluidine or aniline in the portion of Aminobenzoate Sodium
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of p-toluidine or aniline from the Sample solution
rS = peak response of p-toluidine or aniline from the Standard solution
CS = concentration of the corresponding USP Reference Standard in the Standard
solution (mg/mL)
CU = concentration of Aminobenzoate Sodium in the Sample solution (mg/mL)
Acceptance criteria
Aniline: NMT 10 ppm
p-Toluidine: NMT 20 ppm
USP41

Add the following:
• Organic Impurities
Solution A: 1.5% acetic acid, prepared by mixing 690 mL of water with 10 mL of glacial
acetic acid
Solution B: Methanol
Mobile phase: See Table 2.
Time
(min)
0.0
4.0
4.1
10.0
10.1
13

Table 2
Solution A
(%)
85
85
45
45
85
85

Solution B
(%)
15
15
55
55
15
15

Diluent: Methanol and water (85:15)
System suitability solution: 1 mg/mL of USP Aminobenzoate Sodium RS, 0.01 mg/mL of
USP 4-Nitrobenzoic Acid RS, and 0.01 mg/mL of USP Benzocaine RS in Diluent prepared as
follows. Transfer 1 mL each of 0.1 mg/mL of USP 4-Nitrobenzoic Acid RS in methanol and

PF 44(4): Jul.-Aug. 2018

265

0.1 mg/mL of USP Benzocaine RS in Diluent to a 10-mL volumetric flask containing the
appropriate amount of USP Aminobenzoate Sodium RS, and dilute with Diluent to volume.
Standard solution: 1 µg/mL each of USP Aminobenzoate Sodium RS, USP 4-Nitrobenzoic
Acid RS, and USP Benzocaine RS in Diluent
Sample solution: 1 mg/mL of Aminobenzoate Sodium in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.0-mm × 15-cm; 3.5-µm packing L11
Flow rate: 0.4 mL/min
Injection volume: 5 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between benzocaine and 4-nitrobenzoic acid, System suitability
solution
Relative standard deviation: NMT 3% for the aminobenzoate sodium, 4-nitrobenzoic
acid, and benzocaine peaks, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 4-nitrobenzoic acid or benzocaine in the portion of
Aminobenzoate Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of 4-nitrobenzoic acid or benzocaine from the Sample solution
rS = peak response of 4-nitrobenzoic acid or benzocaine from the Standard solution
CS = concentration of USP 4-Nitrobenzoic Acid RS or USP Benzocaine RS in the Standard
solution (mg/mL)
CU = concentration of Aminobenzoate Sodium in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of
Aminobenzoate Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified impurity from the Sample solution
rS = peak response of aminobenzoate from the Standard solution
CS = concentration of USP Aminobenzoate Sodium RS in the Standard solution (mg/mL)
CU = concentration of Aminobenzoate Sodium in the Sample solution (mg/mL)
Acceptance criteria: See Table 3.
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Table 3
Relative
Retention
Name
Time
Aminobenzoic acid
1.0
Benzocaine
2.0
4-Nitrobenzoic acid
2.1
Any individual unspecified
—
impurity

Acceptance
Criteria,
NMT (%)
—
0.2
0.2
0.10

USP41

SPECIFIC TESTS
• pH 〈791〉
Sample solution: 50 mg/mL
Acceptance criteria: 8.0–9.0
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 〈11〉
USP Aminobenzoate Sodium RS
USP Aniline RS
Aniline.
C6 H7 N
93.13
USP Benzocaine RS
USP 4-Nitrobenzoic Acid RS
4-Nitrobenzoic acid.
C7 H5 NO4
167.12
USP p-Toluidine RS
4-Methylaniline.
C7 H9 N
107.16 USP41
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 213
BRIEFING
Amitriptyline Hydrochloride, page 8268 of the First Supplement to USP 41. On the basis
of comments received, it is proposed to add a Sensitivity solution and to revise the System
suitability in the test for Organic Impurities. A reporting threshold is also added for consistency
with current USP style.
Additionally, minor editorial changes have been made to update the monograph to current USP
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style.
(CHM4: H. Joyce.)
Correspondence Number—C204091
Comment deadline: September 30, 2018
Amitriptyline Hydrochloride

C20 H23 N·HCl

313.86

1-Propanamine, 3-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-N,N-dimethyl-,
hydrochloride;
10,11-Dihydro-N,N-dimethyl-5H-dibenzo[a,d]cycloheptene-Δ5, -propylamine hydrochloride
[549-18-8].
DEFINITION
Amitriptyline Hydrochloride contains NLT 98.0% and NMT 102.0% of amitriptyline
hydrochloride (C20 H23 N·HCl), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption

〈197〉: [Note—Methods described in 〈197K〉 or 〈197A〉 may be used.]

1S (USP41)

• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride: Meets the
requirements
ASSAY
Change to read:
• Procedure
1S (USP41)
Buffer: 1.4 g/L of anhydrous dibasic sodium phosphate 1S (USP41) in water, adjusted with
1.5 M phosphoric acid TS 1S (USP41) to a pH of 7.7
Mobile phase: Methanol and Buffer (70:30) 1S (USP41)
System suitability stock solution A: 1 mg/mL of USP Amitriptyline Related Compound A

PF 44(4): Jul.-Aug. 2018

268

RS in methanol
System suitability stock solution B: 0.4 mg/mL of USP Amitriptyline Hydrochloride RS and
0.6 mg/mL each of USP Amitriptyline Related Compound B RS, USP Cyclobenzaprine
Hydrochloride RS, and USP Nortriptyline Hydrochloride RS in Mobile phase
Standard solution: 0.2 mg/mL of USP Amitriptyline Hydrochloride RS in Mobile phase
System suitability solution: 0.5 µg/mL of USP Amitriptyline Related Compound A RS, 1
µg/mL of USP Amitriptyline Hydrochloride RS, and 1.5 µg/mL each of USP Amitriptyline
Related Compound B RS, USP Cyclobenzaprine Hydrochloride RS, and USP Nortriptyline
Hydrochloride RS 1S (USP41) from suitable volumes of Standard solution, System suitability
stock solution A, and System suitability stock solution B in Mobile phase
Sample solution: 0.2 mg/mL of Amitriptyline Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 45°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 1S (USP41) 1.5 times the retention time of amitriptyline
System suitability
Samples: Standard solution and System suitability solution
[Note—For relative retention times, see Table 1.]
Suitability requirements
Resolution: NLT 1.5 between amitriptyline related compound B and nortriptyline,
System suitability solution
Relative standard deviation: NMT 0.73% 1S (USP41) for amitriptyline, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amitriptyline hydrochloride (C20 H23 N·HCl) in the portion of
Amitriptyline Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Amitriptyline Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Amitriptyline Hydrochloride in the Sample solution (mg/mL)
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Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 10 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
1S (USP41) Buffer, Mobile phase,
and 2S (USP42)
Chromatographic system and System suitability
2S (USP42)

: Proceed as directed in the Assay.
Sensitivity solution: 0.5 µg/mL of USP Amitriptyline Hydrochloride RS in Mobile phase
2S (USP42)

Standard solution: Use the System suitability solution, prepared as directed in the Assay.
Sample solution: 1000 µg/mL of Amitriptyline Hydrochloride in Mobile phase
System suitability
Samples: Sensitivity solution and Standard solution
[Note—For relative retention times, see Table 1.]
Suitability requirements
Resolution: NLT 1.5 between amitriptyline related compound B and nortriptyline,
Standard solution
Relative standard deviation: NMT 5.0% each for amitriptyline related compound A,
amitriptyline related compound B, nortriptyline, cyclobenzaprine, and amitriptyline,
Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
2S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of amitriptyline related compound A, amitriptyline related
compound B, and nortriptyline hydrochloride 1S (USP41) in the portion of Amitriptyline
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of
B, or nortriptyline
rS = peak response of
B, or nortriptyline

amitriptyline related compound A, amitriptyline related compound
from the Sample solution
amitriptyline related compound A, amitriptyline related compound
1S (USP41) from the Standard solution
1S (USP41)
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CS = concentration of USP Amitriptyline Related Compound A RS, USP Amitriptyline
Related Compound B RS, or USP Nortriptyline Hydrochloride RS 1S (USP41) in the
Standard solution (µg/mL)
CU = concentration of Amitriptyline Hydrochloride in the Sample solution (µg/mL)
Calculate the percentage of cyclobenzaprine in the portion of Amitriptyline Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of cyclobenzaprine from the Sample solution
rS = peak response of cyclobenzaprine from the Standard solution
CS = concentration of USP Cyclobenzaprine Hydrochloride RS in the Standard solution
(µg/mL)
CU = concentration of Amitriptyline Hydrochloride in the Sample solution (µg/mL)
Mr1 = molecular weight of cyclobenzaprine, 275.39
Mr2 = molecular weight of cyclobenzaprine hydrochloride, 311.85
1S (USP41)

Calculate the percentage of each unspecified impurity in the portion of Amitriptyline
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified impurity from the Sample solution
rS = peak response of USP Amitriptyline Hydrochloride RS from the Standard solution
CS = concentration of USP Amitriptyline Hydrochloride RS in the Standard solution (µg/mL)
CU = concentration of Amitriptyline Hydrochloride in the Sample solution (µg/mL)
1S (USP41)

Acceptance criteria: See Table 1. Do not include any peak with a relative retention time
less than 0.22. 1S (USP41)
The reporting threshold is 0.05%. 2S (USP42)
Table 1

Name
Amitriptyline related compound A
Amitriptyline related compound B
Nortriptyline
Cyclobenzaprine
Amitriptyline
Any individual unspecified impurity
Total impurities
SPECIFIC TESTS
Change to read:

Relative
Retention
Time
0.35
0.52
0.60
0.76
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.05
0.15
0.15
0.15
—
0.10
1.0
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1S (USP41)

Change to read:
• Loss on Drying 〈731〉
Analysis: Dry
1S (USP41) at a pressure not exceeding 5 mm of mercury at 60° to
constant weight.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Amitriptyline Hydrochloride RS
USP Amitriptyline Related Compound A RS
10,11-Dihydro-5H-dibenzo[a,d]cyclohepten-5-one;
Also known as Dibenzosuberone.
C15 H12 O
208.26
USP Amitriptyline Related Compound B RS
5-[3-(Dimethylamino)propyl]-10,11-dihydro-5H-dibenzo[a,d]-cyclohepten-5-ol;
Also known as Amitriptynol.
C20 H25 NO
295.42
USP Cyclobenzaprine Hydrochloride RS
USP Nortriptyline Hydrochloride RS
Recent Official Publications:
USP41–NF36 Supplement: No. 1 Page 8268
USP41–NF36 Page 247
BRIEFING
Bimatoprost, PF 42(4) [July–Aug. 2016]. On the basis of comments received, the previous
proposal in PF 42(4) is cancelled and replaced with the following new proposal.
1. The liquid chromatographic procedures used in the Assay and in Organic Impurities,
Procedure 1 are based on analyses performed with the Waters XBridge C18 brand of
column with L1 packing. The typical retention time for bimatoprost is about 11.5 min in
the Assay and about 31 min in Organic Impurities, Procedure 1.
2. Organic Impurities, Procedure 2 is added. The proposed HPLC procedure was validated
using the Waters Symmetry C18 brand of column with L1 packing. The typical retention
time for bimatoprost is about 42 min.
3. The flexible monograph approach is used to allow manufacturers to perform either
Organic Impurities, Procedure 1 or Organic Impurities, Procedure 2 based on their
labeling instructions and impurity profile. A statement is added to the Labeling section
to support this change.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(CHM3: R.S. Prasad.)
Correspondence Number—C182400
Comment deadline: September 30, 2018
Add the following:
Bimatoprost

C25 H37 NO4

415.57

5-Heptenamide, 7-[3,5-dihydroxy-2-(3-hydroxy-5-phenylpent-1-en-1-yl)cyclopentyl]-N-ethyl-,
[1R-1[α(Z),2β(1E,3S*)3α,5α]]-;
(Z)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxy-5-phenylpent-1-en-1yl]cyclopentyl]-N-ethylhept-5-enamide.
[155206-00-1].
DEFINITION
Bimatoprost contains NLT 97.5% and NMT 101.0% of bimatoprost (C25 H37 NO4 ), calculated on
the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Spectroscopy 〈197K〉 or 〈197A〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
[Note—Solutions containing bimatoprost are stable at 10° for 48 h.]
Buffer: 0.01% (v/v) phosphoric acid in water. Adjust with potassium hydroxide to a pH of
3.0.
Mobile phase: Acetonitrile, methanol, and Buffer (27:10:63)
Diluent: Methanol and water (70:30)
Standard solution: 0.2 mg/mL of USP Bimatoprost RS in Diluent
Sample solution: 0.2 mg/mL of Bimatoprost in Diluent
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Temperatures
Autosampler: 10°
Column: 30°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of bimatoprost (C25 H37 NO4 ) in the portion of Bimatoprost taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Bimatoprost RS in the Standard solution (mg/mL)
CU = concentration of Bimatoprost in the Sample solution (mg/mL)
Acceptance criteria: 97.5%–101.0% on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.20%
• Organic Impurities, Procedure 1
Use Organic Impurities, Procedure 1 when the impurity profile includes p-toluenesulfonic
acid. Both Organic Impurities, Procedure 1 and Organic Impurities, Procedure 2 must
be used if the impurity profile includes both p-toluenesulfonic acid and
triphenylphosphine oxide.
[Note—Solutions containing bimatoprost are stable at 10° for 48 h.]
Buffer, Diluent, and Chromatographic system: Proceed as directed in the Assay.
Solution A: Methanol and Buffer (20:80)
Solution B: Acetonitrile and methanol (70:30)
Mobile phase: See Table 1. [Note—A shorter gradient, up to 35 min, in Table 1 can be
used for the Standard solution with a re-equilibration time of the system of 5 min.]
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Time
(min)
0
25
35
47
64
68
75

Table 1
Solution A
(%)
82
72
65
62
35
82
82

Solution B
(%)
18
28
35
38
65
18
18

System suitability solution: 500 µg/mL of USP Bimatoprost RS and 1.5 µg/mL of USP
Bimatoprost Related Compound A RS in Diluent
Sensitivity solution: 0.25 µg/mL of USP Bimatoprost RS in Diluent
Standard solution: 1.5 µg/mL of USP Bimatoprost RS in Diluent
Sample solution: 500 µg/mL of Bimatoprost in Diluent
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between bimatoprost related compound A and bimatoprost,
System suitability solution
Relative standard deviation: NMT 5%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Bimatoprost taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of bimatoprost from the Standard solution
CS = concentration of USP Bimatoprost RS in the Standard solution (µg/mL)
CU = concentration of Bimatoprost in the Sample solution (µg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
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Table 2
Relative
Retention
Time
0.08
0.70
0.94
0.96
1.0
1.06
1.10
—
—

Relative
Response
Factor
1.2
0.78
1.0
1.1
1.0
1.1
1.0
1.0
—

Acceptance
Criteria,
NMT (%)
0.15
0.15
0.7
0.5
—
0.2
0.1
0.10
1.2

Name
p-Toluenesulfonic acid
Bimatoprost oxiranea
15-Epibimatoprost b
Bimatoprost related compound Ac
Bimatoprost
15-Keto bimatoprost d
Bimatoprost acide
Any unspecified impurity
Total impurities
a (E)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-{(2R)-3-[(S)-1-hydroxy-3phenylpropyl]oxiran-2-yl}cyclopentyl]-N-ethylhept-5-enamide.
b (Z)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(R,E)-3-hydroxy-5-phenylpent-1-en-1yl]cyclopentyl]-N-ethylhept-5-enamide.
c (E)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxy-5-phenylpent-1-en-1yl]cyclopentyl]-N-ethylhept-5-enamide.
d (Z)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(E)-3-oxo-5-phenylpent-1-en-1yl]cyclopentyl]-N-ethylhept-5-enamide.
e (Z)-7-{(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxy-5-phenylpent-1-en-1yl]cyclopentyl}hept-5-enoic acid.
• Organic Impurities, Procedure 2
Use Organic Impurities, Procedure 2 when the impurity profile includes
triphenylphosphine oxide.

Mobile phase: Acetonitrile, methanol, water, and trifluoroacetic acid (190: 100: 710: 0.5)
Diluent: Acetonitrile, methanol, and water (23:10:67)
System suitability solution: 1 mg/mL of USP Bimatoprost RS and 10 µg/mL of
triphenylphosphine oxide in Diluent
Standard solution: 0.001 mg/mL of USP Bimatoprost RS in Diluent
Sensitivity solution: 0.5 µg/mL of USP Bimatoprost RS in Diluent from Standard solution
Sample solution: 1 mg/mL of Bimatoprost in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 7.5-cm; 3.5-µm packing L1
Flow rate: 1 mL/min
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Injection volumes: 10 µL (for all the impurities except bimatoprost acid) and 100 µL
(Sample solution for bimatoprost acid)
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 2.5 between bimatoprost and triphenylphospine oxide, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of bimatoprost acid in the portion of Bimatoprost taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of bimatoprost acid from the Sample solution
rS = peak response of bimatoprost from the Standard solution
CS = concentration of USP Bimatoprost RS in the Standard solution (mg/mL)
CU = concentration of Bimatoprost in the Sample solution (mg/mL)
F = relative response factor (see Table 3)
Calculate the percentage of each individual impurity in the portion of Bimatoprost taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of bimatoprost from the Standard solution
CS = concentration of USP Bimatoprost RS in the Standard solution (mg/mL)
CU = concentration of Bimatoprost in the Sample solution (mg/mL)
F = relative response factor (see Table 3)
Acceptance criteria: See Table 3. The reporting threshold is 0.05%.
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Name

Table 3
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

15-Epibimatoprost a
0.85
0.89
0.7
b
Bimatoprost related compound A
0.91
0.98
0.5
Bimatoprost
1.0
1.0
—
Triphenylphosphine oxide
1.17
4.4
0.1
c
15-Keto bimatoprost
1.25
1.15
0.2
Bimatoprost acidd
1.47
0.88
0.1
Any unspecified impurity
—
1.0
0.10
Total impurities
—
—
1.2
a (Z)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(R,E)-3-hydroxy-5-phenylpent-1-en-1yl]cyclopentyl]-N-ethylhept-5-enamide.
b (E)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxy-5-phenylpent-1-en-1yl]cyclopentyl]-N-ethylhept-5-enamide.
c (Z)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(E)-3-oxo-5-phenylpent-1-en-1yl]cyclopentyl]-N-ethylhept-5-enamide.
d (Z)-7-{(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxy-5-phenylpent-1-en-1yl]cyclopentyl}hept-5-enoic acid.
SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 10 mg/mL in acetonitrile
Acceptance criteria: +33.0° to +39.0°
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic bacterial count is NMT 103 cfu/g. The total combined molds and yeasts count is
NMT 102 cfu/g. It meets the requirements of the test for absence of Escherichia coli.
• Water Determination 〈921〉, Method I, Method Ic: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers at controlled room temperature.
• Labeling: If a test for Organic Impurities other than Procedure 1 is used, then the labeling
states with which Organic Impurities test the article complies.
• USP Reference Standards 〈11〉
USP Bimatoprost RS
USP Bimatoprost Related Compound A RS
(E)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxy-5-phenylpent-1-en-1yl]cyclopentyl]-N-ethylhept-5-enamide;
trans-Bimatoprost.
C25 H37 NO4
415.57
2S (USP42)
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BRIEFING
Bimatoprost Ophthalmic Solution, PF 42(4) [July–Aug. 2016]. On the basis of comments
received, the previous proposal in PF 42(4) is cancelled and replaced with the following new
proposal.
1. The liquid chromatographic procedure used in the Assay is based on analyses performed
with the Hypersil BDS C18 brand of column with L1 packing. The typical retention time
for bimatoprost is about 8 min.
2. The liquid chromatographic procedure used in the Organic Impurities test is based on
analyses performed with the Waters Symmetry C18 brand of column with L1 packing.
The typical retention time for bimatoprost is about 34 min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM3: R.S. Prasad.)
Correspondence Number—C182436
Comment deadline: September 30, 2018
Add the following:
Bimatoprost Ophthalmic Solution
DEFINITION
Bimatoprost Ophthalmic Solution is a sterile, buffered, aqueous solution of Bimatoprost. It
contains NLT 90.0% and NMT 110.0% of the labeled amount of bimatoprost (C25 H37 NO4 ). It
may contain suitable additives, antimicrobial agents, and stabilizers.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 0.77 g/L of ammonium acetate in water. Adjust with diluted trifluoroacetic acid to a
pH of 5.5.
Solution A: Methanol and Buffer (29:71)
Solution B: Methanol and Buffer (70:30)
Mobile phase: See Table 1.
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Time
(min)
0
12
15
22
23
30

Table 1
Solution A
(%)
53
53
0
0
53
53

Solution B
(%)
47
47
100
100
47
47

Standard stock solution: 0.1 mg/mL of USP Bimatoprost RS in water. Sonicate to dissolve.
Standard solution: 0.01 mg/mL of USP Bimatoprost RS in water from Standard stock
solution
Sample stock solution: Nominally 0.1 mg/mL of bimatoprost in water prepared as follows.
Transfer a measured volume of Ophthalmic Solution to a suitable volumetric flask and add
water to fill 50% of the volume of the flask. Vortex for 2 min and dilute with water to
volume.
Sample solution: Nominally 0.01 mg/mL of bimatoprost in water from Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm. For Identification B, use a diode array detector in the range of
190–400 nm.
Column: 4.6-mm × 10-cm; 3-µm packing L1
Column temperature: 40°
Flow rate: 1.7 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of bimatoprost (C25 H37 NO4 ) in the portion
of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
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CS = concentration of USP Bimatoprost RS in the Standard solution (mg/mL)
CU = nominal concentration of bimatoprost in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities
Solution A: Add 0.23 mL of trifluoroacetic acid to 1000 mL of water. Adjust with
trifluroacetic acid to a pH of 2.45 ± 0.05.
Mobile phase: Acetonitrile, methanol, and Solution A (36:20:144)
Diluent: Acetonitrile, methanol, and water (18:10:72)
System suitability solution: 60 µg/mL of USP Bimatoprost RS and 0.36 µg/mL of USP
Bimatoprost Related Compound A RS in Diluent
Standard solution: 0.12 µg/mL of USP Bimatoprost RS in Diluent
Sensitivity solution: 0.06 µg/mL of USP Bimatoprost RS in Diluent from Standard solution
Sample solution: Nominally 60 µg/mL of bimatoprost in Diluent from a suitable volume of
Opthalmic Solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 7.5-cm; 3.5-µm packing L1
Column temperature: 30°
Flow rate: 1.5 mL/min
Injection volume: 75 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between bimatoprost related compound A and bimatoprost,
System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Ophthalmic Solution
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each individual impurity from the Sample solution
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rS = peak response of bimatoprost from the Standard solution
CS = concentration of USP Bimatoprost RS in the Standard solution (µg/mL)
CU = nominal concentration of bimatoprost in the Sample solution (µg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.

Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

15-Epibimatoprost a
0.84
1.0
0.75
Bimatoprost related compound Ab
0.91
1.0
0.6
Bimatoprost
1.0
1.0
—
c
15-Keto bimatoprost
1.18
1.2
0.3
Bimatoprost acidd
1.38
1.0
0.3
Any unspecified impurity
—
1.0
0.2
Total impurities
—
—
1.9
a (Z)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(R,E)-3-hydroxy-5-phenylpent-1-en-1yl]cyclopentyl]-N-ethylhept-5-enamide.
b (E)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxy-5-phenylpent-1-en-1yl]cyclopentyl]-N-ethylhept-5-enamide.
c (Z)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(E)-3-oxo-5-phenylpent-1-en-1yl]cyclopentyl]-N-ethylhept-5-enamide.
d (Z)-7-{(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxy-5-phenylpent-1-en-1yl]cyclopentyl}hept-5-enoic acid.
SPECIFIC TESTS
• Sterility Tests 〈71〉: Meets the requirements
• pH 〈791〉: 6.8–7.8
• Osmolality and Osmolarity 〈785〉, Osmolality: 265–330 mOsmol/kg
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers at controlled room temperature.
• USP Reference Standards 〈11〉
USP Bimatoprost RS
USP Bimatoprost Related Compound A RS
(E)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxy-5-phenylpent-1-en-1yl]cyclopentyl]-N-ethylhept-5-enamide;
trans-Bimatoprost.
C25 H37 NO4
415.57
2S (USP42)

BRIEFING
Brimonidine Tartrate Ophthalmic Solution. Because there is no existing USP monograph
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for this drug product, a new monograph based on validated methods of analysis is proposed.
The liquid chromatographic procedures in the Assay and the test for Organic Impurities are
based on the analyses performed with the Inertsil C8-3 brand of column with L7 packing. The
typical retention time for brimonidine is about 5 min.
(CHM3: F. Mao.)
Correspondence Number—C198077
Comment deadline: September 30, 2018
Add the following:
Brimonidine Tartrate Ophthalmic Solution
DEFINITION
Brimonidine Tartrate Ophthalmic Solution is a sterile aqueous solution of Brimonidine Tartrate.
It contains NLT 90.0% and NMT 110.0% of the labeled amount of brimonidine tartrate
(C11 H10 BrN5 ·C4 H6 O6 ). It may contain a suitable antimicrobial preservative.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Protect the solutions containing brimonidine tartrate from light.
Buffer: Dissolve 3.6 g of potassium phosphate, monobasic in 1 L of water, add 1 mL of
triethylamine, and mix. Adjust with 1 M phosphoric acid or 1 N sodium hydroxide to a pH of
3.0.
Solution A: Acetonitrile and Buffer (5:95)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
3
10
12
14
20

Table 1
Solution A
(%)
99
99
80
80
99
99

Diluent: Acetonitrile and water (10:90)

Solution B
(%)
1
1
20
20
1
1
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Standard solution: 0.1 mg/mL of USP Brimonidine Tartrate RS in Diluent
Sample solution: Nominally equivalent to 0.1 mg/mL of brimonidine tartrate in Diluent, from
Ophthalmic Solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 248 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of brimonidine tartrate
(C11 H10 BrN5 ·C4 H6 O6 ) in the portion of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of brimonidine from the Sample solution
rS = peak response of brimonidine from the Standard solution
CS = concentration of USP Brimonidine Tartrate RS in the Standard solution (mg/mL)
CU = nominal concentration of brimonidine tartrate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities
Protect the solutions containing brimonidine tartrate from light.
Mobile phase, Diluent, and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.001 mg/mL of USP Brimonidine Tartrate RS in Diluent
Sensitivity solution: 0.5 µg/mL of USP Brimonidine Tartrate RS in Diluent, from Standard
solution
Sample solution: Nominally equivalent to 0.5 mg/mL of brimonidine tartrate in Diluent, from
Ophthalmic Solution
System suitability
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Samples: Standard solution and Sensitivity solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 3.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of brimonidine from the Standard solution
CS = concentration of USP Brimonidine Tartrate RS in the Standard solution (mg/mL)
CU = nominal concentration of brimonidine tartrate in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.

Name

Table 2
Relative
Retention
Time

Desbromobrimonidinea
0.77
Brimonidine
1.00
b
Brimonidine related compound B
1.90
Brimonidine related compound Ac
2.33
Any individual unspecified impurity
—
Total impurities
—
a N-(Quinoxalin-6-yl)imidazolidin-2-imine.
b 1-(5-Bromoquinoxalin-6-yl)thiourea.
c 5-Bromoquinoxalin-6-amine.

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

1.8
—
1.3
1.0
1.0
—

0.2
—
0.2
0.2
0.2
0.75

SPECIFIC TESTS
• Sterility Tests 〈71〉: Meets the requirements
• Antimicrobial Effectiveness Testing 〈51〉: Meets the requirements
• pH 〈791〉: 5.6–6.6
• Particulate Matter in Ophthalmic Solutions 〈789〉: Meets the requirements
• Osmolality and Osmolarity 〈785〉: 280–330 mOsmol/kg
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers and store between 15° and 25°.
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• USP Reference Standards 〈11〉
USP Brimonidine Tartrate RS
2S (USP42)

BRIEFING
Bupropion Hydrochloride, USP 41 page 573. It is proposed to revise the monograph as
follows:
1. Revise the Assay to add a Run time requirement and to update one of the Resolution
requirements and the Relative standard deviation requirement for consistency with
expectations of modern chromatographic systems and supporting data. Additionally, a
System suitability solution is added and the Standard solution composition is simplified
for consistency with current USP style.
2. Remove the references to USP Bupropion Hydrochloride Related Compound F RS and the
Resolution requirement between bupropion related compound F and bupropion related
compound C within the test for Limit of 3-Chlorobenzoic Acid in response to comments
received. The remaining Resolution and other system suitability requirements are
sufficient.
3. Add a new test for Limit of Bupropion Related Compound G based on comments
received by USP indicating that bupropion related compound G is a genotoxic and
carcinogenic impurity and that its acceptance criterion should be revised. Because the
existing analytical procedures are not sufficiently sensitive, a new test for Limit of
Bupropion Related Compound G is proposed. This test is based on validated analyses
conducted with the Zorbax Eclipse XDB-C8 brand of column with L7 packing. The typical
retention time for bupropion related compound G is 25 min.
4. Revise the test for Organic Impurities to add a Sensitivity solution, Signal-to-noise ratio
requirement, and reporting threshold. Additionally, one of the Resolution requirements
and Table 3 are updated to support the proposed revisions to the Assay and the
proposed test for Limit of Bupropion Related Compound G, respectively, and the crossreferences to the Assay are also updated to provide clarity.
5. Add USP Bupropion Related Compound G RS to the USP Reference Standards section to
support the proposed test for Limit of Bupropion Related Compound G; and remove USP
Bupropion Hydrochloride Related Compound F RS from this section to support the
proposed test for Limit of 3-Chlorobenzoic Acid.
6. Throughout the monograph, references to USP Bupropion Hydrochloride Related
Compound A RS, USP Bupropion Hydrochloride Related Compound B RS, and USP
Bupropion Hydrochloride Related Compound C RS are revised to remove “Hydrochloride”
for consistency with planned updates to the Reference Standard names and labels.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C140096; C204174
Comment deadline: September 30, 2018
Bupropion Hydrochloride
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276.20

1-Propanone, 1-(3-chlorophenyl)-2-[(1,1-dimethylethyl)amino]-, hydrochloride, (±)-;
(±)-2-(tert-Butylamino)-3′-chloropropiophenone hydrochloride
[31677-93-7].
DEFINITION
Bupropion Hydrochloride contains NLT 98.0% and NMT 102.0% of bupropion hydrochloride
(C13 H18 ClNO·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Change to read:
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride
Sample solution: 1 mg/mL of Bupropion Hydrochloride
in water 2S (USP42)
Acceptance criteria: Meets the requirements of test (CN 1-May-2018)
ASSAY
Change to read:
• Procedure
Buffer: 3.4 g/L of monobasic potassium phosphate in water. Adjust with 1 N sodium
hydroxide
VS 2S (USP42)
to a pH of 7.0.
Mobile phase: Methanol, tetrahydrofuran, and Buffer (39:11:50)
Diluent: Methanol and water (50:50)
System suitability solution: 1 mg/mL of USP Bupropion Hydrochloride RS and 2 µg/mL
each of USP Bupropion Related Compound A RS and USP Bupropion Related Compound B RS
in Diluent 2S (USP42)
Standard solution: 1 mg/mL of USP Bupropion Hydrochloride RS and 2 µg/mL each of USP
Bupropion Hydrochloride Related Compound A RS and USP Bupropion Hydrochloride Related
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Compound B RS
2S (USP42)

in Diluent
Sample solution: 1 mg/mL of Bupropion Hydrochloride in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 3.9-mm × 15-cm; 5-µm packing L7
Flow rate: 1.1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of bupropion
System suitability
Samples:
System suitability solution and 2S (USP42)
Standard solution

2S (USP42)

[Note—See Table 3 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.3 between bupropion hydrochloride
2S (USP42)

related compound A and bupropion; NLT 1.3
1.5 2S (USP42)
between bupropion and bupropion hydrochloride
2S (USP42)

related compound B,
System suitability solution 2S (USP42)
Relative standard deviation: NMT 2.0% for bupropion
0.73%, Standard solution 2S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of bupropion hydrochloride (C13 H18 ClNO·HCl) in the portion of
Bupropion Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Bupropion Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
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IMPURITIES
Change to read:
• Limit of 3-Chlorobenzoic Acid
Protect all analytical solutions from light and use within one day.
Solution A: Acetonitrile and water (10:90). Add 0.4 mL of trifluoroacetic acid per liter of
the mixture.
Solution B: Acetonitrile and water (95:5). Add 0.3 mL of trifluoroacetic acid per liter of the
mixture.
Mobile phase: See Table 1.
Time
(min)
0
3.4
10.0
10.1
13.0
13.2
19.0

Table 1
Solution A
(%)
90
87
15
0
0
90
90

Solution B
(%)
10
13
85
100
100
10
10

Diluent: Methanol and 0.001 N hydrochloric acid
TS 2S (USP42)
(20:80)
System suitability stock solution: 0.02 mg/mL of USP Bupropion Hydrochloride
2S (USP42)

Related Compound C RS 0.02 mg/mL of USP Bupropion Hydrochloride Related Compound F
RS,
2S (USP42)

and 0.012 mg/mL of USP 3-Chlorobenzoic Acid RS in methanol
System suitability solution: 0.002 mg/mL of bupropion hydrochloride related compound C,
0.002 mg/mL of bupropion hydrochloride related compound F,
USP Bupropion Related Compound C RS 2S (USP42)
and 0.0012 mg/mL of 3-chlorobenzoic acid
USP 3-Chlorobenzoic Acid RS 2S (USP42)
from System suitability stock solution in Diluent
Standard stock solution: 0.06 mg/mL of USP 3-Chlorobenzoic Acid RS in methanol
Standard solution: 1.2 µg/mL of USP 3-Chlorobenzoic Acid RS from Standard stock
solution in Diluent
Sample solution: 600 µg/mL of Bupropion Hydrochloride in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 226 nm
Column: 4.6-mm × 10-cm; 3.5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 5 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.3 between bupropion hydrochloride related compound F and
bupropion hydrochloride related compound C, System suitability solution;
2S (USP42)

NLT 1.5 between bupropion hydrochloride
2S (USP42)

related compound C and 3-chlorobenzoic acid, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 3-chlorobenzoic acid in the portion of Bupropion Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of 3-chlorobenzoic acid from the Sample solution
rS = peak response of 3-chlorobenzoic acid from the Standard solution
CS = concentration of USP 3-Chlorobenzoic Acid RS in the Standard solution (µg/mL)
CU = concentration of Bupropion Hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.
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Table 2

Name
Bupropion
Bupropion hydrochloride related compound F a
2S (USP42)

Relative
Retention
Time
1.0
1.71
2S (USP42)

Acceptance
Criteria,
NMT (%)
—
—
2S (USP42)

Bupropion hydrochloride
2S (USP42)

related compound Ca
1.75
3-Chlorobenzoic acid
1.80
a Included for system suitability purposes only.
This impurity is quantified using the test for Organic Impurities.

—
0.2
2S (USP42)

Add the following:
• Limit of Bupropion Related Compound G
[Note—Perform this test only if bupropion related compound G is a known process impurity.]
Buffer: 3.4 g/L of monobasic potassium phosphate in water prepared as follows. Transfer a
suitable amount of monobasic potassium phosphate to an appropriate volumetric flask and
dissolve in 95% of the flask volume of water. Adjust with 1 N sodium hydroxide VS to a pH
of 7.0 and dilute with water to volume.
Mobile phase: Methanol, tetrahydrofuran, and Buffer (39:11:50)
Diluent: Methanol and water (50:50)
Standard stock solution 1: 15 µg/mL of USP Bupropion Related Compound G RS in
methanol
Standard stock solution 2: 1.5 µg/mL of USP Bupropion Related Compound G RS from
Standard stock solution 1 in water
Standard solution: 0.3 µg/mL of USP Bupropion Related Compound G RS from Standard
stock solution 2 in Diluent
Sample stock solution: 80 mg/mL of Bupropion Hydrochloride in water
Sample solution: 80,000 µg/mL of Bupropion Hydrochloride prepared as follows. Transfer
10 mL of Sample stock solution to a separating funnel, extract with 20.0 mL of methylene
chloride, wait to allow separations, and transfer 10.0 mL of the organic phase to a 50-mL
round-bottom flask. Evaporate the solvent under vacuum at a temperature of NMT 35°.
Dissolve the resulting material in 5.0 mL of Diluent.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Autosampler temperature: 5°
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Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 3 times the retention time of bupropion
System suitability
Sample: Standard solution
[Note—The relative retention times of bupropion and bupropion related compound G are 1.0
and 1.5, respectively.]
Suitability requirements
Relative standard deviation: NMT 5%
Signal-to-noise ratio: NLT 10
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of bupropion related compound G in the portion of Bupropion
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of bupropion related compound G from the Sample solution
rS = peak response of bupropion related compound G from the Standard solution
CS = concentration of USP Bupropion Related Compound G RS in the Standard solution
(µg/mL)
CU = concentration of Bupropion Hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: NMT 0.0004%

2S (USP42)

Change to read:
• Organic Impurities
Buffer, Mobile phase, Diluent,
System suitability solution, 2S (USP42)
Standard solution, and Sample solution: Prepare as directed in the Assay.
Sensitivity solution: 0.0005 mg/mL of USP Bupropion Hydrochloride RS in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 3.9-mm × 15-cm; 5-µm packing L7
Flow rate: 1.1 mL/min
Injection volume: 20 µL
Run time: NLT 3 times the retention time of bupropion
2S (USP42)

System suitability
Samples: Standard solution,
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System suitability solution and Sensitivity solution

2S (USP42)

[Note—See Table 3 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.3 between bupropion hydrochloride
2S (USP42)

related compound A and bupropion; NLT 1.3
1.5 2S (USP42)
between bupropion and bupropion hydrochloride
2S (USP42)

related compound B,
System suitability solution 2S (USP42)
Relative standard deviation: NMT 2.0% for bupropion; NMT 5.0% for bupropion
hydrochloride
2S (USP42)

related compound B,
System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution

2S (USP42)

Calculate the percentage of each impurity in the portion of Bupropion Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response for each impurity from the Sample solution
rS = peak response for bupropion from the Standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Bupropion Hydrochloride in the Sample solution (mg/mL)
F = relative response factor for each impurity relative to bupropion (see Table 3)
Acceptance criteria: See Table 3.
The reporting threshold is 0.05%.

2S (USP42)
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Name

Table 3
Relative
Retention
Time

Deschloro bupropiona
Bupropion dione derivativeb
o-Bupropionc
Chloropropiophenoned
Bupropion hydrochloride

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.38
0.58
0.71
0.78

1.5
1.0
0.45
1.2

0.5
0.2
0.1
0.1

0.92
1.0

1.4
—

0.2
—

related compound B
Bromochloropropiophenone
Bupropion related compound
G 2S (USP42)

1.14

0.81

0.2

e

1.63
2.30
2.74

0.88
1.1
0.69

2S (USP42)

related compound A
Bupropion
Bupropion hydrochloride
2S (USP42)

4-Chlorobupropionf

0.1
—

2S (USP42)

0.2
0.2

5-Chlorobupropiong
Any
other 2S (USP42)
—
individual impurity
1.0
0.1
h
—
—
Total impurities
1.0
a 2-(tert-Butylamino)-1-phenylpropan-1-one; also known as 2-(tertbutylamino)propiophenone.
b 1-(3-Chlorophenyl)propane-1,2-dione; also known as 1-(3-chlorophenyl)-1,2propanedione.
c 2-(tert-Butylamino)-1-(2-chlorophenyl)propan-1-one; also known as 2-(tertbutylamino)-2′-chloropropiophenone.
d 1-(3-Chlorophenyl)propan-1-one; also known as 3′-chloropropiophenone.
e 2-Bromo-1-(3-chlorophenyl)propan-1-one; also known as 2-bromo-3′chloropropiophenone.
This impurity is quantified using the Limit of Bupropion Related Compound G test.
2S (USP42)

f 2-(tert-Butylamino)-1-(3,4-dichlorophenyl)propan-1-one; also known as 2-(tertbutylamino)-3′,4′-dichloropropiophenone.
g 2-(tert-Butylamino)-1-(3,5-dichlorophenyl)propan-1-one; also known as 2-(tertbutylamino)-3′,5′-dichloropropiophenone.
h Sum of all impurities found in the tests for Limit of 3-Chlorobenzoic Acid and Organic
Impurities.
SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 0.5%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at room
temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Bupropion Hydrochloride RS
USP Bupropion Hydrochloride
2S (USP42)

Related Compound A RS
[Note—May also be labeled as USP Bupropion Hydrochloride Related Compound A RS.]
2-(tert-Butylamino)-1-(4-chlorophenyl)propan-1-one hydrochloride;
Also known as 2S (USP42)
2-(tert-Butylamino)-4′-chloropropiophenone hydrochloride.
C13 H18 ClNO·HCl
276.20
276.21 2S (USP42)
USP Bupropion Hydrochloride
2S (USP42)

Related Compound B RS
[Note—May also be labeled as USP Bupropion Hydrochloride Related Compound B RS.]
2-(tert-Butylamino)-1-(3-bromophenyl)propan-1-one hydrochloride;
Also known as 2S (USP42)
2-(tert-Butylamino)-3′-bromopropiophenone hydrochloride.
C13 H18 BrNO·HCl
320.66
USP Bupropion Hydrochloride
2S (USP42)

Related Compound C RS
[Note—May also be labeled as USP Bupropion Hydrochloride Related Compound C RS.]
2S (USP42)

1-(3-Chlorophenyl)-2-hydroxypropan-1-one.
C9 H9 O2 Cl
C9 H9 ClO2 2S (USP42)
184.62
USP Bupropion Hydrochloride Related Compound F RS
1-(3-Chlorophenyl)-1-hydroxypropan-2-one.
C9 H9 O2 Cl
184.62

USP Bupropion Related Compound G RS
2-Bromo-1-(3-chlorophenyl)propan-1-one.
C9 H8 BrClO
247.52
2S (USP42)

USP 3-Chlorobenzoic Acid RS
3-Chlorobenzoic acid.
C7 H5 ClO2
156.57
Recent Official Publications:
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USP41–NF36 Page 573
BRIEFING
Bupropion Hydrochloride Tablets, USP 41 page 575. It is proposed to revise the
monograph as follows:
1. Add a Run time requirement to the Assay, and revise the Relative standard deviation
requirement for consistency with expectations of modern chromatographic systems and
supporting data.
2. Add an equation to the Dissolution test for consistency with current USP style.
3. A new test for Organic Impurities using liquid chromatography is proposed based on
validated analyses conducted using the Eclipse XDB-C8 brand of column with L7
packing. The Thermo EC BDS, Symmetry, or Sunfire brands of column with L7 packing
may also be suitable. The typical retention time of bupropion is 17 min. The Acceptance
criteria for total impurities is based on the corresponding specification in the Bupropion
Hydrochloride monograph.
4. Revise the Packaging and Storage section to reflect the package and storage conditions
on the labels of approved drug products.
5. Add references to existing Reference Standards in the USP Reference Standards section
to support the proposed new test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C193744
Comment deadline: September 30, 2018
Bupropion Hydrochloride Tablets
DEFINITION
Bupropion Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount
of bupropion hydrochloride (C13 H18 ClNO·HCl).
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Sample: Crush 1 Tablet using a mortar and pestle. Prepare an approximate 1% (w/w)
dispersion of the sample in potassium bromide.
Acceptance criteria: The Sample shows strong bands at about 1690, 1560, and 1240
cm−1 and a weaker band at about 740 cm−1, similar to the reference preparation.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
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• Procedure
Buffer: 6.8 g/L of monobasic potassium phosphate and 1.164 g/L of sodium hydroxide in
water
Mobile phase: Methanol and Buffer (65:35)
Diluent: Methanol and water (65:35)
Standard solution: 0.6 mg/mL of USP Bupropion Hydrochloride RS in Diluent
Sample stock solution: Nominally 3.0 mg/mL of bupropion hydrochloride in Diluent prepared
as follows. Transfer an appropriate number of Tablets to a suitable volumetric flask. Add
50% of the flask volume of Diluent, and shake by mechanical means until the Tablets have
disintegrated (30–60 min). Sonicate for 5 min, dilute with Diluent to volume, and mix. Allow
to stand for at least 30 min. Use the supernatant.
Sample solution: Nominally 0.6 mg/mL of bupropion hydrochloride from the Sample stock
solution in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 224 nm
Column: 4.6-mm × 15-cm; 5-µm base-deactivated packing L1
Flow rate: 1.2 mL/min
Injection volume: 10 µL
Run time: NLT 1.5 times the retention time of bupropion 2S (USP42)
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.5
Relative standard deviation: NMT 2.0%
1.0% 2S (USP42)
Analysis
Samples: Standard solution and Sample solution 2S (USP42)
Calculate the percentage of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area from the Sample solution
rS = peak area from the Standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of bupropion hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
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PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Standard solution: USP Bupropion Hydrochloride RS at a known concentration in 0.1 N
hydrochloric acid
Sample solution: Pass a portion of the solution under test through a suitable filter, and
dilute with 0.1 N hydrochloric acid, if necessary.
Instrumental conditions
Mode: UV
Analytical wavelength: 252 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved:
Result = (AU/AS) × D × V × (1/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
D = dilution factor for the Sample solution, if necessary
V = volume of Medium, 900 mL
L = label claim (mg/Tablet) 2S (USP42)
Tolerances: NLT 80% (Q) of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Solution A: 4.4 g/L of dibasic potassium phosphate in water prepared as follows. Transfer a
suitable quantity of dibasic potassium phosphate to an appropriate volumetric flask and
dissolve in 99% of the flask volume of water. Adjust with phosphoric acid to a pH of 6.5.
Add 1% of the flask volume of methanol.
Solution B: Methanol
Mobile phase: See Table 1.
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Time
(min)
0
6
28
28.1
32

Table 1
Solution A
(%)
65
50
50
65
65

Solution B
(%)
35
50
50
35
35

Diluent: Methanol and water (50:50)
System suitability solution: 1 mg/mL of USP Bupropion Hydrochloride RS and 0.002 mg/mL
each of USP Bupropion Related Compound A RS and USP Bupropion Related Compound B RS
in Diluent
Standard solution: 0.01 mg/mL of USP Bupropion Hydrochloride RS and 0.003 mg/mL of
USP 3-Chlorobenzoic Acid RS in Diluent
Sensitivity solution: 0.0005 mg/mL of USP Bupropion Hydrochloride RS from Standard
solution in Diluent
Sample stock solution: Transfer NLT 10 Tablets to an appropriate volumetric flask. Add
50% of the flask volume of Diluent, sonicate for 15 min, and stir for an additional 20 min.
Dilute with Diluent to volume. Centrifuge the resulting solution and use the supernatant.
Sample solution: Nominally 1.0 mg/mL of bupropion hydrochloride from the Sample stock
solution in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 242 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 35°
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between bupropion related compound A and bupropion; NLT 1.5
between bupropion and bupropion related compound B, System suitability solution
Relative standard deviation: NMT 5.0% each for bupropion and 3-chlorobenzoic acid,
Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of 3-chlorobenzoic acid in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of 3-chlorobenzoic acid from the Sample solution
rS = peak response of 3-chlorobenzoic acid from the Standard solution
CS = concentration of USP 3-Chlorobenzoic Acid RS in the Standard solution (mg/mL)
CU = nominal concentration of bupropion hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any other degradation product in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of bupropion from the Standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of bupropion hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
Table 2

Name
3-Chlorobenzoic acid

Relative
Retention
Time
0.19

Deschloro bupropiona,b

0.46

Chloropropiophenonea,c
Bupropion related compound Aa
Bupropion
Bupropion related compound Ba

0.81
0.92
1.0
1.1

Acceptance
Criteria,
NMT (%)
0.3
—
—
—
—
—
—
0.2
1.0

Bupropion related compound Ga,d
1.2
Any other degradation product
—
Total impurities
—
a Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance, and are not to be reported or included in the total
impurities for the drug product.
b 2-(tert-Butylamino)-1-phenylpropan-1-one; also known as 2-(tertbutylamino)propiophenone.
c 1-(3-Chlorophenyl)propan-1-one.
d 2-Bromo-1-(3-chlorophenyl)propan-1-one.
2S (USP42)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 2S (USP42)

PF 44(4): Jul.-Aug. 2018

300

Change to read:
• USP Reference Standards 〈11〉
USP Bupropion Hydrochloride RS
USP Bupropion Related Compound A RS
[Note—May also be labeled as USP Bupropion Hydrochloride Related Compound A RS.]
2-(tert-Butylamino)-1-(4-chlorophenyl)propan-1-one hydrochloride;
Also known as 2-(tert-Butylamino)-4′-chloropropiophenone hydrochloride.
C13 H18 ClNO·HCl
276.20
USP Bupropion Related Compound B RS
[Note—May also be labeled as USP Bupropion Hydrochloride Related Compound B RS.]
2-(tert-Butylamino)-1-(3-bromophenyl)propan-1-one hydrochloride;
Also known as 2-(tert-Butylamino)-3′-bromopropiophenone hydrochloride.
C13 H18 BrNO·HCl
320.66
USP 3-Chlorobenzoic Acid RS
3-Chlorobenzoic acid.
C7 H5 ClO2
156.57
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 575
BRIEFING
Bupropion Hydrochloride Extended-Release Tablets, USP 41 page 576 and the Revision
Bulletin posted on the USP website, with an official date of November 1, 2017. It is proposed to
revise the monograph as follows:
1. The Relative standard deviation requirement in the Assay is revised for consistency with
expectations of modern chromatographic systems and supporting data.
2. The test for Organic Impurities is revised to add a Signal-to-noise ratio requirement, a
Sensitivity solution, and a reference to the reporting threshold.
3. Throughout the monograph, the names of the Reference Standards for related
compounds are revised to remove "Hydrochloride".
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C150130
Comment deadline: September 30, 2018
Bupropion Hydrochloride Extended-Release Tablets
DEFINITION
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Bupropion Hydrochloride Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of
the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl).
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Sample: Crush 1 Tablet using a mortar and pestle. Prepare an approximate 1% (w/w)
dispersion of the sample in potassium bromide.
Acceptance criteria: The Sample shows strong bands at about 1690, 1560, and 1240
cm−1 and a weaker band at about 740 cm−1, similar to the reference preparation.
• B. The retention time of the major peak of Sample solution A or Sample solution B
corresponds to that of the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Diluent 1: Methanol and 0.001 N hydrochloric acid
TS 2S (USP42)
(20:80)
Solution A: Acetonitrile, trifluoroacetic acid, and water (10: 0.04: 90)
Solution B: Acetonitrile, trifluoroacetic acid, and water (95: 0.03: 5)
Mobile phase: See Table 1.
Time
(min)
0
3.4
10.0
10.1
13.0
13.2
19.0

Table 1
Solution A
(%)
90
87
15
0
0
90
90

Solution B
(%)
10
13
85
100
100
10
10

System suitability stock solution: 0.02 mg/mL of USP Bupropion Hydrochloride
2S (USP42)

Related Compound C RS and 0.2 mg/mL of USP Bupropion Hydrochloride
2S (USP42)

Related Compound F RS in methanol
System suitability solution: 0.002 mg/mL of bupropion hydrochloride
2S (USP42)

related compound C and 0.02 mg/mL of bupropion hydrochloride
2S (USP42)

related compound F from the System suitability stock solution in Diluent 1
Standard solution: 0.6 mg/mL of USP Bupropion Hydrochloride RS in Diluent 1
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Sample stock solution A: Transfer a number of Tablets, intact or crushed, to a suitable
homogenizer vessel containing sufficient methanol to obtain a concentration of 3.0 mg/mL
of bupropion hydrochloride. Immediately homogenize the sample for 30 s at 20,000 rpm.
Allow extraction for 3 min, and follow by two additional 10-s pulses, each at 20,000 rpm,
pausing 3 min between these pulses to ensure complete extraction. Pass a portion of the
solution through a nylon filter of 0.45-µm pore size, discarding the first 2–4 mL of the
filtrate.
Sample solution A: Nominally 0.6 mg/mL of bupropion hydrochloride from Sample stock
solution A in 0.001 N hydrochloric acid
TS 2S (USP42)
Alternatively, the Sample solution can be prepared as follows.
Buffer: Dissolve 100 g of anhydrous dibasic sodium phosphate in 1 L of water. Add 50 mL of
phosphoric acid, stir or sonicate until dissolved, and mix. Adjust with phosphoric acid to a
pH of 3.0.
Diluent 2: Methanol and Buffer (20:80)
Sample stock solution B: Weigh and grind NLT 20 Tablets to prepare a solution having a
nominal concentration of 3 mg/mL. Initially add Diluent 2 (75% of the volume of the flask),
stir for 30 min, and sonicate for 15 min. Dilute with Diluent 2 to volume. Centrifuge a
portion of the resulting solution, and use the supernatant.
Sample solution B: Nominally 0.6 mg/mL of bupropion hydrochloride from Sample stock
solution B in Diluent 2
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 226 nm
Column: 4.6-mm × 10-cm; 3.5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 5 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See

Table 21

(RB 1-Nov-2017)

for the relative retention times.]

Suitability requirements
Resolution: NLT 1.3 between bupropion hydrochloride
2S (USP42)

related compound F and bupropion hydrochloride
2S (USP42)

related compound C, System suitability solution
Tailing factor: NMT 1.9, Standard solution
Relative standard deviation: NMT 1.5%,
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1.0%, 2S (USP42)
Standard solution
Analysis
Samples: Standard solution and Sample solution A or Sample solution B
Calculate the percentage of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of bupropion hydrochloride from Sample solution A or Sample solution
B
rS = peak response of bupropion hydrochloride from the Standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of bupropion hydrochloride in Sample solution A or Sample
solution B (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
For products labeled for dosing every 12 h
Test 1
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Times: 1, 4, and 8 h
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium,
where L is the label claim, in mg/Tablet. Dilute with Medium, if necessary.
Sample solution: Pass a portion of the solution under test through a suitable filter, and
dilute with Medium, if necessary.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 298 nm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Determine the percentages of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved.
Tolerances: See Table 2.
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Time
(h)
1
4
8

Table 2
Amount
Dissolved (%)
25–45
60–85
NLT 80

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.1 N hydrochloric acid, pH 1.5 (prepared by transferring 50 mL of
hydrochloric acid to 6000 mL of water, adding 18 g of sodium hydroxide, mixing, and
adjusting with either diluted sodium hydroxide or hydrochloric acid to a pH of 1.5); 900
mL, deaerated
Apparatus 1: 50 rpm
Times: 1, 2, 4, and 6 h
Buffer: 3.45 g of monobasic sodium phosphate in 996 mL of water. Add 4.0 mL of
triethylamine, and adjust with phosphoric acid to a pH of 2.80.
Mobile phase: Methanol and Buffer (35:65)
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium,
where L is the label claim, in mg/Tablet
Sample solution: Use portions of the solution under test, and pass through a nylon
filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 298 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
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Determine the percentages of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved.
Tolerances: See Table 3.
Time
(h)
1
2
4
6

Table 3
Amount
Dissolved (%)
25–50
40–65
65–90
NLT 80

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 3: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Medium: Water; 900 mL
Apparatus 2: 50 rpm. Use wire coil sinkers, if necessary.
Times: 1, 2, 4, and 6 h
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium,
where L is the label claim, in mg/Tablet. Dilute with Medium, if necessary.
Sample solution: Pass a portion of the solution under test through a suitable filter, and
dilute with Medium, if necessary.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 250 nm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Determine the percentages of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved.
Tolerances: See Table 4.
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Table 4

Time
(h)
1
2
4
6

Amount Dissolved
(for Tablets that
contain 200 mg of bupropion
hydrochloride) (%)
30–50
45–65
65–85
NLT 78

Amount Dissolved
(for Tablets that
contain all other strengths of
bupropion
hydrochloride) (%)
30–55
50–75
70–90
NLT 80

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 5: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 5.
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Times: 1, 3, and 6 h
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium,
where L is the label claim, in mg/Tablet. Dilute with Medium, if necessary.
Sample solution: Pass a portion of the solution under test through a suitable filter, and
dilute with Medium, if necessary.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 298 nm
Cell: 0.5 cm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Determine the percentages of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved.
Tolerances: See Table 5.
Time
(h)
1
3
6

Table 5
Amount
Dissolved (%)
35–55
65–85
NLT 80
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The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 7: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 7.
Medium: 0.1 N hydrochloric acid, pH 1.5 (prepared by transferring 50 mL of
hydrochloric acid to 6000 mL of water, adding 18 g of sodium hydroxide, mixing, and
adjusting with either diluted sodium hydroxide or hydrochloric acid to a pH of 1.5); 900
mL, deaerated
Apparatus 1: 50 rpm
Times: 1, 2, 4, and 6 h
Buffer: 3.45 g of monobasic sodium phosphate in 996 mL of water. Add 4.0 mL of
triethylamine, and adjust with phosphoric acid to a pH of 2.80.
Mobile phase: Methanol and Buffer (45:55)
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium,
where L is the label claim, in mg/Tablet
Sample solution: Use portions of the solution under test, and pass through a nylon
filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 298 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Determine the percentages of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved.
Tolerances: See Table 6.
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Time
(h)
1
2
4
6

Table 6
Amount
Dissolved (%)
25–50
45–70
NLT 70
NLT 80

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 9: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 9.
Medium: 0.1 N hydrochloric acid, pH 1.5 (prepared by transferring 50 mL of
hydrochloric acid to 6000 mL of water, adding 18 g of sodium hydroxide, mixing, and
adjusting with either diluted sodium hydroxide or hydrochloric acid to a pH of 1.5); 900
mL
Apparatus 1: 50 rpm
Times: 1, 2, 4, and 8 h
Standard solution: (L/1000) mg/mL of USP Bupropion Hydrochloride RS in Medium,
where L is the label claim, in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 298 nm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Determine the percentages of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved.
Tolerances: See Table 7.
Time
(h)
1
2
4
8

Table 7
Amount
Dissolved (%)
20–45
35–55
55–85
NLT 80

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)

PF 44(4): Jul.-Aug. 2018

309

dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 10: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 10.
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Times: 1, 2, 4, and 8 h
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium,
where L is the label claim, in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 298 nm
Cell: 0.5 cm
Blank: Medium
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved at each time point (i):
Result i = (Ai/AS) × CS × V × (1/L) × 100
Ai = absorbance of bupropion hydrochloride from the Sample solution at time point (i)
AS = absorbance of bupropion hydrochloride from the Standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Standard solution
(mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
Tolerances: See Table 8.
Table 8
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Time Point
(i)
1
2
3
4

Time
(h)
1
2
4
8

Amount
Dissolved (%)
20–40
35–60
55–85
NLT 80

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 17: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 17.
Medium: 0.1 N hydrochloric acid, pH 1.5 (prepared by transferring 50 mL of hydrochloric
acid to 6 L of water containing 18 g of sodium hydroxide, mixing, and adjusting with
either diluted sodium hydroxide or diluted hydrochloric acid to a pH of 1.5); 900 mL,
deaerated
Apparatus 1: 50 rpm
Times: 1, 2, 4, and 8 h
Buffer: To each liter of water add 6.8 g of monobasic potassium phosphate. Adjust with
phosphoric acid to a pH of 3.0.
Mobile phase: Methanol and Buffer (60:40)
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium, where
L is the label claim, in mg/Tablet. Sonication may be used to promote dissolution.
(RB 1-Nov-2017)

Sample solution: Pass a portion of the solution under test through a suitable filter.
[Note—A 0.45-µm nylon membrane filter may be suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 298 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 25 µL
Run time: NLT 1.5 times the retention time of bupropion
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
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Calculate the concentration (Ci) of bupropion hydrochloride (C13 H18 ClNO·HCl) in the
sample withdrawn from the vessel at time point (i):
Result i = (ri/rS) × CS
ri = peak response of bupropion from the Sample solution at time point (i)
rS = peak response of bupropion from the Standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Result 4 = ({C4 × [V − (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of bupropion hydrochloride in the portion of the sample withdrawn at
time point (i) (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of Sample solution withdrawn at each time point (i) (mL)
Tolerances: See Table 9.

Time Point
(i)
1
2
3
4

Time
(h)
1
2
4
8

Table 9
Amount
Dissolved (for
Tablets that
contain 100 mg of
bupropion
hydrochloride) (%)
20–40
40–60
60–85
NLT 85

Amount
Dissolved (for
Tablets that
contain 150 or 200 mg of
bupropion
hydrochloride) (%)
15–35
35–55
55–80
NLT 80

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
(RB 1-Jun-2017)

Test 19: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 19.
Medium: Water, degassed; 900 mL
Apparatus 1: 50 rpm
Times: 1, 2, 4, and 8 h
Standard stock solution: 0.56 mg/mL of USP Bupropion Hydrochloride RS in Medium
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium, where
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L is the label claim, in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter of
10-µm pore size.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 298 nm
Cell: 1 cm
Blank: Medium
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved at each time point (i):
Result i = (Ai/AS) × CS × V × (1/L) × 100
Ai = absorbance of bupropion from the Sample solution at time point (i)
AS = absorbance of bupropion from the Standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
Tolerances: See Table 10.

Time
Point
(i)
1
2
3
4

Time
(h)
1
2
4
8

Table 10
Amount Dissolved (for
Tablets that contain 100
mg of bupropion
hydrochloride) (%)
32–52
50–70
NLT 75
NLT 85

Amount Dissolved (for
Tablets that contain 150 or
200 mg of bupropion
hydrochloride) (%)
25–45
45–65
65–85
NLT 85

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
(RB 1-Nov-2017)

For products labeled for dosing every 24 h
Test 4: If the product complies with this test, the labeling indicates that it meets USP
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Dissolution Test 4.
Medium: 0.1 N hydrochloric acid; 900 mL, deaerated
Apparatus 1: 75 rpm
Times: 2, 4, 8, and 16 h
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium,
where L is the label claim, in mg/Tablet. Dilute with Medium, if necessary.
Sample solution: Pass a portion of the solution under test through a suitable filter, and
dilute with Medium, if necessary.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 252 nm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Determine the percentages of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved.
Tolerances: See

Table 11.
Table 11 (RB 1-Nov-2017)
Time
Amount
(h)
Dissolved (%)
2
NMT 20
4
20–45
8
65–90
16
NLT 80

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 6: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 6.
Medium: 0.1 N hydrochloric acid; 900 mL, deaerated
Apparatus 1: 75 rpm
Times: 1, 2, 4, 8, and 12 h
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium,
where L is the label claim, in mg/Tablet. Dilute with Medium, if necessary.
Sample solution: Pass a portion of the solution under test through a suitable filter, and
dilute with Medium, if necessary.
Instrumental conditions
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(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 298 nm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Determine the percentages of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved.
Tolerances: See

Table 12.
Table 12 (RB 1-Nov-2017)
Time
Amount
(h)
Dissolved (%)
1
15–35
2
25–50
4
40–65
8
65–90
12
NLT 80

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 8: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 8.
Acid stage medium: 0.1 N hydrochloric acid; 900 mL
Buffer stage medium: pH 6.8 phosphate buffer; 900 mL
Apparatus 1: 75 rpm
Times: 2 h in Acid stage medium; 3, 8, and 16 h in Buffer stage medium. The time in
the Buffer stage medium includes the time in the Acid stage medium.
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Acid stage
medium, where L is the label claim, in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 298 nm
Cell: 0.5 cm
Blank: Medium
Analysis
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Samples: Standard solution and Sample solution
Determine the percentages of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved.
Tolerances: See

Table 13.
Table 13 (RB 1-Nov-2017)
Time
Amount
(h)
Dissolved (%)
2
NMT 10
3
10–30
8
60–90
16
NLT 80

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 11: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 11.
Acid stage medium: 0.1 N hydrochloric acid; 750 mL
Buffer stage medium: pH 6.8 phosphate buffer (Add 250 mL of 76 g/L tribasic sodium
phosphate to the Acid stage medium, adjust with 2 N hydrochloric acid
TS 2S (USP42)
or 2 N sodium hydroxide
TS 2S (USP42)
to a pH of 6.8, if necessary.); 1000 mL
Apparatus 2: 50 rpm
Times: 2 h in Acid stage medium; 3, 8, and 16 h in Buffer stage medium. The time in
the Buffer stage medium includes the time in the Acid stage medium.
Acid stage standard solution: 0.06 mg/mL of USP Bupropion Hydrochloride RS in Acid
stage medium. Sonication may be used to aid in dissolution.
Buffer stage standard solution: 0.15 mg/mL of USP Bupropion Hydrochloride RS in
Buffer stage medium. Sonication may be used to aid in dissolution.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 298 nm
Cell: 0.5 cm
Blank: Acid stage medium or Buffer stage medium
Analysis
Samples: Acid stage standard solution, Buffer stage standard solution, and Sample

PF 44(4): Jul.-Aug. 2018

316

solution
Calculate the concentration (Ci) of bupropion hydrochloride (C13 H18 ClNO·HCl) in the
sample withdrawn from the vessel at time point (i):
Result i = (Ai/AS) × CS
Ai = absorbance of bupropion hydrochloride from the Sample solution at time point (i)
AS = absorbance of bupropion hydrochloride from the Acid stage standard solution or
Buffer stage standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Acid stage standard
solution or Buffer stage standard solution (mg/mL)
Calculate the percentage of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved at each time point (i):
Result 1 = C1 × VA × (1/L) × 100
Result 2 = {[C2 × (VB − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [VB − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Result 4 = ({C4 × [VB − (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of bupropion hydrochloride in the portion of the sample withdrawn
at time point (i) (mg/mL)
VA = volume of Acid stage medium, 750 mL
L = label claim (mg/Tablet)
VB = volume of Buffer stage medium, 1000 mL
VS = volume of Sample solution withdrawn from the Acid stage medium or Buffer
stage medium (mL)
Tolerances: See

Table 14.
Table 14 (RB 1-Nov-2017)
Time Point
Time
Amount
(i)
(h)
Dissolved (%)
1
2
NMT 10
2
3
10–30
3
8
55–85
4
16
NLT 75

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 12: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 12.
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 75 rpm
Times: 2, 4, 8, and 12 h
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium,
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where L is the label claim, in mg/Tablet
Sample solution: Withdraw at least 10 mL of the solution under test and pass through
a suitable filter.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 252 nm
Cell
For Tablets labeled to contain 150 mg: 0.1 cm
For Tablets labeled to contain 300 mg: 0.05 cm
Blank: Medium
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of bupropion hydrochloride (C13 H18 ClNO·HCl) in the
sample withdrawn from the vessel at time point (i):
Result i = (Ai/AS) × CS
Ai = absorbance of bupropion hydrochloride from the Sample solution at time point (i)
AS = absorbance of bupropion hydrochloride from the Standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Standard solution
(mg/mL)
Calculate the percentage of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Result 4 = ({C4 × [V − (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of bupropion hydrochloride in the portion of the sample withdrawn
at time point (i) (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of Sample solution withdrawn from the Medium (mL)
Tolerances: See

Table 15.
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Table 15 (RB 1-Nov-2017)
Time Point
Time
Amount
(i)
(h)
Dissolved (%)
1
2
NMT 25
2
4
25–50
3
8
60–85
4
12
NLT 80
The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 13: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 13.
Medium: 0.1 N hydrochloric acid; 900 mL, deaerated
Apparatus 1: 75 rpm
Times: 2, 4, 8, and 12 h
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium,
where L is the label claim, in mg/Tablet
Sample solution: Withdraw at least 10 mL of the solution under test and centrifuge.
Use the supernatant.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 252 nm
Cell: 0.1 cm
Blank: Medium
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of bupropion hydrochloride (C13 H18 ClNO·HCl) in the
sample withdrawn from the vessel at time point (i):
Result i = (Ai/AS) × CS
Ai = absorbance of bupropion hydrochloride from the Sample solution at time point (i)
AS = absorbance of bupropion hydrochloride from the Standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Standard solution
(mg/mL)
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Calculate the percentage of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Result 4 = ({C4 × [V − (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of bupropion hydrochloride in the portion of the sample withdrawn
at time point (i) (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of Sample solution withdrawn from the Medium (mL)
Tolerances: See

Table 16.
Table 16

Time Point
(i)
1
2
3
4

Time
(h)
2
4
8
12

(RB 1-Nov-2017)

Amount
Dissolved
(150 mg/Tablet) (%)
NMT 25
30–55
65–90
NLT 80

Amount
Dissolved
(300 mg/
Tablet) (%)
NMT 25
25–45
60–80
NLT 80

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 14: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 14.
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 75 rpm
Times: 2, 4, 8, and 16 h
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium,
where L is the label claim, in mg/Tablet. If necessary, dilute the solution with Medium.
Sample solution: Pass a portion of the solution under test through a suitable filter.
Replace the portion removed with the same volume of Medium. If necessary, dilute the
filtrate with Medium.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis (RB 1-Nov-2017)
Analytical wavelength: 252 nm
Blank: Medium
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Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of bupropion hydrochloride (C13 H18 ClNO·HCl) in the
sample withdrawn from the vessel at time point (i):
Result i = (Ai/AS) × CS × D
Ai = absorbance from the Sample solution at time point (i)
AS = absorbance from the Standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Standard solution
(mg/mL)
D = dilution factor for the Sample solution, if needed
Calculate the percentage of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = [(C2 × V) + (C1 × VS)] × (1/L) × 100
Result 3 = {(C3 × V) + [(C2 + C1) × VS]} × (1/L) × 100
Result 4 = {(C4 × V) + [(C3 + C2 + C1) × VS]} × (1/L) × 100
Ci = concentration of bupropion hydrochloride in the portion of the sample withdrawn
at time point (i) (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of Sample solution withdrawn at each time point (i) and replaced with
Medium (mL)
Tolerances: See

Table 17.
Table 17 (RB 1-Nov-2017)
Time Point
Time
Amount
(i)
(h)
Dissolved (%)
1
2
NMT 20
2
4
20–45
3
8
55–85
4
16
NLT 80

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 15: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 15.
Acid stage
Acid stage medium: 0.1 N hydrochloric acid, degassed; 900 mL
Apparatus 1: 100 rpm
Time: 2 h in Acid stage medium
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Buffer: 3.5 g/L of monobasic sodium phosphate prepared as follows. Dissolve 3.45 g of
monobasic sodium phosphate in 996 mL of water, add 4.0 mL of triethylamine, and
adjust with phosphoric acid to a pH of 2.8.
Mobile phase: Methanol and Buffer (45:55)
Acid stage standard solution: 0.033 mg/mL of USP Bupropion Hydrochloride RS in Acid
stage medium. Sonication may be used to promote dissolution.
Acid stage sample solution: Pass a portion of the solution under test through a
suitable filter, discard the first 5 mL, and use the filtrate. Then discard the Tablets and
remaining solution. [Note—A 0.45-µm nylon membrane filter may be suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 298 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 1.5 times the retention time of bupropion
System suitability
Sample: Acid stage standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Acid stage standard solution and Acid stage sample solution
Calculate the percentage of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response of bupropion from the Acid stage sample solution
rS = peak response of bupropion from the Acid stage standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Acid stage standard
solution (mg/mL)
V = volume of Acid stage medium, 900 mL
L = label claim (mg/Tablet)
Buffer stage: Use fresh Tablets.
Buffer stage medium: pH 6.8 tribasic sodium phosphate buffer and 0.5% sodium lauryl
sulfate (Dissolve 19 g of tribasic sodium phosphate in 1 L of water, add 7 mL of
hydrochloric acid, and adjust with 0.2 N sodium hydroxide
TS 2S (USP42)
or dilute hydrochloric acid to a pH of 6.8. Add 5 g of sodium dodecyl sulfate. To
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promote dissolution, the resulting solution can be continuously stirred and heated to
41°. Allow the solution to cool to 37° before use. Do not allow the temperature to fall
below 36.5° before beginning the test.); 900 mL
Apparatus 1: 100 rpm
Times: 1, 2, 4, and 8 h
Buffer: 1.4 g/L of dibasic ammonium phosphate and 0.5 g/L of sodium 1hexanesulfonate prepared as follows. Dissolve 1.4 g of dibasic ammonium phosphate
and 0.5 g of sodium 1-hexanesulfonate in 1 L of water. To each 1 L of this solution,
add 2.0 mL of triethylamine, and adjust with phosphoric acid to a pH of 7.0.
Mobile phase: Acetonitrile and Buffer (60:40)
Buffer stage standard solution: 0.33 mg/mL of USP Bupropion Hydrochloride RS in
Buffer stage medium
Buffer stage sample solution: Pass a portion of the solution under test through a
suitable filter, discard the first 5 mL, and use the filtrate.
Chromatographic system: Proceed as directed under the Acid stage.
System suitability
Sample: Buffer stage standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Buffer stage standard solution and Buffer stage sample solution
Calculate the concentration (Ci) of bupropion hydrochloride (C13 H18 ClNO·HCl) in the
sample withdrawn from the vessel at time point (i):
Result i = (ri/rS) × CS
ri = peak response of bupropion from the Buffer stage sample solution at time point
(i)
rS = peak response of bupropion from the Buffer stage standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Buffer stage standard
solution (mg/mL)
Calculate the percentage of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 ×

[V − (2 × VS)]}

(RB 1-Nov-2017)

+ [(C2 + C1) × VS]) × (1/L) × 100

Result 4 = ({C4 × [V − (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of bupropion hydrochloride in the portion of the sample withdrawn
at time point (i) (mg/mL)
V = volume of Buffer stage medium, 900 mL
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L = label claim (mg/Tablet)
VS = volume of Buffer stage sample solution withdrawn at each time point (i) (mL)
Tolerances
Acid stage: NMT 10%; the percentage of the labeled amount of bupropion
hydrochloride (C13 H18 ClNO·HCl) dissolved at the time specified conforms to Dissolution
〈711〉, Acceptance Table 3.
Buffer stage: See Table 18.
Table 18 (RB 1-Nov-2017)
Time Point
Time
Amount
(i)
(h)
Dissolved (%)
1
1
5–25
2
2
25–45
3
4
60–85
4
8
NLT 85
The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 16: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 16.
Medium: 0.1 N hydrochloric acid;
deaerated (RB 1-Nov-2017)
(RB 1-Nov-2017) 900 mL,
Apparatus 1: 75 rpm
Times: 2, 5, 8, and 16 h
Buffer: 3.5 g/L of monobasic sodium phosphate prepared as follows. Dissolve 3.45 g of
monobasic sodium phosphate in 996 mL of water, add 4.0 mL of triethylamine, and
adjust with phosphoric acid to a pH of 2.8.
Mobile phase: Methanol and Buffer (35:65)
Standard solution: 0.17 mg/mL of USP Bupropion Hydrochloride RS in Medium. Sonication
may be used to promote dissolution. (RB 1-Nov-2017)
Sample solution: Pass a portion of the solution under test through a suitable filter, and
discard NLT 1 mL. Dilute the filtrate with Medium if necessary. Replace the portion
removed with the same volume of Medium. [Note—A 0.45-µm nylon membrane filter may
be suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 298 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 20 µL
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Run time: NLT 1.5 times the retention time of bupropion
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of bupropion hydrochloride (C13 H18 ClNO·HCl) in the
sample withdrawn from the vessel at time point (i):
Result i = (ri/rS) × CS × D
ri = peak response of bupropion from the Sample solution at time point (i)
rS = peak response of bupropion from the Standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
D = dilution factor for the Sample solution, if needed
Calculate the percentage of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = [(C2 × V) + (C1 × VS)] × (1/L) × 100
Result 3 = {(C3 × V) + [(C2 + C1) × VS]} × (1/L) × 100
Result 4 = {(C4 × V) + [(C3 + C2 + C1) × VS]} × (1/L) × 100
Ci = concentration of bupropion hydrochloride in the portion of the sample withdrawn at
time point (i) (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of Sample solution withdrawn at each time point (i) and replaced with
Medium (mL)
Tolerances: See

Table 19.
Table 19 (RB 1-Nov-2017)
Time Point
Time
Amount
(i)
(h)
Dissolved (%)
1
2
NMT 10
2
5
30–60
3
8
65–88
4
16
NLT 85

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
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Test 18: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 18.
Medium: 0.1 N hydrochloric acid; 900 mL, deaerated
Apparatus 1: 75 rpm
Times: 2, 4, 8, and 16 h
Buffer: 6.8 g/L of monobasic potassium phosphate in water adjusted with phosphoric acid
to a pH of 3.0
Mobile phase: Methanol and Buffer (60:40)
Standard solution: (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium, where
L is the label claim, in mg/Tablet. Sonication may be used to promote dissolution.
(RB 1-Nov-2017)

Sample solution: Centrifuge a portion of the solution under test for 15 min.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 298 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 25 µL
Run time: NLT 1.5 times the retention time of bupropion
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of bupropion hydrochloride (C13 H18 ClNO·HCl) in the
sample withdrawn from the vessel at time point (i):
Result i = (ri/rS) × CS
ri = peak response of bupropion from the Sample solution at time point (i)
rS = peak response of bupropion from the Standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of bupropion hydrochloride
(C13 H18 ClNO·HCl) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
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Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Result 4 = ({C4 × [V − (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of bupropion hydrochloride in the portion of the sample withdrawn at
time point (i) (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of Sample solution withdrawn at each time point (i) (mL)
Tolerances: See

Table 20.
Table 20

Time Point
(i)
1
2
3
4

Time
(h)
2
4
8
16

(RB 1-Nov-2017)

Amount
Dissolved (for
Tablets that
contain 150 mg of
bupropion
hydrochloride) (%)
NMT 20
25–50
65–95
NLT 80

Amount
Dissolved (for
Tablets that
contain 300 mg of
bupropion
hydrochloride) (%)
NMT 20
25–50
60–85
NLT 80

The percentages of the labeled amount of bupropion hydrochloride (C13 H18 ClNO·HCl)
dissolved at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
(RB 1-Jun-2017)

• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Diluent 1, Solution A, Solution B, Mobile phase, and
either Sample stock solution A and 2S (USP42)
Sample solution A or
Buffer, Diluent 2, Sample stock solution B, and 2S (USP42)
Sample solution B: Proceed as directed in the Assay.
System suitability stock solution A: 0.02 mg/mL of USP Bupropion hydrochloride
2S (USP42)

Related Compound C RS, 0.02 mg/mL of USP Bupropion Hydrochloride
2S (USP42)

Related Compound F RS, and 0.012 mg/mL of USP 3-Chlorobenzoic Acid RS in methanol
System suitability solution A: 0.002 mg/mL of bupropion hydrochloride
2S (USP42)

related compound C, 0.002 mg/mL of bupropion hydrochloride
2S (USP42)

related compound F, and 0.0012 mg/mL of 3-chlorobenzoic acid from System suitability
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stock solution A in Diluent 1
System suitability stock solution B: 0.012 mg/mL of USP 3-Chlorobenzoic Acid RS in
methanol
System suitability solution B: 0.0012 mg/mL of 3-chlorobenzoic acid from System
suitability stock solution B in Diluent 1
Standard solution: 0.0012 mg/mL of USP Bupropion Hydrochloride RS in Diluent 1
Sensitivity solution: 0.0006 mg/mL of USP Bupropion Hydrochloride RS from Standard
solution in Diluent 1 2S (USP42)
Chromatographic system: Proceed as directed in the Assay except use a Detector as
follows:
Detector: UV 226 nm, adjusted ±2 nm so that the relative response factor requirement is
met. [Note—The peak responses of the compounds of interest are very sensitive to
changes in the detection wavelength.]
System suitability
Samples: System suitability solution A, System suitability solution B, and
2S (USP42)

Standard solution,
and Sensitivity solution
[Note—See

Table 21

2S (USP42)

(RB 1-Nov-2017)

for the relative retention times.]

Suitability requirements
Resolution: NLT 1.3 between bupropion hydrochloride
2S (USP42)

related compound F and bupropion hydrochloride
2S (USP42)

related compound C, System suitability solution A; NLT 1.3 between bupropion
hydrochloride
related compound 2S (USP42)
C and 3-chlorobenzoic acid, System suitability solution A
Relative standard deviation: NMT 10%, Standard solution
Relative response factor: 3.8–4.5 for the peak response of 3-chlorobenzoic acid in
System suitability solution B divided by the peak response from bupropion in the
Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution 2S (USP42)
Analysis
Samples: System suitability solution B, Standard solution, and Sample solution A or
Sample solution B
Calculate the percentage of 3-chlorobenzoic acid in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of 3-chlorobenzoic acid from Sample solution A or Sample solution B
rS = peak response of 3-chlorobenzoic acid from System suitability solution B
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CS = concentration of USP 3-Chlorobenzoic Acid RS in System suitability solution B
(mg/mL)
CU = nominal concentration of bupropion hydrochloride in Sample solution A or Sample
solution B (mg/mL)
Calculate the percentage of each other degradation product in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each other degradation product from Sample solution A or Sample
solution B
rS = peak response of bupropion hydrochloride from the Standard solution
CS = concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of bupropion hydrochloride in Sample solution A or Sample
solution B (mg/mL)
F = relative response factor for each other degradation product (see Table
21) (RB 1-Nov-2017)
Acceptance criteria: See Table 21. (RB 1-Jun-2017)
The reporting threshold is 0.10% 2S (USP42)
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Table 21

(RB 1-Nov-2017)

Acceptance
Criteria,
NMT (%)

Name

Relative
Retention
Time

Relative
Response
Factor

100
mg
or
less

150
mg
or
greater

Bupropion aminea
0.38
1.2
0.3
0.3
b
S,S,S-Thiomorpholine derivative
0.56
1.1
1.0
1.5
S,R,R,-Thiomorpholine derivativec
0.78
1.1
0.5
0.4
Bupropion
1.0
—
—
—
Bupropion
related
compound F
1.71
1.8
1.2
2.3
Bupropion
related
compound C
1.75
1.7
0.3
0.3
3-Chlorobenzoic acid
1.80
—
0.3
0.3
Bupropion dione derivatived
2.25
1.00
0.4
0.4
Any unspecified degradation
—
product
1.00
0.2
0.2
Total impurities
—
—
3.2
3.3
a 2-Amino-1-(3-chlorophenyl)-1-propanone.
b (3S,5S,6S)-6-(3-Chlorophenyl)-6-hydroxy-5-methyl-3-thiomorpholine carboxylic
acid.
c (3S,5R,6R)-6-(3-Chlorophenyl)-6-hydroxy-5-methyl-3-thiomorpholine carboxylic
acid.
d 1-(3-Chlorophenyl)propane-1,2-dione.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature. Protect from light.
Change to read:
• Labeling: When more than one Dissolution test is given, the
The 2S (USP42)
labeling states the Dissolution test used only if Test 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Bupropion Hydrochloride RS
USP Bupropion Hydrochloride
2S (USP42)

Related Compound C RS
[Note—May also be labeled as USP Bupropion Hydrochloride Related Compound C RS.]
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2S (USP42)

1-(3-Chlorophenyl)-2-hydroxypropan-1-one.
C9 H9 O2 Cl
184.62
USP Bupropion Hydrochloride
2S (USP42)

Related Compound F RS
[Note—May also be labeled as USP Bupropion Hydrochloride Related Compound F RS.]
2S (USP42)

1-(3-Chlorophenyl)-1-hydroxypropan-2-one.
C9 H9 O2 Cl
184.62
USP 3-Chlorobenzoic Acid RS
3-Chlorobenzoic acid.
C7 H5 ClO2
156.57
Recent Official Publications:
Revision Bulletin published: 11/01/2017
USP41–NF36 Supplement: No. 2 Page 8770
USP41–NF36 Page 576
BRIEFING
Carbidopa and Levodopa Tablets, USP 41 page 693. It is proposed to replace the footnote
identifying dihydroxyphenylacetone in Table 1 as a process impurity with an acceptance
criterion of NMT 1.0% based on comments and supporting data received indicating that this
impurity should be controlled in this monograph in addition to the drug substance monograph.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C202610
Comment deadline: September 30, 2018
Carbidopa and Levodopa Tablets
DEFINITION
Carbidopa and Levodopa Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount
of carbidopa (C10 H14 N2 O4 ) and levodopa (C9 H11 NO4 ).
IDENTIFICATION
Change to read:
• A. The UV spectra of the carbidopa and levodopa peaks of the Sample solution correspond
to those of the Standard solution, as obtained in the Assay. USP41
• B. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
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ASSAY
Change to read:
• Procedure
Protect solutions containing carbidopa or levodopa from light and maintain them at
2°–8° until they are injected. Use within 12 h.
Buffer: 6 g/L of anhydrous monobasic sodium phosphate in water, adjusted with phosphoric
acid to a pH of 2.2
Mobile phase: Alcohol and Buffer (5:95)
Standard solution: 125 µg/mL of USP Carbidopa RS and 125 µg/mL of USP Levodopa RS in
Mobile phase
System suitability solution: 2.5 µg/mL of USP Levodopa Related Compound B RS in
Standard solution
Sample solution A: Nominally 125 µg/mL of carbidopa from Tablets prepared as follows.
Transfer a suitable portion of powder from NLT 10 Tablets to an appropriate volumetric
flask. Add 80% of the total flask volume of Mobile phase. Sonicate for 15 min with
intermittent shaking. Dilute with Mobile phase. Centrifuge the resulting solution and use
the supernatant. [Note—The use of a centrifuge speed of 3000 rpm for 5 min may be
suitable.]
Sample solution B: Nominally 125 µg/mL of levodopa from Sample solution A in Mobile
phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm. For Identification A, (ERR 1-Jun-2018) use a diode array detector
in the range of 210–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Autosampler temperature: 5°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 5 times the retention time of carbidopa
System suitability
Samples: Standard solution and System suitability solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between levodopa related compound B and carbidopa, System
suitability solution
Tailing factor: NMT 2.0 each for levodopa and carbidopa, Standard solution
Relative standard deviation: NMT 1.0% each for levodopa and carbidopa, Standard
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solution
Analysis
Samples: Standard solution, Sample solution A, and Sample solution B
Calculate the percentage of the labeled amount of carbidopa (C10 H14 N2 O4 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of carbidopa from Sample solution A
rS = peak response of carbidopa from the Standard solution
CS = concentration of USP Carbidopa RS in the Standard solution (µg/mL)
CU = nominal concentration of carbidopa in Sample solution A (µg/mL)
Calculate the percentage of the labeled amount of levodopa (C9 H11 NO4 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of levodopa from Sample solution B
rS = peak response of levodopa from the Standard solution
CS = concentration of USP Levodopa RS in the Standard solution (µg/mL)
CU = nominal concentration of levodopa in Sample solution B (µg/mL)
USP41

Acceptance criteria: 90.0%–110.0% of the labeled amount of carbidopa; 90.0%–110.0%
of the labeled amount of levodopa
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1
Medium: 0.1 N hydrochloric acid; 750 mL
Apparatus 1: 50 rpm
Time: 30 min
Diluent: 0.24 g/L of sodium 1-decanesulfonate in water
Mobile phase: 11.0 g/L of monobasic sodium phosphate in solution, prepared as follows.
Transfer a sufficient quantity of monobasic sodium phosphate into a container, and
dissolve in water, using 95% of the total volume. Add 0.13% of the total volume of
Diluent, and adjust with phosphoric acid to a pH of 2.8. Transfer to a suitable volumetric
flask, and dilute with water to volume. Pass through a membrane filter. USP41
Standard solution: (L1/750) mg/mL of USP Levodopa RS and (L2/750) mg/mL of USP
Carbidopa RS in Medium, where L1 and L2 are the label claims of levodopa and carbidopa,
respectively, in mg/Tablet
Sample solution: A filtered portion of solution under test
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2 mL/min, adjusted as needed to obtain retention times for levodopa and
carbidopa of 4 and 11 min, respectively
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 6 between levodopa and carbidopa
Relative standard deviation: NMT 2.0% for levodopa; NMT 2.0% for carbidopa
USP41

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of carbidopa (C10 H14 N2 O4 ) and levodopa
(C9 H11 NO4 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response of carbidopa or levodopa from the Sample solution
rS = peak response of carbidopa or levodopa from the Standard solution
CS = concentration of USP Carbidopa RS or USP Levodopa RS in the Standard solution
(mg/mL)
V = volume of the Medium, 750 mL
L = label claim of carbidopa or levodopa (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of carbidopa (C10 H14 N2 O4 ) and levodopa
(C9 H11 NO4 ) are dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.1 N hydrochloric acid; 750 mL
Apparatus 1: 100 rpm
Time: 15 min
Solution A: 0.24 g/L of sodium 1-decanesulfonate in water
Mobile phase: 11.0 g/L of monobasic sodium phosphate in solution, prepared as follows.
Transfer a sufficient quantity of monobasic sodium phosphate into a container, and
dissolve in water, using 95% of the final volume. Add 0.13% of the final volume of
Solution A, and adjust with phosphoric acid to a pH of 2.8. Transfer to a suitable
volumetric flask, and dilute with water to volume. Pass through a membrane filter.
Standard solution: (L1/750) mg/mL of USP Levodopa RS and (L2/750) mg/mL of USP
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Carbidopa RS in Medium, where L1 and L2 are the label claims of levodopa and carbidopa,
respectively, in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 40 µL
Run time: NLT 2 times the retention time of carbidopa
System suitability
Sample: Standard solution
[Note—The relative retention times for levodopa and carbidopa are 0.4 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 6 between levodopa and carbidopa
Relative standard deviation: NMT 2.0% for levodopa; NMT 2.0% for carbidopa
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of carbidopa (C10 H14 N2 O4 ) and levodopa
(C9 H11 NO4 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response of carbidopa or levodopa from the Sample solution
rS = peak response of carbidopa or levodopa from the Standard solution
CS = concentration of USP Carbidopa RS or USP Levodopa RS in the Standard solution
(mg/mL)
V = volume of the Medium, 750 mL
L = label claim of carbidopa or levodopa (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of carbidopa (C10 H14 N2 O4 ) and levodopa
(C9 H11 NO4 ) are dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Protect solutions containing carbidopa or levodopa from light and maintain them at 2°–8°
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until they are injected. Use within 12 h.
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
System suitability solution: 125 µg/mL of USP Carbidopa RS, 0.25 µg/mL of
dihydroxybenzaldehyde, 1.25 µg/mL of dihydroxyphenylacetone, and 2.5 µg/mL of USP
Levodopa Related Compound B RS in Mobile phase
Standard solution: 1.25 µg/mL of USP Carbidopa RS and 5 µg/mL of USP Levodopa RS in
Mobile phase
Sample solution: Nominally 125 µg/mL of carbidopa from Tablets prepared as follows.
Transfer a suitable amount of powder from NLT 10 Tablets to an appropriate volumetric
flask. Add 80% of the total flask volume of Mobile phase. Sonicate for 15 min with
intermittent shaking. Dilute with Mobile phase. Centrifuge the resulting solution and use
the supernatant. [Note—The use of a centrifuge speed of 3000 rpm for 5 min may be
suitable.]
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between levodopa related compound B and carbidopa; NLT 1.5
between dihydroxybenzaldehyde and dihydroxyphenylacetone, System suitability
solution
Relative standard deviation: NMT 3.0% each for levodopa and carbidopa, Standard
solution
Signal-to-noise ratio: NLT 10 for dihydroxybenzaldehyde and dihydroxyphenylacetone,
System suitability solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methyldopa in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of methyldopa from the Sample solution
rS = peak response of carbidopa from the Standard solution
CS = concentration of USP Carbidopa RS in the Standard solution (µg/mL)
CU = nominal concentration of carbidopa in the Sample solution (µg/mL)
F = relative response factor (see Table 1)
Calculate the percentage of any other unspecified degradation product in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of any other unspecified degradation product from the Sample
solution
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rS = peak response of levodopa from the Standard solution
CS = concentration of USP Levodopa RS in the Standard solution (µg/mL)
CU = nominal concentration of levodopa in the Sample solution (µg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1. The reporting thresholds are 0.1% and 0.05% for peaks
associated with carbidopa and levodopa, respectively.
Table 1
Relative
Retention
Time

Name
Levodopa related
compound Aa,b
Levodopa
Methyldopa
Levodopa related
compound Ba
Carbidopa

0.8
1.0
1.8
2.0
2.3

Dihydroxybenzaldehydea,c
Dihydroxyphenylacetone

5.6

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)
—

1.0
—
1.0

—
0.6

—

—

—

—
—

6.2

a,

—

2S (USP42)
d

6.2

1.4
—

1.0

2S (USP42)

—
3-O-Methylcarbidopaa,e
6.6
Any unspecified
—
degradation product
1.0
0.2
Total degradation products
—
—
4.0
a Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
impurities for the drug product.
b 3-(2,4,5-Trihydroxyphenyl)-l-alanine; also known as 3-(3,4,6trihydroxyphenyl)alanine.
c 3,4-Dihydroxybenzaldehyde.
d 3,4-Dihydroxyphenylacetone.
e (S)-2-Hydrazinyl-3-(4-hydroxy-3-methoxyphenyl)-2-methylpropanoic acid.
USP41

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Dispense in a tight, light-resistant container. Store at controlled
room temperature. USP41
• Labeling: The labeling states the Dissolution test used only if Test 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
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USP Carbidopa RS
USP Levodopa RS
USP Levodopa Related Compound B RS
3-Methoxy-l-tyrosine;
Also known as 3-Methoxytyrosine.
C10 H13 NO4
211.21 USP41
Recent Official Publications:
Errata published: 05/25/2018
USP41–NF36 Page 693
BRIEFING
Clarithromycin Extended-Release Tablets, USP 41 page 980. As part of the USP
monograph modernization effort, the following revisions are proposed:
1. Add references to Tables 2, 3, and 4 in the Dissolution tests.
2. Add an HPLC procedure for the Organic Impurities test, which was validated using the
Kromasil C18 brand of column with L1 packing. The typical retention time for
clarithromycin is about 13 min.
3. Add USP Clarithromycin Identity RS to the USP Reference Standards section to support
the proposed Organic Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: P. Pabba.)
Correspondence Number—C172541
Comment deadline: September 30, 2018
Clarithromycin Extended-Release Tablets
DEFINITION
Clarithromycin Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of clarithromycin (C38 H69 NO13 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer A: 0.067 M monobasic potassium phosphate
Mobile phase: Methanol and Buffer A (13:7). Adjust with phosphoric acid to a pH of 4.0.
Pass through a suitable filter.
Standard stock solution: 625 µg/mL of clarithromycin from USP Clarithromycin RS in
methanol. Shake and sonicate, if necessary, to facilitate dissolution.
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Standard solution: 125 µg/mL of clarithromycin in Mobile phase from Standard stock
solution. Pass through a suitable filter.
System suitability stock solution: 625 µg/mL of USP Clarithromycin Related Compound A
RS in methanol
System suitability solution: 125 µg/mL of USP Clarithromycin Related Compound A RS
from System suitability stock solution and 125 µg/mL of clarithromycin from Standard
stock solution in Mobile phase
Sample stock solution: Transfer nominally 2000 mg of clarithromycin from finely powdered
Tablets to a 500-mL volumetric flask with the aid of methanol. Add about 350 mL of
methanol, and shake by mechanical means for 30 min. Dilute with methanol to volume, and
sonicate for 30 min. Cool to room temperature, and allow to stand for at least 16 h. Mix,
allow any insoluble matter to settle, and use the supernatant.
Sample solution: Transfer 3.0 mL of the Sample stock solution to a 100-mL volumetric
flask, and dilute with Mobile phase to volume. Pass through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Columns
Guard (optional): Packing L1
Analytical: 4.6-mm × 15-cm; packing L1
Column temperature: 50°
Flow rate: 1 mL/min
Injection volume: 20–50 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for clarithromycin and clarithromycin related
compound A are about 0.75 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between clarithromycin and clarithromycin related compound A,
System suitability solution
Tailing factor: 0.9–1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clarithromycin (C38 H69 NO13 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of clarithromycin in the Standard solution (µg/mL)
CU = nominal concentration of clarithromycin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1
Buffer B: Dissolve 816.5 g of monobasic potassium phosphate and 48 g of sodium
hydroxide in about 4 L of water, mix, and dilute with water to 20 L. Adjust with either
concentrated phosphoric acid or 1 N sodium hydroxide to a pH of 6.0 ± 0.05.
Medium: Buffer B; 900 mL
Apparatus 2: 75 rpm
Times: 30, 45, 60, and 120 min
Standard solutions: Prepare five solutions of USP Clarithromycin RS dissolved in
acetonitrile and diluted with Medium, with known concentrations over a range of about
60–600 µg/mL.
Sample solution: Use portions of the solution under test passed through a polyethylene
filter of 35-µm pore size.
Chromatographic system: Proceed as directed in the Assay, except for the Injection
volume.
Injection volume: 50 µL
Analysis
Samples: Standard solutions and Sample solution
Perform a linear regression analysis to generate a standard curve using the peak area of
each Standard solution versus its concentration. Determine the percentage of the
labeled amount of clarithromycin (C38 H69 NO13 ) dissolved at each specified time interval,
using the peak area of each Sample solution and the linear regression statistics for the
Standard solutions.
Tolerances: The percentages of the labeled amount of clarithromycin (C38 H69 NO13 )
dissolved at the times specified conform to Table 1.
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Table 1

Level

L1

L2

Time
(min)
30
45
60
120
30
45
60
120
30

45
60
L3

120

Amount
Dissolved,
Individual Limits
(%)
NMT 65
55–85
NLT 75
NLT 85
NMT 75
45–95
NLT 65
NLT 75
NMT 2 Tablets release more than 75%, and no
individual Tablet releases more than 85%
NMT 2 Tablets are outside the range of 45%–
95%, and no individual Tablet is outside the
range of 35%–105%
NMT 2 Tablets release less than 65%, and no
individual Tablet releases less than 55%
NMT 2 Tablets release less than 75%, and no
individual Tablet releases less than 65%

Amount
Dissolved,
Average
Limits
(%)
—
—
—
—
NMT 65
55–85
NLT 75
NLT 85
NMT 65

55–85
NLT 75
NLT 85

Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Buffer C: 0.05 M phosphate buffer with a pH of 6.8, containing 0.5% of sodium lauryl
sulfate
Buffer D: 9.2 g/L of monobasic sodium phosphate monohydrate in water; adjusted with
phosphoric acid to a pH of 2.5 prior to final dilution
Medium: Buffer C; 900 mL, degassed by sonication and vacuum
Apparatus 1: 100 rpm
Times: 2, 12, and 24 h
Mobile phase: Methanol and Buffer D (65:35)
Standard solution: 0.56 mg/mL of USP Clarithromycin RS in a solution of methanol and
Medium (1 in 10). Dissolve first in methanol using 10% of the final volume, and dilute
with Medium to volume.
Sample solution: Centrifuge the solution under test at 2500 rpm for 10 min.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1

PF 44(4): Jul.-Aug. 2018

341

Column temperature: 50°
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clarithromycin (C38 H69 NO13 ) dissolved
at each time point (QT):
Q2 = (rU/rS) × (CS/L) × V × 100
Q12 = [Q2 × (VS/V)] + [(rU/rS) × (CS/L) × (V − VS) × 100]
Q24 = [Q2 × (VS/V)] + [Q12 × VS/(V − 2VS)] + [(rU/rS) × (CS/L) × (V − 2VS) × 100]
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of clarithromycin in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 900 mL
VS = volume of the sample withdrawn at each time point (mL)
Tolerances:
See Table 2.

2S (USP42)

Table 2
Amount
Time
Dissolved
(h)
(%)
2
NMT 20
12
45–70
24
NLT 80
The percentages of the labeled amount of clarithromycin (C38 H69 NO13 ) dissolved at the
times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 3: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Buffer E: Dissolve 3.59 g of sodium acetate trihydrate and 11.0 mL of 2 N acetic acid in
1000 mL of water. Adjust with 2 N acetic acid to a pH of 4.75.
Buffer F: 9.12 g/L of monobasic potassium phosphate in water
Medium: Buffer E; 1000 mL
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Apparatus 1: 10 mesh; 50 rpm
Times: 1, 2, 4, 8, and 12 h
Mobile phase: Methanol and Buffer F (65:35). Adjust with phosphoric acid to a pH of
4.0.
Standard stock solution: 625 µg/mL of clarithromycin from USP Clarithromycin RS in
methanol. Shake and sonicate, if necessary, to dissolve.
Standard solution: 125 µg/mL of clarithromycin from Standard stock solution in Mobile
phase
System suitability stock solution: 625 µg/mL of USP Clarithromycin Related Compound
A RS in methanol
System suitability solution: 125 µg/mL of clarithromycin related compound A from
System suitability stock solution and 125 µg/mL of clarithromycin from Standard stock
solution in Mobile phase
Sample solution: Withdraw 10 mL of the solution under test from each vessel and
replace with 10 mL of Medium. Transfer 3 mL of the withdrawn solution to a 25-mL
volumetric flask, and dilute with Mobile phase to volume. Pass through a filter of 0.45µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 50°
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for clarithromycin and clarithromycin related
compound A are about 0.75 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between clarithromycin and clarithromycin related compound A,
System suitability solution
Tailing factor: 0.9–2, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clarithromycin (C38 H69 NO13 ) dissolved
at each time point (QT):
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Q1 = (rU/rS) × (CS/L) × V × 100
Q2 = [Q1 × (VS/V)] + [(rU/rS) × (CS/L) × (V − VS) × 100]
Q4 = [Q1 × (VS/V)] + [Q2 × VS/(V − 2VS)] + [(rU/rS) × (CS/L) × (V − 2VS) × 100]
Q8 = [Q1 × (VS/V)] + [Q2 × VS/(V − 2VS)] + [Q4 × VS/(V − 3VS)] + [(rU/rS) × (CS/L) × (V
− 3VS) × 100]
Q12 = [Q1 × (VS/V)] + [Q2 × VS/(V − 2VS)] + [Q4 × VS/(V − 3VS)] + [Q8 × VS/(V − 4VS)] +
[(rU/rS) × (CS/L) × (V − 4VS) × 100]
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of clarithromycin in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 1000 mL
VS = volume of the sample withdrawn at each time point (mL)
Tolerances:
See Table 3.

2S (USP42)

Table 3
Amount
Time
Dissolved
(h)
(%)
1
NMT 15
2
10–30
4
35–55
8
NLT 80
12
NLT 90
The percentages of the labeled amount of clarithromycin (C38 H69 NO13 ) dissolved at the
times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 4: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 4.
Buffer G: 6.8 g/L of monobasic potassium phosphate and 0.18 g/L of sodium hydroxide in
water. Adjust with dilute sodium hydroxide or phosphoric acid to a pH of 6.0 ± 0.1.
Buffer H: 6.8 g/L of monobasic potassium phosphate in water. Adjust with dilute sodium
hydroxide or phosphoric acid to a pH of 4.5 ± 0.1.
Medium: Buffer G; 900 mL
Apparatus 2: 50 rpm
Times: 2, 4, 8, and 12 h
Mobile phase: Methanol and Buffer H (64:36)
Standard solution: 0.4 mg/mL of USP Clarithromycin RS in methanol and Medium (4:96).
Dissolve first in Medium, using 60% of the final volume. Sonicate about 10 min until
dissolved. Add methanol, using 4% of the final volume. Dilute with Medium to volume.
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Sample solution: Use the solution under test, passed through a suitable filter of 0.45-µm
pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 203 nm
Column: 4.0-mm × 12.5-cm; 5-µm packing L7
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Determine the concentration, in mg/mL, of clarithromycin (C38 H69 NO13 ) in the Sample
solution at each time point (QT):
Result = (rU/rS) × CS
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of clarithromycin (C38 H69 NO13 ) dissolved
at each time point (QT):
Q2 = (rU/rS) × (CS/L) × V × 100
Q4 = [Q2 × (VS/V)] + [(rU/rS) × (CS/L) × (V − VS) × 100]
Q8 = [Q2 × (VS/V)] + [Q4 × VS/(V − 2VS)] + [(rU/rS) × (CS/L) × (V − 2VS) × 100]
Q12 = [Q2 × (VS/V)] + [Q4 × VS/(V − 2VS)] + [Q8 × VS/(V − 3VS)]+ [(rU/rS) × (CS/L) × (V
− 3VS) × 100]
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of clarithromycin in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 900 mL
VS = volume of the sample withdrawn at each time point (mL)
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Table 4
Amount
Time
Dissolved
(h)
(%)
2
NMT 25
4
20–40
8
45–75
12
NLT 80
The percentages of the labeled amount of clarithromycin (C38 H69 NO13 ) dissolved at the
times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 5: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 5.
Medium: Phosphate buffer, pH 6.0 (6.8 g/L of monobasic potassium phosphate and 0.18
g/L of sodium hydroxide in water. Adjust with dilute sodium hydroxide or phosphoric acid
to a pH of 6.0 ± 0.1.); 900 mL
Apparatus 2: 50 rpm, with sinker (see Dissolution 〈711〉, Figure 2a)
Times: 2, 4, 8, and 14 h
Buffer: 9.11 g/L of monobasic potassium phosphate in water. Adjust with dilute sodium
hydroxide or phosphoric acid to a pH of 2.5 ± 0.05.
Mobile phase: Acetonitrile and Buffer (55:45)
Standard solution: 0.55 mg/mL of USP Clarithromycin RS in Medium. Sonicate to dissolve
prior to dilution to final volume.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.22-µm pore size. Replace the portion of solution withdrawn with an equal volume of
Medium.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Column temperature: 50°
Flow rate: 0.25 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
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Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of clarithromycin (C38 H69 NO13 ) in the sample withdrawn
from the vessel at each time point (i):
Result i = (rU/rS) × CS
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of clarithromycin (C38 H69 NO13 ) dissolved
at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = [(C2 × V) + (C1 × VS)] × (1/L) × 100
Result 3 = {(C3 × V) + [(C2 + C1) × VS]} × (1/L) × 100
Result 4 = {(C4 × V) + [(C3 + C2 + C1) × VS]} × (1/L) × 100
Ci = concentration of clarithromycin in the portion of sample withdrawn at the specified
time point (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of the Sample solution withdrawn at each time point and replaced with
Medium (mL)
Tolerances: See Table 5.
Table 5
Time Point
(i)
1
2
3
4

Time
(h)
2
4
8
14

Amount
Dissolved
(%)
NMT 25
20–40
45–75
NLT 80

The percentages of the labeled amount of clarithromycin (C38 H69 NO13 ) dissolved at the
times specified conform to Dissolution 〈711〉, Acceptance Table 2.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Solution A: 4.76 g/L of monobasic potassium phosphate in water. Adjust with dilute
phosphoric acid or potassium hydroxide to a pH of 4.4 ± 0.05.
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Solution B: Acetonitrile
Mobile phase: See Table 6.
Time
(min)
0
32
34
36
45

Table 6
Solution A
(%)
75
40
40
75
75

Solution B
(%)
25
60
60
25
25

Diluent: Acetonitrile and water (50:50)
System suitability solution: 3.0 mg/mL of USP Clarithromycin Identity RS in acetonitrile
and water (1:1). Dissolve first in acetonitrile, using 50% of the final volume, sonicate, and
dilute with water to volume. Pass this solution through a suitable filter of 0.45-µm pore
size.
Standard stock solution: 0.38 mg/mL of USP Clarithromycin RS in acetonitrile and water
(1:1). Dissolve first in acetonitrile, using 50% of the final volume, sonicate in cool water
to dissolve it completely, and dilute with water to volume.
Standard solution: 0.015 mg/mL of USP Clarithromycin RS from Standard stock solution in
Diluent. Pass this solution through a suitable filter of 0.45-µm pore size. Store this solution
at 10° and discard after 24 h.
Sensitivity solution: 0.003 mg/mL of USP Clarithromycin RS from Standard solution in
Diluent. Store this solution at 10° and discard after 24 h.
Sample solution: Nominally 3.0 mg/mL of clarithromycin from NLT 20 Tablets prepared as
follows. Transfer a portion of the finely powdered Tablets, equivalent to 300 mg of
clarithromycin, to a 100-mL volumetric flask containing 25 mL of acetonitrile. Add another
25 mL of acetonitrile and sonicate for about 10 min in cool water. Then add 25 mL of
water, sonicate for about 2 min, and dilute with water to volume. Pass through a suitable
filter of 0.45-µm pore size and discard the first few milliliters of the filtrate. Store this
solution at 10° and discard after 24 h.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Temperatures
Autosampler: 10°
Column: 40°
Flow rate: 1.1 mL/min
Injection volume: 10 µL
Run time: NLT 3 times the retention time of clarithromycin
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System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 7 for relative retention times.]
Suitability requirements
Peak-to-valley ratio: NLT 3.0 between clarithromycin and clarithromycin impurity D,
System suitability solution
Calculate the Peak-to-valley ratio as follows:
Result = HP/HV
HP = height above the baseline of the clarithromycin impurity D peak
HV = height above the baseline of the lowest point of the curve separating the
clarithromycin impurity D peak from the clarithromycin peak
Tailing factor: NMT 2.5, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of clarithromycin from the Standard solution
CS = concentration of USP Clarithromycin RS in the Standard solution (mg/mL)
CU = nominal concentration of clarithromycin in the Sample solution (mg/mL)
F = relative response factor (see Table 7)
Acceptance criteria: See Table 7. Not more than four impurities exceed 0.4%. The
reporting threshold is 0.1%. Disregard the peaks eluting before impurity I and after
impurity H.
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Table 7
Relative
Retention
Time

Name
Clarithromycin impurity Ia
Clarithromycin impurity A
(clarithromycin F)b, c
Clarithromycin impurity Cd
Clarithromycin impurity De
Clarithromycin
Clarithromycin related compound Af

0.47

Clarithromycin impurity F g,
Clarithromycin impurity Gh

1.33
1.64

c

0.51
0.92
0.98
1.0
1.25

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

1.0

1.0

—

—

3.0
1.0
—
1.0
—

0.70
0.70
—
0.70
—

4.4
—
1.0
—

0.70
—
0.20
2.5

Clarithromycin impurity Hi, c
1.80
Any other individual impurity
—
Total impurities
—
a 3-O-Decladinosyl-6-O-methylerythromycin A.
b 2-Demethyl-2-(hydroxymethyl)-6-O-methylerythromycin A.
c Process impurities that are controlled in the drug substance are not to be reported.
They are not to be included in total impurities. They are listed here for information
only.
d 6-O-Methylerythromycin A (E)-9-oxime.
e 3″-N-Demethyl-6-O-methylerythromycin A.
f 6,11-Di-O-methylerythromycin A.
g 6,12-Di-O-methylerythromycin A.
h 6-O-Methylerythromycin A (E)-9-(O-methyloxime).
i 3″-N-Demethyl-3′-N-formyl-6-O-methylerythromycin A.
2S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light. Store at
25°, excursions permitted between 15° and 30°.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Clarithromycin RS
USP Clarithromycin Related Compound A RS
6,11-Di-O-methylerythromycin A.
C39 H71 NO13
762.00
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USP Clarithromycin Identity RS
Contains a mixture of other impurities and the following:
Clarithromycin.
Clarithromycin impurity D;
3″-N-Demethyl-6-O-methylerythromycin A.
C37 H67 NO13
733.93 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 980
BRIEFING
Clindamycin Phosphate Vaginal Cream, USP 41 page 998. As part of the USP monograph
modernization effort, it is proposed to make the following changes:
1. Add the particle size information for the Column in the Assay based on the available
data.
2. Delete the Column efficiency requirement from the Assay because the remaining criteria
are adequate to evaluate the system suitability.
3. Add a test for Organic Impurities based on a validated liquid chromatographic
procedure. The liquid chromatographic procedure for the Organic Impurities test is
based on analyses performed with the Zorbax Eclipse XDB C8 brand of column with L7
packing. The typical retention time for clindamycin phosphate is about 44 min.
4. Update the Packaging and Storage section based on the approved drug package insert.
5. Update the USP Reference Standards section to add USP Clindamycin Phosphate System
Suitability RS that is used to determine system suitability in the test for Organic
Impurities.
Manufacturers are encouraged to submit their FDA-approved organic impurities specifications to
USP if they are different from those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C164309
Comment deadline: September 30, 2018
Clindamycin Phosphate Vaginal Cream
DEFINITION
Clindamycin Phosphate Vaginal Cream contains an amount of clindamycin phosphate
equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of clindamycin
(C18 H33 ClN2 O5 S).
IDENTIFICATION
• A. The relative retention time of the major peak for clindamycin phosphate of the Sample
solution corresponds to that of the Standard solution, as obtained in the Assay.
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ASSAY
Change to read:
• Procedure
Mobile phase: Dissolve 10.54 g of monobasic potassium phosphate in 775 mL of water, and
adjust with phosphoric acid to a pH of 2.5. Add 225 mL of acetonitrile, and mix.
System suitability solution: 0.6 mg/mL each of USP Clindamycin Phosphate RS and USP
Clindamycin Hydrochloride RS in Mobile phase
Standard solution: 0.25 mg/mL of USP Clindamycin Phosphate RS in Mobile phase
Sample solution: Nominally 0.2 mg/mL of clindamycin in Mobile phase from Cream,
prepared as follows. Transfer a suitable portion of Cream to a stoppered conical flask, and
add Mobile phase. Add about 10 glass beads (about 10 mm in diameter). Insert the
stopper securely in the flask, and shake by mechanical means at 50° for 1 h. Cool in an
ice bath for 20 min, and centrifuge. Pass a portion of the cloudy lower layer through a
filter of 2-µm or finer pore size, and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm;
5-µm 2S (USP42)
packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for clindamycin phosphate and clindamycin are about
1.0 and 1.5, respectively.]
Suitability requirements
Resolution: NLT 6.0 between clindamycin phosphate and clindamycin, System
suitability solution
Column efficiency: NLT 1700 theoretical plates, System suitability solution
2S (USP42)

Tailing factor: NMT 1.3, System suitability solution
Relative standard deviation: NMT 2.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution.
Calculate the percentage of the labeled amount of clindamycin (C18 H33 ClN2 O5 S) in the
portion of Cream taken:
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Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response
of clindamycin phosphate 2S (USP42)
from the Sample solution
rS = peak response
of clindamycin phosphate 2S (USP42)
from the Standard solution
CS = concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A: Add 3.5 mL of phosphoric acid to 1000 mL of water. Add 2.5 mL of ammonium
hydroxide, and adjust with ammonium hydroxide to a pH of 5.6.
Solution B: Acetonitrile and methanol (90:10)
Solution C: Solution B and Solution A (8:92)
Solution D: Solution B and Solution A (48:52)
Diluent: Solution B and water (20:80)
Mobile phase: See Table 1.
Time
(min)
0
16
40
60
65
65.1
70

Table 1
Solution C
(%)
95
95
58
25
25
95
95

Solution D
(%)
5
5
42
75
75
5
5

Sensitivity solution: 0.002 mg/mL of USP Clindamycin Phosphate RS in Diluent
System suitability solution: 2.2 mg/mL of USP Clindamycin Phosphate System Suitability
RS in Diluent. Shake, and sonicate to dissolve.
Standard solution: 0.004 mg/mL of USP Clindamycin Phosphate RS in Diluent
Sample solution: Nominally 2 mg/mL of clindamycin from Cream in Diluent prepared as
follows. Transfer 2 g of Cream nominally equivalent to 40 mg of clindamycin to a 20-mL
volumetric flask, add 10 mL of methanol, and shake vigorously (with vortex) for 5 min.
Shake on a rotating shaker for 10 min at 200 rpm and add 5 mL of Diluent. Sonicate for 10
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min and dilute with Diluent to volume. Centrifuge the solution at 3000 rpm for 10 min. Pass
through a suitable filter and discard the first few milliliters of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: Sensitivity solution, System suitability solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 3 between 7-epiclindamycin phosphate and clindamycin phosphate,
System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of clindamycin phosphate from the Standard solution
CS = concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.
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Table 2

Name
Lincomycin 2-phosphatea,b

Relative
Retention
Time
0.26

Acceptance
Criteria,
NMT (%)
—

Lincomycinc,b

0.49

—

Clindamycin B phosphated,b

0.81

—

7-Epiclindamycin phosphatee,b

0.92

—

0.95
—
Clindamycin 3-phosphatef ,b
Clindamycin phosphate
1.0
—
g
1.25
0.5
Clindamycin
Any individual degradation product
—
1.0
Total impurities
—
4.0
a Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
b These are process impurities that are controlled in the drug substance. They are
listed here for reference only and are not to be reported.
c Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside.
d Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-ethylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside 2-phosphate.
e Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
f Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside 3-phosphate.
g Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside.
2S (USP42)

SPECIFIC TESTS
• pH 〈791〉
Sample: The undiluted Cream
Acceptance criteria: 3.0–6.0
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. 2S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Clindamycin Hydrochloride RS
USP Clindamycin Phosphate RS
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USP Clindamycin Phosphate System Suitability RS
Contains clindamycin phosphate and the following impurity:
7-Epiclindamycin phosphate;
Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
C18 H34 ClN2 O8 PS
504.96
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 998
BRIEFING
Clindamycin Phosphate Gel, USP 41 page 998. As part of the USP monograph
modernization effort, it is proposed to make the following changes:
1. Add the particle size information for the Column in the Assay based on the available
data.
2. Delete the Column efficiency requirement from the Assay because the remaining criteria
are adequate to evaluate the system suitability.
3. Add a test for Organic Impurities based on a validated liquid chromatographic
procedure. The liquid chromatographic procedure for the Organic Impurities test is
based on analyses performed with the Zorbax Eclipse XDB C8 brand of column with L7
packing. The typical retention time for clindamycin phosphate is about 33 min.
4. Update the Packaging and Storage section based on the approved drug package insert.
5. Update the USP Reference Standards section to add USP Clindamycin Phosphate System
Suitability RS that is used to determine system suitability in the test for Organic
Impurities.
Manufacturers are encouraged to submit their FDA-approved organic impurities specifications to
USP if they are different from those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C164307
Comment deadline: September 30, 2018
Clindamycin Phosphate Gel
DEFINITION
Clindamycin Phosphate Gel contains the equivalent of NLT 90.0% and NMT 110.0% of the
labeled amount of clindamycin (C18 H33 ClN2 O5 S).
IDENTIFICATION
• A. The retention time of the clindamycin phosphate peak of the Sample solution corresponds
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to that of the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Dissolve 10.54 g of monobasic potassium phosphate in 775 mL of water, and
adjust with phosphoric acid to a pH of 2.5. Add 225 mL of acetonitrile, and mix.
System suitability solution: 0.6 mg/mL each of USP Clindamycin Phosphate RS and USP
Clindamycin Hydrochloride RS in Mobile phase
Standard solution: 0.25 mg/mL of USP Clindamycin Phosphate RS in Mobile phase
Sample solution: Nominally 0.2 mg/mL of clindamycin in Mobile phase from Gel. Shake by
mechanical means for 30 min. Centrifuge a portion of the solution, and if necessary, filter
a portion of the supernatant. Use the clear filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm;
5-µm 2S (USP42)
packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for clindamycin phosphate and clindamycin are 1.0
and 1.5, respectively.]
Suitability requirements
Resolution: NLT 6.0 between clindamycin phosphate and clindamycin, System
suitability solution
Column efficiency: NLT 1700 theoretical plates, System suitability solution
Calculate as follows:
Result = (t r/Wh/2)2 × 5.545
t r = retention time
Wh/2 = peak width at half height

2S (USP42)

Tailing factor: NMT 1.3, System suitability solution
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Relative standard deviation: NMT 2.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clindamycin (C18 H33 ClN2 O5 S) in the
portion of Gel taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response
of clindamycin phosphate 2S (USP42)
from the Sample solution
rS = peak response
of clindamycin phosphate 2S (USP42)
from the Standard solution
CS = concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Minimum Fill 〈755〉: Meets the requirements
IMPURITIES
Add the following:
• Organic Impurities
Solution A: Add 3.5 mL of phosphoric acid to 1000 mL of water. Add 2.5 mL of ammonium
hydroxide, and adjust with ammonium hydroxide to a pH of 5.6.
Solution B: Acetonitrile and methanol (90:10)
Solution C: Solution B and Solution A (8:92)
Solution D: Solution B and Solution A (48:52)
Diluent: Solution B and water (20:80)
Mobile phase: See Table 1.
Time
(min)
0
50
55
65
65.1
75

Table 1
Solution C
(%)
90
40
5
5
90
90

Solution D
(%)
10
60
95
95
10
10
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Sensitivity solution: 0.002 mg/mL of USP Clindamycin Phosphate RS in Diluent
System suitability solution: 2.2 mg/mL of USP Clindamycin Phosphate System Suitability
RS in Diluent. Shake, and sonicate to dissolve.
Standard solution: 0.004 mg/mL of USP Clindamycin Phosphate RS in Diluent
Sample solution: Nominally 2 mg/mL of clindamycin from Gel in Diluent prepared as follows.
Transfer 4 g of Gel nominally equivalent to 40 mg of clindamycin to a 20-mL volumetric
flask, add 10 mL of methanol, and shake vigorously (with vortex) for 5 min. Sonicate for 5
min and add 5 mL of Diluent. Sonicate for 10 more min and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: Sensitivity solution, System suitability solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 3 between the 7-epiclindamycin phosphate and clindamycin phosphate
peaks, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Gel taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of clindamycin phosphate from the Standard solution
CS = concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU = nominal concentration of clindamycin in the Sample solution (mg/mL)
P = potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
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Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Lincomycin phosphatea,b

0.24

—

Lincomycinc,b

0.38

—

Clindamycin B phosphated,b

0.70

—

7-Epiclindamycin phosphatee,b

0.84

—

—
Clindamycin 3-phosphatef ,b
0.91
Clindamycin phosphate
1.0
—
g
Clindamycin
1.46
0.5
Any individual degradation product
—
1.0
Total impurities
—
4.0
a Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
b These are process impurities that are controlled in the drug substance. They are
listed here for reference only and are not to be reported.
c Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1thio-d-erythro- α-d-galacto-octopyranoside.
d Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-ethylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside 2-phosphate.
e Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
f Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside 3-phosphate.
g Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-l-threo- α-d-galacto-octopyranoside.
2S (USP42)

SPECIFIC TESTS
• pH 〈791〉: 4.5–6.5
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. Do not freeze.

2S (USP42)

Change to read:
• USP Reference Standards 〈11〉
USP Clindamycin Hydrochloride RS
USP Clindamycin Phosphate RS
USP Clindamycin Phosphate System Suitability RS
Contains clindamycin phosphate and the following impurity:
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7-Epiclindamycin phosphate;
Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2carboxamido]-1-thio-d-erythro- α-d-galacto-octopyranoside 2-phosphate.
C18 H34 ClN2 O8 PS
504.96
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 998
BRIEFING
Clonidine Hydrochloride, USP 41 page 1025. As part of the USP monograph modernization
efforts, it is proposed to revise the monograph as follows:
1. In the Definition and Assay, revise the Acceptance criteria from NLT 98.5% and NMT
101.0%, which was based on a titration method, to NLT 98.0% and NMT 102.0% to
align with the typical acceptance criteria for chromatographic procedures.
2. Revise Identification A to allow flexibility for the use of either Infrared Absorption 〈197K〉
or 〈197A〉.
3. Replace the UV test in Identification B with the retention time agreement of the major
peak of the Sample solution and the Standard solution, as obtained in the Assay.
4. In the Assay:
Include the Run time.
Revise the Relative standard deviation requirement based on supporting data.
Remove the System suitability solution and the Resolution requirement because
the remaining system suitability criteria are adequate to evaluate the system
suitability.
5. In the test for Organic Impurities:
Remove the Note for the storage condition from the Standard stock solution.
Revise the description of the Standard solution to include USP Clonidine Related
Compound A RS and 2,6-dichloroaniline.
Include the preparation of the Sample stock solution and clarify the preparation
of the Sample solution.
Revise the Chromatographic system to indicate that it is the same as in the
Assay, except for the Run time.
Clarify the Run time.
Delete the Capacity factor requirement because the remaining criteria are
adequate to evaluate the system suitability.
Revise the Relative standard deviation to clarify that all peaks refer to clonidine,
clonidine related compound A, and 2,6-dichloroaniline.
Replace the term "disregard limit" with "reporting threshold" to be consistent with
USP style.
Include the Sensitivity solution and Signal-to-noise ratio requirement to support
the inclusion of the reporting threshold.
Revise the unit of measurement from mg/mL to µg/mL in the Analysis section to
be consistent with that used in the Standard solution and Sample solution.
Correct the name "Clonidine hydrochloride" in Table 1 to "Clonidine".
Remove the chemical name of clonidine related compound A from Table 1 to
avoid redundancy. This chemical name is listed under the USP Reference
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Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: E. Chang.)
Correspondence Number—C203750
Comment deadline: September 30, 2018
Clonidine Hydrochloride

C9 H9 Cl2 N3 ·HCl

266.55

Benzenamine, 2,6-dichloro-N-2-imidazolidinylidene-, monohydrochloride;
2-[(2,6-Dichlorophenyl)imino]imidazolidine monohydrochloride
[4205-91-8].
DEFINITION
Change to read:
Clonidine Hydrochloride contains NLT 98.5%
98.0% 2S (USP42)
and NMT 101.0%
102.0% 2S (USP42)
of clonidine hydrochloride (C9 H9 Cl2 N3 ·HCl), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
〈197〉: [Note—Methods described in 〈197K〉 or 〈197A〉 may be used.]

2S (USP42)

Change to read:
• B. Ultraviolet Absorption 〈197U〉
Analytical wavelength: 272 nm
Medium: 0.01 N hydrochloric acid
Sample solution: 330 µg/mL
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
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The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride: Meets the
requirements
ASSAY
Change to read:
• Procedure
Solution A: 1.0 mL/L of triethylamine in water
Mobile phase: Acetonitrile and Solution A (32:68). Adjust with phosphoric acid to a pH of
6.9.
System suitability solution: 0.05 mg/mL each of USP Clonidine Hydrochloride RS and USP
Clonidine Related Compound A RS in Mobile Phase. Pass through a suitable filter of 0.45-µm
pore size.
2S (USP42)

Standard solution: 0.05 mg/mL of USP Clonidine Hydrochloride RS in Mobile phase. Pass
through a suitable filter of 0.45-µm pore size.
Sample solution: 0.05 mg/mL of Clonidine Hydrochloride in Mobile phase. Pass through a
suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 50 µL
Run time: NLT 3 times the retention time of clonidine
System suitability
Sample: System suitability solution and

2S (USP42)

2S (USP42)

Standard solution
Suitability requirements
Resolution: NLT 2.0 between clonidine and clonidine related compound A, System
suitability solution
2S (USP42)

Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
0.73% 2S (USP42)
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clonidine hydrochloride (C9 H9 Cl2 N3 ·HCl) in the portion of
Clonidine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of clonidine from the Sample solution
rS = peak response of clonidine from the Standard solution
CS = concentration of USP Clonidine Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Clonidine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.5%–101.0%
98.0%–102.0% 2S (USP42)
on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Change to read:
• Organic Impurities
Solution A and Mobile phase: Prepare as directed in the Assay.
Standard stock solution: 0.06 mg/mL each of USP Clonidine Hydrochloride RS, USP
Clonidine Related Compound A RS, and 2,6-dichloroaniline in acetonitrile. [Note—The
Standard stock solution is stable for 30 days when protected from light and stored in a
refrigerator.]
2S (USP42)

Standard solution: 0.6 µg/mL each of USP Clonidine Hydrochloride RS,
USP Clonidine Related Compound A RS, and 2,6-dichloroaniline 2S (USP42)
in Mobile phase from the Standard stock solution. Pass through a suitable filter of 0.45-µm
pore size.
Sensitivity solution: 0.06 µg/mL each of USP Clonidine Hydrochloride RS, USP Clonidine
Related Compound A RS, and 2,6-dichloroaniline in Mobile phase from the Standard
solution
Sample stock solution: 1.5 mg/mL of Clonidine Hydrochloride in Mobile phase prepared as
follows. Transfer 150 mg of Clonidine Hydrochloride to a 100-mL volumetric flask. Add
Mobile phase to about 60% of the volume of the flask, sonicate for 5 min, and then dilute
with Mobile phase to volume. 2S (USP42)
Sample solution: 150 µg/mL of Clonidine Hydrochloride in Mobile phase Initially add Mobile
phase to about 60% of the volume of the flask, sonicate for 5 min, and then dilute with
Mobile phase to volume.
from the Sample stock solution. 2S (USP42)
Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 220 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 50 µL
Proceed as directed in the Assay, except for the Run time.
Run time: 6.6
NLT 6 2S (USP42)
times the retention time of clonidine
System suitability
Samples: Standard solution
and Sensitivity solution
[Note—See Table 1 for the relative retention times.]

2S (USP42)

2S (USP42)

Suitability requirements
Resolution: NLT 2.0 between clonidine related compound A and 2,6-dichloroaniline,
Standard solution
Capacity factor, k′: NLT 1.7 for all peaks
2S (USP42)

Relative standard deviation: NMT 5% for all peaks
clonidine, clonidine related compound A, and 2,6-dichloroaniline, 2S (USP42)
Standard solution
Signal-to-noise ratio: NLT 10 for clonidine, clonidine related compound A, and 2,6dichloroaniline, Sensitivity solution 2S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clonidine related compound A and 2,6-dichloroaniline in the
portion of Clonidine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of clonidine related compound A or 2,6-dichloroaniline from the
Sample solution
rS = peak response of clonidine related compound A or 2,6-dichloroaniline from the
Standard solution
CS = concentration of USP Clonidine Related Compound A RS or 2,6-dichloroaniline in the
Standard solution (mg/mL)
(µg/mL) 2S (USP42)
CU = concentration of Clonidine Hydrochloride in the Sample solution (mg/mL)
(µg/mL) 2S (USP42)
Calculate the percentage of any other
2S (USP42)
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unspecified impurity in the portion of Clonidine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any other
2S (USP42)

unspecified impurity from the Sample solution
rS = peak response of clonidine from the Standard solution
CS = concentration of USP Clonidine Hydrochloride RS in the Standard solution (mg/mL)
(µg/mL) 2S (USP42)
CU = concentration of Clonidine Hydrochloride in the Sample solution (mg/mL)
(µg/mL) 2S (USP42)
Acceptance criteria: See Table 1. Disregard any impurity less than or equal to
The reporting threshold is 2S (USP42)
0.04%.
Table 1

Name
Clonidine hydrochloride
2S (USP42)

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

1.0

—

2.5
3.3

0.1
0.1

Clonidine related compound Aa
2S (USP42)

2,6-Dichloroaniline
Any other

—
2S (USP42)
unspecified impurity
Total impurities
—
a 1-Acetyl-2-(2,6-dichlorophenylimino)-imidazolidine.

0.1
0.2

2S (USP42)

SPECIFIC TESTS
• pH 〈791〉
Sample solution: 50 mg/mL
Acceptance criteria: 3.5–5.5
• Loss on Drying 〈731〉
Analysis: Dry at 105° to constant weight.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 〈11〉
USP Clonidine Hydrochloride RS
USP Clonidine Related Compound A RS
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1-Acetyl-2-(2,6-dichlorophenylimino)-imidazolidine).
C11 H11 Cl2 N3 O
272.13
Recent Official Publications:
USP41–NF36 Page 1025
BRIEFING
Clonidine Hydrochloride Injection. Because there is no existing USP monograph for this
drug product, a new monograph based on validated methods of analysis is proposed. The liquid
chromatographic procedures in the Assay and the test for Organic Impurities are based on
analyses performed with the Zorbax StableBond C3 brand of column with L56 packing
manufactured by Agilent Technologies. The typical retention times for clonidine in the Assay
and the test for Organic Impurities are about 2.5 and 6.3 min, respectively.
(CHM2: W. Yang, E. Chang.)
Correspondence Number—C194482
Comment deadline: September 30, 2018
Add the following:
Clonidine Hydrochloride Injection
DEFINITION
Clonidine Hydrochloride Injection is a sterile solution of Clonidine Hydrochloride in Water for
Injection. It contains NLT 90.0% and NMT 110.0% of the labeled amount of clonidine
hydrochloride (C9 H9 Cl2 N3 ·HCl).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. Ultraviolet Absorption 〈197U〉
Diluent: 9 g/L of sodium chloride in water
Standard solution: 0.1 mg/mL of USP Clonidine Hydrochloride RS in Diluent. Sonicate to
dissolve, if needed.
Sample solution: Nominally 0.1 mg/mL of clonidine hydrochloride from Injection. Dilute with
Diluent, if needed.
Acceptance criteria: The UV spectrum of the Sample solution exhibits maxima and minima
at the same wavelengths as those of the Standard solution.
ASSAY
• Procedure
Solution A: Dilute 2.0 mL of perchloric acid in 4000 mL of water.
Solution B: Acetonitrile and methanol (95:5)
Mobile phase: Solution A and Solution B (85:15)
Diluent: 9 g/L of sodium chloride in water
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Standard solution: 0.01 mg/mL of USP Clonidine Hydrochloride RS in Diluent. Sonicate to
dissolve, if needed.
Sample stock solution: Combine the contents of NLT 10 vials of Injection.
Sample solution: Nominally 0.01 mg/mL of clonidine hydrochloride from the Sample stock
solution, diluted with Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.0-mm × 15-cm; 5-µm packing L56
Flow rate: 1.2 mL/min
Injection volume: 25 µL
Run time: NLT 2 times the retention time of clonidine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clonidine hydrochloride (C9 H9 Cl2 N3 ·HCl)
in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of clonidine from the Sample solution
rS = peak response of clonidine from the Standard solution
CS = concentration of USP Clonidine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of clonidine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities
Solution A, Solution B, Diluent, and Sample stock solution: Prepare as directed in the
Assay.
Mobile phase: See Table 1.
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Time
(min)
0
35
50
51
60

Table 1
Solution A
(%)
97
50
50
97
97

Solution B
(%)
3
50
50
3
3

Sensitivity solution: 0.05 µg/mL of USP Clonidine Hydrochloride RS in Diluent
Standard solution: 0.5 µg/mL of USP Clonidine Hydrochloride RS in Diluent. Sonicate to
dissolve, if needed.
Sample solution: Nominally 100 µg/mL of clonidine hydrochloride from the Sample stock
solution. Dilute with Diluent, if needed.
Chromatographic system: Proceed as directed in the Assay, except for the Flow rate.
Flow rate: 1 mL/min
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Relative standard deviation: NMT 10.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any unspecified impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified impurity from the Sample solution
rS = peak response of clonidine from the Standard solution
CS = concentration of USP Clonidine Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of clonidine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.

PF 44(4): Jul.-Aug. 2018

369

Table 2
Relative
Retention
Time
1.0
1.4
3.0
3.5
5.1
—
—

Name

Acceptance
Criteria,
NMT (%)
—
—
—
—
—
0.30
0.6

Clonidine
N-(2,6-Dichlorophenyl)formamidea
2,6-Dichloroanilinea
2,6-Dichloroacetanilidea
(2,6-Dichlorophenyl)carbonimidic dichloridea
Any unspecified impurity
Total impurities
a Process impurity for peak identification only; not to be reported or included in the
total degradation products.

SPECIFIC TESTS
• pH 〈791〉: 5.0–7.0
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• Osmolality and Osmolarity 〈785〉, Osmolality: 270–330 mOsmol/kg
• Sterility Tests 〈71〉: Meets the requirements
• Bacterial Endotoxins Test 〈85〉: Meets the requirements
• Color and Light Transmission
Sample solution: Use the Injection.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉)
Mode: Vis
Analytical wavelength: 420 nm
Blank: Water
Acceptance criteria: The absorbance is NMT 0.05.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed Type 1 glass vials. Store at controlled
room temperature.
• USP Reference Standards 〈11〉
USP Clonidine Hydrochloride RS
2S (USP42)

BRIEFING
Doxycycline Compounded Oral Suspension, Veterinary, USP 41 page 1427. A revision is
proposed to include a new formula for a 100 mg/mL preparation in fixed oil based on a validated
stability-indicating Assay used to access stability. The liquid chromatographic procedure in the
Assay for the new formulation is based on analyses validated using the Acquity UPLC BEH C18
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brand column with L1 packing. The typical retention time for doxycycline is about 2.7 min.
Additionally, minor editorial changes have been made to update this monograph to current USP
style.
Please submit comments to CompoundingSL@usp.org.
(CMP: B. Serumaga.)
Correspondence Number—C196030
Comment deadline: September 30, 2018
Doxycycline Compounded Oral Suspension, Veterinary
DEFINITION
Change to read:
Doxycycline Compounded Oral Suspension, Veterinary contains NLT 90.0% and NMT 110.0%
of the labeled amount of doxycycline (C22 H24 N2 O8 ). Prepare Oral Suspension, Veterinary 50
mg/mL
in a paraben solution 2S (USP42)
as follows (see Pharmaceutical Compounding—Nonsterile Preparations 〈795〉). For this
preparation, a Paraben solution needs to be separately prepared.
Methylparaben
Propylparaben
Purified Water, a sufficient quantity to make

25 mg
12.5 mg
50 mL

Prepare a Paraben solution by dissolving the Methylparaben and Propylparaben in a sufficient
amount of Purified Water to bring to final volume.
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Doxycycline (as Doxycycline Hyclate) powder, USP
2S (USP42)

2.5 g of doxycycline (calculate)a

Calcium Hydroxide, USP
2S (USP42)

Glycerin
Polysorbate 20, USP
2S (USP42)

Calculate (see below)b
12.5 mL
0.063 mL

Sodium Metabisulfite, USP
2S (USP42)

(granular)
Carboxymethylcellulose Sodium, USP

0.05 g

2S (USP42)

(medium viscosity)
0.25 g
Steviol Glycosides 95%
0.15 g
Paraben solution, a sufficient quantity to make
50 mL
a Calculate the amount of Doxycycline Hyclate powder required by dividing the weight of
doxycycline required by the potency of the Doxycycline Hyclate powder obtained from the
certificate of analysis. Note unit conversion is needed in the calculation.
[Note—Unit conversion is needed in the calculation.] 2S (USP42)
b Calculate the amount of Calcium Hydroxide needed, in grams, by multiplying the amount
of Doxycycline Hyclate needed, in grams, by 0.21.
Pour the calculated amount of Doxycycline Hyclate powder into a suitable mortar, and mix
with about 12.5 mL of Paraben solution until all the solids are dissolved. Do not use more
than 5 mL of Paraben solution for each gram of the calculated amount of Doxycycline
Hyclate. Add the calculated amount of Calcium Hydroxide to the mortar, and mix with the
pestle until the mixture thickens up and has a pasty consistency. [Note—Reaction may take
a few minutes to occur. The pasty mixture may look dry and harden up which is an
indication that the reaction is complete.]
In a separate beaker, mix Glycerin and Polysorbate 20 with about 30 mL of the Paraben
solution. Add Sodium Metabisulfite to the mixture of Glycerin, Polysorbate 20, and Paraben
solution with mixing.
Add approximately two thirds of the separately prepared mixture of Glycerin, Polysorbate 20,
Sodium Metabisulfite, and Paraben solution to the mortar in small increments with
continuous mixing to make an even mixture free of lumps. Transfer the doxycycline mixture
from the mortar to an appropriately sized beaker. Rinse the mortar three times, each time
with one third of the remaining Glycerin, Polysorbate 20, Sodium Metabisulfite, and Paraben
solution, and combine with the doxycycline mixture in the beaker. Add Steviol Glycosides
95% to the beaker. Disperse Carboxymethylcellulose Sodium through a 40-mesh sieve, and
mix into the suspension until homogenous. Add sufficient Paraben solution to bring to final
volume. Mix well.
Prepare Oral Suspension, Veterinary 100 mg/mL in a fixed oil base as follows (see
Pharmaceutical Compounding—Nonsterile Preparations 〈795〉).
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10 g of doxycycline
Doxycycline (as Doxycycline Hyclate) powder
(calculate)a
Steviol Glycosides 95%
0.3 g
Acesulfame Potassium
0.3 g
b
Flavor (chicken, grilled, natural, oil miscible)
3 mL
PCCA Fixed Oil Suspension Vehicle,b a sufficient quantity to
make
100 mL
a Calculate the amount of Doxycycline Hyclate powder required by dividing the weight of
doxycycline required by the potency of the Doxycycline Hyclate powder obtained from the
certificate of analysis. [Note—Unit conversion is needed in the calculation.]
b PCCA, Houston, TX.
Place the calculated amount of Doxycycline Hyclate powder, Steviol Glycosides 95%, and
Acesulfame Potassium into a suitable container and triturate to a fine powder. Add a sufficient
amount of PCCA Fixed Oil Suspension to form a smooth paste. Add flavor and mix thoroughly.
Add a sufficient amount of PCCA Fixed Oil Suspension Vehicle to make the contents pourable.
Transfer the contents, stepwise and quantitatively, to a calibrated container using the PCCA
Fixed Oil Suspension Vehicle. Add sufficient PCCA Fixed Oil Suspension Vehicle to bring to final
volume, and mix well.
2S (USP42)

ASSAY
Change to read:
• Procedure
1: Oral Suspension in Paraben Solution 2S (USP42)
Solution A: 20 mM monobasic sodium phosphate containing 0.74 g/L of sodium hydroxide.
Adjust with phosphoric acid to a pH of 7.0.
Mobile phase: See Table 1.
Time
(min)
0
7
8
8.1
14

Table 1
Acetonitrile
(%)
1
80
80
1
1

Solution A
(%)
99
20
20
99
99

Diluent: Acetonitrile and 1 N hydrochloric acid (50:50)
Standard solution: 0.5 mg/mL of doxycycline prepared from USP Doxycycline Hyclate RS in
Diluent
Sample solution: Shake each bottle of Oral Suspension, Veterinary thoroughly. Transfer
0.5 mL of Oral Suspension, Veterinary to a 50-mL volumetric flask, add approximately 10
mL of Diluent, and vortex for 30 s. Dilute with Diluent to volume, and mix well.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
[Note—The retention time for doxycycline is about 4.7 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of doxycycline (C22 H24 N2 O8 ) in the portion
of Oral Suspension, Veterinary taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of doxycycline from the Sample solution
rS = peak response of doxycycline from the Standard solution
CS = concentration of doxycycline in the Standard solution (mg/mL)
CU = nominal concentration of doxycycline in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
Add the following:
• Procedure 2: Oral Suspension in Fixed Oil
Solution A: 1 mg/mL of trifluoroacetic acid in water
Solution B: 1 mg/mL of trifluoroacetic acid in acetonitrile
Mobile phase: See Table 2.
Time
(min)
0
2.6
2.8
3.0

Table 2
Solution A
(%)
90
70
10
90

Solution B
(%)
10
30
90
10
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Standard solution: 0.125 mg/mL of doxycycline prepared from USP Doxycycline Hyclate RS
in methanol
Sample solution: Transfer 0.5 mL of Oral Suspension, Veterinary to a centrifuge tube and
add 39.5 mL of methanol. Vortex for 1 min, sonicate for 2 min, and vortex again for 1 min
until solution is mixed well. Centrifuge this solution for 10 min. Transfer 1 mL of the
supernatant to a 10-mL volumetric flask and add sufficient methanol to bring to volume.
Centrifuge again for 10 min.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 350 nm
Column: 2.1-mm × 50-mm; 1.7-µm packing L1
Autosampler temperature: 4°
Flow rate: 0.7 mL/min
Injection volume: 1.0 µL
System suitability
Sample: Standard solution
[Note—The retention time for doxycycline is about 2.7 min.]
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of doxycycline (C22 H24 N2 O8 ) in the portion
of Oral Suspension, Veterinary taken:
Result = (rU/rS) × (Cs /CU) × 100
rU = peak response of doxycycline from the Sample solution
rS = peak response of doxycycline from the Standard solution
CS = concentration of doxycycline in the Standard solution (mg/mL)
CU = nominal concentration of doxycycline in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%

2S (USP42)

SPECIFIC TESTS
Change to read:
• pH 〈791〉
Oral Suspension in paraben solution:
6.0–7.0

2S (USP42)
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ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Package in tight, light-resistant containers. Store at 2°–8°.
Store the Oral Suspension, Veterinary in paraben solution in a refrigerator. Store the Oral
Suspension, Veterinary in fixed oil at controlled room temperature, or in a refrigerator.
2S (USP42)

• Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date. Label it to state that it is for veterinary use only.
Change to read:
• Beyond-Use Date NMT 30 days after the date on which it was compounded, when stored
at 2°–8°
Oral Suspension in paraben solution: NMT 30 days after the date on which it was
compounded when stored in a refrigerator
Oral Suspension in fixed oil: NMT 60 days after the date on which it was compounded
when stored at controlled room temperature or in a refrigerator 2S (USP42)
• USP Reference Standards 〈11〉
USP Doxycycline Hyclate RS
Recent Official Publications:
USP41–NF36 Page 1427
BRIEFING
Edetate Disodium Compounded Ophthalmic Solution. A new monograph is proposed
based on a validated stability-indicating method used to assess stability. The liquid
chromatographic procedure in the Assay for the formulation is based on analyses validated
using the Zorbax SB-AQ brand of column with L96 packing. The typical retention time for
edetate disodium is between 15 and 20 min.
Please submit comments to CompoundingSL@usp.org.
(CMP: B. Serumaga.)
Correspondence Number—C196030
Comment deadline: September 30, 2018
Add the following:
Edetate Disodium Compounded Ophthalmic Solution
DEFINITION
Edetate Disodium Compounded Ophthalmic Solution contains NLT 90.0% and NMT 110.0% of
the labeled amount of edetate disodium (C10 H14 N2 Na2 O8 ).
Prepare Edetate Disodium Compounded Ophthalmic Solution 10 mg/mL (1%) to 40 mg/mL
(4%) as follows (see Pharmaceutical Compounding—Sterile Preparations 〈797〉).
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Ophthalmic Solution 10 mg/mL (1%)
Edetate Disodium (as Edetate Disodium Dihydrate)
0.1 g (0.111 g)
Sodium Chloride
0.07 g
Sodium Hydroxide Solution (1 N)
To adjust pH to 6.5–7.5
Water for Injection, a sufficient quantity to make
10 mL
Add Edetate Disodium Dihydrate and Sodium Chloride to 8 mL of Water for Injection and mix
until dissolved. Adjust with Sodium Hydroxide Solution (1 N) to a pH between 6.5 and 7.5.
Add sufficient Water for Injection to bring to final volume, and mix well. Pass through a
sterilizing filter of 0.22-µm pore size into a sterile single-dose ophthalmic dropper container.
[Note—Sodium Chloride is added to the formulation to render it isotonic.]
Ophthalmic Solution 40 mg/mL (4%)
Edetate Disodium (as Edetate Disodium Dihydrate)
0.4 g (0.444 g)
Sodium Hydroxide Solution (1 N)
To adjust pH to 6.5–7.5
Water for Injection, a sufficient quantity to make
10 mL
Add Edetate Disodium Dihydrate to 8 mL of Water for Injection and mix until dissolved.
Adjust with Sodium Hydroxide Solution (1 N) to a pH between 6.5 and 7.5. Add sufficient
Water for Injection to bring to final volume, and mix well. Pass through a sterilizing filter of
0.22-µm pore size into a sterile single-dose ophthalmic dropper container.
ASSAY
• Procedure
Solution A: Dissolve 10 mg of cupric sulfate in 1 L of water. Add 15 mL of tetrabutyl
ammonium hydroxide and 20 mL of tetrahydrofuran. Adjust with phosphoric acid to a pH of
4.
Mobile phase: Methanol and Solution A (15:85)
Standard solution: 0.2 mg/mL of edetate disodium prepared from USP Edetate Disodium RS
in water
Sample solution: Transfer a volume of Ophthalmic Solution equivalent to 20 mg of edetate
disodium into a 100-mL volumetric flask, and dilute with water to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; 5-µm packing L96
Column temperature: 40°
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution

PF 44(4): Jul.-Aug. 2018

377

[Note—Edetate disodium may covalently bind the column packing material and may cause
retention time to range between 15 and 20 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of edetate disodium (C10 H14 N2 Na2 O8 ) in
the portion of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Edetate Disodium RS in the Standard solution (mg/mL)
CU = nominal concentration of edetate disodium in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 6.1–7.1
• Sterility Tests 〈71〉, Test for Sterility of the Product to be Examined, Membrane Filtration:
Meets the requirements
• Particulate Matter in Ophthalmic Solutions 〈789〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in a 10-mL sterile single-dose dropper. Store in a
refrigerator or at controlled room temperature.
• Beyond-Use Date: NMT 60 days after the day on which it was compounded when stored at
controlled room temperature or in a refrigerator
• Labeling: Label it to state the Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Edetate Disodium RS
2S (USP42)

BRIEFING
Erythromycin, USP 41 page 1565. As part of the USP monograph modernization efforts, the
following changes are proposed:
1. Update the chemical information section to reflect the molecular weight as per the
current USP Dictionary of USAN and International Drug Names.
2. Add a reference to Infrared Absorption 〈197S〉 to Identification A to indicate analysis
already in use and to be consistent with current USP style. Describe the Standard
solution and Sample solution to clearly indicate how each should be treated prior to
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testing.
Add Identification B based on the retention times agreement with the HPLC procedure in
the Assay.
Move the acceptance criteria and all relevant information for erythromycin B and
erythromycin C from the Organic Impurities test to the Assay to align with the
Erythromycin Ethylsuccinate and Erythromycin Stearate monographs. Move all relevant
information for erythromycin A enol ether from the Assay to the Organic Impurities test.
Update the calculations in the Assay and Organic Impurities test based on current USP
style. In the Assay, correct the units as per the current label for USP Erythromycin B RS
and USP Erythromycin C RS.
Add the chemical name for erythromycin A enol ether in the Organic Impurities test.
In the test for Limit of Thiocyanate, add the reference to Ultraviolet-Visible
Spectroscopy 〈857〉.
In the USP Reference Standards section, add chemical names, chemical formulas, and
molecular weights for USP Erythromycin B RS and USP Erythromycin C RS, and a
chemical name for USP Erythromycin Related Compound N RS.

USP seeks industry feedback regarding the acceptance criteria for the Assay and Organic
Impurities test. Stakeholders are encouraged to submit comments for the Biologics Monographs
4—Antibiotics Expert Committee’s consideration.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO4: S. Shane.)
Correspondence Number—C197470
Comment deadline: September 30, 2018
Erythromycin
Change to read:

C37 H67 NO13
733.94

733.93

2S (USP42)

Erythromycin;
(3R*,4S*,5S*,6R*,7R*,9R*,11R*,12R*,13S*,14R*)-4-[(2,6-Dideoxy-3-C-methyl-3-O-
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methyl- α-l-ribo-hexopyranosyl)oxy]-14-ethyl-7,12,13-trihydroxy-3,5,7,9,11,13-hexamethyl-6[[3,4,6-trideoxy-3-(dimethylamino)-β-d-xylo-hexopyranosyl]oxy]oxacyclotetradecane-2,10dione
[114-07-8].
DEFINITION
Erythromycin consists primarily of erythromycin A (C37 H67 NO13 ). The sum of the percentages
of erythromycin A, erythromycin B, and erythromycin C is NLT 85.0% and NMT 100.5%,
calculated on the anhydrous basis.
IDENTIFICATION
Change to read:
•
A. Infrared Absorption 〈197S〉 2S (USP42)
The IR absorption spectrum of a solution of it containing 50 mg/mL, previously dried at a
pressure not exceeding 5 mm of mercury at 60° for 3 h, in chloroform, determined in a 0.1mm cell, exhibits maxima only at the same wavelengths as that of a similar preparation of
USP Erythromycin RS, except in the region between 1980 cm−1 and 2050 cm−1.
Standard solution: 50 mg/mL of USP Erythromycin RS, previously dried at a pressure not
exceeding 5 mm of mercury at 60° for 3 h, in chloroform
Sample solution: 50 mg/mL of Erythromycin, previously dried at a pressure not exceeding
5 mm of mercury at 60° for 3 h, in chloroform
Spectral range: 4000–2050 cm−1 and 1980–400 cm−1
Acceptance criteria: Meets the requirements 2S (USP42)
Add the following:
• B. The retention times of erythromycin A, erythromycin B, and erythromycin C in the
Sample solution correspond to those of Standard solution 1 and Standard solution 2, as
obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
[Note—Use solutions containing erythromycin promptly or within 1 day if stored in a
refrigerator.]
Use solutions containing erythromycin promptly or within 1 day if stored in a refrigerator.
2S (USP42)

Diluted phosphoric acid: Dilute 10 mL of phosphoric acid with water to 100 mL.
Solution A: 1.75 g of dibasic potassium phosphate in 50 mL of water. Adjust with Diluted
phosphoric acid or 0.2 N sodium hydroxide TS to a pH of 9.0. Add 400 mL of water, 165
mL of tertiary butyl alcohol, and 30 mL of acetonitrile. Dilute with water to 1000 mL.
Solution B: 20 mL of pH 7.0 phosphate buffer (see Reagents, Indicators, and Solutions—
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Solutions, Buffer Solutions); adjusted with phosphoric acid to a pH of 3.5
Mobile phase: Acetonitrile, Solution A, and water (2:5:1)
Diluent: pH 7.0 phosphate buffer (see Reagents, Indicators, and Solutions—Solutions,
Buffer Solutions) and methanol (15:1)
Standard solution 1: 4 mg/mL of USP Erythromycin RS prepared as follows. Transfer 100
mg of USP Erythromycin RS to a 25-mL volumetric flask, add 5 mL of methanol, swirl to
dissolve and dilute with Diluent to volume.
Standard solution 2: 0.2 mg/mL of USP Erythromycin B RS and USP Erythromycin C RS
prepared as follows. Transfer 5 mg each of USP Erythromycin B RS and USP Erythromycin
C RS to a 25-mL volumetric flask, add 5mL of methanol, swirl to dissolve, and dilute with
Diluent to volume.
Diluted standard solution: 0.12 mg/mL of USP Erythromycin RS prepared as follows.
Transfer 3.0 mL of Standard solution 1 to a 100-mL volumetric flask and dilute to volume
with Diluent.
Peak identification solution: Dissolve 10 mg of USP Erythromycin RS in 2 mL of methanol,
add 10 mL of Solution B, and allow to stand for about 30 min.
2S (USP42)

System suitability solution: Transfer 2 mg of USP Erythromycin Related Compound N RS
to a 10-mL volumetric flask, add 0.4 mL of Standard solution 1 and dilute with Standard
solution 2 to volume.
Sample solution: 4 mg/mL of Erythromycin prepared as follows. Transfer 100 mg of the
sample to a 25-mL volumetric flask, add 5 mL of methanol, swirl to dissolve, and dilute
with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; packing L21 (1000 Å)
Column temperature: 65°
Flow rate: 2 mL/min
Injection volume: 100 µL
Run time: NLT 5 times the retention time of the erythromycin A peak
System suitability
Samples: Standard solution 1 and System suitability solution
[Note—The relative retention times for erythromycin related compound N (Ndemethylerythromycin A), erythromycin C, erythromycin A, and erythromycin B are
about 0.56, 0.61, 1.0, and 1.6, respectively.]
Suitability requirements
Resolution: NLT 0.8 between erythromycin related compound N and erythromycin C;
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NLT 5.5 between erythromycin related compound N and erythromycin A, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution 1
Analysis
Samples: Standard solution 1, Standard solution 2, Diluted standard solution, Peak
identification solution
2S (USP42)

and Sample solution
Identify the erythromycin A enol ether peak using the Peak identification solution.

2S (USP42)

Calculate the percentage of erythromycin A in the portion of Erythromycin taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of erythromycin A from the Sample solution
rS = peak response of erythromycin A from Standard solution 1
CS = concentration of USP Erythromycin RS in Standard solution 1 (mg/mL)
CU = concentration of Erythromycin in the Sample solution (mg/mL)
P = percentage of erythromycin A in USP Erythromycin RS
Calculate the percentages of erythromycin B and erythromycin C in the portion of
Erythromycin taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of the relevant analyte from the Sample solution
rS = peak response of the relevant analyte from Standard solution 2
CS = concentration of the corresponding Reference Standard in Standard solution 2
(mg/mL)
CU = concentration of Erythromycin in the Sample solution (mg/mL)
P = designated percentage of erythromycin B or erythromycin C in the relevant USP
Reference Standard
potency of erythromycin B or erythromycin C in the corresponding Reference
Standard (mg/mg) 2S (USP42)
Acceptance criteria: The sum of the percentages of erythromycin A, erythromycin B, and
erythromycin C is 85.0%–100.5% on the anhydrous basis.
The percentage of erythromycin B is NMT 12.0%, and the percentage of erythromycin C
is NMT 5.0%. 2S (USP42)
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%
Change to read:
• Limit of Thiocyanate

PF 44(4): Jul.-Aug. 2018

382

[Note—Use the Standard solutions, Sample solution, and Blank solution within 30 min.]
Use the Standard solutions, Sample solution, and Blank solution within 30 min.
2S (USP42)

Standard stock solutions 1 and 2: 0.2 mg/mL of potassium thiocyanate prepared in
duplicate as follows. Transfer 100 mg of potassium thiocyanate, previously dried at 105°
for 1 h and cooled, to a 50-mL volumetric flask. Add about 20 mL of methanol to each
flask, swirl to dissolve, and dilute with methanol to volume. Transfer 5.0 mL of this
solution to a 50-mL volumetric flask and dilute with methanol to volume.
Standard solutions 1 and 2: 0.02 mg/mL of potassium thiocyanate prepared in duplicate
as follows. Transfer 5.0 mL of each of the Standard stock solutions to separate 50-mL
low-actinic volumetric flasks, add 1.0 mL of ferric chloride TS, dilute with methanol to
volume.
Sample solution: 2 mg/mL of Erythromycin prepared as follows. Transfer 100 mg of
Erythromycin to a 50-mL low-actinic volumetric flask, add 20 mL of methanol, and swirl to
dissolve. Add 1.0 mL of ferric chloride TS and dilute with methanol to volume.
Blank solution: Add 1.0 mL of ferric chloride TS to a 50-mL low-actinic volumetric flask.
Dilute with methanol to volume.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
2S (USP42)

Mode: UV-Vis
Analytical wavelength: 492 nm
System suitability
Samples: Standard solution 1, Standard solution 2, and Blank solution
Use the Blank solution to zero the instrument. Measure the absorbance of the two
Standard solutions.
Suitability: 0.985–1.015
Calculate the suitability, S:
Result = (A1/W1) × (W2/A2)
A1 = absorbance of Standard solution 1
W1 = weight of the potassium thiocyanate taken to prepare Standard solution 1 (mg)
W2 = weight of the potassium thiocyanate taken to prepare Standard solution 2 (mg)
A2 = absorbance of Standard solution 2
Analysis
Samples: Standard solution 1, Standard solution 2, and Sample solution
Calculate the percentage of thiocyanate in the portion of Erythromycin taken:
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Result = (Mr1/Mr2) × (AU/WU) × 0.5 × [(W1/A1) + (W2/A2)] × 100
Mr1 = molecular weight of thiocyanate, 58.08
Mr2 = molecular weight of potassium thiocyanate, 97.18
AU = absorbance of the Sample solution
WU = weight of Erythromycin taken to prepare the Sample solution (mg)
W1 = weight of the potassium thiocyanate taken to prepare Standard solution 1 (mg)
A1 = absorbance of Standard solution 1
W2 = weight of the potassium thiocyanate taken to prepare Standard solution 2 (mg)
A2 = absorbance of Standard solution 2
Acceptance criteria: NMT 0.3%
Change to read:
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, Standard solution 1, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
[Note—Use solutions containing erythromycin promptly, or within 1 day if stored in a
refrigerator.]
Use solutions containing erythromycin promptly, or within 1 day if stored in a refrigerator.
Diluted standard solution: 0.12 mg/mL of USP Erythromycin RS prepared as follows.
Transfer 3.0 mL of Standard solution 1 to a 100-mL volumetric flask and dilute with
Diluent to volume.
Peak identification solution: Dissolve 10 mg of USP Erythromycin RS in 2 mL of
methanol, add 10 mL of Solution B, and allow to stand for about 30 min. 2S (USP42)
Analysis
Samples: Sample solution,
Diluted standard solution, and Peak identification solution
Identify the erythromycin A enol ether peak using the Peak identification solution.
2S (USP42)

Calculate the percentage of the largest single impurity (the largest peak other than
erythromycin A, erythromycin B, erythromycin C, and erythromycin A enol ether) in the
portion of Erythromycin taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of the largest single impurity (the largest peak other than
erythromycin A, erythromycin B, erythromycin C, and erythromycin A enol ether)
from the Sample solution
rS = peak response of erythromycin A from the Diluted standard solution
CS = concentration of USP Erythromycin RS in the Diluted standard solution (mg/mL)
CU = concentration of Erythromycin in the Sample solution (mg/mL)
P = percentage of erythromycin A in USP Erythromycin RS
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Calculate the percentage of erythromycin A enol ether in the portion of Erythromycin taken:
Result = (rU/rS) × (CS/CU) × P × (1/F) × 100
rU = peak response of erythromycin A enol ether from the Sample solution
rS = peak response of erythromycin A from the Diluted standard solution
CS = concentration of USP Erythromycin RS in the Diluted standard solution (mg/mL)
CU = concentration of Erythromycin in the Sample solution (mg/mL)
P = percentage of erythromycin A in the USP Erythromycin RS
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1. The percentage of erythromycin B in the Assay is NMT
12.0%; the percentage of erythromycin C in the Assay is NMT 5.0%.
2S (USP42)

Name
Erythromycin A enol ether
a

2S (USP42)

Erythromycin A
Largest single impurityb

Table 1
Relative
Retention
Time
3.2
1.0
—

Relative
Response
Factor
11
—
—

Acceptance
Criteria,
NMT (%)
3.0
—
3.0

a (2R,3R,4S,5R,8R,9S,10S,11R)-11-{[(2S,3R,4S,6R)-4-(Dimethylamino)-3-hydroxy-6methyltetrahydro-2H-pyran-2-yl]oxy}-5-ethyl-3,4-dihydroxy-9-{[(2R,4R,5S,6S)-5hydroxy-4-methoxy-4,6-dimethyltetrahydro-2H-pyran-2-yl]oxy}-2,4,8,10,12,14hexamethyl-6,15-dioxabicyclo[10.2.1]pentadec-1(14)-en-7-one. 2S (USP42)
b The largest peak other than erythromycin A, erythromycin B, erythromycin C, and
erythromycin A enol ether.
SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 20 mg/mL in dehydrated alcohol
Acceptance criteria: −71° to −78°, determined after standing for 30 min
• Water Determination 〈921〉, Method I
Sample solution: Use 20 mL of methanol containing 10% of imidazole in place of methanol
in the titration vessel.
Acceptance criteria: NMT 10.0%
• Crystallinity 〈695〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 〈11〉
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USP Erythromycin RS
USP Erythromycin B RS
12-Deoxyerythromycin;
(3R,4S,5S,6R,7R,9R,11R,12S,13R,14R)-6-{[(2S,3R,4S,6R)-4-(Dimethylamino)-3-hydroxy6-methyltetrahydro-2H-pyran-2-yl]oxy}-14-ethyl-7,12-dihydroxy-4-{[(2R,4R,5S,6S)-5hydroxy-4-methoxy-4,6-dimethyltetrahydro-2H-pyran-2-yl]oxy}-3,5,7,9,11,13hexamethyloxacyclotetradecane-2,10-dione.
C37 H67 NO12
717.94 2S (USP42)
USP Erythromycin C RS
3″-O-Demethylerythromycin;
(3R,4S,5S,6R,7R,9R,11R,12R,13S,14R)-4-{[(2R,4R,5S,6S)-4,5-Dihydroxy-4,6dimethyltetrahydro-2H-pyran-2-yl]oxy}-6-{[(2S,3R,4S,6R)-4-(dimethylamino)-3hydroxy-6-methyltetrahydro-2H-pyran-2-yl]oxy}-14-ethyl-7,12,13-trihydroxy3,5,7,9,11,13-hexamethyloxacyclotetradecane-2,10-dione.
C36 H65 NO13
719.91 2S (USP42)
USP Erythromycin Related Compound N RS
N-Demethylerythromycin A;
(3R,4S,5S,6R,7R,9R,11R,12R,13S,14R)-14-Ethyl-7,12,13-trihydroxy-4{[(2R,4R,5S,6S)-5-hydroxy-4-methoxy-4,6-dimethyltetrahydro-2H-pyran-2-yl]oxy}-6{[(2S,3R,4S,6R)-3-hydroxy-6-methyl-4-(methylamino)tetrahydro-2H-pyran-2-yl]oxy}3,5,7,9,11,13-hexamethyloxacyclotetradecane-2,10-dione. 2S (USP42)
C36 H65 NO13
719.91
Recent Official Publications:
USP41–NF36 Page 1565
BRIEFING
Erythromycin Ethylsuccinate, USP 41 page 1576. As part of the USP monograph
modernization efforts, the following changes are proposed:
1. Change the chemical information section to reflect the molecular weight as per the
current USP Dictionary of USAN and International Drug Names.
2. Add Identification B based on the retention times agreement with the HPLC procedure in
the Assay.
3. Move the use of the Peak identification solution from the Assay to the Organic
Impurities test where relevant.
4. Update the calculations in the Assay and Organic Impurities test based on current USP
style, and correct the units as per the current label for USP Erythromycin B RS and USP
Erythromycin C RS.
5. Add impurity chemical names in the Organic Impurities test.
6. Clarify the acceptance criteria in the Crystallinity test.
7. In the USP Reference Standards section, add chemical names, chemical formulas, and
molecular weights for USP Erythromycin B RS and USP Erythromycin C RS, and a
chemical name for USP Erythromycin Related Compound N RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO4: S. Shane.)
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Correspondence Number—C197471
Comment deadline: September 30, 2018
Erythromycin Ethylsuccinate
Change to read:

C43 H75 NO16
862.05
862.06 2S (USP42)

Erythromycin 2′-(ethyl butanedioate);
Erythromycin 2′-(ethyl succinate)
[1264-62-6].
DEFINITION
Erythromycin Ethylsuccinate consists primarily of the 2′-ethylsuccinate ester of erythromycin
A. The sum of the percentages of erythromycin A, erythromycin B, and erythromycin C is
NLT 76.5%, calculated on the anhydrous basis.
IDENTIFICATION
Change to read:
•
A. 2S (USP42)
Infrared Absorption 〈197S〉
Sample solution: 10 mg/mL in chloroform
Cell: 1.0 mm
Acceptance criteria: Meets the requirements
Add the following:
• B. The retention times of the erythromycin A, erythromycin B, and erythromycin C peaks in
the Sample solution correspond to those of Standard solution 1 and Standard solution 2,
as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
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[Note—Use solutions containing erythromycin promptly, or within 1 day if stored in a
refrigerator.]
Use solutions containing erythromycin promptly, or within 1 day if stored in a refrigerator.
2S (USP42)

Solution A: 20 mg/mL of dibasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 8.0.
Solution B: 35 mg/mL of dibasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 8.0.
Solution C: Adjust 20 mL of Solution A with phosphoric acid to a pH of 3.5.
Mobile phase: Acetonitrile, tertiary butyl alcohol, Solution B, and water (6:35:10:149)
Standard solution 1: 50 mg of USP Erythromycin RS in a 25-mL volumetric flask. Add 12.5
mL of methanol, and swirl to dissolve. Dilute with Solution A to volume.
Standard solution 2: 5 mg each of USP Erythromycin B RS and USP Erythromycin C RS, in
a 50-mL volumetric flask. Add 25.0 mL of methanol, and swirl to dissolve. Add 2.5 mL of
Standard solution 1, and dilute with Solution A to volume.
Peak identification solution: 10 mg of USP Erythromycin RS in 2 mL of methanol. Add 10
mL of Solution C, and allow to stand for about 30 min. Refrigerate this solution until used,
and discard 8 h after preparation.
2S (USP42)

System suitability solution: 0.1 mg/mL of USP Erythromycin Related Compound N RS in
Standard solution 2
Sample solution: 115 mg of Erythromycin Ethylsuccinate in a 50-mL volumetric flask. Add
25.0 mL of methanol, and swirl to dissolve. Add about 20 mL of Solution A and allow to
stand at room temperature for about 12 h to effect hydrolysis. Dilute with Solution A to
volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; packing L21 (1000Å)
Column temperature: 70°
Flow rate: 2 mL/min
Injection volume: 200 µL
Run time: NLT 5 times the retention time of erythromycin A
System suitability
Samples: Standard solution 1 and System suitability solution
The order of elution of the components is erythromycin related compound N, erythromycin
C, erythromycin A, and erythromycin B.

PF 44(4): Jul.-Aug. 2018

388

Suitability requirements
Resolution: NLT 0.8 between erythromycin related compound N and erythromycin C;
NLT 5.5 between erythromycin related compound N and erythromycin A, System
suitability solution
Relative standard deviation: NMT 1.0%, Standard solution 1
Analysis
Samples: Standard solution 1, Standard solution 2, Peak identification solution,
2S (USP42)

and Sample solution
Identify the erythromycin A enol ether peak using the Peak identification solution.

2S (USP42)

Calculate the percentage of erythromycin A in the portion of Erythromycin Ethylsuccinate
taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of erythromycin A from the Sample solution
rS = peak response of erythromycin A from Standard solution 1
CS = concentration of USP Erythromycin RS in Standard solution 1 (mg/mL)
CU = concentration of Erythromycin Ethylsuccinate in the Sample solution (mg/mL)
P = percentage of erythromycin A in USP Erythromycin RS
Calculate the percentage of erythromycin B and erythromycin C in the portion of
Erythromycin Ethylsuccinate taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of the relevant analyte from the Sample solution
rS = peak response of the relevant analyte from Standard solution 2
CS = concentration of the corresponding Reference Standard in Standard solution 2
(mg/mL)
CU = concentration of Erythromycin Ethylsuccinate in the Sample solution (mg/mL)
P = designated percentage of erythromycin B or erythromycin C in the relevant USP
Reference Standard
potency of erythromycin B or erythromycin C in the corresponding Reference
Standard (mg/mg) 2S (USP42)
Acceptance criteria: NLT 76.5% for the sum of the percentages of erythromycin A,
erythromycin B, and erythromycin C, on the anhydrous basis. The percentage of
erythromycin B is NMT 12.0%, and the percentage of erythromycin C is NMT 5.0%
IMPURITIES
• Residue on Ignition 〈281〉
Sample: After ignition at 550 ± 50°, the charred residue is moistened with 2 mL of nitric
acid and 5 drops of sulfuric acid.
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Acceptance criteria: NMT 1.0%
Change to read:
• Organic Impurities
Solution B, Solution C, Mobile phase, Standard solution 1, Standard solution 2,
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in the Assay.
Peak identification solution: 10 mg of USP Erythromycin RS in 2 mL of methanol. Add
10 mL of Solution C, and allow to stand for about 30 min. Refrigerate this solution until
used, and discard 8 h after preparation. 2S (USP42)
Analysis
Samples: Standard solution 2, Sample solution, and
Peak identification solution
Identify the erythromycin A enol ether peak using the Peak identification solution. 2S (USP42)
Begin peak integration of the Sample solution after the two peaks for succinates that
elute just after the solvent front.
Calculate the percentage of the largest single impurity (the largest peak other than
erythromycin A, erythromycin B, erythromycin C, erythromycin A enol ether, and
erythromycin N-ethylsuccinate) in the portion of Erythromycin Ethylsuccinate taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of the largest single impurity (the largest peak other than
erythromycin A, erythromycin B, erythromycin C, erythromycin A enol ether, and
erythromycin N-ethylsuccinate) from the Sample solution
rS = peak response of erythromycin A from Standard solution 2
CS = concentration of USP Erythromycin RS in Standard solution 2 (mg/mL)
CU = concentration of Erythromycin Ethylsuccinate in the Sample solution (mg/mL)
P = percentage of erythromycin A in USP Erythromycin RS
Calculate the percentage of erythromycin A enol ether in the portion of Erythromycin
Ethylsuccinate taken:
Result = (rU/rS) × (CS/CU) × P × (1/F) × 100
rU = peak response of erythromycin A enol ether from the Sample solution
rS = peak response of erythromycin A from Standard solution 2
CS = concentration of USP Erythromycin RS in Standard solution 2 (mg/mL)
CU = concentration of Erythromycin Ethylsuccinate in the Sample solution (mg/mL)
P = percentage of erythromycin A in USP Erythromycin RS
F = relative response factor (see Table 1)
Calculate the percentage of erythromycin N-ethylsuccinate in the portion of Erythromycin
Ethylsuccinate taken:
Result = (rU/rS) × (CS/CU) × P × (1/F) × 100
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rU = peak response of erythromycin N-ethylsuccinate from the Sample solution
rS = peak response of erythromycin A from Standard solution 2
CS = concentration of USP Erythromycin RS in Standard solution 2 (mg/mL)
CU = concentration of Erythromycin Ethylsuccinate in the Sample solution (mg/mL)
P = percentage of erythromycin A in USP Erythromycin RS
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1.

Name
Erythromycin N-ethylsuccinate
a

2S (USP42)

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

1.3

7.4

3.0

4.3–4.7
1.0
—

11
—
—

3.0
—
3.0

Erythromycin A enol ether
b

2S (USP42)

Erythromycin A
Largest single impurityc

a Ethyl 4-{[(2S,3R,4S,6R)-2-{[(3R,4S,5S,6R,7R,9R,11R,12R,13S,14R)-14-ethyl7,12,13-trihydroxy-4-{[(2R,4R,5S,6S)-5-hydroxy-4-methoxy-4,6dimethyltetrahydro-2H-pyran-2-yl]oxy}-3,5,7,9,11,13-hexamethyl-2,10dioxooxacyclotetradecan-6-yl]oxy}-3-hydroxy-6-methyltetrahydro-2H-pyran-4-yl]
(methyl)amino}-4-oxobutanoate.
b (2R,3R,4S,5R,8R,9S,10S,11R)-11-{[(2S,3R,4S,6R)-4-(Dimethylamino)-3-hydroxy-6methyltetrahydro-2H-pyran-2-yl]oxy}-5-ethyl-3,4-dihydroxy-9-{[(2R,4R,5S,6S)-5hydroxy-4-methoxy-4,6-dimethyltetrahydro-2H-pyran-2-yl]oxy}-2,4,8,10,12,14hexamethyl-6,15-dioxabicyclo[10.2.1]pentadec-1(14)-en-7-one. 2S (USP42)
c The largest peak other than erythromycin A, erythromycin B, erythromycin C,
erythromycin A enol ether, and erythromycin N-ethylsuccinate.
SPECIFIC TESTS
• Water Determination 〈921〉, Method I
Sample solution: Use 20 mL of methanol containing 10% of imidazole in place of methanol
in the titration vessel.
Acceptance criteria: NMT 3.0%
Change to read:
• Crystallinity 〈695〉: Meets the requirements, except that when it is labeled as being in the
amorphous state it does not meet the requirements.
Meets the requirements except, where it is labeled as amorphous, most of the particles
do not exhibit birefringence and extinction positions. 2S (USP42)
• X-Ray Diffraction 〈941〉: Where labeled as being amorphous, its X-ray diffraction pattern
performed at high sensitivity for angles of diffraction between 2° and 20° exhibits no
reflection, and between 7° and 10° exhibits a more intense hachured baseline, creating a
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halo.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Erythromycin Ethylsuccinate that is noncrystalline is labeled to indicate that it is
amorphous. Any preparation containing the amorphous form of Erythromycin Ethylsuccinate
is so labeled.
Change to read:
• USP Reference Standards 〈11〉
USP Erythromycin RS
USP Erythromycin B RS
12-Deoxyerythromycin;
(3R,4S,5S,6R,7R,9R,11R,12S,13R,14R)-6-{[(2S,3R,4S,6R)-4-(Dimethylamino)-3-hydroxy6-methyltetrahydro-2H-pyran-2-yl]oxy}-14-ethyl-7,12-dihydroxy-4-{[(2R,4R,5S,6S)-5hydroxy-4-methoxy-4,6-dimethyltetrahydro-2H-pyran-2-yl]oxy}-3,5,7,9,11,13hexamethyloxacyclotetradecane-2,10-dione.
C37 H67 NO12
717.94 2S (USP42)
USP Erythromycin C RS
3″-O-Demethylerythromycin;
(3R,4S,5S,6R,7R,9R,11R,12R,13S,14R)-4-{[(2R,4R,5S,6S)-4,5-Dihydroxy-4,6dimethyltetrahydro-2H-pyran-2-yl]oxy}-6-{[(2S,3R,4S,6R)-4-(dimethylamino)-3hydroxy-6-methyltetrahydro-2H-pyran-2-yl]oxy}-14-ethyl-7,12,13-trihydroxy3,5,7,9,11,13-hexamethyloxacyclotetradecane-2,10-dione.
C36 H65 NO13
719.91 2S (USP42)
USP Erythromycin Related Compound N RS
N-Demethylerythromycin A;
(3R,4S,5S,6R,7R,9R,11R,12R,13S,14R)-14-Ethyl-7,12,13-trihydroxy-4{[(2R,4R,5S,6S)-5-hydroxy-4-methoxy-4,6-dimethyltetrahydro-2H-pyran-2-yl]oxy}-6{[(2S,3R,4S,6R)-3-hydroxy-6-methyl-4-(methylamino)tetrahydro-2H-pyran-2-yl]oxy}3,5,7,9,11,13-hexamethyloxacyclotetradecane-2,10-dione. 2S (USP42)
C36 H65 NO13
719.91
USP Erythromycin Ethylsuccinate RS
Recent Official Publications:
USP41–NF36 Page 1576
BRIEFING
Erythromycin Stearate, USP 41 page 1583. As part of the USP monograph modernization
efforts, the following changes are proposed:
1. Add Identification B based on the retention times agreement with the HPLC procedure in
the Assay.
2. Move the use of the Peak identification solution from the Assay to the Organic
Impurities test where relevant.
3. Update the calculations in the Assay and Organic Impurities test based on current USP
style, and correct the units as per the current label for USP Erythromycin B RS and USP
Erythromycin C RS.
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4. Add impurity chemical names in the Organic Impurities test.
5. In the USP Reference Standards section, add chemical names, chemical formulas, and
molecular weights for USP Erythromycin B RS and USP Erythromycin C RS, and a
chemical name for USP Erythromycin Related Compound N RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO4: S. Shane.)
Correspondence Number—C197472
Comment deadline: September 30, 2018
Erythromycin Stearate
C37 H67 NO13 ·C18 H36 O2

1018.40

Erythromycin octadecanoate (salt);
Erythromycin stearate (salt)
[643-22-1].
DEFINITION
Erythromycin Stearate is the stearic acid salt of Erythromycin, with an excess of Stearic
Acid. The sum of the percentages of erythromycin A, erythromycin B, and erythromycin C is
NLT 55.0%, calculated on the anhydrous basis.
IDENTIFICATION
Change to read:
•
A. 2S (USP42)
Infrared Absorption 〈197M〉
Add the following:
• B. The retention times of the erythromycin A, erythromycin B, and erythromycin C peaks in
the Sample solution correspond to those of Standard solution 2, as obtained in the Assay.
2S (USP42)

ASSAY
Change to read:
• Procedure
[Note—Use solutions containing erythromycin promptly, or within 1 day if stored in a
refrigerator.]
Use solutions containing erythromycin promptly, or within 1 day if stored in a refrigerator.
2S (USP42)

Diluted phosphoric acid: Dilute 10 mL of phosphoric acid with water to 100 mL.
Solution A: 20 mg/mL of dibasic potassium phosphate in water. Adjust with phosphoric acid
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to a pH of 8.0.
Solution B: 35 mg/mL of dibasic potassium phosphate in water. Adjust with potassium
hydroxide TS or Diluted phosphoric acid, as appropriate, to a pH of 9.0.
Solution C: 20 mL of Solution A. Adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Acetonitrile, tertiary butyl alcohol, Solution B, and water (6:35:10:149)
Standard solution 1: 40 mg of USP Erythromycin RS in a conical flask. Add 5.0 mL of
methanol, and swirl to dissolve. Add 5.0 mL of Solution A.
Standard solution 2: 6 mg each of USP Erythromycin RS, USP Erythromycin B RS, USP
Erythromycin C RS, and USP Erythromycin Related Compound N RS in a 50-mL conical
flask. Add 15.0 mL of methanol and swirl to dissolve. Add 15.0 mL of Solution A.
Peak identification solution: 5 mg of USP Erythromycin RS in 1 mL of methanol. Add 5 mL
of Solution C, mix, and allow to stand for about 30 min.
2S (USP42)

Sample solution: 165 mg of Erythromycin Stearate in a 100-mL conical flask. Add 15.0 mL
of methanol and swirl to dissolve. Add 15.0 mL of Solution A and mix. Allow the resulting
suspension to settle, and pass a portion of the supernatant through a filter of 0.2-µm or
finer pore size. Use the clear filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; packing L21 (1000Å)
Column temperature: 70°
Flow rate: 2 mL/min
Injection volume: 100 µL
Run time: NLT 5 times the retention time of erythromycin A
System suitability
Samples: Standard solution 1 and Standard solution 2
The elution order of the components is erythromycin related compound N, erythromycin C,
erythromycin A, and erythromycin B.
Suitability requirements
Resolution: NLT 0.8 between erythromycin related compound N and erythromycin C;
NLT 5.5 between erythromycin related compound N and erythromycin A, Standard
solution 2
Relative standard deviation: NMT 2.0%, Standard solution 1
Analysis
Samples: Standard solution 1, Standard solution 2, Peak identification solution,
2S (USP42)

and Sample solution
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Identify the erythromycin A enol ether peak using the Peak identification solution.

2S (USP42)

Calculate the percentage of erythromycin A in the portion of Erythromycin Stearate taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of erythromycin A from the Sample solution
rS = peak response of erythromycin A from Standard solution 1
CS = concentration of USP Erythromycin RS in Standard solution 1 (mg/mL)
CU = concentration of Erythromycin Stearate in the Sample solution (mg/mL)
P = percentage of erythromycin A in USP Erythromycin RS
Calculate the percentage of erythromycin B and erythromycin C in the portion of
Erythromycin Stearate taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of the relevant analyte from the Sample solution
rS = peak response of the relevant analyte from Standard solution 2
CS = concentration of the corresponding Reference Standard in Standard solution 2
(mg/mL)
CU = concentration of Erythromycin Stearate in the Sample solution (mg/mL)
P = designated percentage of erythromycin B or erythromycin C in the relevant USP
Reference Standard
potency of erythromycin B or erythromycin C in the corresponding Reference
Standard (mg/mg) 2S (USP42)
Acceptance criteria: The sum of the percentages of erythromycin A, erythromycin B, and
erythromycin C is NLT 55.0% on the anhydrous basis. The percentage of erythromycin B is
NMT 12.0%, and the percentage of erythromycin C is NMT 5.0%.
IMPURITIES
• Residue on Ignition 〈281〉
Sample: The charred residue is moistened with 2 mL of nitric acid and 5 drops of sulfuric
acid.
Acceptance criteria: NMT 1.0%
Change to read:
• Organic Impurities
Diluted phosphoric acid, Solution A, Solution B, Solution C, Mobile phase, Standard
solution 2, Sample solution, Chromatographic system, and System suitability:
Proceed as directed in the Assay.
Peak identification solution: 5 mg of USP Erythromycin RS in 1 mL of methanol. Add 5
mL of Solution C, mix, and allow to stand for about 30 min. 2S (USP42)
Analysis
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Samples: Standard solution 2, Sample solution, and
Peak identification solution
Identify the erythromycin A enol ether peak using the Peak identification solution.
2S (USP42)

Calculate the percentage of the largest single impurity (the largest peak other than
erythromycin A, erythromycin B, erythromycin C, erythromycin A enol ether, erythromycin
N-ethylsuccinate, and pseudoerythromycin A enol ether) in the portion of Erythromycin
Stearate taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of largest single impurity (the largest peak other than erythromycin
A, erythromycin B, erythromycin C, erythromycin A enol ether, erythromycin Nethylsuccinate, and pseudoerythromycin A enol ether) from the Sample solution
rS = peak response of erythromycin A from Standard solution 2
CS = concentration of USP Erythromycin RS in Standard solution 2 (mg/mL)
CU = concentration of Erythromycin Stearate in the Sample solution (mg/mL)
P = percentage of erythromycin A in USP Erythromycin RS
Calculate the percentage of erythromycin A enol ether in the portion of Erythromycin
Stearate taken:
Result = (rU/rS) × (CS/CU) × P × (1/F) × 100
rU = peak response of erythromycin A enol ether from the Sample solution
rS = peak response of erythromycin A from Standard solution 2
CS = concentration of USP Erythromycin RS in Standard solution 2 (mg/mL)
CU = concentration of Erythromycin Stearate in the Sample solution (mg/mL)
P = percentage of erythromycin A in USP Erythromycin RS
F = relative response factor (see Table 1)
Calculate the percentage of pseudoerythromycin A enol ether in the portion of Erythromycin
Stearate taken:
Result = (rU/rS) × (CS/CU) × P × (1/F) × 100
rU = peak response of pseudoerythromycin A enol ether from the Sample solution
rS = peak response of erythromycin A from Standard solution 2
CS = concentration of USP Erythromycin RS in Standard solution 2 (mg/mL)
CU = concentration of Erythromycin Stearate in the Sample solution (mg/mL)
P = percentage of erythromycin A in USP Erythromycin RS
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1.
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Pseudoerythromycin A enol ether
a

2S (USP42)

396

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

1.5

6.6

3.0

4.3–4.7
1.0
—

11
—
—

3.0
—
3.0

Erythromycin A enol ether
b

2S (USP42)

Erythromycin A
Largest single impurityc

a (2R,3S,6R,7S,8S,9R,10R)-3-[(2R,3R)-2,3-Dihydroxypentan-2-yl]-9-{[(2S,3R,4S,6R)4-(dimethylamino)-3-hydroxy-6-methyltetrahydro-2H-pyran-2-yl]oxy}-7{[(2R,4R,5S,6S)-5-hydroxy-4-methoxy-4,6-dimethyltetrahydro-2H-pyran-2-yl]oxy}2,6,8,10,12-pentamethyl-4,13-dioxabicyclo[8.2.1]tridec-1(12)-en-5-one.
b (2R,3R,4S,5R,8R,9S,10S,11R)-11-{[(2S,3R,4S,6R)-4-(Dimethylamino)-3-hydroxy-6methyltetrahydro-2H-pyran-2-yl]oxy}-5-ethyl-3,4-dihydroxy-9-{[(2R,4R,5S,6S)-5hydroxy-4-methoxy-4,6-dimethyltetrahydro-2H-pyran-2-yl]oxy}-2,4,8,10,12,14hexamethyl-6,15-dioxabicyclo[10.2.1]pentadec-1(14)-en-7-one. 2S (USP42)
c The largest peak other than erythromycin A, erythromycin B, erythromycin C,
erythromycin A enol ether, erythromycin N-ethylsuccinate, and pseudoerythromycin A
enol ether.
SPECIFIC TESTS
• Water Determination 〈921〉, Method I
Sample solution: Use 20 mL of methanol containing 10% of imidazole in place of methanol
in the titration vessel.
Acceptance criteria: NMT 4.0%
• Crystallinity 〈695〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 〈11〉
USP Erythromycin RS
USP Erythromycin B RS
12-Deoxyerythromycin;
(3R,4S,5S,6R,7R,9R,11R,12S,13R,14R)-6-{[(2S,3R,4S,6R)-4-(Dimethylamino)-3-hydroxy6-methyltetrahydro-2H-pyran-2-yl]oxy}-14-ethyl-7,12-dihydroxy-4-{[(2R,4R,5S,6S)-5hydroxy-4-methoxy-4,6-dimethyltetrahydro-2H-pyran-2-yl]oxy}-3,5,7,9,11,13hexamethyloxacyclotetradecane-2,10-dione.
C37 H67 NO12
717.94 2S (USP42)
USP Erythromycin C RS
3″-O-Demethylerythromycin;
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(3R,4S,5S,6R,7R,9R,11R,12R,13S,14R)-4-{[(2R,4R,5S,6S)-4,5-Dihydroxy-4,6dimethyltetrahydro-2H-pyran-2-yl]oxy}-6-{[(2S,3R,4S,6R)-4-(dimethylamino)-3hydroxy-6-methyltetrahydro-2H-pyran-2-yl]oxy}-14-ethyl-7,12,13-trihydroxy3,5,7,9,11,13-hexamethyloxacyclotetradecane-2,10-dione.
C36 H65 NO13
719.91 2S (USP42)
USP Erythromycin Related Compound N RS
N-Demethylerythromycin A;
(3R,4S,5S,6R,7R,9R,11R,12R,13S,14R)-14-Ethyl-7,12,13-trihydroxy-4{[(2R,4R,5S,6S)-5-hydroxy-4-methoxy-4,6-dimethyltetrahydro-2H-pyran-2-yl]oxy}-6{[(2S,3R,4S,6R)-3-hydroxy-6-methyl-4-(methylamino)tetrahydro-2H-pyran-2-yl]oxy}3,5,7,9,11,13-hexamethyloxacyclotetradecane-2,10-dione. 2S (USP42)
C36 H65 NO13
719.91
USP Erythromycin Stearate RS
Recent Official Publications:
USP41–NF36 Page 1583
BRIEFING
Glycopyrrolate, USP 41 page 1970. As part of the USP monograph modernization effort, it is
proposed to make the following updates:
1. Update the CAS number for glycopyrrolate from unspecified 596-51-0 to 51186-83-5
based on updated nomenclature.
2. Update the molecular weight of glycopyrrolate from 398.33 to 398.34 to align with
USAN.
3. Update Identification A to include Infrared Absorption 〈197A〉 and to allow the flexibility
of using either 〈197K〉 or 〈197A〉 for this test.
4. Revise the Relative standard deviation requirement in the Assay from NMT 1.0% to NMT
0.73%, based on data and for consistency with what is stated in Chromatography
〈621〉, System Suitability.
5. Remove the common names from Table 2 and Table 4 in the Organic Impurities
procedures and Table 5 in the test for Limit of Erythro Isomer because this information
is already presented in the USP Reference Standards section.
6. Update the USP Reference Standards section by adding a Note indicating that USP
Glycopyrrolate Related Compound B RS may be available as a free base or a
hydrochloride salt.
Additionally, minor editorial changes have been made to update the monograph to current
USP style.
(CHM3: A. Carney.)
Correspondence Number— C192803
Comment deadline: September 30, 2018
Glycopyrrolate
Change to read:
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C19 H28 BrNO3
398.33
398.34 2S (USP42)

Pyrrolidinium, 3-[(SR)-(cyclopentylhydroxyphenylacetyl)oxy]-1,1-dimethyl-, [RS-] bromide;
(RS)-[3-(SR)-Hydroxy-1,1-dimethylpyrrolidinium bromide] α-cyclopentylmandelate
[596-510].
[51186-83-5]. 2S (USP42)
DEFINITION
Glycopyrrolate contains NLT 98.0% and NMT 102.0% of glycopyrrolate (C19 H28 BrNO3 ),
calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
or 〈197A〉 : Meets the requirements 2S (USP42)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Bromide
Sample solution: 25 mg/mL
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Buffer solution: Prepare a solution of 1.0 g of anhydrous sodium sulfate and 200 mg of
sodium 1-hexanesulfonate monohydrate in 650 mL of water. To this solution add 3.0 mL of
1 N sulfuric acid, and mix.
Mobile phase: Acetonitrile, methanol, and Buffer solution (20:15:65)
Standard solution: 0.1 mg/mL of USP Glycopyrrolate RS in Mobile phase
Sample solution: 0.1 mg/mL of Glycopyrrolate in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.2 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
NMT 0.73% 2S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of glycopyrrolate (C19 H28 BrNO3 ) in the portion of Glycopyrrolate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of glycopyrrolate from the Sample solution
rS = peak response of glycopyrrolate from the Standard solution
CS = concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
CU = concentration of Glycopyrrolate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.3%
Change to read:
• Organic Impurities, Procedure 1
[Note—On the basis of the synthetic route, perform either Procedure 1 or Procedure 2.
Procedure 1 is recommended when 5-nitroisophthalic acid
glycopyrrolate related compound A 2S (USP42)
may be present (see Table 2); Procedure 2 is recommended when
didehydroglycopyrrolate, chloroglycopyrrolate,
glycopyrrolate related compound I, 2S (USP42)
and methyl cyclopentylmandelate
glycopyrrolate related compound L 2S (USP42)
may be present (see Table 4).]
Buffer solution: Prepare a solution of 1.0 g of anhydrous sodium sulfate and 200 mg of
sodium 1-hexanesulfonate monohydrate in 650 mL of water. To this solution add 3.0 mL of
1 N sulfuric acid, and mix.
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Diluent: Prepare a solution of 1.0 g of anhydrous sodium sulfate, 6.8 g of monobasic
potassium phosphate, and 200 mg of sodium 1-hexanesulfonate monohydrate in 650 mL of
water. To this solution add 3.0 mL of 1 N sulfuric acid, 150 mL of methanol, and 200 mL of
acetonitrile, and mix. Adjust with phosphoric acid to a pH of 2.8.
Solution A: Acetonitrile, methanol, and Buffer solution (20:15:65)
Solution B: Acetonitrile, methanol, and Buffer solution (50:15:35)
Mobile phase: See Table 1.
Time
(min)
0
10
25
35
37
45

Table 1
Solution A
(%)
100
100
10
10
100
100

Solution B
(%)
0
0
90
90
0
0

Standard solution: 1.5 µg/mL each of USP Glycopyrrolate RS, USP Glycopyrrolate Related
Compound A RS, USP Glycopyrrolate Related Compound B RS, and USP Glycopyrrolate
Related Compound C RS in Diluent. Sonicate, if necessary, to facilitate dissolution.
Sample solution: 1.0 mg/mL of Glycopyrrolate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between glycopyrrolate and glycopyrrolate related compound B
Tailing factor: NMT 2.0 for the glycopyrrolate peak
Relative standard deviation: NMT 6.0% for each peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the glycopyrrolate related compounds A, B, and C in the portion
of Glycopyrrolate taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each related compound from the Sample solution
rS = peak response of the corresponding related compound from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(mg/mL)
CU = concentration of Glycopyrrolate in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Glycopyrrolate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of glycopyrrolate from the Standard solution
CS = concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
CU = concentration of Glycopyrrolate in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time

Name
5-Nitroisophthalic acida
Glycopyrrolate related compound A
Glycopyrrolate
Glycopyrrolate baseb
Glycopyrrolate related compound B
Cyclopentylmandelic acidc
Glycopyrrolate related compound C
Any individual unspecified impurity
Total impurities
a Glycopyrrolate related compound A.
b Glycopyrrolate related compound B.
c Glycopyrrolate related compound C.

Acceptance
Criteria,
NMT (%)

2S (USP42)

0.45
1.00

0.15
—

2S (USP42)

1.14

0.15

2S (USP42)

2.68
—
—

0.15
0.10
0.50

2S (USP42)

Change to read:
• Organic Impurities, Procedure 2
Buffer solution: 3.4 g/L of monobasic potassium phosphate in water (25 mM monobasic
potassium phosphate buffer). Adjust with phosphoric acid to a pH of 2.5 ± 0.2.
Diluent: Acetonitrile and Buffer solution (1:1)
Solution A: Buffer solution
Solution B: Methanol
Mobile phase: See Table 3. Return to original conditions, and equilibrate the system.
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Time
(min)
0
7
8
11
11.5

Table 3
Solution A
(%)
95
39
39
15
15

Solution B
(%)
5
61
61
85
85

System suitability solution: 0.5 mg/mL of USP Glycopyrrolate RS and 1.0 µg/mL each of
benzoic acid, USP Glycopyrrolate Related Compound B RS, USP Glycopyrrolate Related
Compound C RS, USP Glycopyrrolate Related Compound I RS, and USP Glycopyrrolate
Related Compound L RS in Diluent
Standard solution: 1.0 µg/mL of USP Glycopyrrolate RS in Diluent
Sample solution: 0.5 mg/mL of Glycopyrrolate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Column temperature: 45°
Flow rate: 0.42 mL/min
Injection volume: 2.5 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.0 between glycopyrrolate and glycopyrrolate related compound B
Tailing factor: NMT 2.0 for the glycopyrrolate peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Glycopyrrolate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of glycopyrrolate from the Standard solution
CS = concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
CU = concentration of Glycopyrrolate in the Sample solution (mg/mL)
F = relative response factor (see Table 4)
Acceptance criteria: See Table 4.
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Name

Table 4
Relative
Retention
Time
0.82
0.89
1.00

Relative
Response
Factor
3.1
1.0
—

Acceptance
Criteria,
NMT (%)
0.15
0.15
—

Benzoic acid
Didehydroglycopyrrolatea
Glycopyrrolate
Glycopyrrolate baseb
Glycopyrrolate related compound
B 2S (USP42)
1.06
1.4
0.15
c
Chloroglycopyrrolate
Glycopyrrolate related compound
I 2S (USP42)
1.22
1.4
0.15
Cyclopentylmandelic acidd
Glycopyrrolate related compound
C 2S (USP42)
1.32
1.9
0.15
e
Methyl cyclopentylmandelate
Glycopyrrolate related compound
L 2S (USP42)
1.52
1.8
0.15
Any individual unspecified
—
impurity
1.0
0.10
Total impurities
—
—
1.0
a 3-[2-(Cyclopent-1-en-1-yl)-2-hydroxy-2-phenylacetoxy]-1,1-dimethylpyrrolidin-1ium bromide.
b Glycopyrrolate related compound B.
c Glycopyrrolate related compound I.
d Glycopyrrolate related compound C.
e Glycopyrrolate related compound L.
2S (USP42)

Change to read:
• Limit of Erythro Isomer
Buffer solution: 2.8 g/L of monobasic sodium phosphate in water. Adjust with a sodium
hydroxide solution (1 in 10)
2.5 M sodium hydroxide 2S (USP42)
to a pH of 6.50 ± 0.05.
Mobile phase: Methanol, acetonitrile, and Buffer solution (50:10:40)
System suitability solution: 40 µg/mL each of USP Glycopyrrolate Erythro Isomer RS and
USP Glycopyrrolate RS in Mobile phase
Standard solution: 0.01 mg/mL of USP Glycopyrrolate RS in Mobile phase
Sample solution: 0.5 mg/mL of Glycopyrrolate in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 222 nm
Column: 4.0-mm × 25-cm; 5-µm packing L45
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.2 between the
glycopyrrolate 2S (USP42)
erythro isomer and glycopyrrolate, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 6.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
glycopyrrolate 2S (USP42)
erythro isomer in the portion of Glycopyrrolate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of the
glycopyrrolate 2S (USP42)
erythro isomer from the Sample solution
rS = peak response of glycopyrrolate from the Standard solution
CS = concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
CU = concentration of Glycopyrrolate in the Sample solution (mg/mL)
Acceptance criteria: See Table 5.
Table 5

Name
Erythro isomer (R,R/S,S-glycopyrrolate)a
Glycopyrrolate erythro isomer 2S (USP42)
Glycopyrrolate
a USP Glycopyrrolate Erythro Isomer RS.
2S (USP42)

SPECIFIC TESTS
• Loss on Drying 〈731〉

Relative
Retention
Time
0.89
1.00

Acceptance
Criteria,
NMT (%)
0.4
—
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Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at room temperature.
• Labeling: If a test for Organic Impurities other than Procedure 1 is used, the labeling states
the test with which the article complies.
Change to read:
• USP Reference Standards 〈11〉
USP Glycopyrrolate RS
USP Glycopyrrolate Erythro Isomer RS
(RS)-3-[(RS)-2-Cyclopentyl-2-hydroxy-2-phenylacetoxy]-1,1-dimethylpyrrolidinium
bromide.
C19 H28 BrNO3
398.33
USP Glycopyrrolate Related Compound A RS
5-Nitrobenzene-1,3-dicarboxylic acid.
C8 H5 NO6
211.13
USP Glycopyrrolate Related Compound B RS
[Note—May be available as a free base or a hydrochloride salt.]

2S (USP42)

1-Methylpyrrolidin-3-yl-2-cyclopentyl-2-hydroxy-2-phenylacetate.
C18 H25 NO3
303.40
1-Methylpyrrolidin-3-yl-2-cyclopentyl-2-hydroxy-2-phenylacetate hydrochloride.
C18 H25 NO3 · HCl
339.86 2S (USP42)
USP Glycopyrrolate Related Compound C RS
2-Cyclopentyl-2-hydroxy-2-phenylacetic acid.
C13 H16 O3
220.26
USP Glycopyrrolate Related Compound I RS
(RS)-3-[(SR)-2-(4-Chlorophenyl)-2-cyclopentyl-2-hydroxyacetoxy]-1,1dimethylpyrrolidin-1-ium bromide.
C19 H27 BrClNO3
432.78
USP Glycopyrrolate Related Compound L RS
Methyl 2-cyclopentyl-2-hydroxy-2-phenylacetate.
C14 H18 O3
234.29
Recent Official Publications:
USP41–NF36 Page 1970
BRIEFING
Indomethacin Extended-Release Capsules, USP 41 page 2153 and the Revision Bulletin
posted on the USP website, with an official date of December 1, 2017. As part of the USP
monograph modernization efforts, the following changes are proposed:
1. Clarify the procedure in Identification A and revise the preparation of the Standard and
Sample.
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2. Replace the TLC procedure in Identification B with the retention time agreement
obtained from the Assay.
3. Remove Identification C based on the color test. The remaining identification tests are
adequate for the identification of the drug substance in the Capsules.
4. Remove the non-value added Column efficiency and Capacity factor, K' from the
Suitability requirements of the Assay. The remaining suitability requirements are
adequate to evaluate the system suitability for the Assay. The Assay procedure is
revised accordingly.
5. Clarify the preparation of the Sample solution in the Assay.
6. Add the particle size for the HPLC Column in the Assay.
7. Revise the Uniformity of Dosage Units test to allow for flexible uniformity determination
and to clarify the calculation.
8. Replace the Limit of 4-Chlorobenzoic Acid test with a stability-indicating HPLC test for
Organic Impurities, which quantitates two specified degradation products including 4chlorobenzoic acid and is based on analyses performed with the Inertsil ODS-2 brand of
column with L1 packing from GL Sciences. The typical retention time for indomethacin is
about 32 min.
9. Update the Packaging and Storage section based on approved manufacturer's storage
conditions.
10. Revise the Labeling section, and revise Dissolution, Test 1 accordingly.
11. Add USP Indomethacin Related Compound A RS and USP Indomethacin Related
Compound B RS to the USP References Standards section to support the proposed
Organic Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: W. Yang.)
Correspondence Number—C197772
Comment deadline: September 30, 2018
Indomethacin Extended-Release Capsules
DEFINITION
Indomethacin Extended-Release Capsules contain NLT 90.0% and NMT 110.0% of the labeled
amount of indomethacin (C19 H16 ClNO4 ).
IDENTIFICATION
Change to read:
• A.
Infrared Absorption 〈197K〉
Standard: solution

2S (USP42)

2S (USP42)

Prepare a solution of 5 mg/mL of USP Indomethacin RS in acetone.
Transfer 5 mL of this solution to a stoppered flask, add 20 mL of water, and shake for 2
min until a precipitate forms and crystallizes. Filter and collect the crystals. Dry the
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2S (USP42)

2S (USP42)

Shake a portion of Capsule contents, nominally equivalent to 50 mg of indomethacin, with
10 mL of acetone for about 2 min, and filter.
Transfer 5 mL of the filtrate to a stoppered flask, add 20 mL of water, and shake for 2
min until a precipitate forms and crystallizes. Filter and collect the crystals. Dry the
crystals in air, then dry at a pressure below 5 mm of mercury at 100° for 2 h. 2S (USP42)
Analysis
Samples: Standard solution and Sample solution
Transfer 5 mL of each of the Samples to individual stoppered flasks, add 20 mL of water to
each flask, and shake for 2 min until a precipitate forms and crystallizes. Filter and collect
the crystals. Dry the crystals in air, then dry at a pressure below 5 mm of mercury at
100° for 2 h.

2S (USP42)

Acceptance criteria: The IR absorption spectrum of a potassium bromide dispersion of the
dried crystals from the Sample solution so obtained exhibits maxima only at the same
wavelengths as that of a similar preparation from the Standard solution.
The IR absorption spectrum of the Sample exhibits maxima only at the same
wavelengths as that of the Standard. 2S (USP42)
Change to read:
• B.
Standard solution: 1 mg/mL of USP Indomethacin RS in methanol
Sample solution: Shake a portion of Capsule contents, nominally equivalent to 25 mg of
indomethacin, with 25 mL of methanol, and filter.
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 2 µL
Developing solvent system: Chloroform and methanol (4:1)
Analysis
Samples: Standard solution and Sample solution
Dry the spots with the aid of a current of air. Develop the chromatogram in the Developing
solvent system until the solvent front has moved three-fourths of the length of the plate.
Remove the plate from the developing chamber, mark the solvent front, allow it to dry,
and locate the spots under short-wavelength UV light.
Acceptance criteria: The intensity and RF value of the principal spot of the Sample
solution correspond to those of the Standard solution.
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The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
Delete the following:
• C.
Sample solution: Equivalent to 1 mg/mL of indomethacin in sodium hydroxide solution (0.4
mg/mL) from powdered Capsule contents
Analysis: Shake the Sample solution for 5 min, and filter. To 1 mL of the clear filtrate add
1 mL of 1 mg/mL sodium nitrite solution, mix, and allow to stand for 5 min. Add 0.5 mL of
sulfuric acid.
Acceptance criteria: A golden yellow color develops. 2S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol, water, and phosphoric acid (600: 400: 0.8)
Diluent: Phosphoric acid and water (1:99)
Standard solution A
Standard solution: 2S (USP42)
0.8 mg/mL of USP Indomethacin RS, prepared as follows. Transfer a suitable quantity of
USP Indomethacin RS to a suitable volumetric flask, dissolve with 60% of the flask volume
of acetonitrile, and dilute with Diluent to volume.
Standard stock solution B: 0.18 mg/mL of 4-chlorobenzoic acid in acetonitrile
Standard solution B: 0.0036 mg/mL of 4-chlorobenzoic acid in Diluent, from Standard
stock solution B
2S (USP42)

Sample solution:
Nominally 0.75 mg/mL of indomethacin prepared as follows. 2S (USP42)
Weigh and finely powder the contents of NLT 20 Capsules. Transfer a portion of the
powder, nominally equivalent to 75 mg of indomethacin, to a 100-mL volumetric flask, add
40 mL of Diluent, and shake for 1 h. Sonicate for 15 min, add 40 mL of acetonitrile,
sonicate for 15 min, and dilute with acetonitrile to volume. Centrifuge a portion of this
solution, and use the filtrate
supernatant. 2S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 3.9-mm × 30-cm;
10-µm 2S (USP42)
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packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution A and Standard solution B
2S (USP42)

Suitability requirements
Column efficiency: NLT 1000 theoretical plates from the indomethacin peak, Standard
solution A
2S (USP42)

Tailing factor: NMT 2.0 for the indomethacin peak, Standard solution A
Capacity factor, k′: NLT 4.0 for the indomethacin peak, Standard solution A; and NLT
0.9 for the 4-chlorobenzoic acid peak, Standard solution B
2S (USP42)

Relative standard deviation: NMT 2.0% Standard solution A
2S (USP42)

Analysis
Samples: Standard solution A, Standard solution B,
Standard solution 2S (USP42)
and Sample solution
Calculate the percentage of
the labeled amount of 2S (USP42)
indomethacin (C19 H16 ClNO4 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response
of indomethacin 2S (USP42)
from the Sample solution
rS = peak response from Standard solution A
of indomethacin from the Standard solution 2S (USP42)
CS = concentration of USP Indomethacin RS in Standard solution A
the Standard solution 2S (USP42)
(mg/mL)
CU = nominal concentration of indomethacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1 If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 1.
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2S (USP42)

Medium: pH 6.2 phosphate buffer (see Reagents, Indicators, and Solutions—Buffer
Solutions); 750 mL
Apparatus 1: 75 rpm
Times: 1, 2, 4, 6, 12, and 24 h
Standard solution: USP Indomethacin RS at a known concentration in Medium
Sample solution: Sample per Dissolution 〈711〉. Dilute with Medium as necessary, filtered.
Pass a portion of the solution under test through a suitable filter. Dilute with Medium,
if necessary. 2S (USP42)
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 318 nm
Analysis
Samples: Standard solution and Sample solution
Tolerances: See Table 1.
Table 1
Time
(h)
1
2
4
6
12
24

Amount Dissolved
10%–25%
20%–40%
35%–55%
45%–65%
60%–80%
NLT 80%

The percentages of the labeled amount of indomethacin (C19 H16 ClNO4 ) dissolved at the
times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: pH 6.2 phosphate buffer (see Reagents, Indicators, and Solutions—Buffer
Solutions); 900 mL
Apparatus 1: 75 rpm 2S (USP42)
Apparatus,
2S (USP42)

Standard solution, Sample solution, and Analysis: Proceed as directed in Test 1.
Tolerances: See Table 2.
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Table 2
Time
(h)
1
2
4
12

Amount Dissolved
12%–32%
27%–52%
50%–80%
NLT 80%

The percentages of the labeled amount of indomethacin (C19 H16 ClNO4 ) dissolved at the
times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 3: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Medium: pH 6.8 phosphate buffer (see Reagents, Indicators, and Solutions—Buffer
Solutions); 750 mL
Apparatus 1: 75 rpm 2S (USP42)
Apparatus,
2S (USP42)

Standard solution, Sample solution, and Analysis: Proceed as directed in Test 1.
Tolerances: See Table 3.
Table 3
Time
(h)
1
2
4
6
12
24

Amount Dissolved
15%–40%
35%–55%
55%–75%
65%–85%
NLT 75%
NLT 85%

The percentages of the labeled amount of indomethacin (C19 H16 ClNO4 ) dissolved at the
times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 4: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 4.
Medium: pH 6.2 phosphate buffer (see Reagents, Indicators, and Solutions—Buffer
Solutions); 900 mL
Apparatus 1: 75 rpm
Times: 1, 2, 4, 12, and 24 h
Mobile phase: Acetonitrile and 0.1% phosphoric acid (60:40)
Standard stock solution: 0.4 mg/mL of USP Indomethacin RS in solution
2S (USP42)

prepared as follows. Transfer a suitable amount of USP Indomethacin RS into a suitable
volumetric flask. Add 10% of the flask volume of acetonitrile, and sonicate to promote
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dissolution, if necessary. Dilute with Medium to volume.
Standard solution: (L/900) mg/mL of USP Indomethacin RS in Medium from the Standard
stock solution, where L is the label claim, in mg
Sample solution: Pass a portion of the solution under test through a suitable filter.
Dilute with Medium, if necessary.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 100-mm; 3.5-µm packing L1
Column temperature: 40°
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of indomethacin (C19 H16 ClNO4 ) in the sample withdrawn
from the vessel at each time point (i):
Result = (rU/rS) × CS
rU = peak response of indomethacin from the Sample solution
rS = peak response of indomethacin from the Standard solution
CS = concentration of USP Indomethacin RS in the Standard solution
(mg/mL) 2S (USP42)
Calculate the percentages of the labeled amount (Qti) of indomethacin (C19 H16 ClNO4 )
dissolved at each time point i:
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + [C1 × VS]} × (1/L) × 100
Result i = {[Ci × (V − {[i − 1] × VS})] + [(C[i−1] + C[i−2] + ... + C1) × VS]} × (1/L) × 100
Ci = concentration of indomethacin in the portion of sample withdrawn at time point i
(mg/mL)
V = volume of the Medium, 900 mL
L = label claim of indomethacin (mg/Capsule)
VS = volume of the Sample solution withdrawn from the Medium (mL)
Tolerances: See Table 4.
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Time
(h)
1
2
4
12
24

Table 4
Time Point
(i)
1
2
3
4
5

Amount
Dissolved
10%–30%
20%–40%
35%–55%
60%–80%
NLT 75%

The percentages of the labeled amount of indomethacin (C19 H16 ClNO4 ) dissolved at the
times specified conform to Dissolution 〈711〉, Acceptance Table 2.
Test 5: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 5.
Medium: pH 6.2 phosphate buffer (see Reagents, Indicators, and Solutions—Buffer
Solutions); 750 mL
Apparatus 1: 75 rpm
Times: 1, 2, 4, 6, 12, and 24 h
Standard stock solution: 0.5 mg/mL of USP Indomethacin RS in methanol. Sonicate, if
needed, to dissolve.
Standard solution: 0.025 mg/mL of USP Indomethacin RS from the Standard stock
solution diluted in Medium. Pass through a suitable filter of 0.45-µm pore size.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Dilute with Medium, if necessary.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 318 nm
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 1.0%
Analysis: Replace the volume of medium withdrawn for analysis with an equal volume of
fresh Medium after each sampling.
Samples: Standard solution and Sample solution
Calculate the concentration, Ci, of indomethacin (C19 H16 ClNO4 ) in the sample withdrawn
from the vessel at each time point (i):
Ci = (AU/AS) × CS × D
AU = absorbance of the Sample solution at time point (i)
AS = absorbance of the Standard solution

PF 44(4): Jul.-Aug. 2018

414

CS = concentration of USP Indomethacin RS in the Standard solution (mg/mL)
D = dilution factor for the Sample solution
Calculate the percentage of the labeled amount of indomethacin (C19 H16 ClNO4 ) dissolved
at each time point (i):
Result 1 = (C1 × V) × (1/L) × 100
Result 2 = [(C2 × V) + (C1 × VS)] × (1/L) × 100
Result i = {(Ci × V) + [(C[i−1] + C[i−2] + ... + C1) × VS]} × (1/L) × 100
Ci = concentration of indomethacin in the portion of sample withdrawn at time point (i)
(mg/mL)
V = volume of Medium, 750 mL
L = label claim (mg/Capsule)
VS = volume of the Sample solution withdrawn at each time point (mL)
Tolerances: See Table 5.
Time
(h)
1
2
4
6
12
24

Table 5
Amount Dissolved
(%)
10–25
20–40
35–55
45–65
65–85
NLT 80

The percentages of the labeled amount of indomethacin (C19 H16 ClNO4 ) dissolved at the
times specified conform to Dissolution 〈711〉, Acceptance Table 2.
(RB 1-Dec-2017)

Change to read:
• Uniformity of Dosage Units 〈905〉:
Meets the requirements 2S (USP42)
Procedure for content uniformity
Solution A: Dissolve 17.42 g of dibasic potassium phosphate in 800 mL of water,
adjusting with phosphoric acid to a pH of 7.5, and diluting with water to 1000 mL (pH
7.5 phosphate buffer).
Diluent: Methanol and Solution A (1:1)
Standard solution: 25 µg/mL of USP Indomethacin RS in Diluent
Sample solution: Nominally 25 µg/mL of indomethacin in Diluent, prepared as follows.
Transfer the contents of 1 Capsule to a 200-mL volumetric flask, and add 100 mL of
Diluent. Sonicate until the contents are dispersed, dilute with Diluent to volume, and
centrifuge. Dilute a portion of the clear solution with Diluent to obtain the above
concentration.

PF 44(4): Jul.-Aug. 2018

415

Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 318 nm
Cell: 1 cm
Blank: Methanol and Solution A (1:1)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage
of the labeled amount 2S (USP42)
of indomethacin (C19 H16 ClNO4 ) in the Capsule taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Indomethacin RS in the Standard solution (µg/mL)
CU = nominal concentration of indomethacin in the Sample solution (µg/mL)
Acceptance criteria: Meet the requirements
2S (USP42)

IMPURITIES
Delete the following:
• Limit of 4-Chlorobenzoic Acid
Mobile phase, Diluent, Standard solution A, Standard solution B, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
Analysis
Samples: Standard solution B and Sample solution
Using the peak responses measured and recorded in the Assay, calculate the percentage
of 4-chlorobenzoic acid (C7 H5 ClO2 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of 4-chlorobenzoic acid in Standard solution B (mg/mL)
CU = measured concentration of indomethacin in the Sample solution as determined
from the Assay (mg/mL)
Acceptance criteria: NMT 0.44%
Add the following:

2S (USP42)
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• Organic Impurities
Solution A: Dilute 1 mL of phosphoric acid with water to 1000 mL.
Solution B: Acetonitrile
Mobile phase: See Table 6.
Time
(min)
0
40
45
50
60

Table 6
Solution A
(%)
80
30
30
80
80

Solution B
(%)
20
70
70
20
20

Diluent: Acetonitrile and water (60:40)
Sensitivity solution: 0.4 µg/mL of USP Indomethacin RS in Diluent. Sonicate to dissolve if
needed.
Standard solution: 0.8 µg/mL of USP Indomethacin RS, 1.1 µg/mL of USP Indomethacin
Related Compound A RS, and 3.3 µg/mL of USP Indomethacin Related Compound B RS in
Diluent. Sonicate to dissolve if needed.
Sample solution: Nominally 750 µg/mL of indomethacin in Diluent, prepared as follows.
Transfer a suitable quantity of the contents of Capsules (NLT 20), equivalent to about 75
mg of indomethacin, to a 100-mL volumetric flask. Add about 60 mL of Diluent, shake
gently for 5 min, then sonicate for about 10 min with intermittent shaking. Dilute with
Diluent to volume. Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
[Note—Rinsing with 2 mL of methanol and water (80:20) may be used before and after
injection.]
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 6°
Column: 40°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0% for indomethacin, indomethacin related
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compound A and indomethacin related compound B, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of indomethacin related compound A and indomethacin related
compound B in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of indomethacin related compound A or indomethacin related
compound B from the Sample solution
rS = peak response of indomethacin related compound A or indomethacin related
compound B from the Standard solution
CS = concentration of the corresponding USP Reference Standard in the Standard
solution (µg/mL)
CU = nominal concentration of indomethacin in the Sample solution (µg/mL)
Calculate the percentage of any unspecified degradation product in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified degradation product from the Sample solution
rS = peak response of indomethacin from the Standard solution
CS = concentration of USP Indomethacin RS in the Standard solution (µg/mL)
CU = nominal concentration of indomethacin in the Sample solution (µg/mL)
Acceptance criteria: See Table 7.
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Table 7

Name
Indomethacin related compound A
Indomethacin related compound B

Relative
Retention
Time
0.38
0.59

Indomethacin benzamide impuritya,b
Indomethacin

0.86
1.0

Indomethacin dibenzylate impuritya,c

1.07

Acceptance
Criteria,
NMT (%)
0.15
0.44
—
—
—

—
Indomethacin diamide impuritya,d
1.34
Any unspecified degradation product
—
0.2
Total degradation products
—
1.2
a Process impurity listed for peak identification only, and not to be reported or to be
included in the total degradation products.
b 4-Chloro-N-(4-methoxyphenyl)benzamide.
c 1-(4-Chlorobenzoyl)-1-(4-methoxyphenyl)-2-(4-chlorobenzoyl)hydrazide.
d 4-Chloro-N′-(2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetyl)-N(4-methoxyphenyl)benzohydrazide.
2S (USP42)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. 2S (USP42)
Change to read:
• Labeling: The labeling indicates the Dissolution Test with which the product complies.
When more than one Dissolution test is given, the labeling states the Dissolution test
used only if Test 1 is not used. 2S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Indomethacin RS
USP Indomethacin Related Compound A RS
2-(5-Methoxy-2-methyl-1H-indol-3-yl)acetic acid.
C12 H13 NO3
219.24
USP Indomethacin Related Compound B RS
4-Chlorobenzoic acid.
C7 H5 ClO2
156.57
2S (USP42)

Recent Official Publications:
Revision Bulletin published: 11/17/2017
USP41–NF36 Supplement: No. 2 Page 8865
USP41–NF36 Page 2153
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BRIEFING
Insulin Human, USP 41 page 2171. On the basis of comments received and as part of the
USP monograph modernization initiative, it is proposed to revise the monograph as follows:
1. Delete the information on sample size under the Zinc Determination test because this
sample amount does not apply to all methods.
2. Add acceptance criteria to the Microbial Enumeration Tests.
3. Update the Bacterial Endotoxins Test and Labeling section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: M. Metta.)
Correspondence Number—C206110
Comment deadline: September 30, 2018
Insulin Human

C257 H383 N65 O77 S6
Insulin (human)

5807.57
[11061-68-0].

DEFINITION
Insulin Human is a two-chain peptide hormone consisting of 51 amino acids, and its structure
corresponds to native insulin produced in vivo by the beta cells of the pancreas. The Achain is composed of 21 amino acids, and the B-chain is composed of 30 amino acids. It is
either produced by methods based on recombinant DNA technology or derived by enzymatic
modification of insulin from porcine pancreas to change the amino acid sequence
appropriately. The presence of host cell DNA in Insulin Human is process-specific. The
capability of the process to clear host-derived DNA requires validation and is determined by
validated methods. Its potency is NLT 27.5 USP Insulin Human Units/mg, calculated on the
dried basis.
[Note—One USP Insulin Human Unit is equivalent to 0.0347 mg of pure Insulin Human.]
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. Physicochemical Analytical Procedures for Insulins 〈121.1〉, Peptide Mapping
Proceed as directed, except use the following Mobile phase and System suitability. It
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meets the requirements.
Mobile phase: See Table 1.
Time
(min)
0
60
65
70
71
86

Table 1
Solution A
(%)
90
30
0
0
90
90

Solution B
(%)
10
70
100
100
10
10

System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3.4 between digest fragments II and III
Tailing factor: NMT 1.5 for digest fragments II and III
Chromatogram similarity: Identify the peaks due to digest fragments I, II, III, and IV
in the Standard solution. The chromatogram of the Standard solution corresponds to
that of the typical chromatogram provided with USP Insulin Human RS.
ASSAY
• Procedure
Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
of phosphoric acid into the solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Mobile phase: Acetonitrile and Solution A (26:74). [Note—The acetonitrile is warmed to
NLT 20° to avoid precipitation.]
System suitability solution: 1.5 mg/mL of Insulin Human in 0.01 N hydrochloric acid. Allow
to stand at room temperature for NLT 3 days to obtain a solution containing NLT 5% of A21 desamido insulin human.
[Note—The Standard solution and Sample solution may be stored at room temperature for
up to 12 h, or in a refrigerator for up to 48 h.]
Standard solution: 1.5 mg/mL of USP Insulin Human RS in 0.01 N hydrochloric acid
Sample solution: 1.5 mg/mL of Insulin Human in 0.01 N hydrochloric acid
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; packing L1
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Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between insulin human and A-21 desamido insulin human, System
suitability solution
Tailing factor: NMT 1.8 for the insulin human peak, System suitability solution
Relative standard deviation: NMT 1.6%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for insulin human and A-21 desamido insulin human.
Calculate the potency on the undried basis, in USP Insulin Human Units/mg, of Insulin Human
in the Sample solution:
Result = (ΣrU/ΣrS) × (CS/CU)
rU = sum of the peak responses of insulin human and A-21 desamido insulin human from
the Sample solution
rS = sum of the peak responses of insulin human and A-21 desamido insulin human from
the Standard solution
CS = concentration of USP Insulin Human RS in the Standard solution (USP Insulin Human
Units/mL)
CU = concentration of the Sample solution (mg/mL)
Acceptance criteria: NLT 27.5 USP Insulin Human Units/mg, on the dried basis
OTHER COMPONENTS
Change to read:
• Zinc Determination 〈591〉
Sample: 10 mg
2S (USP42)

Acceptance criteria: NMT 1.0% on the dried basis
PRODUCT-RELATED SUBSTANCES AND IMPURITIES
• Related Substances
Solvent: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL of
phosphoric acid into the solution, and adjust with ethanolamine to a pH of 2.3, if
necessary.
Solution A: Acetonitrile and Solvent (18:82)
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Solution B: Acetonitrile and Solvent (50:50)
Mobile phase: See Table 2.
Time
(min)
0
36
61
67
68
78

Table 2
Solution A
(%)
78
78
36
36
78
78

Solution B
(%)
22
22
64
64
22
22

System suitability solution: 1.5 mg/mL of Insulin Human in 0.01 N hydrochloric acid. Allow
to stand at room temperature for NLT 3 days to obtain a solution containing NLT 5% of A21 desamido insulin human.
Standard solution A: 3.75 mg/mL of USP Insulin Human RS in 0.01 N hydrochloric acid
Standard solution B: Pipet 1 mL of Standard solution A into a 10-mL volumetric flask,
dilute with 0.01 N hydrochloric acid to volume, and mix (0.375 mg/mL).
Standard solution C: Pipet 1 mL of Standard solution B into a 10-mL volumetric flask,
dilute with 0.01 N hydrochloric acid to volume, and mix (0.0375 mg/mL).
[Note—Standard solutions A–C may be stored at room temperature for up to 12 h or in a
refrigerator for up to 48 h.]
Sample solution: 3.75 mg/mL of Insulin Human in 0.01 N hydrochloric acid. Prepare the
solution in a capped vial, cap the vial, and shake gently to dissolve. Store the solution at
room temperature for NMT 2 h, or in a refrigerator for NMT 12 h.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Adjust the Mobile phase composition and the duration of the isocratic elution to obtain
a retention time between 15 and 25 min for the main insulin human peak, with A-21
desamido insulin human eluting just before the start of the gradient elution phase.
Samples: System suitability solution, Standard solution A, Standard solution B, and
Standard solution C
Suitability requirements for the System suitability solution
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Resolution: NLT 2.0 between insulin human and A-21 desamido insulin human
Tailing factor: NMT 1.8 for the insulin human peak
Suitability requirements for Standard solutions A–C
Calculate the factor X1:
X1 = (rB/rA) × D
rB = peak response from Standard solution B
rA = peak response from Standard solution A
D = dilution factor, 10
Result: Between 0.91 and 1.09
Calculate the factor X2:
X2 = (rC/rA) × D
rC = peak response from Standard solution C
rA = peak response from Standard solution A
D = dilution factor, 100
Result: Between 0.7 and 1.3
Analysis
Sample: Sample solution
Calculate the percentage of insulin human, A-21 desamido insulin human, and other
impurities in the portion of Insulin Human taken.
Calculate the percentage of insulin human (%I):
Result = (rI /rT) × 100
rI = peak response of insulin human from the Sample solution
rT = sum of the responses of all the peaks from the Sample solution
Calculate the percentage of A-21 desamido insulin human (%D):
Result = (rD/rT) × 100
rD = peak response of A-21 desamido insulin human from the Sample solution
rT = sum of the responses of all the peaks from the Sample solution
Calculate the percentage of other insulin human-related substances:
Result = 100 − (%I + %D)
Acceptance criteria
Individual impurities: NMT 2.0% of A-21 desamido insulin human
Total impurities: NMT 2.0%, excluding A-21 desamido insulin human
• Physicochemical Analytical Procedures for Insulins 〈121.1〉, Limit of High Molecular
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Weight Proteins: Meets the requirements
Acceptance criteria: NMT 1.0%
PROCESS-RELATED IMPURITIES
• Single-Chain Precursor Content: The single-chain precursor content of Insulin Human
produced by recombinant DNA technology or the proinsulin content of Insulin Human
derived from porcine is NMT 10 ng/mg, determined by a validated method.
• Host Cell Protein: The residual host cell protein content is NMT 10 ng/mg, determined by a
validated method or demonstrated by a validated process.
SPECIFIC TESTS
• Insulin Assays 〈121〉, Assay, Bioidentity Test: Meets the requirements
• Loss on Drying 〈731〉
Sample: 200 mg
Analysis: Dry the Sample at 105° for 16 h.
Acceptance criteria: NMT 10.0%
Change to read:
• Bacterial Endotoxins Test 〈85〉: NMT 10 USP Endotoxin Units/mg of Insulin Human
The level of bacterial endotoxins are such that the requirement under the relevant
dosage form monograph(s) in which Insulin Human is used can be met. Where the label
states Insulin Human must be subjected to further processing during the preparation of
injectable dosage forms, the level of bacterial endotoxins are such that the requirement
under the relevant dosage form monograph(s) in which Insulin Human is used can be met.
2S (USP42)

Change to read:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
bacterial count does not exceed 300 cfu/g,
The total aerobic microbial count does not exceed 3 × 102 cfu/g and the total combined
yeasts and molds count does not exceed 5 × 101 cfu/g, 2S (USP42)
the test being performed on a portion of 0.2 g, accurately weighed.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store in a freezer and protect from
light.
Change to read:
• Labeling: Label it to indicate that it has been produced by methods based on recombinant
DNA technology or that it is derived by enzymatic modification of insulin from porcine
pancreas.
Where Insulin Human must be subjected to further processing during the preparation of
injectable dosage forms to ensure acceptable levels of bacterial endotoxins, it is so
labeled. 2S (USP42)
Change to read:
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• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Insulin Human RS
Recent Official Publications:
USP41–NF36 Page 2171
BRIEFING
Iodinated I 131 Albumin Aggregated Injection, USP 41 page 2195. It is proposed to omit
this monograph for the following reasons:
1. No drug products formulated as defined under Iodinated I 131 Albumin Aggregated
Injection are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number— C193610
Comment deadline: September 30, 2018
Delete the following:
Iodinated I 131 Albumin Aggregated Injection
Albumin labeled with iodine-131.

» Iodinated I 131 Albumin Aggregated Injection is a sterile aqueous
suspension of Albumin Human that has been iodinated with 131I and
denatured to produce aggregates of controlled particle size. Each mL of the
suspension contains not less than 300 µg and not more than 3.0 mg of
aggregated albumin with a specific activity of not less than 7.4
megabecquerels (200 microcuries) per mg and not more than 44.4
megabecquerels (1.2 millicuries) per mg of aggregated albumin. Iodinated I
131 Albumin Aggregated Injection contains not less than 95.0 percent and
not more than 105.0 percent of the labeled amount of 131I, as aggregated
albumin, expressed in megabecquerels (microcuries) per mL or
megabecquerels (millicuries) per mL at the time indicated in the labeling.
Other chemical forms of radioactivity do not exceed 6 percent of the total
radioactivity. Its production and distribution are subject to federal
regulations (see Biologics 〈1041 〉 and Radioactivity 〈821 〉).
Packaging and storage—Preserve in single-dose or in multiple-dose containers, at a
temperature between 2° and 8°.
Labeling—Label it to include the following, in addition to the information specified for Labeling
〈7〉, Labels and Labeling for Injectable Products: the time and date of calibration; the amount of
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131I

as aggregated albumin expressed as total megabecquerels (microcuries or millicuries) and
as aggregated albumin in mg per mL on the date of calibration; the expiration date; and the
statement “Caution—Radioactive Material.” The labeling indicates that in making dosage
calculations, correction is to be made for radioactive decay, and also indicates that the
radioactive half-life of 131I is 8.08 days; in addition, the labeling states that it is not to be used
if clumping of the albumin is observed and directs that the container be agitated before the
contents are withdrawn into a syringe.
Delete the following:
USP Reference standards 〈11〉—
USP Endotoxin RS
(CN 1-May-2018)

Radionuclide identification—Its gamma-ray spectrum is identical to that of a specimen of
131I of known purity that exhibits a major photopeak having an energy of 0.364 MeV.
pH 〈791〉: between 5.0 and 6.0.
Other requirements—It meets the requirements under Biologics 〈1041〉 and under Injections
and Implanted Drug Products 〈1〉, except that it is not subject to the recommendation on
Container Content. It meets also the requirements for Particle size, Bacterial endotoxins, and
Radiochemical purity under Technetium Tc 99m Albumin Aggregated Injection, except that in
the test for Radiochemical purity, not more than 6% of the radioactivity is found in the
supernatant following centrifugation.
Assay for radioactivity—Using a suitable counting assembly, determine the radioactivity, in
MBq (µCi) per mL, of Injection by use of a calibrated system as directed under Radioactivity
〈821〉. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 2195
BRIEFING
Krypton Kr 81m, USP 41 page 2319. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated as defined under Krypton Kr 81m are currently marketed in
the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C193613
Comment deadline: September 30, 2018
Delete the following:
Krypton Kr 81m
Kr 81m
Krypton, isotope of mass 81 (metastable).
Krypton, isotope of mass 81 (metastable) [15678-91-8].
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» Krypton Kr 81m is a gas suitable only for inhalation in diagnostic studies,
and is obtained from a generator that contains rubidium 81 adsorbed on an
immobilized suitable column support. Rubidium 81 decays with a half-life of
4.58 hours and forms its radioactive daughter 81mKr, which is eluted from the
generator by passage of humidified oxygen or air through the column.
Rubidium 81 is produced in an accelerator by proton bombardment of Kr 82.
Other radioisotopes of rubidium are produced and are present on the
generator column. These other radioisotopes do not decay to 81mKr. The
column contains not less than 90.0 percent and not more than 110.0 percent
of the labeled amount of Rb 81 at the date and time indicated in the
labeling, and on elution yields not less than 80.0 percent of 81mKr.
Packaging and storage—The generator column is enclosed in a lead container. The unit is
stored at room temperature.
Labeling—The labeling indicates the name and address of the manufacturer, the name of the
generator, the quantity of 81Rb at the date and time of calibration, and the statement,
“Caution—Radioactive Material.” The labeling indicates that in making dosage calculations,
correction is to be made for radioactive decay, and also indicates that the radioactive half-life
of 81m Kr is 13.1 seconds.
[Note—Perform the following tests and Assay quickly, because of the rapid decay of the 81m Kr.]
Radionuclide identification (see Radioactivity 〈821〉)—The gamma-ray spectrum of eluted
81m Kr exhibits a monoenergetic gamma ray at a mean energy of 191 KeV.
Radionuclidic purity—Using a suitable counting assembly, determine the radioactivity of each
radionuclide present in a specimen of Kr 81m gas obtained from eluting the generator by use of
a calibrated system as directed under Radioactivity 〈821〉. Not less than 99.9% of the
radioactivity in the specimen eluted from the generator is present as 81m Kr.
Assay for radioactivity—Using a suitable counting assembly (see Radioactivity 〈821〉),
determine the quantity, in MBq (mCi), of Kr 81m contained in an elution of the generator. Decay
correct the result to the time of generator elution, and calculate the quantity of 81Rb present
in the column at the time of elution. The quantity of 81m Kr eluted is not less than 80.0 percent
of the labeled MBq (mCi) of 81Rb present on the column at time of elution. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 2319
BRIEFING
Levobunolol Hydrochloride Ophthalmic Solution, USP 41 page 2384. As part of USP
monograph modernization efforts, the following revisions are proposed:
1. Add Identification B based on the UV spectrum agreement of the major peak of the
Sample solution with that of the Standard solution, as obtained in the Assay.
2. Update the Detector for the Chromatographic system in the Assay to support the
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addition of Identification B, and correct the unit for the Flow rate.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM3: B. Almasi.)
Correspondence Number—C196853
Comment deadline: September 30, 2018
Levobunolol Hydrochloride Ophthalmic Solution
DEFINITION
Levobunolol Hydrochloride Ophthalmic Solution contains NLT 90.0% and NMT 110.0% of the
labeled amount of levobunolol hydrochloride (C17 H25 NO3 ·HCl).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Solution A: 5 mM
1.0 g/L of 2S (USP42)
sodium 1-heptanesulfonate in water
Mobile phase: Methanol, glacial acetic acid, and Solution A (550:5:450)
Standard solution: 0.05 mg/mL of USP Levobunolol Hydrochloride RS in Mobile phase
Sample solution: Nominally equivalent to 0.05 mg/mL of levobunolol hydrochloride in Mobile
phase from Ophthalmic Solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm.
For Identification B, use a diode array detector in the range of 200-400 nm.
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 1.5 mL
/min 2S (USP42)
Injection volume: 20 µL

2S (USP42)
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System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.2
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of levobunolol hydrochloride
(C17 H25 NO3 ·HCl) in the portion of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Levobunolol Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of levobunolol hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities
Mobile phase: Prepare as directed in the Assay.
Standard solution: 0.01 mg/mL each of USP Levobunolol Hydrochloride RS and USP
Edetate Disodium RS in Mobile phase
Sample solution: Nominally equivalent to 1 mg/mL of levobunolol hydrochloride in Mobile
phase from Ophthalmic Solution
Chromatographic system and System suitability: Proceed as directed in the Assay
using wavelengths of UV 254 and 400 nm.
[Note—The relative retention times for levobunolol and edetate disodium are 1.0 and 0.46,
respectively.]
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity at 254 nm in the portion of Ophthalmic
Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of levobunolol from the Standard solution
CS = concentration of USP Levobunolol Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of levobunolol hydrochloride in the Sample solution (µg/mL)
Calculate the percentage of any individual impurity (at 400 nm) at the retention time of
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levobunolol (at 254 nm) in the portion of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of the impurity from the Sample solution at 400 nm
rS = peak response of levobunolol from the Standard solution at 254 nm
CS = concentration of USP Levobunolol Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of levobunolol hydrochloride in the Sample solution (µg/mL)
F = relative response factor for the impurity, 0.2
Acceptance criteria
Individual impurity: NMT 1%
Total impurities: NMT 2.5%. Disregard any peak at 254 nm with the retention time of
edetate disodium.
SPECIFIC TESTS
• Antimicrobial Effectiveness Testing 〈51〉: Meets the requirements
• Sterility Tests 〈71〉, Test for Sterility of the Product to Be Examined, Membrane Filtration:
Meets the requirements
• pH 〈791〉: 5.5–7.5
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Protect from light. Store at controlled
room temperature.
• USP Reference Standards 〈11〉
USP Edetate Disodium RS
USP Levobunolol Hydrochloride RS
Recent Official Publications:
USP41–NF36 Page 2384
BRIEFING
Lidocaine Hydrochloride Oral Topical Solution, page 8344 of the First Supplement to USP
41. On the basis of comments received, and as part of USP monograph modernization efforts, it
is proposed to revise the monograph as follows:
1. Revise the preparation of the Sample in Identification A to eliminate the use of the
hazardous solvent chloroform. The proposed procedure also simplifies the drying
conditions for the test.
2. In Identification A, add the flexibility to allow the use of either potassium bromide
dispersion or attenuated total reflectance methods for IR identification.
3. Add analysis Run time information in the Chromatographic system in the Assay and the
test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: R. Nguyen.)
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Correspondence Number—C193970
Comment deadline: September 30, 2018
Lidocaine Hydrochloride Oral Topical Solution
DEFINITION
Lidocaine Hydrochloride Oral Topical Solution contains NLT 95.0% and NMT 105.0% of the
labeled amount of lidocaine hydrochloride (C14 H22 N2 O·HCl). It contains a suitable flavor
and/or sweetening agent.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
or 〈197A〉 2S (USP42)
Sample: Place in a separator a volume of Oral Topical Solution, nominally equivalent to 300
mg of lidocaine hydrochloride, and extract with four 15-mL portions of chloroform,
discarding the chloroform extracts. Add 2 mL of 2 N sodium hydroxide to the aqueous
solution remaining in the separator, and extract with four 15-mL portions of chloroform.
Combine the chloroform extracts, and evaporate
1S (USP41) to dryness. Dissolve the
crystals in solvent hexane, evaporate the solvent, 1S (USP41) and dry the residue under
vacuum over silica gel for 24 h. [Note—A rotary evaporator may be used.] 1S (USP41)
Place a quantity of Oral Topical Solution, equivalent to 100 mg of lidocaine hydrochloride,
in a separator containing 3 mL of water. Mix by stirring to assure thorough dilution of the
Oral Topical Solution, and add about 1.3 mL of 6 N ammonium hydroxide. Extract with 5 mL
of hexane. Discard the aqueous layer, and decant the hexane extract into a centrifuge
tube. Centrifuge and transfer the clear supernatant into an evaporating dish. Evaporate to
dryness in a fume hood under ambient conditions. 2S (USP42)
Acceptance criteria: Residue obtained from the Sample meets the requirements.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: 4.85 g/L of monobasic potassium phosphate. Adjust with 10 N sodium hydroxide
solution to a pH of 8.0.
Mobile phase: Acetonitrile and Solution A (30:70)
1S (USP41)

Standard solution: 0.85 mg/mL of USP Lidocaine RS (equivalent to 1 mg/mL of lidocaine
hydrochloride) in Mobile phase
Sample solution: Nominally 1 mg/mL of lidocaine hydrochloride from Oral Topical Solution in
Mobile phase
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 45°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2.5 times the retention time of lidocaine
System suitability
Sample:
1S (USP41) Standard solution
1S (USP41)
Suitability requirements
1S (USP41)
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution

2S (USP42)

Calculate the percentage of the labeled amount of lidocaine hydrochloride (C14 H22 N2 O·HCl)
in the portion of Oral Topical Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of lidocaine from the Sample solution
rS = peak response of lidocaine from the Standard solution
CS = concentration of USP Lidocaine RS in the Standard solution (mg/mL)
CU = nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)
Mr1 = molecular weight of lidocaine hydrochloride, 270.80
Mr2 = molecular weight of lidocaine, 234.34
Acceptance criteria: 95.0%–105.0%
IMPURITIES
Change to read:
• Organic Impurities
Solution A, Mobile phase,
1S (USP41) and Chromatographic system: Proceed as
directed in the Assay.
Standard solution: 0.0043 mg/mL of USP Lidocaine RS, 0.005 mg/mL of USP Lidocaine
Related Compound H RS, and 0.00065 mg/mL of USP Ropivacaine Related Compound A RS
(equivalent to 0.0005 mg/mL of 2,6-dimethylaniline) in Mobile phase
Sample solution: Nominally 5 mg/mL of lidocaine hydrochloride from Oral Topical Solution in
Mobile phase
System suitability
Sample:
1S (USP41) Standard solution
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[Note—See Table 1 for the relative retention times.]

2S (USP42)

Suitability requirements
Resolution: NLT 1.5 between the lidocaine related compound H and 2,6dimethylaniline (ropivacaine related compound A free base) peaks 1S (USP41)
Relative standard deviation: NMT 2.0% for lidocaine, lidocaine related compound H,
and 2,6-dimethylaniline 1S (USP41)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of lidocaine related compound H in the portion of Oral Topical
Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of lidocaine related compound H from the Sample solution
rS = peak response of lidocaine related compound H from the Standard solution
CS = concentration of USP Lidocaine Related Compound H RS in the Standard solution
(mg/mL)
CU = nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of
Solution taken:

2,6-

1S (USP41)

dimethylaniline in the portion of Oral Topical

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of 2,6- 1S (USP41) dimethylaniline from the Sample solution
rS = peak response of 2,6- 1S (USP41) dimethylaniline from the Standard solution
CS = concentration of USP Ropivacaine Related Compound A RS in the Standard solution
(mg/mL)
CU = nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)
Mr1 = molecular weight of 2,6-dimethylaniline, 121.18 1S (USP41)
Mr2 = molecular weight of ropivacaine related compound A, 157.64 1S (USP41)
Calculate the percentage of any
of Oral Topical Solution taken:

unspecified degradation product

1S (USP41)

in the portion

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of any unspecified degradation product 1S (USP41) from the
Sample solution
rS = peak response of lidocaine from the Standard solution
CS = concentration of USP Lidocaine RS in the Standard solution (mg/mL)
CU = nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)
Mr1 = molecular weight of lidocaine hydrochloride, 270.80
Mr2 = molecular weight of lidocaine, 234.34
Acceptance criteria: See Table 1.

1S (USP41)
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Table 1

Name
Lidocaine related compound H
2,6- 1S (USP41) Dimethylaniline
Lidocaine
Any unspecified
degradation product 1S (USP41)
Total degradation products 1S (USP41)

Relative
Retention
Time
0.33
0.37
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.5 1S (USP41)
0.5 1S (USP41)
—
0.5
2.0

1S (USP41)
1S (USP41)

SPECIFIC TESTS
• pH 〈791〉: 5.0–7.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Lidocaine RS
USP Lidocaine Related Compound H RS
2-Chloro-N-(2,6-dimethylphenyl)acetamide.
C10 H12 ClNO
197.66
USP Ropivacaine Related Compound A RS
2,6-Dimethylaniline hydrochloride.
C8 H11 N·HCl
157.64
Recent Official Publications:
USP41–NF36 Supplement: No. 1 Page 8344
USP41–NF36 Page 2414

1S (USP41)

BRIEFING
Lidocaine Hydrochloride Topical Solution, page 8346 of the First Supplement to USP 41.
On the basis of comments received, and as part of USP monograph modernization efforts, it is
proposed to revise the monograph as follows:
1. Revise the preparation of the Sample in Identification A to eliminate the use of the
hazardous solvent chloroform. The proposed procedure also simplifies the drying
conditions for the test.
2. In Identification A, add the flexibility to allow the use of either potassium bromide
dispersion or attenuated total reflectance methods for IR identification.
3. Add analysis Run time information in the Chromatographic system in the Assay and the
test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: R. Nguyen.)

PF 44(4): Jul.-Aug. 2018

435

Correspondence Number—C193971
Comment deadline: September 30, 2018
Lidocaine Hydrochloride Topical Solution
DEFINITION
Lidocaine Hydrochloride Topical Solution contains NLT 95.0% and NMT 105.0% of the labeled
amount of lidocaine hydrochloride (C14 H22 N2 O·HCl).
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
or 〈197A〉 2S (USP42)
Sample: Place in a separator a volume of Topical Solution, nominally equivalent to 200 mg
of lidocaine hydrochloride, and extract with four 15-mL portions of chloroform, discarding
the chloroform extracts. Add 2 mL of 2 N sodium hydroxide to the aqueous solution
remaining in the separator, and extract with four 15-mL portions of chloroform. Combine
the chloroform extracts, and evaporate
1S (USP41) to dryness. Dissolve the crystals in
solvent hexane, evaporate the solvent, 1S (USP41) the solvent and dry the residue under
vacuum over silica gel for 24 h. [Note—A rotary evaporator may be used.] 1S (USP41)
Place a quantity of Topical Solution, equivalent to 100 mg of lidocaine hydrochloride, in a
separator. Add about 1.3 mL of 6 N ammonium hydroxide. Extract with 5 mL of hexane.
Discard the aqueous layer, and decant the hexane extract into a centrifuge tube.
Centrifuge and transfer the clear supernatant into an evaporating dish. Evaporate to
dryness in a fume hood under ambient conditions. 2S (USP42)
Acceptance criteria: Residue obtained from the Sample meets the requirements.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: Water and glacial acetic acid (930:50). Adjust with 1 N sodium hydroxide to a
pH of 3.4.
Mobile phase: Acetonitrile and Solution A (20:80)
Standard solution: 1.7 mg/mL of USP Lidocaine RS (equivalent to 2 mg/mL of lidocaine
hydrochloride) in Mobile phase, prepared as follows. Transfer a weighed quantity of USP
Lidocaine RS to a suitable volumetric flask, and add 1 N hydrochloric acid to fill 1% of the
final volume. Warm if necessary, and dilute with Mobile phase to volume.
System suitability stock solution: 220 µg/mL of USP Methylparaben RS in Mobile phase
System suitability solution: Mix 2 mL of System suitability stock solution with 20 mL of
the Standard solution.

PF 44(4): Jul.-Aug. 2018

436

Sample solution: Nominally 2 mg/mL of lidocaine hydrochloride from Topical Solution in
Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 5 times the retention time of lidocaine 2S (USP42)
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 3.0 between lidocaine and methylparaben, System suitability solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lidocaine hydrochloride (C14 H22 N2 O·HCl)
in the portion of Topical Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of lidocaine from the Sample solution
rS = peak response of lidocaine from the Standard solution
CS = concentration of USP Lidocaine RS in the Standard solution (mg/mL)
CU = nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)
Mr1 = molecular weight of lidocaine hydrochloride, 270.80
Mr2 = molecular weight of lidocaine, 234.34
Acceptance criteria: 95.0%–105.0%
IMPURITIES
Change to read:
• Organic Impurities
Solution A, Mobile phase, and
Assay.

Sample solution:

1S (USP41)

Prepare as directed in the

1S (USP41)

Standard solution: 0.0017 µg/mL of USP Lidocaine RS (equivalent to 0.002 mg/mL of
lidocaine hydrochloride), 1S (USP41) 0.0026 mg/mL of USP Ropivacaine Related Compound A
RS (equivalent to 0.002 mg/mL of 2,6-dimethylaniline), and 0.002 mg/mL of USP Lidocaine
Related Compound H RS in Mobile phase
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1S (USP41)

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 50 µL
Run time: NLT 5 times the retention time of lidocaine
System suitability
Sample:
1S (USP41) Standard solution

2S (USP42)

[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between the lidocaine related compound H and 2,6dimethylaniline (ropivacaine related compound A free base) peaks 1S (USP41)
Relative standard deviation: NMT 2.0% for lidocaine, lidocaine related compound H,
and 2,6-dimethylaniline 1S (USP41)
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of lidocaine related compound H in the portion of Topical Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of lidocaine related compound H from the Sample solution
rS = peak response of lidocaine related compound H from the Standard solution
CS = concentration of USP Lidocaine Related Compound H RS in the Standard solution
(mg/mL)
CU = nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of
Solution taken:

2,6-

1S (USP41)

dimethylaniline in the portion of Topical

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of 2,6- 1S (USP41) dimethylaniline from the Sample solution
rS = peak response of 2,6- 1S (USP41) dimethylaniline from the Standard solution
CS = concentration of USP Ropivacaine Related Compound A RS in the Standard solution
(mg/mL)
CU = nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)
Mr1 = molecular weight of 2,6-dimethylaniline, 121.18 1S (USP41)
Mr2 = molecular weight of ropivacaine related compound A, 157.64 1S (USP41)

PF 44(4): Jul.-Aug. 2018

438

Calculate the percentage of any
of Topical Solution taken:

unspecified degradation product

1S (USP41)

in the portion

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of any unspecified degradation product 1S (USP41) from the
Sample solution
rS = peak response of lidocaine from the Standard solution
CS = concentration of USP Lidocaine RS in the Standard solution (mg/mL)
CU = nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)
Mr1 = molecular weight of lidocaine hydrochloride, 270.80
Mr2 = molecular weight of lidocaine, 234.34
Acceptance criteria: See Table 1.

1S (USP41)

Table 1

Name
Lidocaine
2,6- 1S (USP41) Dimethylaniline
Lidocaine related compound H
Any unspecified degradation
product 1S (USP41)
Total degradation products 1S (USP41)

Relative
Retention
Time
1.0
3.2
3.8
—
—

Acceptance
Criteria,
NMT (%)
—
0.5 1S (USP41)
0.5 1S (USP41)
0.5

1S (USP41)

2.0

SPECIFIC TESTS
• pH 〈791〉: 5.0–7.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Lidocaine RS
USP Lidocaine Related Compound H RS
2-Chloro-N-(2,6-dimethylphenyl)acetamide.
C10 H12 ClNO
197.66
USP Methylparaben RS
USP Ropivacaine Related Compound A RS
2,6-Dimethylaniline hydrochloride.
C8 H11 N·HCl
157.64
Recent Official Publications:
USP41–NF36 Supplement: No. 1 Page 8346
USP41–NF36 Page 2415
BRIEFING

1S (USP41)
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Magaldrate Oral Suspension, USP 41 page 2497. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Magaldrate Oral Suspension are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM6: M. Puderbaugh.)
Correspondence Number—C196230
Comment deadline: September 30, 2018
Delete the following:
Magaldrate Oral Suspension

» Magaldrate Oral Suspension contains not less than 90.0 percent and not
more than 110.0 percent of the labeled amount of magaldrate
[Al 5 Mg 10 (OH)31 (SO 4 )2 ].
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Magaldrate RS
Identification—
A: Dissolve an amount of Oral Suspension, equivalent to about 800 mg of magaldrate, in 20 mL
of 3 N hydrochloric acid, dilute with water to about 50 mL, add 3 drops of methyl red TS, and
proceed as directed in Identification test A under Magaldrate, beginning with “and heat to
boiling.”
B: It responds to Identification test B under Magaldrate.
C: Transfer an amount of Oral Suspension, equivalent to about 1 g of magaldrate, to a 100-mL
centrifuge tube. Add about 60 mL of water, cap, and shake for 3 minutes. Centrifuge the
suspension, and discard the supernatant. Repeat the washing of the residue with three 60-mL
portions of water. Transfer the residue to a 250-mL beaker, and heat on a steam bath to
dryness: the X-ray diffraction pattern (see X-ray Diffraction 〈941〉), in the d-spacings region
below 2.57 angstrom units, of the residue so obtained conforms to that of USP Magaldrate RS.
Microbial enumeration tests 〈61〉 and Tests for specified microorganisms 〈62〉—Its total
aerobic microbial count does not exceed 100 cfu per mL, and it meets the requirements of the
test for absence of Escherichia coli.
Acid-neutralizing capacity 〈301〉—The acid consumed by the minimum single dose
recommended in the labeling is not less than 5 mEq, and not less than the number of mEq
calculated by the formula:
0.8(0.0282M)
in which 0.0282 is the theoretical acid-neutralizing capacity, in mEq per mg, of magaldrate, and
M is the quantity, in mg, of the labeled amount of magaldrate.
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Magnesium hydroxide content—
Test preparation— Transfer an accurately measured quantity of Oral Suspension, equivalent to
about 1 g of magaldrate, to a 100-mL volumetric flask, add 30 mL of dilute hydrochloric acid (1
in 10), shake to dissolve, dilute with water to volume, and mix.
Procedure— Transfer 10.0 mL of Test preparation to a 400-mL beaker, and proceed as directed
in the test for Magnesium hydroxide content under Magaldrate, beginning with “and dilute with
water to about 200 mL.” Not less than 492 mg and not more than 666 mg of magnesium
hydroxide [Mg(OH)2 ] per g of the labeled amount of magaldrate is found.
Aluminum hydroxide content—
Edetate disodium titrant— Prepare and standardize as directed in the Assay under Ammonium
Alum.
Test preparation— Prepare as directed in the test for Magnesium hydroxide content.
Procedure— Transfer 10.0 mL of Test preparation and 20 mL of water to a 250-mL beaker, and
proceed as directed for Procedure in the test for Aluminum hydroxide content under
Magaldrate, beginning with “Add, with stirring, 25.0 mL of Edetate disodium titrant.” Not less
than 321 mg and not more than 459 mg of aluminum hydroxide [Al(OH)3 ] per g of the labeled
amount of magaldrate is found.
Change to read:
Other requirements—Evaporate a volume of Oral Suspension, equivalent to about 5 g of
magaldrate, on a steam bath to dryness: the residue so obtained meets the requirements of
the tests for Arsenic
(O fficial 1-Jan-2018) under Magaldrate.
Assay—Transfer an accurately measured quantity of Oral Suspension, equivalent to about 3 g
of magaldrate, to a beaker. Add 100.0 mL of 1 N hydrochloric acid VS, and mix, using a
magnetic stirrer to achieve dissolution. Titrate the excess acid with 1 N sodium hydroxide VS to
a pH of 3.0, determined potentiometrically. Perform a blank determination (see Residual
Titrations under Titrimetry 〈541〉). Each mL of 1 N hydrochloric acid is equivalent to 35.40 mg
of Al5 Mg10 (OH)31 (SO4 )2 . 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 2497
BRIEFING
Magaldrate Tablets, USP 41 page 2497. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Magaldrate Tablets are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM6: M. Puderbaugh.)
Correspondence Number—C196231
Comment deadline: September 30, 2018
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Delete the following:
Magaldrate Tablets

» Magaldrate Tablets contain not less than 90.0 percent and not more than
110.0 percent of the labeled amount of magaldrate [Al 5 Mg 10 (OH)31 (SO 4 )2 ].
Packaging and storage—Preserve in well-closed containers.
Labeling—Label the Tablets to indicate whether they are to be swallowed or to be chewed.
USP Reference standards 〈11〉—
USP Magaldrate RS
Identification—Transfer a quantity of powdered Tablets, equivalent to about 2 g of
magaldrate, to a 100-mL centrifuge tube. Add about 60 mL of water, cap, and shake for 3
minutes. Centrifuge the suspension, and discard the supernatant. Repeat the washing with
three more 60-mL portions of water. Transfer the residue to a 250-mL beaker, and heat on a
steam bath to dryness: the residue so obtained meets the requirements of the Identification
tests under Magaldrate.
Microbial enumeration tests 〈61〉 and Tests for specified microorganisms 〈62〉—Tablets
meet the requirements of the test for absence of Escherichia coli.
Disintegration 〈701〉: 2 minutes, for Tablets labeled to be swallowed.
Uniformity of dosage units 〈905〉: meet the requirements for Weight Variation.
Acid-neutralizing capacity—Proceed as directed under Acid-Neutralizing Capacity 〈301〉. The
acid consumed by the minimum single dose recommended in the labeling is not less than 5 mEq,
and not less than the number of mEq calculated by the formula:
0.8(0.0282M)
in which 0.0282 is the theoretical acid-neutralizing capacity, in mEq per mg, of magaldrate; and
M is the quantity, in mg, of the labeled amount of magaldrate.
Magnesium hydroxide content—
Test preparation— Weigh and finely powder not fewer than 20 Tablets. Transfer an accurately
weighed portion of the powder, equivalent to about 1 g of magaldrate, to a 100-mL volumetric
flask, add 30 mL of dilute hydrochloric acid (1 in 10), shake for 15 minutes, dilute with water to
volume, and mix.
Procedure— Transfer 10.0 mL of Test preparation to a 400-mL beaker, and proceed as directed
in the test for Magnesium hydroxide content under Magaldrate, beginning with “and dilute with
water to about 200 mL.” Not less than 492 mg and not more than 666 mg of magnesium
hydroxide [Mg(OH)2 ] per g of the labeled amount of magaldrate is found.
Aluminum hydroxide content—
Edetate disodium titrant— Prepare and standardize as directed in the Assay under Ammonium
Alum.
Test preparation— Prepare as directed in the test for Magnesium hydroxide content.
Procedure— Transfer 10.0 mL of Test preparation and 20 mL of water to a 250-mL beaker, and
proceed as directed for Procedure in the test for Aluminum hydroxide content under
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Magaldrate, beginning with “Add, with stirring, 25.0 mL of Edetate disodium titrant.” Not less
than 321 mg and not more than 459 mg of aluminum hydroxide [Al(OH)3 ] per g of the labeled
amount of magaldrate is found.
Assay—Weigh and finely powder not fewer than 20 Tablets. Transfer an accurately weighed
portion of the powder, equivalent to about 6 g of magaldrate, to a 200-mL volumetric flask.
Add 100.0 mL of 2 N hydrochloric acid VS, and swirl by mechanical means for 30 minutes. Dilute
with water to volume, mix, and filter. Transfer 100.0 mL of the filtrate to a beaker. Titrate the
excess acid with 1 N sodium hydroxide VS to a pH of 3.0, determined potentiometrically.
Perform a blank determination (see Residual Titrations under Titrimetry 〈541〉). Each mL of 2 N
hydrochloric acid is equivalent to 70.80 mg of Al5 Mg10 (OH)31 (SO4 )2 . 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 2497
BRIEFING
Magnesia Tablets, USP 41 page 2500. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1. Add Identification B with the retention time agreement of magnesium ions from the
proposed ion chromatographic procedure in the Assay.
2. Replace the Assay titration procedure with an ion chromatographic procedure, which is
validated with the Dionex IonPac CG16 brand of guard column and CS16 brand of
analytical column, both with L84 packing. The typical retention time for the magnesium
peak is about 8 min.
3. Revise the Packaging and Storage section to change the packaging requirement for
containers from well-closed to tight.
4. Add a USP Reference Standards section to include USP Calcium Carbonate RS and USP
Magnesium Hydroxide RS to support the proposed Assay procedure.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: M. Chang.)
Correspondence Number—C179669
Comment deadline: September 30, 2018
Magnesia Tablets
DEFINITION
Magnesia Tablets contain NLT 93.0% and NMT 107.0% of the labeled amount of magnesium
hydroxide [Mg(OH)2 ].
IDENTIFICATION
• A. Identification Tests—General 〈191〉, Chemical Identification Tests, Magnesium
Sample solution: Crush several Tablets, and dissolve 1 g of the powder in 20 mL of 3 N
hydrochloric acid.
Acceptance criteria: Meet the requirements
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Add the following:
• B. The retention time of the magnesium peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 250 mg of magnesium hydroxide, to a 100-mL volumetric flask. Dissolve in 10
mL of 3 N hydrochloric acid, and dilute with water to volume. Filter, if necessary, and
transfer 25.0 mL of the filtrate to a beaker containing 75 mL of water.
Analysis: Adjust the reaction of the solution with 1 N sodium hydroxide to a pH of 7 (using
pH indicator paper; see Reagents, Indicators, and Solutions—Indicator and Test Papers),
and add 5 mL of ammonia–ammonium chloride buffer TS and 0.15 mL of eriochrome black
TS. Titrate with 0.05 M edetate disodium VS to a blue endpoint. Each mL of 0.05 M
edetate disodium is equivalent to 2.916 mg of Mg(OH)2 .
Use water with a resistivity of NLT 18 megohm-cm to prepare the solutions.
Mobile phase: 48 mM methanesulfonic acid. [Note—It is recommended to use suitable
cation trapping techniques to ensure the Mobile phase is free of all cationic impurities.]
Diluent: 0.02 N hydrochloric acid
System suitability solution: 48 µg/mL of USP Magnesium Hydroxide RS and 5 µg/mL of
USP Calcium Carbonate RS in Diluent
Standard stock solution: 4.8 mg/mL of USP Magnesium Hydroxide RS prepared as follows.
Transfer an appropriate amount of USP Magnesium Hydroxide RS to a suitable volumetric
flask. Add about 20% of the final volume of 6 N hydrochloric acid, and dissolve. Dilute with
water to volume.
Standard solution: 48 µg/mL of USP Magnesium Hydroxide RS in water from the Standard
stock solution
Sample stock solution: Nominally 4.8 mg/mL of magnesium hydroxide prepared as follows.
Finely powder NLT 30 Tablets and transfer an appropriate amount of the powder to a
suitable container. Add 6 N hydrochloric acid to about 20% of the final volume. Heat to
boil with constant swirling for about 10 min. Allow to cool to room temperature. Transfer
the solution quantitatively to a suitable volumetric flask containing 10% of the flask
volume of water. Dilute with water to volume. Pass through a suitable filter of 0.45-µm
pore size.
Sample solution: Nominally 48 µg/mL of magnesium hydroxide in water from the Sample
stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity with suppression
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Columns
Guard: 5-mm × 5-cm; 5.5-µm packing L84
Analytical: 5-mm × 25-cm; 5.5-µm packing L84
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of magnesium
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the magnesium and calcium ions are 1.0 and 1.3,
respectively.]
Suitability requirements
Resolution: NLT 3.0 between the magnesium and calcium ions, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of magnesium hydroxide [Mg(OH)2 ] in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of magnesium from the Sample solution
rS = peak response of magnesium from the Standard solution
CS = concentration of USP Magnesium Hydroxide RS in the Standard solution (µg/mL)
CU = nominal concentration of magnesium hydroxide in the Sample solution (µg/mL)
2S (USP42)

Acceptance criteria: 93.0%–107.0%
PERFORMANCE TESTS
• Disintegration 〈701〉
Time: NMT 10 min
Analysis: Proceed as directed in the chapter, except substitute simulated gastric fluid TS
instead of water.
Acceptance criteria: Meet the requirements
• Uniformity of Dosage Units 〈905〉: Meet the requirements
SPECIFIC TESTS
• Acid-Neutralizing Capacity 〈301〉
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Analysis: Proceed as directed in the chapter.
Acceptance criteria: NLT 5 mEq of acid is consumed by the minimum single dose
recommended in the labeling, and NLT the number of mEq calculated as follows:
Result = 0.8 × (F M × M)
F M = theoretical acid-neutralizing capacity of magnesium hydroxide [Mg(OH)2 ], 0.0343
mEq/mg
M = quantity of magnesium hydroxide [Mg(OH)2 ] in the sample tested, based on the
labeled quantity (mg)
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed
tight 2S (USP42)
containers.
Add the following:
• USP Reference Standards 〈11〉
USP Calcium Carbonate RS
USP Magnesium Hydroxide RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 2500
BRIEFING
Mazindol, USP 41 page 2533. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Mazindol are currently marketed in the United States.
2. Drug products containing Mazindol are currently not used in veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C196234
Comment deadline: September 30, 2018
Delete the following:
Mazindol
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284.74

3H-Imidazo[2,1-a]isoindol-5-ol, 5-(4-chlorophenyl)-2,5-dihydro-, (±)-.
(±)-5-(p-Chlorophenyl)-2,5-dihydro-3H-imidazo[2,1-a]isoindol-5-ol [22232-71-9].

» Mazindol contains not less than 98.0 percent and not more than 102.0
percent of C 16 H 13 ClN 2 O, calculated on the dried basis.
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Mazindol RS
Clarity and color of solution—A 1 in 100 solution of Mazindol in a mixture of chloroform and
methanol (9:1) is clear and not darker in color than a solution prepared by mixing equal volumes
of Matching Fluid C (see Color and Achromicity 〈631〉) and water.
Identification—
A: Infrared Absorption 〈197K〉.
B: Ultraviolet Absorption 〈197U〉—
Solution: 10 µg per mL.
Medium: 0.6 N hydrochloric acid.
Absorptivities at 272 nm, calculated on the dried basis, do not differ by more than 3.0%.
Loss on drying 〈731〉—Dry it in vacuum at 60° for 2 hours: it loses not more than 0.5% of its
weight.
Residue on ignition 〈281〉: not more than 0.1%.
Delete the following:
Heavy metals, Method II 〈231〉: 0.002%. (O fficial 1-Jan-2018)
Sulfate 〈221〉—Triturate a 500-mg portion with 10 mL of water in a mortar. Filter the suspension
through a water-washed filter, and rinse the mortar and filter with 30 mL of water, collecting
the combined filtrate and washings in a 50-mL color-comparison tube. The filtrate shows no
more sulfate than corresponds to 0.20 mL of 0.020 N sulfuric acid (0.04%).
Chromatographic purity—Dissolve 10 mg in 2.0 mL of a mixture of chloroform and methanol
(9:1) to obtain the test solution. Dissolve a suitable quantity of USP Mazindol RS in a mixture of
chloroform and methanol (9:1) to obtain a Standard solution having a concentration of 5.0 mg

PF 44(4): Jul.-Aug. 2018

447

per mL. Dilute portions of this solution quantitatively and stepwise with the mixture of
chloroform and methanol (9:1) to obtain a series of diluted standard solutions having
concentrations of 0.100, 0.050, 0.025, and 0.0125 mg per mL, respectively. Separately apply a
20-µL portion of the test solution and 20-µL portions of the Standard solution and each diluted
standard solution to a suitable thin-layer chromatographic plate (see Chromatography 〈621〉)
coated with a 0.25-mm layer of chromatographic silica gel mixture. Allow the spots to dry, and
develop the chromatogram in a solvent system consisting of a mixture of chloroform, alcohol,
and ammonium hydroxide (80:20:1) until the solvent front has moved about three-fourths of
the length of the plate. Remove the plate from the developing chamber, mark the solvent front,
and allow the solvent to evaporate. Locate the spots on the plate by examination under shortwavelength UV light: the chromatograms show principal spots at about the same RF value.
Estimate the concentration of any secondary spots present in the chromatogram from the test
solution by comparison with the diluted standard solutions: the principal spots from the 0.100,
0.050, 0.025, and 0.0125 mg per mL dilutions are equivalent to 2.0%, 1.0%, 0.50%, and 0.25%
of impurities, respectively. No individual impurity is greater than 1.0%, and the sum of the
impurities is not greater than 2.0%.
Assay—Transfer about 230 mg of Mazindol, accurately weighed, to a suitable flask, dissolve in
40 mL of glacial acetic acid, add 3 drops of crystal violet TS, and titrate with 0.1 N perchloric
acid VS to an emerald-green endpoint. Perform a blank determination, and make any necessary
correction. Each mL of 0.1 N perchloric acid is equivalent to 28.47 mg of C16 H13 ClN2 O.
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 2533
BRIEFING
Mazindol Tablets, USP 41 page 2533. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Mazindol Tablets are currently marketed
in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C196235
Comment deadline: September 30, 2018
Delete the following:
Mazindol Tablets

» Mazindol Tablets contain not less than 90.0 percent and not more than
110.0 percent of the labeled amount of mazindol (C 16 H 13 ClN 2 O).
Packaging and storage—Preserve in tight containers, at a temperature not exceeding 25°.
USP Reference standards 〈11〉—
USP Mazindol RS
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Identification—Place a portion of powdered Tablets, equivalent to about 1 mg of mazindol, in
a suitable flask. Add 40 mL of methanol, shake by mechanical means for not less than 5
minutes, and heat for several minutes on a steam bath to boiling. Cool, dilute with methanol to
about 100 mL, and filter. Separate the filtrate into two approximately equal portions, add 2
drops of hydrochloric acid to one portion, and mix: the UV absorption spectra of the solutions
so obtained exhibit maxima and minima at the same wavelengths as those of similar solutions
prepared from USP Mazindol RS, concomitantly measured.
Dissolution 〈711〉—
Medium: 0.01 N hydrochloric acid; 500 mL.
Apparatus 2: 50 rpm.
Time: 120 minutes.
Determine the amount of C16 H13 ClN2 O dissolved by employing the following method.
Mobile phase— Mix 11.50 g of monobasic ammonium phosphate and 1.32 g of dibasic ammonium
phosphate with water to obtain 1000 mL of an ammonium phosphate buffer. The Mobile phase
is a suitably filtered and degassed mixture of the ammonium phosphate buffer and acetonitrile
(55:45). Make adjustments if necessary (see System Suitability under Chromatography 〈621〉).
Chromatographic system (see Chromatography 〈621〉)—The liquid chromatograph is equipped
with a 271-nm detector and a 4-mm × 30-cm column that contains packing L7. The flow rate is
about 2 mL per minute. Chromatograph three replicate injections of the Standard solution, and
record the peak responses as directed for Procedure: the relative standard deviation is not
more than 3.0%.
Procedure— Inject an appropriate volume (50 µL to 500 µL) of a filtered portion of the solution
under test into the chromatograph, record the chromatogram, and measure the response for
the major peak. Calculate the quantity of C16 H13 ClN2 O dissolved in comparison with a Standard
solution having a known concentration of USP Mazindol RS in the same Medium and similarly
chromatographed.
Tolerances— Not less than 80% (Q) of the labeled amount of C16 H13 ClN2 O is dissolved in 120
minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
procedure for content uniformity—
Dye solution— Dissolve 100 mg of bromocresol purple in 1000 mL of 0.33 N acetic acid, and mix.
Standard solution— Dissolve an accurately weighed quantity of USP Mazindol RS in 0.33 N
acetic acid, and dilute quantitatively and stepwise with 0.33 N acetic acid to obtain a solution
having a known concentration of about 20 µg per mL.
Test solution— Mix 1 finely powdered Tablet with an accurately measured volume of 0.33 N
acetic acid, sufficient to provide a solution having a concentration of about 20 µg of mazindol
per mL, shake by mechanical means for 30 minutes, and filter, discarding the first few mL of the
filtrate.
Procedure— Transfer 25.0 mL each of the Standard solution, the Test solution, and 0.33 N
acetic acid to provide the blank, to individual 125-mL separators. Add 30 mL of Dye solution
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and 50.0 mL of chloroform to each, and shake by mechanical means for 15 minutes. Allow the
layers to separate, and filter the chloroform layers. Concomitantly determine the absorbances
of the filtered solutions obtained from the Test solution and the Standard solution at the
wavelength of maximum absorbance at about 420 nm, using the blank to set the instrument.
Calculate the quantity, in mg, of mazindol (C16 H13 ClN2 O) in the Tablet by the formula:
(TC / D)(AU / AS)
in which T is the labeled quantity, in mg, of mazindol in the Tablet; C is the concentration, in
µg per mL, of USP Mazindol RS in the Standard solution; D is the concentration, in µg per mL, of
mazindol in the Test solution, based on the labeled quantity per Tablet and the extent of
dilution; and AU and AS are the absorbances of the solutions from the Test solution and the
Standard solution, respectively.
Assay—
Internal standard solution— Dissolve 50 mg of amitriptyline hydrochloride in 250 mL of
methanol, and mix.
Standard preparation— Transfer about 32 mg of USP Mazindol RS, accurately weighed, to a
100-mL volumetric flask, add about 50 mL of Internal standard solution, and shake by
mechanical means for 30 minutes. Dilute with Internal standard solution to volume, and mix.
Assay preparation— Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed portion of the powder, equivalent to about 8 mg of mazindol, to a suitable
flask, add 25.0 mL of Internal standard solution, and shake by mechanical means for 30
minutes. Pass through a fine-porosity, sintered-glass filter, discarding the first few mL of the
filtrate.
Mobile phase— Transfer 200 mL of aqueous 0.01 M dibasic ammonium phosphate to a 1000-mL
volumetric flask, dilute with methanol to volume, and mix. Pass through a 0.5-µm porosity
polytef filter, and degas under vacuum. Protect this solution from light.
Chromatographic system (see Chromatography 〈621〉)—The liquid chromatograph is equipped
with a 254-nm detector and a 4-mm × 30-cm column that contains packing L10. Inject three
replicate portions of the Standard preparation, and record the peak responses as directed for
Procedure: the resolution, R, is not less than 2.0: and the relative standard deviation is not
more than 3.0%.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
peak responses for mazindol and amitriptyline hydrochloride. Calculate the quantity, in mg, of
mazindol (C16 H13 ClN2 O) in the portion of Tablets taken by the formula:
25C(RU / RS)
in which C is the concentration, in mg per mL, of USP Mazindol RS in the Standard preparation;
and RU and RS are the peak response ratios of mazindol to amitriptyline hydrochloride obtained
from the Assay preparation and the Standard preparation, respectively. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 2533
BRIEFING
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Menadiol Sodium Diphosphate, USP 41 page 2569. It is proposed to omit this monograph
for the following reasons:
1. No drug products formulated with Menadiol Sodium Diphosphate are currently marketed
in the United States.
2. Drug products containing Menadiol Sodium Diphosphate are currently not used in
veterinary medicine in the United States.
(CHM2 : M. Puderbaugh.)
Correspondence Number—C196365
Comment deadline: September 30, 2018
Delete the following:
Menadiol Sodium Diphosphate

C11 H8 Na4 O8 P2 ·6H2 O

530.17

1,4-Naphthalenediol, 2-methyl-, bis(dihydrogen phosphate), tetrasodium salt, hexahydrate.
2-Methyl-1,4-naphthalenediol bis(dihydrogen phosphate) tetrasodium salt, hexahydrate
[6700-42-1].
Anhydrous
422.09
[131-13-5].

» Menadiol Sodium Diphosphate contains not less than 97.5 percent and not
more than 102.0 percent of C 11 H 8 Na 4 O 8 P 2 , calculated on the anhydrous
basis.
Packaging and storage—Preserve in tight, light-resistant containers, and store in a cold
place.
Identification—
A: Dissolve about 200 mg of Menadiol Sodium Diphosphate in 10 mL of water, add 10 mL of 2 N
sulfuric acid, 10 mL of 0.1 N ceric sulfate, and 1 mL of 30 percent hydrogen peroxide previously
diluted with 5 mL of water, and extract the solution with two 10-mL portions of chloroform.
Gently evaporate the clear chloroform solution on a steam bath to dryness, and dry the residue
at 80° for 1 hour: the menadione so obtained melts between 104° and 107°.
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B: To 50 mg of the dried residue obtained in Identification test A add 5 mL of water, then add
75 mg of sodium bisulfite, and heat on a steam bath, shaking vigorously until the substance is
dissolved and the solution is practically colorless. Dilute with water to 50 mL, and mix. To 2 mL
of the solution add 2 mL of alcoholic ammonia (prepared by mixing equal volumes of alcohol and
ammonium hydroxide), shake, and add 3 drops of ethyl cyanoacetate: a deep purplish blue
color is produced, and on the addition of 1 mL of sodium hydroxide solution (1 in 3), it changes
to green and then to yellow.
C: To about 20 mg contained in a small beaker add 1 mL of water, 2 drops of nitric acid, and 1
mL of sulfuric acid, and heat slowly to the evolution of white fumes. Cool, cautiously dilute with
water to about 10 mL, and filter if not clear. Render the filtrate slightly alkaline to litmus with 6
N ammonium hydroxide, then render it acid with nitric acid, and add to the warm solution 3 mL
of ammonium molybdate TS: a yellow precipitate is formed within a few minutes.
Water Determination, Method I 〈921〉: between 19.0% and 21.5%.
Assay—Dissolve about 100 mg of Menadiol Sodium Diphosphate, accurately weighed, in 25 mL
of water, and add 25 mL of glacial acetic acid and 25 mL of 3 N hydrochloric acid. Titrate the
solution with 0.02 N ceric sulfate VS, determining the endpoint potentiometrically using a
calomel-platinum electrode system. Each mL of 0.02 N ceric sulfate is equivalent to 4.221 mg of
C11 H8 Na4 O8 P2 . 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 2569
BRIEFING
Menadiol Sodium Diphosphate Injection, USP 41 page 2570. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Menadiol Sodium Diphosphate Injection
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C196366
Comment deadline: September 30, 2018
Delete the following:
Menadiol Sodium Diphosphate Injection

» Menadiol Sodium Diphosphate Injection is a sterile solution of Menadiol
Sodium Diphosphate in W ater for Injection. It contains not less than 95.0
percent and not more than 110.0 percent of the labeled amount of
C 11 H 8 Na 4 O 8 P 2 ·6H 2 O.
Packaging and storage—Preserve in single-dose, light-resistant containers, preferably of
Type I glass.
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Change to read:
USP Reference standards 〈11〉—
(CN 1-May-2018)

USP Menadione RS
Identification—
A: Transfer a volume of Injection, equivalent to about 100 mg of menadiol sodium diphosphate,
to a separator, add 10 mL of 2 N sulfuric acid, and extract with six 25-mL portions of ether,
discarding the ether extracts. To the aqueous solution add 1 mL of 0.5 N ceric sulfate and 1 mL
of 30 percent hydrogen peroxide, and extract with two 10-mL portions of chloroform. Evaporate
the combined chloroform extracts on a steam bath just to dryness, then dry at 80° for 1 hour:
the IR absorption spectrum of a potassium bromide dispersion of the menadione so obtained
exhibits maxima at the same wavelengths as that of a similar preparation of USP Menadione RS.
The solid also responds to Identification test B under Menadiol Sodium Diphosphate.
B: Adjust, if necessary, a volume of Injection, equivalent to about 20 mg of menadiol sodium
diphosphate, by evaporation or dilution with water, as required, to 2 mL: the solution responds
to Identification test C under Menadiol Sodium Diphosphate.
Bacterial Endotoxins Test 〈85〉 —It contains not more than 25.0 USP Endotoxin Units per mg
of menadiol sodium diphosphate.
pH 〈791〉: between 7.5 and 8.5.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
Assay—Transfer an accurately measured volume of Injection, equivalent to about 50 mg of
menadiol sodium diphosphate, to a 125-mL separator, and extract with three 25-mL portions of
chloroform, discarding the chloroform extracts. Transfer the aqueous solution to a 250-mL
beaker, add 25 mL of glacial acetic acid and 25 mL of 3 N hydrochloric acid, vigorously bubble
nitrogen through this solution for not less than 15 minutes, and titrate with 0.01 N ceric sulfate
VS, determining the endpoint potentiometrically using a calomel-platinum electrode system.
Each mL of 0.01 N ceric sulfate is equivalent to 2.651 mg of C11 H8 Na4 O8 P2 ·6H2 O. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 2570
BRIEFING
Menadiol Sodium Diphosphate Tablets, USP 41 page 2570. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Menadiol Sodium Diphosphate Tablets are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2 : M. Puderbaugh.)
Correspondence Number—C196367
Comment deadline: September 30, 2018
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Delete the following:
Menadiol Sodium Diphosphate Tablets

» Menadiol Sodium Diphosphate Tablets contain not less than 95.0 percent
and not more than 110.0 percent of the labeled amount of
C 11 H 8 Na 4 O 8 P 2 ·6H 2 O.
Packaging and storage—Preserve in well-closed, light-resistant containers.
USP Reference standards 〈11〉—
USP Menadione RS
Identification—
A: Triturate a quantity of powdered Tablets, equivalent to about 100 mg of menadiol sodium
diphosphate, with a mixture of 10 mL of water and 10 mL of 2 N sulfuric acid, centrifuge the
mixture, and filter the supernatant. To the filtrate add 1 mL of 0.5 N ceric sulfate, mix, extract
with 10 mL of chloroform, and centrifuge. Evaporate the chloroform extract on a steam bath
just to dryness, then dry at 80° for 1 hour: the IR absorption spectrum of a potassium bromide
dispersion of the menadione so obtained exhibits maxima at the same wavelengths as that of a
similar preparation of USP Menadione RS.
B: To 50 mg of the menadione obtained in Identification test A add 5 mL of water, then add 75
mg of sodium bisulfite, and heat on a steam bath, shaking vigorously until the substance is
dissolved and the solution is almost colorless. Add water to make 50 mL, and mix. To 2 mL of
the solution add 2 mL of alcoholic ammonia (prepared by mixing equal volumes of alcohol and
ammonium hydroxide), shake, and add 3 drops of ethyl cyanoacetate: a deep purplish blue
color is produced, and, on the addition of 1 mL of sodium hydroxide solution (1 in 3), it changes
to green and then to yellow.
C: Triturate a quantity of powdered Tablets, equivalent to about 20 mg of menadiol sodium
diphosphate, with 10 mL of water, centrifuge the mixture, filter the supernatant, and evaporate
to a volume of about 2 mL. Add 2 drops of nitric acid and 1 mL of sulfuric acid, and heat slowly
to the evolution of white fumes. Cool, cautiously dilute with water to about 10 mL, and filter if
not clear. Render the filtrate slightly alkaline to litmus with 6 N ammonium hydroxide, then
render it acid with nitric acid, and add to the warm solution 3 mL of ammonium molybdate TS: a
yellow precipitate is formed within a few minutes.
Dissolution 〈711〉—
Medium: 0.1 N hydrochloric acid; 900 mL.
Apparatus 1: 100 rpm.
Time: 30 minutes.
Procedure— Determine the amount of C11 H8 Na4 O8 P2 ·6H2 O dissolved from UV absorbances at
the wavelength of maximum absorbance at about 227 nm on filtered portions of the solution
under test, suitably diluted with Medium, in comparison with a standard solution prepared by
dissolving in the same Medium an accurately weighed quantity of Menadiol Sodium Diphosphate,
previously dried in vacuum over phosphorus pentoxide for 4 hours, the dried sample having a
known concentration determined by titration with 0.01 N ceric sulfate VS as directed in the
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Assay.
Tolerances— Not less than 75% (Q) of the labeled amount of C11 H8 Na4 O8 P2 ·6H2 O is dissolved
in 30 minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Procedure for content uniformity— [Note—Use low-actinic glassware.] Transfer 1 finely
powdered Tablet to a glass-stoppered centrifuge tube, add 25 mL of pH 8.0 phosphate buffer
(see under Solutions in the section Reagents, Indicators, and Solutions), and shake vigorously
for several minutes. Filter into a 50-mL volumetric flask, rinse the centrifuge tube, and filter
with three 5-mL portions of pH 8.0 phosphate buffer, adding the rinsings to the volumetric
flask, dilute with pH 8.0 phosphate buffer to volume, and mix. Dilute a portion of this solution
quantitatively and stepwise, if necessary, with pH 8.0 phosphate buffer to provide a solution
containing approximately 40 µg of menadiol sodium diphosphate per mL. Concomitantly
determine the absorbances of this solution and of a solution of Menadiol Sodium Diphosphate,
previously dried in vacuum over phosphorus pentoxide for 4 hours, in the same Medium having a
known concentration of about 40 µg per mL, at the wavelength of maximum absorbance at
about 297 nm, with a suitable spectrophotometer, using pH 8.0 phosphate buffer as the blank.
Calculate the quantity, in mg, of C11 N8 Na4 O8 P2 ·6H2 O in the Tablet taken by the formula:
(TC / D)(AU / AS)
in which T is the labeled quantity, in mg, of menadiol sodium diphosphate in the Tablet, C is the
concentration, in µg per mL, of C11 H8 Na4 O8 P2 ·6H2 O in the Standard solution, D is the
concentration, in µg per mL, of menadiol sodium diphosphate in the test solution, based upon
the labeled quantity per Tablet and the extent of dilution, and AU and AS are the absorbances
of the solution from the Tablet and the standard solution, respectively.
Assay—Weigh and finely powder not less than 20 Tablets. Transfer an accurately weighed
portion of the powder, equivalent to about 50 mg of menadiol sodium diphosphate, to a 250-mL
beaker. Moisten the powder with a few mL of glacial acetic acid, and then add sufficient
quantity of the acid to make 25 mL. Add 25 mL of 3 N hydrochloric acid and 25 mL of water,
mix, and titrate with 0.01 N ceric sulfate VS, determining the endpoint potentiometrically using
a calomel-platinum electrode system. Each mL of 0.01 N ceric sulfate is equivalent to 2.651 mg
of C11 H8 Na4 O8 P2 ·6H2 O. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 2570
BRIEFING
Menadione Injection, USP 41 page 2572. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Menadione Injection are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C196375
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Comment deadline: September 30, 2018
Delete the following:
Menadione Injection

» Menadione Injection is a sterile solution of Menadione in oil. It contains
not less than 90.0 percent and not more than 120.0 percent of the labeled
amount of C 11 H 8 O 2 .
Packaging and storage—Preserve in single-dose or in multiple-dose containers, preferably of
Type I glass.
Change to read:
USP Reference standards 〈11〉—
(CN 1-May-2018)

USP Menadione RS
Bacterial Endotoxins Test 〈85〉 —It contains not more than 58.3 USP Endotoxin Units per mg
of menadione.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
Assay—[Note—Avoid exposing Menadione and its solutions to light throughout the Assay. ]
Standard preparation— Transfer about 25 mg of USP Menadione RS, accurately weighed, to a
100-mL volumetric flask, dissolve in a mixture of equal volumes of alcohol and ether, dilute with
the same mixture to volume, and mix. Keep the solution tightly closed in a dark, cool place, and
use it within 7 days.
Assay preparation— Transfer an accurately measured volume of Injection, equivalent to about
25 mg of menadione, to a 100-mL volumetric flask, dilute with a mixture of equal volumes of
ether and alcohol to volume, and mix.
Procedure— Transfer 1.0 mL each of the Standard preparation and the Assay preparation to
separate 50-mL volumetric flasks, add to each 4 mL of alcohol, and mix. Then to each flask add
1.0 mL of a solution prepared by dissolving 50 mg of 2,4-dinitrophenylhydrazine in 20 mL of a
mixture of 2 volumes of 3 N hydrochloric acid and 1 volume of water. Place the flasks in a bath
maintained at 70° to 75° for 15 minutes, shaking vigorously every 2 to 3 minutes. Immediately
after the heating, cool the flasks to about 25°; then add to each 5 mL of alcoholic ammonia,
prepared by mixing equal volumes of alcohol and ammonium hydroxide. Shake the flasks
thoroughly, add alcohol to make 50.0 mL, mix, allow to stand for 15 minutes, and decant from
any separated oil. Determine the absorbances of the solutions, in 1-cm cells at the wavelength
of maximum absorbance at about 635 nm, with a suitable spectrophotometer, using a reagent
blank to set the instrument. Calculate the quantity, in mg, of C11 H8 O2 in each mL of the
Injection taken by the formula:
(0.1C / V)(AU / AS)
in which C is the concentration, in µg per mL, of USP Menadione RS in the Standard
preparation, V is the volume, in mL, of Injection taken, and AU and AS are the absorbances of
the solutions from the Assay preparation and the Standard preparation, respectively.
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2S (USP42)

Recent Official Publications:
USP41–NF36 Page 2572
BRIEFING
Meropenem, USP 41 page 2591 and PF 42(5) [Sept.–Oct. 2016]. On the basis of comments
received, the previous proposal that appeared in PF 42(5) has been canceled and is being
replaced with a new proposal with the following changes:
1. In the chemical information section, change the molecular weight of the anhydrous
Meropenem to match the molecular weight in the USP Dictionary of USAN and
International Drug Names.
2. Replace Identification B, based on analyses using Ultraviolet Absorption 〈197U〉, with an
analysis based on UV spectral agreement utilizing the proposed Assay.
3. In the Assay, the Chromatographic system is updated to include an option of using
Identification B for analysis.
4. In the test for Residue on Ignition, delete the statement “Use a desiccator containing
silica gel” as it is a requirement of Residue on Ignition 〈281〉. Also, the statement for
ignition temperature is updated for clarity.
5. Replace the Assay procedure to assure similarity to that in the Meropenem for Injection
monograph. The proposed LC method is based on analyses using the Hypersil ODS brand
of column with L1 packing. The typical retention time for meropenem is between 4.2 and
5.2 min.
6. Delete the test for Limit of Acetone as it is process-specific.
7. In the test for Organic Impurities, the following changes are proposed:
a. As part of the Mobile phase preparation, delete the statement about making
mobile phase adjustments as Chromatography 〈621〉 allows other types of
adjustments as well.
b. Add the Peak identification solution to aid in the impurity identification during
testing.
c. The stability of the Standard solution is a mandatory requirement and is
therefore not part of a Note as per current USP style.
d. Delete the Column efficiency requirement under System suitability as the
remaining requirements are adequate to evaluate the system suitability.
e. The calculation section is updated to include the USP Meropenem RS potency.
f. The acceptance criteria for impurities are revised to be consistent with agency
approval.
8. In the pH test, the sample preparation is updated to current USP style.
9. To provide flexibility for the users, the Water Determination test is updated to include
Water Determination 〈921〉, Method I, Method Ia as an addition to Method Ic.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: S. Shane.)
Correspondence Number—C199156
Comment deadline: September 30, 2018
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Meropenem
Change to read:

C17 H25 N3 O5 S·3H2 O
437.51
C17 H25 N3 O5 S
383.47
383.46
2S (USP42)

1-Azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, 3-[[5-[(dimethylamino)carbonyl]-3pyrrolidinyl]thio]-6-(1-hydroxyethyl)-4-methyl-7-oxo, trihydrate, [4R[3(3S*,5S*),4α,5β,6β(R*)]]-;
(4R,5S,6S)-3-{[(3S,5S)-5-(Dimethylcarbamoyl)pyrrolidin-3-yl]thio}-6-[(1R)-1-hydroxyethyl]-4methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, trihydrate
[119478-56-7].
Anhydrous
[96036-03-2].
DEFINITION
Meropenem contains NLT 98.0% and NMT 101.0% of meropenem (C17 H25 N3 O5 S), calculated
on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Change to read:
• B. Ultraviolet Absorption 〈197U〉
Sample solution: 30 µg/mL
Diluent: Water
The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Diluted phosphoric acid: Dilute 10 mL of phosphoric acid with water to 100 mL.
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Solution A: Mix 1.0 mL of triethylamine and 900 mL of water. Adjust with Diluted
phosphoric acid to a pH of 5.0 ± 0.1, and dilute to 1000 mL with water.
Mobile phase: Solution A and methanol (5:1)
Standard solution: 0.5 mg/mL of USP Meropenem RS in Solution A.
[Note—Immediately after preparation, store this solution in a refrigerator. It may be used
for 24 h.]
Sample solution: 0.5 mg/mL of Meropenem in Solution A. Use this solution immediately
after preparation.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 300 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min.
[Note—Adjust the flow rate so that the retention time for meropenem is about 6–8 min.]
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2500 theoretical plates
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in mg, of meropenem (C17 H25 N3 O5 S) in the portion of Meropenem
taken:
Result = (WS/WU) × P × (rU/rS)
WS = weight of USP Meropenem RS in the Standard solution (mg), calculated on the
anhydrous basis
WU = weight of Meropenem in the Sample solution (mg)
P = stated percentage of meropenem in USP Meropenem RS, calculated on the
anhydrous basis
rU = peak response from the Sample solution
rS = peak response from the Standard solution
Solution A: Dilute 15 mL of tetrabutylammonium hydroxide solution (25% in methanol)
with water to 750 mL. Adjust with 10% phosphoric acid TS to a pH of 7.5 ± 0.1.
Mobile phase: Acetonitrile, methanol, and Solution A (150:100:750)
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Standard solution: 0.1 mg/mL of USP Meropenem RS in Mobile phase. Immediately after
preparation, store this solution in a refrigerator, and use within 24 h.
Sample solution: 0.1 mg/mL of Meropenem in Mobile phase. Immediately after preparation,
store this solution in a refrigerator, and use within 8 h.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 300 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of meropenem (C17 H25 N3 O5 S) in the portion of Meropenem taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of meropenem from the Sample solution
rS = peak response of meropenem from the Standard solution
CS = concentration of USP Meropenem RS in the Standard solution (mg/mL)
CU = concentration of Meropenem in the Sample solution (mg/mL)
P = designated potency of USP Meropenem RS (mg/mg)
2S (USP42)

Acceptance criteria: 98.0%–101.0% on the anhydrous basis
IMPURITIES
Delete the following:
• Heavy Metals 〈231〉
Sodium sulfide reagent: 125 mg/mL of sodium sulfide in a mixture of water and glycerin
(1:3).
[Note—Preserve in well-filled, light-resistant bottles, and use within 3 months.]
Standard solution: Evaporate a mixture of 2 mL of nitric acid, 5 drops of sulfuric acid, and
2 mL of hydrochloric acid on a water bath. Further evaporate to dryness on a hot sand
bath, and moisten the residue with 3 drops of hydrochloric acid. Proceed as directed for
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the Sample solution, beginning with “add 10 mL of hot water”, except add water to obtain
a volume of 49 mL. Add 1.0 mL of Standard Lead Solution.
Sample solution: Transfer 1.0 g of Meropenem to a quartz or porcelain crucible, cover
loosely with a lid, and carbonize by gentle ignition. After cooling, add 2 mL of nitric acid
and 5 drops of sulfuric acid, heat cautiously until white fumes evolve, and incinerate by
ignition at 500°–600°. Cool, add 2 mL of hydrochloric acid, and evaporate on a water bath
to dryness. Moisten the residue with 3 drops of hydrochloric acid, add 10 mL of hot water,
and warm for 2 min. Add 1 drop of phenolphthalein TS, add ammonia TS, dropwise, until
the solution develops a pale red color, and add 2 mL of 1 N acetic acid. Filter, if
necessary, to obtain a clear solution, washing the filter with 10 mL of water. Transfer the
filtrate and the washing to a 50-mL color-comparison tube, and add water to obtain a
volume of 50 mL.
Analysis: To the tubes containing the Sample solution and the Standard solution, add 1
drop of sodium sulfide reagent, mix, and allow to stand for 5 min. The color in the tube
containing the Sample solution is not darker than the color in the tube containing the
Standard solution.
Acceptance criteria: NMT 0.001% (O fficial 1-Jan-2018)
Change to read:
• Residue on Ignition 〈281〉
Analysis: Ignite at 500 ± 50° instead of at 800 ± 25°. Use a desiccator containing silica
gel.
2S (USP42)

Acceptance criteria: NMT 0.1%
Change to read:
• Organic Impurities
Solution A: Mix 1.0 mL of triethylamine and 900 mL of water. Adjust with 10% phosphoric
acid TS to a pH of 5.0 ± 0.1, and dilute with water to 1000 mL.
Mobile phase: Acetonitrile and Solution A (70:1000) Make adjustments if necessary (See
Chromatography 〈621〉, System Suitability).
Peak identification solution: 5 mg/mL of USP Meropenem RS in Mobile phase. Use this
solution between 1 and 24 h from preparation. 2S (USP42)
Standard solution: 0.025 mg/mL of USP Meropenem RS in Solution A
[Note—Immediately after preparation, store this solution in a refrigerator and use within 24
h.]
Store this solution in a refrigerator and use within 24 h. 2S (USP42)
Sample solution: 5 mg/mL of Meropenem in Solution A. Use this Sample solution
immediately.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.6 mL/min
[Note—Adjust to obtain a retention time for meropenem of 5–7 min.]

2S (USP42)

Injection volume: 10 µL
Run time: NLT 3 times the retention time of meropenem
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2500 theoretical plates
2S (USP42)

Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples:
Peak identification solution , Standard solution, and Sample solution
Chromatograph the Peak identification solution and identify the components on the basis of
their relative retention times, as shown in Table 1.
2S (USP42)

Calculate the percentage of each individual impurity in the portion of Meropenem taken:
Result = (rU/rS) × (CS/CU) × P
× 100 2S (USP42)
rU = peak response of any individual impurity from the Sample solution
rS = peak response of meropenem from the Standard solution
CS = concentration of USP Meropenem RS in the Standard solution (mg/mL)
CU = concentration of Meropenem in the Sample solution (mg/mL)
P = stated percentage of meropenem in USP Meropenem RS, calculated on the
anhydrous basis
potency of meropenem in USP Meropenem RS (mg/mg) 2S (USP42)
Acceptance criteria:
Individual impurities: NMT 0.3% of any of two major impurities, calculated on the
anhydrous basis
Any other impurity: NMT 0.1%, calculated on the anhydrous basis
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Total any other impurities: NMT 0.3%
See Table 1.
Table 1

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Meropenem open ringa
0.45
0.3
Meropenem
1.0
—
b
Meropenem dimer
1.9
0.3
Any individual unspecified impurity
—
0.05
Total unspecified impurities
—
0.3
a (4R,5S)-5-[(1S,2R)-1-Carboxy-2-hydroxypropyl]-3-{[(3S,5S)-5(dimethylcarbamoyl)pyrrolidin-3-yl]thio}-4-methyl-4,5-dihydro-1H-pyrrole-2-carboxylic
acid.
b (4R,5S,6S)-3-{[(3S,5S)-1-{(2S,3R)-2-[(2S,3R)-5-Carboxy-4-{[(3S,5S)-5(dimethylcarbamoyl)pyrrolidin-3-yl]thio}-3-methyl-2,3-dihydro-1H-pyrrol-2-yl]-3hydroxybutanoyl}-5-(dimethylcarbamoyl)pyrrolidin-3-yl]thio}-6-[(R)-1-hydroxyethyl]4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid.
2S (USP42)

Delete the following:
• Limit of Acetone
Internal standard solution: 0.05 µL/mL of ethyl acetate in dimethylformamide
Standard stock solution: 0.5 mg/mL of acetone in dimethylformamide
Standard solution: Combine 1.0 mL of Standard stock solution and 10.0 mL of Internal
standard solution.
Sample solution: Dissolve 100 mg of Meropenem in 0.2 mL of dimethylformamide and 2.0
mL of Internal standard solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 3-mm × 2-m column; support S2
Temperature
Column: 150°
Injection port: 170°
Carrier gas: Nitrogen
Flow rate: Adjusted so that the retention time for acetone is about 3 min
Injection volume: 2 µL
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of acetone in the portion of Meropenem taken:
Result = (WA/5 × WU) × (rU/rS)
WA = weight of acetone in the Standard solution (mg)
WU = weight of Meropenem in the Sample solution (mg)
rU = peak area ratio of acetone to the internal standard from the Sample solution
rS = peak area ratio of acetone to the internal standard from the Standard solution
Acceptance criteria: NMT 0.05%

2S (USP42)

SPECIFIC TESTS
Change to read:
• Bacterial Endotoxins Test 〈85〉: Where the label states that Meropenem is sterile or that it
must be subjected to further processing during the preparation of injectable dosage forms,
the level of bacterial endotoxins is such that the requirement under the relevant dosage
form monograph(s) in which Meropenem is used can be met. 2S (USP42)
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 5 mg/mL in water
Acceptance criteria: −17° to −21°, at 20°
Change to read:
• pH 〈791〉
Sample solution: 1 in 100 solution
10 mg/mL in water 2S (USP42)
Acceptance criteria: 4.0–6.0
Change to read:
• Sterility Tests 〈71〉: Test for Sterility of the Product to Be Examined, Membrane
Filtration:Meets the requirements.
Where the label states that Meropenem is sterile or that it must be subjected to further
processing during the preparation of injectable dosage forms, it meets the requirements.
2S (USP42)

Change to read:
• Water Determination 〈921〉, Method I,
Method Ia 2S (USP42)
or Method Ic: 11.4%–13.4%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store the dry powder at controlled
room temperature.
Change to read:
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
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that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms,
it is so labeled. Where Meropenem must be subjected to further processing during the
preparation of injectable dosage forms to ensure acceptable levels of bacterial endotoxins,
it is so labeled. 2S (USP42)
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Meropenem RS
Recent Official Publications:
USP41–NF36 Page 2591
BRIEFING
Meropenem for Injection, USP 41 page 2592 and PF 42(5) [Sept.–Oct. 2016]. On the basis
of comments received for the Meropenem monograph, the previous proposal that appeared in
PF 42(5) has been canceled and is being replaced with a new proposal with the following
changes:
1. Add Identification B based on UV spectral agreement using the existing Assay
procedure. In the Assay procedure, add the detector range for the Identification B
analysis.
2. In the test for Organic Impurities, remove the use of the 1:10 phosphoric acid solution
(previously Solution A) and replaced it with the reagent 10% phosphoric acid TS.
Update Table 1 to include chemical names for specified impurities and include the
acceptance criteria for “any individual unspecified impurity,” “total unspecified
impurities,” and “total impurities” based on FDA-approved limits. Clarify the
concentration of triethylamine to match the Mobile phase preparation of the
Meropenem drug substance monograph.
3. In the test for Organic Impurities, add the Peak identification solution to aid in the
impurity identification during testing.
4. In the Assay and test for Organic Impurities, delete the Note that the flow rate should
be adjusted to obtain a particular retention time for the active ingredient, as mobile
phase adjustments are detailed in Chromatography 〈621〉.
5. Revise the requirement in the Bacterial Endotoxins Test section to remove the numerical
limit and refer to Bacterial Endotoxins Test 〈85〉 for calculation of limits.
6. Revise the Sterility Tests section to add flexibility.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: S. Shane.)
Correspondence Number—C201058
Comment deadline: September 30, 2018
Meropenem for Injection
DEFINITION
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Meropenem for Injection is a sterile dry mixture of Meropenem and Sodium Carbonate. It
contains NLT 90.0% and NMT 120.0% of the labeled amount of meropenem (C17 H25 N3 O5 S).
IDENTIFICATION
• A. The retention time of the meropenem peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Solution A: 1:10 solution of phosphoric acid and water
2S (USP42)

Buffer: Dilute 15 mL of tetrabutylammonium hydroxide solution (25% in water) with water
to 750 mL. Adjust with Solution A
10% phosphoric acid TS 2S (USP42)
to a pH of 7.5 ± 0.1.
Mobile phase: Acetonitrile, methanol, and Solution A (150:100:750)
Standard solution: 0.11 mg/mL of USP Meropenem RS in Mobile phase. Immediately after
preparation, store this solution in a refrigerator, and use within 24 h.
Sample stock solution 1 (where it is represented as being a single-dose container):
Nominally 1 mg/mL of meropenem, prepared as follows. Constitute a container of
Meropenem for Injection with a volume of water, corresponding to the quantity of solvent
specified in the labeling. Withdraw all of the withdrawable contents, using a suitable
hypodermic needle and syringe, and transfer to a suitable volumetric flask. Dilute with
water to volume, and mix.
Sample solution 1: Nominally 0.1 mg/mL of meropenem in Mobile phase from Sample stock
solution 1. Hold this Sample solution 1 for 2 h at 25 ± 1° before testing.
Sample stock solution 2 (where the label states the quantity of meropenem in a given
volume of constituted solution): Nominally 1 mg/mL of meropenem, prepared as follows.
Constitute a container of Meropenem for Injection with a volume of water corresponding
to the quantity of solvent specified in the labeling, and dilute with water.
Sample solution 2: Nominally 0.1 mg/mL of meropenem in Mobile phase from Sample stock
solution 2. Hold this Sample solution 2 for 2 h at 25 ± 1° before testing.
Chromatographic system
(See Chromatography 〈621〉, System Suitability)
Mode: LC
Detector: UV 300 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.

2S (USP42)
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Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min [Note—Adjust the flow rate to obtain a retention time for
meropenem of about 6–8 min.]
2S (USP42)

Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution 1 or Sample solution 2
Calculate the percentage of the labeled amount of meropenem (C17 H25 N3 O5 S) in the
portion of Meropenem for Injection taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of meropenem from Sample solution 1 or Sample solution 2
rS = peak response of meropenem from the Standard solution
CS = concentration of USP Meropenem RS in the Standard solution (mg/mL)
CU = nominal concentration of meropenem in Sample solution 1 or Sample solution 2
(mg/mL)
P = potency of meropenem in USP Meropenem RS (mg/mg)
Acceptance criteria: 90.0%–120.0%
OTHER COMPONENTS
• Content of Sodium
Solution A: 38.1 g/L of potassium chloride in water
Standard stock solution: 25.42 µg/mL of sodium chloride (previously dried at 105° for 2 h)
in water
Standard solution: 2.5 µg/mL of sodium chloride from the Standard stock solution mixed
first with Solution A to 10% of the final volume and diluted with water to volume
Sample stock solution 1 (where it is represented as being a single-dose container):
Nominally 0.125 mg/mL of meropenem, prepared as follows. Constitute a container of
Meropenem for Injection with a volume of water corresponding to the quantity of solvent
specified in the labeling. Withdraw all of the withdrawable contents, using a suitable
hypodermic needle and syringe, and transfer to a suitable volumetric flask. Dilute with
water to volume.
Sample stock solution 2 (where the label states the quantity of meropenem in a given
volume of constituted solution): Nominally 0.125 mg/mL of meropenem, prepared as
follows. Constitute a container of Meropenem for Injection with a volume of water,
corresponding to the quantity of solvent specified in the labeling. Transfer the constituted
solution to a suitable volumetric flask, and dilute with water to volume.
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Sample solution: Nominally 0.0125 mg/mL of meropenem from Sample stock solution 1 or
Sample stock solution 2 mixed first with Solution A to 10% of the final volume, and dilute
with water to volume
Blank: Solution A and water (1:10)
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectroscopy
Analytical wavelength: 589.6 nm sodium emission line
Burner: Single-slot
Flame: Air–acetylene
Lamp: Sodium hollow-cathode
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the percentage of sodium (Na) in the portion of Meropenem for Injection taken:
Result = (AU/AS) × (CS/CU) × (Mr1/Mr2) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of sodium chloride in the Standard solution (µg/mL)
CU = nominal concentration of meropenem in the Sample solution (µg/mL)
Mr1 = atomic weight of sodium, 22.99
Mr2 = molecular weight of sodium chloride, 58.44
Acceptance criteria: 80%–120% of the labeled amount of sodium
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements
IMPURITIES
Change to read:
• Organic Impurities
Solution A: 1:10 solution of phosphoric acid and water
2S (USP42)

Buffer: Mix 1 mL
1.0 mL 2S (USP42)
of triethylamine and 900 mL of water. Adjust with 10% phosphoric acid TS to a pH of 5.0
± 0.1, and dilute with water to 1000 mL.
Mobile phase: Acetonitrile and Buffer (70:1000)
Peak identification solution: 5 mg/mL of USP Meropenem RS in Mobile phase. Use this
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solution between 1 and 24 h from preparation. 2S (USP42)
Standard solution: 0.029 mg/mL of USP Meropenem RS in Buffer. Store this solution in a
refrigerator immediately after preparation, and use within 24 h.
Sample solution: Nominally prepare 5 mg/mL of meropenem in Buffer from Meropenem for
Injection. This solution has to be prepared fresh and used immediately.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.6 mL/min [Note—Adjust to obtain a retention time for meropenem of 5–7
min.]
2S (USP42)

Injection volume: 10 µL
Run time:
NLT 2S (USP42)
3 times the retention time of meropenem
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples:
Peak identification solution , Standard solution, and Sample solution
Chromatograph the Peak identification solution and identify the components on the basis of
their relative retention times, as shown in Table 1.
2S (USP42)

Calculate the percentage of each individual impurity in the portion of Meropenem for
Injection taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of meropenem from the Standard solution
CS = concentration of USP Meropenem RS in the Standard solution (mg/mL)
CU = nominal concentration of meropenem in the Sample solution (mg/mL)
P = potency of meropenem in USP Meropenem RS (mg/mg)
Acceptance criteria: See Table 1.
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Table 1
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Name
Meropenem
impurity Ia
0.45
Meropenem
impurity IIa
1.9
a Specified, unidentified impurities.

0.8
0.6

Table 1

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Meropenem open ringa
0.45
0.8
Meropenem
1.0
—
Meropenem dimerb
1.9
0.6
Any individual unspecified impurity
—
0.10
Total unspecified impurities
—
1.0
Total impurities
—
2.0
a (4R,5S)-5-[(1S,2R)-1-Carboxy-2-hydroxypropyl]-3-{[(3S,5S)-5(dimethylcarbamoyl]pyrrolidin-3-yl]thio}-4-methyl-4,5-dihydro-1H-pyrrole-2-carboxylic
acid.
b (4R,5S,6S)-3-{[(3S,5S)-1-{(2S,3R)-2-[(2S,3R)-5-Carboxy-4-{[(3S,5S)-5(dimethylcarbamoyl]pyrrolidin-3-yl]thio}-3-methyl-2,3-dihydro-1H-pyrrol-2-yl]-3hydroxybutanoyl}-5-(dimethylcarbamoyl]pyrrolidin-3-yl]thio}-6-[(R)-1-hydroxyethyl]4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid.
2S (USP42)

SPECIFIC TESTS
Change to read:
• Bacterial Endotoxins Test 〈85〉: NMT 0.125 USP Endotoxin Units/mg of meropenem
Meets requirements 2S (USP42)
• Constituted Solution: At the time of use, it meets the requirements for Injections and
Implanted Drug Products 〈1〉, Product Quality Tests Common to Parenteral Dosage Forms,
Specific Tests, Completeness and Clarity of Solutions.
• Loss on Drying 〈731〉
Analysis: Dry under vacuum at 65° for 6 h.
Acceptance criteria: 9.0%–12.0%
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• pH 〈791〉
Sample solution: 50 mg/mL
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Acceptance criteria: 7.3–8.3
Change to read:
• Sterility Tests 〈71〉: Meets the requirements when tested as directed for Test for Sterility of
the Product to Be Examined, Membrane Filtration
2S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers as described in Packaging and Storage
Requirements 〈659〉, Injection Packaging, Packaging for Constitution. Store at controlled
room temperature.
• Labeling: Meets the requirements for Labeling 〈7〉, Labels and Labeling for Injectable
Products. Label it to state the quantity, in mg, of sodium (Na) in a given dosage of
meropenem.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Meropenem RS
Recent Official Publications:
USP41–NF36 Page 2592
BRIEFING
Methylbenzethonium Chloride Ointment, USP 41 page 2663. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Methylbenzethonium Chloride Ointment
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM6: M. Puderbaugh.)
Correspondence Number—C197741
Comment deadline: September 30, 2018
Delete the following:
Methylbenzethonium Chloride Ointment
DEFINITION
Methylbenzethonium Chloride Ointment contains NLT 90.0% and NMT 110.0% of the labeled
amount of methylbenzethonium chloride (C28 H44 ClNO2 ·H2 O).
IDENTIFICATION
• A.
Sample: Suspend 0.5 g of methylbenzethonium chloride ointment in 10 mL of water.
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Analysis: Add 0.1 g of sodium carbonate, 1 mL of bromophenol blue TS, and 10 mL of
chloroform to the Sample, and shake the mixture.
Acceptance criteria: The chloroform layer is blue.
ASSAY
• Procedure
Standard stock solution: 4.446 mg/mL of USP Docusate Sodium RS in isopropyl alcohol
(equivalent to 0.01 M of USP Docusate Sodium RS). Store this solution in a tightlystoppered glass container. Prepare the Standard solution on the day of use.
Standard solution 44.46 µg/mL of USP Docusate Sodium RS in water from the Standard
stock solution (equivalent to 0.1 mM of USP Docusate Sodium RS)
Sample solution: Transfer an amount of Ointment, equivalent to 0.5 mg of
methylbenzethonium chloride, to a glass-stoppered, 50-mL cylinder. Add 5 mL of
chloroform (freshly purified by shaking 100 mL with 10 g of silica gel, allowing to settle,
and withdrawing the supernatant), 5 mL of phosphoric acid solution (1 in 10), and 1 mL of
0.05 mg/mL of safranin O solution.
Analysis: Titrate the Sample solution with the Standard solution until 1 mL from the
endpoint, then shake the stoppered tube vigorously for about 2 min, and continue the
titration in 0.1-mL increments, shaking vigorously after each addition, until a pink color
appears in the chloroform layer. Perform a blank determination, and make any necessary
correction (see Titrimetry 〈541〉). Each mL of Standard solution is equivalent to 48.01 µg
of methylbenzethonium chloride (C28 H44 ClNO2 ·H2 O).
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 5.0–7.0, in a dispersion of 10 mg/mL of the sample in carbon dioxide-free water
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in collapsible tubes or in tight containers.
• USP Reference Standards 〈11〉
USP Docusate Sodium RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 2663
BRIEFING
Methylbenzethonium Chloride Topical Powder, USP 41 page 2663. It is proposed to omit
this monograph for the following reasons:
1. No drug products formulated as defined under Methylbenzethonium Chloride Topical
Powder are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM6 : M. Puderbaugh.)
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Correspondence Number—C197743
Comment deadline: September 30, 2018
Delete the following:
Methylbenzethonium Chloride Topical Powder
DEFINITION
Methylbenzethonium Chloride Topical Powder contains NLT 85.0% and NMT 115.0% of the
labeled amount of methylbenzethonium chloride (C28 H44 ClNO2 ·H2 O) in a suitable fine powder
base, free from grittiness.
IDENTIFICATION
• A.
Sample: Suspend 0.1 g of methylbenzethonium chloride topical powder in 10 mL of water.
Analysis: Add 0.1 g of sodium carbonate, 1 mL of bromophenol blue TS, and 10 mL of
chloroform to the Sample, and shake the mixture.
Acceptance criteria: The chloroform layer is blue.
ASSAY
• Procedure
Standard stock solution: 4.446 mg/mL of USP Docusate Sodium RS in isopropyl alcohol
(equivalent to 0.01 M of USP Docusate Sodium RS). Store this solution in a tightlystoppered glass container. Prepare the Standard solution on the day of use.
Standard solution: 44.46 µg/mL of USP Docusate Sodium RS in water from the Standard
stock solution (equivalent to 0.1 mM of USP Docusate Sodium RS)
Sample solution: Transfer an amount of Topical Powder, equivalent to 0.5 mg of
methylbenzethonium chloride, to a glass-stoppered, 50-mL cylinder. Add 5 mL of
chloroform (freshly purified by shaking 100 mL with 10 g of silica gel, allowing to settle,
and withdrawing the supernatant), 5 mL of phosphoric acid solution (1 in 10), and 1 mL of
0.05 mg/mL of safranin O solution.
Analysis: Titrate the Sample solution with the Standard solution until 1 mL from the
endpoint, then shake the stoppered tube vigorously for about 2 min, and continue the
titration in 0.1-mL increments, shaking vigorously after each addition, until a pink color
appears in the chloroform layer. Perform a blank determination, and make any necessary
correction (see Titrimetry 〈541〉). Each mL of Standard solution is equivalent to 48.01 µg
of methylbenzethonium chloride (C28 H44 ClNO2 ·H2 O).
Acceptance criteria: 85.0%–115.0%
SPECIFIC TESTS
• pH 〈791〉: 9.0–10.5, in a dispersion of 10 mg/mL of the sample in carbon dioxide-free water
• Powder Fineness 〈811〉: NLT 99% of it passes through a No. 200 sieve.
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Docusate Sodium RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 2663
BRIEFING
Methylprednisolone Sodium Succinate for Injection, USP 41 page 2694. As part of the
USP monograph modernization initiative, it is proposed to make the following changes:
1. Replace Identification A, which uses chloroform, with an identification test based on the
retention time agreement in the proposed Assay.
2. Add Identification B based on the UV spectrum agreement of the major peaks in the
chromatograms of the Sample solution and Standard solution in the proposed Assay.
3. Replace the procedure in the Assay with a liquid chromatographic procedure that uses
the same chromatographic system as the proposed Organic Impurities test to be
operationally efficient.
4. Add a test for Organic Impurities with acceptance criteria for degradation products.
The proposed Organic Impurities procedure is based on analyses performed with the
Waters Acquity UPLC BEH C18 brand of column with L1 packing. The typical retention
time for methylprednisolone hemisuccinate is about 13 min.
5. Delete the test for Free Methylprednisolone because free methylprednisolone will be
monitored in the proposed test for Organic Impurities.
6. Update the Packaging and Storage section to be consistent with the approved product
package insert.
7. Delete USP Fluorometholone RS from the USP Reference Standards section because it is
not needed as an internal standard in the proposed revision in the Assay.
8. Add USP Methylprednisolone Hemisuccinate Related Compound B RS and USP
Methylprednisolone Hemisuccinate Related Compound D RS to the USP Reference
Standards section to support the proposed revisions in the Assay and the test for
Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: G. Hsu.)
Correspondence Number—C158407
Comment deadline: September 30, 2018
Methylprednisolone Sodium Succinate for Injection
DEFINITION
Methylprednisolone Sodium Succinate for Injection is a sterile mixture of Methylprednisolone
Sodium Succinate with suitable buffers. It may be prepared from Methylprednisolone Sodium
Succinate or from Methylprednisolone Hemisuccinate with the aid of Sodium Hydroxide or
Sodium Carbonate. It contains the equivalent of NLT 90.0% and NMT 110.0% of the labeled
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amount of methylprednisolone (C22 H30 O5 ) in the volume of constituted solution designated
on the label.
IDENTIFICATION
Change to read:
• A. Infrared Absorption
Sample: Nominally 100 mg of methylprednisolone sodium succinate from Methylprednisolone
Sodium Succinate for Injection
Analysis: Transfer the Sample to a separator, dissolve in 10 mL of water, add 1 mL of 3 N
hydrochloric acid, and extract immediately with 50 mL of chloroform. Filter the chloroform
extract through cotton, evaporate on a steam bath to dryness, and dry under vacuum at
60° for 3 h.
Acceptance criteria: The IR absorption spectrum of a mineral oil dispersion of the residue
so obtained exhibits maxima only at the same wavelengths as those of a similar
preparation of USP Methylprednisolone Hemisuccinate RS.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Diluent: Chloroform and glacial acetic acid (97:3)
Mobile phase: Butyl chloride, water-saturated butyl chloride, tetrahydrofuran, methanol,
and glacial acetic acid (95:95:14:7:6)
Standard stock solution: 0.30 mg/mL of USP Methylprednisolone RS in Diluent
Internal standard solution: 3 mg/mL of USP Fluorometholone RS in tetrahydrofuran
Standard solution: 0.65 mg/mL of USP Methylprednisolone Hemisuccinate RS prepared as
follows. Transfer an appropriate amount of USP Methylprednisolone Hemisuccinate RS to a
suitable volumetric flask. Pipet 10% of the flask volume of the Internal standard solution
and 10% of the flask volume of the Standard stock solution. Dilute with Diluent to volume.
Sample solution: Transfer a suitable quantity of constituted solutions (mix the constituted
solutions prepared from the contents of 10 vials of Methylprednisolone Sodium Succinate
for Injection) equivalent to 50 mg of methylprednisolone to a suitable flask containing 10.0
mL of the Internal standard solution, and dilute with Diluent to 100.0 mL. Shake
thoroughly for 5 min, then allow the phases to separate, discarding the upper phase.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L3
Flow rate: 1 mL/min
Injection volume: 6 µL
[Note—The order of elution of peaks in the Standard solution is as follows. Internal standard
peak, methylprednisolone hemisuccinate peak, and successive smaller peaks of free
methylprednisolone and methylprednisolone 17-hemisuccinate.]
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of methylprednisolone (C22 H30 O5 ) in the
portion of constituted Methylprednisolone Sodium Succinate for Injection taken:
Result = (RU/RS) × (CS/CU) × (Mr1/Mr2) × 100
RU = ratio of the sum of the peak areas for methylprednisolone hemisuccinate and
methylprednisolone 17-hemisuccinate to the peak area of the internal standard from
the Sample solution
RS = ratio of the sum of the peak areas for methylprednisolone hemisuccinate and
methylprednisolone 17-hemisuccinate to the peak area of the internal standard from
the Standard solution
CS = concentration of USP Methylprednisolone Hemisuccinate RS in the Standard solution
(mg/mL)
CU = nominal concentration of methylprednisolone in the Sample solution (mg/mL)
Mr1 = molecular weight of methylprednisolone, 374.47
Mr2 = molecular weight of methylprednisolone hemisuccinate, 474.54
To this calculated amount, add the percentage of free methylprednisolone found in the test
for Free Methylprednisolone.
Solution A: 0.1% formic acid in water
Solution B: 0.1% formic acid in acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
2
15
18
21
25
26
30

Table 1
Solution A
(%)
80
80
65
60
40
40
80
80

Solution B
(%)
20
20
35
40
60
60
20
20
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Diluent: Solution A and Solution B (60:40)
System suitability stock solution: 0.025 mg/mL of USP Methylprednisolone Hemisuccinate
Related Compound D RS prepared as follows. Transfer an appropriate amount of USP
Methylprednisolone Hemisuccinate Related Compound D RS to a suitable volumetric flask.
Add 5% of the final volume of tetrahydrofuran to dissolve. Dilute with Diluent to volume.
System suitability solution: 1.0 mg/mL of USP Methylprednisolone Hemisuccinate RS and
0.001 mg/mL of USP Methylprednisolone Hemisuccinate Related Compound D RS in Diluent
prepared as follows. Transfer an appropriate amount of USP Methylprednisolone
Hemisuccinate RS to a suitable volumetric flask. Add tetrahydrofuran equivalent to 5% of
the final volume to dissolve. Add a suitable amount of the System suitability stock solution
to the flask and dilute with Diluent to volume.
Standard stock solution: 1.0 mg/mL of USP Methylprednisolone Hemisuccinate RS
prepared as follows. Transfer an appropriate amount of USP Methylprednisolone
Hemisuccinate RS to a suitable volumetric flask. Add tetrahydrofuran equivalent to 5% of
the final volume to dissolve. Dilute with Diluent to volume.
Standard solution: 0.2 mg/mL of USP Methylprednisolone Hemisuccinate RS in Diluent from
the Standard stock solution
Sample stock solution: Nominally 0.75 mg/mL of methylprednisolone prepared as follows.
Constitute 10 vials of Methylprednisolone Sodium Succinate for Injection as specified in
the labeling, combine the resulting solutions, and mix. Transfer a suitable quantity of
constituted solution to a suitable volumetric flask. Add tetrahydrofuran equivalent to 5%
of the final volume. Dilute with Diluent to volume.
Sample solution: Nominally 0.15 mg/mL of methylprednisolone in Diluent from the Sample
stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Temperatures
Autosampler: 5°
Column: 45°
Flow rate: 0.4 mL/min
Injection volume: 2 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between methylprednisolone hemisuccinate and methylprednisolone
hemisuccinate related compound D, System suitability solution
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Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of methylprednisolone (C22 H30 O5 ) in the
portion of constituted Methylprednisolone Sodium Succinate for Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of methylprednisolone hemisuccinate from the Sample solution
rS = peak response of methylprednisolone hemisuccinate from the Standard solution
CS = concentration of USP Methylprednisolone Hemisuccinate RS in the Standard solution
(mg/mL)
CU = nominal concentration of methylprednisolone in the Sample solution (mg/mL)
Mr1 = molecular weight of methylprednisolone, 374.47
Mr2 = molecular weight of methylprednisolone hemisuccinate, 474.54
To this calculated percentage, add the percentage of free methylprednisolone and
methylprednisolone hemisuccinate related compound B found in the test for Organic
Impurities. 2S (USP42)
Acceptance criteria: 90.0%–110.0%
OTHER COMPONENTS
Delete the following:
• Free Methylprednisolone
Analysis
Samples: Standard solution and Sample solution
Using the chromatograms obtained in the Assay, measure the areas of the peaks from the
internal standard and free methylprednisolone.
Calculate the percentage of free methylprednisolone in the portion of Sample solution
taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak area ratio of the free methylprednisolone to the internal standard from the
Sample solution
RS = peak area ratio of the free methylprednisolone to the internal standard from the
Standard solution
CS = concentration of USP Methylprednisolone RS in the Standard solution (mg/mL)
CU = nominal concentration of methylprednisolone in the Sample solution (mg/mL)
Acceptance criteria: The amount of free methylprednisolone is NMT 6.6% of the labeled
amount of methylprednisolone (C22 H30 O5 ). 2S (USP42)

PF 44(4): Jul.-Aug. 2018

478

IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, System suitability stock solution,
System suitability solution, and Chromatographic system: Proceed as directed in the
Assay.
Standard stock solution: 0.5 mg/mL of USP Methylprednisolone RS and 0.1 mg/mL each of
USP Methylprednisolone Hemisuccinate RS and USP Methylprednisolone Hemisuccinate
Related Compound B RS prepared as follows. Transfer an appropriate amount of USP
Methylprednisolone RS, USP Methylprednisolone Hemisuccinate RS, and USP
Methylprednisolone Hemisuccinate Related Compound B RS to a suitable volumetric flask.
Add tetrahydrofuran equivalent to 5% of the final volume to dissolve. Dilute with Diluent
to volume.
Sensitivity solution: 0.001 mg/mL of USP Methylprednisolone Hemisuccinate RS in Diluent
from the Standard stock solution
Standard solution: 0.05 mg/mL of USP Methylprednisolone RS and 0.01 mg/mL each of
USP Methylprednisolone Hemisuccinate RS and USP Methylprednisolone Hemisuccinate
Related Compound B RS in Diluent from the Standard stock solution
Sample solution: Nominally 0.75 mg/mL of methylprednisolone prepared as follows.
Constitute 10 vials of Methylprednisolone Sodium Succinate for Injection as specified in
the labeling, combine the resulting solutions, and mix. Transfer a suitable quantity of
constituted solution to a suitable volumetric flask. Add tetrahydrofuran equivalent to 5%
of the final volume. Dilute with Diluent to volume.
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between methylprednisolone hemisuccinate and methylprednisolone
hemisuccinate related compound D, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10 for methylprednisolone hemisuccinate, Sensitivity
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of free methylprednisolone in the portion of Methylprednisolone
Sodium Succinate for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of methylprednisolone from the Sample solution
rS = peak response of methylprednisolone from the Standard solution
CS = concentration of USP Methylprednisolone RS in the Standard solution (mg/mL)
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CU = nominal concentration of methylprednisolone in the Sample solution (mg/mL)
Calculate the percentage of methylprednisolone hemisuccinate related compound B in the
portion of Methylprednisolone Sodium Succinate for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of methylprednisolone hemisuccinate related compound B from the
Sample solution
rS = peak response of methylprednisolone hemisuccinate related compound B from the
Standard solution
CS = concentration of USP Methylprednisolone Hemisuccinate Related Compound B RS in
the Standard solution (mg/mL)
CU = nominal concentration of methylprednisolone in the Sample solution (mg/mL)
Calculate the percentage of each unspecified degradation product in the portion of
Methylprednisolone Sodium Succinate for Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of methylprednisolone hemisuccinate from the Standard solution
CS = concentration of USP Methylprednisolone Hemisuccinate RS in the Standard solution
(mg/mL)
CU = nominal concentration of methylprednisolone in the Sample solution (mg/mL)
Mr1 = molecular weight of methylprednisolone, 374.47
Mr2 = molecular weight of methylprednisolone hemisuccinate, 474.54
Acceptance criteria: See Table 2. The reporting threshold is 0.13%.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Methylprednisolonea
0.69
6.6
Methylprednisolone hemisuccinate related compound
B
0.80
1.0
Methylprednisolone hemisuccinate
1.00
—
Methylprednisolone hemisuccinate related compound
—
Db
1.04
—
Methylprednisolone acetateb
1.12
Any individual unspecified degradation product
—
1.0
c
—
Total degradation products
2.0
a Report as free methylprednisolone.
b Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
impurities of the drug product.
c Excluding methylprednisolone.
2S (USP42)
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PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements
SPECIFIC TESTS
• pH 〈791〉
Sample solution: 50 mg/mL of methylprednisolone sodium succinate
Acceptance criteria: 7.0–8.0
• Sterility Tests 〈71〉: Meets the requirements
• Bacterial Endotoxins Test 〈85〉: NMT 0.17 USP Endotoxin Units/mg of methylprednisolone
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 2.0%
• Constituted Solution: At the time of use, it meets the requirements for Injections and
Implanted Drug Products 〈1〉, Product Quality Tests Common to Parenteral Dosage Forms,
Specific Tests, Completeness and Clarity of Solutions.
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• Other Requirements: Meets the requirements in Labeling 〈7〉, Labels and Labeling for
Injectable Products
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage:
Store at controlled room temperature. 2S (USP42)
Preserve as described in Packaging and Storage Requirements 〈659〉, Injection Packaging,
Packaging for Constitution.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Fluorometholone RS
2S (USP42)

USP Methylprednisolone RS
USP Methylprednisolone Hemisuccinate RS
USP Methylprednisolone Hemisuccinate Related Compound B RS
11β,21-Dihydroxy-6α-methyl-3,20-dioxopregna-1,4-dien-17-yl hydrogen succinate.
C26 H34 O8
474.55
USP Methylprednisolone Hemisuccinate Related Compound D RS
11β,17-Dihydroxy-6α-methyl-3,20-dioxopregna-4-en-21-yl hydrogen succinate.
C26 H36 O8
476.57
2S (USP42)

Recent Official Publications:
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USP41–NF36 Page 2694
BRIEFING
Monobenzone, USP 41 page 2795. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Monobenzone are currently marketed in the United
States.
2. Drug products containing Monobenzone are currently not used in veterinary medicine in
the United States.
(CHM6: M. Puderbaugh.)
Correspondence Number—C198193
Comment deadline: September 30, 2018
Delete the following:
Monobenzone

C13 H12 O2

200.23

Phenol, 4-(phenylmethoxy)-.
p-(Benzyloxy)phenol [103-16-2].

» Monobenzone, dried at 105° for 3 hours, contains not less than 98.0
percent and not more than 102.0 percent of C 13 H 12 O 2 .
Packaging and storage—Preserve in tight, light-resistant containers, and avoid exposure to
temperatures above 30°.
USP Reference standards 〈11〉—
USP Monobenzone RS
Identification—
A: Infrared Absorption 〈197K〉.
B: Ultraviolet Absorption 〈197U〉—
Solution: 10 µg per mL.
Medium: methanol.
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Absorptivities at 292 nm, calculated on the dried basis, do not differ by more than 3.0%.
C: Transfer about 500 mg of Monobenzone, previously dried, to a 150-mL flask fitted with a
reflux condenser, employing a suitable glass joint. Add 5 mL of pyridine and 3 mL of acetic
anhydride, reflux for 10 minutes, and cool. Add 100 mL of water and 6 mL of acetone to the
flask, and insert a stopper. Cool the contents of the flask in a refrigerator for 1 hour, collect
the precipitate in a sintered-glass crucible, and wash the precipitate with water until no odor of
pyridine remains. Dry the precipitate for 16 hours in a vacuum desiccator over phosphorus
pentoxide. The monobenzone acetate so obtained melts between 110° and 113° when
determined as directed for Class I (see Melting Range or Temperature 〈741〉).
Melting range, Class I 〈741〉: between 117° and 120°.
Loss on drying 〈731〉—Dry it at 105° for 3 hours: it loses not more than 1.0% of its weight.
Residue on ignition 〈281〉: not more than 0.5%.
Assay—
Standard preparation— Dissolve an accurately weighed quantity of USP Monobenzone RS in
methanol, and dilute quantitatively, and stepwise if necessary, with methanol to obtain a
solution having a known concentration of about 40 µg per mL.
Assay preparation— Transfer about 100 mg of Monobenzone, accurately weighed, to a 100-mL
volumetric flask, dissolve in and dilute with methanol to volume, and mix. Pipet 4 mL of this
solution into a 100-mL volumetric flask, dilute with methanol to volume, and mix.
Procedure— With a suitable spectrophotometer, using methanol as a blank, concomitantly
determine the absorbances of the Standard preparation and the Assay preparation at the
wavelength of maximum absorbance at about 292 nm. Calculate the quantity, in mg, of
C13 H12 O2 in the portion of Monobenzone taken by the formula:
2500C(AU / AS)
in which C is the concentration, in mg per mL, of USP Monobenzone RS in the Standard
preparation; and AU and AS are the absorbances obtained from the Assay preparation and the
Standard preparation, respectively. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 2795
BRIEFING
Monobenzone Cream, USP 41 page 2795. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Monobenzone Cream are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM6: M. Puderbaugh.)
Correspondence Number—C198194
Comment deadline: September 30, 2018

PF 44(4): Jul.-Aug. 2018

483

Delete the following:
Monobenzone Cream

» Monobenzone Cream contains not less than 94.0 percent and not more
than 106.0 percent of the labeled amount of monobenzone (C 13 H 12 O 2 ).
Packaging and storage—Preserve in tight containers, and avoid exposure to temperatures
higher than 30°.
USP Reference standards 〈11〉—
USP Monobenzone RS
Identification—Transfer a quantity of Cream, equivalent to about 500 mg of monobenzone, to
a centrifuge bottle, add 100 mL of water, and shake until the cream is completely dispersed.
Centrifuge the suspension, decant the supernatant, wash the residue with water, again
centrifuge, and decant the water. Transfer the residue to a separator with the aid of water,
and adjust the volume to about 100 mL. Extract with four 25-mL portions of chloroform, filtering
the extracts through a pledget of cotton into a 150-mL flask. Evaporate the chloroform in a
current of warm air, and add 5 mL of pyridine and 3 mL of acetic anhydride to the dry residue.
Connect the flask to a reflux condenser, reflux for 10 minutes, cool, and proceed as directed in
Identification test C under Monobenzone, beginning with “Add 100 mL of water.” It meets the
requirements of Identification test C under Monobenzone.
Assay—
Standard preparation— Prepare as directed in the Assay under Monobenzone.
Assay preparation— Transfer an accurately weighed portion of Cream, equivalent to about 200
mg of monobenzone, to a suitable container, add 100 mL of methanol, and shake for about 30
minutes. Transfer the mixture to a 200-mL volumetric flask. Rinse the container with two 25-mL
portions of methanol, and add the rinsings to the 200-mL volumetric flask. Dilute with methanol
to volume, mix, and filter, discarding the first 20 mL of the filtrate. Pipet 4 mL of this solution
into a 100-mL volumetric flask, dilute with methanol to volume, and mix.
Procedure— Proceed as directed in the Assay under Monobenzone, but use the Assay
preparation under Monobenzone Cream. Calculate the quantity, in mg, of monobenzone
(C13 H12 O2 ) in the portion of Cream taken by the formula:
5000C(AU / AS)
in which C is the concentration, in mg per mL, of USP Monobenzone RS in the Standard
preparation and AU and AS are the absorbances obtained from the Assay preparation and the
Standard preparation, respectively. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 2795
BRIEFING
Moricizine Hydrochloride, USP 41 page 2806. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated with Moricizine Hydrochloride are currently marketed in the
United States.
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2. Drug products containing Moricizine Hydrochloride are currently not used in veterinary
medicine in the United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C198195
Comment deadline: September 30, 2018
Delete the following:
Moricizine Hydrochloride

C22 H25 N3 O4 S·HCl

463.98

Carbamic acid, [10-[3-(4-morpholinyl)-l-oxopropyl]-10H-phenothiazin-2yl]-, ethyl ester,
hydrochloride;
Ethyl 10-(3-morpholinopropionyl)phenothiazine-2-carbamate, hydrochloride
[29560-58-5].
DEFINITION
Moricizine Hydrochloride contains NLT 98.0% and NMT 102.0% of moricizine hydrochloride
(C22 H25 N3 O4 S·HCl), calculated on the anhydrous and alcohol-free basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests–General, Chloride 〈191〉: Meets the requirements
ASSAY
• Procedure: Use low-actinic glassware. Protect the solutions containing moricizine
hydrochloride from light.
Mobile phase: A mixture of acetonitrile, triethylamine, glacial acetic acid, and water
(420:1:20:580) containing 5 mM sodium 1-octane sulfonate
Diluent: Acetonitrile and 0.02 N hydrochloric acid (42:58)
Internal standard solution: 5 mg/mL of butamben in Diluent
Standard solution: 1 mg/mL of USP Moricizine Hydrochloride RS in Diluent prepared as
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follows. Transfer a suitable amount of USP Moricizine Hydrochloride RS to a suitable
volumetric flask, add Internal standard solution to fill about 20% of the total volume, and
dilute with Diluent to volume.
Sample solution: 1 mg/mL of Moricizine Hydrochloride prepared as follows. To a suitable
amount of Moricizine Hydrochloride in a 50-mL volumetric flask add Internal standard
solution to fill about 20% of the total volume, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 35°
Flow rate: 2.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for moricizine, butamben, the reverse Mannich
product, and the amide hydrolysis product are about 0.6, 1.0, 1.7, and 2.0,
respectively.]
Suitability requirements
Resolution: NLT 2 between moricizine and butamben
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of moricizine hydrochloride (C22 H25 N3 O4 S·HCl) in the portion of
Moricizine Hydrochloride taken:
Result = (RU/RS) × (CS/CU) × 100
RU = ratio of the moricizine peak area response to the butamben peak area response from
the Sample solution
RS = ratio of the moricizine peak area response to the butamben peak area response from
the Standard solution
CS = concentration of USP Moricizine Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Moricizine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous and alcohol-free basis
OTHER COMPONENTS
• Content of Chloride
Sample solution: Transfer 400 mg of Moricizine Hydrochloride to a conical flask and add 75
mL of methanol. Swirl to dissolve. Add 5 mL of glacial acetic acid and 3 drops of eosin Y
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TS.
Analysis: Titrate the Sample solution with 0.1 N silver nitrate VS to a pink endpoint. Each
mL of 0.1 N silver nitrate is equivalent to 3.546 mg of chloride.
Acceptance criteria: 7.49%–7.80% on the anhydrous and alcohol-free basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II 〈231〉: NMT 10 µg/g (O fficial 1-Jan-2018)
• Organic Impurities
Mobile phase: A mixture of acetonitrile, triethylamine, and water (420:1:580) containing 5
mM sodium 1-octane sulfonate. Adjust with glacial acetic acid to a pH of 4.2.
Diluent: Acetonitrile and 0.02 N hydrochloric acid (42:58)
Internal standard solution: 0.1 mg/mL of butamben in Diluent
Standard stock solution: 0.10 mg/mL of USP Moricizine Hydrochloride RS in Diluent
Standard solution: 2.0 µg/mL of USP Moricizine Hydrochloride RS prepared as follows.
Transfer a suitable volume of Standard stock solution to a suitable volumetric flask, add
Internal standard solution to fill 5% of the total volume, and dilute with Diluent to volume.
[Note—Protect the solution from light.]
Sample solution: 1 mg/mL of Moricizine Hydrochloride in Diluent prepared as follows.
Transfer a suitable amount of Moricizine Hydrochloride to a suitable volumetric flask, add
Internal standard solution to fill 5% of the total volume, and dilute with Diluent to volume.
[Note—Protect the solution from light.]
Chromatographic system: Proceed as directed in the Assay except for the following:
Run time: Five times the elution time of moricizine
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for moricizine and butamben are about 0.6 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2 between moricizine and butamben
Relative standard deviation: NMT 5%
Analysis
Samples: Standard solution and Sample solution
Measure the responses for all the peaks except the solvent peak.
Calculate the percentage of each impurity in the portion of Moricizine Hydrochloride taken:
Result = (RU/RS) × (CS/CU) × 100
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RU = ratio of the peak area response of each impurity to the butamben peak area
response from the Sample solution
RS = ratio of the peak area response of moricizine to the peak area response of butamben
from the Standard solution
CS = concentration of USP Moricizine Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL)
Acceptance criteria: Disregard any impurity of less than 0.1%.
Any impurity eluting before moricizine: NMT 0.25%
Any impurity eluting after moricizine: NMT 0.20%
Total of all impurities: NMT 1.5%
• Limit of Alcohol
Standard solution: 0.1184 mg/mL of dehydrated alcohol in water prepared as follows.
Transfer 6.0 mL of dehydrated alcohol to a 100-mL volumetric flask and dilute with water
to volume. Dilute 5.0 mL of this solution in a 100-mL volumetric flask with water to
volume. Further dilute 5.0 mL of this solution in a third 100-mL volumetric flask with water
to volume.
Sample solution: Transfer 1 g of Moricizine Hydrochloride to a 50-mL glass-stoppered
centrifuge tube, add 19.0 mL of water, and sonicate to dissolve. Transfer 1.0 mL of 3 N
ammonium hydroxide to the tube, insert the stopper, and shake the tube by mechanical
means for 30 min. Centrifuge, draw off a portion of the clear supernatant, and pass
through a suitable filter of 0.5-µm or finer pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 4-mm × 1.8-m glass; supporting S2
Temperatures
Column: 150°
Injector port: 170°
Detector block: 170°
Carrier gas: Helium
Flow rate: 50 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3%
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of alcohol (C2 H5 OH) in the portion of Moricizine Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of alcohol from the Sample solution
rS = peak response of alcohol from the Standard solution
CS = concentration of alcohol in the Standard solution (mg/mL)
CU = concentration of Moricizine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.25%
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 1.0%
• Water Determination, Method I 〈921〉: NMT 1.0%
• Clarity of Solution
Sample solution: Dissolve 1 g in 30 mL of methanol, sonicating for 5 min if necessary.
Acceptance criteria: The solution is not less clear than an equal volume of methanol
contained in a similar vessel and examined similarly.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 〈11〉
USP Moricizine Hydrochloride RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 2806
BRIEFING
Nicardipine Hydrochloride Injection, USP 41 page 2927. As part of USP monograph
modernization efforts, it is proposed to make the following changes:
1. Add Identification B in which the UV spectrum of the Sample solution corresponds to
that of the Standard solution, as obtained in the Assay.
2. Update the Detector for the Chromatographic system in the Assay to support the
addition of Identification B.
3. Add a Sensitivity solution and a Signal-to-noise ratio requirement to the test for Organic
Impurities.
4. Revise the impurity names in the Analysis and in Table 3 of the Organic Impurities test
to be aligned with updates in the impurity file.
5. Revise the requirements for the Bacterial Endotoxins Test to remove the numerical limit.
Instead refer to Bacterial Endotoxins Test 〈85〉 for calculation of limits.
6. Revise the requirements in the Packaging and Storage section to be consistent with the
approved drug package insert.
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7. Revise the chemical name for USP Sorbitol RS in the USP Reference Standards section
to be consistent with the name in the official NF monograph for Sorbitol.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: D. Min.)
Correspondence Number—C184934
Comment deadline: September 30, 2018
Nicardipine Hydrochloride Injection
DEFINITION
Change to read:
Nicardipine Hydrochloride Injection is a sterile solution of Nicardipine Hydrochloride. It
contains NTL 90.0% and NMT 110.0% each of the labeled amount of nicardipine
hydrochloride (C26 H29 N3 O6 ·HCl) and sorbitol
(C6 H14 O6 ). 2S (USP42)
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: 1.36 g/L of monobasic potassium phosphate in water
Mobile phase: Methanol and Buffer (80:20)
Diluent: Acetonitrile and Buffer (50:50)
Standard solution: 0.1 mg/mL of USP Nicardipine Hydrochloride RS in Diluent. Sonication
may be used to aid in dissolution. Pass through a suitable filter of 0.45-µm pore size.
Discard the first 2–3 mL of the filtrate.
Sample solution: Nominally equivalent to
2S (USP42)

0.1 mg/mL of nicardipine hydrochloride in Diluent from a suitable volume of Injection. Pass
through a suitable filter of 0.45-µm pore size. Discard the first 2–3 mL of filtrate. [Note
—The Sample solution is stable for about 26 h.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 254 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of nicardipine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution

2S (USP42)

Calculate the percentage of the labeled amount of nicardipine hydrochloride
(C26 H29 N3 O6 ·HCl) in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of nicardipine from the Sample solution
rS = peak response of nicardipine from the Standard solution
CS = concentration of USP Nicardipine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of nicardipine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Limit of N-Benzyl-N-methyl-ethanolamine
Solution A: Dissolve 2.80 g of sodium perchlorate monohydrate in 1 L of water. Adjust with
perchloric acid to a pH of 2.5.
Solution B: Acetonitrile and methanol (50:50)
Diluent: Acetonitrile and water (20:80)
Mobile phase: See Table 1.
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Time
(min)
0
10
12
22
24
32

Table 1
Solution A
(%)
95
82
20
20
95
95

Solution B
(%)
5
18
80
80
5
5

Standard solution: 2.5 µg/mL of USP N-Benzyl-N-methyl-ethanolamine RS in Diluent
prepared as follows. To a suitable amount of USP N-Benzyl-N-methyl-ethanolamine RS,
add Diluent to 70% of the final volume. Sonicate to dissolve. Cool, and dilute with Diluent
to volume. Pass the solution through a suitable filter of 0.45-µm pore size.
Sample solution: Nominally equivalent to
2S (USP42)

0.5 mg/mL of nicardipine hydrochloride in Diluent from a suitable volume of Injection. Pass
the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Sample
Autosampler: 2S (USP42)
10°
Column: 30°
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of N-benzyl-N-methyl-ethanolamine in the portion of Injection
taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response of N-benzyl-N-methyl-ethanolamine from the Sample solution
rS = peak response of N-benzyl-N-methyl-ethanolamine from the Standard solution
CS = concentration of USP N-Benzyl-N-methyl-ethanolamine RS in the Standard solution
(mg/mL)
CU = nominal concentration of nicardipine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.7%
Change to read:
• Organic Impurities
Solution A: 3.5 g/L of sodium perchlorate monohydrate in water. Add 1 mL/L of
triethylamine, and adjust with perchloric acid to a pH of 2.0.
Solution B: Acetonitrile and methanol (70:30)
Mobile phase: See Table 2.
Time
(min)
0
15
55
60
62
70

Table 2
Solution A
(%)
70
70
35
35
70
70

Solution B
(%)
30
30
65
65
30
30

Standard solution: 0.02 mg/mL of USP Nicardipine Hydrochloride RS in methanol prepared
as follows. To a suitable amount of USP Nicardipine Hydrochloride RS add methanol to 60%
of the final volume. Sonicate to dissolve. Cool, and dilute with methanol to volume. Pass
the solution through a suitable filter of 0.45-µm pore size.
Sensitivity solution: 0.002 mg/mL of USP Nicardipine Hydrochloride RS in methanol from
Standard solution 2S (USP42)
Sample solution: Nominally equivalent to
2S (USP42)

2 mg/mL of nicardipine hydrochloride in methanol from a suitable volume of Injection. Pass
the solution through a suitable filter of 0.45-µm pore size. [Note—The Sample solution is
stable for about 42 h at 10°.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 239 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Sample
Autosampler: 2S (USP42)
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10°
Column: 50°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution
and Sensitivity solution 2S (USP42)
Suitability requirements
Tailing factor: NMT 2.0,
Standard solution 2S (USP42)
Relative standard deviation: NMT 5.0%,
Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution

2S (USP42)

Calculate the percentage of each impurity
specified impurity and any unspecified degradation product
in the portion of Injection taken:

2S (USP42)

Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity
specified impurity or any unspecified degradation product 2S (USP42)
from the Sample solution
rS = peak response of nicardipine from the Standard solution
CS = concentration of USP Nicardipine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of nicardipine hydrochloride in the Sample solution (mg/mL)
F = relative response factor (see Table 3)
Acceptance criteria: See Table 3.
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Table 3
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

(nicardipine related compound
A)

2S (USP42)

a

0.72

1.00

0.2

0.94
1.00

0.42
1.00

0.9
—

Nicardipine pyridine analog
(nicardipine related compound
B)

2S (USP42)

b

Nicardipine
Any unspecified degradation impurity
—
—
product 2S (USP42)
0.2
—
—
Total impuritiesc
3.5
a 5-(Methoxycarbonyl)-2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3carboxylic acid.
b 3-{2-[Benzyl(methyl)amino]ethyl} 5-methyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine3,5-dicarboxylate.
c Total impurities include the sum of all organic impurities and N-benzyl-N-methylethanolamine.
OTHER COMPONENTS
Change to read:
• Content of Sorbitol
Buffer: 1 g/L of tetrabutylammonium hydrogen sulfate in water
Mobile phase: Acetonitrile and Buffer (70:30)
Standard solution: 4.8 mg/mL of USP Sorbitol RS in Mobile phase. Pass the solution
through a suitable filter of 0.45-µm pore size. Sonication may be necessary to aid in
dissolution.
Sample solution: Nominally equivalent to
2S (USP42)

4.8 mg/mL of sorbitol in Mobile phase from the contents of NLT 3 Injection vials. Pass the
solution through a suitable filter of 0.45-µm pore size. [Note—Sample solution is stable for
about 24 h.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm × 25-cm; 5-µm packing L8
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Temperatures
Column: 40°
Detector: 50°
Flow rate: 1 mL/min
Injection volume: 25 µL
Run time: NLT 2 times the retention time of sorbitol
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sorbitol
(C6 H14 O6 ) 2S (USP42)
in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of sorbitol from the Sample solution
rS = peak response of sorbitol from the Standard solution
CS = concentration of USP Sorbitol RS in the Standard solution (mg/mL)
CU = nominal concentration of sorbitol in the Sample solution (mg/mL)
Acceptance criteria 90.0%–110.0%
SPECIFIC TESTS
Change to read:
• Bacterial Endotoxins Test 〈85〉: NMT 8.33 USP Endotoxin Units/mg of nicardipine
hydrochloride
Meets the requirements 2S (USP42)
• Sterility Tests 〈71〉: Meets the requirements
• pH 〈791〉: 3.0–3.9
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• Other Requirements: Meets the requirements for Injections and Implanted Drug Products
〈1〉
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose amber glass vials.
Store at controlled room temperature. 2S (USP42)
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• Labeling: Label it to indicate that it is to be diluted to the appropriate strength with a
suitable intravenous fluid prior to administration.
Change to read:
• USP Reference Standards 〈11〉
USP N-Benzyl-N-methyl-ethanolamine RS
2-[Benzyl(methyl)amino]ethanol.
C10 H15 NO
165.23
(CN 1-May-2018)

USP Nicardipine Hydrochloride RS
USP Sorbitol RS
d-Glucitol.
(2S,3R,4R,5R)-Hexane-1,2,3,4,5,6-hexol.
2S (USP42)

C6 H14 O6
182.17
Recent Official Publications:
USP41–NF36 Page 2927
BRIEFING
Nitazoxanide. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods of analysis is proposed. The liquid chromatographic
procedures in the Assay and the test for Organic Impurities are based on analyses performed
with the Waters µBondapak C18 brand of column with L1 packing. The typical retention time for
the nitazoxanide peak is about 9 min.
This monograph is contingent on FDA approval of a product that meets the proposed
monograph.
(CHM1: S. Shivaprasad.)
Correspondence Number—C186508
Comment deadline: September 30, 2018
Add the following:
Nitazoxanide

C12 H9 N3 O5 S

307.28

2-(Acetyloxy)-N-(5-nitro-2-thiazolyl) benzamide;
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[55981-09-4].

DEFINITION
Nitazoxanide contains NLT 98.0% and NMT 102.0% of nitazoxanide (C12 H9 N3 O5 S), calculated
on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.8 g/L of potassium phosphate, monobasic. Adjust with phosphoric acid to a pH of
2.5.
Mobile phase: Acetonitrile and Buffer (450:550). To this solution add 1.83 g of hexane
sulfonic acid sodium salt.
Standard stock solution: 1 mg/mL of USP Nitazoxanide RS prepared as follows. Transfer a
suitable amount of USP Nitazoxanide RS to a suitable volumetric flask. Add 10% of the
flask volume of dimethyl sulfoxide and dilute with acetonitrile to volume.
Standard solution: 0.2 mg/mL of USP Nitazoxanide RS in Mobile phase from Standard stock
solution
Sample stock solution: 1 mg/mL of Nitazoxanide prepared as follows. Transfer a suitable
amount of Nitazoxanide to a suitable volumetric flask. Add 10% of the flask volume of
dimethyl sulfoxide and dilute with acetonitrile to volume.
Sample solution: 0.2 mg/mL of Nitazoxanide in Mobile phase from Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 360 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Autosampler temperature: 4°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of nitazoxanide
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of nitazoxanide (C12 H9 N3 O5 S) in the portion of Nitazoxanide
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of nitazoxanide from the Sample solution
rS = peak response of nitazoxanide from the Standard solution
CS = concentration of USP Nitazoxanide RS in the Standard solution (mg/mL)
CU = concentration of Nitazoxanide in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Organic Impurities
Buffer and Mobile phase: Prepare as directed in the Assay.
System suitability stock solution: 0.6 mg/mL each of USP Nitazoxanide RS, USP
Nitazoxanide Related Compound A RS, USP Nitazoxanide Related Compound B RS, and USP
Aspirin RS prepared as follows. Transfer suitable amounts of USP Nitazoxanide RS, USP
Nitazoxanide Related Compound A RS, USP Nitazoxanide Related Compound B RS, and USP
Aspirin RS to a suitable volumetric flask. Add 5% of the flask volume of dimethyl sulfoxide
and dilute with acetonitrile to volume.
System suitability solution: 0.06 mg/mL each of USP Nitazoxanide RS, USP Nitazoxanide
Related Compound A RS, USP Nitazoxanide Related Compound B RS, and USP Aspirin RS in
acetonitrile from System suitability stock solution. [Note—This solution is stable for about
6 h at 4°.]
Standard stock solution: 0.6 mg/mL of USP Nitazoxanide RS prepared as follows. Transfer
a suitable amount of USP Nitazoxanide RS to a suitable volumetric flask. Add 5% of the
flask volume of dimethyl sulfoxide and dilute with acetonitrile to volume.
Standard solution: 2.5 µg/mL of USP Nitazoxanide RS in Mobile phase from Standard stock
solution
Sample stock solution: 6 mg/mL of Nitazoxanide prepared as follows. Transfer a suitable
amount of Nitazoxanide to a suitable volumetric flask. Add 5% of the flask volume of
dimethyl sulfoxide and dilute with acetonitrile to volume.
Sample solution: 1.2 mg/mL of Nitazoxanide in Mobile phase from Sample stock solution.
[Note—This solution is stable for about 6 h at 4°.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 237 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Autosampler temperature: 4°
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Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.2 between nitazoxanide related compound A and aspirin; NLT 1.5
between nitazoxanide and nitazoxanide related compound B, System suitability solution
Tailing factor: NMT 2.0 for the nitazoxanide peak, Standard solution
Relative standard deviation: NMT 5.0% for the nitazoxanide peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Nitazoxanide taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of any individual impurity from the Sample solution
rS = peak response of nitazoxanide from the Standard solution
CS = concentration of USP Nitazoxanide RS in the Standard solution (mg/mL)
CU = concentration of Nitazoxanide in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1. The reporting threshold is 0.02%.

Name
Nitazoxanide related compound A
Aspirina
Salicylic acidb
Nitazoxanide
Nitazoxanide related compound B
Any individual unspecified impurity
Total impurities
a 2-Acetoxybenzoic acid.
b 2-Hydroxybenzoic acid.
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 60° for 3 h.
Acceptance criteria: NMT 0.50%

Table 1
Relative
Retention
Time
0.40
0.48
0.61
1.0
1.2
—
—

Relative
Response
Factor
1.9
1.2
1.8
—
1.0
1.0
—

Acceptance
Criteria,
NMT (%)
0.10
0.10
0.10
—
1.0
0.10
1.0

PF 44(4): Jul.-Aug. 2018

500

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Aspirin RS
2-Acetoxybenzoic acid.
C9 H8 O4
180.16
USP Nitazoxanide RS
USP Nitazoxanide Related Compound A RS
5-Nitrothiazole-2-amine.
C3 H3 N3 O2 S
145.14
USP Nitazoxanide Related Compound B RS
Tizoxanide;
2-Hydroxy-N-(5-nitrothiazol-2-yl)benzamide.
C10 H7 N3 O4 S
265.25
(TBD)

BRIEFING
Omeprazole and Sodium Bicarbonate Capsules. Because there is no existing USP
monograph for this drug product, a new monograph is being proposed based on validated
methods of analysis.
1. The Assay, Procedure for Omeprazole is based on a gradient stability-indicating liquid
chromatographic procedure that uses the Phenomenex Luna C8 brand of column with L7
packing. Omeprazole elutes at about 12 min.
2. The Assay, Procedure for Sodium Bicarbonate is based on a titrimetric procedure.
3. The Performance Tests section includes the test for Dissolution, in which the analytical
method is based on an isocratic liquid chromatographic procedure that uses the Agilent
Zorbax SB C8 brand of column with L7 packing. Omeprazole elutes at about 4.5 min.
4. The test for Organic Impurities is based on the same procedure as the Assay,
Procedure for Omeprazole, in which omeprazole elutes at about 12 min.
5. The Specific Tests section includes procedures for Acid-Neutralizing Capacity 〈301〉,
Microbial Enumeration Tests 〈61〉, and Tests for Specified Microorganisms 〈62〉.
(CHM6: R. Nguyen.)
Correspondence Number—C189531
Comment deadline: September 30, 2018
Add the following:
Omeprazole and Sodium Bicarbonate Capsules
DEFINITION
Omeprazole and Sodium Bicarbonate Capsules contain NLT 90.0% and NMT 110.0% of the
labeled amount of omeprazole (C17 H19 N3 O3 S), and NLT 90.0% and NMT 110.0% of sodium
bicarbonate (NaHCO3 ).
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IDENTIFICATION
• A. The retention time of the omeprazole peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay, Procedure for Omeprazole.
• B. The UV spectrum of the omeprazole peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay, Procedure for Omeprazole.
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Sodium: Meet the
requirements
• D. Identification Tests—General 〈191〉, Chemical Identification Tests, Bicarbonate: Meet
the requirements
ASSAY
• Procedure for Omeprazole
Solution A: Dissolve 6 g of glycine in 1.5 L of water, adjust with 50% sodium hydroxide to
a pH of 9.0, and dilute with water to 2 L.
Solution B: Acetonitrile and methanol (85:15)
Mobile phase: See Table 1.
Time
(min)
0
20
21
25

Table 1
Solution A
(%)
88
40
88
88

Solution B
(%)
12
60
12
12

Diluent: Dissolve 7.6 g of sodium borate decahydrate in about 800 mL of water. Add 1.0 g
of edetate disodium, and adjust with 50% sodium hydroxide to a pH of 11.0. Transfer the
resulting solution to a 2000-mL volumetric flask, add 400 mL of dehydrated alcohol, and
dilute with water to volume.
Standard solution: 0.2 mg/mL of USP Omeprazole RS in Diluent
Sample solution: Nominally 0.2 mg/mL of omeprazole in Diluent prepared as follows.
Prepare a composite by mixing the contents of NLT 20 Capsules. Transfer a quantity
equivalent to 20 mg of omeprazole from the composite sample into a 100-mL volumetric
flask. Add about 50 mL of Diluent, and sonicate to dissolve. Dilute with Diluent to volume.
Pass a portion of the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 305 nm. For Identification B, use a photodiode array (PDA) detector in the
range of 200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 28°
Flow rate: 1.2 mL/min
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Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of omeprazole (C17 H19 N3 O3 S) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of omeprazole from the Sample solution
rS = peak response of omeprazole from the Standard solution
CS = concentration of USP Omeprazole RS in the Standard solution (mg/mL)
CU = nominal concentration of omeprazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
• Procedure for Sodium Bicarbonate
Indicator solution: Methyl orange
Sample solution: Transfer a quantity of powdered Capsules, nominally equivalent to about
3 g of sodium bicarbonate, to a suitable container. Add 100 mL of water, and shake well.
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Titrant: 1 M hydrochloric acid
Endpoint detection: Visual
Blank: Water; 100 mL
Analysis: To the Sample solution add 3–4 drops of Indicator solution and titrate with
Titrant until the color changes from yellow to light pink, which changes to brown
immediately. Perform a blank determination, substituting a volume of water equal to the
volume of Sample solution used, and make any necessary corrections. Each milliliter of
Titrant is equivalent to 84.01 mg of sodium bicarbonate (NaHCO3 ).
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Phosphate buffer pH 7.4: Dissolve 6.8 g of potassium phosphate, monobasic in 1 L of
water, and adjust with 0.1 N sodium hydroxide to a pH of 7.4.
Medium: Phosphate buffer pH 7.4; 900 mL
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Apparatus 2: 75 rpm
Time: 30 min
Buffer: Dissolve 0.57 g of sodium phosphate dibasic, anhydrous in 1 L of water, and adjust
with phosphoric acid to a pH of 7.7.
Mobile phase: Acetonitrile and Buffer (35:65)
Diluent: Phosphate buffer pH 7.4
Standard stock solution: 220 µg/mL of USP Omeprazole RS in Diluent prepared as follows.
Transfer about 22 mg of USP Omeprazole RS into a 100-mL volumetric flask. Add 1 mL of
methanol, and sonicate to dissolve. Dilute with Diluent to volume.
Standard solution: 4.4 µg/mL of USP Omeprazole RS in Mobile phase, from Standard stock
solution
Sample solution: Pass a portion of the solution under test through a suitable filter. If
necessary, dilute with Mobile phase to obtain a concentration similar to that of the
Standard solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 285 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 28°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 1.5 times the retention time of omeprazole
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of omeprazole (C17 H19 N3 O3 S) dissolved:
Result = (rU/rS) × (CS/L) × V × D × 100
rU = peak response of omeprazole from the Sample solution
rS = peak response of omeprazole from the Standard solution
CS = concentration of USP Omeprazole RS in the Standard solution (mg/mL)
L = label claim (mg/Capsule)
V = volume of Medium, 900 mL
D = dilution factor for the Sample solution, if applicable
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Tolerances: NLT 75% (Q) of the labeled amount of omeprazole (C17 H19 N3 O3 S) is dissolved.
• Uniformity of Dosage Units 〈905〉, Content Uniformity: Meet the requirements
IMPURITIES
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system: Proceed
as directed in the Assay, Procedure for Omeprazole.
Standard stock solution A: 100 µg/mL each of USP Omeprazole Related Compound A RS,
USP Omeprazole Related Compound B RS, USP Omeprazole Related Compound E RS, USP
Omeprazole Related Compound F and G Mixture RS, and USP Omeprazole Related
Compound I RS in methanol
Standard stock solution B: 100 µg/mL of USP Omeprazole RS in Diluent
Standard solution: 1 µg/mL each of USP Omeprazole RS, USP Omeprazole Related
Compound A RS, USP Omeprazole Related Compound B RS, USP Omeprazole Related
Compound E RS, USP Omeprazole Related Compound F and G Mixture RS, and USP
Omeprazole Related Compound I RS in Diluent prepared as follows. Transfer 1.0 mL each of
Standard stock solution A and Standard stock solution B into a 100-mL volumetric flask
and dilute with Diluent to volume.
Sensitivity solution: 0.2 µg/mL each of USP Omeprazole RS, USP Omeprazole Related
Compound A RS, USP Omeprazole Related Compound B RS, USP Omeprazole Related
Compound E RS, USP Omeprazole Related Compound F and G Mixture RS, and USP
Omeprazole Related Compound I RS in Diluent, from Standard solution
Sample solution: Nominally 200 µg/mL of omeprazole in Diluent prepared as follows.
Transfer a portion of the combined contents of NLT 20 Capsules, equivalent to about 20
mg of omeprazole, into a 100-mL volumetric flask, add about 50 mL of Diluent, and
sonicate for about 15 min. Dilute with Diluent to volume, and mix. Pass a portion of the
solution through a suitable filter of 0.45-µm pore size.
System suitability
Samples: Standard solution and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between omeprazole related compound B and omeprazole related
compound E; NLT 2.0 between omeprazole related compound E and omeprazole related
compound A, Standard solution
Tailing factor: NMT 2.0 for omeprazole, omeprazole related compound A, omeprazole
related compound E, and omeprazole related compound I, Standard solution
Relative standard deviation: NMT 5.0% for omeprazole, omeprazole related compound
A, omeprazole related compound E, and omeprazole related compound I, Standard
solution
Signal-to-noise ratio: NLT 10 for omeprazole and each of the related compounds,
Sensitivity solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of omeprazole related compound A, omeprazole related compound
E, and omeprazole related compound I in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of omeprazole related compound A, omeprazole related compound E,
or omeprazole related compound I from the Sample solution
rS = peak response of omeprazole related compound A, omeprazole related compound E,
or omeprazole related compound I from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(µg/mL)
CU = nominal concentration of omeprazole in the Sample solution (µg/mL)
Calculate the percentage of omeprazole related compounds F and G or any unspecified
impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of omeprazole related compounds F and G or any unspecified impurity
from the Sample solution
rS = peak response of omeprazole from the Standard solution
CS = concentration of USP Omeprazole RS in the Standard solution (µg/mL)
CU = nominal concentration of omeprazole in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.
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Table 2

Omeprazole
Omeprazole
Omeprazole
Omeprazole
Omeprazole

Name
related compounds F and G
related compound I
related compound Ba
related compound E
related compound A

Relative
Retention
Time
0.29
0.53
0.66
0.69
0.76

Desmethoxy omeprazolea,b
Omeprazole

0.95
1.00

Omeprazole 4-chloro analoga,c

1.19

Acceptance
Criteria,
NMT (%)
0.50
0.50
—
0.50
0.50
—
—
—

—
Ufiprazolea,d
1.45
Any unspecified impurity
—
0.20
Total impurities
—
2.0
a Process impurity; for retention time identification only; not to be included in the
calculation of total impurities.
b 2-{[(3,5-Dimethylpyridin-2-yl)methyl]sulfinyl}-5-methoxy-1H-benzimidazole.
c 2-{[(4-Chloro-3,5-dimethylpyridin-2-yl)methyl]sulfinyl}-5-methoxy-1Hbenzimidazole.
d 5-Methoxy-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methylthio]-1H-benzimidazole.
SPECIFIC TESTS
• Acid-Neutralizing Capacity 〈301〉: 10–22 mEq/Capsule of acid is consumed.
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial viable count does not exceed 103 cfu/mL, and the total combined yeasts
and molds count does not exceed 102 cfu/mL. It meets the requirements of the tests for
the absence of bile-tolerant gram-negative bacteria, Escherichia coli, Salmonella species,
Pseudomonas aeruginosa, and Staphylococcus aureus.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature. Keep the container tightly
closed. Protect from light and moisture
• USP Reference Standards 〈11〉
USP Omeprazole RS
USP Omeprazole Related Compound A RS
Omeprazole sulfone;
5-Methoxy-2-[[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]sulfonyl]-1Hbenzimidazole.
C17 H19 N3 O4 S
361.42
USP Omeprazole Related Compound B RS
5-Methoxy-1H-benzimidazol-2-thiol.
C8 H8 N2 OS
180.23
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USP Omeprazole Related Compound E RS
Omeprazole N-oxide;
4-Methoxy-2-[[(RS)-(5-methoxy-1H-benzimidazol-2-yl)sulfinyl]methyl]-3,5dimethylpyridine 1-oxide.
C17 H19 N3 O4 S
361.42
USP Omeprazole Related Compound F and G Mixture RS
Contains a mixture of the following two compounds:
Omeprazole related compound F;
1,3-Dimethyl-8-methoxy-12-thioxopyrido[1′,2′:3:4]imidazo[1,2-a]benzimidazol-2(12H)one.
C16 H13 N3 O2 S
311.36
Omeprazole related compound G;
1,3-Dimethyl-9-methoxy-12-thioxopyrido[1′,2′:3:4]imidazo[1,2-a]benzimidazol-2(12H)one.
C16 H13 N3 O2 S
311.36
USP Omeprazole Related Compound I RS
Omeprazole sulfone N-oxide;
4-Methoxy-2-[[(5-methoxy-1H-benzimidazol-2-yl)sulfonyl]methyl]-3,5-dimethylpyridine
1-oxide.
C17 H19 N3 O5 S
377.41
2S (USP42)

BRIEFING
Oxprenolol Hydrochloride Tablets, USP 41 page 3089. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Oxprenolol Hydrochloride Tablets are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C198372
Comment deadline: September 30, 2018
Delete the following:
Oxprenolol Hydrochloride Tablets

» Oxprenolol Hydrochloride Tablets contain not less than 90.0 percent and
not more than 110.0 percent of the labeled amount of oxprenolol
hydrochloride (C 15 H 23 NO 3 ·HCl).
Packaging and storage—Preserve in well-closed, light-resistant containers.
USP Reference standards 〈11〉—
USP Oxprenolol Hydrochloride RS
Identification—Transfer a portion of powdered Tablets, equivalent to about 100 mg of
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oxprenolol hydrochloride, to a suitable test tube containing 5 mL of water. Shake this mixture
for about 1 minute and allow it to settle. Use the clear supernatant as the test solution.
Prepare a Standard solution containing 20 mg of USP Oxprenolol Hydrochloride RS per mL. Apply
separate 1-µL portions of the test solution and of the Standard solution to a suitable thin-layer
chromatographic plate (see Chromatography 〈621〉) coated with a 0.25-mm layer of
chromatographic silica gel mixture. Line a suitable chromatographic chamber with filter paper,
saturate the paper with the developing solvent consisting of a mixture of ethyl acetate, glacial
acetic acid, and water (15:5:5), and allow to stand for about 30 minutes. Place the plate in
the chamber, and develop the chromatogram until the solvent front has moved about threefourths of the length of the plate. Remove the plate from the chamber, and dry at 100° for 15
minutes. Spray the plate uniformly with a detection reagent consisting of a freshly prepared
mixture of equal volumes of potassium ferricyanide solution (1 in 100) and ferric chloride
solution (1 in 5). Dry the plate in a current of warm air for about 5 minutes. Examine the
chromatograms in ordinary light: the RF value of the principal spot obtained from the test
solution corresponds to that obtained from the Standard solution.
Dissolution 〈711〉—
Medium: 0.1 N hydrochloric acid; 900 mL.
Apparatus 1: 100 rpm.
Time: 30 minutes.
Procedure— Determine the amount of C15 H23 NO3 ·HCl dissolved from UV absorbances at the
wavelength of maximum absorbance at about 272 nm of filtered portions of the solution under
test, suitably diluted with Dissolution Medium, if necessary, in comparison with a Standard
solution having a known concentration of USP Oxprenolol Hydrochloride RS in the same medium.
Tolerances— Not less than 80% (Q) of the labeled amount of C15 H23 NO3 ·HCl is dissolved in 30
minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Assay—Weigh and finely powder not less than 20 Tablets. Transfer an accurately weighed
portion of the powder, equivalent to about 80 mg of oxprenolol hydrochloride, to a 100-mL
volumetric flask. Add 80 mL of a Diluting solvent, which consists of a mixture of methanol and
0.1 N hydrochloric acid (9:1), and shake by mechanical means for 1 hour. Dilute with Diluting
solvent to volume, and mix. Filter, discarding the first 10 mL of the filtrate, transfer 25.0 mL of
the clear filtrate to a 200-mL volumetric flask, dilute with Diluting solvent to volume, and mix.
Concomitantly determine the absorbances of this assay solution and a Standard solution of USP
Oxprenolol Hydrochloride RS in the same solvent having a known concentration of about 0.1 mg
per mL at the wavelength of maximum absorbance at about 274 nm and, in addition, at 300 nm,
using Diluting solvent as the blank. Calculate the quantity, in mg, of C15 H23 NO3 ·HCl in the
portion of Tablets taken by the formula:
800C(AU / AS)
in which C is the concentration, in mg per mL, of USP Oxprenolol Hydrochloride RS in the
Standard solution, and AU and AS are the differences between the absorbances at 274 nm and
300 nm of the assay solution and the Standard solution, respectively. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 3089

PF 44(4): Jul.-Aug. 2018

509

BRIEFING
Oxycodone Hydrochloride Oral Solution, USP 41 page 3103. As part of the USP
monograph modernization initiative, it is proposed to make the following changes:
1. Replace the UV procedure for Identification A with a test based on the UV spectrum
match, as obtained in the Assay, to eliminate the use of the hazardous solvent
chloroform due to safety concerns. The Detector in the Assay is revised accordingly to
include the information to run Identification A.
2. Delete the TLC-based Identification B as the other identification tests are sufficient to
ensure the identity of the drug product. Rename Identification C accordingly.
3. Add a test for Organic Impurities. The proposed liquid chromatographic procedure is
based on analyses using the Kinetex C18 brand of column with L1 packing. The typical
retention time for oxycodone is about 25 min.
4. Update the Packaging and Storage section to include the requirement of controlled room
temperature to be consistent with FDA-approved package inserts.
5. Add USP Oxycodone Related Compound A RS to the USP Reference Standards section to
support the proposed changes.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: H. Cai.)
Correspondence Number—C157757
Comment deadline: September 30, 2018
Oxycodone Hydrochloride Oral Solution
DEFINITION
Oxycodone Hydrochloride Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled
amount of oxycodone hydrochloride (C18 H21 NO4 ·HCl).
IDENTIFICATION
Change to read:
• A.
Sample solution: Transfer an amount equivalent to 15 mg of oxycodone from Oral Solution
to a separatory funnel, add 10 mL of 0.01 N hydrochloric acid, and extract with four 40mL portions of chloroform, collecting the chloroform extracts in a second separator. Wash
the combined chloroform extracts with 5 mL of 0.01 N hydrochloric acid, and discard the
chloroform layer. Combine the acidic wash with the aqueous solution remaining in the first
separator and adjust with 6 N ammonium hydroxide to a pH of 9.5 ± 0.5. Extract with one
50-mL and two 20-mL portions of chloroform, and filter the chloroform extracts through
chloroform-washed cotton, collecting the filtrate in a 100-mL volumetric flask. Dilute with
water-saturated chloroform to volume, and mix.
Standard solution: Prepare a solution using 12 mg of USP Oxycodone RS and 25 mL of
0.01 N hydrochloric acid, and proceed as directed above, beginning with “extract with four
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40-mL portions of chloroform”.
Acceptance criteria: The UV absorption spectrum of the Sample solution exhibits maxima
and minima at the same wavelengths as that of the Standard solution, concomitantly
measured.
The UV spectrum of the oxycodone peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 2S (USP42)
Delete the following:
• B. Thin-Layer Chromatography
Standard solution: Evaporate 5 mL of the Standard solution obtained from Identification
test A just to dryness. Dissolve the residue in 1.0 mL of chloroform.
Sample solution: Evaporate 5 mL of the Sample solution obtained from Identification test
A just to dryness. Dissolve the residue in 1.0 mL of chloroform.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Acetone, toluene, ether, and ammonium hydroxide (6: 4:
1: 0.3)
Analysis
Samples: Standard solution and Sample solution
Develop the plate until the solvent front has moved about three-fourths of the length of the
plate, remove it, mark the solvent front, allow the solvent to evaporate, and spray with
iodoplatinate TS.
Acceptance criteria: The principal spot from the Sample solution corresponds in color,
size, and RF value to that from the solution from the Standard solution, and no other spots
are observed. 2S (USP42)
Change to read:
• C.
B. 2S (USP42)
The retention time of the oxycodone peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, 0.01 M sodium 1-hexanesulfonate, and glacial acetic acid
(25:74:1). Adjust with 5 N sodium hydroxide to a pH of 3.5.
Standard solution: 0.045 mg/mL of USP Oxycodone RS in Mobile phase
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Sample solution: Nominally 0.05 mg/mL of oxycodone hydrochloride in Mobile phase from
Oral Solution. Pass a portion of this mixture through a filter of 0.5-µm or finer pore size,
and use the clear filtrate as the Sample solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm.
For Identification A, use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.7 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution

2S (USP42)

Calculate the percentage of the labeled amount of oxycodone hydrochloride
(C18 H21 NO4 ·HCl) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Oxycodone RS in the Standard solution (mg/mL)
CU = nominal concentration of oxycodone hydrochloride in the Sample solution (mg/mL)
Mr1 = molecular weight of oxycodone hydrochloride, 351.82
Mr2 = molecular weight of oxycodone free base, 315.37
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Buffer: Dissolve 0.54 g of monobasic potassium phosphate in 1000 mL of water. Adjust with
hydrochloric acid to a pH of 3.5. Add 6.5 g of anhydrous octanesulfonic acid sodium salt
and readjust with hydrochloric acid to a pH of 3.5.
Solution A: Acetonitrile and Buffer (8:92)
Solution B: Acetonitrile and Buffer (45:55)
Mobile phase: See Table 1.
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Time
(min)
0
8
18
47
47.01
55

Table 1
Solution A
(%)
100
78
78
0
100
100

Solution B
(%)
0
22
22
100
0
0

Diluent: Acetonitrile and 0.1 N hydrochloric acid (20:80)
System suitability solution: 0.45 mg/mL of USP Oxycodone RS and 0.001 mg/mL of USP
Oxycodone Related Compound A RS in Diluent
Sensitivity solution: 0.225 µg/mL of USP Oxycodone RS in Diluent
Standard solution: 0.0045 mg/mL of USP Oxycodone RS in Diluent
Sample solution: Nominally 0.5 mg/mL of oxycodone hydrochloride from Oral Solution in
Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L1
Column temperature: 45°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 2.0 between oxycodone and oxycodone related compound A, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual degradation product in the portion of Oral
Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU = peak response of each individual degradation product from the Sample solution
rS = peak response of oxycodone from the Standard solution
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CS = concentration of USP Oxycodone RS in Standard solution (mg/mL)
CU = nominal concentration of oxycodone hydrochloride in the Sample solution (mg/mL)
Mr1 = molecular weight of oxycodone hydrochloride, 351.82
Mr2 = molecular weight of oxycodone free base, 315.37
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2.

Name
Oxycodone N-oxide (oxycodone
related compound B)
Oxycodone
Oxycodone related compound Aa

Table 2
Relative
Retention
Time
0.42
1.00
1.05

Relative
Response
Factor
1.14
—
—
—
1.00
—

Acceptance
Criteria,
NMT (%)

7-Methyloxycodonea,b
1.17
Any unspecified degradation product
—
Total degradation products
—
a This is a process impurity and is not to be included in the total degradation
products.
b 4,5α-Epoxy-14-hydroxy-3-methoxy-7,17-dimethylmorphinan-6-one.

0.2
—
—
—
0.2
0.3

2S (USP42)

OTHER COMPONENTS
• Alcohol Determination 〈611〉, Procedures, Method II (if present): 85.0%–115.0% of the
labeled amount of alcohol (C2 H5 OH), determined by the gas–liquid chromatographic
method, using acetone as the internal standard
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉
For Oral Solution packaged in single-unit containers: Meets the requirements
• Deliverable Volume 〈698〉
For Oral Solution packaged in multiple-unit containers: Meets the requirements
SPECIFIC TESTS
• pH 〈791〉: 1.4–4.6
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature. 2S (USP42)
Change to read:
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• USP Reference Standards 〈11〉
USP Oxycodone RS
USP Oxycodone Related Compound A RS
4,5α-Epoxy-14-hydroxy-3-methoxy-17-methylmorphinan-7-ene-6-one.
C18 H19 NO4
313.35 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 3103
BRIEFING
Piperacillin Sodium, USP 41 page 3323. As a part of USP modernization efforts, it is
proposed to revise the monograph as follows:
1. Add Identification C based on UV spectrum matching as obtained in the Assay.
2. Update the Chromatographic system in the Assay to support the addition of
Identification C.
3. Revise the requirement in the Bacterial Endotoxins Test to remove the numerical limit
and refer to Bacterial Endotoxins Test 〈85〉 for calculation of limits.
4. Revise the Sterility Tests section to add flexibility by removing the reference to Test for
Sterility of the Product to Be Examined, Membrane Filtration.
5. Revise the Labeling section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C197053
Comment deadline: September 30, 2018
Piperacillin Sodium

C23 H26 N5 NaO7 S

539.54

4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 6-[[[[(4-ethyl-2,3-dioxo-1piperazinyl)carbonyl]amino]phenylacetyl]amino]-3,3-dimethyl-7-oxo-, monosodium salt, [2S[2α,5α,6β(S*)]];
Sodium (2S,5R,6R)-6-[(R)-2-(4-ethyl-2,3-dioxo-1-piperazinecarboxamido)-2-phenylacetamido]3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate
[59703-84-3].
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DEFINITION
Piperacillin Sodium has a potency equivalent to NLT 863 µg/mg and NMT 1007 µg/mg of
piperacillin (C23 H27 N5 O7 S), calculated on the anhydrous basis.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, and the chromatogram compares qualitatively to that of the Standard
solution, as obtained in the Assay.
• B. Identification Tests—General 〈191〉, Chemical Identification Tests, Sodium: Meets the
requirements
Add the following:
• C. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol, water, 0.2 M monobasic sodium phosphate, and 0.4 M
tetrabutylammonium hydroxide (450:447:100:3). Adjust with phosphoric acid to a pH of
5.50.
System suitability solution: 0.1 mg/mL of USP Ampicillin RS and 0.2 mg/mL of USP
Piperacillin RS in Mobile phase
Standard solution 1: 0.4 mg/mL of USP Piperacillin RS in Mobile phase. Dissolve in a few
drops of methanol, and dilute with Mobile phase to volume. Use this solution within 1 h.
Sample solution: 0.4 mg/mL of Piperacillin Sodium in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm.
For Identification C, use a diode array detector in the range of 190–400 nm.
2S (USP42)

Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution 1
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 16 between ampicillin and piperacillin, System suitability solution
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Tailing factor: NMT 1.2 for piperacillin, System suitability solution
Relative standard deviation: NMT 2% for piperacillin, Standard solution 1
Analysis
Samples: Standard solution 1 and Sample solution
Calculate the potency, in µg/mg, of piperacillin (C23 H27 N5 O7 S) in the portion of Piperacillin
Sodium taken:
Result = (rU/rS) × (CS/CU) × P
rU = peak response from the Sample solution
rS = peak response from Standard solution 1
CS = concentration of USP Piperacillin RS in Standard solution 1 (mg/mL)
CU = concentration of Piperacillin Sodium in the Sample solution (mg/mL)
P = potency of piperacillin in USP Piperacillin RS (µg/mg)
Acceptance criteria: 863–1007 µg/mg on the anhydrous basis
IMPURITIES
• Piperacillin Penicilloic Acid and Acetylated Penicilloic Acid of Piperacillin
Mobile phase, System suitability solution, Standard solution 1, and Sample solution:
Prepare as directed in the Assay.
Standard solution 2: 0.04 mg/mL of USP Piperacillin RS in Mobile phase. Dissolve in a few
drops of methanol, and dilute with Mobile phase to volume. Use this solution within 1 h.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution 1
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 16 between ampicillin and piperacillin, System suitability solution
Tailing factor: NMT 1.2 for piperacillin, System suitability solution
Relative standard deviation: NMT 2% for piperacillin, Standard solution 1
Analysis
Samples: Sample solution and Standard solution 2
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Calculate the percentages of piperacillin penicilloic acid and acetylated penicilloic acid of
piperacillin in the portion of Piperacillin Sodium taken:
Result = (rU/rS) × (CS/CU) × P × (1/F 1) × F 2 × 100
rU = peak response of piperacillin penicilloic acid or acetylated penicilloic acid of
piperacillin from the Sample solution
rS = peak response of piperacillin from Standard solution 2
CS = concentration of USP Piperacillin RS in Standard solution 2 (mg/mL)
CU = concentration of Piperacillin Sodium in the Sample solution (mg/mL)
P = potency of piperacillin in USP Piperacillin RS (µg/mg)
F 1 = relative response factor (see Table 1)
F 2 = conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 1.

Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

—
—
Piperacillin related compound Ea,b
0.24
Ampicillin
0.31
—
—
Acetylated penicilloic acid of
piperacillinc
0.37
1.1
1.0
d
Piperacillin penicilloic acid
0.62
0.7
3.5
Piperacillin
1.0
—
—
a This impurity is not to be reported.
b 1-Ethyl-2,3-piperazinedione.
c (2R,4S)-3-Acetyl-2-{(1R)-carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)2-phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
d (2R,4S)-2-{(1R)-Carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
SPECIFIC TESTS
• pH 〈791〉
Sample solution: 400 mg/mL
Acceptance criteria: 5.5–7.5
• Water Determination 〈921〉, Method I
Test preparation: Prepare as described for hygroscopic substances.
Acceptance criteria: NMT 1.0%
Change to read:
• Bacterial Endotoxins Test 〈85〉: Where the label states that Piperacillin Sodium is sterile or
that it must be subjected to further processing during the preparation of injectable dosage
forms, it contains NMT 0.07 USP Endotoxin Unit/mg of piperacillin.
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Where the label states that Piperacillin Sodium must be subjected to further processing
during the preparation of injectable dosage forms, the level of bacterial endotoxins is such
that the requirement under the relevant dosage form monograph(s) in which Piperacillin is
used can be met. 2S (USP42)
Change to read:
• Sterility Tests 〈71〉: Where the label states that Piperacillin Sodium is sterile or that it must
be subjected to further processing during the preparation of injectable dosage forms, it
meets the requirements when tested as directed in Test for Sterility of the Product to Be
Examined, Membrane Filtration.
It meets the requirements where the label states that Piperacillin Sodium is sterile or
that it must be subjected to further processing during the preparation of injectable dosage
forms. 2S (USP42)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
Where Piperacillin Sodium must be subjected to further processing during the preparation
of injectable dosage forms to ensure acceptable levels of bacterial endotoxins, it is so
labeled. 2S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Ampicillin RS
(CN 1-May-2018)

USP Piperacillin RS
Recent Official Publications:
USP41–NF36 Page 3323
BRIEFING
Pregabalin, USP 41 page 3424. On the basis of comments received, it is proposed to make
the following changes:
1. Revise Identification A to allow flexibility for the use of either Infrared Absorption 〈197K〉
or 〈197A〉.
2. Revise the test for Chloride to correct the volume of the Standard solution and increase
the amount of sample required for the Sample solution.
3. Include a requirement for Signal-to-noise ratio based on an added Sensitivity solution in
both the Organic Impurities and Enantiomeric Purity tests.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: H. Cai.)
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Correspondence Number—C202670
Comment deadline: September 30, 2018
Pregabalin

C8 H17 NO2

159.23

(S)-3-(Aminomethyl)-5-methylhexanoic acid

[148553-50-8].

DEFINITION
Pregabalin contains NLT 98.0% and NMT 102.0% of pregabalin (C8 H17 NO2 ), calculated on the
dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
〈197〉: [Note—Methods described in 〈197K〉 or 〈197A〉 may be used.] 2S (USP42)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile and water (5:95)
Standard solution: 2.0 mg/mL of USP Pregabalin RS in Mobile phase
Sample solution: 2.0 mg/mL of Pregabalin in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 10°
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Column: 25°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
Run time: NLT 2.5 times the retention time of pregabalin
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of pregabalin (C8 H17 NO2 ) in the portion of Pregabalin taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of pregabalin from the Sample solution
rS = peak response of pregabalin from the Standard solution
CS = concentration of USP Pregabalin RS in the Standard solution (mg/mL)
CU = concentration of Pregabalin in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Change to read:
• Chloride and Sulfate 〈221〉, Chloride
Standard solution: Prepare as directed in the chapter using 10.0 mL
1.4 mL 2S (USP42)
.
Sample solution: Prepare as directed in the chapter using 0.10 g
1.0 g 2S (USP42)
of Pregabalin.
Acceptance criteria: The turbidity produced in the Sample solution is NMT that produced
in the Standard solution (0.1%).
Change to read:
• Organic Impurities
Buffer: 0.04 M dibasic ammonium phosphate. Adjust with phosphoric acid to a pH of 6.5.
Solution A: Methanol and Buffer (20:80)
Solution B: Methanol and acetonitrile (10:90)
Mobile phase: See Table 1.
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Time
(min)
0
5
16
33
34
45

Table 1
Solution A
(%)
98
98
80
80
98
98

Solution B
(%)
2
2
20
20
2
2

Sensitivity solution: 0.005 mg/mL of USP Pregabalin RS in water 2S (USP42)
Standard solution: 0.01 mg/mL of USP Mandelic Acid RS and 0.05 mg/mL each of USP
Pregabalin RS and USP Pregabalin Related Compound C RS in water
Sample solution: 10.0 mg/mL of Pregabalin in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples:
Sensitivity solution and 2S (USP42)
Standard solution
Suitability requirements
Relative standard deviation: NMT 5% for mandelic acid, pregabalin, and pregabalin
related compound C,
Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution 2S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mandelic acid and pregabalin related compound C in the portion
of Pregabalin taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of mandelic acid or pregabalin related compound C from the Sample
solution
rS = peak response of mandelic acid or pregabalin related compound C from the Standard
solution
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CS = concentration of USP Mandelic Acid RS or USP Pregabalin Related Compound C RS in
the Standard solution (mg/mL)
CU = concentration of Pregabalin in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Pregabalin
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of pregabalin from the Standard solution
CS = concentration of USP Pregabalin RS in the Standard solution (mg/mL)
CU = concentration of Pregabalin in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
Table 2
Relative
Retention
Time
0.66
0.85
1.0
1.52
3.95
—
—

Relative
Response
Factor
—
2.1
1.0
3.3
—
1.0
—

Name
Mandelic acid
Isobutylglutaric acida
Pregabalin
Isobutylglutarmonoamideb
Pregabalin related compound C
Any unspecified impurity
Total impurities
a 3-Isobutylpentanedioic acid.
b 3-(2-Amino-2-oxoethyl)-5-methylhexanoic acid.

Acceptance
Criteria,
NMT (%)
0.10
0.15
—
0.15
0.15
0.10
0.8

Change to read:
• Enantiomeric Purity
Buffer: Triethylamine and water (7.2: 1000). Adjust with 50% (v/v) phosphoric acid to a
pH of 3.0.
Mobile phase: Acetonitrile and Buffer (38:62)
Derivatizing reagent solution: 3 mg/mL of Marfey's reagent in acetone
Sensitivity stock solution: 0.5 µg/mL of USP Pregabalin RS prepared as follows.
Transfer an appropriate amount of USP Pregabalin RS to a suitable volumetric flask.
Dissolve in 50% of the final volume of water and dilute with acetone to volume.
Sensitivity solution: Transfer 1.0 mL of the Sensitivity stock solution to a 10.0-mL
volumetric flask, add 0.6 mL of the Derivatizing reagent solution and 100 µL of 1 M sodium
bicarbonate, and heat at 55° for about 1 h. Allow to cool to room temperature and dilute
with water to volume. 2S (USP42)
Standard stock solution: 1 mg/mL of USP Pregabalin RS and 0.05 mg/mL of USP Pregabalin
Related Compound A RS prepared as follows. Transfer appropriate amounts of USP
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Pregabalin RS and USP Pregabalin Related Compound A RS to a suitable volumetric flask.
Dissolve in 50% of the final volume of water and dilute with acetone to volume.
Standard solution: Transfer 0.5 mL of the Standard stock solution to a 5.0-mL volumetric
flask, add 0.3 mL of the Derivatizing reagent solution and 50 µL of 1 M sodium
bicarbonate, and heat at 55° for about 1 h. Allow to cool to room temperature and dilute
with water to volume.
Sample stock solution: 1 mg/mL of Pregabalin prepared as follows. Transfer an
appropriate amount of Pregabalin to a suitable volumetric flask. Dissolve in 50% of the
final volume of water and dilute with acetone to volume.
Sample solution: Transfer 0.5 mL of the Sample stock solution to a 5.0-mL volumetric
flask, add 0.3 mL of the Derivatizing reagent solution and 50 µL of 1 M sodium
bicarbonate, and heat at 55° for about 1 h. Allow to cool to room temperature and dilute
with water to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 340 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 10°
Column: 25°
Flow rate: 2.0 mL/min
Injection volume: 20 µL
Run time: NLT 3.8 times the retention time of pregabalin
System suitability
Samples:
Sensitivity solution and 2S (USP42)
Standard solution
[Note—The relative retention times for pregabalin and pregabalin related compound A
are 1.0 and 1.2, respectively.] 2S (USP42)
Suitability requirements
Resolution: NLT 3.0 between pregabalin and pregabalin related compound A,
Standard solution 2S (USP42)
Relative standard deviation: NMT 5.0% for pregabalin related compound A,
Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution 2S (USP42)
Analysis
Sample: Sample solution
Calculate the percentage of pregabalin related compound A in the portion of Pregabalin
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taken:
Result = (rU/rT) × 100
rU = peak response of pregabalin related compound A from the Sample solution
rT = sum of the peak responses of pregabalin and pregabalin related compound A from the
Sample solution
Acceptance criteria: NMT 0.15%
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Protect from light and store at NMT
25°.
• USP Reference Standards 〈11〉
USP Mandelic Acid RS
USP Pregabalin RS
USP Pregabalin Related Compound A RS
(R)-3-(Aminomethyl)-5-methylhexanoic acid.
C8 H17 NO2
159.23
USP Pregabalin Related Compound C RS
4-Isobutylpyrrolidin-2-one.
C8 H15 NO
141.21
Recent Official Publications:
USP41–NF36 Page 3424
BRIEFING
Pseudoephedrine Hydrochloride, USP 41 page 3507. As part of USP monograph
modernization efforts, the following revisions are proposed:
1. The second chemical name for the drug substance is added to be consistent with
current USP nomenclature.
2. Identification A is revised to allow flexibility for the use of either Infrared Absorption
〈197K〉 or 〈197A〉.
3. An orthogonal Identification C, based on the retention time agreement in the Assay, is
added.
4. The liquid chromatographic procedure in the Assay is revised with a stability-indicating
HPLC method that is based on the proposed test for Organic Impurities. The proposed
HPLC procedure was validated using the Pinnacle DB Biphenyl brand of column with L11
packing. The typical retention time for pseudoephedrine is about 4 min.
5. The current Organic Impurities test is replaced with a more selective liquid
chromatographic procedure with specified impurities.
6. The non-value added test for Melting Range or Temperature is deleted, as the
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monograph contains a specific IR identification and a selective orthogonal HPLC test.
Additionally, minor editorial changes have been made to update the monograph to the current
USP style.
(CHM6: C. Anthony.)
Correspondence Number—C109903
Comment deadline: September 30, 2018
Pseudoephedrine Hydrochloride
Change to read:

C10 H15 NO·HCl

201.69

Benzenemethanol, α-[1-(methylamino)ethyl]-, [S-(R*,R*)]-, hydrochloride;
(+)-Pseudoephedrine hydrochloride
(1S,2S)-2-(Methylamino)-1-phenylpropan-1-ol 2S (USP42)
[345-78-8].
DEFINITION
Pseudoephedrine Hydrochloride contains NLT 98.0% and NMT 102.0% of pseudoephedrine
hydrochloride (C10 H15 NO·HCl), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
〈197〉: [Note—Methods described in 〈197K〉 or 〈197A〉 may be used.] 2S (USP42)
• B. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride: Meets the
requirements.
Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
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• Procedure
Triethylamine–phosphoric acid solution: Mix 5 mL of triethylamine with 1 L of water.
Adjust with phosphoric acid to a pH of 6.8.
Mobile phase: Methanol and Triethylamine–phosphoric acid solution (10:90)
System suitability solution: 0.1 mg/mL of USP Pseudoephedrine Hydrochloride RS and
0.002 mg/mL of USP Ephedrine Sulfate RS in water
Standard solution: 0.1 mg/mL of USP Pseudoephedrine Hydrochloride RS in water
Sample solution: 0.1 mg/mL of pseudoephedrine hydrochloride in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 206 nm
Column: 3.0-mm × 15-cm; packing L11
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for ephedrine and pseudoephedrine are approximately
0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2 between the pseudoephedrine and ephedrine peaks
Tailing factor: NMT 2.0 for the pseudoephedrine peak
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of pseudoephedrine hydrochloride (C10 H15 NO·HCl) in the portion of
Pseudoephedrine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Pseudoephedrine Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Pseudoephedrine Hydrochloride in the Sample solution (mg/mL)
Solution A: Add 4 mL of triethylamine to a 1-L volumetric flask and dilute with
approximately 900 mL of water. Adjust with phosphoric acid to a pH of 4.0.
Mobile phase: Acetonitrile and Solution A (1:99)
System suitability solution: 0.01 mg/mL of USP Ephedrine Sulfate RS and 0.1 mg/mL of
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USP Pseudoephedrine Hydrochloride RS in water
Standard solution: 0.1 mg/mL of USP Pseudoephedrine Hydrochloride RS in water
Sample solution: 0.1 mg/mL of Pseudoephedrine Hydrochloride in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 2.1-mm × 10-cm; 1.9-µm packing L11
Flow rate: 0.4 mL/min
Injection volume: 5 µL
Run time: NLT 2 times the retention time of pseudoephedrine
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for ephedrine and pseudoephedrine are 0.8 and 1.0
min, respectively.]
Suitability requirements
Resolution: NLT 2.0 between ephedrine and pseudoephedrine, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of pseudoephedrine hydrochloride (C10 H15 NO·HCl) in the portion of
Pseudoephedrine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of pseudoephedrine from the Sample solution
rS = peak response of pseudoephedrine from the Standard solution
CS = concentration of USP Pseudoephedrine Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Pseudoephedrine Hydrochloride in the Sample solution (mg/mL)
2S (USP42)

Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Change to read:
• Organic Impurities
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Sample solution: Proceed as directed in the Assay.
Analysis: Using the chromatogram of the Sample solution, calculate the percentage of
each impurity in the portion of Pseudoephedrine Hydrochloride taken:
Result = (rU/rT) × 100
rU = peak response for each impurity
rT = sum of all the peak responses
Acceptance criteria: NMT 2.0%, total impurities
Solution A, Mobile phase, and System suitability solution: Prepare as directed in the
Assay.
Sensitivity solution: 0.5 µg/mL of USP Pseudoephedrine Hydrochloride RS in water
Standard solution: 0.002 mg/mL of USP Ephedrine Sulfate RS and 0.001 mg/mL of USP
Pseudoephedrine Hydrochloride RS in water
Sample solution: 1 mg/mL of Pseudoephedrine Hydrochloride in water
Chromatographic system: Proceed as directed in the Assay, except for the Injection
volume.
Injection volume: 10 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between ephedrine and pseudoephedrine, System suitability
solution
Relative standard deviation: NMT 5.0% for ephedrine and pseudoephedrine, Standard
solution
Signal-to-noise ratio: NLT 10 for pseudoephedrine, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ephedrine in the portion of Pseudoephedrine Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of ephedrine from the Sample solution
rS = peak response of ephedrine from the Standard solution
CS = concentration of USP Ephedrine Sulfate RS in the Standard solution (mg/mL)
CU = concentration of Pseudoephedrine Hydrochloride in the Sample solution (mg/mL)
Mr1 = molecular weight of ephedrine, 165.23
Mr2 = molecular weight of ephedrine sulfate, 428.54
Calculate the percentage of any individual unspecified impurity in the portion of
Pseudoephedrine Hydrochloride taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of pseudoephedrine hydrochloride from the Standard solution
CS = concentration of USP Pseudoephedrine Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Pseudoephedrine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
Table 1

Name
Ephedrine
Pseudoephedrine
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
0.8
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.2
—
0.10
0.6

2S (USP42)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature 〈741〉, Class I: 182°–186°. The range between beginning
and end of melting does not exceed 2°. 2S (USP42)
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 50 mg/mL
Acceptance criteria: +61.0° to +62.5°
• pH 〈791〉: 4.6–6.0, in a 50-mg/mL solution
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 〈11〉
USP Ephedrine Sulfate RS
USP Pseudoephedrine Hydrochloride RS
Recent Official Publications:
USP41–NF36 Page 3507
BRIEFING
Pseudoephedrine Hydrochloride Extended-Release Tablets, USP 41 page 3510. As part
of the USP monograph modernization effort, the following revisions are proposed:
1. Replace Identification A, an infrared spectroscopic method which uses chloroform for
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extraction, with a procedure based on the UV spectrum match of the main peak from
the proposed UHPLC procedure in the Assay.
Replace the current HPLC procedure in the Assay with a stability-indicating
chromatographic procedure which uses the Restek Pinnacle DB Biphenyl brand of column
with L11 packing. The typical retention time for pseudoephedrine is about 2.5 min.
Add a test for Organic Impurities based on the proposed chromatographic procedure in
the Assay. The typical retention time for pseudoephedrine is about 4.7 min.
Add equations to the Dissolution tests to be consistent with current practice.
In the USP Reference Standards section, add a new Reference Standard, USP Ephedrine
Sulfate RS, to support the proposed UHPLC procedure in the Assay and Organic
Impurities test.
Add the storage conditions to the Packaging and Storage section.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: C. Anthony.)
Correspondence Number—C132867
Comment deadline: September 30, 2018
Pseudoephedrine Hydrochloride Extended-Release Tablets
DEFINITION
Pseudoephedrine Hydrochloride Extended-Release Tablets contain NLT 90.0% and NMT
110.0% of the labeled amount of pseudoephedrine hydrochloride (C10 H15 NO·HCl).
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
Sample: Triturate a number of Tablets, nominally equivalent to 180 mg of pseudoephedrine
hydrochloride. Filter with about 10 mL of chloroform collected using vacuum filtration.
Maintain the vacuum until no further filtrate can be collected, and evaporate the
chloroform on a steam bath, taking care to avoid overheating. Recrystallize the residue
from a small amount of dehydrated alcohol.
Acceptance criteria: Meet the requirements
The UV-Vis spectrum of the major peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 2S (USP42)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
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Mobile phase: Alcohol and ammonium acetate solution (1 in 250) (850:150). Filter, and
degas
Standard solution: 1.2 mg/mL of USP Pseudoephedrine Hydrochloride RS in alcohol
Sample stock solution: Transfer NLT 20 Tablets to a suitable container, add 500 mL of
alcohol, and homogenize until the Tablets are dispersed. Quantitatively transfer the
contents of the container to a 1000-mL volumetric flask, dilute with alcohol to volume,
mix, and allow to stand for the solids to settle.
Sample solution: Transfer 25.0 mL of the supernatant from the Sample stock solution into
a 50-mL volumetric flask, dilute with alcohol to volume, and mix. Pass a portion of this
solution through a filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; packing L3
Flow rate: 0.7 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Pseudoephedrine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of pseudoephedrine hydrochloride in the Sample
solution(mg/mL)
Solution A: 0.25% triethylamine in water; adjusted with formic acid to a pH of 4.0
Mobile phase: Acetonitrile and Solution A (2:98)
Diluent: Acetonitrile and water (2:98)
System suitability solution: 0.05 mg/mL of USP Pseudoephedrine Hydrochloride RS and
5.0 µg/mL of USP Ephedrine Sulfate RS in Diluent
Standard solution: 0.05 mg/mL of USP Pseudoephedrine Hydrochloride RS in Diluent
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Sample stock solution: Nominally 0.2 mg/mL of pseudoephedrine hydrochloride in Diluent
prepared as follows. Transfer a suitable amount of pseudoephedrine hydrochloride, from
finely powdered Tablets (NLT 20), to a suitable volumetric flask. Dissolve in 80% of the
flask volume of Diluent by sonicating for 30 min, then mix for 1 h in a mechanical shaker
and dilute with Diluent to volume. Centrifuge at about 3500 rpm for about 20 min at room
temperature and use the supernatant. Centrifuge again at about 3500 rpm for about 20
min at room temperature and again collect the supernatant.
Sample solution: Nominally 0.05 mg/mL of pseudoephedrine hydrochloride in Diluent from
Sample stock solution. Pass the supernatant through a suitable filter of 0.2-µm pore size
and collect the filtrate after discarding the first 2.0 mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm. For Identification A, use a diode array detector in the range of
190–400 nm.
Column: 2.1-mm × 10-cm; 1.9-µm packing L11
Column temperature: 35°
Flow rate: 0.5 mL/min
Injection volume: 8 µL
Run time: 10 min
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times of ephedrine and pseudoephedrine are 0.9 and 1.0
min, respectively.]
Suitability requirements
Resolution: NLT 2.0 between ephedrine and pseudoephedrine, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of pseudoephedrine from the Sample solution
rS = peak response of pseudoephedrine from the Standard solution
CS = concentration of USP Pseudoephedrine Hydrochloride RS in the Standard solution
(mg/mL)
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CU = nominal concentration of pseudoephedrine hydrochloride in the Sample solution
(mg/mL)
2S (USP42)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
For Tablets labeled for dosing every 12 h
Test 1
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Times: 1, 3, and 6 h
Mobile phase and System suitability: Prepare as directed in the Assay.
Standard solution: 0.13 mg/mL of USP Pseudoephedrine Hydrochloride RS in water
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; packing L3
Flow rate: 0.7 mL/min
Injection volume: 50 µL
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) dissolved.
Calculate the concentration (Ci) of pseudoephedrine hydrochloride (C10 H15 NO·HCl) in
the sample withdrawn from the vessel at each buffer stage time point (i):
Result i = (rU/rS) × CS
rU = peak response of pseudoephedrine from the Sample solution at each time point
(i)
rS = peak response of pseudoephedrine from the Standard solution
CS = concentration of USP Pseudoephedrine Hydrochloride RS in the Standard solution
(mg/mL)
Calculate the percentage of the labeled amount of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) dissolved at each time point (i):
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Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of pseudoephedrine hydrochloride in the Sample solution at the
specified time point (i) (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of the Sample solution withdrawn at each time point (i) (mL) 2S (USP42)
Tolerances: See Table 1.
Table 1
Amount
Time
Dissolved
(h)
(%)
1
25–45
3
50–75
6
NLT 75
The percentages of the labeled amount of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) dissolved at the times specified conform to Dissolution 〈711〉,
Acceptance Table 2.
Test 3: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Times: 1, 3, and 6 h
Standard solution: A known concentration of USP Pseudoephedrine Hydrochloride RS in
Medium
Sample solution: Pass portions of the solution under test through a filter of 0.45-µm
pore size, and suitably dilute with Medium.
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: 214 nm
Cell: 1.0 mm
Blank: Medium
2S (USP42)

Analysis Calculate the percentage of the labeled amount of pseudoephedrine
hydrochloride (C10 H15 NO·HCl) dissolved by comparing the maximum absorbance of
Sample solution with that of Standard solution at about 214 nm.
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of pseudoephedrine hydrochloride (C10 H15 NO·HCl) in the
sample withdrawn from the vessel at each time point (i):
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Result = (AU/AS) × CS
AU = absorbance of pseudoephedrine from the Sample solution
AS = absorbance of pseudoephedrine from the Standard solution
CS = concentration of USP Pseudoephedrine Hydrochloride RS in the Standard solution
(mg/mL)
Calculate the percentage of the labeled amount of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = [(C2 × V) + (C1 × VS)] × (1/L) × 100
Result 3 = {(C3 × V) + [(C2 + C1) × VS]} × (1/L) × 100
Ci = concentration of pseudoephedrine hydrochloride in the portion of the sample
withdrawn at the specified time point, i (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of the Sample solution withdrawn at each time point and replaced with
Medium (mL) 2S (USP42)
Tolerances: See Table 2.
Table 2
Amount
Time
Dissolved
(h)
(%)
1
25–45
3
60–80
6
NLT 80
The percentages of the labeled amount of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) dissolved at the times specified conform to Dissolution 〈711〉,
Acceptance Table 2.
For Tablets labeled for dosing every 24 h
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.9% sodium chloride in water; 50 mL
Apparatus 7 (see Drug Release 〈724〉): 30 cycles/min; 2–3 cm amplitude. To prepare
the sample, see Figure 1.
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Figure 1. Steps to prepare the sample. (1) Place 1 Tablet on a 5-cm × 5-cm nylon
netting. (2) Fold the netting over the Tablet. Continue folding until the Tablet is
enclosed in the netting. (3) Fold the netting so that the two open ends meet. The
Tablet should be enveloped in the center of the netting. (4) Insert a rod (see Figure
4c in Drug Release 〈724〉
Drug Release 〈724〉, Figure 5c 2S (USP42)
) through the netting to secure the Tablet. (5) Secure the netting with HPLC plastic
ferrules or other appropriate device. Trim the excess netting. Attach each sample
holder to the vertically reciprocating sample holder.
Times: 2, 8, 14, and 24 h
Solution A: Transfer 200 mL of water to a 1000-mL volumetric flask. Add 3.4 mL of
phosphoric acid and 5 mL of triethylamine. Add water to almost 900 mL. Adjust with 1
N sodium hydroxide to a pH of about 6.8, dilute with water to volume, and mix.
Mobile phase: Methanol and Solution A (100:900)
System suitability solution: 0.4 mg/mL of USP Pseudoephedrine Hydrochloride RS in
water
Sample solution: Pass a portion of the solution under test through a suitable filter.
Standard solution: Prepare a solution of USP Pseudoephedrine Hydrochloride RS in
water having a known concentration similar to that expected in the Sample solution at
each time interval.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 5-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
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System suitability
Sample: System suitability solution
Suitability requirements
Tailing factor: NMT 2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Sample solution and Standard solution
Measure the major peak responses of the Standard solution and Sample solution.
Construct a calibration curve by plotting the peak response versus concentrations of
the Standard solution. Determine the amount of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) dissolved at each time interval from a linear regression analysis of the
calibration curve.
Tolerances: See Table 3.
Table 3
Amount
Time
Dissolved
(h)
(%)
2
20–35
8
40–65
14
60–90
24
NLT 85
The percentages of the labeled amount of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) dissolved at the times specified conform to Dissolution 〈711〉,
Acceptance Table 2.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Solution A: 0.1% triethylamine in water; adjusted with formic acid to a pH of 4.0
Solution B: 0.4 g/mL of sodium chloride in water
Mobile phase: Acetonitrile and Solution A (1:99)
Diluent: Solution B and water (1:1)
Sensitivity solution: 0.5 µg/mL of USP Pseudoephedrine Hydrochloride RS in Diluent
Standard solution: 0.001 mg/mL each of USP Pseudoephedrine Hydrochloride RS and USP
Ephedrine Sulfate RS in Diluent
Sample stock solution: Nominally 1.0 mg/mL of pseudoephedrine hydrochloride in Diluent
prepared as follows. Transfer a suitable amount of pseudoephedrine hydrochloride, from
finely powdered Tablets (NLT 20), to a suitable volumetric flask. Dissolve in 75% of the
flask volume of Solution B by sonicating for 30 min, followed by mixing for about 1 h in a
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mechanical shaker, and diluting with Solution B to volume. Centrifuge at about 3500 rpm
for about 10 min and collect the supernatant.
Sample solution: Nominally 0.5 mg/mL of pseudoephedrine hydrochloride in Solution B from
Sample stock solution. Pass the supernatant through a suitable filter of 0.2-µm pore size
and collect the filtrate after discarding the first 2.0 mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 2.1-mm × 10-cm; 1.9-µm packing L11
Flow rate: 0.4 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of pseudoephedrine
System suitability
Samples: Sensitivity solution and Standard solution
[Note—See Table 4 for relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between ephedrine and pseudoephedrine, Standard solution
Relative standard deviation: NMT 5% for pseudoephedrine peak, Standard solution
Signal-to-noise ratio: NLT 20, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any unspecified degradation product in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified degradation product from the Sample solution
rS = peak response of pseudoephedrine from the Standard solution
CS = concentration of USP Pseudoephedrine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of pseudoephedrine hydrochloride in the Sample solution
(mg/mL)
Acceptance criteria: See Table 4. The reporting threshold is 0.05%.
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Table 4

Name
Ephedrine
Pseudoephedrine
Any unspecified degradation product
Total degradation products

Relative
Retention
Time
0.8
1.0
—
—

Acceptance
Criteria,
NMT (%)
—
—
0.2
1.0

2S (USP42)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Protect from light and store at 20°–25° in a dry place. 2S (USP42)
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Ephedrine Sulfate RS
(1R,2S)-2-(Methylamino)-1-phenylpropan-1-ol sulfate.
(C10 H15 NO)2 ·H2 SO4
428.54
2S (USP42)

USP Pseudoephedrine Hydrochloride RS
Recent Official Publications:
USP41–NF36 Page 3510
BRIEFING
Quinapril Tablets, USP 41 page 3545. As part of USP monograph modernization efforts, it is
proposed to make the following changes:
1. Replace the TLC-based Identification A test with an orthogonal UV spectrum matching
procedure as proposed in the Assay.
2. Update the Detector in the Chromatographic system in the Assay to support the
change to Identification A.
3. Delete the Column efficiency requirements in the Assay and Organic Impurities test as
the remaining criteria are adequate to establish system suitability.
4. Simplify the Standard solution by eliminating the use of the Buffered solvent in the
Assay and Organic Impurities test based on the sponsor’s comments and lab evaluation
data.
5. Clarify the Standard solution concentration and preparation in the Dissolution test based
on validation data. Add the Analysis section.
6. Add the reporting threshold to the Organic Impurities test based on the validation data.
Include a Sensitivity solution and Signal-to-noise ratio for the Organic Impurities test.
7. Add a calculation for unspecified degradation products to the Organic Impurities test
and propose acceptance criteria of NMT 0.2% based on the ICH Q3B(R2) guideline and
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the corresponding monograph in the British Pharmacopoeia 2017. Manufacturers are
encouraged to submit their FDA-approved specification for consideration.
8. Delete the Procedure for content uniformity from the Uniformity of Dosage Units test
to allow flexibility.
9. Update the chemical name, formula, and molecular weight for USP Quinapril Related
Compound A RS and the chemical name for USP Quinapril Related Compound B RS in the
USP Reference Standards section based on the International Union of Pure and Applied
Chemistry (IUPAC) nomenclature.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: Y. Yang, D. Min.)
Correspondence Number—C185119
Comment deadline: September 30, 2018
Quinapril Tablets
DEFINITION
Quinapril Tablets contain quinapril hydrochloride (C25 H30 N2 O5 ·HCl) equivalent to NLT 90.0%
and NMT 110.0% of the labeled amount of quinapril (C25 H30 N2 O5 ).
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: Transfer 10.8 mg of USP Quinapril Hydrochloride RS to a 15-mL
centrifuge tube, add 5 mL of methanol, mix, and centrifuge for 10 min.
Sample solution: Equivalent to 10.0 mg of quinapril from Tablets to a 15-mL centrifuge
tube. Add 5 mL of methanol, mix, and centrifuge for 10 min.
Application volume: 25 µL
Developing solvent system: Methanol and ethyl acetate (1:1)
Analysis: Proceed as directed in the chapter, except wash the plate in methanol and airdry it before use.
The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Diluent: Acetonitrile and water (35:65)
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Buffered solvent: Acetonitrile and pH 6.5, 0.05 M dibasic potassium phosphate (35:65)
2S (USP42)

Mobile phase: Acetonitrile, methanesulfonic acid, and water (35: 0.2 :65)
Standard stock solution: 1.08 mg/mL of USP Quinapril Hydrochloride RS, in Diluent
2S (USP42)

Standard solution: 0.108 mg/mL of USP Quinapril Hydrochloride RS, equivalent to 0.1
mg/mL of quinapril, from Standard stock solution, in Buffered solvent
in Diluent 2S (USP42)
Sample solution: Nominally 0.1 mg/mL of quinapril in Diluent prepared as follows. Transfer
10 Tablets to a 500-mL volumetric flask
a suitable amount of Tablets to a suitable volumetric flask. 2S (USP42)
Add about 60% of the flask volume of Diluent, and sonicate until the Tablets have
disintegrated. Shake by mechanical means for about 15 min and dilute with Diluent to
volume. Pass through a suitable filter, discarding the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm.
For Identification A, use a diode array detector in the range of 190–400 nm.
Column: 6.0-mm × 4-cm; 3-µm packing L10
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 600 theoretical plates

2S (USP42)

2S (USP42)

Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of quinapril (C25 H30 N2 O5 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of quinapril from the Sample solution
rS = peak response of quinapril from the Standard solution
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CS = concentration of USP Quinapril Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of quinapril in the Sample solution (mg/mL)
Mr1 = molecular weight of quinapril, 438.52
Mr2 = molecular weight of quinapril hydrochloride, 474.98
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: Water; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Mobile phase, Chromatographic system, and System suitability: Proceed as directed
in the Assay.
Standard solution:
(L/900) mg/mL of quinapril, where L is the label claim in mg/Tablet, prepared as follows.
2S (USP42)

Dissolve a suitable amount of USP Quinapril Hydrochloride RS in methanol. Make any
necessary volumetric adjustments with water.
Sample solution: Pass a portion of the solution under test through a suitable filter.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of quinapril (C25 H30 N2 O5 ) dissolved:
Result = (rU/rS) × (CS /L) × V × (Mr1/Mr2) × 100
rU = peak response of quinapril from the Sample solution
rS = peak response of quinapril from the Standard solution
CS = concentration of USP Quinapril Hydrochloride RS in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 900 mL
Mr1 = molecular weight of quinapril, 438.52
Mr2 = molecular weight of quinapril hydrochloride, 474.98
2S (USP42)

Tolerances: NLT 80% (Q) of the labeled amount of quinapril (C25 H30 N2 O5 ) is dissolved.
Change to read:
• Uniformity of Dosage Units 〈905〉: Meet the requirements
Procedure for content uniformity
Diluent, Buffered solvent, Mobile phase, Standard solution, and Chromatographic
system: Prepare as directed in the Assay.
Sample solution: 0.108 mg/mL of quinapril hydrochloride in Diluent obtained as follows.
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Transfer 1 Tablet to a volumetric flask. Add a volume of Diluent equivalent to one-half
the flask volume, sonicate for 5 min, and shake by mechanical means for about 15 min.
Dilute with Diluent to volume, mix, and pass through a suitable filter, discarding the first
portion of the filtrate. Dilute a portion of the filtrate with Diluent to obtain the final
concentration.
Analysis
Samples: Standard solution and Sample solution
Calculate the amount, in mg, of C25 H30 N2 O5 in each Tablet taken:
Result = (rU /rS) × (CS/CU ) × (Mr1 /Mr2 ) × L
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Quinapril Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of quinapril hydrochloride in the Sample solution (mg/mL)
Mr1 = molecular weight of quinapril, 438.52
Mr2 = molecular weight of quinapril hydrochloride, 474.98
L = labeled amount of quinapril in each Tablet (mg/Tablet)

2S (USP42)

IMPURITIES
Change to read:
• Organic Impurities
Diluent, Buffered solvent,
2S (USP42)

Mobile phase, Sample solution, and Chromatographic system: Proceed as directed in
the Assay.
System suitability solution: 0.1 mg/mL of USP Quinapril Hydrochloride RS and 0.005
mg/mL each of USP Quinapril Related Compound A RS and USP Quinapril Related Compound
B RS in Diluent
Sensitivity solution: 0.1 µg/mL of USP Quinapril Hydrochloride RS in Diluent 2S (USP42)
Standard solution: 0.5 µg/mL each of USP Quinapril Hydrochloride RS, USP Quinapril
Related Compound A RS, and USP Quinapril Related Compound B RS in Diluent
System suitability
Samples: System suitability solution,
Sensitivity solution, 2S (USP42)
and Standard solution
Suitability requirements
Resolution: NLT 2.0 between quinapril and quinapril related compound A; NLT 2.0
between quinapril and quinapril related compound B, System suitability solution
Column efficiency: NLT 600 theoretical plates, Standard solution
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2S (USP42)

Tailing factor: NMT 1.5 for the quinapril and quinapril related compound A peaks; NMT
2.0 for the quinapril related compound B peak, Standard solution
Relative standard deviation: NMT 2.0% for quinapril; NMT 3.0% for each quinapril
related compound, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution 2S (USP42)
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of quinapril related compound A or quinapril related compound B in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of quinapril related compound A or quinapril related compound B from
the Sample solution
rS = peak response of quinapril related compound A or quinapril related compound B from
the Standard solution
CS = concentration of USP Quinapril Related Compound A RS or USP Quinapril Related
Compound B RS in the Standard solution (mg/mL)
CU = nominal concentration of quinapril in the Sample solution (mg/mL)
Calculate the percentage of any unspecified degradation product in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of any unspecified degradation product from the Sample solution
rS = peak response of quinapril from the Standard solution
CS = concentration of USP Quinapril Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of quinapril in the Sample solution (mg/mL)
Mr1 = molecular weight of quinapril, 438.52
Mr2 = molecular weight of quinapril hydrochloride, 474.98 2S (USP42)
Acceptance criteria: See Table 1.
The reporting threshold is 0.1%.

2S (USP42)
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Table 1
Relative
Retention
Time
0.6
1.0
2.0

Name
Quinapril related compound B
Quinapril
Quinapril related compound A
Any unspecified degradation
product 2S (USP42)
Total degradation products

—

2S (USP42)

—

Acceptance
Criteria,
NMT (%)
3.0
—
1.0

0.2

2S (USP42)

3.6

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Quinapril Hydrochloride RS
USP Quinapril Related Compound A RS
Ethyl [3S-[(2R*), 3a, 11ab]]-1,3,4,6,11,11a-hexahydro-3-methyl-1,4-dioxo-a-(2phenylethyl)-2H-pyrazino[1,2-b]isoquinoline-2-acetate
C25 H27 N2 O4
419.49
Ethyl (S)-2-((3S,11aS)-3-methyl-1,4-dioxo-1,3,4,6,11,11a-hexahydro-2Hpyrazino[1,2-b]isoquinolin-2-yl)-4-phenylbutanoate.
C25 H28 N2 O4
420.51 2S (USP42)
USP Quinapril Related Compound B RS
3-Isoquinolinecarboxylic acid, 2-[2-[(1-carboxy-3-phenylpropyl)amino]-1-oxopropyl]1,2,3,4-tetrahy-dro-, [3S-[2[R*(R*)],3R*]]
(S)-2-{[(S)-1-Carboxy-3-phenylpropyl]-l-alanyl}-1,2,3,4-tetrahydroisoquinoline-3carboxylic acid. 2S (USP42)
C23 H26 N2 O5
410.47
Recent Official Publications:
USP41–NF36 Page 3545
BRIEFING
Rifabutin, USP 41 page 3605. As part of USP monograph modernization efforts, it is
proposed to make the following changes:
1. Delete the Column efficiency requirement from the Assay because the remaining criteria
are adequate to evaluate the system suitability.
2. Replace the test for Chromatographic Purity with the test for Organic Impurities,
Procedure 2 based on validated methods of analysis to include specified impurities. The
proposed liquid chromatographic procedure in the test for Organic Impurities, Procedure
2 is based on analyses performed with the Inertsil ODS 3V brand of column with L1
packing. The typical retention time for rifabutin is about 29 min.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C186772
Comment deadline: September 30, 2018
Rifabutin

C46 H62 N4 O11

847.00

(9S,12E,14S,15R,16S,17R,18R,19R,20S,21S,22E,24Z)-6,16,18,20-Tetrahydroxy-1′-isobutyl-14methoxy-7,9,15,17,19,21,25-heptamethylspiro[9,4-(epoxypentadeca[1,11,13]trienimino)-2Hfuro[2′,3′:7,8]naphth[1,2-d]imidazole-2,4′-piperidine]-5,10,26-(3H,9H)-trione-16-acetate
[72559-06-9].
DEFINITION
Rifabutin contains NLT 950 µg/mg and NMT 1020 µg/mg of rifabutin (C46 H62 N4 O11 ),
calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: 13.6 g/L of monobasic potassium phosphate
Mobile phase: Acetonitrile and Solution A (50:50). Adjust by dropwise addition of 2 N
sodium hydroxide to a pH of 6.5 ± 0.1.
System suitability solution: Dissolve about 10 mg of Rifabutin in 2 mL of methanol, add 1
mL of 2 N sodium hydroxide, and allow to stand for 4 min. Add 1 mL of 2 N hydrochloric
acid, and dilute with Mobile phase to 50 mL. [Note—Portions of this solution may be stored
in the frozen state for future use.]
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Standard solution: 0.5 mg/mL of USP Rifabutin RS prepared as follows. Transfer an amount
of USP Rifabutin RS to a suitable volumetric flask. Add acetonitrile to fill 10% of the
volume of the flask, and dilute with Mobile phase to volume.
Sample solution: 0.5 mg/mL of Rifabutin prepared as follows. Transfer an amount of
Rifabutin to a suitable volumetric flask. Add acetonitrile to fill 10% of the volume of the
flask, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 12.5-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of the rifabutin peak
System suitability
Samples: System suitability solution and Standard solution
[Note—The chromatogram of the System suitability solution exhibits a major peak for a
degradant, two minor peaks for degradants, and a major peak for rifabutin at relative
retention times of about 0.5, 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.3 between the degradant peak eluting at a relative retention time of
about 0.8 and the rifabutin peak, System suitability solution
Column efficiency: NLT 2000 theoretical plates, Standard solution
2S (USP42)

Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of rifabutin (C46 H62 N4 O11 ) in the portion of Rifabutin
taken:
Result = (rU/rS) × (CS/CU) × P
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Rifabutin RS in the Standard solution (mg/mL)
CU = concentration of Rifabutin in the Sample solution (mg/mL)
P = potency of USP Rifabutin RS (µg/mg)
Acceptance criteria: 950–1020 µg/mg on the anhydrous basis
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IMPURITIES
• Organic Impurities, Procedure 1: Limit of N-Isobutylpiperidone
Diluent: Chloroform and methanol (1:1)
Standard solution 1: 0.1 mg/mL of N-isobutylpiperidone in Diluent
Standard solution 2: 0.05 mg/mL of N-isobutylpiperidone in Diluent
Standard solution 3: 0.02 mg/mL of N-isobutylpiperidone in Diluent
Standard solution 4: 0.01 mg/mL of N-isobutylpiperidone in Diluent
Standard solution 5: 0.005 mg/mL of N-isobutylpiperidone in Diluent
Sample solution: 10 mg/mL of Rifabutin in Diluent
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Hexanes and acetone (100:30)
Analysis: Apply portions of the Sample solution and the Standard solutions to a suitable
TLC plate (see Chromatography 〈621〉) coated with Adsorbent. Develop the
chromatograms in the Developing solvent system, contained in an equilibrated unlined
chromatographic chamber, until the solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the chromatographic chamber, allow the plate
to air-dry, and place it in an iodine vapor chamber until the spots are visible (about 5
min). Remove the plate from the chamber, spray the plate with starch TS, and examine
the plate.
Acceptance criteria: NMT 0.5%. No spot from the Sample solution at an RF value
corresponding to that of N-isobutylpiperidone is more intense than that of the principal
spot observed from Standard solution 2.
Delete the following:
• Chromatographic Purity
Solution A, Mobile phase, and Sample solution: Prepare as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Rifabutin taken:
Result = (rU/rT) × 100
rU = peak response of an individual impurity from the Sample solution
rT = sum of all the peak responses from the Sample solution
Acceptance criteria: Any impurity peak detected at a retention time of about 0.5, 0.6,
0.8, or 1.4 relative to the retention time of the rifabutin peak NMT 1.0%, NMT 0.5% of
any other impurity is detected, and the total of all impurity peaks is NMT 3.0%. 2S (USP42)
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Add the following:
• Organic Impurities, Procedure 2
Solution A: 0.1% (v/v) triethylamine in water
Solution B: Acetonitrile and Solution A (20:80). Adjust with trifluoroacetic acid to a pH of
2.5.
Solution C: Acetonitrile and Solution A (90:10). Adjust with trifluoroacetic acid to a pH of
2.5.
Mobile phase: See Table 1.
Time
(min)
0
35
45
50
60
70
71

Table 1
Solution B
(%)
75
75
45
40
30
30
75

Solution C
(%)
25
25
55
60
70
70
25

Diluent: Acetonitrile and Solution A (20:80). Adjust with trifluoroacetic acid to a pH of 6.0.
System suitability solution: Dissolve 10 mg of Rifabutin in 2 mL of methanol, add 1 mL of
2 N sodium hydroxide, and allow to stand for 4 min. Add 1 mL of 2 N hydrochloric acid, and
dilute with Diluent to 50 mL. [Note—Portions of this solution may be stored in the frozen
state for future use.]
Standard stock solution: 1 mg/mL of USP Rifabutin RS prepared as follows. Transfer an
amount of USP Rifabutin RS to a suitable volumetric flask and add acetonitrile to fill 10%
of the final volume of the flask. Dilute with Diluent to volume.
Standard solution: 0.01 mg/mL of USP Rifabutin RS in Diluent from Standard stock solution
Sensitivity solution: 0.5 µg/mL of USP Rifabutin RS in Diluent from Standard solution
Sample solution: 1 mg/mL of USP Rifabutin RS prepared as follows. Transfer an amount of
Rifabutin to a suitable volumetric flask. Add acetonitrile to fill 10% of the final volume of
the flask, and dilute with Diluent to volume. [Note—Prepare the solution just before the
injection.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 50°
Flow rate: 1 mL/min
Injection volume: 20 µL
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System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between the rifabutin 14R enantiomer and rifabutin peaks, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Rifabutin taken:
Result = (rU/rS) × (CS/CU) × P × (F 1/F 2) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Rifabutin RS in the Standard solution (mg/mL)
CU = concentration of Rifabutin in the Sample solution (mg/mL)
P = potency of USP Rifabutin RS (µg/mg)
F 1 = conversion factor (0.001 mg/µg)
F 2 = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
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Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

16-Desacetylrifabutina
0.45
1.0
0.75
b
Rifabutin 14R epimer
0.86
1.0
0.75
Rifabutin
1.0
1.0
—
Rifabutin N-oxidec
1.2
1.0
0.50
Rifabutin 21R epimerd
1.25
1.0
0.75
Didehydrorifabutine
1.50
1.32
0.50
Rifabutin N-oxide open ringf
1.60
1.0
0.25
Specified unknown impurity
1.93
1.0
0.25
Any unspecified impurity
—
1.0
0.15
Total impurities
—
—
3.0
a (9S,12E,14S,15R,16S,17R,18R,19R,20S,21S,22E,24Z)-6,16,18,20-Tetrahydroxy-1′isobutyl-14-methoxy-7,9,15,17,19,21,25-heptamethylspiro[9,4(epoxypentadeca[1,11,13]trienimino)-2H-furo[2′,3′:7,8]naphtho[1,2-d]imidazole-2,4′piperidine]-5,10,26(3H,9H)-trione.
b (9S,12E,14R,15R,16S,17R,18R,19R,20S,21S,22E,24Z)-6,18,20-Trihydroxy-1′isobutyl-14-methoxy-7,9,15,17,19,21,25-heptamethyl-5,10,26-trioxo-3,5,9,10tetrahydrospiro[9,4-(epoxypentadeca[1,11,13]trienimino)-2Hfuro[2′,3′:7,8]naphtho[1,2-d]imidazole-2,4′-piperidine]-16-yl acetate.
c (9S,12E,14S,15R,16S,17R,18R,19R,20S,21S,22E,24Z)-16-Acetyloxy-6,18,20trihydroxy-1′-isobutyl-14-methoxy-7,9,15,17,19,21,25-heptamethylspiro[9,4(epoxypentadeca[1,11,13]trienimino)-2H-furo[2′,3′:7,8]naphtho[1,2-d]imidazole-2,4′piperidine]-5,10,26(3H,9H)-trione 1′-oxide.
d (9S,12E,14S,15R,16S,17R,18R,19R,20S,21R,22E,24Z)-6,18,20-Trihydroxy-1′isobutyl-14-methoxy-7,9,15,17,19,21,25-heptamethyl-5,10,26-trioxo-3,5,9,10tetrahydrospiro[9,4-(epoxypentadeca[1,11,13]trienimino)-2Hfuro[2′,3′:7,8]naphtho[1,2-d]imidazole-2,4′-piperidine]-16-yl acetate.
e (9S,12E,14S,15R,16S,17R,18R,19R,20S,21S,22E,24Z)-6,18,20-Trihydroxy-1′isobutyl-14-methoxy-7,9,15,17,19,21,25-heptamethyl-21-methylene-5,10,26-trioxo3,5,9,10-tetrahydrospiro[9,4-(epoxypentadeca[1,11,13]trienimino)-2Hfuro[2′,3′:7,8]naphtho[1,2-d]imidazole-2,4′-piperidine]-16-yl acetate.
f (11R,13E,16S,17R,18S,19R,20R,21S,22S,23E,25Z)-17-Acetyloxy-6,8,11,19,21pentahydroxy-15-methoxy-7,11,16,18,20,22,26-heptamethyl-1′-(2-methylpropyl)5,10,27-trioxo-3,5-dihydrospiro[4,9(epiminopentadeca[2,4,14]trienoxyethano)naphtho[1,2-d]imidazole-2,4′-piperidine]
N1′-oxide.
2S (USP42)

SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 2.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and from
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excessive heat.
• USP Reference Standards 〈11〉
USP Rifabutin RS
Recent Official Publications:
USP41–NF36 Page 3605
BRIEFING
Rifabutin Capsules, USP 41 page 3606. As part of USP monograph modernization efforts, it
is proposed to make the following changes:
1. Delete the Column efficiency requirement from the Assay because the remaining criteria
are adequate to evaluate the system suitability.
2. Replace the Chromatographic Purity test with the test for Organic Impurities, which is
based on validated methods of analysis to include specified impurities. The proposed
liquid chromatographic procedure in the test for Organic Impurities is based on analyses
performed with the Kromasil C18 brand of column with L1 packing. The typical retention
time for rifabutin is about 38 min.
3. Add equations for calculations in the Dissolution test.
4. Update the storage conditions in the Packaging and Storage section based on the
manufacturer’s recommendation.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C186784
Comment deadline: September 30, 2018
Rifabutin Capsules
DEFINITION
Rifabutin Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of rifabutin
(C46 H62 N4 O11 ).
IDENTIFICATION
• A. Ultraviolet Absorption 〈197U〉
Standard solution: 20 µg/mL of USP Rifabutin RS in methanol, prepared with the aid of
sonication. Pass through a filter of 0.5-µm or finer pore size.
Sample solution: Nominally 20 µg/mL of rifabutin prepared as follows. Suspend a quantity
of Capsule contents, equivalent to 200 mg of rifabutin, in 20 mL of methanol. Sonicate for
5 min, and pass through a suitable filter of 0.5-µm or finer pore size. Dilute a portion of
the filtrate with methanol to obtain a solution containing 20 µg/mL of rifabutin.
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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ASSAY
Change to read:
• Procedure
Solution A: 13.6 g/L of monobasic potassium phosphate
Mobile phase: Acetonitrile and Solution A (50:50). Adjust with 2 N sodium hydroxide TS to
a pH of 6.5 ± 0.1. Pass through a suitable filter of 0.5-µm or finer pore size.
System suitability solution: Dissolve 10 mg of Rifabutin in 2 mL of methanol, add 1 mL of
2 N sodium hydroxide TS, and allow to stand for 4 min. Add 1 mL of 2 N hydrochloric acid
TS, and dilute with Mobile phase to 50 mL. [Note—Portions of this solution may be stored
in the frozen state for future use.]
Standard solution: 0.5 mg/mL of USP Rifabutin RS prepared as follows. Transfer an amount
of USP Rifabutin RS to a suitable volumetric flask. Add acetonitrile to fill 10% of the
volume of the flask, and dilute with Mobile phase to volume.
Sample solution: Nominally 0.5 mg/mL of rifabutin prepared as follows. Remove the
contents of NLT 20 Capsules, weigh, and determine the average weight of the Capsule
contents. Transfer a portion of the powder, equivalent to 25 mg of rifabutin, to a 50-mL
volumetric flask, add 5 mL of acetonitrile, and dilute with Mobile phase to volume. Pass
through a suitable filter of 0.5-µm or finer pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 12.5-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of the rifabutin peak
System suitability
Samples: System suitability solution and Standard solution
[Note—The chromatogram of the System suitability solution exhibits a major peak for a
degradant, two minor peaks for degradants, and a major peak for rifabutin at relative
retention times of about 0.5, 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.3 between the rifabutin peak and the degradant peak eluting at a
relative retention time of about 0.8, System suitability solution
Column efficiency: NLT 2000 theoretical plates, Standard solution
2S (USP42)

Relative standard deviation: NMT 2.0%, Standard solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of rifabutin (C46 H62 N4 O11 ) in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of rifabutin from the Sample solution
rS = peak response of rifabutin from the Standard solution
CS = concentration of USP Rifabutin RS in the Standard solution (mg/mL)
CU = nominal concentration of rifabutin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution
Medium: 0.01 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Standard solution: A known concentration of USP Rifabutin RS in Medium
Sample solution: A filtered portion of the solution under test, suitably diluted with Medium
to a concentration similar to that of the Standard solution, taking into account its
designated potency.
Instrumental conditions
Mode: UV
Analytical wavelength: 280 nm
Analysis
Samples: Standard solution and Sample solution
Determine the percentage of the labeled amount of rifabutin (C46 H62 N4 O11 ) dissolved:
(AU/AS) × CS × D × (V/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (mg/mL)
D = dilution factor of the Sample solution, if needed
V = volume of Medium, 900 mL
L = label claim (mg/Capsule)
2S (USP42)

Tolerances: NLT 75% (Q) of the labeled amount of rifabutin (C46 H62 N4 O11 ) is dissolved.
IMPURITIES
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Delete the following:
• Chromatographic Purity
Solution A, Mobile phase, and Sample solution: Prepare as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Rifabutin taken:
Result = (rU/rT) × 100
rU = response of an individual impurity
rT = sum of the responses of all peaks
Acceptance criteria: Any impurity peak detected at a retention time of about 0.5, 0.6,
0.8, or 1.4 relative to the retention time of the rifabutin peak does not exceed 1.0%, NMT
0.5% of any other impurity is detected, and the total of all impurity peaks is NMT 4.5%.
2S (USP42)

Add the following:
• Organic Impurities
Solution A: 13.6 g/L of monobasic potassium phosphate in water
Solution B: Acetonitrile and Solution A (40:60). Adjust with 2 N sodium hydroxide to a pH
of 6.5.
Solution C: Acetonitrile and Solution A (70:30). Adjust with 2 N sodium hydroxide to a pH
of 6.5.
Mobile phase: See Table 1.
Time
(min)
0
50
70
80
90
95
100

Table 1
Solution B
(%)
90
84
65
55
40
90
90

Solution C
(%)
10
16
35
45
60
10
10

Diluent: Acetonitrile and Solution A (50:50). Adjust with 2 N sodium hydroxide to a pH of
6.5.
System suitability solution: Prepare as directed in the Assay.
Standard stock solution: 0.75 mg/mL of USP Rifabutin RS prepared as follows. Transfer an
amount of USP Rifabutin RS to a suitable volumetric flask and dissolve it by adding
acetonitrile to fill 20% of the final volume of the flask. Sonicate, if necessary. Dilute with
Diluent to volume.
Standard solution: 0.0075 mg/mL of USP Rifabutin RS in Diluent from Standard stock
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solution
Sensitivity solution: 0.75 µg/mL of USP Rifabutin RS in Diluent from Standard solution
Sample solution: Nominally 0.75 mg/mL of rifabutin prepared as follows. Remove the
contents of NLT 20 Capsules as completely as possible, weigh, and determine the average
weight of the Capsule contents. Transfer a portion of the crushed powder, equivalent to
75 mg of rifabutin, to a 100-mL volumetric flask and add 20 mL of acetonitrile. Sonicate
for 5 min. Add 50 mL of Diluent and sonicate for 5 more min. Dilute with Diluent to volume.
[Note—The Sample solution is stable up to 25 h at 10°.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Temperatures
Autosampler: 10°
Column: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 4.0 between the rifabutin 21R epimer and rifabutin peaks, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × (F 1/F 2) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of rifabutin from the Standard solution
CS = concentration of USP Rifabutin RS in the Standard solution (mg/mL)
CU = nominal concentration of rifabutin in the Sample solution (mg/mL)
P = potency of USP Rifabutin RS (µg/mg)
F 1 = conversion factor (0.001 mg/µg)
F 2 = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.

PF 44(4): Jul.-Aug. 2018

Name

557

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Rifabutin N-oxidea
0.3
0.72
0.70
b
16-Desacetylrifabutin
0.40
0.92
1.0
Rifabutin 14R epimerc
0.63
0.89
1.0
d
Rifabutin 21R epimer
0.82
0.86
1.0
Rifabutin
1.0
1.0
—
Didehydrorifabutine
1.60
1.0
0.50
Any unspecified impurity
—
1.0
0.20
Total impurities
—
—
4.5
a (9S,12E,14S,15R,16S,17R,18R,19R,20S,21S,22E,24Z)-16-Acetyloxy-6,18,20trihydroxy-1′-isobutyl-14-methoxy-7,9,15,17,19,21,25-heptamethylspiro[9,4(epoxypentadeca[1,11,13]trienimino)-2H-furo[2′,3′:7,8]naphtho[1,2-d]imidazole-2,4′piperidine]-5,10,26(3H,9H)-trione 1′-oxide.
b (9S,12E,14S,15R,16S,17R,18R,19R,20S,21S,22E,24Z)-6,16,18,20-Tetrahydroxy-1′isobutyl-14-methoxy-7,9,15,17,19,21,25-heptamethylspiro[9,4(epoxypentadeca[1,11,13]trienimino)-2H-furo[2′,3′:7,8]naphtho[1,2-d]imidazole-2,4′piperidine]-5,10,26(3H,9H)-trione.
c (9S,12E,14R,15R,16S,17R,18R,19R,20S,21S,22E,24Z)-6,18,20-Trihydroxy-1′isobutyl-14-methoxy-7,9,15,17,19,21,25-heptamethyl-5,10,26-trioxo-3,5,9,10tetrahydrospiro[9,4-(epoxypentadeca[1,11,13]trienimino)-2Hfuro[2′,3′:7,8]naphtho[1,2-d]imidazole-2,4′-piperidine]-16-yl acetate.
d (9S,12E,14S,15R,16S,17R,18R,19R,20S,21R,22E,24Z)-6,18,20-Trihydroxy-1′isobutyl-14-methoxy-7,9,15,17,19,21,25-heptamethyl-5,10,26-trioxo-3,5,9,10tetrahydrospiro[9,4-(epoxypentadeca[1,11,13]trienimino)-2Hfuro[2′,3′:7,8]naphtho[1,2-d]imidazole-2,4′-piperidine]-16-yl acetate.
e (9S,12E,14S,15R,16S,17R,18R,19R,20S,21S,22E,24Z)-6,18,20-Trihydroxy-1′isobutyl-14-methoxy-7,9,15,17,19,21,25-heptamethyl21-methylene-5,10,26-trioxo3,5,9,10-tetrahydrospiro[9,4-(epoxypentadeca[1,11,13]trienimino)-2Hfuro[2′,3′:7,8]naphtho[1,2-d]imidazole-2,4′-piperidine]-16-yl acetate.
2S (USP42)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers, protected from light and from
excessive heat.
Store at controlled room temperature. 2S (USP42)
• USP Reference Standards 〈11〉
USP Rifabutin RS
Recent Official Publications:
USP41–NF36 Page 3606
BRIEFING
Ropivacaine Hydrochloride, USP 41 page 3677. As a part of USP monograph modernization
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efforts, the following revisions are proposed:
1. Add a new Identification B to strengthen the monograph quality. Rename the existing
identification test as Identification C, accordingly.
2. Replace the nonspecific titration procedure in the Assay with a chromatographic
procedure similar to that in the test for Organic Impurities: Procedure 1. The proposed
liquid chromatographic procedure is performed using the Nova-Pak C18 brand of column
with L1 packing. The typical retention time for ropivacaine is about 5 min.
3. The acceptance criteria in the Definition has been changed from NLT 98.5% and NMT
101.0% to NLT 98.0% and NMT 102.0%, which is typical for chromatographic
procedures.
4. Revise the tests for Organic Impurities, Procedure 1 and Organic Impurities, Procedure
2: Limit of Ropivacaine Related Compound A for added clarity and to align with current
USP style.
5. Rename the test for Organic Impurities, Procedure 3: Enantiomeric Purity to Organic
Impurities, Procedure 3: Limit of Ropivacaine Related Compound B.
6. Delete the tests for Color and Clarity as the current tests for Organic Impurities,
together with other tests, are adequate to establish the quality of the drug substance.
7. Update the chemical information in the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.-H. Yeh.)
Correspondence Number—C185054
Comment deadline: September 30, 2018
Ropivacaine Hydrochloride

C17 H26 N2 O·HCl ·H2 O

328.88

(S)-(–)-1-Propylpiperidine-2-carboxylic acid (2,6-dimethylphenyl)amide hydrochloride
monohydrate;
(S)-(–)-1-Propyl-2′,6′-pipecoloxylidine hydrochloride monohydrate
[132112-35-7].
DEFINITION
Change to read:
Ropivacaine Hydrochloride contains NLT 98.5% and NMT 101.0%
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NLT 98.0% and NMT 102.0% 2S (USP42)
of ropivacaine hydrochloride (C17 H26 N2 O·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Add the following:
• B. The retention time of the ropivacaine peak of Sample solution 2 corresponds to that of
the ropivacaine peak in the System suitability solution, as obtained in the test for Organic
Impurities, Procedure 3: Limit of Ropivacaine Related Compound B. 2S (USP42)
Change to read:
• B.
C. 2S (USP42)
Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride
Sample solution: 10 mg/mL
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 1000 mg of Ropivacaine Hydrochloride in 10 mL of water and 40
mL of alcohol. Add 1.0 mL of 1 N hydrochloric acid.
Analysis: Titrate with 1 N sodium hydroxide VS. Two equivalence points are obtained; the
difference in titrant volume corresponds to the amount of ropivacaine hydrochloride (see
Titrimetry 〈541〉). Each mL of 1 N sodium hydroxide is equivalent to 310.9 mg of anhydrous
ropivacaine hydrochloride (C17 H26 N2 O·HCl).
Acceptance criteria: 98.5%–101.0% on the anhydrous basis
Solution A: 138 g/L of monobasic sodium phosphate in water
Solution B: 89 g/L of dibasic sodium phosphate dihydrate in water
Buffer: Mix 1.3 mL of Solution A with 32.5 mL of Solution B, and dilute with water to 1000
mL. Make adjustments, if necessary, to a pH of 8.0.
Mobile phase: Acetonitrile and Buffer (50:50)
System suitability solution: 10 µg/mL of each of USP Ropivacaine Hydrochloride RS and
USP Bupivacaine Hydrochloride RS in Mobile phase. Sonicate to dissolve, if necessary.
Standard solution: 0.2 mg/mL of USP Ropivacaine Hydrochloride RS in Mobile phase.
Sonicate to dissolve, if necessary.
Sample solution: 0.2 mg/mL of Ropivacaine Hydrochloride in Mobile phase. Sonicate to
dissolve, if necessary.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 240 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 3 times the retention time of ropivacaine
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 6 between the ropivacaine and bupivacaine peaks, System suitability
solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ropivacaine hydrochloride (C17 H26 N2 O·HCl) in the portion of
Ropivacaine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of ropivacaine from the Sample solution
rS = peak response of ropivacaine from the Standard solution
CS = concentration of USP Ropivacaine Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Ropivacaine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis

2S (USP42)

IMPURITIES
Delete the following:
• Heavy Metals 〈231〉
pH 3.5 acetate buffer and Standard lead solution: Prepare as directed under Heavy
Metals 〈231〉.
Dilute lead standard solution: Dilute 10.0 mL of the Standard lead solution with water to
100 mL. Each mL of Dilute lead standard solution contains the equivalent of 1 µg of lead.
0.25 M Sodium sulfide solution: Dissolve 6.0 g of sodium sulfide in 40 g of glycerol, then
dilute with water to 100 mL. Filter using a cotton pad, and store in a glass container
protected from light.
Sample stock solution: Prepare as directed under Heavy Metals 〈231〉, Method II, using
3.97–4.00 g of Ropivacaine Hydrochloride.
Standard solution: Combine 10.0 mL of the Dilute lead standard solution with 2 mL of the
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Sample stock solution and 2 mL of pH 3.5 acetate buffer.
Sample solution: Combine 12 mL of the Sample stock solution with 2 mL of pH 3.5 acetate
buffer.
Blank: Combine 10 mL of water, 2 mL of pH 3.5 acetate buffer, and 2 mL of the Sample
stock solution.
Analysis: Transfer the Blank to a color-comparison tube. Transfer the Standard solution
and the Sample solution to individual color-comparison tubes each containing 1 drop of
0.25 M sodium sulfide solution. After 1 min, compare the colors, viewing downward over a
white surface.
Acceptance criteria: The Standard solution shows a slight brown color compared to the
Blank. The Sample solution is not darker than the Standard solution (NMT 10 ppm).
(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities, Procedure 1
Buffer: Combine 1.3 mL of monobasic sodium phosphate solution (138 g/L) and 32.5 mL of
disodium hydrogen phosphate dihydrate solution (89 g/L), and dilute with water to 1 L.
The pH of this solution is 8.0. Make adjustments if necessary.
Mobile phase: Acetonitrile and Buffer solution (1:1)
System suitability solution: 10 µg/mL of each of USP Ropivacaine Hydrochloride RS and
USP Bupivacaine Hydrochloride RS in Mobile phase
Solution A, Solution B, Buffer, Mobile phase, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay. 2S (USP42)
Sample solution 1
2S (USP42)

: 2.75 mg/mL of Ropivacaine Hydrochloride in Mobile phase
Sample solution 2:
Sensitivity solution: 2S (USP42)
2.75 µg/mL of Ropivacaine Hydrochloride from the Sample solution 1
2S (USP42)

diluted with Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
2S (USP42)

System suitability
[Note—Check the stability of the baseline by injecting Mobile phase. Run the chromatogram
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for at least 15 min.]

2S (USP42)

Samples: System suitability solution and Sample solution 2
Sensitivity solution 2S (USP42)
[Note—The relative retention times for ropivacaine and bupivacaine are about 1.0 and
1.6, respectively.
See Table 1 for the relative retention times. 2S (USP42)
]
Suitability requirements
Resolution: NLT 6 between ropivacaine and bupivacaine, System suitability solution
Signal-to-noise ratio: NLT 10 for ropivacaine, Sample solution 2
Sensitivity solution 2S (USP42)
Analysis
Sample: System suitability solution and Sample solution 1
Sample solution 2S (USP42)
Calculate the percentage of each impurity in the portion of Ropivacaine Hydrochloride
taken:
Result = (rU/rT) × 100
rU = peak response of each impurity from the Sample solution
rT = sum of all the peak responses from the Sample solution
Acceptance criteria:
Bupivacaine: NMT 0.2%
Any other individual impurity: Less than 0.1%
Total impurities: NMT 0.5%
See Table 1.
Table 1

Name
Ropivacaine
Bupivacaine
Any other individual unspecified impurity
Total impurities

Relative
Retention
Time
1.0
1.6
—
—

Acceptance
Criteria,
NMT (%)
—
0.2
0.1
0.5

2S (USP42)

Change to read:
• Organic Impurities, Procedure 2: Limit of Ropivacaine Related Compound A
Solution A, Solution B, 2S (USP42)
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Buffer, Mobile phase, and Chromatographic system: Proceed as directed in Procedure
1.
the Assay. 2S (USP42)
Standard solution: 0.13 µg/mL of USP Ropivacaine Related Compound A RS in Mobile phase
Sample solution: 10 mg/mL of Ropivacaine Hydrochloride in Mobile phase
System suitability
Sample: Standard solution
Suitability requirements
Signal-to-noise ratio: NLT 10 for ropivacaine related compound A
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: The response for any peak corresponding to ropivacaine related
compound A (2,6-dimethylaniline) in the Sample solution is NMT the response of the major
peak in the Standard solution (NMT 10 ppm).
Change to read:
• Organic Impurities, Procedure 3: Enantiomeric Purity
Limit of Ropivacaine Related Compound B 2S (USP42)
Background electrolyte solution: 9.31–10.29 mg/mL of phosphoric acid in water. The pH
is between 2.9 and 3.1. If necessary, adjust with triethanolamine to a pH of 2.9–3.1.
Run buffer: 13.3 mg/mL of heptakis-(2,6-di-O-methyl)-β-cyclodextrin in Background
electrolyte solution. [Note—This solution is freshly prepared and passed through a 0.45µm filter.]
System suitability solution: 15 µg/mL each of USP Ropivacaine Hydrochloride RS and USP
Ropivacaine Related Compound B RS in water
Sample solution 1: 2 mg/mL of Ropivacaine Hydrochloride in water
Sample solution 2: 0.01 mg/mL of Ropivacaine Hydrochloride from Sample solution 1
diluted with water
Capillary rinsing procedure: Use separate Run buffer vials for capillary rinse and sample
analysis. Rinse the capillary with water for 1 min, with 0.1 N sodium hydroxide for 10 min,
and with water for 3 min. If a new or dry capillary is being used, increase the sodium
hydroxide rinse time to 30 min. Rinse the capillary between injections as follows: water for
1 min, 0.1 N sodium hydroxide for 4 min, and water for 1 min, then Run buffer for 4 min.
Rinse times are based on a rinse pressure of 1 bar.
Capillary electrophoresis system
Detector: UV 206 nm
Column: 50-µm × 72-cm fused silica
Column temperature: 30°
Applied voltage: 375 V/cm
Initial ramping: 500 V/s, positive polarity, and a resulting current of 40–45 µA
Injection volume: Equal volumes
System suitability
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Samples: System suitability solution and Sample solution 2
[Note—The relative migration times for ropivacaine related compound B (R-enantiomer)
and ropivacaine (S-enantiomer) are about 0.96 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 3.7 between ropivacaine related compound B and ropivacaine, System
suitability solution
Signal-to-noise ratio: NLT 10, Sample solution 2
[Note—The analysis run time is about 30 min. If needed, increase the resolution by
increasing the concentration of heptakis-(2,6-di-O-methyl)-β-cyclodextrin or by lowering
the system temperature.]
Analysis
Samples: Run buffer, water, and Sample solution 1
Inject Run buffer and water to ensure there are no interfering peaks (50 mbar for 5.0 s
followed by injection of Run buffer at 50 mbar for 1.0 s). Inject Sample solution 1 into the
electrophoresis system, record the electropherograms, and measure the peak responses
for ropivacaine and ropivacaine related compound B.
Calculate the percentage of ropivacaine related compound B in the portion of Ropivacaine
Hydrochloride taken:
Result = (rR/MR)/(rS/MS) × 100
rR = peak response of ropivacaine related compound B from Sample solution 1
MR = migration time of ropivacaine related compound B (min)
rS = peak response of ropivacaine from Sample solution 1
MS = migration time of ropivacaine (min)
[Note—After the analysis, rinse the capillary for 10 min with 0.1 N sodium hydroxide, then
for 10 min with water. Dry the capillary before storage.]
Acceptance criteria: NMT 0.5% of ropivacaine related compound B
SPECIFIC TESTS
• Bacterial Endotoxins Test 〈85〉: The level of bacterial endotoxins is such that the
requirements under the relevant dosage form monograph(s) in which Ropivacaine
Hydrochloride is used can be met. Where the label states that Ropivacaine Hydrochloride
must be subjected to further processing during the preparation of injectable dosage forms,
the level of bacterial endotoxins is such that the requirements under the relevant dosage
form monograph(s) in which Ropivacaine Hydrochloride is used can be met.
Delete the following:
• Color
Sample solution: Transfer an aliquot of Ropivacaine Hydrochloride, 480–500 mg, into a 25mL volumetric flask, and dissolve in and dilute with water to volume. Pass the solution
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through a 5-µm polyvinylidene filter (PVDF).
Spectrometric conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelengths: 405 and 436 nm
Cell: 5 cm
Analysis
Sample: Sample solution
Immediately measure the absorbance of the Sample solution, using water as the
reference.
Acceptance criteria: NMT 0.030 at 405 nm, and NMT 0.025 at 436 nm
2S (USP42)

Delete the following:
• Clarity
Hydrazine sulfate solution: 10 mg/mL of hydrazine sulfate in water. Allow to stand 4–6 h.
Hexamethylenetetramine solution: Transfer 2.5 g of hexamethylenetetramine to a 100mL glass-stoppered flask, and dissolve in 25 mL of water.
Opalescence standard stock suspension: To the flask containing the
Hexamethylenetetramine solution, add 25.0 mL of Hydrazine sulfate solution, mix, and
allow to stand for 24 h. This suspension is stable for up to 2 months when stored in a
glass container free from surface defects. The suspension must not adhere to the flask
and must be well mixed before use.
Opalescence standard suspension: Dilute 15.0 mL of the Opalescence standard stock
suspension with water to 1000 mL. This suspension should be freshly prepared and may be
stored for NMT 24 h.
Standard suspension 1: Opalescence standard suspension and water (5:95). Shake
before use.
Standard suspension 2: Opalescence standard suspension and water (10:90). Shake
before use.
Sample solution: 480–500 mg of Ropivacaine Hydrochloride in a 25-mL volumetric flask.
Dilute with water to volume.
Analysis
Samples: Standard suspension 1, Standard suspension 2, and Sample solution
Use identical tubes of colorless, transparent, neutral glass with a flat base and an internal
diameter of 15–25 mm. The depth of the layer is 40 mm. Compare the solutions in diffused
daylight 5 min after the preparation of Standard suspension 1 and Standard suspension 2,
viewing vertically against a black background. The diffusion of light must be such that
Standard suspension 1 can readily be distinguished from water, and Standard suspension 2
can readily be distinguished from Standard suspension 1.
Acceptance criteria: The Sample solution is considered clear if its clarity is the same as
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that of water or if its opalescence is not more pronounced than that of Standard
suspension 1. 2S (USP42)
• pH 〈791〉
Sample solution: 10 mg/mL
Acceptance criteria: 4.5–6.0
• Water Determination 〈921〉, Method I, Method Ia
Sample: 0.0900–0.1100 g
Acceptance criteria: 5.0%–6.0%
• Sterility Tests 〈71〉: Where the label states that Ropivacaine Hydrochloride is sterile, it
meets the requirements.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
Change to read:
• USP Reference Standards 〈11〉
USP Bupivacaine Hydrochloride RS
(CN 1-May-2018)

USP Ropivacaine Hydrochloride RS
USP Ropivacaine Related Compound A RS
2,6-Dimethylaniline hydrochloride.
C8 H12 ClN
157.64 [CAS-21436-98-6].
2S (USP42)

USP Ropivacaine Related Compound B RS
(R)-Ropivacaine hydrochloride monohydrate;
(R)-(+)-1-Propylpiperidine-2-carboxylic acid (2,6-dimethylphenyl)-amide hydrochloride
monohydrate.
C17 H26 N2 O
·HCl·H2 O 2S (USP42)
328.89
328.88 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 3677
BRIEFING
Rufinamide Tablets, USP 41 page 3685. As part of the USP monograph modernization
effort, it is proposed to make the following changes:
1. Add Identification B with UV spectrum agreement based on the Assay.
2. Revise the Chromatographic system in the Assay to support the proposed Identification
B.
3. Add a reporting threshold and Sensitivity solution to the Organic Impurities test.
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4. Add a Signal-to-noise ratio to the System suitability requirements of the Organic
Impurities test to support the reporting limit.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: C. Chisolm.)
Correspondence Number—C201470
Comment deadline: September 30, 2018
Rufinamide Tablets
DEFINITION
Rufinamide Tablets contain an amount of Rufinamide equivalent to NLT 95.0% and NMT
105.0% of the labeled amount of rufinamide (C10 H8 F 2 N4 O).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: 2.7 g/L of potassium dihydrogen phosphate in water
Diluent: Acetonitrile, methanol, and water (40:50:10)
Mobile phase: Methanol, tetrahydrofuran, and Buffer (15:5:80)
System suitability stock solution: 0.8 mg/mL of USP Rufinamide RS, and 0.02 mg/mL
each of USP Rufinamide Related Compound A RS and USP Rufinamide Related Compound B
RS in Diluent. [Note—USP Rufinamide Related Compound B RS is used for identification
purposes only.]
System suitability solution: 0.08 mg/mL of USP Rufinamide RS, and 2 µg/mL each of USP
Rufinamide Related Compound A RS and USP Rufinamide Related Compound B RS, in Buffer
from the System suitability stock solution
Standard stock solution: 0.8 mg/mL of USP Rufinamide RS in Diluent
Standard solution: 0.08 mg/mL of USP Rufinamide RS in Buffer from the Standard stock
solution
Sample stock solution: Nominally 0.8 mg/mL of rufinamide in Diluent from a portion of NLT
20 finely powdered Tablets. Sonicate for 10 min, and shake for 15 min. Centrifuge a
portion of the suspension.
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Sample solution: Nominally 0.08 mg/mL of rufinamide in Buffer, from a portion of
suspension obtained from the Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm.
For Identification B, use a diode array detector in the range of 190–400 nm.
Column: 4.6-mm × 12.5-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 25 µL
Run time:
NLT 2S (USP42)
2.3 times the retention time of rufinamide
System suitability
Samples: System suitability solution and Standard solution

2S (USP42)

[Note—See Table 9 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between rufinamide and rufinamide related compound A, System
suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
the labeled amount of 2S (USP42)
rufinamide (C10 H8 F 2 N4 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Rufinamide RS in the Standard solution (mg/mL)
CU = nominal concentration of rufinamide in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium 1: 0.1 N hydrochloric acid
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Medium 2: pH 6.8 phosphate buffer
Apparatus 4: With 22.6-mm cell, glass beads in the cone, with Tablet laying on the beads.
Insert 320–350 mg of glass wool in the filter insert and then a glass microfiber filter of
2.7-µm pore size and a glass microfiber filter of 0.7-µm pore size.
Times: 5 and 12 h for the 200-mg Tablets; 6 and 16 h for the 400-mg Tablets
Flow rate: 16 mL/min, pulsating
Test intervals, media, and sample solutions for the 200-mg Tablets: See Table 1.
Table 1
Interval
Volume
(min)
(mL)
60
50
120
50
60
50
120
50

Samples
1
2
1
3

Medium
1
2
2
2

Test intervals (Ii ): See Table 2.
Table 2
Interval
I1
I2
I3
I4
I5
I6
I7

Time
(min)
0–60
60–180
180–300
300–360
360–480
480–600
600–720

Sample solutions (Vi ): See Table 3.
V1
V2 to V3
V4
V5 to V7

eluate
eluate
eluate
eluate

of
of
of
of

test
test
test
test

Table 3
interval I1; volume = 960 mL
interval I2 to I3; volume = 1920 mL, each
interval I4; volume 960 mL
interval I5 to I7; volume = 1920 mL, each

Test intervals, media, and sample solutions for the 400-mg Tablets: See Table 4.
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Table 4
Interval
Volume
(min)
(mL)
60
50
60
50
120
50
120
50
180
50

Samples
1
1
3
1
2

Medium
1
2
2
2
2

Test intervals (Ii ): See Table 5.
Table 5
Interval
I1
I2
I3
I4
I5
I6
I7
I8

Time
(min)
0–60
60–120
120–240
240–360
360–480
480–600
600–780
780–960

Sample solutions (Vi ): See Table 6.
V1
V2
V3 to V6
V7 to V8

eluate
eluate
eluate
eluate

of
of
of
of

test
test
test
test

Table 6
interval I1; volume = 960 mL
interval I2; volume = 960 mL
interval I3 to I6; volume = 1920 mL, each
interval I7 to I8; volume = 2880 mL, each

Mobile phase: Water, methanol, tetrahydrofuran, and acetic acid (100: 50: 13: 0.12),
with the addition of 206 mg of sodium pentanesulfonate, monohydrate
Standard stock solution: 600 µg/mL of USP Rufinamide RS in methanol
Standard solution 1: 60 µg/mL of rufinamide in Medium 1 from the Standard stock solution
Standard solution 2: 60 µg/mL of rufinamide in Medium 2 from the Standard stock solution
Standard solution 3: 12 µg/mL of rufinamide prepared as follows. Transfer 10 mL of the
Standard stock solution to a 500-mL volumetric flask, add 40 mL of methanol, and dilute
with Medium 2 to volume.
Standard solution 4: 6 µg/mL of rufinamide in Medium 2 from Standard solution 3
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm

PF 44(4): Jul.-Aug. 2018

571

Column: 4.6-mm × 25-cm; 10-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 20 µL
Run time:
NLT 2S (USP42)
1.4 times the retention time of rufinamide
System suitability
Sample: Standard solution 1
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Sample solutions and Standard solutions

2S (USP42)

Calculate the percentage of the labeled amount of rufinamide (C10 H8 F 2 N4 O) [f(Si)] dissolved
in the Sample solution (Si) by the following steps:
Calculate the regression line for the Standard solutions:
y = ax + b
y

= peak area of rufinamide from the Standard solution
= slope 2S (USP42)
a

x

= concentration of rufinamide in the Standard solution (µg/mL)
= y-intercept 2S (USP42)
b
f(Si) = [(y − b)/a] × [(Vi)/(1000 × L)] × 100

y = peak area of rufinamide from the Sample solution
b = y-intercept
a = slope
Vi = volume of Sample solution (mL)
L = label claim (mg/Tablet)
Cumulative percentage of the Tablet label claim dissolved:
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i, j = indices of test interval
Tolerances
For Tablets labeled to contain 200 mg: See Table 7.
Table 7
Time
Amount
(h)
Released
5
NLT 60%
12
NLT 80%
For Tablets labeled to contain 400 mg: See Table 8.
Table 8
Time
Amount
(h)
Released
6
NLT 60%
16
NLT 80%
The percentages of the labeled amount of rufinamide dissolved in the times specified
conform to Dissolution 〈711〉, Acceptance Table 2.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Buffer, Diluent, Mobile phase, Sample stock solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
System suitability stock solution: 0.8 mg/mL of USP Rufinamide RS, and 0.02 mg/mL
each of USP Rufinamide Related Compound A RS and USP Rufinamide Related Compound B
RS in Diluent. [Note—USP Rufinamide Related Compound B RS is used for identification
purposes.]
System suitability solution: 0.08 mg/mL of USP Rufinamide RS, and 2 µg/mL each of USP
Rufinamide Related Compound A RS and USP Rufinamide Related Compound B RS, in Buffer
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from the System suitability stock solution
Standard stock solution: 0.8 mg/mL of USP Rufinamide RS in Diluent
Standard solution: 0.4 µg/mL of USP Rufinamide RS from the Standard stock solution
prepared as follows. Pipet a suitable volume of Standard stock solution to a volumetric
flask. Add Diluent to fill 10% of final volume, and dilute with Buffer to volume.
Transfer a suitable volume of Standard stock solution to an appropriate volumetric flask.
Add 10% of the flask volume of Diluent, and dilute with Buffer to volume.
Sensitivity solution: 0.04 µg/mL of USP Rufinamide RS from the Standard solution
prepared as follows. Transfer a suitable volume of Standard solution to an appropriate
volumetric flask. Add 10% of the flask volume of Diluent, and dilute with Buffer to volume.
2S (USP42)

System suitability
Samples: System suitability solution, Standard solution, and
Sensitivity solution 2S (USP42)
[Note—See Table 9 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between rufinamide and rufinamide related compound A, System
suitability solution
Tailing factor: NMT 1.5 for rufinamide, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution 2S (USP42)
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of any individual unspecified degradation product in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each individual impurity
unspecified degradation product 2S (USP42)
from the Sample solution
rS = peak response of rufinamide from the Standard solution
CS = concentration of USP Rufinamide RS in the Standard solution (mg/mL)
CU = nominal concentration of rufinamide in the Sample solution (mg/mL)
Acceptance criteria: See Table 9.
The reporting threshold is 0.05%.

2S (USP42)

PF 44(4): Jul.-Aug. 2018

574

Table 9
Relative
Retention
Time
1.0

Name
Rufinamide
Rufinamide related compound Aa

1.2

2S (USP42)

Rufinamide related compound Bb
1.8
—

2S (USP42)

Any individual unspecified degradation product
Total impurities
—
Total degradation products 2S (USP42)
a 1-(2-Fluorobenzyl)-1H-1,2,3-triazole-4-carboxamide.
b Methyl 1-(2,6-difluorobenzyl)-1H-1,2,3-triazole-4-carboxylate.

Acceptance
Criteria,
NMT (%)
—
—
—
0.1
0.5

2S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 〈11〉
USP Rufinamide RS
USP Rufinamide Related Compound A RS
1-(2-Fluorobenzyl)-1H-1,2,3-triazole-4-carboxamide.
C10 H9 FN4 O
220.20
USP Rufinamide Related Compound B RS
Methyl 1-(2,6-difluorobenzyl)-1H-1,2,3-triazole-4-carboxylate.
C11 H9 F 2 N3 O2
253.20
Recent Official Publications:
USP41–NF36 Page 3685
BRIEFING
Sodium Fluoride Gel, USP 41 page 3789. As part of the USP monograph modernization
initiative, the following revisions are proposed:
1. Add Identification B based on the retention time agreement of fluoride ions from the
proposed ion chromatographic procedure in the Assay. The existing identification test is
renamed Identification A, accordingly.
2. Replace the current ion-selective electrode (ISE) procedure with an ion
chromatographic procedure in the Assay. The procedure is based on analyses performed
and validated with the Metrohm Metrosep A Supp 16 brand of guard and analytical
columns, both with L91 packing. The typical retention time for the fluoride peak is about
4.6 min.
3. Update the Packaging and Storage section based on the approved manufacturers'
package inserts.
4. Add USP Sodium Acetate RS to the USP Reference Standards section to support the
proposed Assay procedure.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: M. Chang.)
Correspondence Number—C190807
Comment deadline: September 30, 2018
Sodium Fluoride Gel
DEFINITION
Sodium Fluoride Gel contains NLT 90.0% and NMT 110.0% of the labeled amount of sodium
fluoride (NaF), in an aqueous medium containing a suitable viscosity-inducing agent. It may
contain a suitable buffering agent.
[Note—This monograph is only applicable to Preventive treatment gels and is not applicable to
Dentifrices as defined under 21 CFR §355.3.]
IDENTIFICATION
Change to read:
• Procedure
A. 2S (USP42)
Sample: A suitable quantity of Gel, equivalent to 500 mg of fluoride ion
Analysis: Place the Sample in a platinum crucible in a well-ventilated hood, add 15 mL of
sulfuric acid, and cover the crucible with a piece of clear, polished glass. Heat the crucible
on a steam bath for 1 h, remove the glass cover, rinse it in water, and dry.
Acceptance criteria: The surface of the glass is etched.
Add the following:
• B. The retention time of the fluoride peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
[Note—Store all solutions, except the Buffer, in plastic containers.]
Buffer: Dissolve 57 mL of glacial acetic acid, 58 g of sodium chloride, and 4 g of (1,2cyclohexylenedinitrilo)tetraacetic acid in 500 mL of water. Adjust with 5 N sodium
hydroxide to a pH of 5.25 ± 0.25, and dilute with water to 1000 mL.
Standard solution A: 420 µg/mL of USP Sodium Fluoride RS, equivalent to 190 µg/mL of
fluoride ion (10−2 M)
Standard solution B: 19 µg/mL of fluoride ion (10−3 M), from Standard solution A
Standard solution C: 1.9 µg/mL of fluoride ion (10−4 M), from Standard solution B
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Sample solution: Equivalent to 20 µg/mL of fluoride from the Gel in water
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Pipet 20 mL of each Standard solution and the Sample solution into separate plastic
beakers each containing a plastic-coated stirring bar. Pipet 20 mL of Buffer into each
beaker. Concomitantly measure the potentials (see pH 〈791〉), in mV, of the solutions
from the Standard solutions and of the solution from the Sample solution, with a pH
meter capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoridespecific, ion-indicating electrode and a suitable reference electrode.
[Note—When taking measurements, immerse the electrodes in the solution, stir on a
magnetic stirrer having an insulated top until equilibrium is attained (1–2 min), and
record the potential. Rinse and dry the electrodes between measurements, taking care
to avoid damaging the crystal of the specific-ion electrode.]
Plot the logarithms of the fluoride-ion concentrations, in µg/mL, of each diluted Standard
solution versus potential, in mV. From the measured potential of the Sample solution and
the standard response line, determine the concentration (C), in µg/mL, of fluoride ion in
the Sample solution.
Calculate the quantity, as a percentage of label claim, of fluoride ion in the portion of Gel
taken:
Result = (C/CU) × 100
C = concentration of fluoride ion in the Sample solution, (µg/mL), as determined above
CU = nominal concentration of fluoride ion in the Sample solution (µg/mL)
Calculate the quantity, as a percentage of label claim, of sodium fluoride in the portion of
Gel taken:
Result = (C/CU ) × (Mr/Ar) × 100
C = concentration of fluoride ion in the Sample solution, (µg/mL), as determined above
CU = nominal concentration of sodium fluoride (NaF) in the Sample solution (µg/mL)
Mr = molecular weight of sodium fluoride, 41.99
Ar = atomic weight of fluoride, 19.00

[Note—Store all solutions in plastic containers. It is recommended to use plastic HPLC vials.
Use water with a resistivity of NLT 18 megohm-cm to prepare the solutions.]
Mobile phase: 15 mM potassium hydroxide in water. [Note—Mobile phase can be generated
electrolytically using an automatic eluant generator.]
System suitability solution: 2.0 µg/mL of USP Sodium Fluoride RS and 1.0 µg/mL of USP
Sodium Acetate RS in water
Standard solution: 2.0 µg/mL of USP Sodium Fluoride RS in water

PF 44(4): Jul.-Aug. 2018

577

Sample solution: Nominally 2.0 µg/mL of sodium fluoride from a portion of Gel in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity with suppression
Columns
Guard: 4.0-mm × 0.5-cm; 4.6-µm packing L91
Analytical: 4.0-mm × 25-cm; 4.6-µm packing L91
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
Run time: NLT 3 times the retention time of fluoride
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the fluoride and acetate ions are 1.0 and 1.3,
respectively.]
Suitability requirements
Resolution: NLT 1.5 between the fluoride and acetate ions, System suitability solution
Tailing factor: NMT 2.0 for the fluoride ion, Standard solution
Relative standard deviation: NMT 2.0% for the fluoride ion, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sodium fluoride (NaF) in the portion of
Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of the fluoride ion from the Sample solution
rS = peak response of the fluoride ion from the Standard solution
CS = concentration of USP Sodium Fluoride RS in the Standard solution (µg/mL)
CU = nominal concentration of sodium fluoride in the Sample solution (µg/mL)
2S (USP42)

Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉
Sample: About 40 mL
Analysis: Place the Sample in a plastic beaker, and determine the pH using a suitable
electrode system.
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Acceptance criteria: 6.0–8.0
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, plastic containers.
Store at controlled room temperature. 2S (USP42)
• Labeling: Label the Gel in terms of the content of sodium fluoride (NaF) and in terms of the
content of fluoride ion.
Change to read:
• USP Reference Standards 〈11〉
USP Sodium Acetate RS
2S (USP42)

USP Sodium Fluoride RS
Recent Official Publications:
USP41–NF36 Page 3789
BRIEFING
Absorbable Surgical Suture, USP 41 page 3901 and PF 43(4) [July–Aug. 2017]. The
General Chapters—Dosage Forms Expert Committee is reproposing the following revision, which
is meant to update the monograph. Note that proposed revisions for the following general
chapters and monographs related to sutures also appear in this issue of PF.
1.
2.
3.
4.

Sutures—Diameter 〈861〉
Sutures—Needle Attachment 〈871〉
Tensile Strength 〈881〉
Nonabsorbable Surgical Suture

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(GCDF: D. Hunt.)
Correspondence Number—C197744
Comment deadline: September 30, 2018
Absorbable Surgical Suture
DEFINITION
Absorbable Surgical Suture is a sterile, flexible strand prepared from collagen derived from
healthy mammals or from a synthetic polymer. Suture prepared from synthetic polymer may
be in either monofilament or multifilament form. It is capable of being absorbed by living
mammalian tissue, but may be treated to modify its resistance to absorption. Its diameter
and tensile strength correspond to the size designation indicated on the label, within the
limits prescribed herein. It may be modified with respect to body or texture. It may be
impregnated or treated with a suitable coating, softening, or antimicrobial agent. It may be
colored by a color additive approved by the FDA. The collagen suture is designated as

PF 44(4): Jul.-Aug. 2018

579

either Plain Suture or Chromic Suture. Both types consist of processed strands of collagen,
but Chromic Suture is processed by physical or chemical means so as to provide greater
resistance to absorption in living mammalian tissue.
IMPURITIES
• Soluble Chromium Compounds
Standard solution: 2.83 µg/mL of potassium dichromate in water
Sample solution: 5 mL of the fluid prepared as directed in the Extractable Color test
Analysis: To 5 mL each of the Standard solution and Sample solution add 2 mL of a
solution (1 in 100) of diphenylcarbazide in alcohol and 2 mL of 2 N sulfuric acid.
Acceptance criteria: Any color that develops in the Sample solution is not more intense
than that in the Standard solution [1 ppm of chromium (Cr)].
SPECIFIC TESTS
[Note—If the Suture is packaged with a fluid, make the required measurements for the first four
of the following tests within 2 min after removing it from the fluid.]
• Length
Sample: A length of Suture
Analysis: Determine the length of the Sample without stretching.
Acceptance criteria: The length of each strand is NLT 95.0% of the length stated on the
label.
Change to read:
• Sutures—Diameter 〈861〉
Sample: 10 strands of Suture
Analysis: Determine the diameter as directed in the chapter.
Acceptance criteria
Collagen suture: The average diameter, and NLT 20, of the 30 measurements on the 10strand Sample are within the limits on average diameter in Table 1 for the size stated on
the label. None of the individual measurements is less than the midpoint of the range for
the next smaller size or more than the midpoint of the range for the next larger size
observed measurements should be less than or greater than the limits on individual
diameter in Table 1. 2S (USP42)
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Table 1. Collagen Suture
Limits on Average Diameter
(mm)

Metric
USP Size
Size
(Gauge
2S (USP42) No.)

a

Knot-Pull Tensile Strength
(in kgf)

Limits on Individual Diameter
(mm)

Min.

Max.

2S (USP42)

Max.

2S (USP42)

Knot-Limit
on
Individual
Strand
Min.

2S (USP42)

—
9-0

0.4

0.040

0.049

8-0

0.5

0.050

0.069

—

2S (USP42)

0.060

2S (USP42)

2S (USP42)

0.085

2S (USP42)

2S (USP42)

2S (USP42)

0.07
7-0

0.7

0.070

0.099

0.060

2S (USP42)

0.125

2S (USP42)

6-0

1

0.10

0.149

0.085

2S (USP42)

0.175

2S (USP42)

2S (USP42)

0.18
2S (USP42)

0.38
5-0

1.5

0.15

0.199

0.125

2S (USP42)

0.250

2S (USP42)

4-0

2

0.20

0.249

0.175

2S (USP42)

0.325

2S (USP42)

3-0

3

0.30

0.250

2S (USP42)

0.375

2S (USP42)

2-0

3.5

0.35

0.399

0.250

2S (USP42)

0.450

2S (USP42)

0

4

0.40

0.499

0.375

2S (USP42)

0.550

2S (USP42)

2S (USP42)

0.77
2S (USP42)

1.25
0.339

0.349

2S (USP42)

2S (USP42)

2.00
2S (USP42)

2.77
2S (USP42)

3.80
1

5

0.50

0.599

0.450

2S (USP42)

0.650

2S (USP42)

2

6

0.60

0.699

0.550

2S (USP42)

0.750

2S (USP42)

2S (USP42)

4.51
2S (USP42)

5.90
3

7

0.70

0.799

0.650

2S (USP42)

0.850

4

8

0.80

0.899

0.750

2S (USP42)

—

2S (USP42)

2S (USP42)

7.00
2S (USP42)

2S (USP42)

2S (USP42)

Limit on
Average Min.

Limit on
Individual
Strand
Min.

—

—

0.44

0.24

0.69

0.54

—

0.045
0.045

b

2S (USP42)

2S (USP42)

Knot-Limit
on
Average
Min.
Min.

Knot-Pull Tensile Strength
(in N)

2S (USP42)

2S (USP42)

0.025
2S (USP42)

0.055
2S (USP42)

0.10
2S (USP42)1.76

1.77

2S (USP42)

0.98

0.20
2S (USP42)

3.73

1.96

7.55

3.92

0.40
2S (USP42)

0.68
2S (USP42)12.2

12.3

2S (USP42)

6.67

1.04
2S (USP42)

19.6

10.2

27.2

14.2

37.3

19.1

44.2

25.5

1.45
2S (USP42)

1.95
2S (USP42)

2.40
2S (USP42)

2.99
2S (USP42)57.8

57.9

2S (USP42)

29.3

3.49
2S (USP42)

68.6

34.2

a USP sizes may not represent all sizes commercially available. For sizes other than those listed in this table, suture manufacturers must generate appropriate diameters and tensile
strength data to support use.
b To convert from N to kg, divide N by 1.0197 and round to one significant figure.
2S (USP42)

Synthetic suture: The average diameter of the strands being measured is within the
tolerances prescribed in Table 2 for the size stated on the label. None of the observed
measurements is less than the midpoint of the range for the next smaller size or more
than the midpoint of the range for the next larger size individual observed
measurements should be less than or greater than the limits on individual diameter in
Table 2. 2S (USP42)
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Table 2. Synthetic Suture
M etric
Size
(Gauge
No.)
USP Size
M in.

a

Limits on
Average
Diameter
(mm)

Knot-Pull Tensile Strength (in
kgf) (except where

Limits on Individual
Diameter (mm) 2S (USP42)

2S (USP42)

M in.

M ax.

M in.

—

2S (USP42)

b

otherwise specified) c
Limit on Average M in.

M ax.

2S (USP42)

Knot-Pull Tensile
Strength (in N)

M ax.

2S (USP42)

0.015

2S (USP42)

2S (USP42)

—

—

2S (USP42)

12-0

0.01

0.001

0.009

11-0

0.1

0.010

0.019

0.005

2S (USP42)

0.025

2S (USP42)

10-0

0.2

0.020

0.029

0.015

2S (USP42)

0.035

2S (USP42)

2S (USP42)

0.045

2S (USP42)

2S (USP42)

(except where
otherwise specified)

2S (USP42)

—

—

2S (USP42)

0.025c
2S (USP42)

0.24

0.25

2S (USP42)

c

0.050c
9-0

0.3

0.030

0.039

0.025

8-0

0.4

0.040

0.049

0.035

2S (USP42)

0.060

2S (USP42)

7-0

0.5

0.050

0.069

0.045

2S (USP42)

0.085

2S (USP42)

6-0

0.7

0.070

0.099

0.060

2S (USP42)

0.125

2S (USP42)

5-0

1

0.10

0.149

0.085

2S (USP42)

0.175

2S (USP42)

4-0

1.5

0.15

0.199

0.125

2S (USP42)

0.250

2S (USP42)

3-0

2

0.20

0.249

0.175

2S (USP42)

0.325

2S (USP42)

2-0

3

0.30

0.339

0.250

2S (USP42)

0.375

2S (USP42)

0

3.5

0.35

0.399

0.325

2S (USP42)

0.450

2S (USP42)

1

4

0.40

0.499

0.375

2S (USP42)

0.550

2S (USP42)

2

5

0.50

0.599

0.450

2S (USP42)

0.650

2S (USP42)

3 and 4

6

0.60

0.699

0.550

2S (USP42)

0.750

2S (USP42)

5

7

0.70

0.799

0.650

2S (USP42)

2S (USP42)

0.49c

0.07
2S (USP42)

0.69

0.14
2S (USP42)

1.37

0.25
2S (USP42)

2.45

0.68
2S (USP42)

6.67

0.95
2S (USP42)

9.32

1.77
2S (USP42)

17.4

2.68
2S (USP42)

26.3

3.90
2S (USP42)

38.2

5.08
2S (USP42)

49.8

6.35
2S (USP42)

62.3

7.29

—

2S (USP42)

—
2S (USP42)

71.5
—

2S (USP42)

a USP sizes may not represent all sizes commercially available. For sizes other than those listed in this table, suture manufacturers must generate appropriate
diameters and tensile strength data to support use.
b To convert from N to kg, divide N by 1.0197 and round to one significant figure.
2S (USP42)
c The tensile strength of the specified USP size is measured by straight pull.

• Tensile Strength 〈881〉, Surgical Suture
Sample: NLT 10 strands of Suture
Analysis: Determine the tensile strength of the Sample as directed in the chapter.
Acceptance criteria
Collagen suture: The tensile strength, determined as the minimum strength for each
individual strand tested, and calculated as the average strength from any one lot, is as

PF 44(4): Jul.-Aug. 2018

582

set forth in Table 1. If NMT 1 strand fails to meet the limit on individual strands, repeat
the test with NLT 20 additional strands: the requirements of the test are met if none of
the additional strands falls below the limit on individual strands, and if the average
strength of all the strands tested does not fall below the stated limit in Table 1.
Synthetic suture: The minimum tensile strength of each size of synthetic suture,
calculated as the average strength from any one lot, is as set forth in Table 2.
• Sutures—Needle Attachment 〈871〉: Suture on which eyeless needles are swaged meets
the requirements.
Change to read:
• Sterility Tests 〈71〉:
Suture that is claimed to be sterile
meets the requirements

2S (USP42)

Change to read:
• Extractable Color (if Suture is dyed)
Matching solutions: Prepare by combining the colorimetric solutions (CS) in the
proportions indicated in Table 3, and adding water, if necessary, to make 10.0 parts. [See
Reagents, Indicators, and Solutions—Solutions, Colorimetric Solutions (CS) for
composition.]
Table 3. Matching Solutions
Parts of Each CS per 10 Parts of
Total Volume
Color of Suture
(Extractable Color)
Yellow–brown
Pink–red
Green–blue
Violet

Cobaltous
Chloride
CS
0.2
1.0
—
1.6

Ferric
Chloride
CS
1.2
—
—
—

Cupric
Sulfate
CS
—
—
2.0
8.4

Sample: NLT 250 mg of Suture
Analysis: Place the Sample in a conical flask containing 1.0 mL of water for each 10 mg of
the Sample.
For microsutures use 2.5 mL of water for each 25 mg of the Sample. 2S (USP42)
Close the flask, and allow it to stand at 37 ± 0.5° for 24 h. Cool. Decant the water from
the Suture, and compare it with the Matching solution.
Where fibrous extraneous material may affect the color, filter the solution before
performing the color determination. 2S (USP42)
Acceptance criteria: Any color present is not more intense than that of the appropriate
Matching solution.
Where fibrous extraneous material may affect the color, filter the solution before
performing the color determination. 2S (USP42)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve dry or in fluid, in containers (packets) so designed that
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sterility is maintained until the container is opened. A number of such containers may be
placed in a box.
Change to read:
• Labeling: The label of each individual container (packet) of Suture indicates the size,
length, type of Suture, including the material composition as well as the physical
configuration (e.g., monofilament/multifilament, twisted/braided), 2S (USP42) kind of needle
(if a needle is included), number of Sutures (if multiple), lot number, and name of the
manufacturer or distributor. If removable needles are used, the labeling so indicates.
Suture size is designated by the metric size (gauge number) and the corresponding USP
size. The label of the box indicates also the address of the manufacturer, packer or
distributor, and the composition of any packaging fluids used.
Recent Official Publications:
USP41–NF36 Page 3901
BRIEFING
Nonabsorbable Surgical Suture, USP 41 page 3903 and PF 43(4) [July–Aug. 2017]. The
General Chapters—Dosage Form Expert Committee is reproposing the following revision, which is
meant to update the chapter. Note that proposed revisions for the following general chapters
and monographs related to sutures also appear in this issue of PF.
1.
2.
3.
4.

Sutures—Diameter 〈861〉
Sutures—Needle Attachment 〈871〉
Tensile Strength 〈881〉
Absorbable Surgical Suture

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(GCDF: D. Hunt.)
Correspondence Number—C197742
Comment deadline: September 30, 2018
Nonabsorbable Surgical Suture
DEFINITION
Change to read:
Nonabsorbable Surgical Suture is a flexible strand of material that is suitably resistant to the
action of
not absorbed in 2S (USP42)
living mammalian tissue. It may be in either monofilament or multifilament form. If it is a
multifilament strand, the individual filaments may be combined by spinning,
2S (USP42)

twisting, braiding, or any combination thereof. It may be either sterile or nonsterile. Its
diameter and tensile strength correspond to the size designation indicated on the label, within
the limits prescribed herein. It may be modified with respect to body or texture, or to reduce
capillarity, and may be suitably bleached. It may be impregnated or treated with a suitable
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coating, softening, or antimicrobial agent. It may be colored by a color additive approved by
the FDA.
Nonabsorbable Surgical Suture is classed and typed as follows. Class I Suture is composed of
silk or synthetic fibers of monofilament, twisted, or braided construction where the coating,
if any, does not significantly affect thickness (e.g., braided silk, polyester, or nylon;
monofilament nylon or polypropylene). Class II Suture is composed of cotton or linen fibers
or coated natural or synthetic fibers where the coating significantly affects thickness but
does not contribute significantly to strength (e.g., virgin silk sutures). Class III Suture is
composed of monofilament or multifilament metal wire.
SPECIFIC TESTS
[Note—If the Suture is packaged with a fluid, make the required measurements for the first four
of the following tests within 2 min after removing it from the fluid.]
• Length
Sample: A length of Suture
Analysis: Lay the Sample out smooth and without tension on a plane surface and
determine the length of the Sample.
Acceptance criteria: The length of each strand is NLT 95.0% of the length stated on the
label.
Change to read:
• Sutures—Diameter 〈861〉
Sample: 10 strands of Suture
Analysis: Determine the diameter as directed in the chapter.
Acceptance criteria: The average diameter on the 10-strand Sample is within the limits
prescribed
on average diameter (for all 30 measurements) 2S (USP42)
in Table 1 for the size stated on the label. In the case of braided or twisted Suture, none
of the observed diameters is less than the midpoint of the range for the next smaller size
or is greater than the midpoint of the range for the next larger size.
None of the observed individual measurements should be less than or greater than the
limits on individual diameter in Table 1. 2S (USP42)
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Table 1. Average Knot-Pull Limits of Various Sizes and Diameters of Sutures
Limits on Average Knot-Pull (except where otherwise

Limits on Average Knot-Pull (except where otherwise

a

b

specified)

specified)

b

c

Tensile Strength (in kgf)

Tensile Strength (in N)

Limits on Individual Diameter
Limits on Average
Diameter (mm)

(mm)

USP Size

a

Class I Min.
2S (USP42)

Metric Size
(Gauge No.)

Min.

Min.

Max.

2S (USP42)

Max.

2S (USP42)

—
0.01

0.001

Class II Min.

2S (USP42)

0.001
12-0

a

2S (USP42)

—
0.002

Class I Min.

2S (USP42)

2S (USP42)

0.006
11-0

0.1

0.010

0.019

0.005

2S (USP42)

0.025

2S (USP42)

10-0

0.2

0.020

0.029

0.015

2S (USP42)

0.035

2S (USP42)

a

a

2S (USP42)

0.019

a

0.02

0.014

a

2S (USP42)

0.06

0.01

b

0.02

b

a

2S (USP42)

2S (USP42)

Class III Min.

—

2S (USP42)

0.005

Class II Min.

a

2S (USP42)

0.015

2S (USP42)

Class III Min.

2S (USP42)

2S (USP42)

0.009

d

,

2S (USP42)

2S (USP42)

a

2S (USP42)

b

0.06
0.194
0.186

2S (USP42)

0.05

b

0.20

b

0.14

b

0.59

b

0.28

b

0.68

b

2S (USP42)

b
0.424

0.043 a
9-0

0.3

0.030

0.025

0.039

2S (USP42)

0.045

2S (USP42)

2S (USP42)

0.06
8-0

0.4

0.040

0.035

0.049

2S (USP42)

0.060

2S (USP42)

0.5

0.050

0.045

0.069

2S (USP42)

0.085

2S (USP42)

2S (USP42)

6-0

0.7

0.070

0.060

0.099

2S (USP42)

0.125

2S (USP42)

1

0.10

0.085

0.149

2S (USP42)

0.175

2S (USP42)

1.5

0.15

0.125

0.199

2S (USP42)

0.250

2S (USP42)

2

0.20

0.249

0.175

2S (USP42)

0.275

2S (USP42)

0.225

2S (USP42)

0.325

2S (USP42)

2S (USP42)

2S (USP42)

0.39

1.08

2S (USP42)

1.08

0.59

1.57

2S (USP42)

1.96

1.08

2.65

2S (USP42)

3.92

2.26

5.30

2S (USP42)

5.88

4.51

8.04

2S (USP42)

9.41

6.47

13.3

0.82
2S (USP42)

0.66
2S (USP42)

0.59

0.54

0.46

0.96
3-0

2S (USP42)

2S (USP42)

2S (USP42)

0.27

0.23

0.60
4-0

2S (USP42)

2S (USP42)

2S (USP42)

b

0.16

0.11

0.40
5-0

2S (USP42)

2S (USP42)

0.422

2S (USP42)

0.11

0.06

0.20

0.07 a

2S (USP42)

0.04

0.11
7-0

0.029 a

1.36
2S (USP42)

2.50

2S (USP42)

2.5

2S (USP42)

0.25

2S (USP42)

0.299

2S (USP42)

0.339
2-0

3

0.30

0.349

13.6
1.44

2S (USP42)

0.250

2S (USP42)

0.375

2S (USP42)

1.02
2S (USP42)

2.16
0

3.5

0.35

0.325

0.399

2S (USP42)

0.450

2S (USP42)

2.72
1

4

0.40

0.499

0.375

2S (USP42)

0.550

2S (USP42)

2

5

0.50

0.599

0.450

2S (USP42)

0.650

2S (USP42)

3 and 4

6

0.60

0.699

0.550

2S (USP42)

0.750

2S (USP42)

2S (USP42)

1.45
2S (USP42)

2.54

4.88

2S (USP42)

2S (USP42)

2S (USP42)

5.90

3.68

14.1

10.0

17.7

21.2

14.2

33.3

26.7

17.7

34.5

24.9

9.11

11.4

7

0.70

0.650

0.799

2S (USP42)

0.850

2S (USP42)

2S (USP42)

a

b

46.7
57.8

—
13.6

47.9

a

2S (USP42)

36.1

89.3

b

—
60.4

a

112.0

b

133.0

b

156.0

b

178.0

b

201.0

b

224.0

b

—

2S (USP42)

6

8

0.80

0.750

0.899

2S (USP42)

0.950

2S (USP42)

2S (USP42)

2S (USP42)

71.4

15.9 a

—
9.04

—

2S (USP42)

7

9

0.90

0.850

0.999

2S (USP42)

1.050

2S (USP42)

2S (USP42)

—

2S (USP42)

—
18.2
2S (USP42)

8

10

1.00

0.950

1.099

2S (USP42)

1.150

1.100

1.050

1.199

2S (USP42)

1.250

—
12

1.200

1.150

1.299

a

2S (USP42)

—

—

—

22.8

a

2S (USP42)

2S (USP42)

2S (USP42)

—

10

20.5

—
2S (USP42)

11

—

2S (USP42)

—

9

a

88.6

2S (USP42)

2S (USP42)

—
2S (USP42)

2S (USP42)

—

—

2S (USP42)
2S (USP42)

a USP sizes may not represent all sizes commercially available. For sizes other than those listed in the table, suture manufacturers must generate appropriate diameters and tensile strength data to support use.

2S (USP42)

b

47.8

2S (USP42)

7.28

2S (USP42)

b

2S (USP42)

5

2S (USP42)

57.9

2S (USP42)

—
6.16

2S (USP42)

a
2S (USP42)

2S (USP42)

15.2

17.8

2S (USP42)

2S (USP42)

2S (USP42)

2S (USP42)

a

4.76 a

1.81

3.52

7.28

17.6
2S (USP42)

3.40
2S (USP42)

2S (USP42)

2S (USP42)

1.80

2S (USP42)

b The tensile strength of sizes smaller than USP size 8-0 (metric size 0.4) is measured by straight pull. The tensile strength of sizes larger than USP size 2-0 (metric size 3) of monofilament Class III (metallic) Nonabsorbable Surgical Suture is measured by straight pull. Silver wire
(silver-coated fabric)
2S (USP42)
meets the tensile strength values of Class I Sutures but is tested in the same manner as Class III Sutures.
c The limits on knot-pull tensile strength apply to Nonabsorbable Surgical Suture that has been sterilized. For nonsterile Sutures of Class I and Class II, the limits are 25% higher.

d To convert from N to kg, divide N by 1.0197 and round to one significant figure.

2S (USP42)

• Tensile Strength 〈881〉, Surgical Suture
Sample: NLT 10 strands of Suture
Analysis: Determine the tensile strength of the Sample as directed in the chapter. Average
all observations obtained.
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Acceptance criteria: The average tensile strength is NLT that set forth in Table 1 for the
class and the size stated on the label.
• Sutures—Needle Attachment 〈871〉: Suture on which eyeless needles are swaged meets
the requirements.
• Sterility Tests 〈71〉: Suture that is claimed to be sterile meets the requirements.
• Extractable Color (if Suture is dyed)
Matching solutions: Prepare by combining the colorimetric solutions (CS) in the
proportions indicated in Table 2, and adding water, if necessary, to make 10.0 parts. [See
Reagents, Indicators, and Solutions—Solutions, Colorimetric Solutions (CS) for
composition.]
Table 2. Matching Solutions
Parts of Each CS per 10 Parts of
Total Volume
Color of Suture
(Extractable Color)
Yellow–brown
Pink–red
Green–blue
Violet

Cobaltous
Chloride
CS
0.2
1.0
—
1.6

Ferric
Chloride
CS
1.2
—
—
—

Cupric
Sulfate
CS
—
—
2.0
8.4

Sample: NLT 250 mg of Suture
Analysis: Place the Sample in a conical flask containing 1.0 mL of water for each 10 mg of
the Sample. Cover the flask with a short-stemmed funnel, heat the contents of the flask
at the boiling point for 15 min, cool, and restore the volume by the addition of water, if
necessary, to replace that lost by evaporation. Decant the water from the Suture, and
compare it with the Matching solution.
Acceptance criteria: Any color present is not more intense than that of the appropriate
Matching solution.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve nonsterilized Suture in well-closed containers. Preserve
sterile Suture dry or in fluid, in containers (packets) so designed that sterility is maintained
until the container is opened. A number of such containers may be placed in a box.
• Labeling: The label of each individual container (packet) of Suture indicates the material
from which the Suture is made, the size, construction, and length of the Suture, whether
it is sterile or nonsterile, kind of needle (if a needle is included), number of sutures (if
multiple), lot number, and name of the manufacturer or distributor. If removable needles
are used, the labeling so indicates. Suture size is designated by the metric size (gauge
number) and the corresponding USP size. The label of the box indicates also the address of
the manufacturer, packer or distributor, and the composition of any packaging fluids used.
Recent Official Publications:
USP41–NF36 Page 3903
BRIEFING
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Tetracycline Hydrochloride Capsules, USP 41 page 4017. On the basis of comments
received, it is proposed to make the following revisions:
1. Add Identification B with the UV spectrum agreement of the Sample solution and the
Standard solution, as obtained in the Assay.
2. In Dissolution Test 1, update the time requirement for 250-mg strength Capsules based
on available data.
3. In Dissolution Test 2, add an Analysis section to calculate the percentage of the labeled
amount dissolved.
4. Add a specified process impurity, 2-acetyl-2-decarbamoyltetracycline (2-acetyl
analog), to the Organic Impurities test based on the validated HPLC method. The
typical retention time for 2-acetyl analog is about 4 min.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: P. Pabba.)
Correspondence Number—C176577
Comment deadline: September 30, 2018
Tetracycline Hydrochloride Capsules
DEFINITION
Tetracycline Hydrochloride Capsules contain NLT 90.0% and NMT 125.0% of the labeled
amount of tetracycline hydrochloride (C22 H24 N2 O8 ·HCl).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Solution A: Dilute 1 mL of phosphoric acid with water to 1 L.
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0
7.5
7.6
10

Table 1
Solution A
(%)
85
60
85
85

Solution B
(%)
15
40
15
15

System suitability solution: 25 µg/mL each of USP Anhydrotetracycline Hydrochloride RS,
USP 4-Epianhydrotetracycline Hydrochloride RS, USP Epitetracycline Hydrochloride RS, and
USP Tetracycline Hydrochloride RS in Solution A
Standard solution: 100 µg/mL of USP Tetracycline Hydrochloride RS in Solution A.
[Note—If needed, dilute the Standard solution concentration for Identification B.]
2S (USP42)

Sample solution: Nominally equivalent to 100 µg/mL of tetracycline hydrochloride in
Solution A from NLT 20 Capsules prepared as follows. Transfer a portion of Capsule
contents, equivalent to 25 mg of tetracycline hydrochloride, into a 250-mL volumetric
flask. Dissolve with the aid of sonification, and dilute with Solution A to volume. Pass
through a syringe filter of 0.22-µm pore size, discarding the first 2 mL of the filtrate.
[Note—If needed, dilute the Sample solution concentration for Identification B.]
2S (USP42)

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm.
For Identification B, use a diode array detector in the range of 220–400 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
Autosampler: 4°
Column: 50°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution

2S (USP42)

[Note—The relative retention times for epitetracycline, tetracycline, 4epianhydrotetracycline, and anhydrotetracycline are 0.9, 1.0, 1.6, and 1.8,
respectively.]
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Resolution: NLT 2.5 between epitetracycline and tetracycline; NLT 2.5 between
anhydrotetracycline and 4-epianhydrotetracycline, System suitability solution

PF 44(4): Jul.-Aug. 2018

589

Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tetracycline hydrochloride
(C22 H24 N2 O8 ·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of tetracycline from the Sample solution
rS = peak response of tetracycline from the Standard solution
CS = concentration of USP Tetracycline Hydrochloride RS in the Standard solution
(µg/mL)
CU = nominal concentration of tetracycline hydrochloride in the Sample solution (µg/mL)
P = potency of USP Tetracycline Hydrochloride RS (µg/mg)
F = correction factor, 0.001 mg/µg
Acceptance criteria: 90.0%–125.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1
Medium: Water; 900 mL
Apparatus 2: 75 rpm. Maintain a distance of 45 ± 5 mm between the blade and the
inside bottom of the vessel.
Times: 60 min
for 250-mg Capsules; 2S (USP42)
90 min for 500-mg Capsules
Detector: UV 276 nm
Standard solution: A known concentration of USP Tetracycline Hydrochloride RS in
Medium
Sample solution: Pass a portion of the solution under test through a suitable filter.
Analysis: Determine the percentage of the labeled amount of tetracycline hydrochloride
(C22 H24 N2 O8 ·HCl) dissolved by using UV absorption on portions of the Sample solution
suitably diluted with Medium, if necessary, in comparison with the Standard solution.
Tolerances: NLT 80% (Q) of the labeled amount of tetracycline hydrochloride
(C22 H24 N2 O8 ·HCl) is dissolved.
Test 2: If the product complies with this test, the labeling indicates that the product meets
USP Dissolution Test 2.
Medium: Water; 900 mL, deaerated
Apparatus 2: 75 rpm. Maintain a distance of 45 ± 5 mm between the blade and the
inside bottom of the vessel.
Times: For Capsules labeled to contain 250 mg: 30 and 60 min; for Capsules labeled to
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contain 500 mg: 30, 60, and 90 min
Detector: UV 276 nm
Standard solution: A known concentration of USP Tetracycline Hydrochloride RS in
Medium
Sample solution: At the times specified, withdraw a known volume of the solution under
test, and pass it through a suitable filter. Dilute with Medium, if necessary. Replace the
volume withdrawn with the same amount of Medium, preheated at 37.0 ± 0.5°.
Blank: Medium
Analysis: Determine the percentage of the labeled amount of tetracycline
hydrochloride (C22 H24 N2 O8 ·HCl) dissolved by using UV absorption on portions of the
Sample solution suitably diluted with Medium, if necessary, in comparison with the
Standard solution. 2S (USP42)
Tolerances: See Table 2 and Table 3.
Table 2
For Capsules Labeled to Contain 250 mg
Time
(min)
30
60

Amount Dissolved
(%; Q)
NLT 60
NLT 85

Table 3
For Capsules Labeled to Contain 500 mg
Time
(min)
30
60
90

Amount Dissolved
(%; Q)
NLT 50
NLT 70
NLT 85

• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Solution A, Solution B, Mobile phase, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
System suitability solution: 25 µg/mL each of USP Anhydrotetracycline Hydrochloride RS,
USP 4-Epianhydrotetracycline Hydrochloride RS, USP Epitetracycline Hydrochloride RS, and
USP Tetracycline Hydrochloride RS in Solution A
Standard solution: 0.5 µg/mL of USP Anhydrotetracycline Hydrochloride RS, 3 µg/mL each
of USP 4-Epianhydrotetracycline Hydrochloride RS and USP Epitetracycline Hydrochloride
RS, and 0.1 µg/mL of USP Tetracycline Hydrochloride RS in Solution A
System suitability
Sample: System suitability solution
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Suitability requirements
Resolution: NLT 2.5 between epitetracycline and tetracycline; NLT 2.5 between
anhydrotetracycline and 4-epianhydrotetracycline
Relative standard deviation: NMT 2.0%
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each specified impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of each specified impurity from the Sample solution
rS = peak response of corresponding Reference Standards from the Standard solution
CS = concentration of corresponding Reference Standards in the Standard solution
(µg/mL)
CU = nominal concentration of tetracycline hydrochloride in the Sample solution (µg/mL)
P = potency of the corresponding Reference Standards
Calculate the percentage of each unspecified impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of tetracycline from the Standard solution
CS = concentration of USP Tetracycline Hydrochloride RS in the Standard solution
(µg/mL)
CU = nominal concentration of tetracycline hydrochloride in the Sample solution (µg/mL)
P = potency of USP Tetracycline Hydrochloride RS (µg/mg)
F = correction factor, 0.001 mg/µg
Acceptance criteria: See Table 4. Disregard any peaks less than 0.05%.
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Table 4
Relative
Retention
Time

Name
Epitetracyclinea
Tetracycline

0.9
1.0

Acceptance
Criteria,
NMT (%)
3.0
—

— 2S (USP42)
2-Acetyl analogb, c 2S (USP42)
1.3 2S (USP42)
4-Epianhydrotetracyclined
1.7
3.0
Anhydrotetracyclinee
1.8
0.5
Any individual unspecified impurity
—
0.1
a (4R,4aS,5aS,6S,12aS)-4-(Dimethylamino)-3,6,10,12,12a-pentahydroxy-6-methyl1,11-dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide.
b 2-Acetyl-2-decarbamoyltetracycline; (4S,4aS,5aS,6S,12aS)-2-acetyl-4(dimethylamino)-3,6,10,12,12a-pentahydroxy-6-methyl-4a,5a,6,12atetrahydrotetracene-1,11(4H,5H)-dione.
c Process impurities that are controlled in the drug substance are not to be reported.
They are not to be included in total impurities. They are listed here for information
only. 2S (USP42)
d (4R,4aS,12aS)-4-(Dimethylamino)-3,10,11,12a-tetrahydroxy-6-methyl-1,12-dioxo1,4,4a,5,12,12a-hexahydrotetracene-2-carboxamide.
e (4S,4aS,12aS)-4-(Dimethylamino)-3,10,11,12a-tetrahydroxy-6-methyl-1,12-dioxo1,4,4a,5,12,12a-hexahydrotetracene-2-carboxamide.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: When more than one Dissolution test is given, the labeling states the test used
only if Test 1 is not used.
• USP Reference Standards 〈11〉
USP Anhydrotetracycline Hydrochloride RS
USP 4-Epianhydrotetracycline Hydrochloride RS
USP Epitetracycline Hydrochloride RS
USP Tetracycline Hydrochloride RS
Recent Official Publications:
USP41–NF36 Page 4017
BRIEFING
Tizanidine Capsules. Because there is no existing USP monograph for this dosage form, a
new monograph, based on validated methods of analysis, is proposed.
1. The liquid chromatographic procedure in the Assay is based on analyses performed with
the Waters Symmetry C18 brand of column with L1 packing. The typical retention time
for tizanidine is about 6 min.
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2. The liquid chromatographic procedure in the Dissolution test is based on analyses
performed using the Puritas Eximius C18 brand of column with L1 packing. The typical
retention time for tizanidine is about 3.5 min.
3. The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Zorbax SB-C18 brand of column with L1 packing. The
typical retention time for tizanidine is about 16 min.
(CHM4: S. Ramachandran.)
Correspondence Number—C194380
Comment deadline: September 30, 2018
Add the following:
Tizanidine Capsules
DEFINITION
Tizanidine Capsules contain Tizanidine Hydrochloride equivalent to NLT 90.0% and NMT
110.0% of the labeled amount of tizanidine (C9 H8 ClN5 S).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 3.5 g/L of sodium 1-pentanesulfonate; adjusted with dilute phosphoric acid to a pH
of 3.0
Mobile phase: Acetonitrile and Buffer (20:80)
System suitability stock solution: 0.1 mg/mL each of USP Tizanidine Related Compound B
RS and USP Tizanidine Related Compound C RS in methanol
Standard stock solution: 0.6 mg/mL of USP Tizanidine Hydrochloride RS (equivalent to 0.5
mg/mL of tizanidine) in Mobile phase
System suitability solution: 0.05 mg/mL of USP Tizanidine Hydrochloride RS (equivalent to
0.04 mg/mL of tizanidine) and 0.01 mg/mL each of USP Tizanidine Related Compound B RS
and USP Tizanidine Related Compound C RS prepared as follows. Transfer suitable volumes
of USP Tizanidine Hydrochloride RS, from the Standard stock solution, and USP Tizanidine
Related Compound B RS and USP Tizanidine Related Compound C RS, from the System
suitability stock solution, to a suitable volumetric flask. Dilute with Mobile phase to
volume.
Standard solution: 0.05 mg/mL of USP Tizanidine Hydrochloride RS (equivalent to 0.04
mg/mL of tizanidine) in Mobile phase, from the Standard stock solution
Sample solution: Nominally 0.04 mg/mL of tizanidine prepared as follows. Transfer the
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contents from NLT 20 Capsules to a suitable volumetric flask. Add Buffer to 50% of the
flask volume, and sonicate for 30 min with intermittent shaking. Add acetonitrile to 20% of
the flask volume, cool to room temperature, dilute with Buffer to volume, and centrifuge.
Dilute further with Mobile phase, if necessary, and pass the solution through a suitable
filter of 0.45-µm pore size. Discard the first 5 mL of the filtrate. [Note—A centrifuge speed
of 4000 rpm for 10 min may be suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 50°
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of tizanidine
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for tizanidine related compound C, tizanidine, and
tizanidine related compound B are 0.79, 1.0, and 1.3 respectively.]
Suitability requirements
Resolution: NLT 4.0 between tizanidine related compound C and tizanidine; NLT 4.0
between tizanidine and tizanidine related compound B, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tizanidine (C9 H8 ClN5 S) in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of tizanidine from the Sample solution
rS = peak response of tizanidine from the Standard solution
CS = concentration of USP Tizanidine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of tizanidine in the Sample solution (mg/mL)
Mr1 = molecular weight of tizanidine, 253.71
Mr2 = molecular weight of tizanidine hydrochloride, 290.17
Acceptance criteria: 90.0%–110.0%
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PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 0.01 N hydrochloric acid VS; 500 mL
Apparatus 2: 50 rpm
Time: 15 min
Buffer: 6.8 g/L of potassium phosphate, monobasic; adjusted with 2 M potassium hydroxide
solution to a pH of 6.0
Mobile phase: Acetonitrile and Buffer (20:80)
Standard solution: (L/500) mg/mL of tizanidine, from USP Tizanidine Hydrochloride RS in
Medium, where L is the label claim of tizanidine in mg/Capsule
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Discard the first 3 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1.1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of tizanidine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tizanidine (C9 H8 ClN5 S) dissolved:
Result = (rU/rS) × CS × V × (1/L) × (Mr1/Mr2) × 100
rU = peak response of tizanidine from the Sample solution
rS = peak response of tizanidine from the Standard solution
CS = concentration of USP Tizanidine Hydrochloride RS in the Standard solution (mg/mL)
V = volume of Medium, 500 mL
L = label claim (mg/Capsule)
Mr1 = molecular weight of tizanidine, 253.71
Mr2 = molecular weight of tizanidine hydrochloride, 290.17
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Tolerances: NLT 80% (Q) of the labeled amount of tizanidine (C9 H8 ClN5 S) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Solution A: 3.5 g/L of sodium 1-pentanesulfonate; adjusted with dilute phosphoric acid to
a pH of 4.2
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
15
20
25
45
46
55

Table 1
Solution A
(%)
88
85
80
73
70
88
88

Solution B
(%)
12
15
20
27
30
12
12

Diluent: Acetonitrile and Solution A (35:65)
System suitability solution: 458 µg/mL of USP Tizanidine Hydrochloride RS (equivalent to
400 µg/mL of tizanidine) prepared as follows. Transfer a suitable portion of USP Tizanidine
Hydrochloride RS (equivalent to 20 mg of tizanidine) to a 50-mL volumetric flask. Add
Diluent to 50% of the flask volume, and sonicate to dissolve. Add 5 mL of hydrogen
peroxide, and heat at 60° for 45 min using a water bath. Allow the solution to cool to
room temperature, and dilute with Diluent to volume.
Sensitivity solution: 0.18 µg/mL of USP Tizanidine Hydrochloride RS (equivalent to 0.16
µg/mL of tizanidine) in Diluent
Standard solution: 0.9 µg/mL of USP Tizanidine Hydrochloride RS (equivalent to 0.8 µg/mL
of tizanidine) in Diluent
Sample solution: Nominally 400 µg/mL of tizanidine from NLT 20 Capsules in Diluent
prepared as follows. Transfer a suitable portion of the Capsules content to a suitable
volumetric flask. Add Diluent to 50% of the flask volume, and sonicate for 30 min with
intermittent shaking. Cool to room temperature, dilute with Diluent to volume, and
centrifuge. Pass the solution through a suitable filter of 0.45-µm pore size. Discard NLT
the first 5 mL of the filtrate. [Note—A centrifuge speed of 4000 rpm for 10 min may be
suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
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Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between the peak with a relative retention time of about 0.9 and
tizanidine, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10 for tizanidine, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual degradation product in the portion of Capsules
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of tizanidine from the Standard solution
CS = concentration of USP Tizanidine Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of tizanidine in the Sample solution (µg/mL)
Mr1 = molecular weight of tizanidine, 253.71
Mr2 = molecular weight of tizanidine hydrochloride, 290.17
Acceptance criteria: See Table 2. The reporting threshold is 0.04%.
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Table 2
Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Tizanidine related
—
compound Ca
0.34
Tizanidine
1.0
—
Tizanidine related
—
compound Ba
1.6
Tizanidine related
—
compound Aa,b
2.6
Any unspecified
—
degradation product
0.20
Total degradation products
—
0.50
a Process impurity included in the table for identification and system suitability only.
Process impurities are controlled in the drug substance and are not to be reported or
included in the total degradation products for the drug product.
b 4-Amino-5-chloro-2,1,3-benzothiadiazole.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 〈11〉
USP Tizanidine Hydrochloride RS
USP Tizanidine Related Compound B RS
N-Acetyltizanidine.
C11 H10 ClN5 OS
295.75
USP Tizanidine Related Compound C RS
1-Acetylimidazolidine-2-thione.
C5 H8 N2 OS
144.19
2S (USP42)

BRIEFING
Triamterene and Hydrochlorothiazide Tablets, USP 41 page 4200. As part of USP
monograph modernization efforts, it is proposed to revise the monograph as follows:
1. Replace the TLC-based Identification B with UV spectrum matching as obtained in the
Assay.
2. Replace the current HPLC procedure in the Assay with a new validated HPLC procedure
using a different Diluent to improve the extraction efficiency. Update the preparations
of the Standard solution and Sample solution to include stock solutions, and add a
System suitability solution. The HPLC procedure was validated using the YMC-Pack
ODS-A brand of column with L1 packing in which triamterene and hydrochlorothiazide
elute at about 3.3 min and 4.2 min, respectively.
3. Clarify the test for Dissolution and align with current USP style.
4. Clarify the preparations of the Standard solution and Sample solution in the test for
Organic Impurities to align with current USP style.
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5. Revise the Packaging and Storage section with an additional requirement based on the
drug package insert.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: D. Min.)
Correspondence Number—C186506
Comment deadline: September 30, 2018
Triamterene and Hydrochlorothiazide Tablets
DEFINITION
Triamterene and Hydrochlorothiazide Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amounts of triamterene (C12 H11 N7 ) and hydrochlorothiazide (C7 H8 ClN3 O4 S2 ).
[Note—The Capsules and Tablets dosage forms should not be considered bioequivalent. If
patients are to be transferred from one dosage form to the other, retitration and appropriate
changes in dosage may be necessary.]
IDENTIFICATION
Change to read:
• A. The retention time of the major peak
times of the major peaks 2S (USP42)
of the Sample solution corresponds to that of
correspond to those of 2S (USP42)
the Standard solution, as obtained in the Assay.
Change to read:
• B. Thin-Layer Chromatography
Standard solution A: 1.5 mg/mL of USP Triamterene RS in methoxyethanol
Standard solution B: 1.0 mg/mL of USP Triamterene RS in methoxyethanol
Sample solution: Dilute a portion of finely ground Tablets, equivalent to 50 mg of
triamterene, in 25 mL of methoxyethanol, mix, and filter.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 2 µL
Developing solvent system: Ethyl acetate, glacial acetic acid, and water (80:10:10)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
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Dry the spots with a current of air. Develop the plate in a solvent system, until the solvent
front has moved three-fourths of the length of the plate. Remove the plate from the
developing chamber, mark the solvent front, and allow to dry. Locate the spots under
short-wavelength and long-wavelength UV light.
Acceptance criteria: The intensity and RF value of the principal spots of the Sample
solution correspond to those of Standard solution A and Standard solution B.
The UV spectra of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: Transfer 6.9 g of monobasic sodium phosphate and 1.43 g of propylamine
hydrochloride to a 1-L volumetric flask. Dissolve in 900 mL of water, adjust with 1 N
sodium hydroxide to a pH of 5.5, and dilute with water to volume.
Dissolve 0.82 g of sodium acetate anhydrous in 1000 mL of water, and adjust with
glacial acetic acid to a pH of 4.5. 2S (USP42)
Mobile phase: Acetonitrile and Buffer (200:800)
(35:65) 2S (USP42)
Diluent: Acetonitrile, glacial acetic acid, and water (20:10:170)
(350:35:650) 2S (USP42)
Standard solution: Transfer 25 mg of USP Hydrochlorothiazide RS into a 100-mL volumetric
flask. Add 25J mg of USP Triamterene RS, J being the ratio of the labeled amount, in mg,
of triamterene to the labeled amount, in mg, of hydrochlorothiazide/Tablet. Add 10 mL of
acetonitrile, 10 mL of water, and 5 mL of glacial acetic acid, sonicating for 2–3 min after
each addition. Cool to room temperature, and dilute with water to volume.
System suitability stock solution: 1.5 µg/mL of USP Benzothiadiazine Related
Compound A RS in Diluent. Sonicate the solution to aid the dissolution.
Standard stock solution: 0.75 mg/mL of USP Triamterene RS and 0.50 mg/mL of USP
Hydrochlorothiazide RS in Diluent. Sonicate the solution to aid the dissolution.
System suitability solution: 22.5 µg/mL of USP Triamterene RS, 15 µg/mL of USP
Hydrochlorothiazide RS, and 0.075 µg/mL of USP Benzothiadiazine Related Compound A RS
from the Standard stock solution and System suitability stock solution, diluted with Mobile
phase
Standard solution: 0.023 mg/mL of USP Triamterene RS and 0.015 mg/mL of USP
Hydrochlorothiazide RS in Mobile phase from Standard stock solution
Sample stock solution: Nominally 0.5 mg/mL of hydrochlorothiazide in Diluent prepared as
follows. Transfer a suitable number of Tablets (NLT 10) to a suitable volumetric flask. Add
Diluent to 80% of the flask volume and sonicate for 30 min. Dilute with Diluent to volume.
Centrifuge and use the supernatant. 2S (USP42)
Sample solution: Transfer nominally equivalent to 50 mg of hydrochlorothiazide, from NLT
20 powdered Tablets, to a 200-mL volumetric flask. Add 100 mL of Diluent, place the
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volumetric flask in a sonic bath heated to between 45° and 50°, and sonicate for 30 min.
Remove the flask from the bath, and carefully add 70 mL of Diluent. Allow to cool to room
temperature, and dilute with Diluent to volume. Filter the solution, discarding the first few
mL of the filtrate.
Nominally 0.015 mg/mL of hydrochlorothiazide from the Sample stock solution, diluted
with Mobile phase 2S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
UV 272 nm. For Identification B, use a diode array detector in the range of 190–400
nm. 2S (USP42)
Column: 4.0-mm × 25-cm; packing L1
4.6-mm × 25-cm; 5-µm packing L1 2S (USP42)
Flow rate: 1.2 mL/min
1 mL/min 2S (USP42)
Injection volume: 10 µL
20 µL
Run time: NLT 2 times the retention time of hydrochlorothiazide 2S (USP42)
System suitability
Sample: Standard solution
[Note—The relative retention times for hydrochlorothiazide and triamterene are 0.65 and
1.0, respectively.]
Samples: System suitability solution and Standard solution
[Note—The relative retention times for benzothiadiazine related compound A and
hydrochlorothiazide are 0.93 and 1.0, respectively.]
2S (USP42)

Suitability requirements
Resolution: NLT 3.0 between hydrochlorothiazide and triamterene
NLT 1.5 between hydrochlorothiazide and benzothiadiazine related compound A,
System suitability solution 2S (USP42)
Relative standard deviation: NMT 2.0%,
Standard solution 2S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amounts of triamterene (C12 H11 N7 ) and
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response of triamterene or hydrochlorothiazide from the Sample solution
rS = peak response of triamterene or hydrochlorothiazide from the Standard solution
CS = concentration of triamterene or hydrochlorothiazide
USP Triamterene RS or USP Hydrochlorothiazide RS 2S (USP42)
in the Standard solution (mg/mL)
CU = nominal concentration of triamterene or hydrochlorothiazide in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Buffer: Transfer 6.9 g of monobasic sodium phosphate and 1.43 g of propylamine
hydrochloride to a 1-L volumetric flask. Dissolve in 900 mL of water, adjust with 1 N
sodium hydroxide to a pH of 5.5, and dilute with water to volume.
Mobile phase: Acetonitrile and Buffer (20:80) 2S (USP42)
Standard solution: USP Triamterene RS and USP Hydrochlorothiazide RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter.
Buffer, Mobile phase, and Chromatographic system: Proceed as directed in the Assay.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.0-mm × 25-cm; packing L1
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for hydrochlorothiazide and triamterene are 0.65 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 3.0 between hydrochlorothiazide and triamterene
Relative standard deviation: NMT 2.0%
2S (USP42)

Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amounts of triamterene (C12 H11 N7 ) and
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) dissolved: by comparison with a Standard solution
of USP Triamterene RS and USP Hydrochlorothiazide RS.
Result = (rU/rS) × (CS/L) × V × 100
rU = peak response of triamterene or hydrochlorothiazide from the Sample solution
rS = peak response of triamterene or hydrochlorothiazide from the Standard solution
CS = concentration of USP Triamterene RS or USP Hydrochlorothiazide RS in the
Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 900 mL 2S (USP42)
Tolerances: NLT 80% (Q) of the labeled amounts of triamterene (C12 H11 N7 ) and
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) is dissolved.
Change to read:
• Uniformity of Dosage Units 〈905〉, Content Uniformity: Meet the requirements with respect
to triamterene and to hydrochlorothiazide
2S (USP42)

IMPURITIES
Change to read:
• Organic Impurities
Solution A: 6.8 mg/mL of sodium acetate trihydrate in water. Adjust with glacial acetic
acid to a pH of 5.0.
Solution B: Acetonitrile and methanol (75:25)
Mobile phase: Solution B and Solution A (10:90)
Standard stock solution: Dilute
2S (USP42)

0.15 mg/mL of USP Benzothiadiazine Related Compound A RS in acetonitrile
Standard solution:
0.015 mg/mL of USP Benzothiadiazine Related Compound A RS prepared as follows.
2S (USP42)

Transfer 10.0 mL of the Standard stock solution to a 100-mL volumetric flask, add 50 mL
of acetonitrile and 6 mL of glacial acetic acid, and dilute with water to volume.
Sample solution:
Nominally 1.5 mg/mL of hydrochlorothiazide prepared as follows. 2S (USP42)
Transfer an equivalent to 150 mg of hydrochlorothiazide from powdered Tablets (NLT 20)
to a 100-mL volumetric flask. Add 60 mL of acetonitrile and 6 mL of glacial acetic acid,
and sonicate for 10 min. Cool, and dilute with water to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 273 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for hydrochlorothiazide and triamterene relative to
benzothiadiazine related compound A are 1.5 and 10, respectively.
benzothiadiazine related compound A, hydrochlorothiazide, and triamterene are about
1.0, 1.5, and 10, respectively. 2S (USP42)
]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of benzothiadiazine related compound A in the hydrochlorothiazide
contained in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of benzothiadiazine related compound A from the Sample solution
rS = peak response of benzothiadiazine related compound A from the Standard solution
CS = concentration of USP Benzothiadiazine Related Compound A RS in the Standard
solution (mg/mL)
CU = nominal concentration of hydrochlorothiazide in the Standard solution
Sample solution 2S (USP42)
(mg/mL)
Acceptance criteria: NMT 1.0% of benzothiadiazine related compound A
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature. 2S (USP42)
• USP Reference Standards 〈11〉
USP Benzothiadiazine Related Compound A RS
4-Amino-6-chloro-1,3-benzenedisulfonamide.
C6 H8 ClN3 O4 S2
285.73
USP Hydrochlorothiazide RS
USP Triamterene RS
Recent Official Publications:
USP41–NF36 Page 4200
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BRIEFING
Trifluridine, USP 41 page 4216. On the basis of comments received, it is proposed to make
the following revisions:
1. Revise the HPLC column dimensions in the Assay and the tests for Identification and
Organic Impurities based on market availability.
2. Add the particle size of the HPLC column in the Assay and the tests for Identification
and Organic Impurities based on available data.
3. Add the Run time to the Assay based on available data.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: P. Pabba.)
Correspondence Number—C200671
Comment deadline: September 30, 2018
Trifluridine

C10 H11 F 3 N2 O5

296.20

Thymidine, α,α,α-trifluoro-;
2′-Deoxy-5-(trifluoromethyl)uridine

[70-00-8].

DEFINITION
Trifluridine contains NLT 98.0% and NMT 102.0% of trifluridine (C10 H11 F 3 N2 O5 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. Ultraviolet Absorption 〈197U〉
Sample solution: 25 µg/mL in 0.1 N hydrochloric acid
Acceptance criteria: Meets the requirements
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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ASSAY
Change to read:
• Procedure
Mobile phase: 0.15% sodium citrate solution. Adjust with 1 N hydrochloric acid to a pH of
6.8.
Standard stock solution: 1 mg/mL of USP Trifluridine RS and 0.01 mg/mL each of USP
Trifluridine Related Compound A RS and 5-(trifluoromethyl)uracil in water. [Note—This
stock preparation may be stored at 0°–5° for 3 months.]
Standard solution: 0.2 mg/mL of USP Trifluridine RS and 0.002 mg/mL each of USP
Trifluridine Related Compound A RS and 5-(trifluoromethyl)uracil in water from the
Standard stock solution
Sample solution: 0.2 mg/mL of Trifluridine in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.2-mm
4.6-mm 2S (USP42)
× 25-cm;
10-µm 2S (USP42)
packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
Run time: NLT 3.75 times the retention time of trifluridine 2S (USP42)
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3.0 between 5-(trifluoromethyl)uracil and trifluridine related compound
A; NLT 4.0 between trifluridine related compound A and trifluridine
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of trifluridine (C10 H11 F 3 N2 O5 ) in the portion of Trifluridine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response
of trifluridine 2S (USP42)
from the Sample solution
rS = peak response
of trifluridine 2S (USP42)
from the Standard solution
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CS = concentration of USP Trifluridine RS in the Standard solution (mg/mL)
CU = concentration of Trifluridine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
Change to read:
• Organic Impurities
Mobile phase, Standard solution, Sample solution, Chromatographic system, and
System suitability: Proceed as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of trifluridine related compound A and 5-(trifluoromethyl)uracil in
the portion of Trifluridine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of trifluridine related compound A or 5-(trifluoromethyl)uracil from the
Sample solution
rS = peak response of trifluridine related compound A or 5-(trifluoromethyl)uracil from the
Standard solution
CS = concentration of USP Trifluridine Related Compound A RS and
or 2S (USP42)
5-(trifluoromethyl)uracil in the Standard solution (mg/mL)
CU = concentration of Trifluridine in the Sample solution (mg/mL)
Acceptance criteria: NMT 1.0% of each related compound
SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 30 mg/mL in water
Acceptance criteria: +47° to +51°
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 〈11〉
USP Trifluridine RS
USP Trifluridine Related Compound A RS
5-Carboxy-2′-deoxyuridine.
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C10 H12 N2 O7
272.22
Recent Official Publications:
USP41–NF36 Page 4216
BRIEFING
Valproate Sodium Injection, USP 41 page 4271. As part of USP monograph modernization
efforts, the following revisions are proposed:
1. Add a new Identification B with UV spectrum agreement from the Assay. The existing
identification test is renamed as Identification C.
2. Add the instrumental conditions of the new Identification B to the Chromatographic
system in the Assay.
3. Add a Run time requirement to the Assay.
Additionally, minor editorial changes have been made to update this monograph to current USP
style.
(CHM4: S. Ramachandran.)
Correspondence Number—C196855
Comment deadline: September 30, 2018
Valproate Sodium Injection
DEFINITION
Valproate Sodium Injection is a sterile aqueous solution of sodium valproate, formed from the
interaction of Valproic Acid and Sodium Hydroxide, in Water for Injection, and one or more
suitable buffering or sequestering agents. It contains NLT 90.0% and NMT 110.0% of the
labeled amount of valproic acid (C8 H16 O2 ). It contains no antimicrobial agents.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
Change to read:
• B.
C. 2S (USP42)
Identification Tests—General 〈191〉, Chemical Identification Tests, Sodium: Meets the
requirements
ASSAY
Change to read:
• Procedure
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Buffer: 3.5 g/L of monobasic sodium phosphate in water. Adjust with phosphoric acid to a
pH of 3.5.
Mobile phase: Acetonitrile and Buffer (45:55)
Diluent: Acetonitrile and water (45:55)
System suitability solution: 0.5 mg/mL of USP Valproic Acid RS and 50 µg/mL of USP
Valproic Acid Related Compound B RS in Diluent
Standard solution: 0.5 mg/mL of USP Valproic Acid RS in Diluent
Sample solution: Nominally 0.5 mg/mL of valproic acid in water from a suitable volume of
Injection
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
2S (USP42)

Column: 4.6-mm × 15.0-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 1.6 times the retention time of valproic acid
System suitability
Samples: System suitability solution and Standard solution

2S (USP42)

[Note—The relative retention times for valproic acid related compound B and valproic acid
are 0.90 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between valproic acid related compound B and valproic acid,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of valproic acid (C8 H16 O2 ) in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Valproic Acid RS in the Standard solution (mg/mL)
CU = nominal concentration of valproic acid in the Sample solution (mg/mL)
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Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• Bacterial Endotoxins Test 〈85〉: NMT 23 USP Endotoxin Units/mL of Injection
• Sterility Tests 〈71〉, Test for Sterility of the Product to Be Examined, Membrane Filtration:
Meets the requirements
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume parenterals
• pH 〈791〉: 7.0–9.0
• Other Requirements: Meets the requirements in Injections and Implanted Drug Products 〈1〉
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers as described in Packaging and
Storage Requirements 〈659〉, Injection Packaging, preferably of Type I glass. Store at
controlled room temperature.
• Labeling: It states the name and quantity of any buffering or sequestering agent used. It
states that it is intended for use by intravenous infusion only.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Valproic Acid RS
USP Valproic Acid Related Compound B RS
(2RS)-2-(1-Methylethyl)pentanoic acid.
C8 H16 O2
144.21
Recent Official Publications:
USP41–NF36 Page 4271
BRIEFING
Ascorbic Acid Chewable Gels, page 8453 of the First Supplement to USP 41. A revision is
proposed to the Weight Variation section to correlate with changes in the general chapter
Weight Variation 〈2091〉, in which a new test procedure and acceptance criteria for chewable
gel dosage forms are being included. The proposed revisions to 〈2091〉 are also appearing in this
issue of PF.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C205117
Comment deadline: September 30, 2018
Add the following:
Ascorbic Acid Chewable Gels
DEFINITION
Ascorbic Acid Chewable Gels contain ascorbic acid in the form of ascorbic acid (C6 H8 O6 ),
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Ascorbic Acid Chewable Gels contain ascorbic acid in the form of ascorbic acid (C6 H8 O6 ),
sodium ascorbate (C6 H7 NaO6 ), calcium ascorbate dihydrate (C12 H14 CaO12 ·2H2 O), or their
mixture in an amount equivalent to NLT 90.0% and NMT 150.0% of the labeled amount of
ascorbic acid (C6 H8 O6 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Strength.
STRENGTH
• Procedure
[Note—Use amber, low-actinic glassware. Use cryogenic gloves when handling liquid
nitrogen.]
Extracting solution: Dissolve 73 g of metaphosphoric acid in 800 mL of water, add 84 mL
of glacial acetic acid, and dilute with water to 1000 mL.
Mobile phase: 7.8 g/L of monobasic sodium phosphate dihydrate in water. Adjust with
phosphoric acid to a pH of 2.5.
[Note—Wash the column periodically with methanol and water using appropriate gradients
to eliminate retained substances and avoid carryover interferences.]
Standard stock solution: 1 mg/mL of USP Ascorbic Acid RS in Extracting solution.
[Note—Sonicate with intermittent shaking to help dissolve, if necessary. Prepare fresh
every time.]
Standard solution: Dilute Standard stock solution with Extracting solution to obtain a
solution containing 0.05 mg/mL of USP Ascorbic Acid RS.
Sample solution: Immerse 25–30 Chewable Gels in liquid nitrogen in a cryogenic vessel for
10 min. Cool a blender jar by swirling liquid nitrogen for about 1 min and discard the
contents. Add frozen Chewable Gels to the cooled blender jar and grind to a fine powder.
Transfer a portion of the powder, nominally equivalent to 25 mg of ascorbic acid, into a
25-mL volumetric flask. [Note—Proceed to this step immediately or keep the powdered
Chewable Gels frozen until use.] Add 15 mL of Extracting solution, mix on a vortex mixer
until well mixed, and sonicate for 10 min or until the sample has completely dissolved. Cool
the solution to room temperature, dilute with Extracting solution to volume, and mix well.
Quantitatively dilute a portion of the solution with Extracting solution to obtain a solution
containing 0.05 mg/mL of ascorbic acid. Mix and pass through a 0.45-µm glass microfiber
filter, discarding the first few milliliters of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Flow rate: 0.8 mL/min
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Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of vitamin C, as ascorbic acid (C6 H8 O6 ), in the portion of sample
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of ascorbic acid from the Sample solution
rS = peak area of ascorbic acid from the Standard solution
CS = concentration of USP Ascorbic Acid RS in the Standard solution (mg/mL)
CU = nominal concentration of ascorbic acid in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0%
PERFORMANCE TESTS
Change to read:
• Disintegration and Dissolution 〈2040〉, Dissolution
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 15 min
Sample solution: Withdraw a portion of the solution under test, pass through a 0.45-µm
glass microfiber filter, and use the pooled sample as the test specimen.
Analysis: Proceed as directed in Strength, making any necessary modifications.
Samples: Standard solution and Sample solution
2S (USP42)

Calculate the percentage of the labeled amount of ascorbic acid (C6 H8 O6 ) dissolved:
Result = (rU/rS) × (CS × V/L) × 100
rU = peak area of ascorbic acid from the Sample solution
rS = peak area of ascorbic acid from the Standard solution
CS = concentration of USP Ascorbic Acid RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim of ascorbic acid (mg/Chewable Gel)
Tolerances: NLT 75% of the labeled amount of ascorbic acid is dissolved.
Change to read:
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• Weight Variation 〈2091〉, Tablets, Uncoated Tablets and Film-Coated Tablets
2S (USP42)

: Meet the requirements
SPECIFIC TESTS
• pH 〈791〉
Sample solution: Cut the Chewable Gels into small pieces. Transfer about 15 g of the cut
Chewable Gels into a 50-mL centrifuge tube, add 15 g of hot (80°–90°) water, close the
cap, place the centrifuge tube into a shaker water bath at 55°, and shake for 50–60 min
or until all of the Chewable Gels are dissolved. Cool down to 30° and measure the pH.
Acceptance criteria: NMT 4.5
• Water Activity
Sample: Slice the Chewable Gels into pieces about 2 mm thick.
Procedure: Measure the water activity using the AOAC’s Official Methods of Analysis,
Official Method #978.18.
Acceptance criteria: NMT 0.75
CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count is NMT 103 cfu/g,
and the total combined yeasts and molds count is NMT 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers; protect from heat.
• Labeling: The label states the quantity of ascorbic acid in mg/Chewable Gel, and the
chemical form of ascorbic acid present in the Chewable Gels.
• USP Reference Standards 〈11〉
USP Ascorbic Acid RS
1S (USP41)

Recent Official Publications:
USP41–NF36 Supplement: No. 1 Page 8453
BRIEFING
Cholecalciferol Chewable Gels, page 8454 of the First Supplement to USP 41. A revision is
proposed to the Weight Variation section to correlate with changes in the general chapter
Weight Variation 〈2091〉, in which a new test procedure and acceptance criteria for chewable
gel dosage forms are being included. The proposed revisions to 〈2091〉 are also appearing in this
issue of PF.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C205118
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Comment deadline: September 30, 2018
Add the following:
Cholecalciferol Chewable Gels
DEFINITION
Cholecalciferol Chewable Gels contain NLT 90.0% and NMT 140.0% of the labeled amount of
cholecalciferol (C27 H44 O).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Strength.
STRENGTH
Change to read:
• Procedure
[Note—Use amber, low-actinic glassware. Use cryogenic gloves when handling liquid
nitrogen.]
Mobile phase: 1.2% isopropyl alcohol in hexane
[Note—Wash the column periodically with 5% isopropyl alcohol in hexane to eliminate
retained substances and avoid carryover interferences.]
Standard stock solution: 0.3 mg/mL of USP Cholecalciferol RS in 2,2,4-trimethylpentane.
Shake on a mechanical shaker for 15 min.
Standard solution: 1 µg/mL of USP Cholecalciferol RS in 2,2,4-trimethylpentane from the
Standard stock solution, prepared accurately
Sample solution: Immerse 25–30 Chewable Gels in liquid nitrogen in a cryogenic vessel for
10 min. Cool a blender jar by swirling liquid nitrogen for about 1 min and discard the
contents. Add frozen Chewable Gels to the cooled blender jar and grind to a fine powder.
Transfer a portion of the powder, nominally equivalent to 10 µg of cholecalciferol, into a
50-mL centrifuge tube. [Note—Proceed to this step immediately or keep the powdered
Chewable Gels frozen until use.] Add 300 mg of pancreatin and 5 mL of water and shake
on a shaker water bath at 55° until complete dissolution (about 20 min). Mix the solution
on a vortex mixer to suspend any undissolved solids, add 20 mL of dimethyl sulfoxide, and
mix again on a vortex mixer until well mixed. Pipet 10 mL of 2,2,4-trimethylpentane, mix on
a vortex mixer until the phases are well mixed, then shake the tube on a horizontal shaker
for 20 min, and centrifuge the sample at 2500 rpm for 10 min. Pass a portion of the 2,2,4trimethylpentane layer through a 0.45-µm glass microfiber filter, discarding the first 2 mL
of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L3
Flow rate: 1.3 mL/min
Injection volume: 80 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) in the portion
of Chewable Gels taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of cholecalciferol from the Sample solution
rS = peak area of cholecalciferol from the Standard solution
CS = concentration of cholecalciferol
USP Cholecalciferol RS 2S (USP42)
in the Standard solution (µg/mL)
CU = nominal concentration of cholecalciferol in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–140.0%
PERFORMANCE TESTS
Change to read:
• Disintegration and Dissolution 〈2040〉, Dissolution
[Note—Perform this test under light conditions that minimize photodegradation.]
Medium: 0.1% (w/v) octoxynol-9 in 0.05 M phosphate buffer pH 6.8; 500 mL
Apparatus 2: 75 rpm
Time: 30 min
Mobile phase: Acetonitrile and water (70:30)
Standard stock solution: 0.5 mg/mL of USP Cholecalciferol RS in isopropyl alcohol
Standard solution: Dilute the Standard stock solution with Medium to obtain the
concentration equivalent to that expected in the Sample solution.
Sample solution: Withdraw a portion of the solution under test, pass through a 0.45-µm
polyvinylidene fluoride (PVDF) filter, and use the pooled sample as the test specimen.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

PF 44(4): Jul.-Aug. 2018

616

Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 2.7-µm packing L96
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol dissolved:
Result = (rU/rS) × (CS × V/L) × 100
rU = peak area of cholecalciferol from the Sample solution
rS = peak area of cholecalciferol from the Standard solution
CS = concentration of cholecalciferol
USP Cholecalciferol RS 2S (USP42)
in the Standard solution (µg/mL)
V = volume of Medium, 500 mL
L = label claim of cholecalciferol (µg/Chewable Gel)
Tolerances: NLT 75% of the labeled amount of cholecalciferol is dissolved.
Change to read:
• Weight Variation 〈2091〉, Tablets, Uncoated Tablets and Film-Coated Tablets
2S (USP42)

: Meet the requirements
SPECIFIC TESTS
• pH 〈791〉
Sample solution: Cut the Chewable Gels into small pieces. Transfer about 15 g of the cut
Chewable Gels into a 50-mL centrifuge tube, add 15 g of hot water (80°–90°), close the
cap, place the centrifuge tube into a shaker water bath at 55°, and shake for 50–60 min
or until all of the Chewable Gels are dissolved. Cool down to 30° and measure the pH.
Acceptance criteria: NMT 4.5
• Water Activity
Sample: Slice the Chewable Gels into pieces about 2 mm thick.
Procedure: Measure the water activity using the AOAC’s Official Methods of Analysis,
Official Method #978.18.
Acceptance criteria: NMT 0.75
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CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count is NMT 103 cfu/g,
and the total combined yeasts and molds count is NMT 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers; protect from heat.
• Labeling: Label the Chewable Gels to indicate the content of cholecalciferol, in µg.
• USP Reference Standards 〈11〉
USP Cholecalciferol RS
1S (USP41)

Recent Official Publications:
USP41–NF36 Supplement: No. 1 Page 8454
BRIEFING
Menaquinone-7, USP 41 page 4761. On the basis of comments received from the industry,
it is proposed to increase the limit of menaquinone-6 from NMT 2% to NMT 3% in the Definition
and in the Acceptance criteria of the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: F. Tadjimukhamedov.)
Correspondence Number—C187993
Comment deadline: September 30, 2018
Menaquinone-7

C46 H64 O2

649.00

(all-E)–2-(3,7,11,15,19,23,27-Heptamethyl-2,6,10,14,18,22,26-octacosaheptaenyl)-3-methyl1,4-naphthalenedione
[2124-57-4].
DEFINITION
Change to read:
Menaquinone-7 contains NLT 96.0% and NMT 101.0% of menaquinone-7 (C46 H64 O2 ) and NMT
2%
3% 2S (USP42)
of menaquinone-6 (C41 H56 O2 ), calculated on the as-is basis.
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IDENTIFICATION
• A. Infrared Absorption 〈197A〉
• B. Ultraviolet Absorption 〈197U〉
[Note—Use low-actinic glassware.]
Analytical wavelength: 200–450 nm
Sample solution: 40 µg/mL of Menaquinone-7 in dehydrated alcohol
Acceptance criteria: Meets the requirements
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
[Note—Protect the Standard solution and Sample solution from light, and inject immediately
after preparation.]
Mobile phase: Dehydrated alcohol and water (97:3)
Standard solution: Transfer 25 mg of USP Menaquinone-7 RS into a 50-mL volumetric
flask, add 1 mL of tetrahydrofuran, and dilute with dehydrated alcohol to volume. Transfer
5.0 mL of this solution into a 25-mL volumetric flask, and dilute with dehydrated alcohol to
volume.
Sample solution: Transfer 25 mg of Menaquinone-7 into a 50-mL volumetric flask, add 1
mL of tetrahydrofuran, and dilute with dehydrated alcohol to volume. Transfer 5.0 mL of
this solution into a 25-mL volumetric flask, and dilute with dehydrated alcohol to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L1
Column temperature: 25°
Flow rate: 0.7 mL/min
Injection volume: 10 µL
Run time: NLT 3 times the retention time of menaquinone-7
System suitability
Sample: Standard solution
[Note—The relative retention times for menaquinone-6 and menaquinone-7 are 0.81 and
1.00, respectively, Sample solution.]
Suitability requirements
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Relative standard deviation: NMT 3.0% from six replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of menaquinone-7 (C46 H64 O2 ) in the portion of Menaquinone-7
taken:
Result = (rU7/rS) × (CS/CU) × 100
rU7 = peak response of menaquinone-7 from the Sample solution
rS = peak response of menaquinone-7 from the Standard solution
CS = concentration of USP Menaquinone-7 RS in the Standard solution (mg/mL)
CU = concentration of Menaquinone-7 in the Sample solution (mg/mL)
Calculate the percentage of menaquinone-6 (C41 H56 O2 ) in the portion of Menaquinone-7
taken:
Result = (rU6/rS) × (CS/CU) × 100
rU6 = peak response of menaquinone-6 from the Sample solution
rS = peak response of menaquinone-7 from the Standard solution
CS = concentration of USP Menaquinone-7 RS in the Standard solution (mg/mL)
CU = concentration of Menaquinone-7 in the Sample solution (mg/mL)
Acceptance criteria
Menaquinone-7: 96.0%–101.0% on the as-is basis
Menaquinone-6: NMT 2%
3% 2S (USP42)
on the as-is basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%
• Elemental Impurities—Procedures 〈233〉
Acceptance criteria
Arsenic: NMT 2.0 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 3.0 µg/g
Mercury: NMT 0.1 µg/g
• Isomeric Purity
Mobile phase: Water, dehydrated alcohol, methanol, and tetrahydrofuran (1:15:80:10)
Sample solution: [Note—Protect the solution from light and inject immediately after
preparation.] Transfer 40 mg of Menaquinone-7 into a 100-mL volumetric flask, add 2 mL
of tetrahydrofuran, and shake to dissolve the sample. Dilute with dehydrated alcohol to
volume. Transfer 1.0 mL of this solution into a 10-mL volumetric flask, and dilute with
dehydrated alcohol to volume. Pass the solution through a membrane filter of 0.45-µm
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pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 25-cm; 5-µm packing L62
Column temperature: 25°
Flow rate: 0.8 mL/min
Injection volume: 20 µL
Run time: NLT 1.5 times the retention time of all-trans-menaquinone-7
System suitability
Sample: Sample solution
[Note—The relative retention times of all-trans-menaquinone-7 and cis-menaquinone-7
are 1.0 and 1.1, respectively.]
Suitability requirements
Resolution: NLT 1.5 between all-trans-menaquinone-7 and cis-menaquinone-7
Analysis
Sample: Sample solution
Calculate the percentage of cis-menaquinone-7 in the portion of Menaquinone-7 taken:
Result = [rC/(rT + rC)] × 100
rC = peak response of cis-menaquinone-7 from the Sample solution
rT = peak response of all-trans-menaquinone-7 from the Sample solution
Acceptance criteria: NMT 2% of cis-menaquinone-7
SPECIFIC TESTS
• Microbial Enumeration Tests 〈2021〉: The total bacterial count does not exceed 103 cfu/g,
and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species, Test for Absence of Staphylococcus aureus, and Test for Absence of
Escherichia coli: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in a tight container, in a cool and dry place. Protect from
light.
• USP Reference Standards 〈11〉
USP Menaquinone-7 RS
Recent Official Publications:
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USP41–NF36 Page 4761
BRIEFING
Menaquinone-7 Preparation, USP 41 page 4763. On the basis of comments received from
the industry, the following changes are proposed:
1. The Definition is updated to reflect the changes proposed to the monograph and the
statement “It contains no organic solvents” is removed.
2. The procedure for menaquinone-6 content and its Acceptance criteria are removed from
the test for Content of Menaquinone-7 and Menaquinone-6 and the section is renamed
accordingly.
3. A new test for Limit of Menaquinone-6 is added.
4. A new sample preparation procedure for microencapsulated powder forms of
menaquinone-7 is added and the Sample solution names have been clarified in the
Identification, Content of Menaquinone-7, and Isomeric Purity procedures.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: F. Tadjimukhamedov.)
Correspondence Number—C179893
Comment deadline: September 30, 2018
Menaquinone-7 Preparation
DEFINITION
Change to read:
Menaquinone-7 Preparation is a combination of concentrated
2S (USP42)

menaquinone-7 (C46 H64 O2 )
or concentrated menaquinone-7 2S (USP42)
extract with one or more inert substances. It may be in a solid or liquid form. It contains NLT
90% and NMT 120% of the labeled amount (ppm) of menaquinone-7 calculated on the dried
basis for the solid form and on the as-is basis for the liquid form. It contains no organic
solvents.
and microencapsulated powder forms. 2S (USP42)
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatography
Standard solution: Transfer 10 mg of USP Menaquinone-7 RS into a 10-mL volumetric
flask, add 1 mL of tetrahydrofuran, and dissolve in and dilute with the same solvent to
volume.
Sample solution A:
Sample solution:Prepare the appropriate solution as follows. 2S (USP42)
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For solid Menaquinone-7 Preparation: Transfer an amount of Preparation, equivalent
to about 1 mg of menaquinone-7, to a 2-mL centrifuge tube, and add 1 mL of
tetrahydrofuran. Shake, and allow the mixture to settle (if necessary, centrifuge). Use
the supernatant for the test.
Sample solution B:
2S (USP42)

For liquid Menaquinone-7 Preparation (oil suspension): Transfer an amount of
Preparation, equivalent to about 4 mg of menaquinone-7, to a 10-mL centrifuge tube,
and add 4 mL of tetrahydrofuran. Shake, and allow the mixture to settle (if necessary,
centrifuge). Use the supernatant for the test.
For microencapsulated powder Menaquinone-7 Preparation: Transfer an amount
of Preparation, equivalent to about 1 mg of menaquinone-7, to a 50-mL centrifuge tube,
and add 10 mL of water. Heat to 50° over a water bath, and shake well. Add 10 mL of
ethyl acetate, shake well, and allow the mixture to settle. Use the supernatant for the
test. 2S (USP42)
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Mode: HPTLC
Adsorbent: Nano silica gel F 254 for HPTLC1
Application volume: 5 µL
Developing solvent system: Hexane and ethyl acetate (95:5)
Spray reagent: Transfer 1 g of cerium sulfate and 21 g of ammonium molybdate into a
500-mL volumetric flask, dissolve with 33 mL of 98% (w/w) sulfuric acid, and dilute with
deionized water to volume. Stir to complete dissolution. Cool, and store the solution at
0°. Allow the Spray reagent to come to room temperature before use.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram in the Developing solvent system until the solvent front has
moved about three-fourths the length of the plate. Remove the plate from the chamber,
and air-dry. Examine the plate under visible light and short-wavelength UV light, and
record the spots. Spray the plate with the Spray reagent, and heat at 100°–110° for 5
min. Examine the plate under white light, and record the spots.
Acceptance criteria: Under visible light and short-wavelength UV light, the spots from the
Sample solution correspond in color (light yellow), shape, and RF value to those from the
Standard solution. After applying the Spray reagent, the spots from the Sample solution,
under white light, correspond in color (dark blue), shape, and RF value to those from the
Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Content of Menaquinone-7.
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COMPOSITION
Change to read:
• Content of Menaquinone-7 and Menaquinone-6
2S (USP42)

[Note—Use low-actinic glassware.]
Mobile phase: Dehydrated alcohol and water (97:3)
[Note—Protect the Standard solution and Sample solution from light, and inject immediately
after preparation.]
Standard solution: Transfer 20 mg of USP Menaquinone-7 RS into a 50-mL volumetric
flask, add 1.0 mL of tetrahydrofuran, and dilute with dehydrated alcohol to volume.
Transfer 1.0 mL of this solution into a 10-mL volumetric flask, and dilute with dehydrated
alcohol to volume.
Sample solution A:
Sample solution:Prepare the appropriate solution as follows. 2S (USP42)
For solid Menaquinone-7 Preparation: Transfer an accurately weighed solid
Preparation, equivalent to about 0.8 mg of menaquinone-7, to a 25-mL volumetric flask,
add 2 mL of tetrahydrofuran, and dilute with dehydrated alcohol to volume. Shake the
suspension for 2 min, and pass through a membrane filter of 0.45-µm pore size.
Sample solution B:
2S (USP42)

For liquid Menaquinone-7 Preparation (oil suspension): Transfer an accurately
weighed liquid Preparation, equivalent to about 1.0 mg of menaquinone-7, to a 25-mL
volumetric flask, add 2 mL of tetrahydrofuran, and dilute with dehydrated alcohol to
volume. Pass this solution through a membrane filter of 0.45-µm pore size.
For microencapsulated powder Menaquinone-7 Preparation: Transfer an
accurately weighed microencapsulated powder Preparation, equivalent to about 0.6 mg
of menaquinone-7, to a 50-mL centrifuge tube, add 10 mL of water, shake the
suspension well, and sonicate for 15 min at 40°–50° by shaking well every 5 min. Cool
the solution to room temperature over an ice bath and add 25 mL of ethyl acetate,
shake the suspension well, and sonicate for another 15 min by shaking well every 5 min.
Allow the suspension to cool to room temperature and separate the phases by
centrifuging or by allowing it to settle for 30 min. Pass the supernatant through a
membrane filter of 0.45-µm pore size. 2S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L1

PF 44(4): Jul.-Aug. 2018

624

Column temperature: 25°
Flow rate: 0.7 mL/min
Injection volume: 10 µL
Run time: NLT 3 times the retention time of menaquinone-7
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0% from six replicate injections
Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times for menaquinone-6 and menaquinone-7 are 0.81 and
1.00, respectively.]

2S (USP42)

Calculate the content of menaquinone-7 (C46 H64 O2 ), in ppm, in the portion of Preparation
taken:
Result = (rU/rS) × (CS/W) × V
rU = peak response of menaquinone-7 from the Sample solution
rS = peak response of menaquinone-7 from the Standard solution
CS = concentration of USP Menaquinone-7 RS in the Standard solution (µg/mL)
W = weight of Preparation used to prepare the Sample solution (g)
V = volume of the Sample solution (mL)
Calculate the content of menaquinone-6 (C41 H56 O2 ), in ppm, in the portion of Preparation
taken:
Result = (rU6 /rS) × (CS/W) × V
rU6 = peak response of menaquinone-6 from the Sample solution
rS = peak response of menaquinone-7 from the Standard solution
CS = concentration of USP Menaquinone-7 RS in the Standard solution (µg/mL)
W = weight of Preparation taken to prepare the Sample solution (g)
V = volume of Sample solution (mL)

2S (USP42)

Acceptance criteria:
Menaquinone-7:
2S (USP42)

90.0%–120.0% of the labeled amount (ppm) for the solid Preparation on the dried basis;
90.0%–120.0% of the labeled amount (ppm) for the liquid Preparation
and the microencapsulated powder Preparation 2S (USP42)
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on the as-is basis
Menaquinone-6: 0.9%–3.0% of the labeled amount (ppm) of menaquinone-7 for the solid
Preparation on the dried basis; 0.9%–3.0% of the labeled amount (ppm) of
menaquinone-7 for the liquid Preparation on the as-is basis
2S (USP42)

IMPURITIES
• Elemental Impurities—Procedures 〈233〉
Acceptance criteria
Arsenic: NMT 2.0 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 3.0 µg/g
Mercury: NMT 0.1 µg/g
Change to read:
• Isomeric Purity
Mobile phase: Water, dehydrated alcohol, methanol, and tetrahydrofuran (1:15:80:10)
Sample solution: Prepare Sample solution A or Sample solution B
the appropriate Sample solution 2S (USP42)
as described in Content of Menaquinone-7. [Note—Protect the solution from light, and
inject immediately after preparation.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 268 nm
Column: 4.6-mm × 25-cm; 5-µm packing L62
Column temperature: 25°
Flow rate: 0.8 mL/min
Injection volume: 20 µL
Run time: NLT 1.5 times the retention time of all-trans-menaquinone-7
System suitability
Sample: Sample solution A or Sample solution B
Sample solution 2S (USP42)
[Note—The relative retention times for all-trans-menaquinone-7 and cis-menaquinone-7
are 1.0 and 1.1, respectively.]
Suitability requirements
Resolution: NLT 1.5 between all-trans-menaquinone-7 and cis-menaquinone-7
Analysis
Sample: Sample solution
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Calculate the percentage of cis-menaquinone-7 in the portion of Preparation taken:
Result = [rC/(rT + rC)] × 100
rC = peak response of cis-menaquinone-7 from the Sample solution
rT = peak response of all-trans-menaquinone-7 from the Sample solution
Acceptance criteria: NMT 2.0% of cis-menaquinone-7
Add the following:
• Limit of Menaquinone-6
Mobile phase, Standard solution, Sample solution, Chromatographic system, and
System suitability: Proceed as directed in Content of Menaquinone-7.
Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times for menaquinone-6 and menaquinone-7 are 0.81 and
1.00, respectively.]
Calculate the content of menaquinone-6 (C41 H56 O2 ), in ppm, in the portion of Preparation
taken:
Result = (rU/rS) × (CS/W) × V
rU = peak response of menaquinone-6 from the Sample solution
rS = peak response of menaquinone-7 from the Standard solution
CS = concentration of USP Menaquinone-7 RS in the Standard solution (µg/mL)
W = weight of Preparation used to prepare the Sample solution (g)
V = volume of Sample solution (mL)
Acceptance criteria: NMT 10% of the labeled amount (ppm) of menaquinone-7 for the
solid Preparation on the dried basis; NMT 10% of the labeled amount (ppm) of
menaquinone-7 for the liquid Preparation and the microencapsulated powder Preparation
on the as-is basis 2S (USP42)
SPECIFIC TESTS
• Microbial Enumeration Tests 〈2021〉: The total bacterial count does not exceed 103 cfu/g,
and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species, Test for Absence of Escherichia coli, and Test for Absence of
Staphylococcus aureus: Meets the requirements
• Loss on Drying 〈731〉 (for solid Menaquinone-7 Preparation)
Analysis: Dry at 110° to a constant weight.
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Store in a tight container, in a cool and dry place. Protect from
light.
• Labeling: The label states the name and content of any carriers and antioxidants added to
the formulation, and the content of menaquinone-7.
• USP Reference Standards 〈11〉
USP Menaquinone-7 RS
1 Suitable nano silica gel F
254 on HPTLC plates is available from Sigma-Aldrich, Fluka #09916-25EA.

Recent Official Publications:
USP41–NF36 Page 4763
BRIEFING
Pyrroloquinoline Quinone Disodium. A new monograph is being proposed for this dietary
ingredient. The HPLC procedure used in the Assay and in the test for Organic Impurities is
based on analyses performed with TCI Kaseisorb LC ODS 2000 brand of column with L1 packing.
The typical retention time for pyrroloquinoline quinone is 11.3 min. The ion chromatographic
method used in the test for Content of Sodium is based on analyses performed with the Dionex
IonPac CS12A brand of column with L106 packing. The typical retention time for sodium ion is
4.1 min.
(NBDS: F. Tadjimukhamedov.)
Correspondence Number—C177129
Comment deadline: September 30, 2018
Add the following:
Pyrroloquinoline Quinone Disodium

C14 H4 N2 Na2 O8

374.17

1H-Pyrrolo[2,3-f]quinoline-2,7,9-tricarboxylic acid, 4,5-dihydro-4,5-dioxo-, sodium salt
(1:2);
Sodium 9-carboxy-4,5-dioxo-4,5-dihydro-1H-pyrrolo[2,3-f]quinoline-2,7-dicarboxylate
[122628-50-6].
DEFINITION
Pyrroloquinoline Quinone Disodium contains NLT 98.0% and NMT 102.0% of pyrroloquinoline
quinone disodium salt (C14 H4 N2 Na2 O8 ), calculated on the anhydrous basis. Pyrroloquinoline
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quinone is also known as PQQ in the dietary supplements industry.
IDENTIFICATION
• A: X-Ray Diffraction 〈941〉: The X-ray diffraction pattern corresponds to that of USP
Pyrroloquinoline Quinone Disodium RS.
• B: The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer solution: Prepare a solution containing 10 mM dibasic potassium phosphate and 15
mM tetrabutylammonium bromide in water. Adjust with phosphoric acid to a pH of 7.4.
Mobile phase: Acetonitrile and Buffer solution (28:72)
Diluent: Acetonitrile and water (1:3)
Glycine standard solution: 0.1 mg/mL of USP Glycine RS in water
Standard solution: 0.1 mg/mL of USP Pyrroloquinoline Quinone Disodium RS in Diluent
System suitability solution: Transfer 1 mL of the Standard solution and 0.1 mL of the
Glycine standard solution to an HPLC vial, cap the vial, and heat at 60° in a water bath
for 30 min. Cool in an ice bath to room temperature and analyze immediately.
Sample solution: 0.1 mg/mL of Pyrroloquinoline Quinone Disodium in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 259 nm
Column: 4.6-mm × 15-cm; 5-µm, endcapped, packing L1 with 17% carbon load
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The System suitability solution should exhibit two major peaks for pyrroloquinoline
quinone and imidazolopyrroloquinoline. The relative retention times for the two peaks are
1.00 and 1.15, respectively.]
Suitability requirements
Resolution: NLT 2.5 between pyrroloquinoline quinone and imidazolopyrroloquinoline,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of pyrroloquinoline quinone disodium (C14 H4 N2 Na2 O8 ) in the
portion of Pyrroloquinoline Quinone Disodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of pyrroloquinoline quinone from the Sample solution
rS = peak response of pyrroloquinoline quinone from the Standard solution
CS = concentration of USP Pyrroloquinoline Quinone Disodium RS in the Standard solution
(mg/mL)
CU = concentration of Pyrroloquinoline Quinone Disodium in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
OTHER COMPONENTS
• Content of Sodium
Mobile phase: 20 mM methanesulfonic acid in water
Standard solutions: Prepare solutions containing 4, 8, 12, 16, 20, and 24 µg/mL of sodium
in water, from commercially available sodium standard solution for ion chromatography.
Sample solution: 0.2 mg/mL of Pyrroloquinoline Quinone Disodium in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: Ion chromatography
Detector: Conductivity
Columns
Guard: 4-mm × 5-cm; 8-µm packing L106
Analytical: 4-mm × 25-cm; 8-µm packing L106
Cation suppressor: Use self-regenerating cation suppressor. Set the current to 70
milliamperes or according to manufacturer's recommendations to achieve optimal
signal-to-noise ratio.
Column temperature: 35°
Flow rate: 1.0 mL/min
Injection volume: 25 µL
Run time: NLT 3 times the retention time of sodium
System suitability
Sample: Standard solution (16 µg/mL)
Suitability requirements
Column efficiency: NLT 5,000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Correlation coefficient: NLT 0.99 for the regression line as determined in Analysis
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Analysis
Samples: Standard solutions and Sample solution
Plot the sodium peak responses against the sodium concentrations, in mg/mL, in the six
Standard solutions, and establish a calibration curve by least-squares regression. Using
the sodium peak response from the Sample solution, calculate the concentration, C, in
mg/mL, of sodium in the Sample solution.
Calculate the percentage of sodium in the portion of Pyrroloquinoline Quinone Disodium
taken:
Result = (C/CU) × 100
C = concentration of sodium in the Sample solution (mg/mL), determined from the
calibration curve
CU = concentration of Pyrroloquinoline Quinone Disodium in the Sample solution (mg/mL)
Acceptance criteria: 12.0%–12.6% on the anhydrous basis
IMPURITIES
• Organic Impurities
Buffer solution, Mobile phase, Diluent, Glycine standard solution, System suitability
solution, Sample solution, Chromatographic system, and System suitability:
Proceed as directed in the Assay.
Standard solution: 0.1 µg/mL of USP Pyrroloquinoline Quinone Disodium RS in Diluent
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each individual impurity in the portion of Pyrroloquinoline
Quinone Disodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual impurity from the Sample solution
rS = peak response of pyrroloquinoline quinone from the Standard solution
CS = concentration of USP Pyrroloquinoline Quinone Disodium RS in the Standard solution
(mg/mL)
CU = concentration of Pyrroloquinoline Quinone Disodium in the Sample solution (mg/mL)
Acceptance criteria
Any individual impurity: NMT 0.1%
Total impurities: NMT 1.0%
SPECIFIC TESTS
• Water Determination 〈921〉, Method I, Method Ia: NMT 12.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.

PF 44(4): Jul.-Aug. 2018

631

• USP Reference Standards 〈11〉
USP Glycine RS
USP Pyrroloquinoline Quinone Disodium RS
2S (USP42)

BRIEFING
Excipients, USP and NF Excipients, Listed by Functional Category, page 8475 of the
First Supplement to USP 41 and PF 44(2) [Mar.–Apr. 2018]. It is proposed to add Polypropylene
Glycol 11 Stearyl Ether to the Emollient, Solvent, and Vehicle categories to complement the
new monograph for Polypropylene Glycol 11 Stearyl Ether, which also appears in this issue of
PF.
(HDQ: P. Zhang.)
Correspondence Number—C197752
In the following reference table, the grouping of excipients by functional category is intended
to summarize commonly identified purposes that these excipients serve in drug product
formulations. The association of a functional category with a particular dosage form in this
table is not absolute and does not limit the use of an excipient to a single type of dosage
form or delivery system.
Change to read:
Emollient

Polypropylene Glycol 11 Stearyl Ether

2S (NF37)

Change to read:
Solvent

Polypropylene Glycol 11 Stearyl Ether

2S (NF37)

Change to read:
Vehicle

Polypropylene Glycol 11 Stearyl Ether

2S (NF37)

BRIEFING
Aluminum Monostearate, NF 36 page 5193. On the basis of comments and data received,
it is proposed to add a test for Acid Value (Free Fatty Acids) based on Fats and Fixed Oils
〈401〉, Procedures, Acid Value, Method I.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: G. Holloway.)
Correspondence Number—C205152
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Comment deadline: September 30, 2018
Aluminum Monostearate
Aluminum, dihydroxy(octadecanoato-O-)-;
Dihydroxy(stearato)aluminum [7047-84-9].
UNII: P9BC99461E
DEFINITION
Aluminum Monostearate is a compound of aluminum with a mixture of solid organic acids
obtained from sources of vegetable or animal origin, and consists mainly of variable
proportions of aluminum monostearate (C18 H37 AlO4 ) and aluminum monopalmitate
(C16 H33 AlO4 ). The content of stearic acid in the fatty acid fraction is NLT 40.0% of the
total content. The sum of stearic acid and palmitic acid in the fatty acid fraction is NLT
90.0% of the total content. Aluminum Monostearate contains the equivalent of NLT 14.7%
and NMT 16.7% of aluminum oxide (Al2 O3 ) on the dried basis. Additionally, it contains small
amounts of the aluminum salts of other fatty acids.
IDENTIFICATION
• A. Identification Tests—General 〈191〉, Chemical Identification Tests, Aluminum
Sample: 1 g
Analysis: Heat the Sample with a mixture of 25 mL of water and 5 mL of hydrochloric acid
for 1 h, replacing the water as it evaporates.
Acceptance criteria: Fatty acids are liberated, floating as an oily layer on the surface of
the liquid, and the water layer meets the requirements.
• B. The retention times of the two major peaks of the Sample solution correspond to those of
the Standard solution, as obtained in the Content of Stearic Acid and Palmitic Acid test in
the Assay.
ASSAY
• Content of Aluminum
Sample: 5 g
Analysis
Sample: Sample
Weigh the Sample in a covered platinum crucible that previously has been ignited for 20
min, cooled over anhydrous magnesium perchlorate, and weighed. Heat the open crucible
gently, without allowing the Sample to burst into flame, and gradually increase the heat
until the ash is white. Ignite the ash for 20 min after the organic matter is removed, and
cool. Add 15 mL of water, cover the crucible with a small watch glass, and boil gently for
5 min, using a small stirring rod to break up any large lumps of ash. Decant the solution
through ashless filter paper, retaining most of the ash in the crucible. Repeat the
extraction with water twice, passing the solutions through the same filter. Transfer the
ash to the filter by means of a fine stream of water, and wash the crucible and the
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residue three times with warm water. Transfer the filter paper and the residue to the
crucible, dry, and ignite for 20 min after the filter paper has burned away. Following the
ignition period, cover the crucible, cool over anhydrous magnesium perchlorate for 15 min,
and weigh the residue of aluminum oxide (Al2 O3 ) rapidly. Repeat the ignition until constant
weight is attained, using 20-min ignition periods and 15-min cooling periods. From the
weight of the residue remaining in the crucible, calculate the content of aluminum oxide
(Al2 O3 ).
Acceptance criteria: 14.7%–16.7% on the dried basis
• Content of Stearic Acid and Palmitic Acid
Boron trifluoride–methanol solution: 140 g/L of boron trifluoride in methanol
Sample solution: Dissolve 100 mg of Aluminum Monostearate in a small conical flask fitted
with a suitable reflux attachment with 5 mL of Boron trifluoride–methanol solution. Boil
under reflux for 10 min. Add 4.0 mL of n-heptane through the condenser, and boil again
under reflux for 10 min. Allow to cool. Add 20 mL of a saturated solution of sodium
chloride. Shake, and allow the layers to separate. Dry the organic layer over 0.1 g of
anhydrous sodium sulfate. Dilute 1.0 mL of this solution with n-heptane to 10.0 mL.
Standard solution: Prepare as directed in the Sample solution using 50 mg each of USP
Stearic Acid RS and USP Palmitic Acid RS.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 30-m × 0.32-mm; coated with a 0.5-µm film of phase G16
Temperatures
Injection port: 220°
Detector: 260°
Column: See Table 1.
Table 1
Initial
Temperature
(°)
70
70

Temperature
Ramp
(°/min)
—
5

Final
Temperature
(°)
70
240

Hold Time
at Final
Temperature
(min)
2
5

Carrier gas: Helium, passed through a bed of molecular sieve for drying, if necessary
Flow rate: 2.4 mL/min
Injection volume: 1 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for methyl palmitate and methyl stearate are about
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0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5.0 between the methyl palmitate and methyl stearate peaks
Relative standard deviation: NMT 3.0% for the methyl stearate and methyl palmitate
peaks (from six replicate injections of the Standard solution); NMT 1.0% for the ratio
of the peak areas of methyl palmitate to the peak areas of methyl stearate (from six
replicate injections of the Standard solution)
Analysis
Sample: Sample solution
Calculate the percentage of stearic acid (C18 H36 O2 ) in the fatty acid fraction of the sample
taken:
Result = (rU1/rT) × 100
rU1 = peak area due to methyl stearate
rT = sum of all the peak areas, excluding the solvent peak
Calculate the percentage of palmitic acid (C16 H32 O2 ) in the fatty acid fraction of the
sample taken:
Result = (rU2/rT) × 100
rU2 = peak area due to methyl palmitate
rT = sum of all the peak areas, excluding the solvent peak
Acceptance criteria
Stearic acid: NLT 40.0%
Sum of stearic acid and palmitic acid: NLT 90.0%
IMPURITIES
• Arsenic 〈211〉, Procedures, Method I
Test preparation: To 3.75 g of Aluminum Monostearate add 12.5 mL of hydrochloric acid
and 0.5 mL of bromine TS, and heat on a steam bath until a transparent layer of melted
fatty acid forms. Add 50 mL of water, heat on a hot plate until the volume is about 25 mL,
and filter while hot. Cool, dilute the filtrate with water to 50 mL, and to a 10-mL aliquot of
this solution add 2.5 mL of hydrochloric acid, then dilute with water to 55 mL.
Acceptance criteria: NMT 4 µg/g; the Test preparation meets the requirements, omitting
the addition of 20 mL of 7 N sulfuric acid specified for Procedure.
Delete the following:
• Heavy Metals 〈231〉
Test preparation: To 2 g contained in a 250-mL flask add 20 mL of water and 10 mL of
hydrochloric acid. Place a small funnel in the neck of the flask, and boil gently, replacing
the water as it evaporates, until the fatty acids separate in a clear layer. Cool rapidly by
rotating under a stream of cold water until the fatty acids solidify. Decant through a filter
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previously washed with 3 N hydrochloric acid, wash until the combined filtrate and
washings measure 50 mL, and mix.
Standard solution: To 10 mL of the Test preparation add 2 mL of Standard Lead Solution,
and dilute with water to 20 mL.
Analysis: To 20 mL of the Test preparation and the Standard solution add 6 N ammonium
hydroxide, dropwise, until a permanent turbidity forms. Add 1 N acetic acid until the
precipitate just dissolves, then add 2 mL in excess, and add water to make 40 mL. Add
1.2 mL of thioacetamide–glycerin base TS and 2 mL of pH 3.5 Acetate Buffer, and allow to
stand for 5 min.
Acceptance criteria: NMT 50 µg/g; any brown color produced in the Test preparation is
not darker than that of the Standard solution. (O fficial 1-Jan-2018)
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 3.0%
• Acidity and Alkalinity
Sample solution: To 1.0 g of Aluminum Monostearate add 20 mL of carbon dioxide-free
water and boil on a steam bath for 1 min with continuous shaking. Cool and filter. To 10
mL of the filtrate add 0.05 mL of bromothymol blue TS.
Analysis: Titrate with 0.01 N hydrochloric acid or 0.01 N sodium hydroxide.
Acceptance criteria: NMT 0.5 mL of 0.01 N hydrochloric acid or 0.01 N sodium hydroxide is
required to change the color of the indicator.
Add the following:
• Fats and Fixed Oils 〈401〉, Procedures, Acid Value, Method I
Sample: 1.0 g
Analysis: Dissolve the Sample in 50 mL of a mixture of equal volumes of alcohol and ether
(which has been neutralized to phenolphthalein with 0.1 N potassium hydroxide or 0.1 N
sodium hydroxide). Pass the suspension through dry filter paper, wash the vessel and the
filter paper with a small amount of a mixture of neutralized ethanol and diethyl ether (1:1),
and combine the filtrate and the washings. Proceed as directed in the chapter starting
with “Add 1 mL of phenolphthalein TS”.
Acceptance criteria: NMT 11 2S (NF37)
• Bacterial Endotoxins Test 〈85〉: If labeled for use in preparing parenteral dosage forms, it
also meets the following requirements. The level of bacterial endotoxins is such that the
requirement in the relevant dosage form monograph(s) in which Aluminum Monostearate is
used can be met. Where the label states that Aluminum Monostearate must be subjected
to further processing during the preparation of injectable dosage forms, the level of
bacterial endotoxins is such that the requirement in the relevant dosage form
monograph(s) in which Aluminum Monostearate is used can be met.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
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• Labeling: Label it to indicate the content of stearic acid and the sum of stearic acid and
palmitic acid content in the fatty acid fraction and to indicate the fatty acids used to
produce Aluminum Monostearate are from sources of vegetable or animal origin. Where
Aluminum Monostearate must be subjected to further processing during the preparation of
injectable dosage forms to ensure acceptable levels of bacterial endotoxins, it is so
labeled.
• USP Reference Standards 〈11〉
USP Palmitic Acid RS
USP Stearic Acid RS
Recent Official Publications:
USP41–NF36 Page 5193
BRIEFING
Hexylene Glycol, NF 36 page 5382. As part of the effort to bring USP monographs up to
date, it is proposed to make the following changes:
1. Update the chemical information to correct the molecular weight and include an
additional chemical name.
2. Update the Definition section.
3. Add Identification B to include a test for chromatographic identity.
4. Add a GC Assay method of analysis performed with the Supelco SPB-1 brand of column
with G1 phase (as primary column) or the Phenomenex Zebron ZB-1 brand of column
with G1 phase (as alternative column). The typical retention times for acetone, 2propanol, propylene glycol, 4-methylpentan-2-one, 4-methylpentan-2-ol, diacetone
alcohol, and hexylene glycol are 6.2, 6.3, 10.9, 11.2, 11.7, 13.2, and 14.5 min on the
primary column, respectively; and 5.9, 6.1, 10.7, 11.0, 11.5, 12.9, and 14.2 min on the
alternative column, respectively.
5. Add a test for Organic Impurities based on a GC method of analysis that uses the same
chromatographic conditions as the new Assay method with different sample and
standard concentrations.
6. Update the USP Reference Standards section to include USP Propylene Glycol RS, USP
Acetone RS, and USP 2-Propanol RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: P. Zhang.)
Correspondence Number—C187997
Comment deadline: September 30, 2018
Hexylene Glycol
Change to read:
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118.17
2S (NF37)

2,4-Pentanediol, 2-methyl-;
2-Methyl-2,4-pentanediol;
2-Methylpentane-2,4-diol
[107-41-5].
UNII: KEH0A3F75J

2S (NF37)

DEFINITION
Change to read:
Hexylene Glycol is 2-methyl-2,4-pentanediol.
contains NLT 98.0% and NMT 102.0% of 2-methylpentane-2,4-diol, calculated on the
anhydrous basis. 2S (NF37)
IDENTIFICATION
• A. Infrared Absorption 〈197F 〉
Sample: Undried specimen
Acceptance criteria: Meets the requirements
Add the following:
• B. Chromatographic Identity
Analysis: Examine the chromatograms from the Assay.
Acceptance criteria: The principal peak of the Sample solution is similar in retention time
to the hexylene glycol peak of the Standard solution. 2S (NF37)
ASSAY
Add the following:
• Procedure
Diluent: Methanol
Internal standard solution: 1.0 mg/mL of USP Propylene Glycol RS (internal standard) in
Diluent
System suitability solution: 0.1 mg/mL of diacetone alcohol and 1.0 mg/mL of USP
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Hexylene Glycol RS in Internal standard solution
Standard solution: 1.0 mg/mL of USP Hexylene Glycol RS in Internal standard solution
Sample solution: 1.0 mg/mL of Hexylene Glycol in Internal standard solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 60-m capillary; bonded with a 1.0-µm layer of phase G1
Temperatures
Injection port: 200°
Detector: 300°
Column: See Table 1.
Table 1
Initial
Temperature
(°)
40
40

Temperature
Ramp
(°/min)
0
15

Final
Temperature
(°)
40
200

Hold Time at
Final
Temperature
(min)
3
15

Carrier gas: Helium
Pressure: 15 psi (constant pressure mode)
Injection volume: 1.0 µL
Injection type: Split ratio, 100:1
Liner: Ultra inert liner with glass wool, low pressure drop1
System suitability
Sample: Standard solution
[Note—The approximate relative retention times are listed in Table 2.]
Suitability requirements
Resolution: NLT 5 between hexylene glycol and diacetone alcohol
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for the peak response ratio of hexylene glycol
to the internal standard
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of hexylene glycol in the portion of the sample taken:
Result = (RU/RS) × (CS/CU) × 100
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RU = peak response ratio of hexylene glycol to the internal standard (peak response of
hexylene glycol/peak response of the internal standard) from the Sample solution
RS = peak response ratio of hexylene glycol to the internal standard (peak response of
hexylene glycol/peak response of the internal standard) from the Standard solution
CS = concentration of USP Hexylene Glycol RS in the Standard solution (mg/mL)
CU = concentration of Hexylene Glycol in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
2S (NF37)

IMPURITIES
Add the following:
• Organic Impurities
Diluent and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.01 mg/mL of USP Hexylene Glycol RS in Diluent
System suitability solution: 0.2 mg/mL of USP Acetone RS and 0.2 mg/mL of USP 2Propanol RS in Diluent
Standard solution: 0.02 mg/mL of USP Hexylene Glycol RS in Diluent
Sample solution: 20.0 mg/mL of Hexylene Glycol in Diluent
System suitability
Samples: Sensitivity solution, System suitability solution, and Standard solution
[Note—The approximate relative retention times are listed in Table 2.]
Suitability requirements
Resolution: NLT 1.5 between the acetone peak and the 2-propanol peak, System
suitability solution
Relative standard deviation: NMT 5.0%, determined from the hexylene glycol peak,
Standard solution
Signal-to-noise ratio: NLT 10, determined from the hexylene glycol peak, Sensitivity
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of the sample taken:
Result = (rU/rS) × (CS/CU) × (1/F) ×100
rU = peak area of each individual impurity from the Sample solution
rS = peak area of hexylene glycol from the Standard solution
CS = concentration of USP Hexylene Glycol RS in the Standard solution (mg/mL)
CU = concentration of Hexylene Glycol in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2.
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Name

Table 2
Relative
Retention
Time
0.42
0.43
0.77
0.81
0.91
1.0
—
—

Acetone
2-Propanol
4-Methylpentan-2-one
4-Methylpentan-2-ol
Diacetone alcohola
Hexylene glycol
Any other individual impurity
Total impurities
a 4-Hydroxy-4-methylpentan-2-one.

Relative
Response
Factor
0.9
0.9
1.3
1.4
1.0
—
—
—

Acceptance
Criteria,
NMT (%)
0.1
0.1
0.1
0.1
0.1
—
0.1
1.0

2S (NF37)

SPECIFIC TESTS
• Specific Gravity 〈841〉: 0.917–0.923
• Refractive Index 〈831〉: 1.424–1.430
• Acidity
Sample: 10 mL
Analysis: Mix 1 mL of phenolphthalein TS with 50 mL of water, and add 0.1 N sodium
hydroxide until the solution remains pink for 30 s. Add the Sample, and titrate with 0.10 N
sodium hydroxide until the original pink color returns and remains for 30 s.
Acceptance criteria: NMT 0.20 mL of 0.10 N sodium hydroxide is required.
• Water Determination 〈921〉, Method I : NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 〈11〉
USP Acetone RS
2S (NF37)

USP Hexylene Glycol RS
USP 2-Propanol RS
USP Propylene Glycol RS
2S (NF37)

1 Agilent PN 5190-3165 liner has been suitable. Other equivalent liners are also suitable.

Recent Official Publications:
USP41–NF36 Page 5382
BRIEFING

2S (NF37)
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Polypropylene Glycol 11 Stearyl Ether. Because there is currently no NF monograph for
this excipient, a new monograph is proposed. The test for Limit of Free Propylene Oxide is
based on a GC method of analysis performed with the Phenomenex Zebron (ZB-1) brand of
column bonded with a 5-µm layer of phase G1. The typical retention times for propionaldehyde
and propylene oxide are 10.0 and 10.4 min, respectively.
(EXC1: P. Zhang.)
Correspondence Number—C197752
Comment deadline: September 30, 2018
Add the following:
Polypropylene Glycol 11 Stearyl Ether

C18 H38 O(C3 H6 O)n, where the average value of n is 11.
Poly[oxy(methyl-1,2-ethanediyl)], α-octadecyl-ω-hydroxy-;
Polypropylene glycol monooctadecyl ether;
Polyoxypropylene 11 stearyl ether
[25231-21-4].
DEFINITION
Mixture of ethers of polypropylene glycol with linear alcohols, mainly stearyl alcohol, obtained
by the reaction of stearyl alcohol with propylene oxide. It may contain some free
polypropylene glycol and various amounts of free stearyl alcohol. The number of moles of
propylene oxide reacted per mole of stearyl alcohol is 11 (nominal value). A suitable
antioxidant may be added.
IDENTIFICATION
• A. Infrared Absorption 〈197A〉
• B. It meets the requirements in Specific Tests for Fats and Fixed Oils 〈401〉, Procedures,
Hydroxyl Value.
• C. It meets the requirements in Specific Tests for Fats and Fixed Oils 〈401〉, Procedures,
Saponification Value.
• D. Viscosity
Analysis: Follow the procedures in Viscosity—Capillary Methods 〈911〉, Method I. Immerse
the viscometer in a water or oil bath stabilized at 20°. The measurement can also be
carried out with a rotational rheometer or viscometer1 following the procedures in
Viscosity—Rotational Methods 〈912〉, Method III. The temperature under the test condition
is at 20°. The samples are tested in the controlled stress mode with a shear stress
increasing from 0–100 Pa for 120 s with 100 measured points. Each sample is equilibrated
in the measuring gap of 0.052 mm for 60 s. The dynamic viscosity is determined from the
slope of the flow curve.
Acceptance criteria: 83–95 mPa·s
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IMPURITIES
• Residue on Ignition 〈281〉
Sample: 1.0 g
Acceptance criteria: NMT 0.3%
• Limit of Free Propylene Oxide
Propylene oxide stock solution: Accurately weigh 45 g of polyethylene glycol 200 kept at
8°–15° and add 1.0 g of propylene oxide. Carefully mix the solution by swirling, ensuring a
homogenous solution. Add further polyethylene glycol 200 until the total weight is 50.0 g
and mix again. Allow the solution to reach room temperature. Dilute 0.5 g of this solution
up to 100.0 mL in water. Note the exact mass. [Note—Propylene oxide stock solution is
stable for 1 month, if stored at −20°.]
Propylene oxide standard solution: Dilute 10.0 mL of Propylene oxide stock solution with
water to 100.0 mL.
Propionaldehyde stock solution: Accurately weigh 0.1 g of propionaldehyde into a
volumetric flask and dilute with water to 100.0 mL.
Sample solution A: Accurately weigh 1.0 g of Polypropylene Glycol 11 Stearyl Ether into a
20-mL headspace vial. Add 0.5 mL of water kept at 8°–15° and seal the vial immediately
with a polytetrafluoroethylene (PTFE)-coated silicon membrane and an aluminum cap. Mix
carefully.
Sample solution B: Accurately weigh 1.0 g of Polypropylene Glycol 11 Stearyl Ether into a
20-mL headspace vial. Add 0.5 mL of Propylene oxide standard solution kept at 8°–15°
and seal the vial immediately with a PTFE-coated silicon membrane and an aluminum cap.
Mix carefully.
Reference solution: Add 50.0 mL of Propylene oxide standard solution kept at 8°–15° to a
volumetric flask and add 0.5 mL of Propionaldehyde stock solution kept at 8°–15°. Dilute
with water to 100.0 mL. Introduce 0.5 mL of this solution into a 20-mL headspace vial and
seal the vial immediately with a PTFE-coated silicon membrane and an aluminum cap.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC, equipped with a headspace injector
Detector: Flame ionization
Column: 0.32-mm x 60-m fused-silica; coated with a 5-µm film of stationary phase G1
Temperatures
Injection port: 150°
Detector: 250°
Column: See Table 1.
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Table 1
Initial
Temperature
(°)
50
50
180

Temperature
Ramp
(°/min)
—
5
29.4

Final
Temperature
(°)
50
180
230

Hold Time at Final
Temperature
(min)
5
0
5

Carrier gas: Helium
Flow rate: 2.6 mL/min
Injection volume: A suitable volume (e.g., 1.0 mL) of the gaseous phase of Sample
solution A, Sample solution B, and Reference solution (injected separately)
Injection type: Split ratio, 10:1
Static headspace conditions: The vials are maintained at 90° for 45 min before
headspace injection. [Note—The static headspace conditions can be optimized/adjusted
according to the instruments used, if needed.]
System suitability
Sample: Reference solution
[Note—The relative retention (with reference to the propylene oxide peak with a
retention time at ~10.4 min) for the propionaldehyde peak is approximately 0.96.]
Suitability requirements
Resolution: NLT 1.5 between the propionaldehyde and propylene oxide peaks
Signal-to-noise ratio: NLT 10, determined from the propylene oxide peak
Analysis
Samples: Sample solution A and Sample solution B
Calculate the content of propylene oxide in parts per million (ppm) in the portion of
Polypropylene Glycol 11 Stearyl Ether taken:
Result = (A1 × m × 5)/[(A2× M1) − (A1 × M2)]
A1 = peak area of propylene oxide from Sample solution A
m = mass of propylene oxide used to prepare the Propylene oxide stock solution (g)
A2 = peak area of propylene oxide from Sample solution B
M1 = mass of Polypropylene Glycol 11 Stearyl Ether in Sample solution A (g)
M2 = mass of Polypropylene Glycol 11 Stearyl Ether in Sample solution B (g)
Acceptance criteria: NMT 5 ppm
SPECIFIC TESTS
• Fats and Fixed Oils 〈401〉, Procedures, Acid Value
Analysis: Accurately weigh 20 g of the sample into a wide-necked flask. To prepare the
solvent, heat 50 mL of ethanol to the boiling point for 15–20 s in a second flask and add
0.5 mL of phenolphthalein TS. Neutralize the solvent with 0.1 N sodium hydroxide VS while
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keeping the temperature above 70°. Add the neutralized solvent to the sample flask and
mix thoroughly. Bring the contents to a boil and titrate with 0.1 N sodium hydroxide VS
until a single drop produces a slight but definite color change, from colorless to pink,
persisting for at least 15 s.
Acceptance criteria: NMT 2.0
Fats and Fixed Oils 〈401〉, Procedures, Hydroxyl Value
Pyridine–acetic anhydride reagent: Just before use, mix 85 volumes of freshly opened or
freshly distilled pyridine with 15 volumes of freshly opened or freshly distilled acetic
anhydride.
Analysis: Accurately weigh about 1.5 g of the sample into a flat-bottomed flask and pipet
5.0 mL of Pyridine–acetic anhydride reagent. Attach an air condenser to the flask and
place the solution onto the sand bath for 60 min. Add 10 mL of water through the top of
the condenser, swirl the flask and contents, and allow the flask to remain on the sand
bath for a further 5–10 min. Remove the flask from the sand bath and allow it to cool to
room temperature. Wash down the condenser with 30 mL of ethanol. Add 0.5 mL of
phenolphthalein TS to the flask. Titrate with 0.5 N sodium hydroxide VS until a single drop
produces a slight but definite color change, from colorless to pink, persisting for at least
15 s. Perform the test in duplicate, along with a blank. For the blank, proceed exactly as
above but omit the sample. Calculate the average hydroxyl value for the sample from the
two determinations.
Acceptance criteria: 60–77
Fats and Fixed Oils 〈401〉, Procedures, Iodine Value, Method I
Analysis: Follow the procedure as directed in the chapter, except use 15 mL of chloroform
to dissolve the sample instead of 10 mL and the volume of potassium iodide TS added in
the process is 6 mL instead of 30 mL.
Acceptance criteria: NMT 3.0
Fats and Fixed Oils 〈401〉, Procedures, Peroxide Value
Analysis: Accurately weigh about 10 g of Polypropylene Glycol 11 Stearyl Ether. Follow the
procedure as directed in the chapter, except use 0.1 N sodium thiosulfate VS in the
titration instead of 0.01 N sodium thiosulfate solution.
Acceptance criteria: NMT 5.0
Fats and Fixed Oils 〈401〉, Procedures, Saponification Value
Analysis: Accurately weigh about 20 g of Polypropylene Glycol 11 Stearyl Ether. Follow the
procedure as directed in the chapter, except that as the endpoint approaches in the
titration reheat the solution to ensure that the endpoint (color change from pink to
colorless) is achieved at the boiling point of the solution.
Acceptance criteria: NMT 3.0
Water Determination 〈921〉, Method I: NMT 0.7%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label to indicate the names and proportions of any added antioxidant.
• USP Reference Standards 〈11〉
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1 Haake RheoStress 6000, Thermo Scientific, D-Karlsruhe, with a cone/plate geometry (diameter of 35 mm
and cone angle of 1°) and other equivalent instruments can be used.
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Stage 2 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Pre-PDG through Stage 5, as defined below). Stage 2
drafts are available for comments. Below are descriptions of the developmental Stages as
defined by the USP, EP, and the JP.
Pre-PDG PDG identifies subjects to be harmonized among PDG pharmacopeias and nominates a
coordinating pharmacopeia (CP) for each subject. The subject can include potential new topics,
as well as revisions to existing topics to the PDG workplan. The Pre-PDG step provides a
pipeline of potential topics/request for revisions to the PDG Work Plan.
New topic: For a subject to be harmonized the CP develops a clear concept written
document, scientific rationale, including stakeholder input, impact and perspective. The
CP will coordinate with the other PDG pharmacopeias, determine impact of local
requirements and barriers to harmonization and utilize technical teleconferences if
needed (limited to three experts per pharmacopeia). PDG decides on an
approve/disapprove decision whether to add a new topic to the PDG workplan and on
the agreed upon timeframe. Subject should be considered for removal after 12 months if
no agreement is reached.
Requests for revision: Following coordination with the Experts from the three
pharmacopeias, PDG decides on an approve/disapprove decision whether to add a
revision to the PDG workplan. Subject should be considered for removal after 12 months
if no agreement is reached.
PDG Approval Once a topic/request for revision is added to the PDG workplan, the three PDG
pharmacopeias strive not to revise their national (regional) text unilaterally, with the
understanding that each pharmacopeia would notify PDG of any required changes to local or
regional text stemming from regulations and policy that will have impact on the harmonized text
moving forward.
Stage 1: Preparation of First Draft Upon PDG approval to add the topic/request for revision
to the workplan, the CP prepares and forwards the Stage 1 draft and supporting data to PDG
for pharmacopeial expert committee review/comment within the timeframe as proposed in the
Concept Paper. The Stage 1 draft explains the reasons for each test method or limit proposed.
Each pharmacopeia shall provide feedback or rationale through consultation with experts or
governing body within 3 months. The comment period should, however, not exceed 4
months. Each pharmacopeia should consolidate their comments and forward to the CP.
The CP reviews the comments received and makes an initial go/no go decision on whether
the proposed harmonized draft document can move on for public comment/inquiry (Stage 2
draft). If the initial CP decision is “go”, the Stage 2 draft is prepared as close as possible to
“global style”, together with the commentary and sent to the secretariats of the other
pharmacopeias.
The other pharmacopeias commit to providing a response within 1 month whether they can
agree to publish the draft for public comment/inquiry. If all three pharmacopeias agree the
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decision is a “go”, the draft moves forward for public comment/inquiry.
If the decision by one or more pharmacopeias is “no go”, additional teleconferences may be
held (limited to 3 experts per pharmacopeia) to resolve “sticking points”. Ideally, these
teleconferences will be held within 1–2 months of the decision to “no go”. The goal of these
teleconferences will be to either successfully commit to publish a Stage 2 draft, determine
necessary next steps to reach Stage 2 (e.g., obtaining sponsor data, development and
validation of analytical methods, etc.), or remove the topic from the PDG workplan.
Stage 2: Official Inquiry The Stage 2 draft and the commentary are published in the
respective fora of each pharmacopeia. The draft proposal is published in its entirety. The style
may be adapted to that of the individual pharmacopeia concerned or the “global style” may be
used. The three pharmacopeias commit to publish the drafts simultaneously or as closely as
possible.
The corresponding secretariats may have to add information needed for the understanding of
implementation of the texts, e.g., the addition of the description of an analytical procedure
or of reagents that do not exist in the pharmacopeia and a translation is added by the
European and Japanese Pharmacopoeias.
Each pharmacopeia analyses the comments received and submits its consolidated comments
to the CP within 2 months of the end of the review/comment period.
The CP reviews the comments received. If the comments received during the public
comment/inquiry stage are significant enough to preclude a reasonable chance to reach
consensus at Stage 3, the CP will determine the appropriate course of action, with
consultation of the other PDG pharmacopeias. Otherwise, the CP prepares a draft
harmonized document (Stage 3A draft) accompanied by a commentary discussing comments
received regarding the previous text and providing reasons for action taken in response to
those comments. When residual differences are anticipated for sign-off, the Stage 3A draft
includes a draft of the sign-off cover sheet (see below).
The Stage 3A draft together with the commentary is sent to the other two PDG
pharmacopeias.
Stage 3: Consensus
A. Provisional The Stage 3A draft is reviewed and commented on by the other two PDG
pharmacopeias within 2 months of receipt. The three pharmacopeias shall do their utmost to
reach full agreement already at this stage with a view to reaching a final consensus document.
If a consensus has not been reached, the CP prepares a pharmacopeia teleconference within 2
months to discuss remaining residual differences brought up through the public comment/inquiry
period. The purpose of the pharmacopeia teleconference is to make decisions on the remaining
differences and whether they can be resolved, assigned as non-harmonized attributes or local
requirements, if re-publication is necessary at Stage 2, or in extreme circumstances, remove
from the workplan.
If harmonization by attributes/provisions is applied, a special sign-off cover sheet (see
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Appendixes 1 and 2) indicating harmonization is included with the draft. The text contains only
harmonized attributes/provisions; nonharmonized attributes/provisions and local requirements
are not included. The table is prepared as follows:
Three pharmacopeias agree on the attribute/provision: “+” in all columns
Two pharmacopeias agree that the attribute/provision should be included and have
agreed on the method and limit: “+” in the column for those two pharmacopeias, “–” in
the column for the pharmacopeia that will not stipulate the test
Three pharmacopeias agree that the attribute/provision should be included but have not
come to an agreement on the method and/or limit: state attribute/provision under
“Nonharmonized attributes/provisions”
One pharmacopeia only will include an attribute/provision: state under “Local
requirement”.
The CP collects information about needs for amendments (local requirements) corresponding to a
general policy in the national or regional (European) area. Local requirements, if needed, will be
listed on the sign-off cover sheet.
B. Draft Sign-Off When full agreement is reached, the Stage 3B draft is sent by the CP to
the other pharmacopeias no later than 4 weeks before a PDG meeting for final confirmation.
Sign-off on Stage 3B can occur either electronically via email, by mail, or during the PDG
meeting.
Stage 4: Regional Adoption and Implementation Stage 4 takes place individually according
to the procedures established by each pharmacopeial organization.
A. Adoption and Publication The document is submitted for adoption to the organization
responsible for each pharmacopeia. Each pharmacopeia incorporates the harmonized draft
according to its own procedure.
If a pharmacopeia needs to include a local requirement after the sign-off of a text, it will submit
a proposed revision of the sign-off cover sheet to PDG. This can be done electronically or at
the PDG meeting.
B. Implementation The pharmacopeias will inform each other of the date of implementation in
the particular region.
The date of implementation of a harmonized document varies in the three PDG regions depending
on their legal requirements, need of translation, and publication schedules. Each pharmacopeia
generally allows some period of time after publication for implementation, to allow
manufacturers and other users to achieve conformity.
C. Indication of Harmonization Each pharmacopeia will introduce a statement indicating the
harmonization status according to the policy of the pharmacopeia. In case of residual
differences, these are indicated by specific symbols (black diamonds indicate nonharmonized
attributes/provisions, white diamonds indicate local requirements). The residual differences all
correspond to differences that have been agreed upon by PDG, via the sign-off cover sheet.
Stage 5: Inter-regional Acceptance (for chapters previously evaluated by ICH Q4B for
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Regulatory Interchangeability) 16 chapters were evaluated by the ICH Q4B Expert Working
Group. Following the Q4B evaluation process, a formal notification of regulatory acceptance
was posted on the ICH website.
A topic-specific annex to the Q4B guideline for each monograph or chapter concerned is
processed for publishing and implementation by each regional authority.
Revision Procedure for the revision of harmonized monographs and chapters.
The pharmacopeias participating in PDG have agreed not to revise unilaterally any harmonized
document (monograph or chapter) after sign-off or after publication.
Criteria for justification of revision may include but is not limited to:
Public health and safety reasons.
Insufficient supply of pharmacopeial quality product on the market.
Specified analytical reagents or equipment are not available.
New methods of preparation of product/reagent are not covered by the current
monograph.
Analytical methods can be replaced by more appropriate/accurate/precise methods.
New technologies that are suitable to be included in the pharmacopeias.
A pharmacopeia requesting the revision of a monograph or chapter shall provide PDG with a
formal request including a rationale for revision and appropriate supportive data.
The process for revisions will follow the Working Procedure of the PDG as described above
under “Pre-PDG”. The revisions of a sign-off document prepared for this or other reasons
are indicated as revision 1, 2, 3, etc., for the sake of consistency.
Whenever agreed by the PDG, an expedited procedure may be applied. In certain
circumstances where appropriately justified, the expedited procedure would result in a
revision reverting to Stage 3A as opposed to Stage 1. In these instances, a pharmacopeia
requesting the revision of a monograph or chapter using the expedited procedure will submit
a formal request for revision, including, in addition to the information supplied in the normal
revision process, a justification for recommending the expedited procedure. Agreement by
PDG to the expedited procedure will be handled on a case-by-case basis. After agreement
by PDG to proceed with the revision, the CP may proceed directly with the elaboration of a
Stage 3A draft.
The PDG as a whole instead of a pharmacopeia may also request a revision.
Revisions to already harmonized chapters can be introduced as national text if, after
consultation with all the parties, there is no consensus for the revision. An assessment of
the harmonization status is conducted which may result in suppression in the workplan.
Correction of a Sign-off Text Any pharmacopeia which has identified an error in a sign-off
text may submit a request for correction to PDG together with appropriate justification. A cover
sheet (see Appendix 3) is prepared by the pharmacopeia requesting the correction, together
with appropriate justification. The cover sheet includes the name and code of the general
chapter or monograph, the date of the sign-off and the description of the correction. After
confirmation by PDG, the cover sheet is signed-off at the PDG meeting. When needed for clarity
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purposes, a full text including the correction is to be signed-off together with the cover sheet.
Correction of a Sign-off Cover Sheet Any pharmacopeia which has identified a need for
addition of a new local requirement or a correction of a local requirement/nonharmonized
attribute already included in a previously signed-off cover sheet will inform PDG accordingly,
together with appropriate justification. When needed for clarity purposes, the pharmacopeia
provides PDG with a full text including the new/corrected local requirement/nonharmonized
attribute or with the published local text, if available. A corrected cover sheet (see Appendix 4)
is prepared by the pharmacopeia requesting the correction. The cover sheet includes the name
and code of the general chapter or monograph, the date of the sign-off and the description of
the new/corrected local requirement/nonharmonized attribute with tracked changes. After
agreement by PDG that this is a local requirement/nonharmonized attribute, only the corrected
cover sheet is signed-off at the PDG meeting.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
reports or statements of Expert Committees
original research reports
evaluations of new and existing pharmacopeial methods
commentaries
articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
INSTRUCTIONS TO AUTHORS
Contributions in the form of original research reports, evaluations of new and existing
compendial methods, and other commentaries and articles relevant to drug standards or to
USP–NF revision will be considered for publication in Pharmacopeial Forum under the section
Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that
they have not been published previously in any language or medium and that they are not
simultaneously under consideration by any other publication. All manuscripts are subject to
review by USP headquarters staff, Committee members, or qualified outside referees, and if
accepted for publication they will be subject to editing by USP staff. Accepted manuscripts
become the property of the USP Convention (USPC) and may not be subsequently published
elsewhere without written permission from the USPC. Authors are also responsible for obtaining
permission for reprinting any illustrations that have been published elsewhere.
Abstract—Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References—Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright—Copyright transfer documents will be sent to authors after manuscripts have been
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accepted for publication.
Disclosure of Potential Conflicts of Interest—Maintaining independence and impartiality are
critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/ethics
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/conflicts-of-interest/
Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions—Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Modernization of Color Measurement Methods in the USP–NF
Brian W Pack,a Evan M Hetrick,a Martin J Coffeyb,c,d,e
ABSTRACT The current Color and Achromicity 〈631〉 contains only one method for
determination of color and it is a visual comparison (organoleptic) technique. This method offers
very little guidance regarding experimental parameters that should be used (e.g., illumination
type, illumination angle) or the way that comparisons should be made and interpreted. Color—
Instrumental Measurement 〈1061〉 describes the fundamentals of instrumental measurements of
color; however, this chapter does not provide specific guidance for establishing specifications
or implementing a control strategy based on instrumental measurements of color. In addition,
there is no guidance for comparison of instrumental measurements to the visual method of
〈631〉. The purpose of this Stimuli article is to propose an update to 〈631〉 which will include
methods for performing instrumental color measurements and will add technical rigor to the
visual method. This update is designed to modernize visual appearance assessment using
quantitative instrumental methods, while maintaining the ability to perform visual comparison for
appearance and color.
INTRODUCTION
Spectroscopic and colorimetric instruments are widely available and used in many laboratories
today for the measurement of color properties. There are several pharmacopeial methods (1–5)
for color as well as methods defined by the American Society of Testing and Materials (ASTM)
(6–10) and the Commission Internationale de l’Eclairage (CIE) (11). The current pharmacopeial
methods are primarily based on visual comparison (1–4), whereas the ASTM and CIE methods
are instrumental methods (6–11). Chapter 〈1061〉 discusses instrumental measurement of color,
but does not provide significant guidance on how instrumental measurements should be made,
how a specification might be established, or how the instrumental measurements might compare
to the visual comparison methods.
In International Council for Harmonisation (ICH) Q6A (12), sections 3.2.1 and 3.3.2 state that
the Description requirement is generally applicable to all new drug substances and new drug
products. The description includes an assessment of color. It also states, “If color changes
during storage, a quantitative procedure may be appropriate.” Elsewhere in ICH Q6A, in section
2.9 Evolving Technologies, the use of new methods is encouraged when those methods provide
significant advantages. Thus, the ICH guidance acknowledges that instrumental measures of
appearance may provide superior control compared to subjective visual examination.
Outside of the pharmaceutical industry, most color measurements today rely on instrumental
(quantitative) techniques. Within the pharmaceutical industry, there is interest in making it
possible to use instrumental methods. However, it may be disruptive to switch to instrumental
methods for color measurement unless the visual comparison methods already defined and in
use continue to be available. Therefore, the proposal presented here is to allow the use of both
the visual comparison and instrumental methods. To achieve this purpose, more specific
guidance will be needed regarding how the quantitative instrumental measurements of color
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should be performed. In addition, it is important to update the semi-qualitative visual
comparison method(s) so that the results from these two approaches will be aligned.
PROPOSAL DEVELOPMENT AND JUSTIFICATION
Tristimulus colorimetry is a quantitative instrumental approach for color measurements
whereby the critical parameters of color perception (i.e., illuminant, sample, and observer) are
standardized and well-controlled (13,14). Instrumental colorimetry uses controlled broadspectrum light sources that enable standardized illuminants designed to mimic common viewing
situations including natural daylight (illuminant D65), incandescent light (illuminant A), and
fluorescent light (illuminant F). Equally as important as standardized illuminants in generating
quantitative measurements is the application of a standard observer function. The standard
observer serves to represent average human visual sensitivity across the visible spectrum and
to eliminate subjectivity due to visual perception differences across observers. It is essential to
understand both the illuminant and standard observer function employed when making or
comparing color measurements across multiple instruments or when comparing them to visual
descriptions.
Finally, color measurement instruments ensure that the sample is positioned reproducibly with
respect to the illuminant and detector. The entire visible spectrum (reflectance or
transmittance), typically between 400 and 700 nm, is recorded by the instrument and adjusted
for the spectral sensitivity of the standard observer. It is then converted to a threedimensional coordinate (i.e., X, Y, Z) that is unique to the hue, saturation, and lightness of
that color (i.e., a tristimulus value). Mathematical manipulation of the tristimulus values
converts them into the more intuitive CIE L*a*b* three-dimensional color space defined by L*,
a*, and b* values that have been idealized to correspond most closely with human perception
(15).
There are standard solutions defined in the U.S. Pharmacopeia–National Formulary (USP–NF),
the European Pharmacopoeia (Ph.Eur.), and the Chinese Pharmacopoeia (Ch.P.). Each
pharmacopeia requires preparation of standard (reference) solutions to which samples are
compared visually to determine which standard or reference solution best matches the sample.
In USP–NF, 〈631〉 defines 20 “matching fluids” that serve as the standards to which samples are
compared visually. These solutions contain various ratios of cobaltous chloride (imparting a red
color), ferric chloride (yellow color), and cupric sulfate (blue color). Likewise, in the Japanese
Pharmacopoeia (JP) 9.23. Matching Fluids for Color (2) defines the same 20 matching fluids,
and in that respect is harmonized with USP–NF from a visual measurement standpoint.
In contrast, Ph.Eur. is not harmonized with USP–NF and JP. Ph.Eur. 2.2.2. Degree of
Coloration of Liquids (3) outlines the preparation of 37 separate “reference solutions” that
belong to the following five color families: greenish-yellow (GY), yellow (Y), brownish-yellow
(BY), brown (B), and red (R). These 37 reference solutions are prepared from the same metal
salts as those used for the USP–NF and JP preparations. Finally, the visual color method in Ch.P.
differs from USP–NF, JP, and Ph.Eur. In Ch.P., Appendix IX, Colour of Solution (4) describes five
color families, which is similar to Ph.Eur., but unlike Ph.Eur., the color families are yellowishgreen, yellow, orange yellow, orange red, and brownish-red, and there are 50 individual
reference solutions instead of 37. Moreover, Ch.P. uses potassium dichromate for preparation of
the reference solutions instead of ferric chloride (15).
An assumption made by the Ph.Eur., USP–NF, JP, and Ch.P. chapters on color and achromicity
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is that most organic compounds of interest to the pharmaceutical industry will produce
colorless to predominantly yellow solutions; therefore, all the compendial color standards fall
primarily into the yellow region of L*, a*, and b* color space (i.e., b* is positive) (see the
definitions in Proposed Revisions to 〈631〉). A further significant disadvantage of qualitative
visual color tests is their susceptibility to metamerism—the phenomenon where two samples
have the same visual appearance under one illuminant, yet may appear dissimilar under a
different illuminant.
Specifically, metamerism may manifest itself in visual color tests when a sample appears
similar to a certain reference solution when viewed under one illuminant, yet no longer appears
similar when viewed with a different illuminant, and may even begin to appear similar to a
different reference solution (15). In selecting a reference solution for either qualitative or
quantitative color assessments, the compendial color standards do not offer significant
advantages over any other well-characterized reference solution. Therefore, this Stimuli article
proposes that any well-characterized reference standard may be used for a visual or
instrumental appearance comparison. However, for individual monograph harmonization, the
same reference standard must be used.
Human visual perception is not nearly as precise or accurate as instrumental determination of
color and appearance. This, in part, can be attributed to known variability in color perception
from analyst to analyst. In fact, recent studies have found a significant failure rate among
laboratory analysts asked to match dilute color standards that were easily quantifiable by
instrumental colorimetry (15). This study demonstrates the value in developing a quantitative,
instrumental compendial approach to color and appearance measurement.
The current 〈631〉 is written specifically for determination of the color of solutions and does
not discuss any of the issues that may arise if the solutions are turbid, opaque, or solid. Many
pharmaceutical samples (e.g., raw materials, drug substances, and drug products) could be
characterized using quantitative color measurements, and this information could be beneficial.
PROPOSED REVISIONS TO 〈631〉
The following text is proposed for inclusion in USP–NF as a revision of the current 〈631〉.
COLOR AND ACHROMICITY
DEFINITIONS OF KEY CONCEPTS
For the purposes of this chapter, color may be defined as an observer's perception of, or
subjective response to, a stimulus of radiant energy in the visible spectrum extending over the
wavelength range of 400–700 nm. Perceived color is a function of three variables: spectral
properties of the object, both absorptive and reflective; spectral properties of the source of
illumination; and visual characteristics of the observer.
Two objects are said to have a color match when an observer cannot detect a color
difference under illumination with a particular light source. Where a pair of objects exhibit a
color match for one source of illumination and not another, they constitute a metameric pair.
Color matches of two objects occur for all sources of illumination if the absorption and
reflectance spectra of the two objects are identical.
Achromicity, or colorlessness, is one extreme of any color scale for transmission or reflection
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of light. It implies the complete absence of color; therefore, the visible spectrum of the sample
lacks absorbance. For practical purposes, the observer perceives little if any absorption taking
place in the visible spectrum and is unable to discern the difference between an almost
colorless sample and a colorless reference.
COLOR ATTRIBUTES
Because the sensation of color has both subjective and objective aspects, color cannot be
described solely in spectrophotometric terms. The common attributes of color therefore cannot
be given a one-to-one correspondence with spectral terminology.
Three attributes are commonly used to describe color: 1) hue, or the quality by which one
color family is distinguished from another, such as red, yellow, blue, green, and intermediate
terms; 2) lightness, or the quality that distinguishes a light color from a dark one; and 3)
chroma, or the quality that distinguishes an intense color from a weak one, i.e., the extent to
which a color differs from a gray of the same value.
The three attributes of color may be used to define a three-dimensional color space in which
any color can be located by its coordinates. The color space chosen is visually uniform if the
geometric distance between two colors in the color space is correlated with the perceived
difference between the two colors. Cylindrical coordinates are often chosen for convenience.
Points along the vertical axis represent the value from dark to light or black to white and
have indeterminate hue and no chroma. Focusing on a cross-section perpendicular to the
lightness axis, hue is determined by the angle about the vertical axis and chroma is determined
by the geometric distance from the vertical axis. Red, yellow, green, blue, and intermediate
hues are differentiated by different hue angles. Colors of the same hue angle become more
intense (i.e., chromatic) as they move further from the vertical axis (larger chroma). For
example, colorless or achromic water has indeterminate hue angle, high lightness, and little to
no chroma.
If a colored solute is added, the water takes on a particular hue. As more is added, the color
becomes darker, more intense, or deeper, i.e., the chroma increases and lightness decreases.
However, if the solute is a neutral color such as gray, the lightness decreases with no increase
in chroma and the hue remains indeterminate. Visual color comparisons are problematic if two
samples differ significantly in hue, because deciding which has a higher chroma becomes
difficult. The effect of hue differences on color comparison highlights the importance of
matching a standard to sample color as closely as possible, especially for the attributes of hue
and chroma.
Laboratory spectroscopic measurements can be converted to measurements of the color
attributes. Spectroscopic results are weighted by three distribution functions to yield the
tristimulus values, X, Y, Z (see 〈1061〉). The tristimulus values are not coordinates in a visually
uniform color space; however, as described in 〈1061〉, they can be transformed into a more
uniform chroma-hue color space known as the CIELAB color space. The resulting L*, a*, b*,
C* ab, and h* ab values indicate the following:
L* is the lightness coordinate. L is always positive and ranges from 0 to 100; 100 is the
colorless (white) standard, and 0 is the zero (black) standard.
a* is the red/green coordinate. +a* is red, −a* is green.
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b* is the yellow/blue coordinate. +b* is yellow, −b* is blue.
C* ab is the chroma in the (a*, b*) plane. C*ab = [(a*)2 + (b*)2]1/2.
h* ab is the hue angle in the (a*, b*) plane, measured from the a* axis increasing counter
clockwise, and is reported as a value from 0° to 360°. The hue angles for the elementary
colors are approximately 25 (red), 92 (yellow), 162 (green), 220 (cyan), 271 (blue), and 337
(magenta).
Additionally, the difference between two points in the CIELAB color space, ΔE*, can be
calculated as follows:

Slight differences in colors are not perceptible in visual comparisons. Although it is possible
for the human eye to differentiate between colors with ΔE* of about 1; it is frequently difficult
for an observer with normal color vision to reliably differentiate between colors with ΔE* < 2–3.
Therefore, it is preferable to rely on quantitative assessment of color and color differences
when precise, reliable comparisons are required.
COLOR DETERMINATION AND STANDARDS
The perception of color and color matches is dependent on conditions of viewing and
illumination. Determinations should be made using diffuse, uniform illumination under conditions
that reduce shadows and minimize non-spectral reflectance. The surface of powders should be
smoothed with gentle pressure so that a planar surface free from irregularities is presented.
Liquids should be compared in matched color-comparison containers that are transparent to the
illumination light. Either organoleptic (qualitative) or instrumental (quantitative) assessment of
color may be used.
Containers for liquid sample and matching fluid: For liquid samples, the containers used to
hold the samples during the color measurements should be non-absorbing in the 400–700 nm
range and must be identical for the sample and matching fluids. The containers may be round or
square, and the diameter or depth of the container may be adjusted to provide a shorter path
length for darker samples or a longer path length for lighter samples. The use of cuvettes or
glass tubes with a path length of about 10 mm is recommended.
Turbid and opaque samples: When using transparent color-matching fluids, the color
evaluation of the sample should be based on evaluation of the clarified sample. If the sample is
turbid, the dispersed phase should be removed by centrifugation or filtration before evaluating
the color. If turbid samples must be evaluated without removal of the dispersed phase, the
evaluation should be performed by comparing the reflected color to a matching solid-color
standard. If the sample or matching fluid contains air bubbles or foam, these should be removed
by centrifugation before evaluation of the color.
Matching fluids: The colors of the standards should be as close as possible to those of the
test specimens for quantifying color differences. Any well-defined and well-characterized
matching fluid is permitted. Matching fluids may be prepared according to Table 1 or may be
prepared as described in Ph.Eur. 2.2.2. Degree of Coloration of Liquids, or Ch.P. Appendix IX,
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Colour of Solution. To prepare the matching fluids in Table 1, pipet the prescribed volumes of
the colorimetric test solutions [see Reagents, Solutions, Colorimetric Solutions (CS)] and water
into one of the matching containers and mix the solution in the container.
Table 1. Matching Fluids

Matching
Fluid
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T

Parts of
Cobaltous
Chloride
CS
0.1
0.3
0.1
0.3
0.4
0.3
0.5
0.2
0.4
0.4
0.5
0.8
0.1
0.0
0.1
0.2
0.2
0.3
0.2
0.5

Parts of
Ferric
Chloride CS
0.4
0.9
0.6
0.6
1.2
1.2
1.2
1.5
2.2
3.5
4.5
3.8
2.0
4.9
4.8
0.4
0.3
0.4
0.1
0.5

Parts of
Cupric
Sulfate CS
0.1
0.3
0.1
0.4
0.3
0.0
0.2
0.0
0.1
0.1
0.0
0.1
0.1
0.1
0.1
0.1
0.1
0.2
0
0.4

Parts of
Water
4.4
3.5
4.2
3.7
3.1
3.5
3.1
3.3
2.3
1.0
0.0
0.3
2.8
0.0
0.0
4.3
4.4
4.1
4.7
3.6

If a custom matching fluid is prepared (e.g., a laboratory-defined matching fluid), it must be
freshly prepared on the day of use unless suitable data demonstrating the stability of the color
in the matching fluid are available to support the use over longer time periods. For purchased
color standards or matching fluids, follow the appropriate use instructions and expiry dates.
Matching solids: Standards for opaque materials are available as sets of color chips that are
arranged in a visually uniform space (15–17). Solid color tiles may be used as references when
evaluating the color of solid samples or turbid liquid samples. The illuminated, viewable area of
the solid reference tile and the sample must be equivalent. Controlling the size of the viewable
area may include masking a portion of the reference tile and/or sample.
METHOD I: ORGANOLEPTIC (QUALITATIVE) ASSESSMENT OF COLOR AND COLOR MATCHES
Illuminant: The illumination of the sample(s) and matching fluid(s) should be solely due to the
controlled illuminant source. Any additional illumination from room lighting or windows should be
minimized (e.g., by use of a light box or light booth). A daylight illuminant capable of providing a
correlated color temperature (CCT) of 6000–7000 Kelvin should be used. Filtered tungsten
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halogen lamps are recommended, but daylight fluorescent lamps with equivalent spectral and
illuminance characteristics can also be used. The spectral power distribution should conform to
ISO 23603/CIE S 012 (18) for the D65 illuminant with a grade of B/C or better. The illumination
of the sample and matching fluid should be diffuse and not at an angle that will provide
specular reflections to the observer. Recommended geometries include 0:45 and 45:0.
Observer: The observer angle may be normal (vertical) or at 90° (horizontal) if the illumination
angle is controlled to avoid specular reflection and provides diffuse illumination relative to the
observer angle. The sample and one or more matching fluids should subtend a viewing angle of
2°–10° and be in the field of view simultaneously. Using identical tubes of colorless,
transparent, neutral glass of 12-mm external diameter, compare 2.0 mL of the liquid to be
examined with 2.0 mL of water or of the solvent or reference solution. A small, discernable gap
should exist between the sample and matching fluid or solid. The surrounding field should be
white, black, or neutral gray.
Procedure: Evaluate the sample and at least one other matching fluid or solid simultaneously.
Evaluate the brightness and saturation. In general, do not ignore hue differences, unless
otherwise specified in the monograph. Significant hue differences between the sample and the
reference should be interpreted as a failure of the comparative test unless there are explicit
instructions to ignore hue differences.
When analyzing samples that are expected to have color, there are three approaches. In the
first approach, a Minimum Level of Color would be established. If the sample matches the
reference sample or has more color, it passes the test. In the second approach, a Maximum
Level of Color would be defined. If the sample matches the reference sample or has less color,
it passes. In the third approach, a matching solution would be selected such that there is an
Indiscernible Difference between the test samples and the reference. In this case, the sample
must match the reference solution. It is preferred, in this case, to establish a standard of the
same compound as the analyte of interest to avoid situations of metamerism. Table 2 illustrates
how the results of these color evaluations should be interpreted and reported.
Table 2. Interpretation of Color Comparisons for Qualitative Color Evaluations
Sample
Color
Has
Reference
Sample
Evaluation
Test
More
Has More
Matches
Type
Requirement
Color
Color
Reference
Compare sample to distilled
Almost
water or white reference
Fails the
Passes the
Passes the
Colorless
solid
test
test
test
Compare to a matching fluid
that should exhibit
Maximum
discernably more color than
Fails the
Passes the
Passes the
Level of Color
sample
test
test
test
Identify a matching fluid that
Minimum Level
represents minimum
Passes
Fails the
Passes the
of Color
acceptable color
the test
test
test
Indiscernible
Prepare color standard;
from Color
compare test sample to color Fails the
Fails the
Passes the
Standard
standard
test
test
test
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Achromicity is a special case of an evaluation of the Maximum Level of Color. For achromicity
evaluations, one must either perform an Indiscernible from Color Standard test using deionized
(DI) water as the standard or perform a Maximum Level of Color test with a color standard that
has a low level of color that is differentiated from DI water just enough that it can be discerned
(i.e., a ΔE* relative to DI water of 3–6). Matching fluids that are almost colorless are generally
not useful for qualitative color evaluations and should be avoided. Table 3 lists the matching
solutions that should be avoided and those that are recommended for achromicity evaluations
using the Maximum Level of Color comparison.
Table 3. Matching Fluids for Use in Achromicity Evaluations
Darker and Differentiated from
Colorless
Source of
Almost Colorless
(recommended for Maximum Level of
Matching
(not recommended
Color in an
Fluid
for use)
achromicity test)
USP 〈631〉
None
A, P, Q, S
B7, B8, B9, BY7, Y7,
Ph.Eur. 2.2.2.
GY7, R7
B6, BY5, Y5, GY5, R6
Ch.P. Color
YG2, YG3, Y2, Y3, OY3, OY4, OR3, OR4,
Standard
YG1, Y1, OY1, OR1, BR1
BR3, BR4, BR5
METHOD II: INSTRUMENTAL (QUANTITATIVE) ASSESSMENT OF COLOR AND COLOR MATCHES
Instrumentation: For evaluating the color of solutions in transmission mode, it is acceptable
to use any spectrometer or colorimeter that has been qualified for use, according to
Ultraviolet-Visible Spectroscopy 〈857〉, in the operating range of 400–700 nm at 0–1 A and has
a bandwidth of 10 nm or less. For measurements of color in reflectance mode, a colorimeter
that has been qualified for use in the operating range of 400–700 nm is suitable for use.
Calibration: For colorimeters, verification of calibration is performed by assessing the white,
black, and color (green) standards (these are typically supplied by, or available from,
instrument manufacturers). The white tile sets the high end of the scale for lightness (L* =
100) and the black tile determines the low end of the lightness scale (L* = 0). Most
colorimeters include a suitable green standard, which confirms the wavelength accuracy, for
use in verification of the calibration in reflectance mode. For verification of the calibration in
transmission mode, a black tile is similarly used to determine the low end of the lightness scale;
distilled water would then be used for 100% transmission. As opposed to a green tile, a
didymium filter is utilized for wavelength accuracy.
Recording of spectroscopic data: The spectroscopic data should be recorded from 400 to
700 nm at 10-nm intervals. If results are acquired at more frequent intervals, only the results
from the 10-nm intervals will be used to calculate the instrumental color values. When
recording spectroscopic data in transmission mode, the samples must not contain any dispersed
phase and should be clarified by centrifugation or filtration prior to loading into the cuvette.
Samples should also be checked to ensure that the light transmission path is free from air
bubbles or foam. When recording data in reflection mode (for solid and turbid samples), the
evaluated area of the sample should be flat, uniform, and free of any defects that could affect
the color results.
Calculation of CIELAB values: Table 5 and Table 6 contain the weighting factors for the
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illuminant C with the 2° observer (C/2) and for the illuminant D65 with the 10° observer
(D65/10). These weighting factors should be used to convert the spectroscopic data into
CIELAB values as described in 〈1061〉. Table 7 contains three sets of spectroscopic data
adapted from NIST Special Publication SP250-71 0:45 Surface Color. Table 8 shows the CIELAB
(C/2) and CIELAB (D65/10) values calculated from these data using the weighting factors in
Table 5 and Table 6.
Comparative testing of colors using CIELAB values (Method IIa): The CIELAB values for a
sample and a reference solution may be evaluated to determine the acceptability of the
sample. Table 4 lists the different metrics that may be used to compare the color values of a
sample to the color values of a matching (reference) solution. In evaluating stability, the color
values may be tracked over time to assess trends. The variability in the color values may be
used to assess process control and variability due to raw materials or processing.
Table 4. Interpretation of Color Comparisonsa,b
Color
Evaluation
Type
Almost
Colorless

Maximum
Level of
Color

Test
Compare sample to
distilled water
Identify a matching fluid
of similar hue (Δhab* <
15) that is discernably
more colored than
sample.
Identify a matching fluid
of similar hue (Δhab*
<15) that is discernably
less colored than
sample.
Prepare color standard.
Compare test sample to
color standard.

Requirement
Measure the sample and distilled water.
Calculate ΔE* relative to distilled water.
Requirement is that ΔE* < 1.
Measure the matching fluid and calculate the
ΔE0* relative to distilled water. Measure the
sample and calculate the ΔE* relative to
distilled water. Requirement is ΔE* < ΔE0 *.
Measure the matching fluid and calculate the
ΔE0 * relative to distilled water. Measure the
sample and calculate the ΔE* relative to
distilled water. Requirement is ΔE* > ΔE0 *.

Minimum
Level of
Color
Indiscernible
from Color
Calculate ΔE* relative to selected color
Standard
standard. Requirement is that ΔE* < 3.
a Comparisons rely on the numerical values of L*, a*, and b*, and the comparison of these
values to those of the matching solution or standard.
b CIELAB values must be calculated with the same illuminant and observer for evaluating
differences between the sample and matching fluid or solid.
Instrumental color assessment (Method IIb): The CIELAB values may be used directly as a
quantitative measure of the color attributes of a sample. Acceptable specifications for the color
attributes can be established in the CIELAB color space and applied to color values obtained for
a sample.
SOLUTIONS
For new monographs under development, which do not already have a visual color
determination method, the following approach harnesses the advantages of instrumental
colorimetry to its fullest and removes drawbacks associated with limiting the control space to
that encompassed by visual standards. Also for new monographs under development,
acceptable numerical limits within color space should be determined based on process
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capability, stability, and analytical variability. A specification would then take the form of either
1. A solution with L* NLT XX, NMT XX, a* NMT XX, NLT XX, and b* NMT XX, NLT XX,
where NLT = not less than, NMT = not more than, and XX = a numerical value or,
2. ΔE* versus a single point in three-dimensional space. Ideally this point would represent
the average based upon multiple batches, or based upon representative material, such
as a reference standard. Other points may be justified.
Limits may be set with individual color parameters (e.g., L*, a*, and b* or another suitably
validated color space) or as a ΔE* versus a single point in color space when considering batch
release or stability studies.
POWDERS OR SOLIDS
Two options are presented below that allow for quantitative color measurements to support
the visual appearance requirements. In these two scenarios, the specification would take the
form of:
1. Numerical limits only: a powder with L* NMT XX, NLT XX, a* NMT XX, NLT XX, and b*
NMT XX, NLT XX
2. Color with numerical limits: a “color” powder with L* NMT XX, NLT XX, a* NMT XX, NLT
XX, and b* NMT XX, NLT XX
With this approach, the first part of the description would address the physical state,
whereas the second part of the description would be an instrumental specification that satisfies
the color/appearance descriptor. A specification would take the form of ”a powder with L*=
NMT 101, NLT 93, a*= NMT 0.5, NLT 0.02, and b*= NMT 5.0, NLT 0” for a solid that is
predominantly white by description.
Reporting of results: The calculated CIELAB color values are dependent on the illuminant used
and the observer, and therefore should be reported with clear reference to the illuminant and
observer. A recommended method for reporting the CIELAB results is to report the color values
as follows:
CIELAB([illuminant]/[observer]) = (L*, a*, b*)
CIELAB(C/2) = (50.70, −11.30, −33.30)
CIELAB(D65/10) = (52.69, −19.43, 29.61)
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Table 5. Weighting Factors for Illuminant C with 1931 (2°) observer (400–700 nm, 10nm spacing)a
λ
Wx(λ)
Wy(λ)
Wz(λ)
λ
Wx(λ)
Wy(λ)
Wz(λ)
(nm)
= xλPλ
= y λPλ
= zλPλ
(nm)
= xλPλ
= y λPλ
= zλPλ
400
0.099
0.003
0.463
550
4.285
9.831
0.086
410
0.325
0.009
1.547
560
5.877
9.834
0.038
420
1.292
0.038
6.207
570
7.323
9.148
0.020
430
2.968
0.123
14.496
580
8.414
7.990
0.015
440
3.959
0.261
19.860
590
8.985
6.629
0.010
450
3.931
0.443
20.728
600
8.958
5.321
0.007
460
3.360
0.692
19.286
610
8.324
4.177
0.003
470
2.283
1.061
15.022
620
7.055
3.146
0.001
480
1.116
1.612
9.479
630
5.327
2.196
0.000
490
0.363
2.358
5.286
640
3.692
1.442
0.000
500
0.048
3.414
2.868
650
2.352
0.887
0.000
510
0.092
4.842
1.512
660
1.360
0.503
0.000
520
0.578
6.449
0.720
670
0.713
0.261
0.000
530
1.519
7.936
0.381
680
0.364
0.132
0.000
540
2.786
9.145
0.195
690
0.172
0.062
0.000
700
0.154
0.055
0.000
a Adapted from ASTM E308 (Standard Practice for Computing the Colors of Objects by
Using the CIE System).
Sum
White point

Wx(λ) = xλPλ
98.809
98.811

Wy(λ) = y λPλ
100.000
100.000

Wz(λ) = zλPλ
107.307
107.304
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Table 6. Weighting Factors for Illuminant D65 with 1964 (10°) observer (400–700 nm,
10-nm spacing)a
λ
Wx(λ)
Wy(λ)
Wz(λ)
λ
Wx(λ)
Wy(λ)
Wz(λ)
(nm)
= xλPλ
= y λPλ
= zλPλ
(nm)
= xλPλ
= y λPλ
= zλPλ
400
0.145
0.015
0.643
550
4.732
8.855
0.035
410
0.676
0.069
3.110
560
6.070
8.581
0.001
420
1.603
0.168
7.627
570
7.311
7.951
0.000
430
2.451
0.300
12.095
580
8.291
7.106
0.000
440
3.418
0.554
17.537
590
8.634
6.004
0.000
450
3.699
0.890
19.888
600
8.672
5.079
0.000
460
3.064
1.290
17.695
610
7.930
4.065
0.000
470
1.933
1.838
13.000
620
6.446
2.999
0.000
480
0.802
2.520
7.699
630
4.669
2.042
0.000
490
0.156
3.226
3.938
640
3.095
1.290
0.000
500
0.039
4.320
2.046
650
1.859
0.746
0.000
510
0.347
5.621
1.049
660
1.056
0.417
0.000
520
1.070
6.907
0.544
670
0.570
0.223
0.000
530
2.170
8.059
0.278
680
0.274
0.107
0.000
540
3.397
8.668
0.122
690
0.121
0.047
0.000
700
0.109
0.043
0.000
a Adapted from ASTM E308 (Standard Practice for Computing the Colors of Objects by
Using the CIE System).
Sum
White point

Wx(λ) = xλPλ
98.809
98.811

Wy(λ) = y λPλ
100.000
100.000

Wz(λ) = zλPλ
107.307
107.304
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Table 7. Spectroscopic Data from NIST Special Publication SP250-71 0:45 Surface Color
λ

(nm)
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700

Cyan
0.2627
0.3050
0.3413
0.3719
0.3984
0.4200
0.4370
0.4432
0.4387
0.4208
0.3900
0.3480
0.3007
0.2540
0.2121
0.1767
0.1483
0.1260
0.1088
0.0958
0.0862
0.0792
0.0746
0.0717
0.0707
0.0712
0.0735
0.0776
0.0838
0.0922
0.1032

Orange
0.0566
0.0581
0.0601
0.0616
0.0623
0.0656
0.0617
0.0634
0.0649
0.0670
0.0700
0.0769
0.0838
0.0937
0.1260
0.2124
0.3539
0.4934
0.5903
0.6512
0.6902
0.7155
0.7336
0.7486
0.7601
0.7699
0.7789
0.7871
0.7947
0.8015
0.8081

Yellow
0.0255
0.0270
0.0289
0.0322
0.0375
0.0463
0.0619
0.0863
0.1265
0.1911
0.2857
0.4036
0.5179
0.6050
0.6611
0.6951
0.7165
0.7309
0.7361
0.7455
0.7591
0.7694
0.7771
0.7824
0.7869
0.7904
0.7943
0.7989
0.8028
0.8060
0.8095

PF 44(4): Jul.-Aug. 2018

666

Table 8. CIELAB Values Calculated from the Data in Table 7 and Using the Weighting
Factors from Table 5 and Table 6
CIELAB Values Calculated with
CIELAB Values Calculated with
Illuminant C and 1931 (2°)
Illuminant D65 and 1964 (10°)
Observer
Observer
Cyan
Orange Yellow
Cyan
Orange Yellow
L*
50.70
66.35
83.65
L*
52.69
64.29
81.81
a*
−11.30
37.15
−6.33
a*
−19.43
42.46
2.06
b*
−33.31
61.89
85.82
b*
−29.61
58.64
85.18
h* ab 236.74
h*ab 251.26
72.19
94.22
54.09
88.61
Table 9. CIELAB (D65/10) Values for USP–NF Matching Fluids
h*ab
C *ab
USP–NF
L*
a*
b*
ΔE* vs (100, 0, 0)
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T

98.55
96.06
98.48
96.34
95.22
97.54
94.53
97.41
94.89
93.91
92.48
90.08
97.86
96.49
95.53
97.86
97.69
96.73
98.34
94.60

−0.82
−2.02
−2.31
−0.24
−2.39
−4.25
−0.28
−6.22
−6.31
−9.33
−7.23
−2.10
−11.02
−18.78
−16.49
0.90
1.56
2.22
3.43
3.82

5.11
13.38
8.36
7.33
19.51
20.57
21.07
25.61
38.08
56.69
69.69
62.97
32.23
69.96
69.67
5.38
4.41
5.14
1.32
6.49

99.12
98.59
105.45
91.88
96.98
101.67
90.76
103.65
99.41
99.35
95.92
91.91
108.88
105.03
103.32
80.50
70.52
66.64
21.05
59.52

5.18
13.53
8.67
7.33
19.66
21.00
21.07
26.35
38.60
57.45
70.06
63.01
34.06
72.44
71.59
5.45
4.68
5.60
3.68
7.53

5.37
14.09
8.81
8.20
20.23
21.15
21.77
26.48
38.94
57.77
70.47
63.78
34.13
72.52
71.73
5.86
5.22
6.48
4.03
9.27
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Table 10. CIELAB (D65/10) Values for Ph.Eur. Matching Fluids
h*ab
C *ab
Ph.Eur.
L*
a*
b*
ΔE* vs (100, 0, 0)
B1
B2
B3
B4
B5
B6
B7
B8
B9
BY1
BY2
BY3
BY4
BY5
BY6
BY7
Y1
Y2
Y3
Y4
Y5
Y6
Y7
GY1
GY2
GY3
GY4
GY5
GY6
GY7
R1
R2
R3
R4
R5
R6
R7

86.85
90.98
93.68
94.79
96.89
98.21
99.35
99.38
99.56
93.95
94.76
96.47
97.17
98.91
99.47
99.37
95.87
96.80
97.58
98.67
99.29
99.72
99.86
98.45
99.11
99.15
99.24
99.41
99.78
99.9
90.34
92.69
94.98
95.92
97.67
97.95
98.51

4.54
2.49
1.54
0.74
0.10
−0.03
−0.10
−0.08
−0.02
−2.76
−2.96
−2.84
−1.94
−1.19
−0.59
−0.31
−5.64
−5.13
−4.29
−2.75
−1.62
−0.72
−0.39
−11.19
−8.05
−5.20
−3.53
−2.23
−1.19
−0.63
11.20
8.56
5.80
4.32
2.39
1.46
0.64

24.09
17.45
13.69
9.86
5.54
2.42
1.29
0.77
0.51
28.55
22.69
16.41
9.07
4.73
2.09
1.13
30.58
23.69
16.89
9.33
4.99
2.08
1.01
28.83
19.02
11.52
7.77
4.87
2.47
1.32
18.16
13.44
9.02
6.75
3.73
2.26
1.03

79.33
81.88
83.58
85.71
88.97
90.71
94.43
95.93
92.25
95.52
97.43
99.82
102.07
104.12
105.76
105.34
100.45
102.22
104.25
106.42
107.99
109.09
111.11
111.21
112.94
114.29
114.43
114.60
115.72
115.51
58.34
57.51
57.26
57.38
57.35
57.14
58.14

24.51
17.63
13.78
9.89
5.54
2.42
1.29
0.77
0.51
28.68
22.88
16.65
9.28
4.88
2.17
1.17
31.10
24.24
17.43
9.73
5.25
2.20
1.08
30.93
20.65
12.64
8.53
5.36
2.74
1.46
21.34
15.93
10.72
8.01
4.43
2.69
1.21

27.82
19.80
15.16
11.18
6.35
3.01
1.45
0.99
0.67
29.31
23.47
17.02
9.70
5.00
2.24
1.33
31.37
24.45
17.59
9.82
5.29
2.22
1.09
30.96
20.67
12.67
8.57
5.39
2.75
1.47
23.42
17.53
11.84
8.99
5.01
3.38
1.92

Table 11. CIELAB (D65/10) Values for Ch.P. Matching Fluids
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Ch.P.
YG1
YG2
YG3
YG4
YG5
YG6
YG7
YG8
YG9
YG10
Y1
Y2
Y3
Y4
Y5
Y6
Y7
Y8
Y9
Y10
OY1
OY2
OY3
OY4
OY5
OY6
OY7
OY8
OY9
OY10
OR1
OR2
OR3
OR4
OR5
OR6
OR7
OR8
OR9
OR10
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L*
99.65
99.42
99.00
99.19
99.00
98.75
97.87
97.75
97.20
96.66
99.16
99.26
99.17
98.93
98.93
98.51
97.83
97.39
96.95
96.15
99.29
98.93
98.71
98.45
98.03
97.78
96.76
95.55
94.65
93.05
99.33
98.96
98.63
98.14
97.82
97.62
96.55
95.68
94.36
92.90

a*
−0.47
−0.91
−1.36
−1.80
−2.24
−2.64
−3.80
−4.88
−5.83
−7.27
−0.17
−0.42
−0.62
−0.82
−1.03
−1.22
−1.60
−1.93
−2.17
−2.30
0.12
0.21
0.32
0.42
0.57
0.68
1.13
1.63
2.18
3.24
0.26
0.49
0.76
1.02
1.28
1.53
2.34
3.00
4.18
5.87

b*
1.46
2.99
4.43
5.80
7.23
8.67
12.85
16.92
20.73
27.18
1.63
3.11
4.64
6.19
7.65
9.26
13.63
17.94
21.99
28.84
1.38
2.74
4.05
5.36
6.65
7.98
11.81
15.58
19.09
24.95
1.40
2.67
4.07
5.40
6.72
7.94
11.79
14.54
19.11
24.94

h*ab
107.84
106.93
107.07
107.24
107.21
106.94
106.47
106.09
105.71
104.97
95.95
97.69
97.61
97.55
97.67
97.51
96.70
96.14
95.64
94.56
85.03
85.62
85.48
85.52
85.10
85.13
84.53
84.03
83.49
82.60
79.48
79.60
79.42
79.30
79.22
79.09
78.77
78.34
77.66
76.76

C *ab
1.53
3.13
4.63
6.07
7.57
9.06
13.40
17.61
21.53
28.14
1.64
3.14
4.68
6.24
7.72
9.34
13.72
18.04
22.10
28.93
1.39
2.75
4.06
5.38
6.67
8.01
11.86
15.67
19.21
25.16
1.42
2.71
4.14
5.50
6.84
8.09
12.02
14.85
19.56
25.62

ΔE* vs (100, 0, 0)
1.57
3.18
4.74
6.13
7.63
9.15
13.57
17.75
21.72
28.33
1.84
3.22
4.75
6.34
7.79
9.46
13.89
18.23
22.31
29.19
1.56
2.95
4.26
5.60
6.96
8.31
12.30
16.28
19.94
26.10
1.57
2.91
4.36
5.80
7.18
8.43
12.51
15.46
20.36
26.59
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BR1
BR2
BR3
BR4
BR5
BR6
BR7
BR8
BR9
BR10
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L*
99.10
98.40
97.92
97.00
96.43
95.85
93.94
91.79
90.15
87.31

a*
0.64
1.25
1.81
2.42
3.01
3.55
5.17
6.77
8.29
10.75

b*
0.69
1.40
2.05
2.79
3.43
4.15
6.03
7.97
9.69
12.48

h*ab
47.15
48.24
48.56
49.06
48.73
49.46
49.39
49.65
49.45
49.26

C *ab
0.94
1.88
2.73
3.69
4.56
5.46
7.94
10.46
12.75
16.47

ΔE* vs (100, 0, 0)
1.30
2.47
3.44
4.76
5.79
6.86
9.99
13.30
16.11
20.79
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The Application of Abbreviated Impactor Measurement and Efficient Data Analysis in the
Lifecycle of an Orally-Inhaled Product: A Roadmap
Adrian P Goodey,a Terrence Tougas,b J David Christopher,c William Doub,d Svetlana Lyapustina,e
Jolyon P Mitchellf ,g
ABSTRACT The multistage cascade impactor (CI) is the standard device for determining the
mass-weighted aerodynamic particle size distribution (APSD) of aerosols from orally inhaled
products (OIPs). However, the various compendial apparatuses are complex in operation. They
are also time consuming to use, and require skilled operators to avoid errors. Once the
measurements have been made, major pharmacopeias provide little guidance on how the data
should be interpreted. This article describes two independent concepts that are intended to
help resolve both the issue of impactor complexity and the need for a simple-to-implement, yet
powerful and fit-for-purpose way to interpret particle size-related data.
The first concept, termed abbreviated impactor measurement (AIM), simplifies the collection
of aerodynamic particle size-related data into a minimum of two components, large-particle
mass (LPM) of the impactor-sized fraction of the sampled aerosol and small-particle mass (SPM)
of the impactor-sized fraction of the sampled aerosol, by the reduction of the full-resolution CI
from seven or eight size-fractionating stages to a single stage and pre-separator if the next
generation impactor (NGI) is used, or two sizing stages otherwise. The induction port and preseparator (if used) are also retained. These measurements are always intended to be supported
by historical full-resolution CI data, except perhaps in the earliest stages of candidate
screening, when AIM-based data may be used alone until one or more candidates are selected.
Full resolution CI measurements also provide reference data for investigating any out-ofspecification (OOS) results, and for troubleshooting.
The second concept, termed efficient data analysis (EDA), derives two metrics from the mass
of aerosol sized by the impactor: 1) the ratio LPM/SPM, and 2) the sum LPM + SPM, which
equates to the impactor-sized mass (ISM). The EDA metrics have the capability of detecting
significant shifts in the underlying APSD in terms of both mean particle size and active
pharmaceutical ingredient (API) mass. This article provides a roadmap to guide users in the
implementation of either one or both concepts and gives suggestions for eventual incorporation
of both concepts into the pharmacopeias.
INTRODUCTION
For the past 25 years, the multistage cascade impactor (CI) has been the mainstay for the
assessment of orally inhaled product (OIP)-generated mass-weighted aerodynamic particle size
distribution (APSD), which is a critical quality attribute of inhaler performance (1). These
apparatuses are preferred, primarily because aerodynamic particle size is determined as a result
of inertial size classification, and the active pharmaceutical ingredient (API) of the formulation
being delivered is directly assayable from the recovered deposits within these apparatuses by
using appropriate analytical assay(s) (1). It is widely acknowledged, however, that full-
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resolution CIs are complex to assemble, use, disassemble for API recovery, and prepare for reuse (2). For example, Tservistas et al. (3) reported that six replicate measurements of the fine
particle dose <5 µm in aerodynamic diameter of a nebulizer-generated aerosol by the NGI took
28 h to complete, of which 8 h was taken up by the measurements themselves. An additional
16 h was spent performing the assay of the single API used in the investigation.
The situation is further exacerbated by the limited guidance available in the current European
Pharmacopoeia (Ph. Eur.) and United States Pharmacopeia (USP) regarding how to interpret the
multivariate nature of the APSD (4,5). In the case of USP, the original guidance pertaining to
such data analysis was withdrawn in 2014 because the information did not reflect the actuality
of the location-by-location information from the CI measurement system, including non-sizing
components, which the United States Food and Drug Administration (FDA) is requiring from OIP
sponsors in order to obtain product approval (6–8). Inhalation and Nasal Drug Products:
Aerosols, Sprays, and Powders—Performance Quality Tests 〈601〉, therefore, makes the sponsor
of the OIP responsible to work with the FDA to determine what is acceptable for APSD analysis
and interpretation for a particular product (5).
The purpose of this Stimuli article is to present the following concepts: abbreviated impactor
measurement (AIM) (see Table 1 ) and efficient data analysis (EDA) as two independent but
linked solutions that address the issue of impactor complexity and subsequent data analysis
leading to appropriate decision making. Furthermore, the article intends to provide a simple-toimplement, yet powerful, and fit-for-purpose way to interpret particle size-related data. This
article updates the version published in Pharm Forum 42(6) [Nov.–Dec. 2016], taking into
account stakeholder feedback.
AIM and EDA have evolved over the past few years and they can be proposed for inclusion in
the compendial literature. This article is not intended to review all of the AIM validation
experiments and EDA assessments that have been undertaken in support of these concepts
since their inception in the mid-2000s. Instead, the reader is referred to several sources for
this information (9–14), in particular a 2013 book devoted to describing and justifying both
concepts (15). Therefore, this article presents the essence of each concept, describes how
each could be related to the various stages of a typical OIP lifecycle, and lays out a framework
by which both concepts could be adopted into the pharmacopeial compendia and into industry
practice.
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Table 1. Relationships Between the Use of AIM and Full-Resolution CI Apparatuses at
the Various Stages of the OIP Lifecycle
Applicability
Use of FullStage in Product Lifecycle
of AIM
Resolution CI
Early-stage candidate formulation screening
High
Yes
CMCa method development
High
Yes
Support to clinical program
Low
Yes
Product registration
High
Yes
b
Commercial production in product QC
High
Yes
Demonstration of in-vitro equivalence to support
post-approval changes
Low
Yes
a CMC = chemistry, manufacturing, and controls.
b QC = quality control.
The AIM concept simplifies the measurement of aerodynamic particle size by reducing the
data required to only two components, large particle mass (LPM) and small particle mass (SPM),
by the reduction of the full-resolution CI from seven or eight size-fractionating stages to a
single stage. If a Next Generation Pharmaceutical Impactor (NGI) is not being used with its preseparator, whose cut-point size is defined via its archival calibration (16) or if the
measurements are being made using an Andersen 8-stage CI, with or without its pre-separator,
a further size-fractionating stage with a defined cut-point size is also needed to separate the
non-sized mass fraction from the impactor-sized mass fraction of the sampled aerosol from the
inhaler-on-test. The induction port and pre-separator (if used) are retained in the abbreviated
apparatus (14)
In addition to their relative simplicity, AIM-based measurements have numerous advantages
compared to procedures using a full-resolution CI (see Table 2). These include the use of fewer
components and the associated reduced amount of API recovery solvent, which result in a
shorter overall assay time per determination as well as less waste solvent for disposal.
Furthermore, because the entire API mass that enters the pre-separator if the NGI is used, or
the first stage of the impactor otherwise, is divided into only two portions, the capability for
single-actuation measurements is improved compared to full-resolution CI determinations,
where the incoming API mass typically is fractionated into seven or eight components,
depending on the number of stages of the CI.
AIM-based measurements (with the possible exception of API screening in the earliest phase
of formulation development) are always intended to be supported by full-resolution CI data
(16). Such full-resolution CI measurements define the reference condition, which is especially
helpful in the event of an out-of-specification (OOS) or out-of-trend outcome when used in a
product quality control (QC) environment (14). This type of approach follows similar precedents
with analytical assay methods for a particular API, in which a more complex approach, such as
use of high-performance liquid chromatography (HPLC) combined with ultraviolet (UV)
spectrophotometry, might be used as the reference method in support of the routine use of UV
spectrophotometry alone.
As with any method, precautions are necessary to ensure that measurements made using a
simplified (AIM-based) methodology have the optimum chance of providing outcomes
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functionally equivalent to a reference method (full-resolution CI in this case), in terms of the
metrics being assessed. For example, when measuring aerosols emitted from pressurized
metered dose inhalers (pMDIs) in which the formulation contains a volatile co-solvent, such as
ethanol (17), care should be taken to match the volume of the internal dead-space before the
size-fractionating stage in the AIM-based apparatus. A further precaution to consider is the
need to match the total internal volume between the AIM-based apparatus and the fullresolution CI when sampling dry powder inhaler (DPI)-generated aerosols, so that the flow rate
rise time profiles are similar (18). Additional precautions are provided in the book edited by
Tougas et al. (15).
Table 2. Properties of AIM and EDA Compared with Full-Resolution CI Measurements in
the OIP Lifecycle with Times per Determination (mean ± SD) Based on 7- or 8-stage
Full-Resolution CI Configurations
(5) EDA
(2) Fullwith Full(1)
Resolution CI
(4) EDA
Resolution
Property
Alone
(3) AIM Alone
with AIM
CI
Provides APSD
represented by
>7 size bands
Can detect
(depending on
APSD
setup)
Provides APSD
changes with Same as EDA
EDA metrics
represented by 2 or sensitivity
with AIM, and
could be
more size bands
similar to
can be useful
obtained by
(depending on
those of
for diagnosis
adding up
setup)
other
of OOS or
Measurement
appropriate size
Can provide EDA
published
out-of-trend
outcome
groupings
metrics directly
methods
events
CI complexity
same as in
column 2.
Additionally,
Only two
will need a
metrics
mathematical
required to
or physical
detect APSD
addition of API
Has the most
changes in
in size
physical
Has few physical
both API
groupings
components to
components to
mass and
corresponding
Method
assemble and
assemble and
aerodynamic
to LPM and
complexity
disassemble
disassemble
diameter
SPM fractions
Tena separate
Tena separate
Foura,b separate samples to recover
b
samples to
and assay; greater mass of API per
samplesb to
recover and
sample than with single stages in
recover and
assay for an
full-resolution CI, therefore
assay for an
eight-stage CI
improved sensitivity per inhaler
eight-stage CI
with preactuation; less recovery solvent
with preAPI recovery
separator and
volume (“Green Chemistry”separator and
and assay
induction port
compatible)
induction port
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(2) FullResolution CI
Alone

(3) AIM Alone

150 ± 118 mind
per single
determination

109 ± 94 min per
single determination

Sufficient for
making decisions
in QC setting, as
well as early
screening,
development,
and in-vitro
equivalence
demonstrations
Offers choice of
EDA and/or fullAPSD analysis,
but at a cost of
increased method
complexity and
consequent
method errors
and measurement
uncertainty

Sufficient for
making decisions in
QC setting, as well
as early screening
If AIM is used
solely to determine
FPDe <5-µm
aerodynamic
diameter (rather
than with EDA), the
ability to detect
shifts in underlying
APSD that are FPD
independent is lost

(4) EDA
with AIM
Less time per
measurement
in data
processing
than for full
resolution CI
derived data
Sufficient for
making
decisions in
QC setting
and for
screening
Time savings
offer
potential for
more
powerful
experiment
designs
Simplicity
reduces
method
errors and
measurement
uncertainty
EDA offers
fewer cases
of incorrect
rejection in
batch
release

(5) EDA
with FullResolution
CI

Typically up
to 2.5 h per
single
determination
Sufficient for
making
decisions in
QC setting
and for
screening
EDA offers
fewer cases
of incorrect
rejection in
batch release
Full-resolution
APSD is
available as
back-up, but
at a cost of
increased
method
complexity
and
consequent
method errors
and
measurement
uncertainty

Decisionmaking
capability
a Eleven samples if the NGI is operated with an external filter in addition to the MOC.
b Assumes a pre-separator is present with the induction port. Sample numbers are
therefore reduced by 1 if the pre-separator is not present.
c Estimates from Nichols et al. (19) that included 13 responses involving a mix of both NGI
and Andersen CIs testing all major orally inhaled product classes.
d Excludes time associated with assay for active pharmaceutical species.
e FPD = fine-particle dose.

It is self-evident that there is a reduction in detail compared with that obtainable by a fullresolution impactor if an AIM-based apparatus is used to size-characterize the aerosol emitted
from an OIP. This simplification may limit the utility of AIM during clinical development of an OIP,
where detailed information about APSD may be essential for supporting a clinical program. In
contrast, in the product QC environment, individual-stage data are seldom reported, and
seldom needed. Instead, per the current regulatory guidances, data are reduced to more
aggregate metrics [such as stage groupings, mass median aerodynamic diameter (MMAD), or
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fine-particle dose (FPD)], to make decisions about product batch disposition (see Table 1).
Data reduction procedures distill raw data into relevant information. The EDA concept,
described below, operates as a data-reduction procedure because this concept can be used to
assess data derived from either AIM or full-resolution apparatuses in a way that optimizes the
relevant information available from either approach to improve decision-making ability.
As was demonstrated during development of the EDA concept (15), only the following two
metrics are necessary and sufficient for tracking movements in the location or amplitude of
APSD: 1) the ratio: R = LPM/SPM, and 2) the sum: LPM + SPM that equates to the impactorsized mass (ISM) (9). The following hypothetical scenarios of APSD changes that would not be
detected by EDA have been shown to exist (13):
1. A change of shape in the large particle mass fraction (LPF) alone, resulting in the same
absolute LPM;
2. A change of shape in the small particle mass fraction (SPF) alone, resulting in the same
absolute SPM;
3. Simultaneous changes of shape in LPF and SPF, but resulting in the same absolute
values of SPM and LPM.
All are unlikely, and should be explored during the development of a particular product.
These metrics, taken together, have the capability to detect significant changes in the
underlying APSD in both particle size and API mass (10). This situation is in stark contrast to
the use of the Ph. Eur. metric, fine particle mass (dose) <5-µm aerodynamic diameter, which is
largely insensitive to particle size-related shifts (20). Nevertheless, sponsors have the option to
retain this upper size limit for fine particle mass and still make use of AIM, either alone or in
conjunction with EDA, if there is an over-riding need to remain consistent with the current Ph.
Eur. specification in this respect. However, EDA is sensitive to shifts in both API mass and
particle size, whereas, measurement of fine particle mass by itself does not control for
changes in mass concentration that result in no overall shift in fine particle mass fraction
(20).
EDA metrics are also more sensitive measures of APSD shifts than stage groupings derived
from full-resolution CI measurements (see Table 1) (11). Through assessment of a large
database of different commercially available OIP-generated APSDs, the EDA approach has been
demonstrated to have the potential for fewer cases of incorrectly classifying the result as OOS
(incorrect rejection) compared with a stage grouping-based approach in batch release. At the
same time EDA was shown to preserve patient safety through a similarly low level of instances
of incorrectly classifying the result as not OOS (incorrect acceptance) (11)
The measurement and data analysis components associated with the acquisition of OIP
aerodynamic particle size information are presented schematically in Figure 1.
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Figure 1. The measurement and data analysis components associated with the acquisition of
OIP aerodynamic particle size information, showing the relationships between the AIM and EDA
concepts and current European and US regulatory requirements based on FPD <5-µm
aerodynamic diameter and deposition profile stage groupings, respectively.
This illustration depicts the relationships between the AIM and EDA concepts and current
European and US regulatory requirements based on calculation of fine particle mass (dose) of
<5-µm aerodynamic diameter. It also presents similar relationships for the assessment of API
mass within several stage groupings of the overall API deposition profile, including non-sizing
components. It is important to appreciate that either of these new concepts can be used
independently of one another; in particular, EDA is readily adaptable to the analysis of either
full-resolution CI or abbreviated impactor-generated measurements.
AIM AND EDA IN THE PRODUCT LIFECYCLE
From the standpoint of the requirement to generate aerosol particle size-related data, the
OIP lifecycle (Figure 2) is characterized by the following major phases (21):
1.
2.
3.
4.

Product development
Support to clinical trials
Registration with regulatory agency(ies)
Commercial production, including QC and post-approval changes
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Figure 2. Roadmap for possible implementation of AIM approach in conjunction with fullresolution CI-based method during OIP lifecycle. [ACI refers to an Andersen eight-stage CI
chosen for illustration, but a next generation impactor (NGI) may also be used.]
Figure 2 illustrates a conceptual roadmap for applying AIM and full-resolution CI-based
methodologies during the OIP lifecycle. Note there may be more than one way to implement
AIM, and therefore the suggested approach should not be considered as mandatory. In the
earliest phases of product development, when the screening of APIs, formulations, and devices
takes place, AIM could potentially be used by itself. This outcome is viable because the need
for a high degree of accuracy in terms of the size-related metrics is likely to be of less
importance than the ability to sort out the potential candidates from a large number of
alternatives. However, as development progresses, it will rapidly become desirable to establish
a robust in-vitro link between AIM-based and full-resolution CI-based methods. Ideally, relevant
metrics from the two methods would be equivalent. However, there are several reasons related
to differences in internal losses and internal dead space that could result in a small offset
between AIM-derived and full-resolution CI-derived measures, as explained in a previous
section of this article. A small offset between AIM and full-resolution CI-derived measures may
be acceptable, as long as both apparatuses are qualified. This process may be achieved either
by calibration with particles of known aerodynamic diameter or more likely by stage mensuration
to confirm that the critical nozzle diameters of the size-fractionating stage(s) conform to the
manufacturer’s specification. Furthermore, the sponsor should take appropriate precautions in
method development to understand the underlying cause(s) of such differences, with the
objective of establishing whether the differences themselves are consistent. At the same time,
this process should allow for sufficient characterization of the relationship between the two
measurement systems to be made for the product under evaluation. The advantage of doing
this type of cross-validation early is that, from then onward, the full-resolution CI data can
provide a reference framework against which to compare successive AIM-based measurements
of the product under development. Furthermore, in addition to the hardware factors already
discussed, some or all of the differences between equivalent AIM and full-resolution CI-derived
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metrics could be product dependent. The rationale for accepting AIM-based measures should
ultimately be based on the level of discrimination needed for the relevant decision-making
concerning the quality of the OIP in question.
By the time the device development component commences, it will be helpful for a sponsor to
have a validated AIM procedure in place as the lead method. There will likely be many APSD
tests needed to establish the device functionality profile (22), which increases the advantages
of the simplicity and rapidity of use provided by the AIM-based method. From this stage of
product lifecycle onward, with the possible exception of support to the clinical trials program
(see below), EDA would likely be used as the means of assessing data from either full-resolution
CI-based or AIM-based approaches (see Table 1).
Full-resolution APSD-based data are likely to remain the mainstay of support for the clinical
program. The APSD used in the clinic would presumably be used in regulatory filing, and would
thus stand as the reference for all future comparative QC testing. Shifts in APSD could be
detected by using either EDA or the traditional measures of central tendency (i.e., MMAD) and
spread [i.e., geometric standard deviation (GSD), if the aerosol is log-normally distributed].
Note that the log-normal constraint is removed if EDA is applied, meaning that unlike with
MMAD and GSD, the data need not be log-normally distributed for an accurate EDA analysis.
It is also conceivable that the gathering of AIM-based information using an AIM setup with
potential clinical relevance, might be worthwhile due to the potential for significant resourceand time-savings (e.g., where many tests need to be done to evaluate performance as
patients make use of the inhaler). Although this article focuses on single-stage AIM methods
intended to support OIP quality (sometimes termed AIM-QC), adaptations of these apparatuses
have been proposed and can be used to obtain the clinically important subfractions (23). These
versions with potential human respiratory tract (pHRT) relevance would ideally be used with
age-appropriate anatomically accurate (based on an “average” patient) or idealized
oropharyngeal or nasopharyngeal inlets, rather than the right-angle bend induction port
described in the pharmacopeial compendia (4,5). However, if a full-resolution CI was selected
as the apparatus of choice in this context, shifts in APSD could be detected as described in the
previous paragraph.
Later in the lifecycle, the methodology and supporting data for the validated AIM-based
procedure are submitted to the regulatory agency(ies) for approval of the OIP as a key part of
the in-vitro performance component of the dossier. However, full-resolution CI measurements
would likely be needed for ICH stability.
Once the product is commercialized, it is envisaged that the approved AIM- and/or EDAbased methodology would become the mainstay for batch release testing. The full-resolution CI
procedure would always be available as the reference method that could be implemented as a
key component of a root-cause investigation for an OOS/out-of-trend result.
COMPENDIAL ACCEPTANCE OF AIM AND EDA CONCEPTS
In December 2011, the USP and the American Association of Pharmaceutical Scientists
(AAPS) jointly held a public conference entitled “Aerosols—Inhalation and Drug Products”. Both
AIM and EDA concepts were presented and discussed by experts concerned with OIP
performance testing (24). A formal report on the proceedings was not issued, but the
consensus was broadly in support of both AIM and EDA concepts, provided that a body of
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evidence could be generated in the peer-reviewed literature in support of their validity.
In 2013, the Inhalanda Committee of the European Pharmacopoeia initiated a formal enquiry
into the feasibility of introducing monographs covering the application of AIM and EDA for the
QC of OIPs (25). This was done while recognizing the advantages of the AIM concept, and
subsequently initiating a multi-laboratory study with a range of pMDI and DPI products through
the European Pharmaceutical Aerosol Group (EPAG) (26), whose view on EDA was less positive.
In particular, concern was expressed that the EDA user was free to choose a boundary size
that differentiates large from small particles at a size other than the fixed upper limit size of 5µm aerodynamic diameter, defined as a FPD in monograph 2.9.18 (Ph. Eur.) for all OIPs. The
authors of the EPAG study concluded that a considerable body of evidence would be required
before EDA could be considered as a QC standard. The authors of the present article believe
that, by now, such body of evidence has been assembled and published.
By contrast, the US regulatory position concerning OIP quality standard measures seems
more amenable to the adoption of AIM and EDA, because the US approach focuses on setting
specifications according to appropriate stage groupings of the API mass deposition profile
obtained from the full-resolution CI. These groupings are defined only in broad terms (i.e.,
extra-fine, fine, and coarse particulate) and are not fixed to particular ranges of aerodynamic
diameter.
For future pharmacopeial monographs, a framework of measurement and data reporting could
be developed in which both AIM and EDA concepts are adopted for: a) product characterization
and development, b) QC, and c) in-vitro assessment for equivalence comparisons for secondentry OIPs. The framework, described in Table 3, is based on three separate considerations:
1. Choice of abbreviated or full-resolution CI system
2. Choice of particle size-related metrics
3. Statistical approaches to the interpretation of data
This framework could be used as a starting point from which future informative chapters
covering AIM and EDA concepts could be developed as extensions of the existing 1600 series in
the USP.
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Table 3. Applications for Full Resolution-Based and AIM-Based CI Measurements with
EDA in the OIP Product Lifecycle
Purposes for Measuring OIP APSD
Product
Characterization
and Development

Impactor
system to
use

Proposed
metrics to
use

Product QC
AIM-QC,
supported by
full-resolution CI
(e.g., in the
context of an
OOS
investigation)
EDA metrics,
namely SPM and
LPM with
boundary near
to MMAD:
LPM/SPM and
ISMd
(SPM+LPM)

Full-resolution CI for
initial screening of
candidate formulations,
then AIM-QC on shortlisted candidates
Initially, EPM,a FPM,b
and CPMc with size
ranges related to likely
deposition in the HRT;
later, EDA metrics to
develop QC
specification
A number of
approaches related to
the APSD
characterization and
the development of
product specification

Tests to detect
significant
changes in
APSD

Statistical
approaches
a EPM = extra-fine particle mass.
b FPM = fine particle mass.
c CPM = coarse particle mass.
d ISM = impactor-sized mass.

In-Vitro Assessment for
Equivalence Comparisons
Full resolution or AIM-pHRT
(where pHRT refers to
potential use for comparison
with HRT deposition data);
with an anatomically correct
or idealized inlet if possible

Full-profile comparisons or
EPM, FPM, and CPM with size
ranges related to likely
deposition in the HRT

Generic statistical
equivalence testing

CONCLUSION
A framework is presented by which two new concepts, AIM and EDA, can be integrated into
OIP lifecycle management with the existing compendial measurement methods for the
assessment of aerosol aerodynamic particle size-related properties. AIM offers the timemanagement advantages of a simpler apparatus and reduced risk of errors associated with
assembly, operation, and disassembly of a full-resolution CI. In addition, reduced solvent use is
achieved through the use of AIM. EDA offers the advantage of its ability to detect shifts in
both API mass and aerodynamic particle size by acquiring only two metrics. EDA is versatile, as
it can be used to assess data from either AIM- or a full-resolution CI-based methodology: an
important advantage in the context of demonstrating OIP quality, where conducting an
investigation of AIM-derived data using a full-resolution CI may occasionally be necessary.
APPENDIX
List of Key Abbreviations
AIM = abbreviated impactor measurement
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API = active pharmaceutical ingredient
APSD = aerodynamic particle size distribution
CI = cascade impactor
EDA = efficient data analysis
GSD = geometric standard deviation
ISM = impactor-sized mass
LPM = large-particle mass of impactor-sized fraction of the sampled aerosol
MMAD = mass median aerodynamic diameter
OIP = orally inhaled product
SPM = small-particle mass of impactor-sized fraction of the sampled aerosol
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
The Use of Mean Kinetic Temperature to Aid Evaluation of Temperature Excursions:
Proper and Improper Application
Chris Anderson,a,b Robert Seevers,a,c Desmond Hunt a,d
ABSTRACT This Stimuli article describes the use of mean kinetic temperature (MKT) to
evaluate temperature excursions for shipments of controlled room temperature (CRT) and
controlled cold temperature (CCT) pharmaceutical products. Correct and incorrect uses of MKT
are described and supported by examples from actual events. The authors propose using 30
days to calculate MKT for CRT products and 24 h for controlled cold temperature products,
including excursion time. The objectives of this Stimuli article are to initiate discussion and
solicit public comments regarding the new USP position on how to use MKT to evaluate
temperature excursions for the shipment of pharmaceutical drugs.
INTRODUCTION
Temperature excursions happen, although organizations expend a lot of effort to avoid them.
Describing the magnitude of an excursion event as simply a high- or low-temperature event is
meaningless without the factor of time. A typical unplanned excursion has a fluctuation in
temperature over a period of time as opposed to a static temperature change. If the
temperature at which the excursion occurred was static over time, it would be a lot easier to
evaluate its impact on product stability.
MEAN KINETIC TEMPERATURE
Mean kinetic temperature is a calculation that is considered an isothermal storage
temperature that simulates the non-isothermal effects of storage temperature variation (1).
MKT expresses the cumulative thermal stress a drug product experiences. The use of MKT is
considered an acceptable practice for storage and can be considered for excursions during
transit (see Packaging and Storage Requirements 〈659〉) (2).
The greater the temperature variance of the excursion from the mean, the greater the
difference between the calculated mean and the MKT. The following examples illustrate this
point. If a product experiences a low temperature of 29° and a high temperature of 31°, then
the calculated mean would be 30° with an MKT of 30.04°. However, if the low were 20° and
the high were 40°, the calculated mean would be 30° and the MKT would be 33.27°. If,
instead, the high were 40° but the low were 30°, the MKT would be 35.85°, 2.58° higher even
with the same high temperature as the previous example. This demonstrates how the variation
in the observed temperatures during an excursion can impact the MKT for a given time period.
Over the years, there have been misunderstandings and misuses of MKT, with the most
significant being the use of 52-week temperature data to calculate MKT during a temperature
excursion. This is problematic because products typically do not spend 52 weeks in a single
location. Thus, the 52-week data used in the MKT calculation would not be a true reflection of
the storage time. This approach skews the results and could potentially lead a company to
overlook the impact of the excursion on the drug product. A closely related concern is the idea
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that a temperature excursion above a product's storage temperature can be "fixed" just by
lowering the temperature of a warehouse for an appropriate period of time so that the resulting
MKT calculation would provide an acceptable value. This ignores the fact that any degradation
due to the higher temperature is not reversible.
To illustrate this point, two examples of actual events involving CRT are shown here. [Note
—CRT is defined as 20°–25° (68°–77° F)]
CRT Example 1 (Acceptable 52-Week MKT, Unacceptable Temperatures)
In this example, 52 weeks (365 days) of temperature data were taken from warehouse 1,
where temperatures were recorded every 15 min (see Figure 1). The high temperature and low
temperature for a given day were used to calculate the MKT over the 24-h period. The 52week MKT was 23.98° (75.16° F), which is within the 20°–25° (68°–77° F) storage range for
CRT products. However, if one looks at the actual temperature data points used (see Table A-1
in Appendix), there were 175 days with temperatures over 25° (77° F), with day 188
(7/7/2017) being the highest at 33.58° (92.44° F). The temperature for this single day [with a
low of 26.6° (79.88° F)] was outside the storage range for CRT products. Chapter 〈659〉 has an
excursion allowance for CRT products of 15°–30° (59°–86° F) with short-term excursions up to
40°, as long as they are less than 24 h in duration and the MKT is 25° (77° F) or less (2). The
single day MKT of 30.7° (87.26° F) calculated for day 188 does not meet the 〈659〉 MKT
excursion criteria. As shown in this example, the daily data reveal a significant problem that is
not apparent in the 52-week MKT data (see Figure 1).
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Figure 1. Weekly mean kinetic temperature (MKT) for CRT Example 1.
If measuring a 52-week time period is unrealistic, would measuring one day demonstrate the
realistic impact of an excursion on the product? It should be noted that the maximum excursion
temperature was within the excursion allowance of less than 24 h.
A better approach would be to consider the average time that a product spends in a
warehouse, which is 30.3 days in the United States (3). In the following example (Table 1), if a
30-day MKT were calculated from the referenced temperature at day 188 plus the previous 29
days, the result would be an MKT of 28.98° (84.16° F), which is over 25° (77° F) and is
unacceptable.
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Table 1. 30-Day MKTa for CRT Example 1
Temperature
Temperature
(°C)
(°C)
Dayb
High
Low
Day
High
158
24.37
19.58
168
24.19
159
22.28
19.56
169
23.69
160
23
19.85
170
32.4
161
23.5
19.58
171
3210.72
162
23.43
18.93
172
31.04
163
22
19.34
173
30.52
164
22.43
19.54
174
29.6
165
22.92
19.56
175
30.98
166
23.94
19.34
176
32.27
167
24.92
19.83
177
32.2
a MKT calculated for 30 days was 28.98° (84.16° F),
therefore unacceptable.
b Day within the 365-day study period.

Low
19.79
19.67
25.44
26.01
24.61
23.58
23.92
24.19
25.91
27.23

Day
178
179
180
181
182
183
184
185
186
187

Temperature (°C)
High
30.91
29.71
29.44
28.49
28.64
30.17
29.99
31.44
32
33.58

Low
23.65
22.98
22.84
22.84
21.83
22.06
23.58
24.21
24.83
26.6

which was over 25° (77° F) and

CRT Example 2 (Acceptable 52-Week MKT, Acceptable Temperatures)
In this example, 52 weeks (365 days) of temperature data were taken from warehouse 2,
where temperature was recorded every 15 min (see Figure 2). The high temperature and low
temperature from each day were used to calculate the MKT. The 52-week MKT was 22.75°
(72.95° F), only 1.23° (2.22° F) lower than CRT Example 1. A review of the 52 weeks of data
(see Table 2) showed one single-day excursion temperature of 25.56° (78° F) on day 93
(4/3/2017). If one calculates a 30-day MKT from day 93 backwards, this provides a 30-day
MKT of 23.14° (73.65° F), which falls within the 〈659〉 excursion allowance. In this example, any
day used to calculate a 30-day MKT provides acceptable results. This example shows that
using a 52-week MKT was not a significant problem because excursions occurred on only one
day of the year and there was an acceptable MKT in any 30-day period.
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Figure 2. Weekly mean kinetic temperature (MKT) for CRT Example 2.
Table 2. 30-Day a MKT for CRT Example 2
Temperature
Temperature
(°C)
(°C)

Temperature (°C)

Dayb
High
Low
Day
High
Low
Day
High
Low
64
23.33
21.67
74
22.78
22.22
84
23.33
22.78
65
23.89
21.67
75
23
22.22
85
23.33
22.78
66
23.33
22.78
76
23.33
22.22
86
23.33
22.78
67
24.44
23.33
77
23.33
22.22
87
23.89
22.78
68
23.89
23.33
78
23.33
22.22
88
23.89
23.33
69
23.33
22.78
79
23.89
22.78
89
25
22.78
70
22.78
22.22
80
24.44
22.78
90
23.33
22.78
71
23.33
22.22
81
23.89
22.22
91
22.78
22.78
72
23.89
22.22
82
23.89
22.22
92
24.44
22.78
73
22.78
22.22
83
23.33
22.22
93
25.56
23.33
a MKT calculated for 30 days was 23.14° (73.65° F), which was under 25° (77° F) and
therefore acceptable.
b Day within the 365-day study period.

PF 44(4): Jul.-Aug. 2018

690

Comparing the Same 30-Day Time Period for CRT Examples 1 and 2
If one compares the same time frame for both examples, the MKT is unacceptable for CRT
Example 1 and acceptable for CRT Example 2 (see Table 3, Table 4, Table 5, and Table 6).
Although CRT Example 1 had a high-end temperature excursion every day, it should be noted
that both sites had an acceptable 52-week MKT.
Table 3. Comparison of 30-Day a Temperature Data for CRT Examples 1 and 2
Example 1
Example 2
30-Day MKT
29.06° (84.31° F) 22.75° (72.95° F)
Highest temperature 33.58° (92.44° F)
23.9° (75° F)
Lowest temperature
21.17° (70.11° F)
21.67° (71° F)
a Days 183–212 within the 365-day study period.
Table 4. 30-Day a Temperature Data for CRT Example 1b
Temperature (°C)
Temperature (°C)
Temperature (°C)
Day
High
Low
Day
High
Low
Day
High
Low
183
28.64
21.83
193
32.54
26.34
203
31.47
25.46
184
30.17
22.06
194
32.38
25.84
204
31.64
25.46
185
30.54
23.58
195
32.61
25.86
205
29.12
25.21
186
31.44
24.21
196
31.84
26.18
206
30.69
24.94
187
32
24.83
197
31.69
26.84
207
31.33
24.39
188
33.58
26.6
198
23.89
25.84
208
31.76
24.83
189
33.36
21.62
199
31.84
25.67
209
31.36
24.83
190
33.72
27.02
200
32.45
26.45
210
30.6
23.96
191
28.64
21.83
201
32.54
26.34
211
31.47
25.46
192
30.17
20.06
202
32.38
25.84
212
31.64
25.46
a Days 183–212 within the 365-day study period.
b The data show daily high excursions and an unacceptable 30-day MKT of 29.06° (83.31°
F).
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Table 5. 30-Day a Temperature Data for CRT Example 2b
Temperature (°C)
Temperature (°C)
Temperature (°C)
Day
High
Low
Day
High
Low
Day
High
Low
183
23.33
22.22
193
23.33
22.78
203
22.78
22.78
184
23.33
22.22
194
22.78
22.22
204
23.33
22.22
185
23.33
22.22
195
22.78
22.22
205
22.78
22.22
186
23.33
22.22
196
22.78
22.22
206
22.78
21.67
187
23.33
22.22
197
23.33
22.22
207
23.33
22.22
188
22.78
22.22
198
23.33
22.22
208
22.78
22.22
189
23.33
21.67
199
23.89
22.78
209
23.33
22.22
190
22.78
22.22
200
23.89
22.78
210
22.78
21.67
191
23.33
22.22
201
23.89
22.78
211
22.78
21.67
192
23.33
22.78
202
23.89
22.78
212
23.33
21.67
a Days 183–212 within the 365-day study period.
b The data show no excursions and an acceptable 30-day MKT of 22.75° (72.95° F).
As these examples demonstrate, a 52-week MKT for a CRT product should never be used.
These examples suggest that a 30-day period, or the average number of days that a product
remains in a warehouse, provides a realistic MKT to use in evaluating storage or shipping
excursions, as long as an excursion is no longer than a 24-h period. The only exception to
these excursion limits would be a case where the product manufacturer states otherwise.
CONTROLLED COLD TEMPERATURE
Controlled Cold Excursions and the Use of MKT
The USP 31–NF 26 General Notices definition of controlled cold temperature (2°–8°), which
was omitted in 2010, allowed short-term excursions (less the 24 h) between 0° and 15° (32°–
59° F) as long as the MKT did not exceed 8° (46° F) (4). The issue with this definition was that
it allowed an excursion down to 0° (32° F). Freezing can have a negative effect on the
efficacy and expiry of many refrigerated drugs, especially vaccines and proteins. It should be
noted that the freezing point depression in these drugs is not expected to be large enough to
protect them at 0°. However, removing the short-term excursion allowance is problematic,
especially for delivery to caregivers.
Thus, refrigerated delivery or qualified passive thermal protection should be used for the
shipment of CCT products (see Good Storage and Distribution Practices for Drug Products
〈1079〉) (5). Delayed deliveries, delayed receipts, or short-term storage failures can and do
happen, and a reasonable allowance for documented excursions should be permitted. It is
proposed that acceptable excursions for CCT products are 2°–15° (36°–59° F) for less than 24
h with an MKT of 8° (46° F) or below. This MKT should moderate any concerns about long
periods of exposure to 15° (59° F).
The following examples are taken from actual events.
CCT Example 1: Controlled Cold-Qualified Passive Shipper
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A wholesaler had a cold shipper (i.e., passive thermal packaging system) qualified for 30 h,
but chose to run the time in the qualification thermal chambers out for an additional 24 h (a
total of 54 h). When a company shipping a controlled product works with a service provider to
design a qualified shipper, they typically look at their maximum delivery times and add extra
time for a buffer. Although over-qualifying a thermal package costs a significant amount of
money, transportation space, and receiving space, a company may run a qualification test out
further than the target time to obtain data to support possible excursions. If a product in a 30h shipper was delivered in 32 h and there were no data to support the additional 2 h, the
product would be potentially nonsalable. A company needs temperature data to evaluate
against excursion limits or to provide to the product manufacturer for disposition.
In the shipper qualification case described below (see Figure 3), the additional time (24 h)
beyond the 30-h qualification time yielded a total of 54 h with a high temperature of 11° (51.8°
F), a low temperature of 3.4° (38.12° F), and an MKT of 8° (46.4° F). These data meet the
proposed criteria for controlled cold temperature excursions. However, if the data were outside
the proposed ranges, the supply chain member would have data within the tested time period
to provide the temperatures and MKT to the manufacturer for disposition. It is important to
note that qualification testing should be completed for the payloads shipped; this means that
wholesalers shipping comingled controlled cold products should complete qualification testing for
minimum and maximum payloads as well as environmental seasons for the geography that they
ship to.
An alternative to using a qualified packaging system would be to use calibrated time–
temperature monitors. To obtain adequate data for calculating mean temperature and MKT,
temperature monitors would need to collect data in 15-min increments. Once downloaded,
these data would provide access to time, temperature exposures, and MKT. Most time–
temperature monitors will calculate MKT. The calculated MKT should represent the duration of
the trip.
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Figure 3. Qualification summary for a controlled cold-qualified passive shipper (CCT Example 1).
Worst case of the six tests (three minimum and three maximum payloads) against a summer
profile [high temperature of 11° (51.8° F) and an MKT of 8° (46.5° F)].
CCT Example 2: Controlled Cold Refrigerated Delivery
CCT EXAMPLE 2A
In this example (Figure 4), a refrigerated trailer making a 72-h delivery went out of controlled
cold temperature range by going above 8° (46° F) at hour 52 to 8.5° (47.3°). The temperature
rose 0.27° every hour until delivery at hour 72. The excursion lasted 22 h (within excursion
limits), the maximum temperature was 13.9° (57.02° F) (within excursion limits), and the MKT
was 10.77° (51.39° F) for the last 24 h (outside the excursion MKT limit). In this case, the
product should be quarantined and the manufacturer(s) should be contacted for disposition.
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Figure 4 . Qualification summary for controlled cold refrigerated delivery (CCT Example 2A) with
MKT outside the excursion limit. Temperature went above 8° (46° F) at 52 h and continued to
rise until delivery at 72 h with a high temperature of 13.9° (57.02° F). MKT for the last 24 h
was 10.77° (51.39° F).
CCT EXAMPLE 2B
In this example (Figure 5), the excursion started at hour 63 and delivery occurred at hour 72.
Temperature data revealed that the excursion duration was 10 h (within excursion limits). The
maximum temperature was 10.5° (50.9° F) and the MKT was 7.45° (45.41° F)—both were
within excursion limits.
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Figure 5. Qualification summary for controlled cold refrigerated delivery (CCT Example 2B) with
MKT within the excursion limit. Temperature went above 8° (46° F) at hour 63 and the product
was delivered at hour 72 with a high temperature of 10.5° (50.9° F). MKT for the last 24 h was
7.45° (45.41° F).
Table 6. Comparison of 24-h Dataa from CCT Examples 2A and 2B
Example 2A
Example 2B
2-h
Temperature (°C)
Temperature (°C)
Increment
High
Low
High
Low
1
6.5
5
5.2
5.1
2
8.5
7
5
5
3
9.04
8.77
5.3
4.9
4
9.58
9.31
5.8
5.6
5
10.12
9.85
6.3
6
6
10.66
10.39
7.1
6.6
7
11.2
10.93
8
7.4
8
11.74
11.47
8.5
8.5
9
12.28
12.01
8.9
8.7
10
12.82
12.55
9.2
9
11
13.36
13.09
9.7
9.4
12
13.09
13.63
10.5
10
MKT = 10.77° (51.39° F)
MKT = 7.45° (45.41° F)
a The 24-h period includes excursion time.
CONCLUSIONS
This article highlights correct and incorrect applications of MKT to provide some perspective
on the proper use of this tool. Examples from actual cases are provided to alert readers to the
consequences of applying MKT inappropriately. The temperature data presented in this article
support the conclusion that a 30-day period, or the average time that a product spends in a
warehouse, should be used to calculate MKT for CRT products. In contrast, for controlled cold
temperature products, a 24-h period should be used, and this time span should include the
excursion time.
Factors that can lead to temperature excursions should be identified early in the process, and
appropriate mitigation strategies should be executed to eliminate or reduce the risks of
excursions (see 〈1079〉) (5). In the event of short-term storage or transportation/delivery
excursions, MKT is a helpful tool that can aid in evaluating the impact on drug quality when
used in conjunction with USP excursion limits and product labeling (see 〈659〉) (2).
APPENDIX
Table A-1. Original Temperature Data (°F) for CRT Example 1
Temperature (°F)

Temperature (°F)

Temperature (°F)

Date

High

Low

Date

High

Low

Date

High

Low

11/1/2016

71.33

64.7

3/2/2017

72.55

62.58

7/1/2017

83.29

73.11
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Temperature (°F)

Temperature (°F)

Temperature (°F)

Date

High

Low

Date

High

Low

Date

High

Low

11/2/2016
11/3/2016
11/4/2016
11/5/2016
11/6/2016
11/7/2016
11/8/2016
11/9/2016
11/10/2016
11/11/2016
11/12/2016
11/13/2016
11/14/2016
11/15/2016
11/16/2016
11/17/2016
11/18/2016
11/19/2016
11/20/2016
11/21/2016
11/22/2016
11/23/2016
11/24/2016
11/25/2016
11/26/2016
11/27/2016
11/28/2016
11/29/2016
11/30/2016
12/1/2016
12/2/2016
12/3/2016
12/4/2016
12/5/2016
12/6/2016
12/7/2016
12/8/2016
12/9/2016
12/10/2016
12/11/2016
12/12/2016
12/13/2016
12/14/2016
12/15/2016
12/16/2016
12/17/2016
12/18/2016
12/19/2016

74.01
77.57
77.27
75.35
73.67
75.76
78.59
80.03
79.08
78.78
75.2
76.1
77.91
76.06
72.93
71.22
71.33
67.92
67.47
68.4
68.51
69.07
67.99
69.21
64.7
62.88
64.81
65.85
66.5
66.22
64.25
64.73
66.33
66.84
66.18
66.36
66.66
66.1
64.88
65.36
67.55
67.96
68.03
66.18
63.77
62.84
61.58
64.66

62.28
68.58
67.44
66.66
65.1
64.4
66.81
69.44
68.62
68.51
68.51
67.81
67.62
67.18
65.77
62.8
60.42
60.01
62.36
62.62
60.2
60.42
60.2
60.05
60.2
61.17
59.97
60.79
59.9
60.46
60.61
60.23
60.72
60.5
60.72
60.16
60.01
60.08
60.27
61.43
61.65
61.32
59.79
59.75
60.16
59.07
57.01
57.72

3/3/2017
3/4/2017
3/5/2017
3/6/2017
3/7/2017
3/8/2017
3/9/2017
3/10/2017
3/11/2017
3/12/2017
3/13/2017
3/14/2017
3/15/2017
3/16/2017
3/17/2017
3/18/2017
3/19/2017
3/20/2017
3/21/2017
3/22/2017
3/23/2017
3/24/2017
3/25/2017
3/26/2017
3/27/2017
3/28/2017
3/29/2017
3/30/2017
3/31/2017
4/1/2017
4/2/2017
4/3/2017
4/4/2017
4/5/2017
4/6/2017
4/7/2017
4/8/2017
4/9/2017
4/10/2017
4/11/2017
4/12/2017
4/13/2017
4/14/2017
4/15/2017
4/16/2017
4/17/2017
4/18/2017
4/19/2017

73.48
69.66
67.18
69.03
72.67
76.48
77.49
76.14
76.25
77.53
78.78
78.63
79.19
78.66
78.66
75.88
76.1
75.88
72.11
73.41
74.34
74.19
71.62
72.37
73.26
75.09
76.85
75.54
74.64
74.6
75.54
74.68
77.42
78.7
78.06
76.59
73.75
73.89
76.4
76.21
76.48
75.2
75.24
75.28
76.18
77.15
77.12
78.02

63.25
64.07
64.51
61.5
61.95
64.62
66.36
67.47
67.33
67.51
67.62
67.25
68.18
67.44
67.25
67.1
67.33
67.25
67.21
67.73
67.25
66.07
66.81
67.18
67.21
66.81
67.7
67.62
67.4
66.22
67.36
68.07
67.77
67.44
67.36
67.1
67.4
66.51
66.73
67.62
67.33
67.4
67.18
67.14
67.7
67.62
69.07
67.88

7/2/2017
7/3/2017
7/4/2017
7/5/2017
7/6/2017
7/7/2017
7/8/2017
7/9/2017
7/10/2017
7/11/2017
7/12/2017
7/13/2017
7/14/2017
7/15/2017
7/16/2017
7/17/2017
7/18/2017
7/19/2017
7/20/2017
7/21/2017
7/22/2017
7/23/2017
7/24/2017
7/25/2017
7/26/2017
7/27/2017
7/28/2017
7/29/2017
7/30/2017
7/31/2017
8/1/2017
8/2/2017
8/3/2017
8/4/2017
8/5/2017
8/6/2017
8/7/2017
8/8/2017
8/9/2017
8/10/2017
8/11/2017
8/12/2017
8/13/2017
8/14/2017
8/15/2017
8/16/2017
8/17/2017
8/18/2017

83.56
86.3
85.98
88.6
89.6
92.45
92.04
90.45
91.75
91.34
90.57
90.28
90.69
89.32
89.04
89.8
89.32
90.41
91.01
89.8
88.64
88.96
84.42
87.24
88.4
89.16
88.44
87.08
86.37
88.4
86.45
88.64
92.53
91.79
89.2
87.88
88.48
89.92
89.12
89.28
89.56
88.12
86.22
85.82
83.87
84.18
84.65
85.31

71.29
71.7
74.45
75.58
76.7
79.88
81.71
80.64
81.52
80.53
79.42
78.51
78.55
79.12
78.51
78.51
78.21
79.61
78.82
77.3
77.83
77.83
77.38
76.89
75.91
76.7
76.7
75.13
74.79
75.28
83.76
81.25
82.1
80.45
77.87
76.36
76.59
77.12
76.48
76.82
77.23
76.78
74.04
74.83
73.97
73.15
73
74.01
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Temperature (°F)

Temperature (°F)

Temperature (°F)

Date

High

Low

Date

High

Low

Date

High

Low

12/20/2016
12/21/2016
12/22/2016
12/23/2016
12/24/2016
12/25/2016
12/26/2016
12/27/2016
12/28/2016
12/29/2016
12/30/2016
12/31/2016
1/1/2017
1/2/2017
1/3/2017
1/4/2017
1/5/2017
1/6/2017
1/7/2017
1/8/2017
1/9/2017
1/10/2017
1/11/2017
1/12/2017
1/13/2017
1/14/2017
1/15/2017
1/16/2017
1/17/2017
1/18/2017
1/19/2017
1/20/2017
1/21/2017
1/22/2017
1/23/2017
1/24/2017
1/25/2017
1/26/2017
1/27/2017
1/28/2017
1/29/2017
1/30/2017
1/31/2017
2/1/2017
2/2/2017
2/3/2017
2/4/2017
2/5/2017

66.03
64.33
64.44
65.29
63.73
61.32
60.72
64.77
67.44
68.18
65.73
63.55
62.17
62.17
62.69
63.81
64.18
66.51
64.66
66.59
65.51
64.73
66.33
64.4
65.47
65.77
64.88
66.29
66.59
64.66
65.25
63.81
62.58
61.43
60.64
62.73
63.06
63.25
62.73
65.1
66.22
69.58
69.47
69.07
67.59
65.88
66.47
64.7

57.65
61.39
61.76
62.25
60.76
57.23
56.93
56.74
58.32
59.56
62.66
61.21
59.07
59.97
59.04
58.32
61.32
61.35
60.83
60.94
62.92
62.28
62.66
62.43
61.5
60.46
60.2
61.24
60.76
60.2
61.69
61.65
59.34
59.79
59.41
57.31
57.19
56.89
57.53
59.07
58.77
60.12
61.35
61.43
61.61
63.21
63.66
62.66

4/20/2017
4/21/2017
4/22/2017
4/23/2017
4/24/2017
4/25/2017
4/26/2017
4/27/2017
4/28/2017
4/29/2017
4/30/2017
5/1/2017
5/2/2017
5/3/2017
5/4/2017
5/5/2017
5/6/2017
5/7/2017
5/8/2017
5/9/2017
5/10/2017
5/11/2017
5/12/2017
5/13/2017
5/14/2017
5/15/2017
5/16/2017
5/17/2017
5/18/2017
5/19/2017
5/20/2017
5/21/2017
5/22/2017
5/23/2017
5/24/2017
5/25/2017
5/26/2017
5/27/2017
5/28/2017
5/29/2017
5/30/2017
5/31/2017
6/1/2017
6/2/2017
6/3/2017
6/4/2017
6/5/2017
6/6/2017

78.7
81.9
82.02
80.22
75.5
75.61
77.76
77.46
80.37
77.83
79.57
81.98
83.02
83.91
84.18
80.26
71.88
71.48
75.95
76.97
73.19
79.16
78.59
76.29
76.51
70.14
72.07
69.84
76.59
80.45
81.25
82.64
84.61
84.53
82.44
79.01
79.23
78.93
80.03
79.54
79.19
75.76
78.36
81.83
81.41
81.02
81.71
80.15

67.18
67.18
70.21
70.1
68.21
67.4
67.4
71.88
67.7
69.47
66.92
67.96
70.14
70.96
71.4
69.81
67.07
67.59
66.59
67.44
67.66
67.55
67.03
67.18
66.99
67.14
67.77
67.92
66.7
67.44
68.81
71.36
72.03
72.44
71.4
69.07
68.21
67.44
67.07
70.99
68.62
69.25
68.58
67.77
70.1
69.58
69.7
70.59

8/19/2017
8/20/2017
8/21/2017
8/22/2017
8/23/2017
8/24/2017
8/25/2017
8/26/2017
8/27/2017
8/28/2017
8/29/2017
8/30/2017
8/31/2017
9/1/2017
9/2/2017
9/3/2017
9/4/2017
9/5/2017
9/6/2017
9/7/2017
9/8/2017
9/9/2017
9/10/2017
9/11/2017
9/12/2017
9/13/2017
9/14/2017
9/15/2017
9/16/2017
9/17/2017
9/18/2017
9/19/2017
9/20/2017
9/21/2017
9/22/2017
9/23/2017
9/24/2017
9/25/2017
9/26/2017
9/27/2017
9/28/2017
9/29/2017
9/30/2017
10/1/2017
10/2/2017
10/3/2017
10/4/2017
10/5/2017

84.42
83.52
84.11
85.47
84.88
84.61
84.81
85.47
86.06
89.56
92.49
93.52
95.23
95.23
93.81
94.02
89.16
89.56
89.68
89.24
88.4
85.31
87.2
89.48
88.6
85.51
80.3
80.56
80.91
79.99
81.06
80.95
79.27
77.49
77.49
76.1
77.15
79.54
80.26
81.25
82.94
83.33
81.1
79.19
79.35
78.13
78.66
79.8

73.48
72.81
73.11
72.44
74.08
74.01
72.81
73.48
75.31
85
82.71
82.64
84.77
84.92
85.78
84.34
81.52
78.63
79.99
77.68
77.72
75.5
76.74
79.27
78.74
75.69
72.59
73.15
72
72.07
70.07
72.52
72.22
70.14
66.84
65.96
65.47
68.07
68.88
73.71
70.77
71.92
71.51
70.81
70.21
69.58
67.44
67.14
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Temperature (°F)

Temperature (°F)

Temperature (°F)

Date

High

Low

Date

High

Low

Date

High

Low

2/6/2017
2/7/2017
2/8/2017
2/9/2017
2/10/2017
2/11/2017
2/12/2017
2/13/2017
2/14/2017
2/15/2017
2/16/2017
2/17/2017
2/18/2017
2/19/2017
2/20/2017
2/21/2017
2/22/2017
2/23/2017
2/24/2017
2/25/2017
2/26/2017
2/27/2017
2/28/2017
3/1/2017

64.21
65.73
70.07
72.89
69.03
68.81
68.81
71.4
71.81
72.89
71.25
68.84
67.73
66.44
69.25
70.21
69.88
68.99
68.21
66.59
64.59
63.7
68.14
68.99

62.32
63.06
64.36
64.62
65.85
65.77
63.77
63.92
65.18
64.51
64.96
66.33
64.4
64.36
64.07
65.7
65.36
63.47
61.54
61.35
62.21
61.65
61.13
60.98

6/7/2017
6/8/2017
6/9/2017
6/10/2017
6/11/2017
6/12/2017
6/13/2017
6/14/2017
6/15/2017
6/16/2017
6/17/2017
6/18/2017
6/19/2017
6/20/2017
6/21/2017
6/22/2017
6/23/2017
6/24/2017
6/25/2017
6/26/2017
6/27/2017
6/28/2017
6/29/2017
6/30/2017

80.49
80.07
80.03
78.82
76.93
78.44
80.49
83.06
85.04
86.77
86.14
86.06
88.52
90.32
90.89
87.88
86.93
85.28
87.76
90.08
89.96
87.64
85.47
85

70.47
70.1
67.81
69.84
68.1
66.44
67.29
69.84
71.85
73.82
74.87
74.75
76.4
77.79
78.82
76.29
74.45
75.05
75.54
78.63
81.02
74.57
73.37
73.11

10/6/2017
10/7/2017
10/8/2017
10/9/2017
10/10/2017
10/11/2017
10/12/2017
10/13/2017
10/14/2017
10/15/2017
10/16/2017
10/17/2017
10/18/2017
10/19/2017
10/20/2017
10/21/2017
10/22/2017
10/23/2017
10/24/2017
10/25/2017
10/26/2017
10/27/2017
10/28/2017
—

81.21
80.91
79.23
78.51
80.26
79.16
77.76
77.72
76.4
82.33
79.65
76.78
75.43
76.97
81.87
86.06
87.24
84.34
82.83
79.95
76.4
74.87
74.6
—

68.4
70.07
68.99
69.81
67.81
68.77
68.55
67.18
66.73
73.52
71.62
70.29
66.18
66.73
70.96
79.65
80.18
74.87
72.41
70.59
68.4
69.1
68.44
—

Table A-2. Original Temperature Data for CRT Example 2
Temperature (°F)

Temperature (°F)

Temperature (°F)

Date

High

Low

Date

High

Low

Date

High

Low

11/1/2016
11/2/2016
11/3/2016
11/4/2016
11/5/2016
11/6/2016
11/7/2016
11/8/2016
11/9/2016
11/10/2016
11/11/2016
11/12/2016
11/13/2016
11/14/2016
11/15/2016
11/16/2016
11/17/2016
11/18/2016
11/19/2016
11/20/2016

75
77
76
76
75
74
75
76
76
76
76
75
75
76
75
75
76
76
76
74

73
74
75
73
73
74
73
73
74
73
73
73
73
73
74
74
74
74
74
73

3/3/2017
3/4/2017
3/5/2017
3/6/2017
3/7/2017
3/8/2017
3/9/2017
3/10/2017
3/11/2017
3/12/2017
3/13/2017
3/14/2017
3/15/2017
3/16/2017
3/17/2017
3/18/2017
3/19/2017
3/20/2017
3/21/2017
3/22/2017

74
73
74
75
74
76
75
74
73
74
75
73
73
73
74
74
74
75
76
75

71
71
71
71
73
74
74
73
72
72
72
72
72
72
72
72
72
73
73
72

7/3/2017
7/4/2017
7/5/2017
7/6/2017
7/7/2017
7/8/2017
7/9/2017
7/10/2017
7/11/2017
7/12/2017
7/13/2017
7/14/2017
7/15/2017
7/16/2017
7/17/2017
7/18/2017
7/19/2017
7/20/2017
7/21/2017
7/22/2017

74
74
74
74
73
74
73
74
74
74
73
73
73
74
74
75
75
75
75
73

72
72
72
72
72
71
72
72
73
73
72
72
72
72
72
73
73
73
73
73
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Temperature (°F)

Temperature (°F)

Temperature (°F)

Date

High

Low

Date

High

Low

Date

High

Low

11/21/2016
11/22/2016
11/23/2016
11/24/2016
11/25/2016
11/26/2016
11/27/2016
11/28/2016
11/29/2016
11/30/2016
12/1/2016
12/2/2016
12/3/2016
12/4/2016
12/5/2016
12/6/2016
12/7/2016
12/8/2016
12/9/2016
12/10/2016
12/11/2016
12/12/2016
12/13/2016
12/14/2016
12/15/2016
12/16/2016
12/17/2016
12/18/2016
12/19/2016
12/20/2016
12/21/2016
12/22/2016
12/23/2016
12/24/2016
12/25/2016
12/26/2016
12/27/2016
12/28/2016
12/29/2016
12/30/2016
12/31/2016
1/1/2017
1/2/2017
1/3/2017
1/4/2017
1/5/2017
1/6/2017
1/7/2017

74
74
74
74
74
74
74
74
74
75
76
75
74
74
73
74
74
74
74
73
73
74
74
74
73
72
72
74
73
73
74
74
74
73
74
73
75
74
73
73
73
74
73
73
74
73
73
72

73
73
73
73
73
73
73
73
73
74
74
73
73
73
72
73
73
73
72
72
71
72
73
72
72
71
71
72
71
71
72
72
73
73
72
71
73
73
72
72
72
72
72
73
73
72
72
71

3/23/2017
3/24/2017
3/25/2017
3/26/2017
3/27/2017
3/28/2017
3/29/2017
3/30/2017
3/31/2017
4/1/2017
4/2/2017
4/3/2017
4/4/2017
4/5/2017
4/6/2017
4/7/2017
4/8/2017
4/9/2017
4/10/2017
4/11/2017
4/12/2017
4/13/2017
4/14/2017
4/15/2017
4/16/2017
4/17/2017
4/18/2017
4/19/2017
4/20/2017
4/21/2017
4/22/2017
4/23/2017
4/24/2017
4/25/2017
4/26/2017
4/27/2017
4/28/2017
4/29/2017
4/30/2017
5/1/2017
5/2/2017
5/3/2017
5/4/2017
5/5/2017
5/6/2017
5/7/2017
5/8/2017
5/9/2017

75
74
74
74
74
75
75
77
74
73
76
78
74
73
72
74
74
76
74
75
75
75
76
74
74
74
75
75
75
73
71
75
75
73
72
75
75
75
75
73
73
75
77
74
74
75
74
74

72
72
73
73
73
73
74
73
73
73
73
74
71
71
71
71
71
71
73
73
73
72
71
72
72
73
72
71
72
71
70
69
71
71
71
72
73
73
72
72
72
71
72
72
72
72
72
71

7/23/2017
7/24/2017
7/25/2017
7/26/2017
7/27/2017
7/28/2017
7/29/2017
7/30/2017
7/31/2017
8/1/2017
8/2/2017
8/3/2017
8/4/2017
8/5/2017
8/6/2017
8/7/2017
8/8/2017
8/9/2017
8/10/2017
8/11/2017
8/12/2017
8/13/2017
8/14/2017
8/15/2017
8/16/2017
8/17/2017
8/18/2017
8/19/2017
8/20/2017
8/21/2017
8/22/2017
8/23/2017
8/24/2017
8/25/2017
8/26/2017
8/27/2017
8/28/2017
8/29/2017
8/30/2017
8/31/2017
9/1/2017
9/2/2017
9/3/2017
9/4/2017
9/5/2017
9/6/2017
9/7/2017
9/8/2017

74
73
73
74
73
74
73
73
74
73
73
73
73
72
73
73
72
73
73
73
73
73
73
74
73
73
73
73
73
73
73
73
73
74
73
73
73
73
73
73
73
73
73
72
73
73
72
73

72
72
71
72
72
72
71
71
71
72
72
72
71
71
71
71
71
71
72
71
71
71
71
71
71
72
71
71
71
71
72
72
72
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
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Temperature (°F)

Temperature (°F)

Temperature (°F)

Date

High

Low

Date

High

Low

Date

High

Low

1/8/2017
1/9/2017
1/10/2017
1/11/2017
1/12/2017
1/13/2017
1/14/2017
1/15/2017
1/16/2017
1/17/2017
1/18/2017
1/19/2017
1/20/2017
1/21/2017
1/22/2017
1/23/2017
1/24/2017
1/25/2017
1/26/2017
1/27/2017
1/28/2017
1/29/2017
1/30/2017
1/31/2017
2/1/2017
2/2/2017
2/3/2017
2/4/2017
2/5/2017
2/6/2017
2/7/2017
2/8/2017
2/9/2017
2/10/2017
2/11/2017
2/12/2017
2/13/2017
2/14/2017
2/15/2017
2/16/2017
2/17/2017
2/18/2017
2/19/2017
2/20/2017
2/21/2017
2/22/2017
2/23/2017
2/24/2017

72
72
72
75
75
75
73
73
73
74
73
74
74
75
74
73
73
74
74
74
73
73
74
74
75
76
75
75
75
76
75
76
75
74
74
74
74
75
75
75
75
75
75
75
74
75
76
77

71
71
71
72
73
73
71
72
71
72
73
72
73
73
73
72
72
72
73
73
72
72
72
71
74
74
73
74
74
74
74
74
73
73
74
73
74
74
74
74
74
74
74
72
71
72
72
74

5/10/2017
5/11/2017
5/12/2017
5/13/2017
5/14/2017
5/15/2017
5/16/2017
5/17/2017
5/18/2017
5/19/2017
5/20/2017
5/21/2017
5/22/2017
5/23/2017
5/24/2017
5/25/2017
5/26/2017
5/27/2017
5/28/2017
5/29/2017
5/30/2017
5/31/2017
6/1/2017
6/2/2017
6/3/2017
6/4/2017
6/5/2017
6/6/2017
6/7/2017
6/8/2017
6/9/2017
6/10/2017
6/11/2017
6/12/2017
6/13/2017
6/14/2017
6/15/2017
6/16/2017
6/17/2017
6/18/2017
6/19/2017
6/20/2017
6/21/2017
6/22/2017
6/23/2017
6/24/2017
6/25/2017
6/26/2017

76
75
75
73
72
73
74
76
76
75
76
76
74
73
74
72
73
75
74
72
74
73
74
74
73
73
72
72
74
74
74
73
74
76
77
73
73
73
73
74
73
73
73
74
74
74
73
73

72
73
72
72
71
71
72
73
73
73
72
72
71
71
71
72
71
71
71
71
71
72
71
71
71
71
72
72
72
72
71
71
72
72
72
72
71
71
71
71
72
72
72
71
72
72
72
71

9/9/2017
9/10/2017
9/11/2017
9/12/2017
9/13/2017
9/14/2017
9/15/2017
9/16/2017
9/17/2017
9/18/2017
9/19/2017
9/20/2017
9/21/2017
9/22/2017
9/23/2017
9/24/2017
9/25/2017
9/26/2017
9/27/2017
9/28/2017
9/29/2017
9/30/2017
10/1/2017
10/2/2017
10/3/2017
10/4/2017
10/5/2017
10/6/2017
10/7/2017
10/8/2017
10/9/2017
10/10/2017
10/11/2017
10/12/2017
10/13/2017
10/14/2017
10/15/2017
10/16/2017
10/17/2017
10/18/2017
10/19/2017
10/20/2017
10/21/2017
10/22/2017
10/23/2017
10/24/2017
10/25/2017
10/26/2017

74
73
73
74
73
73
73
73
73
73
72
72
72
72
72
73
73
74
73
74
73
73
72
72
72
73
73
74
73
73
72
72
73
72
73
73
72
72
72
73
73
73
72
73
72
72
72
72

71
72
72
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
72
72
71
71
71
70
71
71
71
71
71
71
71
71
72
71
71
71
71
71
71
70
71
71
71
71
71
71
71
71
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Temperature (°F)

Temperature (°F)

Temperature (°F)

Date

High

Low

Date

High

Low

Date

High

Low

2/25/2017
2/26/2017
2/27/2017
2/28/2017
3/1/2017
3/2/2017

77
74
74
75
75
75

74
72
71
72
73
72

6/27/2017
6/28/2017
6/29/2017
6/30/2017
7/1/2017
7/2/2017

73
74
73
74
74
74

71
71
72
72
72
72

10/27/2017
10/28/2017
10/29/2017
10/30/2017
10/31/2017
—

73
73
72
71
72
—

71
71
70
71
71
—
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Aluminum Chloride Hexahydrate [NEW] (USP42-NF37 2S)
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Indicators
Eriochrome Black T (USP42-NF37 2S)

REFERENCE TABLES
Container Specifications
Container Specifications [NEW] (USP42-NF37 2S)
Description and Solubility
Description and Relative Solubility of USP and NF Articles (USP42-NF37 2S)
Description and Solubility - G

USP MONOGRAPHS
Abacavir, Lamivudine and Zidovudine Tablets [NEW] (USP42-NF37 2S)
Arginine (USP42-NF37 2S)
Arginine Hydrochloride (USP42-NF37 2S)
Arginine Hydrochloride Compounded Oral Solution [NEW] (USP42-NF37 2S)
Astemizole (USP42-NF37 2S)
Astemizole Tablets (USP42-NF37 2S)
Atovaquone and Proguanil Hydrochloride Tablets [NEW] (USP42-NF37 2S)
Atropine Sulfate Tablets (USP42-NF37 2S)
Azatadine Maleate (USP42-NF37 2S)
Azithromycin for Oral Suspension (USP42-NF37 2S)
Baclofen Injection [NEW] (USP42-NF37 2S)
Bisoprolol Fumarate (USP42-NF37 2S)
Bisoprolol Fumarate Tablets (USP42-NF37 2S)
Cetylpyridinium Chloride (USP42-NF37 2S)
Chlorambucil Compounded Oral Suspension [NEW] (USP42-NF37 2S)
Chloramphenicol Compounded Oral Suspension, Veterinary [NEW] (USP42-NF37 2S)
Chlordiazepoxide (USP42-NF37 2S)
Chlordiazepoxide Hydrochloride (USP42-NF37 2S)
Clonidine Hydrochloride Compounded Oral Suspension [NEW] (USP42-NF37 2S)
Clozapine (USP42-NF37 2S)
Clozapine Tablets (USP42-NF37 2S)
Dehydrocholic Acid Tablets (USP42-NF37 2S)
Demeclocycline (USP42-NF37 2S)
Demeclocycline Oral Suspension (USP42-NF37 2S)
Demeclocycline Hydrochloride Capsules (USP42-NF37 2S)
Deslanoside (USP42-NF37 2S)
Desmopressin Acetate (USP42-NF37 2S)
Dexamethasone Acetate Injectable Suspension (USP42-NF37 2S)
Dexamethasone Sodium Phosphate Cream (USP42-NF37 2S)
Dexamethasone Sodium Phosphate Ophthalmic Ointment (USP42-NF37 2S)
Dextroamphetamine Sulfate Capsules (USP42-NF37 2S)
Diatrizoate Sodium (USP42-NF37 2S)
Diazepam Capsules (USP42-NF37 2S)
Diazepam Extended-Release Capsules (USP42-NF37 2S)
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Dichloralphenazone (USP42-NF37 2S)
Dicloxacillin Sodium for Oral Suspension (USP42-NF37 2S)
Diethylstilbestrol Injection (USP42-NF37 2S)
Diethylstilbestrol Tablets (USP42-NF37 2S)
Diphenhydramine Hydrochloride Oral Powder [NEW] (USP42-NF37 2S)
Doxazosin Tablets (USP42-NF37 2S)
Enalapril Maleate (USP42-NF37 2S)
Epinephrine Bitartrate (USP42-NF37 2S)
Ezetimibe (USP42-NF37 2S)
Felodipine (USP42-NF37 2S)
Fenoldopam Mesylate Injection (USP42-NF37 2S)
Hard Gelatin Capsule Shell (USP42-NF37 2S)
Hydrochlorothiazide Compounded Oral Suspension [NEW] (USP42-NF37 2S)
Hydrocortisone (USP42-NF37 2S)
Hard Hypromellose Capsule Shell (USP42-NF37 2S)
Levodopa Capsules (USP42-NF37 2S)
Levodopa Tablets (USP42-NF37 2S)
Levofloxacin Tablets (USP42-NF37 2S)
Lidocaine, Racepinephrine and Tetracaine Hydrochlorides Compounded Topical Gel [NEW]
(USP42-NF37 2S)
Loracarbef (USP42-NF37 2S)
Magnesium Citrate (USP42-NF37 2S)
Memantine Hydrochloride Oral Solution [NEW] (USP42-NF37 2S)
Methacholine Chloride (USP42-NF37 2S)
Oxtriphylline Oral Solution (USP42-NF37 2S)
Oxtriphylline Tablets (USP42-NF37 2S)
Oxycodone Hydrochloride Extended-Release Tablets (USP42-NF37 2S)
Oxytetracycline and Nystatin Capsules (USP42-NF37 2S)
Oxytetracycline and Nystatin for Oral Suspension (USP42-NF37 2S)
Oxytetracycline Calcium (USP42-NF37 2S)
Oxytetracycline Calcium Oral Suspension (USP42-NF37 2S)
Phensuximide (USP42-NF37 2S)
Phensuximide Capsules (USP42-NF37 2S)
Phenytoin Compounded Topical Gel [NEW] (USP42-NF37 2S)
Physostigmine Salicylate Ophthalmic Solution (USP42-NF37 2S)
Piroxicam (USP42-NF37 2S)
Potassium Perchlorate Capsules (USP42-NF37 2S)
Pregabalin Capsules [NEW] (USP44-NF39 1S)
Propoxycaine Hydrochloride (USP42-NF37 2S)
Propyliodone Injectable Oil Suspension (USP42-NF37 2S)
Quinine Sulfate Capsules (USP42-NF37 2S)
Repaglinide and Metformin Hydrochloride Tablets [NEW] (USP42-NF37 2S)
Rifampin (USP42-NF37 2S)
Rifampin Capsules (USP42-NF37 2S)
Rifampin for Injection (USP42-NF37 2S)
Sodium Fluoride Tablets (USP42-NF37 2S)
Thioridazine Oral Suspension (USP42-NF37 2S)
Timolol Maleate (USP42-NF37 2S)
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Torsemide Compounded Oral Suspension [NEW] (USP42-NF37 2S)
Tranexamic Acid (USP42-NF37 2S)
Triamcinolone Acetonide Cream (USP42-NF37 2S)
Triamcinolone Acetonide Dental Paste (USP42-NF37 2S)
Vancomycin (USP42-NF37 2S)

DIETARY SUPPLEMENT MONOGRAPHS
Bael Tree Fruit [NEW] (USP42-NF37 2S)
Bael Tree Fruit Dry Extract [NEW] (USP42-NF37 2S)
Bael Tree Fruit Powder [NEW] (USP42-NF37 2S)
Cobamamide (USP42-NF37 2S)
Coptis Species Rhizome [NEW] (USP42-NF37 2S)
Coptis Species Rhizome Dry Extract [NEW] (USP42-NF37 2S)
Coptis Species Rhizome Powder [NEW] (USP42-NF37 2S)
Cystine (USP42-NF37 2S)
Indian Barberry Stem [NEW] (USP42-NF37 2S)
Indian Barberry Stem Dry Extract [NEW] (USP42-NF37 2S)
Indian Barberry Stem Powder [NEW] (USP42-NF37 2S)
Terminalia Chebula Fruit [NEW] (USP42-NF37 2S)
Terminalia Chebula Fruit Dry Extract [NEW] (USP42-NF37 2S)
Terminalia Chebula Fruit Powder [NEW] (USP42-NF37 2S)

EXCIPIENTS
Excipients (USP and NF), Listed By Category (USP42-NF37 2S)
Briefing
Introduction
Emulsifying Agent
Lubricant

NF MONOGRAPHS
Purified Bentonite (USP42-NF37 2S)
Galactose (USP42-NF37 2S)
Glyceryl Mono and Dicaprylate [NEW] (USP42-NF37 2S)
Glyceryl Mono and Dicaprylocaprate [NEW] (USP42-NF37 2S)
Glyceryl Monocaprylate (USP42-NF37 2S)
Glyceryl Monocaprylocaprate (USP42-NF37 2S)

STAGE 2 HARMONIZATION
Stage 2 Harmonization

STIMULI TO THE REVISION PROCESS
STIMULI TO THE REVISION PROCESS
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Acceptance Sampling Strategies Applied to USP <790> Visible Particulates In Injections
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This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP website). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP website.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

PF 44(5): Sep.-Oct. 2018

11

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP website (http://www.usp.org/getinvolved/donate/submission-guidelines). Note that the Expert Committee listing and the
Scientific Staff Directory also are located on the USP website (see below for links).
Proposed and Adopted Revisions to the USP–NF
Section
Content
How Readers Can Respond
Proposed
Proposals for Interim
Review material and send comments within
Interim
Revision Announcements
90 days of the PF publication in which the
Revision
(IRAs) that will be
standard was proposed (or per the
Announcements published as official USP
comment deadline listed in the Briefing
or NF standards
section). Direct comments to the USP
BRIEFING: Scientific
Scientific Liaison using the contact
rationale for proposed
information provided at the end of each
changes. May include
Proposed IRA
other information useful
to the analyst, such as
the brand name of the
column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph
or general chapter.
In-Process
Proposals for standards
Review material and send comments within
Revision
that will be published as
90 days of the PF publication in which the
official in a future USP–
revision was proposed (or per the
NF book or Supplement.
comment deadline listed in the Briefing
section). Direct comments to the USP
BRIEFING: Scientific
Scientific Liaison using the contact
rationale for
information provided at the end of each
proposed changes.
proposed revision. For general inquiries or
May include other
in cases where a Scientific Liaison is not
information useful to
identified, use the general USP telephone
the analyst, such as
number 301-881-0666 or fax number 301the brand name of
998-6839 or stdsmonographs@usp.org.
the column used in
developing the
proposed procedure
and the USP Expert
Committee and USP
Scientific Liaisons
who handle the
monograph or general
chapter.
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Harmonization
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Content
Revision proposals from
the Pharmacopoeial
Discussion Group (PDG),
which comprises the
European
Pharmacopoeia, the
Japanese
Pharmacopoeia, and
USP. The Stage 2 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The
draft is published in its
entirety.

How Readers Can Respond
Review material and provide comments to
the USP Scientific Liaison using the
contact information provided at the end of
each Stage 2 Harmonization.

BRIEFING: Scientific
rationale for the
potential inclusion or
change or for the
proposed change.
Stimuli to the
Revision
Process

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

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

Other Sections
Expert Committees
A listing of the 2015–2020 Expert Committees that work on the development of USP
compendial standards (http://www.usp.org/expert-committees)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards (http://www.usp.org/help/scientificsupport/standards-development-staff)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.uspnf.com/pharmacopeial-forum for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's website.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example: new text Where the symbols appear together with no enclosed
text, such as
, it means that text has been deleted and no new text was proposed to
replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the
date the proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Medium-Chain Triglycerides, NF 36 page 5645. On the basis of comments and data
received and as part of USP monograph modernization efforts, it is proposed to replace the
current procedure in the tests for Limit of Chromium, Limit of Copper, Limit of Lead, Limit of
Nickel, and Limit of Tin based on atomic absorption with a procedure based on inductively
coupled plasma mass spectrometry (ICP–MS).The current tests for specific elements listed
above employ a standard addition method that requires spiking of Medium-Chain Triglycerides
samples dissolved in diisobutyl ketone with the aqueous metal standard solutions. Due to
immiscibility of the aqueous metal standard solutions with Medium-Chain Triglycerides samples
prepared in diisobutyl ketone, the determination of chromium, copper, lead, nickel, and tin
cannot be done as written in the monograph. The newly proposed procedure employs an acid
digestion of a Medium-Chain Triglycerides sample followed by the ICP–MS analysis.
The comment period for the above revision ends November 30, 2018. In the absence of
significant adverse comments, it is proposed to implement this revision via an Interim Revision
Announcement to the Second Supplement to USP 42–NF 36, with an official date of March 1,
2019.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: G. Holloway.)
Correspondence Number—C188511
Comment deadline: November 30, 2018
Medium-Chain Triglycerides
Glycerides, mixed decanoyl and octanoyl;
Caprylic and capric triglycerides.
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DEFINITION
Medium-Chain Triglycerides consist of a mixture of triglycerides of saturated fatty acids,
mainly of caprylic acid (C8 H16 O2 ) and capric acid (C10 H20 O2 ). The fatty acids are derived
from the oil extracted from the hard, dried fraction of the endosperm of Cocos nucifera L.
or from the dried endosperm of Elaeis guineensis Jacq. They contain NLT 95% of saturated
fatty acids with 8 and 10 carbon atoms.
IDENTIFICATION
• A. Meet the requirements in Specific Tests for Fats and Fixed Oils 〈401〉, Procedures,
Saponification Value
• B. Meet the requirements in Specific Tests for Fats and Fixed Oils 〈401〉, Procedures, Fatty
Acid Composition
IMPURITIES
Delete the following:
• Heavy Metals, Method II〈231〉
[Note—Use this test for Medium-Chain Triglycerides intended for use other than in
parenteral nutrition.]
Sample solution: Transfer 2.0 g of Medium-Chain Triglycerides to a quartz crucible. Add
0.5 g of magnesium oxide. Ignite the crucible to dull redness until a homogeneous white or
grayish-white mass is obtained. Ignite at 800° for 1 h, cool, and dissolve the residue by
adding two 5-mL portions of diluted hydrochloric acid. Add 0.1 mL of phenolphthalein TS
and then ammonium hydroxide until a pink color is obtained. Cool, add glacial acetic acid
until the solution is decolorized, then add 0.5 mL in excess, and dilute with water to 20.0
mL.
Standard solution: To 0.5 g of magnesium oxide add 2.0 mL of Lead Standard Solution,
and evaporate to dryness at 105° for 1 h. Using the same conditions as prescribed for the
Sample solution, ignite, dissolve in diluted hydrochloric acid, add ammonia and then acetic
acid, and dilute with water to 20.0 mL.
Analysis: To 12 mL of the Sample solution add 2.0 mL of pH 3.5 Acetate Buffer and 1.2 mL
of thioacetamide–glycerin base TS. To 10 mL of the Standard solution add 2.0 mL of the
Sample solution, and add 2.0 mL of pH 3.5 Acetate Buffer and 1.2 mL of
thioacetamide–glycerin base TS. Prepare a blank, using a mixture of 10 mL of water and
2.0 mL of the Sample solution. Compared to the blank, the Standard solution shows a light
brown color. Dilute both the Sample solution and the Standard solution with water to 50
mL, allow to stand for 2 min, and view downward over a white surface.
Acceptance criteria: NMT 10 µg/g; any brown color of the Sample solution is not darker
than that of the Standard solution. (O fficial 1-Jan-2018)
Delete the following:
• Limit of Chromium
[Note—Use this test for Medium-Chain Triglycerides intended for use in parenteral nutrition.]
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Sample stock solution: 500 mg/mL of Medium-Chain Triglycerides in diisobutyl ketone
Sample solution: 200 mg/mL of Medium-Chain Triglycerides in diisobutyl ketone, from
Sample stock solution
Chromium standard stock solution: 0.283 mg/mL of potassium dichromate in water,
using potassium dichromate previously dried at 105° for 4 h
Chromium standard solution: Immediately before use, prepare 0.283 µg/mL of potassium
dichromate in water, from the Chromium standard stock solution. This solution contains
the equivalent of 0.1 µg/mL of chromium.
Standard solutions: Into each of three 10-mL volumetric flasks, transfer 4.0 mL of Sample
stock solution, add 0.5, 1.0, and 2.0 mL, respectively, of Chromium standard solution,
and dilute with diisobutyl ketone to volume. These solutions contain 0.005, 0.01, and 0.02
µg/mL of chromium.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometer equipped with a graphite furnace
Analytical wavelength: 357.8 nm
Lamp: Chromium hollow-cathode
Carrier gas: Argon
Analysis
Samples: Standard solutions and Sample solution
Determine the abosrbances of the Standard solutions and the Sample solution in triplicate,
and determine the average of the steady readings for each. Plot the average
absorbances of the Standard solutions and the Sample solution versus the
concentration of added chromium. Draw the straight line best fitting the points, and
extrapolate the line until it meets the concentration axis. The distance between this
point and the intersection of the axes represents the concentration of chromium in the
Sample solution.
Acceptance criteria: NMT 0.05 µg/g

(IRA 1-Mar-2019)

Delete the following:
• Limit of Copper
[Note—Use this test for Medium-Chain Triglycerides intended for use in parenteral nutrition.]
Sample stock solution and Sample solution: Proceed as directed in the test for Limit of
Chromium.
Copper standard stock solution: 0.393 mg/mL of cupric sulfate in water
Copper standard solution: Immediately before use, prepare 0.393 µg/mL of cupric sulfate
in water, from the Copper standard stock solution. This solution contains the equivalent
of 0.1 µg/mL of copper.
Standard solutions: Into each of three 10-mL volumetric flasks, transfer 4.0 mL of Sample
stock solution. Add 1.0, 2.0, and 4.0 mL, respectively, of Copper standard solution, and
dilute with diisobutyl ketone to volume. These solutions contain 0.01, 0.02, and 0.04
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µg/mL of copper.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometer equipped with a graphite furnace
Analytical wavelength: 324.7 nm
Lamp: Copper hollow-cathode
Carrier gas: Argon
Analysis
Samples: Standard solutions and the Sample solution
Record the average of the steady readings for each of the Standard solutions and the
Sample solution in triplicate. Plot the absorbances of the Standard solutions and the
Sample solution versus the concentration of added copper. Draw the straight line best
fitting the points, and extrapolate the line until it meets the concentration axis. The
distance between this point and the intersection of the axes represents the
concentration of copper in the Sample solution.
Acceptance criteria: NMT 0.1 µg/g

(IRA 1-Mar-2019)

Delete the following:
• Limit of Lead
[Note—Use this test for Medium-Chain Triglycerides intended for use in parenteral nutrition.]
Sample stock solution and Sample solution: Proceed as directed in the test for Limit of
Chromium.
Lead standard stock solution: Dissolve 160 mg of lead nitrate in 100 mL of water that
contains 1 mL of lead-free nitric acid, and dilute with water to 1000 mL. Pipet 10 mL of
this solution into a 100-mL volumetric flask, and dilute with water to volume.
Lead standard solution: Immediately before use, prepare 0.16 µg/mL of lead nitrate from
the Lead standard stock solution. This solution contains the equivalent of 0.1 µg/mL of
lead.
Standard solutions: Into each of three 10-mL volumetric flasks, transfer 4.0 mL of Sample
stock solution. Add 1.0, 2.0, and 4.0 mL, respectively, of Lead standard solution, and
dilute with diisobutyl ketone to volume. These solutions contain 0.01, 0.02, and 0.04
µg/mL of lead.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometer equipped with a graphite furnace coated
inside with palladium carbide
[Note—Calcination is carried out in the presence of oxygen at a temperature below
800°.]
Analytical wavelength: 283.3 nm
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Lamp: Lead hollow-cathode
Carrier gas: Argon
Analysis
Samples: Standard solutions and the Sample solution
Record the average of the steady readings for each of the Standard solutions and the
Sample solution in triplicate. Plot the absorbances of the Standard solutions and the
Sample solution versus the concentration of added lead. Draw the straight line best
fitting the points, and extrapolate the line until it meets the concentration axis. The
distance between this point and the intersection of the axes represents the
concentration of lead in the Sample solution.
Acceptance criteria: NMT 0.1 µg/g

(IRA 1-Mar-2019)

Delete the following:
• Limit of Nickel
[Note—Use this test for Medium-Chain Triglycerides intended for use in parenteral nutrition.]
Sample stock solution and Sample solution: Proceed as directed in the test for Limit of
Chromium.
Nickel standard solution: Immediately before use, dilute 10 mL of nickel standard solution
TS with water to 1000 mL. This solution contains the equivalent of 0.1 µg/g of nickel.
Standard solutions: Into each of three 10-mL volumetric flasks, transfer 4.0 mL of Sample
stock solution. Add 1.0, 2.0, and 4.0 mL, respectively, of Nickel standard solution, and
dilute with diisobutyl ketone to volume. These solutions contain 0.01, 0.02, and 0.04
µg/mL of nickel.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometer equipped with a graphite furnace
Analytical wavelength: 232 nm
Lamp: Nickel hollow cathode
Carrier gas: Argon
Analysis
Samples: Standard solutions and the Sample solution
Record the average of the steady readings for each of the Standard solutions and the
Sample solution in triplicate. Plot the absorbances of the Standard solutions and the
Sample solution versus the concentration of added nickel. Draw the straight line best
fitting the points, and extrapolate the line until it meets the concentration axis. The
distance between this point and the intersection of the axes represents the
concentration of nickel in the Sample solution.
Acceptance criteria: NMT 0.1 µg/g
Delete the following:

(IRA 1-Mar-2019)
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• Limit of Tin
[Note—Use this test for Medium-Chain Triglycerides intended for use in parenteral nutrition.]
Sample stock solution and Sample solution: Proceed as directed in the test for Limit of
Chromium.
Tin standard stock solution: Dissolve 500 mg of metallic tin (Sn) in a mixture of 5 mL of
water and 25 mL of hydrochloric acid, and dilute with water to 1000 mL.
Tin standard solution: Immediately before use, dilute 10 mL of Tin standard stock solution
with dilute hydrochloric acid (2.5 in 100) to 1000 mL, and then dilute 10 mL of the solution
with water to 500 mL. This solution contains the equivalent of 0.1 µg/g of tin.
Standard solutions: Into each of three 10-mL volumetric flasks, transfer 4.0 mL of Sample
stock solution. Add 1.0, 2.0, and 4.0 mL, respectively, of Tin standard solution, and dilute
with diisobutyl ketone to volume. These solutions contain 0.01, 0.02, and 0.04 µg/mL of
tin.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometer equipped with a graphite furnace coated
inside with palladium carbide
Analytical wavelength: 286.3 nm
Lamp: Tin hollow-cathode
Carrier gas: Argon
Analysis
Samples: Standard solutions and the Sample solution
Record the average of the steady readings for each of the Standard solutions and the
Sample solution in triplicate. Plot the absorbances of the Standard solutions and the
Sample solution versus the concentration of added tin. Draw the straight line best fitting
the points, and extrapolate the line until it meets the concentration axis. The distance
between this point and the intersection of the axes represents the concentration of tin
in the Sample solution.
Acceptance criteria: NMT 0.1 µg/g

(IRA 1-Mar-2019)

Add the following:
• Limit of Chromium, Copper, Lead, and Nickel
[Note—Use this test for Medium-Chain Triglycerides intended for use in parenteral nutrition.]
Internal standard solution: [Note—Prepare this solution fresh every 6 months.]Transfer
2.0 mL of a solution containing 1000 mg/L of yttrium [Note—Yttrium ICP standard solutions
are commercially available.1] and 2.0 mL of a solution containing 1000 mg/L of lutetium
[Note—Lutetium ICP standard solutions are commercially available.2] to a 1000-mL
volumetric flask, add 10 mL of 65% ultratrace nitric acid, dilute with water to volume, and
mix.
Blank standard: Transfer 1.0 mL of the Internal standard solution to a 100-mL volumetric
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flask, add 10.0 mL of 65% ultratrace nitric acid, dilute with water to volume, and mix.
Standard stock solution: Transfer 1.0 mL each of the solutions containing 1000 mg/L of
chromium, copper, lead, and nickel [Note—Single-element ICP standard solutions are
commercially available.3]to a 100-mL volumetric flask, add 10.0 mL of 65% ultratrace nitric
acid, dilute with water to volume, and mix. [Note—Prepare this solution fresh
monthly.]Transfer 1.0 mL of this solution to a 100-mL volumetric flask, add 10 mL of 65%
ultratrace nitric acid, dilute with water to volume, and mix. The concentration of each
element in this solution is 100 µg/L. [Note—Prepare this solution fresh weekly.]
Standard solutions: [Note—Prepare these solutions fresh each time.]Into two separate
100-mL volumetric flasks, transfer 1.0 mL and 5.0 mL of the Standard stock solution, add
1.0 mL of the Internal standard solution and 10.0 mL of 65% ultratrace nitric acid, dilute
with water to volume, and mix well. The concentration of each element in these solutions
is 1 µg/L and 5 µg/L, respectively.
Sample solution: Transfer 3.5 g of Medium-Chain Triglycerides into a suitable quartz flask.
Add 5 mL of concentrated sulfuric acid4 and heat slowly on a hot-plate in a fume hood. At
the boiling heat, carefully add 5 mL of 30% hydrogen peroxide5 in 1-mL increments.
Continue heating until the solution is clear and colorless. Otherwise, add another 3 mL
concentrated sulfuric acid and continue to add more 30% hydrogen peroxide. After
cooling, cautiously add about 5 mL of water dropwise. Quantitatively transfer the flask’s
contents into a clean, dry, 20-mL volumetric flask, dilute with water to volume, and mix.
Transfer 1.0 mL of digestion solution to a 20-mL volumetric flask, add 0.2 mL of the
Internal standard solution and 2.0 mL of 65% ultratrace nitric acid, dilute with water to
volume, and mix. Retain the remaining digestion solution for use in the test for Limit of
Tin.
Blank solution: Prepare the blank digestion solution, following the preparation procedure
for the Sample solution, but without using Medium-Chain Triglycerides.
Instrumental conditions
(See Plasma Spectrochemistry 〈730〉.)
Mode: ICP–MS
Spectrometer: Quadrupole mass spectrometer
Detector: Ion detector maintained under vacuum
Other requirements: The instrument should read all isotopes for the following elements
shown in Table 1, for the yttrium internal standard (89 amu) and the lutetium internal
standard (175 and 176 amu), and should report the total element contents using the most
naturally abundant isotopes.
Table 1
Element
Isotope (Mass)
Chromium
52
Copper
63
Lead
206
Nickel
58
Tin
118
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Analysis
Samples: Blank standard, Standard solutions, Blank solution, and Sample solution
Instrument performance must be verified to conform to the manufacturer’s specifications
for resolution and sensitivity. Before analyzing samples, the instrument must pass a
suitable performance check. Perform the evaluation using instrument software such as
correction equations for interferences and taking the Internal standard into account.
Generate the calibration curve using the Blank standard and Standard solutions: the linear
regression coefficient is NLT 0.99 for each element. Determine the concentration of each
element in the Blank solution and in the Sample solution using the calibration curve.
Calculate the quantity, in µg/g, of each element in the portion of Medium-Chain
Triglycerides taken:
Result = (CU − CB)/CS
CU = concentration of each element in the Sample solution (µg/L)
CB = concentration of each element in the Blank solution (µg/L)
CS = concentration of Medium-Chain Triglycerides in the Sample solution (g/L)
Acceptance criteria: See Table 2.
Table 2
Acceptance
Criteria,
Element
NMT (µg/g)
Chromium
0.05
Copper
0.1
Lead
0.1
Nickel
0.1
(IRA 1-Mar-2019)

Add the following:
• Limit of Tin
[Note—Use this test for Medium-Chain Triglycerides intended for use in parenteral nutrition.]
Internal standard solution, Sample solution, Blank solution, Instrumental conditions,
and Analysis: Proceed as directed in the test for Limit of Chromium, Copper, Lead, and
Nickel
Blank standard: Transfer 1.0 mL of the Internal standard solution to a 100-mL volumetric
flask, add 10.0 mL of 30% hydrochloric acid,6 dilute with water to volume, and mix.
Standard stock solution: Transfer 1.0 mL of a solution containing 1000 mg/L of tin
[Note—Single-element ICP standard solutions are commercially available.7] to a 100-mL
volumetric flask, add 25.0 mL of 30% hydrochloric acid, dilute with water to volume, and
mix. [Note—Prepare this solution fresh monthly.] Transfer 1.0 mL of this solution to a 100mL volumetric flask, add 25.0 mL of 30% hydrochloric acid, dilute with water to volume,
and mix. The concentration of tin in this solution is 100 µg/L. [Note—Prepare this solution
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fresh each time.]
Standard solutions: [Note—Prepare these solutions fresh each time.] Into two separate
100-mL volumetric flasks, transfer 1.0 mL and 5.0 mL of the Standard stock solution, add
1.0 mL of the Internal standard solution and 25.0 mL of 30% hydrochloric acid, dilute with
water to volume, and mix well. The concentration of tin in these solutions is 1 µg/L and 5
µg/L, respectively.
Acceptance criteria: NMT 0.1 µg/g (IRA 1-Mar-2019)
• Alkaline Impurities
Sample solution: Dissolve 2.0 g of Medium-Chain Triglycerides in a mixture of alcohol and
ethyl ether (1.5: 3.0).
Analysis: Add 0.05 mL of bromophenol blue TS to the Sample solution, and titrate with
0.01 N hydrochloric acid to a yellow endpoint.
Acceptance criteria: NMT 0.15 mL of 0.01 N hydrochloric acid is required.
SPECIFIC TESTS
• Fats and Fixed Oils 〈401〉, Procedures, Unsaponifiable Matter
Sample: 5.0 g
Acceptance criteria: NMT 0.5%
• Specific Gravity 〈841〉: 0.93–0.96 at 20°
• Water Determination 〈921〉, Method I: NMT 0.2%
• Appearance
Diluent: Hydrochloric acid and water (2.75%: 97.25%)
Sample: 10 mL
Standard solution: Prepare immediately before use by mixing 2.4 mL of ferric chloride CS
and 0.6 mL of cobaltous chloride CS with Diluent to make 10.0 mL, and diluting 5.0 mL of
the solution with Diluent to make 10.0 mL.
Analysis: Compare the Sample and the Standard solution by viewing them downward in
matched color-comparison tubes against a white surface (see Color and Achromicity
〈631〉).
Acceptance criteria: The Sample is clear and not more intensely colored than the
Standard solution.
• Fats and Fixed Oils 〈401〉, Procedures, Acid Value (Free Fatty Acids): NMT 0.2
• Fats and Fixed Oils 〈401〉, Procedures, Fatty Acid Composition: The fatty acid fraction of
Medium-Chain Triglycerides exhibits the following composition as seen in Table 3. Disregard
any peak with an area less than 0.05% of the total area.
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Carbon-Chain
Length
6
8
10
12
14

Table 3
Number
of Double Bonds
0
0
0
0
0

Percentage
(%)
≤2.0
50.0–80.0
20.0–50.0
≤3.0
≤1.0

•
•
•
•

Fats and Fixed Oils 〈401〉, Procedures, Hydroxyl Value: NMT 10
Fats and Fixed Oils 〈401〉, Procedures, Iodine Value: NMT 1.0
Fats and Fixed Oils 〈401〉, Procedures, Peroxide Value: NMT 1.0
Fats and Fixed Oils 〈401〉, Procedures, Saponification Value
Sample: 1.0 g
Acceptance criteria: 310–360
• Viscosity—Capillary Methods 〈911〉
Analysis: Determine at 20 ± 0.1° with a capillary viscometer.
Acceptance criteria: 25–33 centipoises
• Refractive Index 〈831〉: 1.440–1.452 at 20°
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash
Sample: 2.0 g
Acceptance criteria: NMT 0.1%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light. Store at
temperatures not exceeding 25°.
• Labeling: Where it is intended for use in parenteral nutrition, it is so labeled.
1 A suitable yttrium IC P standard is available from LGC (http://www.lgcstandards.com) or Millipore Sigma
(https://www.sigmaaldrich.com). (IRA 1-Mar-2019)
2 A suitable lutenium IC P standard is available from LGC (http://www.lgcstandards.com) or Millipore Sigma
(https://www.sigmaaldrich.com). (IRA 1-Mar-2019)
3 Suitable single-element IC P standards are available from LGC (http://www.lgcstandards.com) or Millipore
Sigma (https://www.sigmaaldrich.com). (IRA 1-Mar-2019)
4 Suitable ultratrace concentrated sulfuric acid is available from Spectrum C hemicals
(https://www.spectrumchemical.com) or Millipore Sigma (https://www.sigmaaldrich.com).

(IRA 1-Mar-2019)

5 Suitable ultratrace 30% hydrogen peroxide is available from Spectrum C hemicals
(https://www.spectrumchemical.com) or Millipore Sigma (https://www.sigmaaldrich.com).

(IRA 1-Mar-2019)

6 Suitable ultratrace 30% hydrochloric acid is available from Spectrum C hemicals
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(https://www.spectrumchemical.com), Millipore Sigma (https://www.sigmaaldrich.com), WVR
(https://us.vwr.com/store/) or other vendors. (IRA 1-Mar-2019)
7 A suitable tin IC P standard is available from LGC (http://www.lgcstandards.com) or Millipore Sigma
(https://www.sigmaaldrich.com). (IRA 1-Mar-2019)

Recent Official Publications:
USP41–NF36 Page 5645
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, (2) modifications of
revisions previously proposed under In-Process Revision, or (3) proposed revisions for articles
awaiting approval by FDA. Readers should review material in this section and provide comments
to the Scientific Liaison using the contact information appearing at the end of each proposal.
Information on how to comment can be found under the “Participation” section of
www.usp.org. It is important to send comments promptly, before the comment deadline listed
after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text: new text if slated for an IRA; new text if slated for USP–NF; new
text if slated for a Supplement to USP–NF; new text for articles awaiting approval by
FDA. The same symbols indicate recent revisions that are already official. Where the symbols
appear together with no enclosed text, such as
, or
, or
text has been deleted and no new text was proposed to replace it.

, or

, it means that

In revisions, the closing symbol is accompanied by an identifier that indicates the particular IRA,
Supplement, or the USP or NF as the publication where the revision will appear if approved. For
example, 2S (USP 34) indicates that the proposed revision is slated for the Second Supplement
to USP 34, and USP35 and NF30 indicates that the revisions are proposed for USP 35 and NF
30, respectively. In the case of revisions for articles awaiting approval by FDA, the symbols are
followed by TBD indicating that the official publication is To Be Determined. For example, (TBD)
does not yet have a target official publication.
Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
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title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
<3> Topical and Transdermal Drug Products—Product Quality Tests, USP 41 page 5926.
On the basis of comments received, the following changes are being proposed:
1. Include a procedure for sampling products packaged in containers with a non-metered
pump.
2. Include a cross-reference to the new Pharmaceutical Foams—Product Quality Tests
〈607〉.
3. Include a cross-reference to the general chapter Topical Aerosols 〈603〉.
4. Revise the acceptance criteria under the Uniformity of Active Ingredient(s) section.
5. Include the procedures for Delivered-Dose Uniformity in Metered Dose Containers and
for Pump Functionality Test for Metered and Non-Metered Dose Container Closures.
6. Under Specific Tests for TDS, revise the Peel Adhesion Test, Release Liner Peel Test,
Tack Test, and Cold Flow Test, and delete the Rolling Ball Method, and the
Determination of the Validity of Static Shear Test.
7. Include a section on In Vitro Drug Release Test.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCDF: M. Marques.)
Correspondence Number—C195306
Comment deadline: November 30, 2018

〈 3〉 TOPICAL AND TRANSDERMAL DRUG PRODUCTS—PRODUCT QUALITY TESTS
INTRODUCTION
Topically applied drug products fall into two general categories: those applied to achieve local
action and those applied to achieve systemic effects after absorption through the skin into the
blood circulation. Local action can occur at or on the surface of the application site (e.g.,
stratum corneum); in the underlying tissues (e.g., epidermis and/or dermis); and in
subcutaneous tissues (e.g., muscle or joint). Topically applied drug products include, but are
not limited to, creams, gels, ointments, pastes, suspensions, lotions, foams, sprays, aerosols,
solutions, and transdermal delivery systems (TDS). The definitions and descriptions of these
dosage forms, as well as brief information on their composition and/or manufacturing processes,
can be found in Pharmaceutical Dosage Forms 〈1151〉.
Procedures and acceptable criteria for testing topically applied drug products can be divided
into those that assess general product quality attributes and those that assess product
performance. The product quality attributes include the following: description, identification,
assay (strength), impurities, physicochemical properties, uniformity of dosage units, water
content, pH, apparent viscosity, microbial limits, antimicrobial preservative content, antioxidant
content, sterility (if applicable), and other tests that may be product specific. Product
performance testing assesses drug release and other attributes that affect drug release from
the finished dosage form.
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This chapter provides lists of consolidated common product quality test requirements in a
concise and coherent fashion. This chapter applies, in whole or in part, when referenced in a
drug product monograph (see General Notices, 3.10 Applicability of Standards) and includes the
quality tests for the specific route of administration. The quality tests listed can be used as
appropriate by manufacturers toward the development of new drug product monographs for
submission to USP–NF.
TDS release their active ingredients by different mechanisms. They can be passive or active.
This chapter covers only the tests related to passive TDS.
Change to read:
PRODUCT QUALITY TESTS FOR TOPICAL AND TRANSDERMAL DRUG PRODUCTS
Additional Procedure for Products Packaged in Containers with a Non-Metered Pump
For some tests (e.g., viscosity, assay, etc.), with the exception of uniformity in containers
test, samples need to be collected from the pumped-out product. In these instances, the
samples should be collected as follows:
1.

Remove cap from container.

2.

Fully depress and release the actuator, collecting any material dispensed, and allowing
the pump actuator to return to the initial position after each actuation. Repeat the
sequence, as indicated in the patient instructions, until a full amount of material is
dispensed.

3.

Collect the next material dispensed as the sample. Generally, collect NMT the amount
needed to perform a single analysis (for the assay test, typically NMT 2 actuations).

2S (USP42)

Universal Tests
Universal tests [see International Council for Harmonisation (ICH) guidance Q6A—
Specifications: Test Procedures and Acceptance Criteria for New Drug Substances and New
Drug Products: Chemical Substances, available at www.ich.org] are listed as follows and are
applicable to all topically applied drug products.
DESCRIPTION
A qualitative description of the drug product should be provided. The acceptance criteria
should include the final acceptable appearance of the finished dosage form and packaging. A
visual examination should identify changes in color, adhesive migration (i.e., cold flow; see Cold
Flow Test) for TDS, separations, crystallization, and others that are specific to the drug
product. The description should specify the content or the label claim of the article. For TDS, a
visual examination should also be done to assess potential use issues with the product. The
examination should include an assessment of the difficulty of removing the TDS from the pouch
(e.g., due to adhesive migration adhering the system to the pouch); inability to remove the
TDS from the pouch without damage to the system; and adhesive residue remaining on the
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pouch after removal of the TDS. This is not a compendial test but is part of the manufacturer’s
specification for the drug product.
IDENTIFICATION
Identification tests are discussed in General Notices, 5.40 Identification. (CN 1-May-2018)
Identification tests should establish the identity of the drug or drugs present in the article and
should discriminate between compounds of closely related structures that are likely to be
present. Identification tests should be specific for the drug substance(s) (e.g., infrared
spectroscopy). Near-infrared (NIR) or Raman spectrophotometric methods also could be
acceptable for the identification of the drug product (for additional information, see NearInfrared Spectroscopy 〈1119〉 and Raman Spectroscopy 〈1120〉). Identification solely by a single
chromatographic retention time is not specific.
ASSAY
A specific and stability-indicating test should be used to determine the strength (content) of
the drug product. This assay requirement can be satisfied for topical products containing
antibiotics by a standard microbiological method (see Antibiotics—Microbial Assays 〈81〉). In
cases when the use of a nonspecific assay (e.g., Titrimetry 〈541〉) is justified, other supporting
analytical procedures should be used to achieve overall specificity.
IMPURITIES
Process impurities, synthetic byproducts, impurities associated with the adhesive (e.g.,
residual monomers), residual solvents (see Residual Solvents 〈467〉),
(O fficial 1-Jan-2018) and
other inorganic and organic impurities may be present in the drug substance and in the
excipients used in the manufacture of the drug product and should be assessed and controlled.
Impurities arising from the degradation of the drug substance and those arising during the
manufacturing process of the drug product also should be assessed and controlled.
Specific Tests
In addition to the Universal Tests listed previously, the following Specific Tests should be
considered on a case-by-case basis.
UNIFORMITY OF DOSAGE UNITS
This test is applicable for TDS and for topical dosage forms intended for systemic delivery, or
where tight control of the dose is necessary to limit local irritation or undesired systemic
exposure, packaged in single-unit containers, such as packets (see Uniformity of Dosage Units
〈905〉). The uniformity of dosage units specification is not intended to apply to solutions,
suspensions, emulsions, ointments, or gels in single-unit containers intended for local action
following external, cutaneous administration.
WATER CONTENT
A test for water content should be included when appropriate (see Water Determination
〈921〉). This test is generally formulation dependent. Therefore, it is not included in the
compendial drug product monograph but is part of the manufacturer’s specification for the drug
product.
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MICROBIAL LIMITS
Microbial examination of nonsterile drug products is performed according to the methods given
in Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉, unless the
formulation itself is demonstrated to have antimicrobial properties. Acceptance criteria for
nonsterile pharmaceutical products based on total aerobic microbial count and total combined
yeasts and molds count are given in Microbiological Examination of Nonsterile Products:
Acceptance Criteria for Pharmaceutical Preparations and Substances for Pharmaceutical Use
〈1111〉.
ANTIMICROBIAL PRESERVATIVE CONTENT
Acceptance criteria for antimicrobial preservative content in multi-unit products should be
established. They should be based on the levels of antimicrobial preservative necessary to
maintain the product’s microbiological quality at all stages throughout its proposed usage and
shelf life (see Antimicrobial Effectiveness Testing 〈51〉).
ANTIOXIDANT CONTENT
If antioxidants are present in the drug product, tests of their content should be established
unless oxidative degradation can be detected by another test method such as impurity testing.
Acceptance criteria for antioxidant content should be established. They should be based on the
levels of antioxidant necessary to maintain the product’s stability at all stages throughout the
product’s proposed usage and shelf life.
STERILITY
Depending on the use of the dosage form (e.g., products that will be applied to open wounds
or burned areas), sterility of the product should be demonstrated as appropriate (see Sterility
Tests 〈71〉).
PH
When applicable, topically applied drug products should be tested for pH. Because some
topically applied drug products contain very limited quantities of water or aqueous phase, pH
measurements may not always be warranted. This test is generally formulation dependent.
Therefore, it is not included in the compendial drug product monograph but is part of the
manufacturer’s specification for the drug product.
PARTICLE SIZE
When the finished product contains a suspended solid drug substance, the product should be
examined for particle size. The particle size of the active drug substance(s) in topically applied
drug products is usually established and controlled at the formulation development stage.
However, topically applied drug products should be examined for evidence of particle alteration
(i.e., drug polymorphic form, appearance of particles, size, shape, morphology, agglomeration,
or aggregation) of the drug substance that may occur during the course of product processing
and storage. These types of tests are generally formulation dependent. Therefore, such tests
are not included in compendial drug product monographs but are part of the manufacturer’s
specification for the drug product.
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CRYSTAL FORMATION
When the drug substance is dissolved in the finished product, the product should be
microscopically examined for evidence of crystal formation of the active drug substance. This
test is generally formulation dependent. Therefore, it is not included in the compendial drug
product monograph but is part of the manufacturer’s specification for the drug product. It is
recommended that the potential for the drug product to form crystals of drug substance be
examined during product development using conditions of stress.
Add the following:

IN VITRO DRUG RELEASE TEST
For TDS, the in vitro drug release test is required as a batch-to-batch quality control. See
Drug Release 〈724〉 for apparatus and test conditions. The development and validation report of
the in vitro drug release test needs to include sufficient detail and data to facilitate the
assessment of whether the method is adequate as a quality control test for batch release and
stability testing.
For semisolid dosage forms, in vitro drug release testing is currently not required for batch
release. See Semisolid Drug Products—Performance Tests 〈1724〉 for apparatus, test
conditions, and test applicability. 2S (USP42)
SPECIFIC TESTS FOR OPHTHALMIC DRUG PRODUCTS
See Ophthalmic Products—Quality Tests 〈771〉.
Add the following:

SPECIFIC TESTS FOR PHARMACEUTICAL FOAMS
See Pharmaceutical Foams—Product Quality Tests 〈607〉.

2S (USP42)

Add the following:

SPECIFIC TESTS FOR TOPICAL AEROSOLS
See Topical Aerosols 〈603〉.

2S (USP42)

Change to read:
SPECIFIC TESTS FOR TOPICALLY APPLIED SEMISOLID DRUG PRODUCTS
Minimum Fill
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Single- and multiple-unit containers must meet minimum fill requirements as established by
testing described in Minimum Fill 〈755〉. For single-unit containers where the test for 〈905〉 is
applied, the test for 〈755〉 is not required.
Apparent Viscosity
Viscosity is a measure of a formulation’s resistance to flow and is an assessment of a
rheological property of a semisolid dosage form. The term “apparent viscosity” applies to nonNewtonian fluids, which comprise the majority of semisolid pharmaceutical dosage forms.
Measurement procedures should be developed as outlined in Viscosity—Capillary Methods

〈911〉, Viscosity—Rotational Methods 〈912〉, and Viscosity—Rolling Ball Method 〈913〉. For
semisolids that show thixotropy and/or irreversible changes in viscosity after shearing, specific
attention should be given to sample preparation procedures to minimize variability in the
measurement of apparent viscosity caused by variable shear histories (e.g., mixing speed and
temperature, filling operation, and sample handling). Furthermore, for some products it may be
warranted to have apparent viscosity specifications at more than one stage of the
manufacturing process or with more than one set of test conditions (e.g., bulk in-process
stage, final packaged product, high and low shear rates, and different temperatures).
Apart from single-point viscosity measurements, more advanced rheological techniques (flow,
oscillatory, creep, and stress relaxation testing) can be applied to develop a mechanistic
understanding of a formulation and its structure. These techniques may be useful for product
development using the principles of quality by design or for comparative physicochemical
characterization of the test and reference formulations in the case of a biowaiver argument in a
generic drug application. However, these techniques are not generally suitable for routine
quality testing. Common parameters derived from rheological testing of semisolid pharmaceutical
dosage forms that may be useful for characterization and comparison are the storage modulus,
loss modulus, relaxation modulus, compliance, thixotropic index, and yield stress.
Acceptance criteria are product specific and defined to ensure that the apparent viscosity of
each batch of semisolid drug product is within the range defined by the product design and is
consistent between batches based on the product development specifications and statistical
assessment of multiple product batches over the product’s shelf life.
Uniformity in Containers
Topically applied semisolid drug products may show physical separation during manufacturing
processes and during their shelf life. To ensure the integrity of the drug product, it is essential
to evaluate the uniformity of the finished product. This test applies only to multiple-unit
containers, such as tubes and jars. This test does not apply to more fluid topical drug products
in multiple-unit containers, such as emulsions, lotions, two-phase gels, or topical suspensions,
in which the labeling directs the user to mix the product (e.g., shake well) before use.
PRODUCTS PACKAGED IN TUBES
Visual uniformity: Carefully remove or cut off the bottom tube seal and make a vertical cut
from the bottom to the top of the tube. Carefully cut the tube around the upper rim, open the
two flaps, and lay the flaps open to expose the product.
Inspect the product visually for the presence of phase separation, change in physical
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appearance and texture (e.g., color change, crystallization, lumping), and other properties
described in the product specification for Description. If there is no significant phase separation
or change in physical appearance and texture, and if the product meets the Description
criteria, the product passes the test. If the product exhibits significant phase separation or
change in physical appearance or texture, the product fails the test.
Uniformity of active ingredient(s): The following procedures can be modified depending on
the sensitivity of the quantitative procedure used to determine the amount of the drug
substance(s) present in the formulation.
For multiple-unit tubes that contain 5 g or more of product
stage 1:
1. Using a single tube, after performing the test for Visual Uniformity, remove an
appropriate amount of the product from the top (i.e., cap end), middle, and bottom
(i.e., seal end) portions of the tube. The sample size should be sufficient for at least
one quantitative determination of the active ingredient(s) and should not exceed the
maximum dose recommended by the product labeling for a single application.
2. Determine the amount of the active ingredient(s) in each portion of the product using
any appropriate validated quantitative procedure, and evaluate the test results from
the single tube using the Stage 1 acceptance criteria outlined in number 3.
3. Stage 1 acceptance criteria are met if:
None of the three results are outside of the product assay range, and
The maximum difference in the amount of active ingredient(s) determined within
the tube is NMT 10.0%. For example, if the three measurements within the tube
are 97.0%, 95.2%, and 99.7%, the maximum difference would be 4.5% (i.e.,
99.7% − 95.2% = 4.5%).
4. Proceed to Stage 2 testing if Stage 1 acceptance criteria are not met and none of the
test results are outside the product assay range by more than 5.0% (e.g., if the
product assay range is 90.0%–120%, the range will be 85.0%–125.0%), and the
maximum difference in the amount of active ingredient(s) measured within the tube is
NMT 10.0%.
An example of a product that fails to meet Stage 1 criteria: 2S (USP42)
if the highest and lowest assay values were 106.0% and 94.7% of label claim, then the
difference would be 106.0% − 94.7% = 11.7%
11.3%. 2S (USP42)
5. Proceed to Stage 3 testing if Stage 1 acceptance criteria are not met, Stage 2
acceptance criteria cannot be met, NMT one of the three test results is outside of the
product assay range by more than ±5.0%, none of the results are outside the product
assay range by more than ±15.0%,
2S (USP42)

and the maximum difference of the amount of active ingredient(s) measured within the
tube is NMT 15.0%.
stage 2:
1. Test an additional 2 tubes for Visual Uniformity and Uniformity of Active Ingredient(s)
for a total of 3 samples each from 3 tubes.
2. Determine the amount of the active ingredient(s) in each portion of the product using
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any appropriate validated quantitative procedure, and evaluate the test results from
the 3 tubes using the Stage 2 acceptance criteria.
3. Stage 2 acceptance criteria are met if:
The Visual Uniformity test is met for all tubes;
None of the 9 results (i.e., 3 each from 3 tubes) are outside of the product
assay range by NMT 5.0%; and
The maximum difference of the amount of active ingredient(s) measured within
each tube, for each of the samples tested, is NMT 10.0%.
4. Proceed to Stage 3 testing if NMT one of the 9 test results is outside of the product
assay range by ±5.0%, none are outside the product assay range by ±15.0%,
2S (USP42)

and the maximum difference of the amount of active ingredient(s) measured within each
tube is NMT 15.0%.
stage 3:
1. If Stage 2 has been completed, test an additional 7 tubes for Visual Uniformity and
Uniformity of Active Ingredient(s) for a total of 3 samples each from 10 tubes. If Stage
2 was skipped, test an additional 9 tubes for Visual Uniformity and Uniformity of Active
Ingredient(s) for a total of 3 samples each from 10 tubes.
2.

Determine the amount of active ingredient(s) in each portion of the product using any
appropriate validated quantitative procedure, and evaluate the test results from the 10
tubes using the Stage 3 acceptance criteria as outlined in number 3.

3. Stage 3 acceptance criteria are met if:
The Visual Uniformity test is met for all tubes;
29 of the 30 test results are within the product assay range by ±5.0%, and
none are outside of the product assay range by ±15.0%;
NMT 1 of the 30 test results is outside of the product assay range by ±5.0%;
2S (USP42)

and
The maximum difference of the amount of active ingredient(s) measured within
each tube, for each of the 10 tubes tested, is NMT 15.0%.
For multiple-unit tubes that contain less than 5 g of product
stage 1:
1. Using a single tube, after performing the test for Visual Uniformity, remove an
appropriate amount of product from the top (i.e., cap end) and bottom (i.e., seal end)
portions of the tube. The sample size should be sufficient for at least one quantitative
determination of the active ingredient(s) and should not exceed the maximum dose
recommended by the product labeling for a single application.
2. Determine the amount of the active ingredient(s) in each portion of the product using
any appropriate validated quantitative procedure, and evaluate the test results from
the tube using the Stage 1 acceptance criteria outlined in number 3.
3. Stage 1 acceptance criteria are met if:
Neither result is outside of the product assay range; and
The difference between the amount of active ingredient(s) determined for the 2
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samples within the tube tested is NMT 10.0%. For example, if the two
measurements within a tube were 95.2% and 89.7%, the difference would be
5.5%.
4. Proceed to Stage 2 testing if Stage 1 acceptance criteria are not met and neither of
the test results are outside the product assay range by more than ±5.0% (e.g., if the
product assay range is 90.0%–120.0%, the range will be 85.0%–125.0%), and the
difference between the amounts of active ingredient(s) measured within the tube is
NMT 10.0%.
5. Proceed to Stage 3 testing if Stage 1 acceptance criteria are not met, Stage 2
acceptance criteria cannot be met, NMT one of the test results is outside of the
product assay range by more than ±5.0%, and none of the results are outside the
product assay range by more than ±15.0%,
2S (USP42)

and the difference between the amounts of active ingredient(s) measured within the
tube is NMT 15.0%.
stage 2:
1. Test an additional 2 tubes for Visual Uniformity and Uniformity of Active Ingredient(s)
for a total of 2 samples each from 3 tubes.
2. Determine the amount of the active ingredient(s) in each portion of the product using
any appropriate validated quantitative procedure, and evaluate the test results from
the 3 tubes using the Stage 2 acceptance criteria as outlined in number 3.
3. Stage 2 acceptance criteria are met if:
The Visual Uniformity test is met for all tubes;
None of the 6 test results (i.e., 2 each from 3 tubes) are outside of the product
assay range by ±5.0%; and
The difference between the amount of active ingredient(s) determined for the 2
samples within each tube, for each of the 3 tubes tested is NMT 10.0%.
4. Proceed to Stage 3 testing if NMT one of the 6 test results is outside of the product
assay range by ±5.0%, none are outside of the product assay range by ±15.0%,
2S (USP42)

and the difference between the amounts of active ingredient(s) measured within each
tube is NMT 15.0%.
stage 3:
1. If Stage 2 has been completed, test an additional 7 tubes for Visual Uniformity and
Uniformity of Active Ingredient(s) for a total of 2 samples each from 10 tubes. If Stage
2 was skipped, test an additional 9 tubes for Visual Uniformity and Uniformity of Active
Ingredient(s) for a total of 2 samples each from 10 tubes.
2. Determine the amount of active ingredient(s) in each portion of the product using any
appropriate validated quantitative procedure, and evaluate the test results from the 10
tubes using the Stage 3 acceptance criteria as outlined in number 3.
3. Stage 3 acceptance criteria are met if:
The Visual Uniformity test is met for all tubes;
19 of 20 test results are within ±5.0% of the product assay range, and none are
outside of the product assay range by ±15.0%
2S (USP42)
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; and
The difference between the amount of active ingredient(s) determined for the 2
samples within each tube, for each of the 10 tubes tested, is NMT 15.0%.
PRODUCTS PACKAGED IN CONTAINERS OTHER THAN TUBES
For semisolid products packaged in a container other than a tube when the sampling method
presented previously cannot be used, other sampling methods are acceptable, such as this
method described for a jar:
1. Select a suitable syringe of sufficient length to extend to the bottom of the container.
2. Remove and set aside the syringe plunger, and cut off the bottom of the syringe barrel.
Sampling should take place from a location to the left or right of the mid-line of the jar
surface to preserve an undisturbed region on the other side for any additional
investigation (see Figure 1).

34
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Figure 1. Sampling from a jar container.
3. Slowly push the syringe barrel into the container until it reaches the bottom. Then twist
the syringe barrel containing the sample core, and remove the syringe from the
container.
4. Insert the syringe plunger into the barrel, and carefully extrude the sample core onto a
clean surface in three equal portions to represent the top, middle, and bottom portions
of the container.
5. Remove an appropriate sample representative of the top, middle, and bottom portions of
the container samples, and test according to the instructions outlined in Products
Packaged in Tubes.
Delivered-Dose Uniformity in Metered Dose Containers
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The test for delivered-dose uniformity is required for drug products contained either in
metered-dose containers or in premetered unit presentations. The test for delivered-dose
uniformity includes dose uniformity over the entire unit shelf life. Select 1 container. Using
separate collection vessels, quantitatively collect delivered doses representing the initial,
middle, and the final dose from the container. Appropriately discard doses not collected for
testing. Determine the drug substance content of each of the 3 collected samples using an
appropriate and validated quantitative procedure or the procedure indicated in the individual
monograph. A dose in this test is defined as the minimum recommended number of actuations
specified in the product labeling or in the instructions for use but NMT 2 actuations. The
target-delivered dose is specified by the product label claim, unless otherwise specified in the
individual monograph.
In-Process Testing
PUMP FUNCTIONALITY TEST FOR METERED AND NON-METERED DOSE CONTAINER CLOSURES
This test is conducted during product development to establish that the airless pumps are
performing as intended. This test is product dependent. Therefore, it is part of the
manufacturer’s controls for the drug product and it is not included in compendial drug product
monographs.
During the filling process for semisolid or liquid products packaged in a non-metered dose
container closure requiring an actuator to dispense the product (for example, an airless pump
container), in-process testing to verify pump functionality should be examined. Example tests
include pumps to prime and total amount dispensed. 2S (USP42)
Change to read:
SPECIFIC TESTS FOR TDS
TDS are formulated with an adhesive layer to ensure intimate contact with the skin and allow
the delivery of the desired dose of the drug. Adhesives in TDS must permit easy removal of the
release liner before use, adhere properly to human skin upon application, maintain adhesion to
the skin during the prescribed period of use, and permit easy removal of the TDS at the end of
use without leaving a residue or causing damage to the skin or other undesirable effect(s).
Additionally, adhesives must be able to maintain the performance of the TDS throughout the
shelf life of the drug product.
Testing of the physical properties of the TDS generally include peel adhesion, release liner
peel, tack, cold flow, shear, and crystal formation (see Crystal Formation). The peel adhesion,
release liner peel, and tack tests measure the adhesion properties of the TDS. Each of these
tests measures the force required to separate the TDS from another surface. The cold flow and
shear tests measure the cohesive properties of the TDS. These latter tests measure the
resistance to flow of the adhesive matrix.
Acceptance criteria are product specific and defined to ensure that adhesion of each batch
of TDS is within the range defined by the product design and is consistent between batches
based on the product development specifications and statistical assessment of multiple product
batches over the product’s shelf life.
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In addition to physical testing, this section also discusses the Leak Test applicable to formfill-seal-type (reservoir or pouched) TDS.
Peel Adhesion Test
This test measures the force required to remove (peel away) a TDS attached to a standard
substrate surface (e.g., polished stainless steel). The TDS is applied to the substrate using
specified techniques for application and is conditioned at a specified temperature and time.
Then the TDS is peeled away from the substrate with an instrument that allows for control of
the peel angle (e.g., 90° or 180°) and peel rate (e.g., 300 mm/min), and the peel
2S (USP42)

force
profile 2S (USP42)
is recorded. This procedure is repeated using a minimum of 5 independent samples
. The product fails the test if the mean peel force is outside the acceptable range determined
during product development and based on statistical assessment of multiple product batches
over the product’s shelf life.
yielding results from a suitable method (see Development of Peel Adhesion and Static Shear
Test Methods). The in vitro adhesive properties of the drug product should thus be
characterized with the specifications limits for the specified tests in accordance with the
results obtained on clinical batches for which satisfactory in vivo adhesive properties under
product use have been demonstrated and used to support their justification of the drug
product specification. Release and shelf life limits should be the same, unless justified by
reference to clinical batches.
The geometry of a TDS (e.g., round or rectangular shaped) and its design (e.g., TDS with
different surfaces such as an inner part and with a peripheral adhesive ring) should be
considered in the method.
The substrate surface should be cleaned regularly and checked for scratches, as this may
influence test results.
Development of Peel Adhesion and Static Shear Test Methods
During method development, suitable methods (including test panel surface) need to be
identified. For peel adhesion testing, the method should allow the TDS to be removed entirely
and cleanly, leaving no visually noticeable matrix residue on the substrate surface (i.e.,
cohesive failure).
In contrast, for static shear testing, cohesive failure (i.e., adhesive is left on the TDS and on
the substrate plate) should occur.
Suitable peel adhesion and static shear test methods do not result in undesired adhesive
failures. Undesired adhesive failure occurs when:
1. The adhesive transfers to the test panel
2. The TDS delaminates at an interface (e.g., between a membrane and an adhesive layer,
or between two different adhesive layers of a bilayer product)
2S (USP42)
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Release Liner Peel Test
This test measures the force required to separate the release liner from the adhesive layer of
the TDS. The test is performed with a finished product sample. The test sample is conditioned
using specific procedures (temperature and time). Then, the release liner is pulled away from
the TDS with an instrument that allows for control of the peel angle (e.g., 90° or 180°) and
peel rate (300 mm/min), and the peel
profile of 2S (USP42)
force is recorded. This procedure is repeated using a minimum of 5 independent samples. The
product fails the test if the mean peel force is outside the acceptable range determined during
product development and based on statistical assessment of multiple product batches over the
product’s shelf life.
Tack Test
Several methods of tack tests
A few tack test methods 2S (USP42)
have been developed . Examples include
and the current predominantly used method is 2S (USP42)
the Probe Tack Method and the Rolling Ball Method
2S (USP42)

. It is up to the TDS manufacturer to decide which tack test is most appropriate for each drug
product.
PROBE TACK METHOD
This test measures the force required to separate the tip of the test probe from the adhesive
layer of the TDS. This test uses an instrument designed to create a bond between the tip of
the stainless steel test probe (of defined geometry) and the TDS using a controlled force (light
pressure) and specified test conditions (i.e., rate, contact time, contact pressure, and
temperature). Then while controlling the rate of probe removal, the test measures the profile of
2S (USP42)

force required to separate the probe tip from the TDS and the maximum force required to break
the bond (tack). This procedure is repeated using a minimum of 5 independent
individual 2S (USP42)
samples. The product fails the test if the mean test result [force profile(s) and/or tack]
2S (USP42)

is outside the acceptable range determined during product development and based on
statistical assessment of multiple product batches over the product’s shelf life.
The probe head surface should be cleaned regularly and checked for scratches, as this may
influence the test results.
2S (USP42)

ROLLING BALL METHOD
This test measures the distance traveled by a defined ball, on the adhesive layer of the TDS
under defined conditions, as a parameter dependent on the tack properties of the adhesive
layer. This test uses a setup designed to roll a ball (of defined material, weight, size, and
surface) from a ramp (of defined angle and length) onto the adhesive layer (with defined
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orientation) under specified test conditions (e.g., temperature; see ASTM D3121 for more
details). The distance traveled by the ball on the adhesive layer is measured using a suitable
measuring device. This procedure is repeated using a minimum of five independent samples. The
product fails the test if the mean distance traveled is outside the acceptable range determined
during product development and based on statistical assessment of multiple product batches
over the product’s shelf life.

2S (USP42)

Cold Flow Test
Cold flow is the migration of the adhesive matrix beyond the edge of the TDS backing, and
through the slit in the release liner, which may occur during the course of product processing
and storage. Cold flow is an inherent property of TDS due to the use of pressure-sensitive
adhesives that flow when force is applied (i.e., if the adhesive matrix did not flow, the TDS
would not stick). The magnitude of the cold flow is generally dependent on the product
formulation,
packaging design, 2S (USP42)
storage conditions, and storage time. Cold flow should be qualitatively and quantitatively
measured by a suitable method. It is up to
assessed using a combination of quantitative and qualitative methods. No single quantitative
method has been identified to work universally for all TDS. 2S (USP42)
The TDS manufacturer to
should 2S (USP42)
determine the most suitable cold flow test for each drug product.
, or tests, as cold flow may manifest differently for different products. Several different cold
flow tests have been developed. Examples include:
Linear measurement of the radial cold flow using microscopy
Measuring the distance of migrated adhesive matrix at predefined and evenly spaced
positions of a TDS
Measuring cold flow by applying a reference plate in the size of the TDS plus the
acceptable cold flow
Swabbing and stripping the migrated part of the matrix and determining it gravimetrically
or by assay of the drug substance
Die cutting and punching out the original size of the TDS and determining the amount of
migrated matrix on the outside
Overall area determining methods of cold flow using image analysis tools
2S (USP42)

Acceptance criteria are product specific and defined to ensure that the cold flow of each batch
of TDS is within the range defined by the product design and is consistent between batches
based on the product development specifications and statistical assessment of multiple batches
over the product’s shelf life.
Shear Test
The shear test measures the cohesive strength of a TDS. It can be measured under static
(see Static Shear Test) or dynamic conditions. Shear testing may not be feasible for all TDS
because the presence of multiple layers of adhesive in the system, the presence of a
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membrane or scrim, or the use of an emulsion adhesive system may result in the inability to
achieve cohesive failure. TDS that are constructed with a peripheral adhesive ring or form-fillseal TDS may not be suitable for this test. It is up to
2S (USP42)

The TDS manufacturer to
should 2S (USP42)
decide if a shear test is appropriate, and if so, which shear test is most appropriate for each
drug product. Acceptance criteria are product specific and defined to ensure that the shear of
each batch of TDS is within the range defined by the product design and is consistent between
batches based on the product development specifications and statistical assessment of multiple
product batches over the product’s shelf life.
Static Shear Test
For the static shear test, the time required to remove a standard area of the TDS from the
substrate (i.e., stainless steel test panel) under a standard load (e.g., 250 g) is measured. The
TDS is applied to a test panel, and the sample is subjected to a shearing force by means of a
given weight suspended from the TDS. The test apparatus holds the test panels at 0°− 2° from
vertical to ensure that the TDS will not experience peeling action when the weight is attached.
Dwell time, weight used, test panel type, mode of failure, and sample size should be noted; the
time taken for the TDS sample to detach from the test panel is reported. This procedure is
repeated using a minimum of 5 independent samples yielding valid results (see Determination of
the Validity of Static Shear Test).
results from a suitable method (see Development of Peel Adhesion and Static Shear Test
Methods) 2S (USP42)
The product fails the test if the mean shear force (i.e., arithmetic mean or geometric mean as
determined by the manufacturer) is outside the acceptable range determined during product
development and based on statistical assessment of multiple product batches over the
product’s shelf life.
DETERMINATION OF THE VALIDITY OF STATIC SHEAR TEST
Cohesion is the desired failure mode for the static shear test. Cohesive failure is indicated
when adhesive is left on the TDS and on the stainless steel test panel. In contrast, an
adhesive failure occurs when: 1) the TDS strips cleanly from the stainless steel panel, leaving
no visible adhesive on the stainless steel panel; 2) the adhesive transfers to the stainless steel
test panel, leaving no adhesive on the TDS; or 3) the TDS delaminates at an interface (e.g.,
between a membrane and an adhesive layer, or between the two different adhesive layers of a
bilayer product). If adhesive failure is indicated, the sample test is invalid. In addition, if the
TDS breaks or tears before detaching from the stainless steel test panel or the TDS slides out
of the clamp or the hanging weight does not hang freely, the sample test is invalid.

2S (USP42)

Leak Test
This test is applicable only for form-fill-seal-type (reservoir or pouched) TDS. Form-fill-seal
TDS must be manufactured with zero tolerance for leaks because of their potential for dose
dumping if leaking occurs.
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In-process control methods to examine TDS for leaks or potential leaks are needed and
require considerable development on the part of TDS manufacturers.
IN-PROCESS TESTING
During the manufacturing process, the presence of leakage (or potential for leakage) due to
TDS perforation, cuts, and faulty seals resulting from failures such as air bubbles, gel splash, or
misalignment of a TDS backing and release liner layers must be examined. Unless automated
process analytical technology is implemented, in-process testing to identify these defects
should be performed using the following test procedures.
Visual inspection:
A specified number of TDS, defined on the basis of batch size, should be examined
randomly
Each sampled TDS should be thoroughly visually inspected for leakage
The product fails if any of the TDS examined are detected with a leak
Seal integrity: TDS seals should be stress tested to ensure that the application of pressure
does not force seals to open, thereby leading to leakage.
A specified number of TDS, defined on the basis of batch size, should be randomly
examined.
Each sampled TDS should be thoroughly visually inspected for leakage.
Each sampled TDS is placed on a hard, flat surface and overlaid with a weight so that it
is subjected to 13.6 kg. The weight should be left in place for 2 min. Upon removal of
the weight, the TDS should be visually inspected for leakage.
The product fails if the number of TDS detected with a leak is greater than the
acceptable limit established by the manufacturer.
Packaged product testing: TDS may leak after they have been individually placed in the
primary packaging material as a result of the packaging operation itself or by a user opening the
packaging. Therefore, TDS should be tested for leakage after they have been manufactured
and packaged in their primary packaging material.
A specified number of TDS, defined on the basis of batch size, should be randomly
examined after they have been placed in their primary packaging material.
The sampled TDS should be removed from their packaging and thoroughly visually
inspected for leakage.
Each sampled TDS should then be uniformly wiped with a solvent-moistened swab. Both
the backing side and the release liner side of the TDS should be wiped. The inside
surface of the pouch should also be wiped. The swab(s) is then extracted and assayed
for the drug.
The product fails if the total amount of drug from the TDS, and the corresponding
pouch, exceed the acceptable limit established by the manufacturer.
Recent Official Publications:
USP41–NF36 Page 5926
BRIEFING

〈 60〉 Microbiological Examination of Nonsterile Products—Tests for Burkholderia
cepacia Complex. Because no standard method currently exists for the detection of
Burkholderia cepacia complex (BCC), a new chapter is being proposed. BCC species are gram-
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negative, rod-shaped bacteria that include opportunistic pathogens. Many BCC have the
potential for overcoming antimicrobial preservative systems and antiseptics, and grow in
preserved aqueous oral liquids and topical products. BCC may cause serious infections in
individuals with cystic fibrosis and chronic granulomatous disease, mechanically ventilated
patients, immunosuppressed people, and those with serious underlying disease. This chapter
proposal contains test procedures for the detection of BCC.
(GCM: R. Tirumalai.)
Correspondence Number—C204433
Comment deadline: November 30, 2018
Add the following:

〈 60〉 MICROBIOLOGICAL EXAMINATION OF NONSTERILE PRODUCTS—TESTS FOR
BURKHOLDERIA CEPACIA COMPLEX
INTRODUCTION
The tests described in this chapter will allow determination of the absence of Burkholderia
cepacia complex (BCC), which can be detected under the conditions described.
The tests are designed to determine whether a substance or preparation complies with an
established specification for microbiological quality and/or to evaluate whether
products—especially those for inhalation use or aqueous preparations for oral, oromucosal,
cutaneous, or nasal use for high-risk patient populations—contain members of the BCC.
GROWTH-PROMOTING AND INHIBITORY PROPERTIES OF THE MEDIA AND SUITABILITY OF
TESTS FOR ABSENCE OF BCC
Test each batch of ready-prepared medium and each batch of medium prepared from either
dehydrated medium or ingredients.
Preparation of Test Strains
Use standardized stable suspensions of test strains (see Table 1) NMT 5 passages removed
from the original strain culture.
Table 1. Test Strains of Microorganisms for Growth Promotion and Suitability Testing
Microorganism
Standard strain
Burkholderia cepacia ATCC 25416, NCTC 10743, or CIP 80.24
Burkholderia
cenocepacia
ATCC BAA-245 or LMG 16656
Burkholderia
ATCC BAA-247, LMG 13010, CCUG 34080, CIP 105495, DSM 13243,
multivorans
or NCTC 13007
Pseudomonas
aeruginosa
ATCC 9027, NCIMB 8626, CIP 82.118, or NBRC 13275
Microorganisms
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Grow each of the test strains separately in Soybean–Casein Digest Broth or on
Soybean–Casein Digest Agar at 30°–35° for 18–24 h.
Use Buffered Sodium Chloride–Peptone Solution pH 7.0 or Phosphate Buffer Solution pH 7.2 to
make the test suspensions. Use the suspensions within 2 h, or within 24 h if stored at 2°–8°. If
purchased, follow the supplier’s instructions. If self-prepared cultures are used, follow a
validated procedure (such as in Microbial Enumeration Tests 〈61〉) for preparation. Use a
challenge inoculum of NMT 100 colony-forming units (cfu) for growth promotion and suitability
testing.
TEST FOR GROWTH-PROMOTING PROPERTIES, SOLID MEDIA
Perform the Surface-Spread Method (see Microbial Enumeration Tests 〈61〉, Growth Promotion
Test, Suitability of the Counting Method and Negative Controls, Suitability of the Counting
Method in the Presence of Product, Recovery of Microorganisms in the Presence of Product,
Plate-Count Methods), inoculating each plate with a small number (NMT 100 cfu) of the
appropriate microorganism (see Table 2). Incubate at the specified temperature for NMT the
shortest period of time specified in the test. Growth of the microorganism comparable to that
previously obtained with a previously tested and approved batch of medium occurs.
Table 2. Microorganisms for the Growth-Promoting, Inhibitory, and Indicative Properties
of the Media
Medium
Property
Microorganism
Growth-Promoting
Burkholderia cepacia, Burkholderia
and
Indicative
cenocepacia, or Burkholderia multivorans
Burkholderia cepacia
selective agar
Inhibitory
Pseudomonas aeruginosa
TEST FOR INHIBITORY PROPERTIES, SOLID MEDIA
Inoculate the appropriate medium with at least 100 cfu of the appropriate microorganism.
Incubate at the specified temperature for NLT the longest period of time specified in the test.
No growth of the test microorganism occurs (see Table 2).
TEST FOR INDICATIVE PROPERTIES
Perform the Surface-Spread Method (see Microbial Enumeration Tests 〈61〉, Growth Promotion
Test, Suitability of the Counting Method and Negative Controls, Suitability of the Counting
Method in the Presence of Product, Recovery of Microorganisms in the Presence of Product,
Plate-Count Methods), inoculating each plate with a small number (NMT 100 cfu) of the
indicated microorganism. Incubate at the specified temperature for a period of time within the
range specified in the test. Colonies are comparable in appearance and indication reactions to
those previously obtained with a previously tested and approved batch of medium (see Table
2).
Suitability of the Test Method
The ability of the test to detect BCC in the presence of the product to be tested must be
established. The incubation time for the method suitability should not exceed the shortest
incubation period specified. Suitability must be confirmed if there is a change in testing
performance or a change in the product that may affect the outcome of the test.
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For each new product to be tested, perform the sample preparation as described in the
relevant paragraph in Microbial Enumeration Tests 〈61〉, Testing of Products. At the time of
mixing, add each test strain in the prescribed growth medium. Inoculate the test strains
individually. Use a number of microorganisms equivalent to NMT 100 cfu in the inoculated test
preparation.
Perform the test as described in Microbial Enumeration Tests 〈61〉, Testing of Products, using
the shortest incubation period prescribed. BCC microorganisms must be detected with the
indication reactions described in this same section of 〈61〉.
Any antimicrobial activity of the product necessitates a modification of the test procedure
(see Microbial Enumeration Tests 〈61〉, Growth Promotion Test, Suitability of the Counting
Method and Negative Controls, Suitability of the Counting Method in the Presence of Product,
Neutralization/Removal of Antimicrobial Activity).
TESTING OF PRODUCTS
Sample Preparation and Pre-Incubation
Prepare a sample using a 1-in-10 dilution of NLT 1 g of the product to be examined as
described in 〈61〉. Use 10 mL or the quantity corresponding to 1 g or 1 mL to inoculate a
suitable amount (determined as described in Suitability of the Test Method) of Soybean–Casein
Digest Broth or an appropriate dilution of Soybean–Casein Digest Broth as determined during
method suitability (for example, a 1:10 dilution may be required when testing pharmaceutical
waters).Then mix and incubate at 30°–35° for 24–48 h.
Selection and Subculture
Subculture by streaking on a plate of Burkholderia cepacia selective agar (BCSA), and
incubate at 30°–35° for 18–72 h.
Interpretation
The possible presence of BCC is indicated by the growth of greenish–brown colonies with
yellow halos, or white colonies surrounded by a pink–red zone on BCSA. This is confirmed by
identification tests.
The product complies with the test if colonies of the types described are not present or if the
confirmatory identification tests are negative.
RECOMMENDED CULTURE MEDIA
[Note—This section is given for information.]
The following solutions and culture media have been found satisfactory for the purposes for
which they are prescribed in the tests in this Pharmacopeia. Other media may be used provided
that their suitability can be demonstrated.
Stock Buffer Solution
Transfer 34 g of potassium dihydrogen phosphate to a 1000–mL volumetric flask, dissolve in
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500 mL of Purified Water, adjust with sodium hydroxide to a pH of 7.2 ± 0.2, add Purified Water
to volume, and mix. Dispense in containers, and sterilize. Store at a temperature of 2°–8°.
Phosphate Buffer Solution pH 7.2
Prepare a mixture of Purified Water and Stock Buffer Solution (800:1 v/v), and sterilize.
Buffered Sodium Chloride–Peptone Solution pH 7.0
Prepare Buffered Sodium Chloride–Peptone Solution pH 7.0 as directed in Table 3. Sterilize in
an autoclave using a validated cycle.
Table 3
Potassium dihydrogen phosphate
Disodium hydrogen phosphate dihydrate
Sodium chloride
Peptone (meat or casein)
Purified Water

3.6 g
7.2 g (equivalent to 0.067 M phosphate)
4.3 g
1.0 g
1000 mL

Soybean–Casein Digest Broth
Prepare Soybean–Casein Digest Broth as directed in Table 4. Adjust the pH so that after
sterilization it is 7.3 ± 0.3 at 25°. Sterilize in an autoclave using a validated cycle.
Table 4
Pancreatic digest of casein
Papaic digest of soybean
Sodium chloride
Dibasic hydrogen phosphate
Glucose monohydrate
Purified Water

17.0 g
3.0 g
5.0 g
2.5 g
2.5 g
1000 mL

Burkholderia cepacia Selective Agar
Prepare Burkholderia cepacia Selective Agar as directed in Table 5. Adjust the pH so that
after sterilization it is 7.0 ± 0.1 at 25°. Sterilize in an autoclave using a validated cycle.
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Table 5
Casein peptone
Lactose
Sucrose
Sodium chloride
Yeast extract
Phenol red
Gentamicin
Vancomycin
Crystal violet
Polymyxin B
Agar
Demineralized water

10.0 g
10.0 g
10.0 g
5.0 g
1.5 g
0.08 g
10.0 mg
2.5 mg
2.0 mg
600,000 U
14.0 g
1000 mL

2S (USP42)

BRIEFING

〈 81〉 Antibiotics—Microbial Assays, USP 41 page 5991. USP’s Biologics Monographs 4
(BIO4) Expert Committee is focused on modernizing monograph methods and chapters that
support the quality of antibiotic drug substances and products that rely on microbial assays for
measurement of potency. As part of the EC workplan, USP is seeking sponsors of approved
antibiotics that can support these activities particularly transitioning microbial assays to more
rapid, precise, and accurate chromatographic methods. USP encourages manufacturers who
have validated chromatographic assay methods and associated bridging data to contact USP to
collaborate on these activities. Until that time, this chapter is still required and, therefore, the
BIO4 Expert Committee is proposing revisions to improve the chapter and address queries that
have been submitted to USP. This proposed revision includes the following changes:
1. Add amoxicillin assay details to the chapter and delete natamycin, sisomicin,
carbenicillin, troleandomycin, and streptomycin from it since the monographs no longer
require this method.
2. Revise the Units and Reference Standards section to reflect the current practices for
USP Reference Standards calibration, the updated understanding of µg of activity vs µg
(weight) of antibiotic substance, and the correlation of the USP units with international
units.
3. Update the names of two test organisms in Table 3.
4. Clarify the term “stock suspension” in the Inocula section under Cylinder-Plate Method.
5. Change the final stock concentration of thiostrepton in Table 7.
6. Revise the statement about the growth medium for Enterococcus hirae in the Inocula
section under Turbidimetric Method.
7. Provide the correct volume of test diluent of controls for specific antibiotics in the
Analysis section under Turbidimetric Method.
8. To be consistent, the number of assays required for a reliable estimate of relative
potency is revised to 3 or more throughout the chapter.
9. To be consistent, change the width of the confidence interval, W, to the half-width of
the confidence interval in the Introduction section under Calculations.
10. Revise Table 13 to be consistent with the corresponding text.
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11. Revise the text and Table A2-1 in Appendix 2: Procedure for Checking for Outliers—
Rejection of Outlying or Aberrant Measurements to be consistent with Design and
Analysis of Biological Assays 〈111〉.
Additionally, minor editorial changes have been made to update this chapter to current USP
style.
(BIO4: Y. Han.)
Correspondence Number—C204376
Comment deadline: November 30, 2018

〈 81〉 ANTIBIOTICS—MICROBIAL ASSAYS
Change to read:
INTRODUCTION AND GENERAL INFORMATION
The activity (potency) of antibiotics can be demonstrated by their inhibitory effect on
microorganisms under suitable conditions. A reduction in antimicrobial activity may not be
adequately demonstrated by chemical methods. This chapter summarizes procedures for the
antibiotics recognized in the United States Pharmacopeia (USP) for which the microbiological
assay is the standard analytical method.
Two general techniques are employed: the cylinder-plate (or plate) assay and the
turbidimetric (or tube) assay. Table 1 lists all the antibiotics that contain microbial assays and
specifies the type of assay (cylinder-plate or turbidimetric).
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Table 1
Antibiotic
Amoxicillin 2S (USP42)
Amphotericin B
Bacitracin
Bleomycin
Capreomycin
Carbenicillin
2S (USP42)

Chloramphenicol
Chlortetracycline
Cloxacillin
Colistemethate
Colistin
Dihydrostreptomycin
Erythromycin
Gentamicin
Gramicidin
Nafcillin
Natamycin
2S (USP42)

Neomycin
Novobiocin
Nystatin
Oxytetracycline
Paromomycin
Penicillin G
Polymyxin B
Sisomicin
2S (USP42)

Tetracycline
Thiostrepton
Troleandomycin
2S (USP42)

Tylosin
Vancomycin

Type of Assay
Cylinder-plate
Cylinder-plate
Cylinder-plate
Cylinder-plate
Turbidimetric
Cylinder-plate

2S (USP42)

2S (USP42)

Turbidimetric
Turbidimetric
Cylinder-plate
Cylinder-plate
Cylinder-plate
Cylinder-plate
Turbidimetric
Cylinder-plate
Cylinder-plate
Turbidimetric
Cylinder-plate
Cylinder-plate
2S (USP42)

Cylinder-plate
Turbidimetric
Cylinder-plate
Cylinder-plate
Turbidimetric
Cylinder-plate
Cylinder-plate
Cylinder-plate
Cylinder-plate
2S (USP42)

Turbidimetric
Turbidimetric
Turbidimetric
2S (USP42)

Turbidimetric
Cylinder-plate

[Note—Perform all procedures under conditions designed to avoid extrinsic microbial
contamination. Take adequate safety precautions while performing these assays because of
possible allergies to drugs and because live cultures of organisms are used in the procedures.]
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Cylinder-Plate Assay
The cylinder-plate assay depends on diffusion of the antibiotic from a vertical cylinder
through a solidified agar layer in a Petri dish or plate. The growth of the specific microorganisms
inoculated into the agar is prevented in a circular area or “zone” around the cylinder containing
the solution of the antibiotic.
Turbidimetric Assay
The turbidimetric assay depends on the inhibition of growth of a microorganism in a uniform
solution of the antibiotic in a fluid medium that is favorable to the growth of the microorganism
in the absence of the antibiotic.
Units and Reference Standards
The potency of antibiotics is designated in either units (U) or µg of activity. In each case the
unit or µg of antibiotic activity was originally established against a United States Federal
Master Standard for that antibiotic. The corresponding USP Reference Standard is calibrated in
terms of the master standard.
Originally, an antibiotic selected as a reference standard was thought to consist entirely of a
single chemical entity and was therefore assigned a potency of 1000 µg/mg. In several such
instances, as the manufacturing and purification methods for particular antibiotics became more
advanced, antibiotics containing more than 1000 µg of activity/mg became possible. Such
antibiotics had an activity equivalent to a given number of µg of the original reference
standard. In most instances, however, the µg of activity is exactly equivalent numerically to
the µg (weight) of the pure substance. In some cases, such as those listed below, the µg of
activity defined in terms of the original master standard is equal to a unit:
1. Where an antibiotic exists as the free base and in salt form and the µg of activity has
been defined in terms of one of these forms
2. Where the antibiotic substance consists of a number of components that are chemically
similar but differ in antibiotic activity
3. Where the potencies of a family of antibiotics are expressed in terms of a reference
standard consisting of a single member which, however, might itself be heterogeneous
Do not assume that the µg of activity corresponds to the µg (weight) of the antibiotic
substance.
For substances like the antibiotics quantified using the method in this chapter which are not
easily characterized by chemical or physical means, it is still necessary to express quantities of
biological activity in units of biological potency, each defined by an authoritative reference
standard. The potency of antibiotics is designated in either units (U) or µg of activity. In each
case, the unit or µg of antibiotic activity was originally established against a US Federal Master
Standard for that antibiotic. This practice started because originally the antibiotic selected as
a reference standard was thought to consist entirely of a single chemical entity and was
therefore assigned a potency of 1000 µg/mg. In several such instances, as the manufacturing
and purification methods for particular antibiotics became more advanced, antibiotics containing
more than 1000 µg of activity/mg became possible. Since relative potency was used to assign
this value and not the mass of the antibiotics themselves, such antibiotics had an “activity”
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equivalent to a given number of µg of the original reference standard (rather than a µg of mass
as would be expected). Over time, less complex antibiotics or those with a single primary active
substance were demonstrated to have µg of activity equivalent numerically to the µg (weight)
of the pure substance. In these cases, the antibiotics have moved away from the microbial
assay methods and are assigned by a mass balance approach; until that exercise is completed
for a given antibiotic, manufacturers cannot assume that the µg of activity corresponds to the
µg (weight) of the antibiotic substance. Since the US Federal Master antibiotic standards are
no longer available, USP Reference Standards for antibiotics that are assigned relative potency
by the methods in this chapter are calibrated either against the World Health Organization
(WHO) International Standard for Antibiotics (ISA), if it exists, or the previous USP lot when a
WHO ISA or another authoritative reference standard calibrated against an ISA does not exist.
Once assigned, the International Units (IUs), when used, are converted to USP units by the
previously agreed upon bridging value between the two when the respective Reference
Standards were originally assigned. Over time, it may be possible to convert the assay methods
of more antibiotics from the microbial bioassay to a physicochemical method much like that
suggested in Validation of Alternative Methods to Antibiotic Microbial Assays 〈1223.1〉 or other
suitable strategies that include validated methods with associated bridging data. 2S (USP42)
Apparatus
Labware used for the storage and transfer of test dilutions and microorganisms must be
sterile and free of interfering residues (see Cleaning Glass Apparatus 〈1051〉). Use a validated
sterilization method, such as dry heat, steam, or radiation; or use sterile, disposable labware.
Temperature Control
Thermostatic control is required in several stages of a microbial assay: when culturing a
microorganism and preparing its inoculum, and during incubation in plate and tube assays. Refer
to specific temperature requirements below for each type of assay.
Test Organisms
The test organism for each antibiotic is listed in Table 3 for the cylinder-plate assay and
Table 8 for the turbidimetric assay. The test organisms are specified by the American Type
Culture Collection (ATCC) number.
In order to ensure acceptable performance of test organisms, store and maintain them
properly. Establish the specific storage conditions during method validation or verification.
Discard cultures if a change in the organism’s characteristics is observed.
Prolonged Storage
For prolonged storage, maintain test organisms in a suitable storage solution such as 50%
fetal calf serum in broth, 10%–15% glycerol in tryptic soy broth, defribinated sheep blood, or
skim milk. Prolonged-storage cultures are best stored in the freeze-dried state; temperatures of
−60° or below are preferred; temperatures below −20° are acceptable.
Primary Cultures
Prepare primary cultures by transferring test organisms from prolonged-storage vials onto
appropriate media, and incubate under appropriate growth conditions. Store primary cultures at
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the appropriate temperature, usually 2°–8°, and discard after 3 weeks. A single primary culture
can be used to prepare working cultures only for as many as 7 days.
Working Cultures
Prepare working cultures by transferring the primary culture onto appropriate solid media to
obtain isolated colonies. Incubate working cultures under appropriate conditions to obtain
satisfactory growth for preparation of test inocula. Prepare fresh working cultures for each test
day.
Uncharacteristic Growth or Performance of a Test Organism
Use new stock cultures, primary cultures, or working cultures when a test organism shows
uncharacteristic growth or performance.
Assay Designs
Suitable experimental designs are key to increasing precision and minimizing bias. Control of
the incubation parameters, temperature distribution and time, is critical for minimizing bias; it
can be accomplished by staging the plates and racks as described for each assay.
CYLINDER-PLATE ASSAY
The comparisons are restricted to relationships between zone diameter measurements within
plates, excluding the variation between plates. Individual plate responses are normalized on the
basis of the relative zone size of the standard compared to the mean zone size of the standard
across all plates.
TURBIDIMETRIC ASSAY
To avoid systematic bias, place replicate tubes randomly in separate racks so that each rack
contains one complete set of treatments. The purpose of this configuration is to minimize the
influence of temperature distribution on the replicate samples. The turbidimetric assay, because
of the configuration of the samples in test tube racks, is sensitive to slight variations in
temperature. The influence of temperature variation can also be decreased by ensuring proper
airflow or heat convection during incubation. At least 3 tubes for each sample and Standard
concentration (one complete set of samples) should be placed in a single rack. The
comparisons are restricted to relationships between the observed turbidities within racks
Potency Considerations
Within the restrictions listed above, the recommended assay design employs a fiveconcentration standard curve and a single concentration of each sample preparation.
For the cylinder-plate assay, each plate includes only two treatments, the reference
treatment (median level standard, i.e., S3) and one of the other four concentrations of the
standard (S1, S2, S4, and S5) or the sample (U3). The concentration of the sample is an
estimate based on the target concentration. The sample should be diluted to give a nominal
concentration that is estimated to be equivalent to the median reference concentration (S3) of
the standard. The purpose of diluting to the median reference concentration is to ensure that
the sample result will fall within the linear portion of the standard curve. The test determines
the relative potency of U3 against the standard curve. The sample (U3) should have a relative
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potency of about 100%. The final potency of the sample is obtained by multiplying the U3 result
by the dilution factor.
An assay should be considered preliminary if the computed potency value of the sample is
less than 80% or more than 125%. In this case, the results suggest that the sample
concentration assumed during preparation of the sample stock solution was not correct. In
such a case, one can adjust the assumed potency of the sample on the basis of the preliminary
potency value and repeat the assay. Otherwise, the potency will be derived from a portion of
the curve where the Standard and sample responses will likely not be parallel.
Microbial determinations of potency are subject to inter-assay as well as intra-assay
variables; therefore two
three 2S (USP42)
or more independent assays are required for a reliable estimate of the potency of a given
sample. Starting with separately prepared stock solutions and test dilutions of both the
Standard and the sample, perform additional assays of a given sample on a different day. The
mean potency should include the results from all the valid independent assays. The number of
assays required in order to achieve a reliable estimate of potency depends on the variability of
the assay and the required maximum uncertainty for the potency estimate.
2S (USP42)

The latter is assessed by the width of the confidence interval (refer to Confidence Limits and
Combination of Assays Calculations). The combined result of a series of smaller, independent
assays spread over a number of days is a more reliable estimate of potency than one from a
single large assay with the same total number of plates or tubes. Note that additional assays or
lower variability allows the product to meet tighter specification ranges. Reducing assay
variability achieves the required confidence limit with fewer assays.
Change to read:
CYLINDER-PLATE METHOD
Temperature Control
Use appropriately qualified and calibrated equipment to obtain the temperature ranges
specified in Table 3.
Apparatus
PLATES
Use glass or disposable plastic Petri dishes (approximately 20 mm × 100 mm or other
appropriate dimensions) with lids.
CYLINDERS
Use stainless steel or porcelain cylinders; 8 ± 0.1-mm o.d.; 6 ± 0.1-mm i.d.; 10 ± 0.1-mm
high. [Note—Carefully clean cylinders to remove all residues; occasional cleaning in an acid
bath, e.g., with about 2 N nitric acid or with chromic acid (see 〈1051〉) is required.]
Standard Solutions
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To prepare a stock solution, dissolve a suitable quantity of the USP Reference Standard of a
given antibiotic, or the entire contents of a vial of USP Reference Standard, where appropriate,
in the solvent specified in Table 2; and dilute to the specified concentration. Store at 2°–8°,
and use within the period indicated. On the day of the assay, prepare from the stock solution
five or more test dilutions, in which the successive solutions increase stepwise in
concentration, usually in the ratio of 1: 1.25. Use the final diluent specified such that the
median has the concentration suggested in Table 2.
Sample Solutions
Assign an assumed potency per unit weight or volume to the sample. On the day of the
assay, prepare a stock solution in the same manner specified for the USP Reference Standard
(see Table 2). Dilute the sample stock solution in the specified final diluent to obtain a nominal
concentration equal to the median concentration of the standard (S3).
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Table 2
Stock Solution

Initial
Solvent

Antibiotic

Amoxicillin

c

2S (USP42)

ce

Initial
Concentration

—

Water

2S (USP42)

Further
Diluent

2S (USP42)

—

—

—

Bleomycin

B.16 d

—

—

Carbenicillin

B.1 e

—

—

Dimethyl sulfoxide

f

2S (USP42)

Cloxacillin

Colistin
Dihydrostreptomycin
Erythromycin

—

—

10 mg/mL
Water

B.6 d

Water

10 mg/mL

B.6 d

g

—

—

B.3

d

d

10 mg/mL

Gentamicin

B.3 d

—

—

Nafcillin

B.1 d

—

—

—

—

2S (USP42)

Neomycin g
Novobiocin
Nystatin c,h

Dimethyl sulfoxide
2S (USP42)

B.3 d
alcohol
Dimethylformamide

2S (USP42)

10 mg/mL

B.3 d

—

—

B.3

d

—

—

Penicillin G

B.1 d

—

—

—

B.6 d

—

—

Water

Sisomicin

B.3 e

2S (USP42)

Vancomycin

2S (USP42)

Water

d

1 µg/mL

d

1 U/mL

14

B.16 d

0.04 U/mL

14 days

B.1 e

20 µg/mL

2S (USP42)

2S (USP42)

2S (USP42)

5 µg/mL

Same day

1 µg/mL

1 mg/mL

14

B.6 d

1 µg/mL

1 mg/mL

30

B.3

d

1 µg/mL

1 mg/mL

14

B.3

d

1 µg/mL

30

B.3 d

1 mg/mL

2

B.1 d

2 µg/mL

1 mg/mL

Same day

e

5 µg/mL

2S (USP42)

7

2S (USP42)

B.1

B.10

2S (USP42)

0.1 µg/mL

2S (USP42)

14

B.3 d

1 µg/mL

5

B.6 d

0.5 µg/mL

1000 U/mL

Same day

B.6 d

20 U/mL

1 mg/mL

21

B.3

d

1 µg/mL

4

B.1 d

1 U/mL

14

B.6 d

10 U/mL

14 days

B.3 e

0.1 µg/mL

10,000
U/mL
1 mg/mL

—

2S (USP42)

B.6 d

1000 U/mL

—

µg/mL

d

1 mg/mL

2S (USP42)

2S (USP42)

B.1

2S (USP42)

ab

,
(S3 )

0.1

d

Same day

1 mg/mL

2S (USP42)

B.3

100 U/mL

1 mg/mL

—

2S (USP42)

B.10

1 mg/mL

2S (USP42)

7

Same day

1 mg/mL

—

Paromomycin

Polymyxin Bi

Median
Concentration
Final
Diluent

1 mg/mL

d

Methanol

Natamycin

B.3

2S (USP42)

1 mg/mL

2S (USP42)

B.1

Colistimethate c

µg/mL

2 U/mL

2S (USP42)

2S (USP42)

Use
Within
(days)

100

—

—

Bacitracin

Final
Concentration

2S (USP42)

0.01 N hydrochloric
acid

Amphotericin B ,

Test Dilution

2S (USP42)

1 mg/mL

2S (USP42)

7

2S (USP42)

B.4

d

2S (USP42)

10 µg/mL

a It is acceptable to adjust the median concentration to optimize zone sizes if the data remain in the linear range.
b µg in this column refers to µg of activity.
c Prepare the USP Reference Standard and sample test dilutions simultaneously.
d The letter B refers to buffer. See Buffers for a description of each buffer listed in this table.
e Further dilute the stock solution with dimethyl sulfoxide to give concentrations of 12.8, 16, 20, 25, and 31.2 µg/mL before making the test dilutions. The test dilution of the sample should contain
the same amount of dimethyl sulfoxide as the test dilutions of the USP Reference Standard.
f Each of the standard test dilutions should contain the same amount of hydrochloric acid as the test dilution of the sample.
g The turbidimetric assay can be used as an alternative procedure.
h Further dilute the stock solution with dimethylformamide to give concentrations of 256, 320, 400, 500, and 624 U/mL before making the test dilutions. Prepare the standard test dilutions
simultaneously with test dilutions of the sample to be tested. The test dilution of the sample should contain the same amount of dimethylformamide as the test dilutions of the standard. Use lowactinic glassware.
i Prepare the stock solution by adding 2 mL of water for each 5 mg of the USP Reference Standard.

Inocula
Suspend the test organism from a freshly grown slant or culture in 3 mL of sterile saline TS.
Glass beads can be used to facilitate the suspension. Spread the saline suspension onto the
surface of two or more agar plates (covering the entire surface) or onto the surface of a Roux
bottle containing 250 mL of the specified medium (see Table 3).
Incubate for the specified time and at the temperature as specified in Table 3, or until growth
is apparent.
After incubation, harvest the organism from the plates or Roux bottle with approximately 50
mL of sterile saline TS (except use Medium 34 for bleomycin; see Media and Solutions), using a
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sterile bent glass rod or sterile glass beads. Pipet the suspension into a sterile glass container.
This is the harvest suspension.
To make the stock suspension, 2S (USP42)
dilute an appropriate amount of the harvest suspension with sterile saline TS. Using the UV-Vis
spectrophotometer, measure the percentage transmittance at 580 nm. The target value is
approximately 25% transmittance at 580 nm. This value is used to standardize the harvest
suspension volume added to the seed layer agar.
Starting with the suggested volumes indicated in Table 3, determine during method
verification the proportions of stock suspension to be added to the inoculum medium that result
in satisfactory zones of inhibition of approximately 14–16 mm in diameter for the median
concentration of the Standard (S3). [Note—Zone sizes that are outside the 11–19-mm range
are not desirable, because these contribute to assay variability.] If the dilution percentage
transmittance is above 25%, a ratio may be used to normalize the addition of organism to the
seed layer. The normalization factor can be determined by dividing the percentage
transmittance obtained from the dilution by 25. This ratio can then be multiplied by the
suggested inoculum amount to obtain the volume (mL) of harvest suspension that needs to be
added to the seed layer. Adjust the quantity of inoculum on a daily basis, if necessary, to
obtain an optimum concentration–response relationship.
Alternatively, determine during method verification the proportion of harvest suspension to be
incorporated into the inoculum, starting with the volumes indicated in Table 3, that result in
satisfactory demarcation of the zones of inhibition of about 14–16 mm in diameter for the
median concentration of the Standard (S3) and giving a reproducible concentration–response
relationship. Prepare the inoculum by adding a portion of stock suspension to a sufficient
amount of agar medium that has been melted and cooled to 45°–50°. Swirl the mixture without
creating bubbles in order to obtain a homogeneous suspension.
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Table 3
Suggested
Inoculum Composition

Incubation Conditions

a

Antibiotic

ATCC
Number

Test Organism

b

Medium

Temperature
(°)

Kocuria
Amoxicillin

2S (USP42)

rhizophila

b

Time

Medium

Amount
(mL/100 mL)

24
9341

2S (USP42)

1

2S (USP42)

2S (USP42)

32–35

2S (USP42)

h

11

2S (USP42)

0.5

2S (USP42)

Amphotericin B

Saccharomyces cerevisiae

9763

19

29–31

48 h

19

1.0

Bacitracin

Micrococcus luteus

10240

1

32–35

24 h

1

0.3

Bleomycin

Mycobacterium smegmatis

607

36

36–37.5

48 h

35

1.0

Carbenicillin c

Pseudomonas aeruginosa

25619

36–37.5

24 h

2S (USP42)

2S (USP42)

1
2S (USP42)

2S (USP42)

2S (USP42)

10
2S (USP42)

2S (USP42)

0.5
2S (USP42)

2S (USP42)

Cloxacillin

Staphylococcus aureus

29737

1

32–35

24 h

1

0.1

Colistimethate

Bordetella bronchiseptica

4617

1

32–35

24 h

10

0.1

Colistin

Bordetella bronchiseptica

4617

1

32–35

24 h

10

0.1

Dihydrostreptomycin

Bacillus subtilis

6633

32

32–35

5 days

5

As required

Erythromycin

Micrococcus luteus
Kocuria
rhizophila

9341

1

32–35

24 h

11

1.5

Gentamicin

Staphylococcus epidermidis

12228

1

32–35

24 h

11

0.03

Nafcillin

Staphylococcus aureus

29737

1

32–35

24 h

1

0.3

Neomycin

Staphylococcus epidermidis

12228

1

32–35

24 h

11

0.4

Novobiocin

Staphylococcus epidermidis

12228

1

32–35

24 h

1

4.0

Nystatin

Saccharomyces cerevisiae
2601

19

29–31

48 h

19

1.0

Paromomycin

Staphylococcus epidermidis

12228

1

32–35

24 h

11

2.0

Penicillin G

Staphylococcus aureus

29737

1

32–35

24 h

1

1.0

Polymyxin B

Bordetella bronchiseptica

4617

1

32–35

24 h

10

0.1

Sisomicin

Staphylococcus epidermidis

12228

1

32–35

24 h

11

2S (USP42)

Kudriavzevii

2S (USP42)

Vancomycin

2S (USP42)

2S (USP42)

Bacillus subtilis

2S (USP42)

6633

2S (USP42)

32

2S (USP42)

32–35

2S (USP42)

5 days

0.03
2S (USP42)

8

2S (USP42)

As required

a American Type Culture Collection, 10801 University Boulevard, Manassas, VA 20110-2209 (http://www.atcc.org).
b See Media.
c Use 0.5 mL of a 1:25 dilution of the stock suspension/100 mL of Medium 10.
2S (USP42)

Analysis
Prepare the base layer for the required number of assay Petri plates, using the medium and
volume shown in Table 4. Allow it to harden into a smooth base layer of uniform depth. Prepare
the appropriate amount of seed layer inoculum (see Table 5) as directed for the given antibiotic
(see Table 3) with any adjustments made based on the preparatory trial analysis. Tilt the plate
back and forth to spread the inoculum evenly over the base layer surface, and allow it to
harden.
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Table 4. Base Layer
Antibiotic
Amoxicillin 2S (USP42)
Amphotericin Bb
Bleomycin
Carbenicillin
2S (USP42)

Colistimethate
Colistin
Dihydrostreptomycin
Erythromycin
Gentamicin
Neomycin
Nystatinb
Paromomycin
Polymyxin B
Sisomicin
2S (USP42)

Target Volume
(mL)

Mediuma
11

2S (USP42)

—
35
9
2S (USP42)

9
9
5
11
11
11
—
11
9
11
2S (USP42)

21

2S (USP42)

—
10
21
2S (USP42)

21
21
21
21
21
21
—
21
21
21
2S (USP42)

Vancomycin
8
10
All others
2
21
a See Media.
b No base layer is used.
[Note—The base layer may be warmed to facilitate a uniform seed layer.]
Table 5. Seed Layer
Antibiotic
Amphotericin B
Bleomycin
Nystatin
All others
a See Media.

Mediuma

Refer to Table 3

Target Volume
(mL)
8
6
8
4

Drop 6 assay cylinders on the inoculated surface from a height of 12 mm, using a mechanical
guide or other device to ensure even spacing on a radius of 2.8 cm, and cover the plates to
avoid contamination. Fill the 6 cylinders on each plate with
the same volume of 2S (USP42)
dilutions of antibiotic containing the test levels (S1–S5 and U3) specified in the following
paragraph. Incubate the plates as specified in Table 6 for 16–18 h, and remove the cylinders.
Measure and record the diameter of each zone of growth inhibition to the nearest 0.1 mm.
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Antibiotic
Amphotericin B
Carbenicillin

Table 6
Incubation Temperature
(°)
29–31
36–37.5

2S (USP42)

2S (USP42)

Colistimethate
Colistin
Dihydrostreptomycin
Gentamicin
Neomycin
Novobiocin
Nystatin
Paromomycin
Polymyxin B
Sisomicin
2S (USP42)

36–37.5
36–37.5
36–37.5
36–37.5
36–37.5
34–36
29–31
36–37.5
36–37.5
36–37.5
2S (USP42)

Vancomycin
All others

36–37.5
32–35

The Standards (S1–S5) and a single test level of the sample (U3) corresponding to S3 of the
standard curve, as defined in Standard Solutions and Sample Solutions will be used in the
assay. For deriving the standard curve, fill alternate cylinders on each of 3 plates with the
median test dilution (S3) of the Standard and each of the remaining 9 cylinders with one of the
other four test dilutions of the standard. Repeat the process for the three test dilutions of the
Standard. For the sample, fill alternate cylinders on each of 3 plates with the median test
dilution of the Standard (S3), and fill the remaining 9 cylinders with the corresponding test
dilution (U3) of the sample.
Change to read:
TURBIDIMETRIC METHOD
Temperature Control
Use appropriately qualified and calibrated equipment to obtain the temperature ranges
specified in Table 8. [Note—Temperature control can be achieved using either circulating air or
water. The greater heat capacity of water lends it some advantage over circulating air.]
Spectrophotometer
Measuring absorbance or transmittance within a fairly narrow frequency band requires a
suitable spectrophotometer in which the wavelength can be varied or restricted by the use of
580- or 530-nm filters. Alternatively, a variable-wavelength spectrophotometer can be used
and set to a wavelength of 580 or 530 nm.
The instrument may be modified as follows:
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1. To accept the tube in which incubation takes place (see Apparatus below)
2. To accept a modified cell fitted with a drain that facilitates rapid change of contents
3. To contain a flow cell for a continuous flowthrough analysis
Autozero the instrument with clear, uninoculated broth prepared as specified for the
particular antibiotic, including the same amount of test dilution (including formaldehyde if
specified) as found in each sample.
Either absorbance or transmittance can be measured while preparing inocula.
Apparatus
Use glass or plastic test tubes, e.g., 16 mm × 125 mm or 18 mm × 150 mm. [Note—Use
tubes that are relatively uniform in length, diameter, and thickness and substantially free from
surface blemishes and scratches. In the spectrophotometer, use matched tubes that are free
from scratches or blemishes. Clean tubes thoroughly to remove all antibiotic residues and
traces of cleaning solution. Sterilize tubes before use.]
Standard Solutions
To prepare a stock solution, dissolve a quantity of the USP Reference Standard of a given
antibiotic or the entire contents of a vial of USP Reference Standard, where appropriate, in the
solvent specified in Table 7, and dilute to the required concentration. Store at 2°–8°, and use
within the period indicated. On the day of the assay, prepare from the stock solution five or
more test dilutions, the successive solutions increasing stepwise in concentration, usually in
the ratio of 1: 1.25. [Note—It may be necessary to use smaller ratios for the successive
dilutions from the stock solution for the turbidimetric assay.] Use the final diluent specified such
that the median level of the Standard (S3) has the concentration suggested in Table 7.
Sample Solutions
Assign an assumed potency per unit weight or volume to the unknown, and on the day of the
assay prepare a stock solution in the same manner specified for the USP Reference Standard
(see Table 7). Dilute the sample stock solution in the specified final diluent at a nominal
concentration equal to the median concentration of the Standard (S3) as specified in Table 7.
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Table 7
Stock Solution

Antibiotic

Initial
Solvent

Initial
Concentration

Test Dilution

Further
Diluent

M edian
Concentration

Use
Within
(days)

Final Stock
Concentration

Final
Diluent

( S 3)

Capreomycin

Water

—

—

1 mg/mL

7

Water

100 µg/mL

Chloramphenicol

Alcohol

10 mg/mL

Water

1 mg/mL

30

Water

2.5 µg/mL

Chlortetracycline

0.01 N hydrochloric acid

—

—

1 mg/mL

4

Water

0.06 µg/mL

Dihydrostreptomycinb

Water

—

—

1 mg/mL

30

Water

30 µg/mL

Gramicidin

Alcohol

—

—

1 mg/mL

30

Alcohol

0.04 µg/mL

B.3d

—

—

100 µg/mL

14

B.3d

1.0 µg/mL

O xytetracycline

0.1 N hydrochloric acid

—

—

1 mg/mL

4

Water

0.24 µg/mL

Tetracycline

0.1 N hydrochloric acid

—

—

1 mg/mL

1

Water

0.24 µg/mL

100
U/mL 2S (USP42)

Same day

Dimethyl sulfoxide

0.80 U/mL

1 mg/mL

Same day

Water

25 µg/mL

Neomycinb,c

Thiostrepton

1 U/mL
—

—

—

—

Dimethyl sulfoxide
Troleandomycin

a

Isopropyl alcohol and water
(4:1)

2S (USP42)
2S (USP42)

2S (USP42)

2S (USP42)

2S (USP42)

2S (USP42)

Tylosin
Methanol

10 mg/mL

B.16d

2S (USP42)

2S (USP42)

Methanol and B.3d
1 mg/mL

30

(1:1)

4 µg/mL

a µg in this column refers to µg of activity.
b The cylinder-plate assay can be used as an alternative procedure.
c Dilute the 100-µg/mL stock solution with Buffer B.3 to obtain a solution having a concentration equivalent to 25 µg/mL of neomycin. To separate 50-mL volumetric flasks add 1.39,
1.67, 2.00, 2.40, and 2.88 mL of this solution. Add 5.0 mL of 0.01 N hydrochloric acid to each flask, dilute with Buffer B.3 to volume, and mix to obtain solutions having concentrations
of 0.69, 0.83, 1.0, 1.2, and 1.44 µg/mL of neomycin. Use these solutions to prepare the standard response line.
d The letter B refers to buffer. See Buffers for a description of each buffer listed in this table.

Inocula
Suspend the test organism from a freshly grown slant or culture in 3 mL of sterile saline TS.
Glass beads can be used to facilitate the suspension. Enterococcus hirae (ATCC 10541)
(when used for the gramicidin assay), 2S (USP42)
and Staphylococcus aureus (ATCC 9144) are grown in a liquid medium, not on agar. Spread the
saline suspension onto the surface of two or more agar plates (covering the entire surface) or
onto the surface of a Roux bottle containing 250 mL of the specified medium (see Table 8).
Incubate at the time and temperature specified in Table 8, or until growth is apparent.
After incubation, harvest the organism from the plates or Roux bottle with approximately 50
mL of sterile saline TS, using a sterile bent glass rod or sterile glass beads. Pipet the suspension
into a sterile glass bottle. This is the harvest suspension.
Determine during method verification the quantity of harvest suspension that will be used as
the inoculum, starting with the volume suggested in Table 8. Prepare also an extra Standard
(S3) as a test of growth. Incubate the trial tests for the times indicated in Table 11. Adjust the
quantity of inoculum daily, if necessary, to obtain the optimum concentration–response
relationship from the amount of growth of the test organism in the assay tubes. At the
completion of the specified incubation periods, tubes containing the median concentration of
the Standard should have absorbance values as specified in Table 9. Determine the exact
duration of incubation by observing the growth in the reference concentration (median
concentration) of the standard (S3).
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Table 8
Suggested
Inoculum Composition

Incubation Conditions

Antibiotic
Capreomycin
Chloramphenicol
Chlortetracycline
Dihydrostreptomycin
Gramicidin
Neomycin
O xytetracycline
Tetracycline
Thiostrepton
Troleandomycin
2S (USP42)

Test
Organism
Klebsiella
pneumoniae
Escherichia coli
Staphylococcus
aureus
Klebsiella
pneumoniae
Enterococcus
hirae
Klebsiella
pneumoniae
Staphylococcus
aureus
Staphylococcus
aureus
Enterococcus
hirae
Klebsiella
pneumoniae
2S (USP42)

Tylosin

Staphylococcus
aureus

Mediumb

Temperature
(°)

Time
(h)

Mediumb

Amount
(mL/100
mL)

10031
10536

1
1

36–37.5
32–35

16–24
24

3
3

0.05
0.7

29737

1

32–35

24

3

0.1

10031

1

36–37.5

16–24

3

0.1

10541

3

36–37.5

16–18

3

1.0

10031

1

36–37.5

16–24

39

2

29737

1

32–35

24

3

0.1

29737

1

32–35

24

3

0.1

10541

40

36–37.5

18–24

41

0.2

10031

1

36–37.5

16–24 h

3

ATCCa
Number

2S (USP42)

9144

2S (USP42)

3

2S (USP42)

35–39

2S (USP42)

16–18

0.1
2S (USP42)

39

2S (USP42)

2–3

a A merican Type Culture Collection, 10801 University Boulevard, Manassas, V A 20110-2209 (http://www.atcc.org).
b See Media.

Table 9
Absorbance,
Antibiotic
NLT (a.u.)
Capreomycin
0.4
Chlortetracycline 0.35
Gramicidin
0.35
Tetracycline
0.35
All others
0.3
Analysis
On the day of the assay, prepare the necessary concentration of antibiotic by dilution of
stock solutions of the Standard and of each sample as specified under Standard Solutions and
Sample Solutions. Prepare 5 test levels, each in triplicate, of the Standard (S1–S5 ) and a single
test level (U3), also in triplicate, of up to 20 samples corresponding to S3 (median
concentration) of the Standard.
Place the tubes in test tube racks or other carriers. Include in each rack 1–2 control tubes
containing
0.1 mL of the test diluent for gramicidin, thiostrepton, and tylosin, or 2S (USP42)
1 mL of the test diluent
for all others 2S (USP42)
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(see Table 7), but no antibiotic. Add the volumes of the Standard and sample test dilutions as
indicated in Table 10. Randomly distribute one complete set, including the controls, in a tube
rack. Add the volume of inoculum specified in Table 10 to each tube in the rack in turn, and
place the completed rack immediately in an incubator or a water bath maintained at 36.0°–
37.5° for the time specified in Table 11.

Antibiotic
Gramicidin
Thiostrepton
Tylosin
All others

Table 10
Volume of Test
Dilution
(mL)
0.10
0.10
0.10
1.0

Volume of
Inoculum
(mL)
9.0
10.0
9.0
9.0

Table 11
Incubation Time
Antibiotic
(h)
Capreomycin
3–4
Chloramphenicol
3–4
Cycloserine
3–4
Dihydrostreptomycin
3–4
Streptomycin
3–4
2S (USP42)

2S (USP42)

Troleandomycin

3–4

2S (USP42)

2S (USP42)

Tylosin
All others

3–5
4–5

After incubation, immediately inhibit the growth of the organism by adding 0.5 mL of dilute
formaldehyde to each tube, except for tylosin. For tylosin, heat the rack in a water bath at
80°–90° for 2–6 min or in a steam bath for 5–10 min, and bring to room temperature. Read
absorbance or transmittance at 530 or 580 nm, analyzing one rack at a time.
MEDIA AND SOLUTIONS
The media required for the preparation of test organism inocula are made from the ingredients
listed herein. Minor modifications of the individual ingredients are acceptable; and reconstituted
dehydrated media can be substituted, provided that the resulting media possess equal or better
growth-promoting properties and give a similar standard curve response.
Media
Dissolve the ingredients in water to make 1 L, and adjust the solutions with either 1 N sodium
hydroxide or 1 N hydrochloric acid as required, so that after steam sterilization the pH is as
specified.
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Medium 1
Peptone
Pancreatic digest of casein
Yeast extract
Beef extract
Dextrose
Agar
Water
pH after sterilization

6.0 g
4.0 g
3.0 g
1.5 g
1.0 g
15.0 g
1000 mL
6.6 ± 0.1

Medium 2
Peptone
Yeast extract
Beef extract
Agar
Water
pH after sterilization

6.0 g
3.0 g
1.5 g
15.0 g
1000 mL
6.6 ± 0.1

Medium 3
Peptone
Yeast extract
Beef extract
Sodium chloride
Dextrose
Dibasic potassium phosphate
Monobasic potassium phosphate
Water
pH after sterilization

5.0 g
1.5 g
1.5 g
3.5 g
1.0 g
3.68 g
1.32 g
1000 mL
7.0 ± 0.05

Medium 4
Peptone
Yeast extract
Beef extract
Dextrose
Agar
Water
pH after sterilization

6.0 g
3.0 g
1.5 g
1.0 g
15.0 g
1000 mL
6.6 ± 0.1

Medium 5
Peptone
Yeast extract
Beef extract
Agar
Water
pH after sterilization

6.0 g
3.0 g
1.5 g
15.0 g
1000 mL
7.9 ± 0.1
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Medium 8
Peptone
Yeast extract
Beef extract
Agar
Water
pH after sterilization

6.0 g
3.0 g
1.5 g
15.0 g
1000 mL
5.9 ± 0.1

Medium 9
Pancreatic digest of casein
Papaic digest of soybean
Sodium chloride
Dibasic potassium phosphate
Dextrose
Agar
Water
pH after sterilization

17.0 g
3.0 g
5.0 g
2.5 g
2.5 g
20.0 g
1000 mL
7.2 ± 0.1

Medium 10
Pancreatic digest of casein
Papaic digest of soybean
Sodium chloride
Dibasic potassium phosphate
Dextrose
Agar
Water
Polysorbate 80 (added after boiling the medium to dissolve the agar)
pH after sterilization
Medium 11
Peptone
Pancreatic digest of casein
Yeast extract
Beef extract
Dextrose
Agar
Water
pH after sterilization

6.0 g
4.0 g
3.0 g
1.5 g
1.0 g
15.0 g
1000 mL
8.3 ± 0.1

Medium 13
Peptone
Dextrose
Water
pH after sterilization

10.0 g
20.0 g
1000 mL
5.6 ± 0.1

17.0 g
3.0 g
5.0 g
2.5 g
2.5 g
12.0 g
1000 mL
10 mL
7.2 ± 0.1
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Medium 19
Peptone
Yeast extract
Beef extract
Sodium chloride
Dextrose
Agar
Water
pH after sterilization

9.4 g
4.7 g
2.4 g
10.0 g
10.0 g
23.5 g
1000 mL
6.1 ± 0.1

Medium 32
Peptone
Pancreatic digest of casein
Yeast extract
Beef extract
Manganese sulfate
Dextrose
Agar
Water
pH after sterilization

6.0 g
4.0 g
3.0 g
1.5 g
0.3 g
1.0 g
15.0 g
1000 mL
6.6 ± 0.1

Medium 34
Glycerol
Peptone
Beef extract
Sodium chloride
Water
pH after sterilization

10.0 g
10.0 g
10.0 g
3.0 g
1000 mL
7.0 ± 0.1

Medium 35
Glycerol
Peptone
Beef extract
Sodium chloride
Agar
Water
pH after sterilization

10.0 g
10.0 g
10.0 g
3.0 g
17.0 g
1000 mL
7.0 ± 0.1

Medium 36
Pancreatic digest of casein
Papaic digest of soybean
Sodium chloride
Agar
Water
pH after sterilization

15.0 g
5.0 g
5.0 g
15.0 g
1000 mL
7.3 ± 0.1
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Medium 39
Peptone
Yeast extract
Beef extract
Sodium chloride
Dextrose
Dibasic potassium phosphate
Monobasic potassium phosphate
Water
pH after sterilization

5.0 g
1.5 g
1.5 g
3.5 g
1.0 g
3.68 g
1.32 g
1000 mL
7.9 ± 0.1

Medium 40
Yeast extract
Polypeptone
Dextrose
Monobasic potassium phosphate
Polysorbate 80
Agar
Water
pH after sterilization

20.0 g
5.0 g
10.0 g
2.0 g
0.1 g
10.0 g
1000 mL
6.7 ± 0.2

Medium 41
Pancreatic digest of casein
Dextrose
Yeast extract
Sodium citrate
Monobasic potassium phosphate
Dibasic potassium phosphate
Water
pH after sterilization

9.0 g
20.0 g
5.0 g
10.0 g
1.0 g
1.0 g
1000 mL
6.8 ± 0.1

Solutions
BUFFERS
Prepare as directed in Table 12, or by other suitable means. The buffers are sterilized after
preparation; the pH specified in each case is the pH after sterilization.
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Table 12. Buffers
Concentration
of
Monobasic
Potassium
Phosphate
(g/L)

Volume of
10 N
Potassium
Hydroxide
(mL)

Buffer
Buffer B.1
(1%, pH
—
6.0)
2
8
Buffer B.3
(0.1 M,
pH 8.0)
16.73
0.523
—
Buffer B.4
(0.1 M,
pH 4.5)
—
13.61
—
Buffer B.6
(10%, pH
6.0)
20
80
—
Buffer
B.10 (0.2
—
M, pH
10.5)
35
2
Buffer
B.16 (0.1
M, pH
7.0)
13.6
4
—
a Adjust the pH with 18 N phosphoric acid or 10 N potassium hydroxide.

pH after
Sterilizationa

6.0 ± 0.05

8.0 ± 0.1

4.5 ± 0.05

6.0 ± 0.05

10.5 ± 0.1

7.0 ± 0.2

Other solutions: See Reagents, Indicators, and Solutions.
Water: Use Purified Water.
Saline: Use saline TS.
Dilute formaldehyde: Formaldehyde solution and water (1:3)
Change to read:
CALCULATIONS
Introduction
Antibiotic potency is calculated by interpolation from a standard curve using a logtransformed straight-line method with a least-squares fitting procedure (see below for
calculation details). The analyst must consider three essential concepts in interpreting
antibiotic potency results:
1. Biological concentration–response relationships generally are not linear. The antibiotic
potency method allows fitting the data to a straight line by evaluating a narrow
concentration range where the results approach linearity. The assay results can be
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considered valid only if the computed potency is 80%–125% of that assumed in
preparing the sample stock solution. When the calculated potency value falls outside
80%–125%, the result for the sample may fall outside the narrow concentration range
where linearity has been established. In such a case, adjust the assumed potency of
the sample accordingly, and repeat the assay to obtain a valid result.
2. The most effective means of reducing the variability of the reportable value (the
geometric mean potency across runs and replicates) is through independent runs of the
assay procedure. The combined result of a series of smaller, independent assays spread
over a number of days is a more reliable estimate of potency than that from a single
large assay with the same total number of plates or tubes. Three or more independent
assays are required for antibiotic potency determinations.
3. The number of assays needed in order to obtain a reliable estimate of antibiotic potency
depends on the required specification range and the assay variability. The confidence
limit calculation described below is determined from several estimated log potencies that
are approximately equal in precision. If the value calculated for the
half- 2S (USP42)
width of the confidence interval, W, is too wide, no useful decision can be made about
whether the potency meets its specification.
The laboratory should predetermine in its standard operating procedures a maximum
acceptable value for the confidence interval
half- 2S (USP42)
width. This maximum value should be determined during development and confirmed during
validation or verification. If the calculated confidence interval
half- 2S (USP42)
width exceeds this limit, the analyst must perform additional independent potency
determinations to meet the limit requirement. Note that the decision to perform additional
determinations does not depend on the estimated potency but only on the uncertainty in that
estimate as determined by the confidence interval
half- 2S (USP42)
width. Assay variability has a greater impact on the calculated confidence limit than does the
number of independent potency determinations. As a result, the analyst should first consider
decreasing variability to the extent possible before conducting potency determinations.
The following sections describe the calculations for determining antibiotic potency as well as
for performing the confidence limit calculation. Methods for calculating standard error are also
shown in order to allow estimates of assay variance. Where logarithms are used, any base log
is acceptable. Appendix 1: Formulas for Manual Calculations of Regression and Sample
Concentration provides formulas for hand calculations applicable when the concentrations are
equally spaced in the log scale. Alternative statistical methods may be used if appropriately
validated.
Cylinder-Plate Assay
This section details analysis of the sample data and determination of the potency of an
unknown, using the cylinder-plate assay.
SAMPLE DATA
Table 13 shows the data from one assay that will be used as an example throughout this
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section. For each of the 12
15 2S (USP42)
plates, zones 1, 3, and 5 are
for 2S (USP42)
the reference concentration
, (S3), 2S (USP42)
and the other three zones are for one of the other four
standard 2S (USP42)
concentrations
, (S1, S2, S4, and S5) or the sample (U3) 2S (USP42)
, as shown. Other columns are needed for calculations and are explained below.
Step 1: Perform initial calculations and variability suitability check.
For each set of 3 plates, average the 9 reference values and average the 9 Standard values.
Example: (See Table 13.)
15.867 = X(16.1, 15.6, …, 15.8)
14.167 = X(14.6, 14.1, …, 14.8)
For each set of 3 plates, determine the standard deviation of the 9 reference values and the
standard deviation of the 9 Standard values. For each standard deviation, determine the
corresponding relative standard deviation.
Example: (See Table 13.)
0.200 = σ(16.1, …, 15.8)
1.3% = (0.200/15.867) × 100
0.324 = σ(14.6, …, 14.1)
2.3% = (0.324/14.167) × 100
For a variability suitability criterion, each laboratory should determine a maximum acceptable
value for the relative standard deviation. If any of the eight relative standard deviations (four
for the reference and four for the Standard) exceed this predetermined maximum, the assay
data are not suitable and should be discarded. [Note—The suggested limit for relative standard
deviation is NMT 10%.]
Step 2: Perform a plate-to-plate variation correction.
This correction is applied to convert the average zone measurement obtained for each
concentration to the value it would be if the average reference concentration measurement for
that set of 3 replicate plates were the same as the value of the correction point:
XC = XS − (XR − P)
XC = corrected standard mean
XS = original standard mean
XR = reference mean
P = correction point
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Example: For the first set of 3 plates in Table 13 (S1), the correction is:
14.022 = 14.167 − (15.867 − 15.722) = 14.167 − 0.145
Step 3: Determine the standard curve line.
Generate the standard curve line by plotting the corrected zone measurements versus the log
of the standard concentration values. Calculate the equation of the standard curve line by
performing a standard unweighted linear regression on these values, using appropriate software
or the manual calculations of Appendix 1: Formulas for Manual Calculations of Regression and
Sample Concentration. [Note—Use either the natural log or the base 10 log to plot the
standard curve and determine the regression equation; both provide the same final test result.]
Each laboratory should determine a minimum value of the coefficient of determination (%R2) for
an acceptable regression. The regression is acceptable only if the obtained %R2 exceeds this
predetermined value. [Note—The suggested limit for the percentage coefficient of
determination is NLT 95%.]
Table 13. Sample Data (Cylinder-Plate Assay)
Sample
Reference ( S 3)

Standard

1

S

Concentration
(U/mL)

Plate
Replicate

Zone 1
(mm)

Zone 3
(mm)

Zone 5
(mm)

3.20

1

16.1

15.6

15.8

2

16.0

15.9

16.2

3

15.7

15.7

15.8

1

15.8

15.6

15.5

2

15.7

15.5

3

15.7

15.4

1

15.6

15.8

16.0

2

15.8

15.6

3

16.1

15.7

1

15.6

15.6

15.5

2

15.6

15.7

3

15.9

15.8

4.00

2

S

6.25

4

S

7.8125

5

S

Standard

Mean
(mm)

SD

15.867

0.200

2S (USP42)

%RSD

Zone 2
(mm)

Zone 4
(mm)

Zone 6
(mm)

Mean
(mm)

SD

%RSD

1.3

14.6

14.1

13.5

14.167

0.324

2.3

14.5

14.1

14.4

14.0

14.2

14.1

14.7

15.1

14.8

14.833

0.265

1.8

15.6

14.7

14.9

15.2

15.3

14.8

15.0

14.3

16.6

16.8

16.3

16.578

0.233

1.4

15.7

16.6

16.5

16.2

15.8

16.9

16.5

16.8

17.3

17.0

17.0

17.167

0.224

1.3

15.5

17.3

17.4

17.2

15.8

17.3

17.3

16.7

15.3

15.8

15.7

15.567

15.789

15.667

0.158

0.169

0.141

1.0

1.1

0.9

Corrected
Mean
(mm)

14.022

14.989

16.511

17.222

15.722

a

Sample
U

3

Reference (S 3)

2S (USP42)

Unknown

Sample

2S (USP42)

1

15.7

15.8

15.7

15.678

0.179

1.1

2

15.9

15.7

15.7

15.8

15.8

15.5

3

15.5

15.8

15.3

15.2

15.1

15.1

2S (USP42)

15.478

0.307

2.0

15.522

a This is the value of the overall reference mean, referred to as the “correction point” below.

Example: Table 14 summarizes the portion of Table 13 needed for this part of the calculation.

Standard Set
S1
S2
Reference
(S3)
S4
S5

Table 14
Corrected Zone
Measurements
(mm)
14.022
14.989
15.722

Concentration
(U/mL)
3.2
4.0
5

16.511
17.222

6.25
7.8125

LINEAR REGRESSION RESULTS
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Standard curve line:
Z = [3.551 × ln(C)] + 9.978
Z = corrected zone measurement
C = concentration
%R2 = 99.7
SAMPLE POTENCY DETERMINATION
To estimate the potency of the unknown sample, average the zone measurements of the
Standard and the zone measurements of the sample on the 3 plates used. Correct for plate-toplate variation using the correction point determined above to obtain a corrected average for
the unknown, U. [Note—An acceptable alternative to using the correction point is to correct
using the value on the estimated regression line corresponding to the log concentration of S3.]
Use the corrected average zone measurement in the equation of the standard curve line to
determine the log concentration of the sample, LU, by:
LU = (U − a)/b
a = intercept of the regression line
b = slope of the regression line
To obtain the potency of the unknown, take the antilog of LU and multiply the result by any
applicable dilution factor. This value can also be expressed as a percentage of the reference
concentration value.
Example: Corrected sample zone measurement (see Table 13) = 15.522
Natural log of the sample concentration:
LU = (15.522 − 9.978)/3.551 = 1.561
Sample concentration:
CU = e1.561 = 4.765
Percentage of reference concentration:
Result = (4.765/5.000) × 100 = 95.3%
Turbidimetric Assay
This section details analysis of the sample data and determination of the potency of an
unknown using the turbidimetric assay. The method assumes that the tubes are randomly
distributed within the heat block or other temperature control device. If the device has a
temperature profile that is not uniform, a randomized blocks design is preferred. In such a
design, the rack is divided into areas (“blocks”) of relatively uniform temperature and at least
one tube of each Standard concentration and of each unknown is placed in each area. The
data analysis of a randomized block design is different from the following.
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SAMPLE DATA
Table 15 shows the data from one assay that will be used for an example throughout this
section. Other columns are needed for calculations and are explained below.
Table 15. Sample Data (Turbidimetric Assay)
Concentration
(µg/mL)

Standard

S1

64

S2

80

S3

100

S4

125

S5

156

U3

Unknown

Replicate
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

Absorbance
(a.u.)
0.8545
0.8422
0.8495
0.8142
0.8273
0.8392
0.6284
0.6947
0.7563
0.6933
0.6850
0.6699
0.5299
0.5779
0.5316
0.7130
0.7960
0.7201

Average
(a.u.)

Standard
Deviation

0.8487

0.0062

0.8269

0.0125

0.6931

0.0640

0.6827

0.0119

0.5465

0.0272

0.7430

0.0460

Step 1: Perform initial calculations and variability suitability check.
For each concentration (including the sample), average the three absorbance values.
Example: See S1 in Table 15.
0.8487 = X(0.8545, 0.8422, 0.8495)
For each concentration, determine the standard deviation of the three readings and a combined
standard deviation for all the concentrations.
Example: See S1 in Table 15.
0.0062

(ERR 1-Mar-2018)

= SD(0.8545, 0.8422, 0.8495)

The combined value is calculated by taking the square root of the average of the five
variances:
0.0322

(ERR 1-Mar-2018)

= {[(0.0062)2 + (0.0125)2 + (0.0640)2 + (0.0119)2 +
(0.0272)2]/5}1/2

For a variability suitability criterion, each laboratory should determine a maximum acceptable
combined standard deviation. If the combined standard deviation exceeds this predetermined
maximum, the assay data are not suitable and should be discarded. [Note—The suggested limit
for the combined standard deviation is NMT 10% of the average absorbance value across the
five concentrations.] If the number of replicates per concentration is at least 5, then a relative
standard deviation can be computed for each concentration after checking for outliers and
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compared to a maximum acceptable relative standard deviation. [Note—The suggested limit for
the relative standard deviation is NMT 10%.]
Step 2: Determine the standard curve line.
Generate the standard curve line by plotting the average absorbance values versus the log of
the standard concentration values. Calculate the equation of the standard curve line by
performing an unweighted linear regression on these values using appropriate software or the
manual calculations of Appendix 1: Formulas for Manual Calculations of Regression and Sample
Concentration. [Note—Use either the natural log or the base 10 log to plot the standard curve
and determine the regression equation; both provide the same final test result.] Each
laboratory should determine a minimum value of the percentage coefficient of determination
(%R2) for an acceptable regression. The regression is acceptable only if the %R2 value
obtained exceeds this predetermined value. [Note—The suggested limit for the percentage
coefficient of determination is NLT 90%.]
Example: Table 16 summarizes the portion of Table 15 needed for this part of the calculation.
Table 16
Average Absorbance
Values
(a.u.)
0.8487
0.8269
0.6931
0.6827
0.5465

Set of Standards
S1
S2
S3
S4
S5

Concentration
(µg/mL)
64
80
100
125
156

LINEAR REGRESSION RESULTS
Standard curve line:
Absorbance = 2.2665 − [0.7735 × log10 (concentration)]
%R2 = 93.0%
SAMPLE POTENCY DETERMINATION
To estimate the potency of the unknown sample, average the three absorbance
measurements to obtain an average for the unknown, U. Use this average measurement in the
equation of the standard curve line to determine the log concentration of the unknown sample,
LU, by:
LU = (U − a)/b
a = intercept of the regression line
b = slope of the regression line
To obtain the potency of the unknown, take the antilog of LU and multiply the result by any
applicable dilution factor. This value can also be expressed as a percentage of the reference
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concentration value.
Example: Average sample absorbance (see Table 15) = 0.7430.
log10 (CU) = (0.7430 − 2.2665)/(−0.7735) = 1.9696
CU = 101.9696 = 93.2
Percentage of reference concentration = (93.2/100.0) × 100 = 93.2%
CU = concentration of the sample
Confidence Limits and Combination of Assays Calculations
Because of interassay variability, three or more independent determinations are required for a
reliable estimate of the sample potency. For each independent determination, start with
separately prepared stock solutions and test dilutions of both the Standard and the sample,
and repeat the assay of a given sample on a different day.
Given a set of at least three determinations of the unknown potency, use the method of
Appendix 2: Procedure for Checking for Outliers; Rejection of Outlying or Aberrant
Measurements to check for any outlier values. This determination should be done in the log
scale.
To obtain a combined estimate of the unknown potency, calculate the average, M, and the
standard deviation of the accepted log potencies. [Note—Use either the natural log or the base
10 log.] Determine the confidence interval for the potency as follows:
antilog[M − t(0.05, N − 1) × SD/√N], antilog[M + t(0.05, N − 1) × SD/√N]
M = average
t(0.05, N−1) = the two-sided 5% point of a Student’s t-distribution with N−1 degrees of
freedom
[Note—The t value is available in spreadsheets, statistics texts, and statistics software.]
SD = standard deviation
N = number of assays
W = antilog{[t(0.05, N − 1) × SD/√N]}
W = half-width of the confidence interval
Compare the half-width of the confidence interval to a predetermined maximum acceptable
value. If the half-width is larger than the acceptance limit, continue with additional assays.
EXAMPLE
Suppose the sample is assayed four times, with potency results in the natural log scale of
1.561, 1.444, 1.517, and 1.535. Then:
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N=4
M = X(1.561, 1.444, 1.517, 1.535) = 1.514
SD = σ(1.561, 1.444, 1.517, 1.535) = 0.050
t = 3.182
The confidence interval in the log scale is
1.514 ± (3.182 × 0.050/√4) = (1.434, 1.594)
Taking antilogs, the estimated potency is
e1.514 = 4.546
with a 95% confidence interval for the potency of e1.434, e1.594 = (4.197, 4.924).
The half-width of the confidence interval to compare to an acceptance value is the ratio
4.924/4.546 = 1.083.
Change to read:
APPENDICES
Appendix 1: Formulas for Manual Calculations of Regression and Sample Concentration
If the concentrations are equally spaced in the logarithmic scale, the calculations can be
performed using the following formula. Let:
Sk = mean corrected zone measurement (cylinder-plate assay) or average absorbance value
(turbidimetric assay) for standard set k
k = 1, 2, 3, 4, 5
S = mean of the five Sk values
Lk = logarithm of the kth concentration. [Note—Use either the natural log or the base 10 log.
Slope of the regression line is calculated by:]
b = (Y high − Y low)/(Xhigh − Xlow)
Y high = 1/5(3S5 + 2S4 + S3 − S1)
Y low = 1/5(3S1 + 2S2 + S3 − S5)
Xhigh = L5
Xlow = L1
Combine and simplify to:
b = (4S5 + 2S4 − 2S2 − 4S1)/[5(L5 − L1)]
The log of the concentration of the sample is found using:
LU = Lreference + [(U − S)/b]
For example, using the data for the cylinder-plate assay in Table 13 and natural logarithms:
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b = [(4 × 17.222) + (2 × 16.511) − (2 × 14.989) −(4 × 14.020)]/{5[ln(7.81) − ln(3.2)]} =
3.551
S = (14.020 + 14.989 + 15.722 + 16.511 + 17.222)/5 = 15.693
Natural log of sample concentration = ln(5) + [(15.522 − 15.693)/3.551] = 1.561
Sample concentration = e1.561 = 4.765
Appendix 2: Procedure for Checking for Outliers—Rejection of Outlying or Aberrant
Measurements
A measurement that is clearly questionable because of a failure in the assay procedure should
be rejected, whether it is discovered during the measuring or tabulation procedure. The
arbitrary rejection or retention of an apparently aberrant measurement can be a serious source
of bias. In general, the rejection of measurements solely on the basis of their relative
magnitudes is a procedure that should be used sparingly.
Each suspected potency measurement, or outlier, may be tested against the following
criterion. This criterion is based on the variation within a single group of supposedly equivalent
measurements from a normal distribution. On average, it will reject a valid observation once in
25 trials or once in 50 trials. Designate the measurements in order of magnitude from y1 to yN,
where y1 is the candidate outlier, and N is the number of measurements in the group.
At a confidence level of 99%, a valid observation will be rejected once in 100 trials (when
the suspected outlier can occur at only one end) or once in 50 trials (when the suspected
outlier can occur at either end), provided that relatively few, if any, responses within the group
are identical. Arrange the responses in order of magnitude from y1 to yN, where N is the number
of observations in the group. 2S (USP42)
Compute the relative gap by using Table A2-1, and the formulas below:
When N = 3–7:
G1 = (y2 − y1)/(yN − y1)
Candidate Outlier is Smallest (y1)
G1 = (yN − yN−1)/(yN − y1) Candidate Outlier is Largest (yN)

2S (USP42)

When N = 8–10:
G2 = (y2 − y1)/(yN − 1 − y1)
Candidate Outlier is Smallest (y1)
G2 = (yN − yN−1)/(yN − y2) Candidate Outlier is Largest (yN)

2S (USP42)

When N = 11–13:
G3 = (y3 − y1)/(yN −1 − y1)
Candidate Outlier is Smallest (y1)
G3 = (yN − yN−2)/(yN − y2) Candidate Outlier is Largest (yN)

2S (USP42)

If G1, G2, or G3, as appropriate, exceeds the critical value in Table A2-1, for the observed N,
there is a statistical basis for omitting the outlier measurement(s)
for identifying the discordant measurement as an outlier and considering its removal.
2S (USP42)
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Table A2-1. Test for Outlier Measurements
In samples from a normal population, gaps equal to or larger than the following values of G1,
G2, and G3 occur with a probability P = 0.01, when outlier measurements can occur only at
one end; or with P = 0.02, when they may occur at either end.
N
3
4
5
6
7
G1 0.987
0.889
0.781
0.698
0.637
0.988 2S (USP42)
0.780 2S (USP42)
N
8
9
10
—
—
G2 0.681
0.634
0.597
—
—
0.683 2S (USP42)
0.635 2S (USP42)
N
11
12
13
—
—
G3 0.674
0.643
0.617
—
—
0.679 2S (USP42)
0.642 2S (USP42)
0.615 2S (USP42)
EXAMPLE
Estimated potencies of sample in log scale = 1.561, 1.444, 1.517, 1.535.
Check the lowest potency for outlier:
G1 = (1.517 − 1.444)/(1.561 − 1.444) = 0.624 < 0.889
Therefore, 1.444 is not an outlier.
Check the highest potency for outlier:
G1 = (1.561 − 1.535)/(1.561 − 1.444) = 0.222 < 0.889
Therefore, 1.561 is not an outlier.
Outlier potencies should be marked as outlier values and excluded from the assay
calculations. NMT 1 potency can be excluded as an outlier.
Recent Official Publications:
Errata published: 02/23/2018
USP41–NF36 Page 5991
BRIEFING

〈 601〉 Inhalation and Nasal Drug Products: Aerosols, Sprays, and Powders—
Performance Quality Tests, USP 41 page 6327. This chapter has been extensively revised to
address comments received and to provide clarity. Given the feedback concerning the
perceived over-complex nature of the chapter, the following major changes have been made:
1. The table associated with both Delivered Dose Uniformity (DDU) apparatuses has been
re-drafted to identify differences between the version for inhalation and nasal aerosols
and inhalation sprays and the corresponding version for inhalation and nasal powders.
The captions of the associated figures have been made consistent with the
nomenclature in the preceding table.
2. The position of laser diffractometry has been clarified as a complimentary/and or
alternative approach to cascade impaction for determining the droplet/particle size
distribution of nasal aerosols and nasal sprays.
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3. The opportunity has also been taken to remove the Marple-Miller Impactor (MMI) and
the Multi-Stage Liquid Impinger (MSLI), that have insufficient size resolution to meet
current FDA requirements. There are now two methods for use with inhalation powders
(using the Andersen Cascade Impactor or the Next Generation Impactor with
preseparator) and the same choice of methods without preseparator for use with all
other orally inhaled products. The individual cascade impactors are now named, rather
than identifying them using a specific apparatus number. The methodologies for the
remaining four methods for aerodynamic particle size distribution (APSD) determination
have been revised so that they are consistent between each option. Many of the
figures have been re-drawn to improve clarity, and captions provided in these
illustrations made consistent with the corresponding information in their associated
tables.
4. Despite best intentions to harmonize the text with the European Pharmacopoeia (EP)
and the Japanese Pharmacopoeia (JP) through the Pharmacopeial Discussion Group
(PDG), this chapter was withdrawn from the PDG work plan due to the inability to find a
path forward that satisfied all parties and compendial structures.
Additionally, minor editorial changes have been made to update this chapter to current USP
style and to achieve internal consistency of nomenclature within the chapter.
USP's Aerosols Subcommittee is aiming to have this chapter submitted for ballot for
consideration as official text after this round of public comment. Comments are therefore
invited on the changes made to the document, unless there is perceived to be an over-riding
need for revision to the existing text approved at the last round of public comment. If a
revision to the existing text is seen to be necessary, a concise alternative wording should be
provided for the Aerosols Subcommittee to review.
The following Briefing list includes monographs and/or chapters that both reference the
General Chapter under revision and require revision to keep references to the General Chapter
accurate. Other monographs and/or chapters may also be listed, even where the reference to
the General Chapter remains unchanged, as additional notice to stakeholders where there is
believed to be potential for the change in the general chapter itself to affect pass-fail
determinations for particular monograph articles.
Chapter Dependencies (click to expand).
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〈5 〉 INHALATION AND NASAL DRUG PRODUCTS—GENERAL
INFORMATION AND PRODUCT QUALITY TESTS
〈1004 〉 MUCOSAL DRUG PRODUCTS—PERFORMANCE TESTS
〈1151 〉 PHARMACEUTICAL DOSAGE FORMS
〈1602 〉 SPACERS AND VALVED HOLDING CHAMBERS USED
W ITH INHALATION AEROSOLS—CHARACTERIZATION TESTS
Dexamethasone Sodium Phosphate Inhalation Aerosol
Epinephrine Inhalation Aerosol
Fluticasone Propionate Inhalation Aerosol
Fluticasone Propionate and Salmeterol Inhalation Aerosol
Isoetharine Mesylate Inhalation Aerosol
Isoproterenol Hydrochloride and Phenylephrine Bitartrate
Inhalation Aerosol
Lidocaine Topical Aerosol
Salmeterol Inhalation Pow der

〈603 〉 TOPICAL AEROSOLS
〈1059 〉 EXCIPIENT
PERFORMANCE
〈1601 〉 PRODUCTS FOR
NEBULIZATION—
CHARACTERIZATION TESTS
〈1664.1 〉 ORALLY INHALED AND
NASAL DRUG PRODUCTS
Epinephrine Bitartrate Inhalation
Aerosol
Ergotamine Tartrate Inhalation
Aerosol
Fluticasone Propionate
Inhalation Pow der
Fluticasone Propionate and
Salmeterol Inhalation Pow der
Isoproterenol Hydrochloride
Inhalation Aerosol
Isoproterenol Sulfate Inhalation
Aerosol
Metaproterenol Sulfate
Inhalation Aerosol
Terbutaline Sulfate Inhalation
Aerosol

Tolnaftate Topical Aerosol

(GCDF: K. Zaidi.)
Correspondence Number—C187043
Comment deadline: November 30, 2018

〈 601〉 INHALATION AND NASAL DRUG PRODUCTS: AEROSOLS, SPRAYS, AND POWDERS—
PERFORMANCE QUALITY TESTS
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Change to read:
INTRODUCTION
The major performance measures for nasal and inhalation aerosols, sprays, and powders
relate to dose delivery to the patient, including delivered-dose uniformity and relevant
measures of particle size (optical or aerodynamic) depending on the dosage form. Each of these
is described in the following sections. A nomenclature table appears in Inhalation and Nasal
Drug Products—General Information and Product Quality Tests 〈5〉, from which the descriptive
terms for various dosage forms can be obtained.
A. DELIVERED-DOSE UNIFORMITY
A.1 Nasal Aerosols and Nasal Sprays
The following test is applicable to nasal aerosols and sprays formulated as nonaqueous or
aqueous suspensions or solutions of drug, presented typically in multidose containers, and
fitted with dose-metering valves or pumps. In all cases and for all tests, prepare and test the
spray as directed in the labeling and the instructions for use.
A.1.1 DELIVERED-DOSE UNIFORMITY OF PRODUCT
Unless otherwise directed in the individual monograph, the drug content of the minimum
delivered doses collected at the beginning of unit life, and also at the end of unit life, will be
determined from each of 10 separate containers. This represents a total of 20 determinations.
These measurements shall be made after priming as described in the labeling or instructions for
use. The number of doses not to exceed 2 sprays (i.e., a total of 20 determinations).
A.1.1.1 Sampling the delivered dose from nasal sprays
Procedure—To ensure reproducible in vitro dose collection, it is recommended that a
mechanical means of actuating the metering system or pump assembly be used to deliver doses
for collection. The mechanical actuation procedure should have adequate controls for the
critical mechanical actuation parameters (e.g., actuation force, actuation speed, stroke length,
and rest periods). The test must be performed on units that have been thoroughly shaken and
primed according to the patient-use instructions. The test unit should be actuated in a vertical
or near-vertical, valve-up position. The dose collected at the beginning of each of the 10 test
containers should be the dose immediately following priming, and the dose collected at the end
of each container's life should correspond to the last label claim number of doses from the same
container. The doses between the two sequential test samples should be disposed of
appropriately.
For suspension products, the dose should be delivered into a suitable container (e.g.,
scintillation vial) in which quantitative transfer from the container under test can be
accomplished. A validated analytical method is employed to determine the amount of drug in
each delivered dose, and data are reported as a percent of label claim. For solution products,
the delivered dose can be determined gravimetrically from the weight of the delivered dose and
the concentration and density of the fill solution of the product under test.
A.1.1.2 Sampling the delivered dose from nasal aerosols: See A.2.1.1 Sampling the
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Delivered Dose from Inhalation Aerosols and Inhalation Sprays.
A.2 Inhalation Aerosols and Inhalation Sprays
The following tests are applicable to inhalation aerosols (commonly known as metered-dose
inhalers) and inhalation sprays. Inhalation aerosols are formulated as suspensions or solutions of
a drug substance in propellants and possibly other suitable excipients and are presented as
multidose units. Inhalation sprays typically are aqueous-based liquid formulations packaged in a
compact container–closure system containing an integral spray pump unit. Refer to 〈5〉 for
additional information. The following test methods are specific to these products and may
require modification when analysts test alternative inhalation technologies (for example,
breath-actuated inhalation aerosols or inhalation sprays). However, pharmacopeial requirements
for all dose-metered inhalation dosage forms require determination of the delivered dose and
aerodynamic size distribution. In all cases and for all tests prepare and test the product as
directed on the label and the instructions for use. When these directions are not provided by
the product manufacturer, follow the precise dose-discharge directions included in the following
tests.
A.2.1 DELIVERED-DOSE UNIFORMITY OF PRODUCT
The test for Delivered-Dose Uniformity is required for inhalation aerosols and inhalation sprays
containing drug formulation (e.g., solution or suspension) either in device-metered or in premetered unit presentations. The test for Delivered-Dose Uniformity includes dose uniformity
over the entire unit life. (For products packaged in pre-metered dosage units, see also
Uniformity of Dosage Units 〈905〉.) A dose in this test is defined as the minimum recommended
number of sprays specified in the product labeling or instructions for use but not more than two
sprays. For inhalation aerosols and inhalation sprays, the target-delivered dose is specified by
the label claim, unless otherwise specified in the individual monograph. Its value reflects the
expected mean drug content for a large number of delivered doses collected from many units of
the product using the method specified in the monograph.
Unless otherwise directed in the individual monograph, the drug content of the delivered
doses collected at the beginning of unit life (after priming as described on the label or
instructions for use) and end of unit life of the label claim, will be determined from each of 10
separate containers (i.e., a total of 20 determinations).
A.2.1.1 Sampling the delivered dose from inhalation aerosols and inhalation sprays
Procedure—To determine the content of active ingredient in the discharged plume from an
inhalation aerosol and inhalation spray, use the sampling Apparatus A (see Figure 1) described
below. Prepare the product for use according to the label instructions for shaking, priming, and
firing. Unless otherwise specified in the individual monograph, with the vacuum pump running,
ensuring an airflow rate through the product device of 28.3 L of air per minute (±5%),
discharge the minimum recommended actuations into the apparatus through the mouthpiece
adapter by actuating the metering system for a duration sufficient to ensure that the dose has
been completely discharged. The volume of air sampled should not exceed 2.0 L. The dose
collected from each of the 10 test containers should be the dose immediately following priming,
and the dose collected at the end of each container's life should be the last dose according to
the label claim. Unless otherwise prescribed in the patient instructions, shake the product for 5
s, and collect the first actuation following priming. Wait for 5 s and collect the next actuation,
if justified. The doses between the two sequential test samples (i.e., beginning and end of
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container life) should be disposed of appropriately. Note that for inhalation aerosols the rate of
discharges (number of discharges per unit time) to waste should not cause excessive canister
cooling. Following separate collections of the minimum number of actuations from each unit at
each sequential test sample, detach the product from Apparatus A (see Figure 1), and
disconnect the vacuum. Separately assay the contents of the apparatus for drug at the
beginning and end sequential test samples after rinsing the filter and the interior of the
apparatus with a suitable solvent.
Apparatus A—The sampling apparatus (see Figure 1) consists of a filter support base with an
open-mesh filter support such as a stainless steel screen, a collection tube that is clamped or
screwed to the filter support base, and a mouthpiece adapter to ensure an airtight seal
between the collection tube and the mouthpiece. Use a mouthpiece adapter that ensures that
the opening of the product’s mouthpiece is flush with the front face or 2.5-mm indented
shoulder in the sample collection tube, as appropriate. The vacuum connector is connected to
a system comprising a vacuum source, flow regulator, and flowmeter. The source should be
capable of pulling air through the complete assembly, including the filter and the product to be
tested, at the desired flow rate. During tests of inhalation aerosols, air should be drawn
continuously through the system to avoid loss of drug into the atmosphere. The filter support
base is designed to accommodate 25-mm diameter filter disks. At the airflow used, the sample
collection tube and the filter disk must be capable of quantitatively collecting the delivered
dose. The filter disk and other materials used in the construction of the apparatus must be
compatible with the drug and the solvents that are used to extract the drug from the filter.
One end of the collection tube is designed to hold the filter disk tightly against the filter
support base. When assembled, the joints between the components of the apparatus are
airtight so that when a vacuum is applied to the base of the filter, all of the air drawn through
the collection device passes through the product device.
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Figure 1. Sampling apparatus for inhalation aerosols and sprays.
A.3 Nasal Powders
The following test is applicable to nasal powders presented in pre-metered and device-
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metered units. In all cases and for all tests, prepare and test the powder as directed in the
labeling and the instructions for use.
A.3.1 DELIVERED-DOSE UNIFORMITY OF PRODUCT
Unless otherwise directed in the individual monograph, the drug content of the minimum
delivered doses from each of 10 separate containers will be determined at the beginning of unit
life and again at the label claim number of metered doses. This represents a total of 20
determinations. For nasal powders packaged in single-dose units, Delivered-Dose Uniformity
can be applied on 10 dosage units.
A.3.1.1 Sampling the delivered dose from nasal powders: To ensure reproducible in vitro
dose collection, it is recommended that appropriate means of actuating the device assembly be
used to deliver doses for collection. The test unit should be actuated in a vertical or nearvertical position. The two separate doses collected include the first dose and the dose
corresponding to the last labeled dose from each of 10 units. The doses between the two
sequential test samples for each unit should be disposed of appropriately. A validated analytical
method is used to determine the amount of drug in each delivered dose, and data are reported
as a percentage of label claim. Apparatus B (Figure 2) is recommended for nasal powders.
A.4 Inhalation Powders
The following tests are applicable to inhalation powders (commonly known as dry powder
inhalers) presented as pre-metered or device-metered units. Pharmacopeial requirements for all
these drug products require determination of the delivered dose and aerodynamic size
distribution. In all cases and for all tests, prepare and test the product as directed in the
labeling and the instructions for use. When these directions are not provided by the product
manufacturer, follow the precise dose-discharge directions included in the following tests.
A.4.1 DELIVERED-DOSE UNIFORMITY OF PRODUCT
The test for Delivered-Dose Uniformity is required for inhalation powders in device-metered
and in pre-metered (including ordered multiple-dose) presentations as labeled for use with the
specified delivery system. The test for Delivered-Dose Uniformity includes dose uniformity over
the entire unit life. (For formulations packaged in pre-metered dosage units, see also 〈905〉.)
Note that the target delivered dose is the expected mean drug content for a large number of
delivered doses collected from many units under defined experimental conditions. In many
cases, the target value may depend on the manner in which the test for delivered dose is
performed. For inhalation powders, where the label claim usually is the pre-metered or metered
dose of drug, the target delivered dose is specified in the individual monograph and usually is
less than the label claim. Its value reflects the expected mean drug content for a large number
of delivered doses collected from the product using the method specified in the monograph.
Unless otherwise directed in the individual monograph, the drug content of the minimum
delivered dose from each of 10 separate units is determined in accordance with the procedure
described as follows.
The test for Delivered-Dose Uniformity over the entire unit life is required for drug products
packaged in device-metered or in ordered multiple-dose metering units of pre-metered dosage
units that have a predetermined dose sequence.
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Unless otherwise directed in the individual monograph, the drug content of the delivered
doses will be collected at the beginning of unit life and again at the label claim number of
doses. Two determinations will be obtained from each of 10 separate drug product units. This
represents a total of 20 determinations.
For inhalation powders packaged in single dosage form units, Delivered-Dose Uniformity can
be applied on 10 dosage units.
A.4.1.1 Sampling the delivered dose from inhalation powders: To determine the content
of active ingredient emitted from the mouthpiece of an inhalation powder, use Apparatus B (see
Figure 2). This apparatus is capable of sampling the emitted doses at a variety of airflow rates.

Figure 2. Apparatus B: Sampling apparatus for inhalation powders. (See Table 1 for component
specifications.)
Code

A
B

C

Table 1. Component Specifications for Apparatus B (see Figure 2)
Item
Description
Dimensions
Sample
collection
tubea
See Figure 2
34.85-mm ID × 12-cm length
Filterb
See Figure 2
47-mm glass fiber filter
(e.g., short
metal
coupling with
low-diameter
Connector
branch to P3)
≥8-mm ID
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D

Vacuum tubing

(e.g., silicon
tubing with
an outside
diameter of
14 mm and an
internal
diameter of 8
mm)

E

Two-way
solenoid valvec

See Figure 2

F

Vacuum pumpd

See Figure 2

G

Timere

See Figure 2

Pressure tap
Pressure
measurementsf
Flow-control
valveg

See Figure 2

P1
P1, P2,
P3
H

—
See Figure 2

A length of suitable tubing ≥8-mm ID with an
internal volume of 25 ± 5 mL
2-way, 2-port solenoid valve having an ID ≥8
mm and an opening response time of ≤100
milliseconds.
Pump must be capable of drawing the
required flow rate through the assembled
apparatus with the inhalation powder in the
mouthpiece adapter. Connect the pump to
the solenoid valve using short and wide (≥10mm ID) vacuum tubing and connectors to
minimize pump capacity requirements.
The timer switches current directly to the
solenoid valve for the required duration.
2.2-mm ID, 3.1-mm OD flush with the internal
surface of the sample collection tube,
centered and burr free, 59 mm from its inlet.
The pressure taps P1, P2, and P3 must not
be open to the atmosphere during dose
collection.
—
Adjustable regulating valve with maximum Cv
≥ 1h

a An example is a Millipore product number XX40 047 00 (Millipore Corporation, 80 Ashby
Road, Bedford, MA 01732) modified so that the exit tube has an ID ≥8 mm, fitted with
Gelman product number 61631.
b A/E (Gelman Sciences Inc., 600 South Wagner Road, Ann Arbor, MI 48106) or equivalent.
c ASCO product number 8030G13, Automatic Switch Company, 60 Hanover Road, Florham
Park, NJ 07932.
d Gast product type 1023, 1423, or 2565 (Gast Manufacturing Inc., PO Box 97, Benton
Harbor, MI 49022) or equivalent.
e Eaton Product number 45610-400 (Eaton Corporation, Automotive Products Division, 901
South 12th Street, Watertown, WI 53094) or equivalent.
f An example is a PDM 210 pressure meter (Air-Neotronics Ltd., Neotronics Technology plc,
Parsonage Road, Takeley, Bishop's Stortford, CM22 6PU, UK) or equivalent.
g Parker Hannifin type 8FV12LNSS (Parker Hannifin plc., Riverside Road, Barnstable, Devon
EX31 1NP, UK) or equivalent.
h Flow Coefficient, as defined by ISA S75.02 Control valve capacity test procedure in
Standards and Recommended Practices for Instrumentation and Control, 10th ed., Vol. 2,
1989. Published by Instrument Society of America, 67 Alexander Drive, PO Box 1227,
Research Triangle Park, NC 27709, USA.
Apparatus B—The apparatus is similar to that described in Figure 1 for testing inhalation
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aerosols. In this case, however, the filter and collection tube have a larger internal diameter to
accommodate 47-mm diameter filter disks. This feature enables dosage collection at higher
airflow rates—up to 100 L of air/min—when necessary. A mouthpiece adapter ensures an
airtight seal between the collection tube and the mouthpiece of the inhalation powder being
tested. The mouthpiece adapter must ensure that the tip of the product's mouthpiece is flush
with the open end of the sample collection tube. Tubing connectors, if they are used, should
have an internal diameter ≥8 mm to preclude their own internal diameters from creating
significant airflow resistance. A vacuum pump with excess capacity must be selected in order
to draw air at the designated volumetric flow rate through both the sampling apparatus and the
product simultaneously. A timer-controlled, low-resistance, solenoid-operated, two-way valve
is interposed between the vacuum pump and the flow-control valve to control the duration of
flow. This type of valve enables 4.0 L of air (±5%) to be withdrawn from the mouthpiece of the
product at the designated flow rate. Flow control is achieved by ensuring that critical (sonic)
flow occurs in the flow-control valve (absolute pressure ratio P3/P2 is ≤0.5 under conditions of
steady-state flow).
Procedure—Operate the apparatus at an airflow rate that produces a pressure drop of 4 kPa
(40.8 cm H2 O) over the product to be tested and for a period consistent with the withdrawal of
2.0 L of air from the mouthpiece of the product. [Note—If the flow rate and duration are
defined otherwise in the monograph, adjust the system to within 5% of those values.] The
volume of air sampled should not exceed 2.0 L. Determine the test flow rate using Apparatus B
as follows. Insert the product into the mouthpiece adapter to ensure an airtight seal. In cases
where the drug packaging modifies the product’s resistance to airflow, use a loaded, drug-free
device (with previously emptied packaging). In other cases, use an unloaded (drug-free)
device. Connect one port of a differential pressure transducer to the pressure tap, P1, and
leave the other open to the atmosphere. Switch on the pump, and open the two-way solenoid
valve. Adjust the flow-control valve until the pressure drop across the product is 4.0 kPa (40.8
cm H2 O). Ensure that critical (sonic) flow occurs in the flow-control valve by determining the
individual values for absolute pressure, P2 and P3, so that their ratio P3/P2 is ≤0.5. If this ratio
of P3/P2 is not achieved, switch to a more powerful pump and remeasure the test flow rate.
Critical (sonic) flow conditions in the flow-control valve are required in order to ensure that the
volumetric airflow drawn from the mouthpiece is unaffected by pump fluctuations and changes
in airflow resistance of the product. Remove the product from the mouthpiece adapter and,
without disturbing the flow-control valve, measure the airflow rate drawn from the mouthpiece,
Qout, by connecting a flowmeter to the mouthpiece adaptor in an airtight fashion. Use a
flowmeter calibrated for the volumetric flow leaving the meter in an airtight fashion to directly
determine Qout or, if such a meter is unobtainable, calculate the volumetric flow leaving the
meter (Qout) using the ideal gas law. For example, for a meter calibrated for the entering
volumetric flow (Qin) calculate:
Qout = QinP0/(P0 − ΔP)
P0 = atmospheric pressure
ΔP = pressure drop over the meter
If the flow rate is >100 L of air/min, adjust the flow-control valve until Qout equals 100 L/min;
otherwise, record the value of Qout, and leave the flow-control valve undisturbed. Define the
test flow duration, e.g., at 60 L/min T = 120/Qout, in seconds, so that a volume of 2.0 L of air
(±5%) is withdrawn from the product at the test flow rate Qout, and adjust the timer controlling
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the operation of the two-way solenoid valve accordingly. Prime or load the device with powder
for inhalation according to the labeled instructions. With the vacuum pump running and the
solenoid valve closed, insert the product's mouthpiece horizontally into the mouthpiece
adapter. Discharge the powder into the sampling apparatus by activating the timer controlling
the solenoid valve and withdrawing 2.0 L of air from the product at the previously defined
airflow rate. Repeat the whole operation n − 1 times beginning with the text, “Prime or load the
device with powder,” where n is the number of times defined in the labeling as the minimum
recommended dose. Detach the inhalation powder device container from the sampling
apparatus, and disconnect the vacuum tubing, D. Assay the contents of the apparatus for drug
after rinsing the filter and the interior of the apparatus with a suitable solvent. Where specified
in the individual monograph, perform this test under conditions of controlled temperature and
humidity.
B. DROPLET/PARTICLE SIZE DISTRIBUTION—NASAL AEROSOLS, SPRAYS, AND POWDERS
For suspension and solution nasal aerosols, sprays, and powders, the emitted droplet/particle
size distribution should be determined for the delivered plume subsequent to delivery under
specified experimental conditions. If a laser diffraction method is used (for more detail, refer to
the description of this method in the following section), droplet size distribution can be
controlled in terms of ranges for the 10th (D10), 50th (D50), and 90th (D90) percentiles of the
cumulative volume (mass)-weighted size distribution, as well as the span of the distribution,
expressed as [(D90 – D10)/D50], and the percentage of droplets less than 10 µm. Note that D50
is identical with the volume (mass) median diameter if the distribution is unimodal. Appropriate
and validated or calibrated emitted droplet/particle size analytical procedures should be
described in sufficient detail to allow accurate and reproducible assessment including the
following:
complete information about the apparatus and accessories
theoretical model (Lorenz–Mie or Fraunhofer approximation)
the application of a disabling option for one or more of the innermost detectors to
mitigate beam steering effects (only applicable to nasal aerosols)
software version
sample placement with respect to the optical bench of the laser diffractometer
measurement range
beam width
laser trigger condition in connection with the initiation and termination of the
measurement sequence
lower limit of detection (if laser triggering is not used)
and obscuration limit (upper bound of detection range in terms of particle
concentration).
B.1 Particle Size Measurement by Laser Diffraction
Nasal drug products intended for topical application to the nasal cavity produce liquid
droplets that typically are much larger than the operating range for multistage inertial
impactors. Thus, laser diffraction (sometimes referred to as low-angle laser light scattering) is
an acceptable alternative for determining the size distribution because there is no need to
relate the size scale to aerodynamic diameter.
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The theory and operating principles for laser diffraction are well described in ISO 13320:2009.
These systems use the light scattering pattern produced by passage of a cloud of droplets
through the measurement zone to develop the volume-weighted size distribution in an iterative
process in which a theoretical model (either Fraunhofer or Lorenz–Mie) is used to interpret the
data. The process is summarized schematically in Figure 3. [Note—If the Lorenz–Mie model
option is chosen, it will be necessary to input values for the real (refraction) and imaginary
(absorption) components of refractive index for the liquid being studied. Manufacturers of laser
diffraction equipment provide this information for commonly encountered liquid media either on
their website or upon enquiry.]

Figure 3. Conversion of light scattering data into a droplet size distribution by laser
diffractometry.
An apparatus that has the capability to assess aerosols or sprays is required. [Note—not all
commercially available laser diffractions possess this capability.] Set up the measurement
system in accordance with the procedure outlined schematically in Figure 4.
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Figure 4. Setup for laser diffractometry with a nasal drug product.
Nasal drug product sprays generally are measured with an open-bench arrangement with an
automated actuation station set-up so that reproducibility in inhaler operation from one
actuation to the next can be optimized. This precaution is particularly important for the most
accurate measurements with nasal spray pumps. Check the alignment of the inhaler with the
optical configuration of the laser diffractometer using the tools provided by the manufacturer to
optimize alignment of the optical bench. Check that the light beam obscuration is within the
upper and lower limits specified by the manufacturer, consulting the operator's manual for the
laser diffraction system being used. Vacuum extraction is required to efficiently remove droplets
after they pass through the laser. An unrepresentative result may occur if this value is set too
low (typically <5%). Unquantifiable error due to multiple scattering will happen if the
obscuration is above the recommended upper limit. [Note—This limit varies from one
manufacturer to another and may also vary from one laser diffractometer system to another
from the same manufacturer.]
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Make as many replicates as needed to achieve a representative data set. Inspect each size
distribution presented, ideally in differential volume-weighted format or equivalent to assess
whether or not it is unimodal and symmetrical. [Note—The following data analysis assumes that
these criteria are met. If not, additional analysis taking into account the presence of more than
one mode in the distribution or skewness may be required.]
Assuming that the density of the liquid under investigation is constant irrespective of droplet
size, the volume-weighted size distributions may be treated as mass-weighted size distributions
for the purpose of data interpretation. From the cumulative volume–size distribution data,
calculate the mean and one standard deviation for the sizes that correspond to mass fractions
less than 10%, 50%, and 90% of the distribution (D10, D50, and D90).
C. AERODYNAMIC SIZE DISTRIBUTION—INHALATION AEROSOLS, SPRAYS, AND POWDERS
C.1 General Principles of Aerodynamic Particle Size Measurement
The particle or droplet size distribution in the plume discharged from inhalation aerosols and
sprays and the particle size distribution in the cloud discharged from inhalation powders are
important characteristics used in judging product performance. Although particle size
measurement by microscopy can be used to evaluate the number of large particles,
agglomerates, and foreign particulates in the emissions of inhalation aerosols and sprays,
whenever possible this test should be replaced with a method to determine the aerodynamic
size distribution of the drug aerosol leaving the product. The aerodynamic diameter of an
aerosol particle is equal to the diameter of a sphere of unit density whose gravimetric settling
velocity is the same. The aerodynamic size distribution defines the manner in which an aerosol
deposits during inhalation. In use, many inhalers discharge drug in the form of large particles or
droplets (the ballistic fraction) that leave the inhaler at high velocity and impact in and are
captured by the moist surfaces in the mouth and throat. The remainder of the discharge from
the inhaler is useful aerosol, a “nonballistic fraction” that is inhaled into the remainder of the
respiratory tract.
Cascade impaction devices classify aerosol particles and droplets on the basis of aerodynamic
diameters. The principle of their operation whereby they separate aerosol particles and droplets
from a moving airstream on the basis of particle or droplet inertia is shown in Figure 5. Because
the dimensions of the induction port used to connect products to the cascade impactors and
impingers (shown in Apparatus 1, 2, 3, 4, 5, and 6) also define the mass of drug that enters
the aerodynamic sizing device, these are carefully defined and, where possible, are held
constant between each apparatus (see Figures 6, 7, 8, 9, 10, and 11).
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Figure 5. Schematic representation of the principle of operation of cascade impactors. (A single
jet per impactor stage is shown. Impactors with multiple jets in each stage function in the
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same manner.)
C.1.1 STAGE MENSURATION
Manufacturers of cascade impaction devices provide a definitive calibration for the separation
characteristics of each impaction stage in terms of the relationship between the stage
collection efficiency and the aerodynamic diameter of particles and droplets passing through it
as an aerosol. Calibration is a property of the jet dimensions, the spatial arrangement of the jet
and its collection surface, and the airflow rate passing through it. Because jets can corrode
and wear over time, the critical dimensions of each stage, which define that impaction stage’s
calibration, must be measured on a regular basis. This process, known as stage mensuration,
replaces the need for repetitive calibration using standard aerosols and ensures that only
devices that conform to specifications are used for testing product output. The process
involves the measurement and adjustment of the critical dimensions of the instrument.
C.1.2 INTERSTAGE DRUG LOSSES (WALL LOSSES)
Where method variations are possible and there is no apparatus specified in the monograph,
the selected procedure should ensure that NMT 5% of the product’s total delivered drug mass
(into the impactor) is subject to loss between the impaction device's sample collection
surfaces. In the event that interstage drug losses are known to be >5%, either the procedure
should be performed in such a way that wall losses are included along with the associated
collection plate, or an alternative apparatus should be used. As an example, the following
procedures described for Apparatus 1 and 3 have been written to include wall losses along with
the associated collection plate. Provided, however, that such losses are known to be ≤5% of
the total delivered drug mass into the impactor and that there are no instructions to the
contrary in an individual monograph, the procedure may be simplified by assaying only drug on
the collection plates.
C.1.3 RE-ENTRAINMENT
Where method variations are possible, the selected method should seek to minimize particle
re-entrainment (from an upper to a lower impaction stage) on stages that contribute to size
fractions defined in the individual monograph, especially where this may affect the amounts of
drug collected. Minimizing the number of sampled doses, using coated particle-collection
surfaces, and proving that multiple-dose procedures produce results that are statistically similar
to those from smaller numbers of doses are all methods that can be used for this purpose. In
the event that re-entrainment cannot be avoided, the number of doses collected, the time
interval between doses, and the total duration of airflow through the cascade impaction device
should be standardized. Under these circumstances, the presentation of impaction data should
not presume the validity of the impactor's calibration (i.e., aerodynamic diameter ranges should
not be assigned to drug masses collected on specific stages).
By using appropriate assay methods and a suitable mensurated impaction device, analysts
can determine aerodynamic particle size distributions for drugs leaving the mouthpieces of
inhalation aerosols and sprays or inhalation powders. If temperature or humidity limits for use of
the product are stated on the label, it may be necessary to control the temperature and
humidity of the air surrounding and passing through the device to conform to those limits.
Ambient conditions are presumed unless otherwise specified in individual monographs.
C.1.4 MASS BALANCE
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In addition to the size distribution, good analytical practice dictates that a mass balance be
performed in order to confirm that the amount of the drug discharged from the product and
captured and measured in the induction port through the after-filter of the cascade impactor
apparatus is within an acceptable range around the measured delivered dose. The result for the
recovered mass can be expressed on a per-actuation basis as a percent of the labeled
delivered dose, which represents the dose delivered from the mouthpiece.
The total mass of drug collected in all of the components (material balance) divided by the
total number of minimum recommended doses discharged typically is NLT 85% and NMT 115% of
the target delivered label claim. This is not a test of the product but serves to ensure that the
test results are valid.
Procedure
Use one of the following multistage impaction devices, or an equivalent, to determine
aerodynamic particle size distributions of drugs leaving the mouthpieces of inhalation aerosols
and sprays or inhalation powders. Apparatus 1 and 6 [Figures 6 and 11 (without preseparator), respectively] are intended for use with inhalation aerosols and sprays at a single
airflow rate. Apparatus 2, 3, 4, and 5 (Figures 8, 9, 10, and 11, respectively) are intended for
use with inhalation powders at the appropriate airflow rate, Qout, determined earlier, provided
that the value of Qout falls in the range 30–100 L/min. [Note—If Qout is >100 L/min, testing
should be performed with Qout set at 100 L/min; if Qout is less than 30 L/min, testing should be
performed with Qout at 30 L/min.]
Table 2 indicates the apparatus used to determine aerodynamic particle size and the
products that they are used to evaluate.
Table 2. Aerodynamic Particle Size Apparatus:
Their Description and the Products That They Can Be Used to Evaluate
Apparatus
Description
Product
Andersen (8-Stage Non-Viable) Impactor
Inhalation aerosols and
1
(without pre-separator)
sprays
2
Marple-Miller Impactor
Inhalation powders
Andersen (8-Stage Non-Viable) Impactor (with
3
pre-separator)
Inhalation powders
Multistage Liquid
4
Impinger
Inhalation powders
Next Generation
5
Impactor (with pre-separator)
Inhalation powders
Next Generation Impactor (without preInhalation aerosols and
6
separator)
sprays
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Table 3. Cut-off Values for All Impactors at Specified Flow Rates
a. Cut-Points for Apparatus 1 and 3 with Standard Configuration for Operation at 28.3
L/min Compared with Specialized Configurations for Use at 60 L/min and 90 L/min
Stage
28.3 L/min
60 L/min
90 L/min
−2
—
—
8.0
−1
—
8.6
6.5
a
6.5
0
9.0
5.2
1
5.8
4.4
3.5
2
4.7
3.2
2.6
3
3.3
1.9
1.7
4
2.1
1.2
1.0
5
1.1
0.55
0.22
6
0.7
0.26
—
7
0.4
—
—
a The version of stage 0 used at 60 and 90 L/min has external modification permitting
another stage rather than the inlet adapter cone to be fitted above it. Its internal
characteristics and performance are unaltered.
b. Cut-points (µm) for Apparatus 2 at 60 and 90 L/min
Flow Rate
Flow Rate
Stage
(60 L/min)
(90 L/min)
1
10.0
8.1
2
5.0
4.0
3
2.5
2.0
4
1.25
1.0
5
0.63
0.5
c. Cut-points (µm) for Apparatus 4 at 60 L/min
Flow Rate
Stage
(60 L/min)
1
13.0
2
6.8
3
3.1
4
1.7
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d. Cut-points (µm) for Apparatus 5 and 6 at 30, 60, and 100 L/min
Flow Rate
Flow Rate
Flow Rate
Stage
(30 L/min)
(60 L/min)
(100 L/min)
1
11.76
8.06
6.12
2
6.40
4.46
3.42
3
3.97
2.82
2.18
4
2.30
1.66
1.31
5
1.36
0.94
0.72
6
0.83
0.55
0.40
7
0.54
0.34
0.24
MOCa
0.36
0.14
0.07
a MOC = Micro-orifice collector. Sizes correspond to 80% collection efficiency for this
back-up stage.
C.2 Apparatus 1 for Inhalation Aerosols and Sprays—Andersen Impactor (without preseparator)
Use Apparatus 1, or an equivalent, at a flow rate of 28.3 L/min (±5%) as specified by the
manufacturer of the cascade impactor.
C.2.1 DESIGN—APPARATUS 1
The design and assembly of this apparatus and the induction port to connect the impactor to
a product are shown in Figures 6, 6a, and 6b1.
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Figure 6. Apparatus 1: Assembly of induction port and entrance cone mounted on cascade
impactor.
(ERR 1-Mar-2018)
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Figure 6a. Apparatus 1: Expanded view of induction port for use with inhalation aerosols and
sprays and inhalation powders.
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Figure 6b. Apparatus 1: Expanded view of the entrance cone for mounting induction port on the
Andersen cascade impactor without pre-separator. Material can be aluminum, stainless steel, or
other suitable material. Surface roughness (Ra) should be approximately 0.4 µm.
Manufacturers' critical engineering dimensions for the stages of Apparatus 1 are provided in
Table 4. During use, some occlusion and blockage of jet nozzles may occur, and therefore, inuse mensuration tolerances must be justified.
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Table 4. Critical Dimensions for the Jet Nozzles of Apparatus 1
Nozzle Diameter
Stage Number
Number of Jets
(mm)
0
96
2.55 ± 0.025
1
96
1.89 ± 0.025
2
400
0.914 ± 0.013
3
400
0.711 ± 0.013
4
400
0.533 ± 0.013
5
400
0.343 ± 0.013
6
400
0.254 ± 0.013
7
201
0.254 ± 0.013
C.2.2 PROCEDURE—APPARATUS 1
Set up the multistage cascade impactor as described in the manufacturer's literature with an
after-filter below the final stage to capture any fine particles that otherwise would escape from
the device. To ensure efficient particle capture, coat the particle collection surface of each
stage with glycerol, silicone oil, or other suitable liquid typically deposited from a volatile
solvent unless this has been demonstrated to be unnecessary. Attach the induction port and
mouthpiece adapter to produce an airtight seal between the product mouthpiece and the
induction port as shown in Figure 6. Use a mouthpiece adapter that ensures that the tip of the
product's mouthpiece is flush with the open end of the induction port. Ensure that the various
stages of the cascade impactor are connected with airtight seals to prevent leaks. Turn on the
vacuum pump to draw air through the cascade impactor, and calibrate the airflow through the
system with an appropriate flowmeter attached to the open end of the induction port. Adjust
the flow-control valve on the vacuum pump to achieve steady flow through the system at the
required rate, and ensure that the airflow through the system is within ±5% of the flow rate
specified by the manufacturer. Unless otherwise prescribed in the patient instructions, shake
the product for 5 s and discharge one delivery to waste. With the vacuum pump running, insert
the mouthpiece into the mouthpiece adapter and immediately fire the minimum recommended
dose into the cascade impactor. Keep the valve depressed for a duration sufficient to ensure
that the dose has been completely discharged. If additional sprays are required for the sample,
wait for 5 s before removing the product from the mouthpiece adapter, shake the product,
reinsert it into the mouthpiece adapter, and immediately fire the next minimum recommended
dose. Repeat until the required number of doses has been discharged. The number of minimum
recommended doses discharged must be sufficient to ensure an accurate and precise
determination of aerodynamic size distribution. [Note—The number of minimum recommended
doses typically is not >10.] After the last dose has been discharged, remove the product from
the mouthpiece adapter. Rinse the mouthpiece adapter and the induction port with a suitable
solvent, and dilute quantitatively to an appropriate volume. Disassemble the cascade impactor,
place each stage and its associated collection plate or filter in a separate container, and rinse
the drug from each of them. [Note—If it has been determined that wall losses in the impactor
are ≤5%, then only the collection plates need to be analyzed.] Dilute each quantitatively to an
appropriate volume. Using the method of analysis specified in the individual monograph,
determine the mass of drug collected in each of the components. To analyze the data, proceed
as directed under Data Analysis.
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C.3 Apparatus 2 for Inhalation Powders—Marple Miller Impactor
C.3.1 DESIGN—APPARATUS 2
The design and assembly of Apparatus 2 and the induction port to connect the impactor to
the product are shown in Figure 82. [Note—The induction port is shown in detail in Figure 6a.]
The impactor has five impaction stages and an after-filter. At a volumetric airflow rate of 60
L/min (the nominal flow rate, Qn), the cutoff aerodynamic diameters D50,Qn of Stages 1–5 are
10, 5, 2.5, 1.25, and 0.625 µm, respectively. The after-filter effectively retains aerosolized
drug in the particle size range up to 0.625 µm. Set up the multistage cascade impactor with
the control system as specified in Figure 7. To ensure efficient particle capture, coat the
particle collection surface of each stage with glycerol, silicone oil, or other suitable liquid
typically deposited from a volatile solvent unless this has been demonstrated to be
unnecessary. Assemble the impactor as described in the manufacturer's literature with an
after-filter below the final stage to capture any fine particles that otherwise would escape from
the device. Attach the induction port and mouthpiece adapter to produce an airtight seal
between the product's mouthpiece and the induction port. Use a mouthpiece adapter that
ensures that the tip of the product's mouthpiece is flush with the open end of the induction
port. Ensure that the various stages of the cascade impactor are connected with airtight seals
to prevent leaks.
Turn on the vacuum pump, open the solenoid valve, and calibrate the airflow through the
system as follows. Connect a flowmeter to the induction port. Use a flowmeter calibrated for
the volumetric flow leaving the meter to directly determine Qout, or, if such a meter is
unobtainable, calculate the volumetric flow leaving the meter (Qout) using the ideal gas law. For
example, for a meter calibrated for the entering volumetric flow (Qin), calculate:
Qout = QinP0/(P0 – ΔP)
P0 = atmospheric pressure
ΔP = pressure drop over the meter
Adjust the flow-control valve to achieve a steady flow through the system at the required
rate, Qout, so that Qout is within ±5% of the value determined during testing for Delivered-Dose
Uniformity. Ensure that critical flow occurs in the flow-control valve at the airflow rate to be
used during testing by using the following procedure. With the product in place, and the
intended flow running, measure the absolute pressure on both sides of the flow-control valve
(P2 and P3 in Figure 7). A ratio of P3/P2 ≤0.5 indicates critical flow. If this ratio of P3/P2 is not
achieved, switch to a more powerful pump, and remeasure the test flow rate. Adjust the timer
controlling the operation of the two-way solenoid valve so that it opens this valve for a
duration such that the total volume sampled is at least 4 L. Prime or load the inhalation powder
according to the labeled instructions. With the vacuum pump running and the two-way solenoid
valve closed, insert the product's mouthpiece, held horizontally, into the induction port
mouthpiece adapter. Discharge the powder into the apparatus by opening the two-way
solenoid valve for a duration of T seconds. After the two-way solenoid valve has closed,
remove the product from the mouthpiece adapter. If additional doses are required for the
sample, reload the product according to the labeled instructions, reinsert the mouthpiece into
the mouthpiece adapter, and repeat the operation until the required number of doses has been
discharged. After discharge of the last dose, switch off the vacuum pump. Rinse the
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mouthpiece adapter and induction port with a suitable solvent, and quantitatively dilute to an
appropriate volume. Disassemble the cascade impactor, and place the after-filter in a separate
container. Rinse the drug from each of the stages and the filter, and quantitatively dilute each
to an appropriate volume. Using the method of analysis specified in the individual monograph,
determine the mass of drug collected in each of the components.

Figure 7. Apparatus 2, 3, 4, or 5: General control equipment. (See Table 6 for component
specifications.)
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Figure 8. Apparatus 2: Assembly of induction port, stage collector, and filter holder. (MarpleMiller impactor, Model 160 with USP induction port.)
Table 5. Critical Dimensions for the Jet Nozzles of Apparatus 2
Nozzle Diameter
Stage Number
Number of Jets
(mm)
1
1
16.8 ± 0.05
2
20
3.40 ± 0.03
3
40
1.70 ± 0.01
4
80
0.84 ± 0.01
5
160
0.41 ± 0.01
C.3.2 PROCEDURE—APPARATUS 2
Perform the test using Apparatus 2 at the airflow rate, Qout determined earlier during testing
for Delivered-Dose Uniformity provided Qout is ≤100 L/min. [Note—If Qout is >100 L/min, use an
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airflow rate of 100 L/min.] Connect the apparatus to a flow control system that is based on
critical (sonic) flow as specified in Figure 7 (see also Table 6).

Code

A

B

C

D
E

P2, P3
F

Table 6. Component Specifications for Figure 7
Item
Description
Dimensions
e.g., short
metal
coupling with
low diameter
Connector
branch to P3
≥8-mm ID
e.g., silicon
tubing with
an outside
diameter of
14 mm and an
internal
Vacuum
diameter of 8
A length of suitable tubing ≥8 mm ID with an
tubing
mm
internal volume of 25 ± 5 mL
Two-way
2-way, 2-port solenoid valve having an ID ≥8
solenoid
mm and an opening response time of ≤100
valvea
See Figure 7
milliseconds
Pump must be capable of drawing the required
flow rate through the assembled apparatus
with the dry powder inhaler in the mouthpiece
adapter. Connect the pump to the solenoid
valve using short and wide (≥10-mm ID)
Vacuum
vacuum tubing and connectors to minimize
pumpb
See Figure 7
pump capacity requirements.
The timer switches current directly to the
Timerc
See Figure 7
solenoid valve for the required duration.
Determined under steady-state flow
Pressure
conditions with an absolute pressure
measurements
transducer
Flow control
Adjustable regulating valve with maximum CV ≥
d
valve
See Figure 7
1

a An example is ASCO product number 8030G13 (Automatic Switch Company, 60 Hanover
Road, Florham Park, NJ 07932) or equivalent. See also footnote h in Table 1.
b Gast product type 1023, 1423, or 2565 (Gast Manufacturing Inc., PO Box 97, Benton
Harbor, MI 49022) or equivalent.
c An example is Eaton Product number 45610-400 (Eaton Corporation, Automotive Products
Division, 901 South 12th Street, Watertown, WI 53094) or equivalent.
d Parker Hannifin type 8FV12LNSS or equivalent (Parker Hannifin plc, Riverside Road,
Barnstable, Devon EX31 1NP, UK). See also footnote h in Table 1.
Under steady flow conditions at the appropriate volumetric airflow rate through the entire
apparatus ensure that critical (sonic) flow occurs in the flow control valve by determining the
individual values for absolute pressure, P2 and P3, so that the ratio P3/P2 is ≤0.5. If this ratio
of P3/P2 is not achieved, switch to a more powerful pump, and remeasure the test flow rate.
Coat the particle collection surface of each of the stages of the cascade impactor to ensure
that particles that have impacted on a given stage are not re-entrained in the flowing
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airstream unless this has been shown to be unnecessary. Analyze the data as directed under
Data Analysis.
C.4 Apparatus 3 for Inhalation Powders—Andersen Impactor (with pre-separator)
C.4.1 DESIGN—APPARATUS 3
Apparatus 3 is identical to Apparatus 1 (Figure 6) except that the manufacturer's preseparator is added atop Stage 0 to collect large masses of noninhalable powder prior to their
entry into the impactor, and the outlet nipple used to connect to vacuum tubing B (Figure 7) is
replaced with one having an internal diameter ≥8 mm. To connect the pre-separator of the
impactor to the induction port (Figure 6a), use a specially designed top for the pre-separator.
This is shown in Figure 93. The impactor, therefore, has eight stages, a pre-separator (to
collect large particulates), and an after-filter. A pre-separator may not be required for certain
engineered powders, notably those of low bulk density. Connect the cascade impactor into the
control system specified in Figure 7. Omit Stage 6 and Stage 7 from the impactor if the test
flow rate, Qout, used during testing for Delivered-Dose Uniformity was ≥60 L/min. To ensure
efficient particle capture, coat the particle collection surface of each stage with glycerol,
silicone oil, or other suitable liquid typically deposited from a volatile solvent unless this has
been demonstrated to be unnecessary. Assemble the impactor as described in the
manufacturer's literature with an after-filter below the final stage to capture any fine particles
that otherwise would escape from the device. Place an appropriate volume (up to 10 mL) of an
appropriate solvent into the pre-separator, or coat the particle collection surfaces of the preseparator to prevent re-entrainment of impacted particles. [Caution—Some solvents form
flammable vapor–air mixtures that may be ignited during passage through a vacuum pump. Take
appropriate precautions (alternative solvents, use of vapor traps, minimal pump operating
times, etc.) to ensure operator safety during testing.] Attach a molded mouthpiece adapter to
the end of the induction port to produce an airtight seal between the product’s mouthpiece and
the induction port. Use a mouthpiece adapter that ensures that the tip of the product’s
mouthpiece is flush with the open end of the induction port. Ensure that the various stages of
the cascade impactor are connected with airtight seals to prevent leaks.
Turn on the vacuum pump, open the two-way solenoid valve, and calibrate the airflow
through the system as follows. Prime or load the inhalation powder according to the labeled
instructions. With the vacuum pump running and the two-way solenoid valve closed, insert the
product’s mouthpiece, held horizontally, into the induction port mouthpiece adapter. Once the
product is positioned, discharge the powder into the apparatus by activating the timer and
opening the two-way solenoid valve for the required duration such that the total volume
sampled is at least 4 L. After the two-way solenoid valve has closed, remove the product from
the mouthpiece adapter. If additional doses are required for the sample, reload the inhalation
powder according to the labeled instructions, reinsert the mouthpiece into the mouthpiece
adapter, and repeat the operation until the required number of doses has been discharged.
After discharge of the last dose, remove the product from the mouthpiece adapter, and switch
off the vacuum pump.
Carefully disassemble the apparatus. Using a suitable solvent, rinse the drug from the
mouthpiece adapter, induction port, and pre-separator, and quantitatively dilute to an
appropriate volume. Rinse the drug from each stage and the impaction plate immediately below
into appropriately sized flasks. Quantitatively dilute each flask to an appropriate volume. Using
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the method of analysis specified in the individual monograph, determine the mass of drug
collected in each of the samples.

Figure 9. Apparatus 3: Expanded views of top for the Andersen pre-separator adapted to the
USP induction port. Material may be aluminum, stainless steel, or other suitable material;
interior bore should be polished to surface roughness (Ra) approximately 0.4 µm.
C.4.2 PROCEDURE—APPARATUS 3
Proceed as directed in the Procedure under Apparatus 2, except use Apparatus 3.
C.5 Apparatus 4 for Inhalation Powders—Multistage Liquid Impinger
[Note—Apparatus 4, the multistage liquid impinger, has a small number of stages and is used
extensively outside the United States. It is provided here for the benefit of users in countries
other than the United States.]
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C.5.1 DESIGN—APPARATUS 4
The design and assembly of Apparatus 4 are shown in Figures 10, 10a, and 10b4. The
induction port used to connect the impinger to a product is shown in Figure 6a. The device is a
multistage liquid impinger consisting of impaction Stages 1, 2, 3, and 4 and an integral afterfilter (Stage 5). The collection stages of the liquid impinger (see Figure 10 and Table 7) are
kept moist, unlike those of traditional impactors such as Apparatus 1, 2, 3, 5, and 6. Wetting
may produce an effect similar to coating the stages of Apparatus 2, 3, 5, and 6 at certain flow
rates, although this should be confirmed by demonstrating control over re-entrainment as
described earlier. An impaction stage comprises an upper horizontal metal partition wall (B)
through which a metal inlet jet tube (A) with its impaction plate (D) is protruding; a glass
cylinder (E) with sampling port (F), forming the vertical wall of the stage; and a lower
horizontal metal partition wall (G) through which a jet tube (H) connects to the lower stage.
The tube into Stage 4 (U) ends in a multi-jet arrangement. The impaction plate (D) is secured
in a metal frame (J), which is fastened by two wires (K) to a sleeve (L) secured on the jet tube
(C). For more detail of the jet tube and impaction plate, see Figure 10a. The horizontal plane of
the collection plate is perpendicular to the axis of the jet tube and is centrally aligned. The
upper surface of the impaction plate is slightly raised above the edge of the metal frame. A
recess around the perimeter of the horizontal partition wall guides the position of the glass
cylinder. The glass cylinders are sealed against the horizontal partition walls with gaskets (M)
and are clamped together by six bolts (N). The sampling ports are sealed by stoppers. The
bottom side of the lower partition wall of Stage 4 has a concentric protrusion fitted with a
rubber O-ring (P) that seals against the edge of a filter placed in the filter holder. The filter
holder (R) is a basin with a concentric recess in which a perforated filter support (S) is flushfitted. The filter holder is designed for 76-mm diameter filters. The whole impaction stage
assembly is clamped onto the filter holder by two snap locks (T). The impinger is equipped with
an induction port (Figure 6a) that fits onto the Stage 1 inlet jet tube. A rubber O-ring on the
jet tube provides an airtight connection to the induction port. An elastomeric mouthpiece
adapter to fit the product being tested provides an airtight seal between the product's
mouthpiece and the induction port.
Ensure that Apparatus 4 is clean and free of drug solution from any previous tests. Place a
76-mm diameter filter in the filter stage, and assemble the apparatus. Use a low-pressure filter
capable of quantitatively collecting the passing drug aerosol, which also allows a quantitative
recovery of the collected drug. Set up Apparatus 4 using the control system as specified in
Figure 7. Attach the induction port (Figure 6a) and mouthpiece adapter to produce an airtight
seal between the product mouthpiece and the induction port. Use a mouthpiece adapter that
ensures that the tip of the product's mouthpiece is flush with the open end of the induction
port. Ensure that the various stages of the apparatus are connected with airtight seals to
prevent leaks. Turn on the vacuum pump, open the two-way solenoid valve, and calibrate the
airflow through the system as follows. Connect a flowmeter calibrated for the volumetric flow
rate leaving the meter to the induction port. Adjust the flow-control valve to achieve a steady
flow through the system at the required rate, Qout, so that Qout is within ±5% of the value
determined during testing for Delivered-Dose Uniformity. Ensure that critical flow occurs in the
flow-control valve at the value of Qout that will be used during testing, using the following
procedure. With the product in place and the intended flow running, measure the absolute
pressure on both sides of the flow-control valve (P2 and P3 in Figure 7). A ratio of P3/P2 ≤0.5
indicates critical flow. If this ratio of P3/P2 is not achieved, switch to a more powerful pump,
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and remeasure the test flow rate. Adjust the timer controlling the operation of the two-way
solenoid valve so that it opens that valve for the same duration, T, as used during testing for
Delivered-Dose Uniformity. Dispense 20 mL of a solvent that is capable of dissolving the drug
into each of the four upper stages of Apparatus 4, and replace the stoppers. [Caution—Some
solvents form flammable vapor–air mixtures that may be ignited during passage through a
vacuum pump. Take appropriate precautions (alternative solvents, use of vapor traps, minimal
pump operating times, etc.) to ensure operator safety during testing.] Tilt the apparatus to
wet the stoppers, thereby neutralizing their electrostatic charge. Adjust the timer controlling
the operation of the two-way solenoid valve so that it opens the valve for the duration such
that the total volume sampled is at least 4 L. Prime or load the inhalation powder according to
the labeled instructions. With the vacuum pump running and the two-way solenoid valve
closed, insert the product's mouthpiece, held horizontally, into the induction port mouthpiece
adapter. Discharge the powder into the apparatus by activating the timer and opening the twoway solenoid valve for the required duration, T ± 5%. After the two-way solenoid valve has
closed, remove the product from the mouthpiece adapter. If additional doses are required for
the sample, reload the inhalation powder according to the labeled instructions, reinsert the
mouthpiece into the mouthpiece adapter, and repeat the operation until the required number of
doses has been discharged. After discharge of the last dose, switch off the vacuum pump.
Dismantle the filter stage of Apparatus 4. Carefully remove the filter (Figure 10b), and extract
the drug with solvent. Rinse the mouthpiece adapter and induction port with a suitable solvent,
and quantitatively dilute to an appropriate volume. Rinse the inside of the inlet jet tube to
Stage 1 (Figure 10), allowing the solvent to flow into the stage. Rinse the drug from the inner
walls and the collection plate of each of the four upper stages of the apparatus into the
solution in the respective stage by tilting and rotating the apparatus while ensuring that no
liquid transfer occurs between the stages. Using the method of analysis specified in the
individual monograph, determine the mass of drug collected in each of the six volumes of
solvent. Ensure that the method corrects for possible evaporation of the solvent during the
test. This may involve the use of an internal standard (of known original concentration in the
solvent and assayed at the same time as the drug) or the quantitative transfer of the liquid
contents from each of the stages, followed by dilution to a known volume. Using the method of
analysis specified in the individual monograph, determine the mass of drug collected in each of
the samples.
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Figure 10. Apparatus 4: Schematic of multistage liquid impinger. (See Table 7 for component
specifications.)
Table 7. Component Units of Multistage Liquid Impinger
(seeFigure 10, Figure 10a, andFigure 10b)

Code

Item

A, H

Jet tube

Description
Metal tube screwed onto partition wall sealed
by gasket (C), polished inner surface

Dimensions
(in mm unless
otherwise
stated)
See Figure 10a
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Code
B, G
C
D

E

J

K
L

Item
Partition
wall
Gasket
Impaction
plate
Glass
cylinder

120
See Figure 10a
To fit jet tube

Porosity O sintered-glass disk
Diameter

See Figure 10a

Plane polished cut glass tube
Height, including gaskets
Outer diameter
Wall thickness
Sampling port (F) diameter
Stopper in sampling port

46
100
3.5
18
ISO 24/25

Wire

Inner diameter
Height
Thickness of horizontal section
Thickness of vertical section
Steel wire interconnecting metal frame and
sleeve (two for each frame)
Diameter
Metal sleeve secured on jet tube by screw
Inner diameter
Height
Thickness

Sleeve

P
Q

O-ring
O-ring
Filter
holder
Filter
support

Dimensions
(in mm unless
otherwise
stated)

Circular metal plate, diameter
Thickness
e.g., PTFE

l-Profiled circular frame with slit

Gasket
Bolt

S

Description

Metal
frame

M
N

R

111

To fit impaction
plate
4
0.5
2

1

e.g., silicone
Metal bolt with nut (six pairs), length
Diameter
Rubber O-ring, diameter × thickness
Rubber O-ring, diameter × thickness

To fit jet tube
6
5
To fit glass
cylinder
205
4
66.34 × 2.62
29.1 × 1.6

Metal housing with stand and outlet

See Figure 10b

Perforated sheet metal, diameter
Hole diameter
Distance between holes (center-points)

65
3
4
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Code

112

U

Item
Snaplocks
Multi-jet
tube

Jet tube (H) ending in multi-jet arrangement

V

Outlet

Outlet and nozzle for connection to vacuum

T

Description

Dimensions
(in mm unless
otherwise
stated)

See inserts Figure
10a
Internal diameter
≥10 (Figure 10b)

Figure 10a. Apparatus 4: Details of jet tube and impaction plate. Inserts show end of multi-jet
tube (U) leading to Stage 4. (See Table 8 for dimension specifications.)
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Table 8. Apparatus 4—Dimensions of Multi-stage Liquid Impinger
Number of
Diameter
Stage
Nozzles
(mm)
Nominal
Value
Tolerance (±)
1
1
25.0
0.1a
2
1
14.0
0.1a
3
1
8.0
0.1a
Inlet
6.3a
0.1a
4 Outlet
7
2.7a
0.05a
a Courtesy of Copley Scientific Ltd,. Nottingham, UK.

Figure 10b. Apparatus 4: Expanded view of Stage 5. (See Table 7 for component
specifications.)
C.5.2 PROCEDURE—APPARATUS 4
Proceed as directed in the Procedure under Apparatus 2, except to use Apparatus 4.
C.6 Apparatus 5 for Inhalation Powders—Next Generation Impactor (with preseparator)
C.6.1 DESIGN—APPARATUS 5
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The design and assembly of Apparatus 55 are shown in Figures 11, 11a, 11b, 11c, and 11d.
The induction port used to connect the impactor to a product is shown in Figure 6a. The
device is a cascade impactor with seven stages and a micro-orifice collector (MOC). The
collection efficiency curves for each stage are sharp and minimize overlap between stages.
Material can be aluminum, stainless steel, or other suitable material.
The impactor layout has removable impaction cups with all the cups in one plane (Figures
11–11c). There are three main sections to the impactor: the bottom frame that holds the
impaction cups, the seal body that holds the jets, and the lid that contains the interstage
passageways (shown in Figures 11–11b). Multiple nozzles are used at all but the first stage
(11c). The flow passes through the impactor in a saw-tooth pattern.
Stage mensuration is performed periodically together with confirmation of other dimensions
critical to the effective operation of the impactor. Critical dimensions are provided in Table 9.
Table 9. Critical Dimensions for Apparatus 5 and 6
Description
Pre-separator (see Dimension a in Figure 11d)
Stage 1a nozzle diameter
Stage 2a nozzle diameter
Stage 3a nozzle diameter
Stage 4a nozzle diameter
Stage 5a nozzle diameter
Stage 6a nozzle diameter
Stage 7a nozzle diameter
MOCa
Optional cup depth (see Dimension b in Figure 11b)
Collection cup surface roughness
Stage 1 nozzle to seal body distance (see Dimension c)b
Stage 2 nozzle to seal body distance (see Dimension c)b
Stage 3 nozzle to seal body distance (see Dimension c)b
Stage 4 nozzle to seal body distance (see Dimension c)b
Stage 5 nozzle to seal body distance (see Dimension c)b
Stage 6 nozzle to seal body distance (see Dimension c)b
Stage 7 nozzle to seal body distance (see Dimension c)b
Optional: MOC nozzle to seal body distanceb
a See Figure 11c. MOC = Micro-orifice collector.
b See Figure 11b.

Dimension
(mm)
12.80 ± 0.05
14.30 ± 0.05
4.88 ± 0.04
2.185 ± 0.02
1.207 ± 0.01
0.608 ± 0.01
0.323 ± 0.01
0.206 ± 0.01
Approximately 0.070
14.625 ± 0.10
0.5–2 µm
0 ± 1.18
5.236 ± 0.736
8.445 ± 0.410
11.379 ± 0.237
13.176 ± 0.341
13.999 ± 0.071
14.000 ± 0.071
14.429–14.571

In routine operation, the seal body and lid are held together as a single assembly. The
impaction cups are accessible when this assembly is opened at the end of a product test. The
cups are held in a support tray so that all cups can be removed from the impactor
simultaneously by lifting out the tray.

PF 44(5): Sep.-Oct. 2018

115

An induction port with internal dimensions identical to those defined in Figure 6a is connected
to the impactor inlet. When necessary with inhalation powders, a pre-separator can be added
to avoid overloading the first stage. This pre-separator connects between the induction port
and the impactor. A suitable mouthpiece adapter is used to provide an airtight seal between
the product’s mouthpiece and the induction port.
The apparatus contains a terminal MOC that for most formulations may eliminate the need for
a final filter if this capability is demonstrated by method validation. The MOC is an impactor
nozzle plate and collection cup. The nozzle plate contains, nominally, 4032 jets, each
approximately 70 µm in diameter. Most particles not captured on Stage 7 of the impactor will be
captured on the cup surface below the MOC. There is an optional filter holder that can replace
the MOC for formulations with a significant fraction of particles not captured by the MOC.
Alternatively, an after-filter (glass fiber is often suitable) can be placed in a filter holder
external to Apparatus 5 and 6, which is located downstream of the MOC.
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Figure 11a. Components of Apparatus 5.

Figure 11b. Layout of interstage passageways of Apparatus 5.
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Figure 11c. Nozzle configuration of Apparatus 5.

Figure 11d. Pre-separator layout for Apparatus 5.
C.6.2 PROCEDURE—APPARATUS 5
Assemble the apparatus with the pre-separator (Figure 11d) unless experiments have shown
that its omission does not result in increased interstage drug losses (>5%) or particle reentrainment, in which case the pre-separator can be omitted. Place cups into the apertures in
the cup tray. To ensure efficient particle capture, coat the particle collection surface of each
stage with glycerol, silicone oil, or other suitable liquid typically deposited from a volatile
solvent, unless it has been demonstrated to be unnecessary. Insert the cup tray into the
bottom frame, and lower into place. Close the impactor lid with the seal body attached, and
operate the handle to lock the impactor together so that the system is airtight.
The pre-separator can be assembled as follows. Assemble the pre-separator insert into the
pre-separator base; fit the pre-separator base to the impactor inlet; add up to about 15 mL of
the solvent used for sample recovery to the central cup of the pre-separator insert; place the
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pre-separator body on top of this assembly; and close the two catches. [Caution—Some
solvents form flammable vapor–air mixtures that can be ignited during passage through a
vacuum pump. Take appropriate precautions (e.g., alternative solvents, use of vapor traps,
minimal pump operating times, etc.) to ensure operator safety during testing.]
Connect an induction port with internal dimensions as defined in Figure 6a either to the
impactor inlet or to the pre-separator inlet atop the cascade impactor (Figure 11d). Place a
suitable mouthpiece adapter in position at the end of the induction port so that the mouthpiece
end of the product, when inserted, lines up along the horizontal axis of the induction port. The
front face of the product’s mouthpiece is flush with the front face of the induction port,
producing an airtight seal. When attached to the mouthpiece adapter, the product should be
positioned in the same orientation as intended for use. Connect the apparatus to a flow system
according to the scheme specified in Figure 7.
Unless otherwise prescribed, conduct the test at the flow rate used in the test for DeliveredDose Uniformity drawing 4.0 L of air from the mouthpiece of the product and through the
apparatus. Connect a flowmeter to the induction port. Use a flowmeter calibrated for the
volumetric flow leaving the meter, or calculate the volumetric flow leaving the meter (Qout)
using the ideal gas law. For a meter calibrated for the entering volumetric flow (Qin), calculate:
Qout = QinP0/(P0 – ΔP)
P0 = atmospheric pressure
ΔP = pressure drop over the meter
Adjust the flow-control valve to achieve steady flow through the system at the required
rate, Qout (±5%). Ensure that critical flow occurs in the flow-control valve by the Procedure
described for Apparatus 2. Adjust the timer controlling the operation of the two-way solenoid
valve so that it opens this valve for a duration such that the total volume sampled is at least 4
L.
Prime or load the inhalation powder according to the labeled instructions. With the vacuum
pump running and the two-way solenoid valve closed, insert the product's mouthpiece, held
horizontally, into the induction port mouthpiece adapter. Discharge the powder into the
apparatus by activating the timer and opening the two-way solenoid valve for the required
duration, T (±5%). After the two-way solenoid valve has closed, remove the product from the
mouthpiece adapter. If additional doses are required for the sample, reload the inhalation
powder according to the labeled instructions, reinsert the mouthpiece into the mouthpiece
adapter, and repeat the operation until the required number of doses have been discharged.
After discharge of the last dose, switch off the vacuum pump.
Dismantle the apparatus, and recover drug for analysis as follows. Remove the induction port
and mouthpiece adapter from the pre-separator, and extract the drug into an aliquot of
solvent; if used, remove the pre-separator from the impactor without spilling the solvent into
the impactor; and recover the active ingredient from all inner surfaces. Open the impactor by
releasing the handle and lifting the lid. Remove the cup tray, with the collection cups, and
recover the active ingredient from each cup into an aliquot of solvent. Using the method of
analysis specified in the individual monograph, determine the mass of drug contained in each of
the aliquots of solvent.
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C.7 Apparatus 6 for Inhalation Aerosol and Sprays—Next Generation Impactor (without
pre-separator)
C.7.1 DESIGN—APPARATUS 6
Apparatus 6 is identical to Apparatus 5 (Figures 11–11d) except that the pre-separator is not
used. Use this apparatus at a flow rate of 30 L/min (±5%) unless otherwise prescribed in the
individual monograph.
C.7.2 PROCEDURE—APPARATUS 6
Assemble the apparatus without the pre-separator. Place cups into the apertures in the cup
tray. To ensure efficient particle capture, coat the particle collection surface of each stage
with glycerol, silicone oil, or other suitable liquid typically deposited from a volatile solvent,
unless this has been demonstrated to be unnecessary. Insert the cup tray into the bottom
frame, and lower into place. Close the impactor lid with the seal body attached, and operate
the handle to lock the impactor together so that the system is airtight. Connect an induction
port with internal dimensions as defined in Figure 6a to the impactor inlet. Use a mouthpiece
adapter that ensures that the tip of the product’s mouthpiece is flush with the open end of the
induction port. Turn on the vacuum pump to draw air through the cascade impactor, and
calibrate the airflow through the system with an appropriate flowmeter attached to the open
end of the induction port. Adjust the flow-control valve on the vacuum pump to achieve steady
flow through the system at the required rate, and ensure that the airflow through the system is
within ±5% of this flow rate. Unless otherwise prescribed in the patient instructions, shake the
product for 5 s, and discharge one delivery to waste. With the vacuum pump running, insert
the mouthpiece into the mouthpiece adapter, and immediately fire the minimum recommended
dose into the cascade impactor. Keep the valve depressed for a duration sufficient to ensure
that the dose has been completely discharged. If additional sprays are required for the sample,
shake the product, reinsert it into the mouthpiece adapter, and immediately fire the next
minimum recommended dose.
Repeat until the required number of doses has been discharged. The number of minimum
recommended doses discharged must be sufficient to ensure an accurate and precise
determination of Aerodynamic Size Distribution. [Note—The number of minimum recommended
doses typically is not >10.] After the last dose has been discharged, remove the product from
the mouthpiece adapter. Rinse the mouthpiece adapter and induction port with a suitable
solvent, and dilute quantitatively to an appropriate volume.
Dismantle the apparatus, and recover the drug for analysis as follows. Remove the induction
port and mouthpiece adapter from the apparatus, and recover the deposited drug into an
aliquot of solvent; open the impactor by releasing the handle and lifting the lid; remove the cup
tray with the collection cups; and extract the active ingredient in each cup into an aliquot of
solvent. Using the method of analysis specified in the individual monograph, determine the
quantity of active ingredient contained in each of the aliquots of solvent.

INTRODUCTION
The major performance measures for inhalation and nasal aerosols, sprays, and powders
relate to dose delivery to the patient, including Delivered Dose Uniformity and relevant

PF 44(5): Sep.-Oct. 2018

121

measures of particle size (optical and/or aerodynamic) depending on the dosage form. Each of
these is described in the following sections. A nomenclature table appears in Inhalation and
Nasal Drug Products—General Information and Product Quality Tests 〈5〉 from which the
descriptive terms for various dosage forms can be obtained.
A. DELIVERED DOSE UNIFORMITY
A.1 Inhalation Aerosols and Inhalation Sprays
The following tests are applicable to inhalation aerosols (commonly known as metered-dose
inhalers) and inhalation sprays. Inhalation aerosols are formulated as suspensions or solutions of
one or more drug substances in propellants and possibly other suitable excipients and are
presented as multidose units. Inhalation sprays typically are aqueous-based liquid formulations
packaged in a compact container–closure system containing an integral spray pump unit. Refer
to 〈5〉 for additional information. The following test methods are specific to these products and
may require modification when alternative inhalation products (for example, breath-actuated
inhalation aerosols or inhalation sprays) are tested. However, pharmacopeial requirements for all
dose-metered inhalation dosage forms require determination of the Delivered Dose Uniformity
(DDU) and Aerodynamic Particle Size Distribution (APSD). In all cases and for all tests, prepare
and test the product as directed on the label and the instructions for use. When these
directions are not provided by the product manufacturer, follow the precise dose-discharge
directions included in the following tests.
A.1.1 DELIVERED DOSE UNIFORMITY OF INHALATION AEROSOLS AND INHALATION SPRAYS
The test for Delivered Dose Uniformity is required for inhalation aerosols and inhalation sprays
containing drug formulation either in device-metered or in premetered unit presentations. The
test for Delivered Dose Uniformity includes dose uniformity over the entire unit life. (For
products packaged in premetered dosage units, see also Uniformity of Dosage Units 〈905〉.) A
dose in this test is defined as the minimum recommended number of sprays specified in the
product labeling or instructions for use but NMT two sprays per determination. For inhalation
aerosols and inhalation sprays, the drug delivered from the mouthpiece is specified by the label
claim. Its value reflects the expected mean drug content for a large number of delivered sprays
collected from many units of the product using the method specified in the monograph. For
drug products equipped with an integral spacer, it should be emphasized that the quantity to
be measured (label claim) is the drug delivered at the mouthpiece of the spacer, under
specified test conditions.
Unless otherwise directed in the individual monograph, the drug content of the delivered dose
collected at the beginning of unit life (after priming as described on the label or instructions for
use) and end of unit life of the label claim, will be determined from each of 10 separate
containers (i.e., a total of 20 determinations).
A.1.1.1 Sampling the delivered dose from inhalation aerosols and inhalation sprays
DDU sampling apparatus A procedure—To determine the content of active ingredient in the
discharged plume from an inhalation aerosol and inhalation spray, use the DDU sampling
apparatus A (see Figure 1) described below. Unless otherwise specified in the individual
monograph, with the vacuum pump running, ensure an airflow rate through the product device
of 28.3 L of air per minute (±5%) or 30 L/min (±5%) as applicable. Prepare the product for use
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according to the label instructions for shaking, priming, and firing. Unless otherwise prescribed
in the patient instructions, shake the product for 5 s, and collect the first actuation following
priming by discharging the first actuation of the minimum recommended actuations into the
sampling apparatus through the mouthpiece adapter by actuating the metering system for a
duration sufficient to ensure that the dose has been completely discharged. The volume of air
sampled per actuation should not exceed 2.0 L. Wait for 5 s and collect the next actuation, if
the mimimum recommended dose consists of more than one actuation. The doses between the
two sequential test samples (i.e., beginning and end of container life) should be disposed of
appropriately. Note that for inhalation aerosols the rate of discharges (number of discharges
per unit time) to waste should not cause canister cooling that may affect subsequent test
results. This should be evaluated for each drug product. Following each collection of the
minimum number of actuations from each unit at each sequential test sample, detach the
product from DDU sampling apparatus A (see Figure 1), and disconnect the vacuum.
Separately assay the contents of the apparatus for drug at the beginning and end of
sequential test samples after rinsing the filter and the interior of the collection tube with a
suitable solvent. A validated analytical method is employed to determine the amount of drug in
each delivered dose, and data are reported as amount delivered and as a percentage of label
claim.
DDU sampling apparatus A—The DDU sampling apparatus is presented in Figure 1. DDU Sampling
Apparatus A consists of different accessories (Figure 1 and Table 1) and a sample collection
tube assembly (Figure 2). The latter includes a filter support base with an open mesh filter
support such as stainless steel screen. The sample collection tube is clamped or screwed to
the filter support base, and a mouthpiece adapter to ensure an airtight seal between the
sample collection tube and the mouthpiece. Use a mouthpiece adapter that ensures that the
opening of the product's mouthpiece is flush with the front face or 2.5-mm indented shoulder in
the sample collection tube to make an airtight seal. The sample collection tube is connected to
a system comprising a vacuum pump and flow control valve (see Figure 1).
The vacuum pump should be capable of pulling air through the complete assembly, including
the filter and the product to be tested, at the desired flow rate. Connect the flowmeter to set
the flow rate for DDU analysis (e.g., 28.3 L/min (±5%) or 30 L/min (±5%) as applicable).
Replace the flowmeter with the inhaler for the DDU determination. The flow rate should be in
accordance with the test requirements of the drug product being evaluated.
During tests of inhalation aerosols and sprays, air should be drawn continuously through the
system to avoid loss of drug into the atmosphere. The filter support base is designed to
accommodate 25-mm diameter filter disks (see Figure 2). At the airflow used, the sample
collection tube and the filter must be capable of quantitatively collecting the delivered dose.
The filter and other materials used in the construction of the apparatus must be compatible
with the drug and the solvents that are used to extract the drug from the filter. One end of the
sample collection tube is designed to hold the filter tightly against the filter support base using
an O-ring. When assembled, the joints between the components of the apparatus are airtight
so that when a vacuum is applied to the base of the filter, all of the air drawn through the DDU
sampling apparatus passes through the drug product device component. [Note—The caps as
shown in Figure 2 are used to seal the tube during the content evaluation.]
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Figure 1. DDU sampling apparatus for inhalation and nasal drug products. (See Table 1 for
component specifications for DDU sampling apparatuses A and B.)
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Table 1. DDU Sampling Apparatuses A and B (See Figure 1 and Figure 2.)
Code
Item
Descriptions

A
B

Sample
collection
tube

E

Filter
Flowmeter
or inhaler
Vacuum
tubing
Two-way
solenoid
valve

F
G

Vacuum
pump
Timer

H

Flowcontrol
valve

P1, P2,
P3

Pressure
tap

C
D

DDU
Sampling
Apparatus
A
(Inhalation
and nasal
aerosols
DDU Sampling
and
Apparatus B
inhalation
(Inhalation and
sparays)
nasal powders)
26.70-mm ID
× 10-cm
length
34.85-mm ID × 12-cm length
25-mm glass
fiber filter
47-mm glass fiber filter
Flowmeter is for flow rate calibration and inhaler is for the product
being tested.
≥8-mm ID

—
Pump must be capable of drawing the required flow rate through
the assembled apparatus with the test product seated in the
mouthpiece adapter. Connect the pump to the solenoid valve using
short and wide (≥8-mm ID) vacuum tubing and connectors to
minimize pump capacity requirements
—
Adjustable
regulating
valve with
—
maximum CV
≥1
2.2-mm ID, 3.1-mm OD flush with the internal
surface of the sample collection tube, centered
and burr free, 59 mm from its inlet. The pressure
taps (P1, P2, and P3) must not be open to the
—
atmosphere during dose collection.
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Figure 2. DDU sample collection tube assembly for inhalation and nasal drug products.
A.2 Nasal Aerosols and Nasal Sprays
The following test is applicable to nasal aerosols and sprays formulated respectively as
nonaqueous and aqueous suspensions or solutions of drug, presented typically in multidose
containers, and fitted with dose-metering valves or pumps. In all cases and for all tests,
prepare and test the spray as directed in the labeling and the instructions for use.
A.2.1 DELIVERED DOSE UNIFORMITY OF NASAL AEROSOLS AND NASAL SPRAYS
Unless otherwise directed in the individual monograph, the drug content of the delivered dose
collected at the beginning of unit life (after priming as described on the label or instructions for
use) and end of unit life of the label claim, will be determined from each of 10 separate
containers (i.e., a total of 20 determinations). This represents a total of 20 determinations.
Sampling and measurements shall be made after priming as described in the labeling or
instructions for use. A dose in this test is defined as the minimum recommended number of
sprays specified in the product labeling or instructions for use but NMT two sprays per
determination. For single use products, Delivered Dose Uniformity of 10 dosage units should be
determined separately.
A.2.1.1 Sampling the delivered dose from nasal aerosols
See A.1.1.1 Sampling the delivered dose from inhalation aerosols and inhalation sprays.
A.2.1.2 Sampling the delivered dose from nasal sprays
Procedure—The use of a mechanical means of actuating the metering system or pump assembly
to deliver doses for collection is recommended to ensure reproducible in vitro dose collection.
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The mechanical actuation procedure should have adequate controls for the critical mechanical
actuation parameters (e.g., actuation force, actuation speed, stroke length, and rest periods).
The test must be performed on units that have been thoroughly shaken and primed according
to the patient-use instructions. The test unit should be actuated in a vertical or near-vertical,
valve-up position. The sprays at the beginning of each of the 10 test containers should be the
sprays immediately following priming, and the sprays at the end (label claim) of each from the
same container. This represents a total of 20 determinations. The doses between the beginning
and end sequential test samples must be disposed of appropriately. A validated analytical
method is employed to determine the amount of drug in each delivered dose, and data are
reported as amount delivered and as a percentage of label claim.
The dose should be delivered into a suitable container (e.g., scintillation vial) in which
quantitative transfer from the drug product can be accomplished.
A.3 Inhalation Powders
The following tests are applicable to inhalation powders (commonly known as dry powder
inhalers) presented as premetered or device-metered units. Pharmacopeial requirements for all
these drug products require determination of the delivered dose and Aerodynamic Particle Size
Distribution. In all cases and for all tests, prepare and test the product as directed in the
labeling and the instructions for use. When these directions are not provided by the product
manufacturer, follow the precise dose-discharge directions included in the following tests.
A.3.1 DELIVERED DOSE UNIFORMITY OF INHALATION POWDERS
The test for Delivered Dose Uniformity is required for inhalation powders in premetered
(including ordered multiple-dose) and device-metered presentations as labeled for use with the
specified delivery system. The test for Delivered Dose Uniformity extends over the entire unit
life. (For formulations packaged in premetered dosage units, see also 〈905〉.) Note that the
target delivered dose is the expected mean drug content for a large number of delivered doses
collected from many units under defined experimental conditions as specified in the product
labeling. In many cases, the target value may depend on the manner in which the test for
delivered dose uniformity is performed. For inhalation powders, where the label claim usually is
the premetered or device-metered dose of drug, the target delivered dose and the method are
specified in the individual monograph and usually the target delivered dose is less than the label
claim.
Unless otherwise directed in the individual monograph, the drug content of the delivered dose
from each of 10 separate units is determined separately in accordance with the procedure
described as follows.
The test for Delivered Dose Uniformity over the entire unit life is required for drug products
packaged in device-metered or in ordered multiple-dose metering units of premetered dosage
units that have a predetermined dose sequence.
Unless otherwise directed in the individual monograph, the drug content of the delivered dose
will be collected at the beginning of unit life and again at the label claim number of doses. Two
determinations will be obtained from each of 10 separate drug product units. This represents a
total of 20 determinations.
For single use products and for inhalation powders packaged in premetered single dosage form

PF 44(5): Sep.-Oct. 2018

127

units, Delivered Dose Uniformity of 10 dosage units should be determined separately. Where
specified in the individual monograph, perform this test under conditions of controlled
temperature and humidity.
A.3.1.1 Sampling the delivered dose from inhalation powders: DDU sampling apparatus B
should be used to determine the content of active ingredient emitted from the mouthpiece of
an inhalation powder (see Figure 1). This apparatus is capable of sampling the emitted dose at
a variety of airflow rates
DDU sampling apparatus B procedure—Operate the apparatus at an airflow rate that produces
a pressure drop of 4kPa over the product to be tested and for a period of T seconds consistent
with the withdrawal of 2.0 L of air from the mouthpiece of the product. [Note—If the flow rate
and duration are defined otherwise in the monograph, adjust the system to within 5% of those
values.] The volume of air sampled should not exceed 2.0 L.
Determine the test flow rate using DDU sampling apparatus B as follows. Insert the product
into the mouthpiece adapter to ensure an airtight seal. For pre-metered products use a device
loaded with an empty capsule or blister. For device-metered products, use an unused device.
In both cases, the flow path should be free of drug. Connect one port of a differential pressure
transducer to the pressure tap, P1 (in Figure 1), and leave the other open to the atmosphere.
Switch on the pump, and open the two-way solenoid valve. Adjust the flow-control valve until
the pressure drop across the product is 4.0k Pa. Ensure that critical (sonic) flow occurs in the
flow-control valve by measuring the individual values for absolute pressure, P2 and P3, so that
their ratio P3/P2 is ≤0.5. If this ratio of P3/P2 is not achieved, switch to a more powerful pump
and remeasure the test flow rate. Critical (sonic) flow conditions in the flow-control valve are
required in order to ensure that the volumetric airflow drawn from the mouthpiece is unaffected
by pump fluctuations and changes in airflow resistance of the product. Remove the product and
the mouthpiece adapter and without disturbing the flow-control valve, measure the airflow rate
drawn from the mouthpiece, Qout. A flowmeter is connected in an airtight fashion at the inlet to
the sampling apparatus (see Figure 1) using a suitable adapter. Use a flowmeter calibrated for
the volumetric flow leaving the meter in an airtight fashion to directly determine Qout. If the
flow rate is >100 L of air per minute, adjust the flow-control valve until Qout equals 100 L/min;
otherwise, record the value of Qout, and leave the flow-control valve undisturbed. Define the
test flow duration in seconds, e.g., at 60 L/min, T = 120/Qout, so that a volume of 2.0 L of air
(±5%) is withdrawn from the product at the test flow rate Qout, and adjust the timer controlling
the operation of the two-way solenoid valve accordingly.
Prepare the device with powder for inhalation according to the labeled instructions. With the
vacuum pump running and the solenoid valve closed, insert the product's mouthpiece
horizontally into the mouthpiece adapter. Discharge the powder into the DDU sampling
apparatus B by activating the timer controlling the solenoid valve and withdrawing 2.0 L of air
from the product at the previously defined airflow rate. Repeat the whole operation n –1 times
beginning with the text, "Prepare the device with powder," where n is the number of times
defined in the labeling as the minimum recommended dose, but NMT two actuations per
determination. Detach the inhalation powder device container from the DDU sampling apparatus
B, and disconnect the vacuum tubing, D (Figure 1). Assay the contents of the apparatus for
drug after rinsing the filter and the interior of the apparatus with a suitable solvent.
DDU sampling apparatus B—The sample collection tube assembly is similar to that described in
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Figure 2 for testing inhalation aerosols. In this case, however, the filter and sample collection
tube have a larger internal diameter to accommodate 47-mm diameter filter (Table 1). This
feature enables dosage collection at higher airflow rates—up to 100 L of air per minute—when
necessary. A mouthpiece adapter ensures an airtight seal between the sample collection tube
and the mouthpiece of the inhalation powder being tested. The mouthpiece adapter must
ensure that the tip of the product's mouthpiece is flush with the open end of the sample
collection tube. Tubing connectors, if they are used, should have an internal diameter of ≥8 mm
to preclude their own internal diameters from creating significant airflow resistance. A vacuum
pump with excess capacity must be selected in order to draw air at the designated volumetric
flow rate through both the sampling apparatus and the product simultaneously. A timercontrolled, low-resistance, solenoid-operated, two-way valve is interposed between the
vacuum pump and the flow-control valve to control the duration of flow. Flow control is
achieved by ensuring that critical (sonic) flow occurs in the flow-control valve (absolute
pressure ratio P3/P2 is ≤0.5 under conditions of steady-state flow).
A.4 Nasal Powders
The following test is applicable to nasal powders presented in premetered and devicemetered units. In all cases and for all tests, prepare and test the powder as directed in the
labeling and the instructions for use, but NMT two actuations per determination.
A.4.1 DELIVERED DOSE UNIFORMITY OF NASAL POWDERS
Unless otherwise directed in the individual monograph, the drug content of the minimum
delivered dose(s) will be determined at the beginning of unit life and also at the end of unit life
from each of 10 separate containers. This represents a total of 20 determinations. For nasal
powders packaged in single-dose units, Delivered Dose Uniformity can be applied on 10 dosage
units.
A.4.1.1 Sampling the delivered dose from nasal powders: To ensure reproducible dose
collection, it is recommended that appropriate means of operating the device assembly be used
to deliver doses for collection. The two separate doses collected include the first dose and the
dose corresponding to the last labeled dose from each of 10 units. The doses between the two
sequential beginning and end test samples for each unit must be disposed of appropriately. A
validated analytical method is used to determine the amount of drug in each delivered dose.
Data are reported as amount delivered and as a percentage of label claim. DDU sampling
apparatus B (Figure 1) is recommended for nasal powders.
B. DROPLET/PARTICLE SIZE DISTRIBUTION—NASAL AEROSOLS AND NASAL SPRAYS
For suspension or solution nasal aerosols, and nasal sprays, the emitted droplet/particle size
distribution should be determined for the delivered plume subsequent to delivery under specified
experimental conditions. Assuming that the density of the liquid under investigation is constant
irrespective of droplet size, the volume-based size distributions may be treated as mass-based
size distributions for the purpose of data interpretation. If a laser diffraction method is used
(for more detail, refer to the description of this method in the following section), droplet size
distribution can be estimated in terms of ranges for the 10th (D10), 50th (D50), and 90th (D90)
percentiles of the cumulative volume-based size distribution, as well as the span of the
distribution, expressed as [(D90 – D10)/D50], and the percentage of droplets less than 10 µm.
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Note that D50 is identical with the volume median diameter if the distribution is unimodal.
Appropriate and validated or calibrated emitted droplet/particle size analytical procedures
should be described in sufficient detail to allow accurate and reproducible assessment including
the following:
complete information about the apparatus and accessories
theoretical model (Lorenz–Mie or Fraunhofer approximation)
the application of a disabling option for one or more of the innermost detectors to
mitigate beam steering effects (only applicable to nasal aerosols)
software version
sample placement with respect to the optical bench of the laser diffractometer
measurement range
beam width
laser trigger condition in connection with the initiation and termination of the
measurement sequence
lower limit of detection (if laser triggering is not used)
obscuration limit (upper bound of detection range in terms of particle concentration)
B.1 Droplet/Particle Size Determination by Laser Diffraction
Suspension and solution drug products intended for application to the nasal cavity produce
liquid droplets that typically are much larger than the operating range for multistage inertial
impactors. Thus, laser diffraction (sometimes referred to as low-angle laser light scattering)
could be a complimentary and/or an alternative approach for determining the size distribution.
The theory and operating principles for laser diffraction are well described in the most recent
version of ISO 13320. These systems use the light scattering pattern produced by passage of a
cloud of droplets through the measurement zone to develop the volume-based size distribution
in an iterative process in which a theoretical model (either Fraunhofer or Lorenz-Mie) is used to
interpret the data. The process is summarized schematically in Figure 3. [Note—If the LorenzMie model option is chosen, it will be necessary to input values for the real (refraction) and
imaginary (absorption) components of refractive index for the liquid being studied.
Manufacturers of laser diffraction equipment provide this information for commonly encountered
liquid media either on their website or upon enquiry.]
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Figure 3. Conversion of light-scattering data into a droplet size distribution by laser
diffractometry. (PSD is particle size distribution.)
An apparatus that has the capability to assess aerosols or sprays is required. [Note—Not all
commercially available laser diffractions possess this capability.] Set up the measurement
system in accordance with the procedure outlined schematically in Figure 4.
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Figure 4. Setup for laser diffractometry with a nasal drug product.
Nasal spray drug products generally are determined with an open-bench arrangement with an
automated actuation station set-up so that reproducibility in nasal product operation from one
actuation to the next can be optimized. Check the alignment of the inhaler plume intersecting
with the optical configuration of the laser diffractometer using the tools provided by the
manufacturer to optimize alignment of the optical bench. Check that the light beam obscuration
is within the upper and lower limits specified by the manufacturer, consulting the operator's
manual for the laser diffraction system being used. Vacuum extraction is required to efficiently
remove droplets after they pass through the laser. An unrepresentative result may occur if this
value is set too low (typically <5%). Unquantifiable error due to multiple scattering will happen
if the obscuration is above the recommended upper limit. [Note—This limit varies from one
manufacturer to another and may also vary from one laser diffractometer system to another
from the same manufacturer.]
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Conduct as many replicate measurements as needed to achieve a representative data set.
Inspect each size distribution presented, ideally in differential volume-based format or
equivalent to assess whether or not it is unimodal and symmetrical. [Note—The following data
analysis assumes that these criteria are met. If not, additional analysis taking into account the
presence of more than one mode in the distribution or skewness may be required.]
B.2 Aerodynamic Particle Size Distribution—Determination By Cascade Impaction
The particle or droplet size distribution in the plume discharged from nasal aerosols may be
similarly determined as described in C. Aerodynamic Particle Size Distribution—Inhalation
Aerosols, Sprays, and Powders for inhalation aerosols.
C. AERODYNAMIC PARTICLE SIZE DISTRIBUTION—INHALATION AEROSOLS, SPRAYS, AND
POWDERS
C.1 General Principles of Aerodynamic Particle Size Measurement
The particle or droplet size distribution in the plume discharged from inhalation aerosols,
inhalation sprays, nasal aerosols, and the particle size distribution in the cloud discharged from
inhalation powders are important characteristics used in judging product performance. The
aerodynamic diameter of an aerosol particle is equal to the diameter of a sphere of unit density
whose gravimetric settling velocity is the same. The aerodynamic size distribution defines the
manner in which aerosol droplets/particles deposit during inhalation. In use, many inhalers
discharge drug in the form of large droplets or particles (the “ballistic fraction”) that leave the
inhaler at high velocity and impact on and are captured by the moist surfaces in the mouth and
throat. The remainder of the discharge from the inhaler is the "nonballistic fraction" that is
inhaled into the remainder of the respiratory tract.
Cascade impaction devices classify aerosol particles and droplets on the basis of aerodynamic
diameters. The principle of their operation whereby they separate aerosol particles and droplets
from a moving airstream on the basis of particle or droplet inertia is shown in Figure 5. The
internal geometry and dimensions of the induction port (and pre-separator if used) may affect
the mass of drug that enters the cascade impactor. These dimensions are carefully defined and
are held constant for all apparatuses.
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Figure 5. Schematic representation of the principle of operation of cascade impactors. (A single
jet per impactor stage is shown. Impactors with multiple jets in each stage function in the
same manner.)1
C.1.1 STAGE MENSURATION
Calibration of a cascade impactor is a property of the jet dimensions, the spatial arrangement
of the jet and its collection surface, and the airflow rate passing through it. Because jets can
corrode and wear over time, the effective diameter of the jets of each stage, which are related
to the impaction stage's cut-off size, must be measured precisely on a regular basis. This
process, known as stage mensuration, replaces the need for repetitive calibration using
standard aerosols and ensures that only impactors that conform to the manufacturer's
specifications for the stage nozzles are used for testing product output.
C.1.2 INTERSTAGE DRUG LOSSES (WALL LOSSES)
The selected Aerodynamic Particle Size Distribution determination procedure should ensure
that NMT 5% of the product's total delivered drug mass (into the impactor) is subject to loss
between the impaction apparatus's collection surfaces. In the event that interstage drug losses
are predetermined to be >5% for a given drug product, either the procedure should be
performed in such a way that wall losses are included along with the associated collection
plate/cup, or an alternative apparatus should be used. As an example, the following procedures
described for Cascade impactor with and without pre-separator have been written to include
wall losses along with the associated collection plate/cup. Provided, however, that such losses
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have been predetermined to be ≤5% of the total delivered drug mass into the impactor and
that there are no instructions to the contrary in an individual monograph, the procedure may be
simplified by assaying only drugs on the collection plate/cup.
C.1.3 RE-ENTRAINMENT
Where method variations are possible, the selected method should seek to minimize particle
re-entrainment (from an upper to a lower impaction stage) on stages that contribute to size
fractions defined in the individual monograph, especially where this may affect the amounts of
drug collected. Minimizing the number of actuations, using coated particle-collection surfaces,
and proving that multiple-actuation procedures produce results that are statistically similar to
those from smaller numbers of actuations are all methods that can be used for this purpose.
The number of doses collected, the time interval between doses, and the total duration of
airflow through the cascade impactor should be standardized for the measurement program by
appropriately validated approaches
By using appropriate assay methods and a suitable mensurated impaction device, analysts
can determine Aerodynamic Particle Size Distributions for drugs leaving the mouthpieces of
inhalation aerosols and sprays or inhalation powders. If temperature or humidity limits for use of
the product are stated on the label, it may be necessary to control the temperature and
humidity of the air surrounding and passing through the device to conform to those limits.
Ambient conditions are presumed unless otherwise specified in individual monographs.
C.1.4 MASS BALANCE
In addition to the size distribution, good analytical practice dictates that a mass balance be
performed in order to confirm that the amount of the drug discharged from the product and
recovered from the mouthpiece/nosepiece adaptor, the induction port through to the afterfilter of the cascade impactor apparatus, is within an acceptable range around the measured
delivered dose. The result for the recovered mass can be expressed on a per-actuation basis
as a percent of the labeled delivered dose, which represents the dose delivered from the
mouthpiece/nosepiece.
The total mass of drug collected in all of the components (mass balance) divided by the total
number of minimum doses discharged per determination typically is NLT 85% and NMT 115% of
the target delivered label claim. This is not a test of the product but serves to ensure that the
test results are valid.
C.1.5 PROCEDURE
Use one of the following multistage impaction apparatuses, to determine Aerodynamic Particle
Size Distributions of drugs leaving the mouthpieces of inhalation aerosols and sprays, inhalation
powders, or nasal aerosols. The Andersen Cascade Impactor and Next Generation Impactor
without pre-separator are intended for use with inhalation aerosols and sprays, and nasal
aerosols at a single airflow rate. The Andersen Cascade Impactor and Next Generation Impactor
with pre-separator are intended for use with inhalation and nasal powders at the appropriate
airflow rate, Qout, determined earlier during testing for Delivered Dose Uniformity. The volume of
total air sampled per actuation should be 4.0 L.
Table 2 indicates the apparatuses used to determine aerodynamic particle size and the
products that they are used to evaluate. Table 3(a) and (b) provide the cut-off diameters of
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the impactors listed in Table 2 at specified flow rates.
Table 2. Aerodynamic Particle Size Apparatus: Their Description and the Products That
They Can Be Used to Evaluate
Description
Product
Andersen Cascade Impactor without preInhalation aerosols and sprays, and nasal
separator
aerosols
Andersen Cascade Impactor with preseparator
Inhalation powders
Next Generation Impactor without preInhalation aerosols and sprays, and nasal
separator
aerosols
Next Generation Impactor with preseparator
Inhalation powders
Table 3. Cut-off Values for All Impactors at Specified Flow Rates
a. Cut-Points (µm) for Andersen Cascade Impactor with Standard Configuration for
Operation at 28.3 L/min Compared with Specialized Configurations for Use at 60 L/min
and 90 L/min
Stage
28.3 L/min
60 L/min
90 L/min
−2
—
—
8.0
−1
—
8.6
6.5
a
0
9.0
6.5
5.2
1
5.8
4.4
3.5
2
4.7
3.2
2.6
3
3.3
1.9
1.7
4
2.1
1.2
1.0
5
1.1
0.55
0.22
6
0.7
0.26
—
7
0.4
—
—
a The version of stage 0 used at 60 and 90 L/min has external modification permitting
another stage rather than the inlet adapter cone to be fitted above it. Its internal
characteristics and performance are unaltered.
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b.Cut-off diameters (µm) for Next Generation Impactor with and without Pre-separator
at 30, 60, and 100 L/min
Flow Rate
Flow Rate
Flow Rate
Stage
(30 L/min)
(60 L/min)
(100 L/min)
1
11.76
8.06
6.12
2
6.40
4.46
3.42
3
3.97
2.82
2.18
4
2.30
1.66
1.31
5
1.36
0.94
0.72
6
0.83
0.55
0.40
7
0.54
0.34
0.24
a
MOC
0.36
0.14
0.07
a MOC = Micro-orifice collector. Sizes correspond to 80% collection efficiency for this
back-up stage.
C.2 Andersen Cascade Impactor without Pre-separator for Inhalation Aerosols and
Sprays, and Nasal Aerosols
Use the Andersen Cascade Impactor without pre-separator at a flow rate of 28.3 L/min
(±5%) as specified by the manufacturer of the cascade impactor.
C.2.1 DESIGN—ANDERSEN CASCADE IMPACTOR WITHOUT PRE-SEPARATOR
The design and assembly of this apparatus are shown in Figure 6a. The expanded view of the
induction port and entrance cone to connect the impactor through the induction port to a drug
product are shown respectively in Figure 6b and 6c.
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Figure 6a. Andersen Cascade Impactor without pre-separator: Assembly of induction port and
entrance cone mounted on cascade impactor.
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Figure 6b. Expanded view of induction port for use with cascade impactors.
[Note—All inhalation aerosol and powder drug products should employ the USP induction port
(see Figure 6b). Specific monographs exist with a non-USP induction port because the product
was developed before the USP induction port was available and subsequently approved by the
FDA.]
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Figure 6c. Expanded view of the entrance cone for mounting induction port on the Andersen
Cascade Impactor without pre-separator. Material can be aluminum or stainless steel. Surface
roughness (Ra) should be approximately 0.4 µm.
Manufacturers' critical engineering dimensions for the stages of the Andersen Cascade
Impactor are provided in Table 4. During use, some occlusion and blockage of jet nozzles may
occur, and therefore, in-use mensuration tolerances must be justified.
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Table 4. Critical Dimensions for the Jet Nozzles of the Andersen Cascade Impactor
Nozzle Diameter
Stage Number
Number of Jets
(mm)
0
96
2.55 ± 0.025
1
96
1.89 ± 0.025
2
400
0.914 ± 0.013
3
400
0.711 ± 0.013
4
400
0.533 ± 0.013
5
400
0.343 ± 0.013
6
400
0.254 ± 0.013
7
201
0.254 ± 0.013
C.2.2 PROCEDURE—ANDERSEN CASCADE IMPACTOR WITHOUT PRE-SEPARATOR
Set up the multistage cascade impactor as described in the manufacturer's literature with an
after-filter below the final stage to capture any fine particles that otherwise would escape from
the device. To ensure efficient particle capture, coat appropriately the particle collection
surface of each stage with glycerol, silicone oil, or other suitable liquid unless this has been
demonstrated to be unnecessary. Attach the induction port and mouthpiece adapter to
produce an airtight seal between the product mouthpiece and the induction port as shown in
Figure 6a. Use a mouthpiece adapter that ensures that the tip of the product's mouthpiece is
flush with the open end of the induction port. Ensure that the various stages of the cascade
impactor are connected with airtight seals to prevent leaks (seals should be periodically
inspected for cracks and replaced as necessary). Turn on the vacuum pump to draw air
through the cascade impactor, and calibrate the airflow through the system with an
appropriate flowmeter attached to the open end of the induction port.
Adjust the flow-control valve on the vacuum pump to achieve steady flow through the
system at the required rate. Ensure that the airflow through the system is within ±5% of the
flow rate specified by the manufacturer. Unless otherwise prescribed in the patient instructions,
shake the product for 5 s and discharge one delivery to waste. With the vacuum pump running,
insert the mouthpiece into the mouthpiece adapter and immediately fire into the cascade
impactor the first of the minimum recommended number of actuations. When testing, keep the
valve depressed for a duration sufficient to ensure that the actuation has been completely
discharged. The volume of air sampled per actuation should be 4.0 L. If additional sprays are
required for the sample, wait for 5 s before firing the next actuation. Repeat until the required
number of actuations has been discharged. The number of minimum recommended actuations
discharged must be sufficient to ensure an accurate and precise determination of the
Aerodynamic Particle Size Distribution. After the last actuation has been discharged, remove
the product from the mouthpiece adapter. Rinse the mouthpiece adapter and the induction port
with a suitable solvent, and dilute quantitatively to an appropriate volume. Disassemble the
cascade impactor, place each stage and its associated collection plate or filter in a separate
container, and rinse the drug from each of them. [Note—If it has been determined that wall
losses in the impactor are ≤5%, then only the collection plates need to be analyzed.] Dilute
each quantitatively to an appropriate volume. Using the method of analysis specified in the
individual monograph, determine the mass of drug collected in each of the components.
C.3 Andersen Cascade Impactor with Pre-separator for Inhalation Powders
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C.3.1 DESIGN—ANDERSEN CASCADE IMPACTOR WITH PRE-SEPARATOR
Andersen Cascade Impactor with pre-separator (Figure 7a) is identical to the Andersen
Cascade Impactor without pre-separator (Figure 6a) except that the manufacturer's preseparator is added atop modified Stage 0 to collect large particles of noninhalable powder prior
to their entry into the impactor. To connect the pre-separator of the impactor to the induction
port, use the top shown in Figure 7b. The impactor, therefore, has eight stages, a preseparator, and an after-filter. A pre-separator may not be required for certain engineered
powders, notably those of low bulk density. Connect the cascade impactor into the control
system specified in Figure 7c.

Figure 7a. Andersen Cascade Impactor with pre-separator: Assembly of induction port mounted
on cascade impactor with pre-separator.
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Figure 7b. Expanded views of top for the Andersen Cascade Impactor pre-separator adapted to
the USP induction port. Material may be aluminum or stainless steel; interior bore should be
polished to a surface roughness (Ra) of approximately 0.4 µm.
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Figure 7c. Aerodynamic Particle Size Distribution determination apparatus using Andersen
Cascade Impactor or the Next Generation Impactor with pre-separator. (See Table 5 for
component specifications.)
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Table 5. Component Specifications for Figure 7c
Item
Description
Dimensions
e.g., short
metal
coupling with
low diameter
Connector
branch to P3
≥8-mm ID
e.g., silicon
tubing with
an outside
diameter of
14 mm and an
internal
Vacuum
diameter of 8
A short length of suitable tubing ≥8 mm ID
tubing
mm
with an internal volume of 25 ± 5 mL
Two-way
See
2-way, 2-port solenoid valve having an ID ≥8
solenoid valve
Figure 7c.
mm and an opening response time of ≤100 ms
Pump must be capable of drawing the required
flow rate through the assembled apparatus
with the dry powder inhaler in the mouthpiece
adapter. Connect the pump to the solenoid
valve using short and wide (≥10-mm ID)
See Figure
vacuum tubing and connectors to minimize
Vacuum pump
7c.
pump capacity requirements.
See Figure
The timer switches current directly to the
Timer
7c.
solenoid valve for the required duration.
Adjustable regulating valve with maximum CV
Flow control
See Figure
valve
7c.
—1
Determined under steady-state flow
Pressure
—
conditions with an absolute pressure
measurements
transducer

Under steady flow conditions at the appropriate volumetric airflow rate through the entire
apparatus, ensure that critical (sonic) flow occurs in the flow control valve by determining the
individual values for absolute pressure, P2 and P3, so that the ratio P3/P2 is ≤0.5. If this ratio
of P3/P2 is not achieved, switch to a more powerful pump, and remeasure the test flow rate.
Coat appropriately the particle collection surface of each of the stages of the cascade
impactor to ensure that particles that have impacted on a given stage are not re-entrained in
the flowing airstream unless this has been shown to be unnecessary.
For operation at air flow rates of 60 and 90 L/min, use manufacturers' alternate stage
configurations. To ensure efficient particle capture, coat appropriately the particle collection
surface of each stage with glycerol, silicone oil, or other suitable liquid unless this has been
demonstrated to be unnecessary. Assemble the impactor as described in the manufacturer's
literature with an after-filter below the final stage to capture any fine particles that otherwise
would escape from the impactor. Place an appropriate pre-defined volume (up to 10 mL) of an
appropriate solvent into the pre-separator, or coat the particle collection surfaces of the preseparator to prevent re-entrainment of impacted particles. [Caution—Some solvents form
flammable vapor–air mixtures that may be ignited during passage through a vacuum pump. Take
appropriate precautions (alternative solvents, use of vapor traps, minimal pump operating
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times, etc.) to ensure operator safety during testing.] Attach a mouthpiece adapter to the end
of the induction port to produce an airtight seal between the product's mouthpiece and the
induction port. Use a mouthpiece adapter that ensures that the tip of the product's mouthpiece
is flush with the open end of the induction port. Ensure that the various stages of the cascade
impactor are connected with airtight seals to prevent leaks.
For airflow calibration, turn on the vacuum pump, open the two-way solenoid valve, and
determine the airflow through the system as follows. Connect a flowmeter to the induction
port. Use a flowmeter calibrated for the volumetric flow leaving the meter to directly determine
Qout. Adjust the flow-control valve to achieve a steady flow through the system at the required
rate, Qout, so that Qout is within ±5% of the value determined during testing for Delivered Dose
Uniformity. Ensure that critical flow occurs in the flow-control valve at the airflow rate to be
used during testing by using the following procedure. With the product in place, and the
intended flow running, measure the absolute pressure on both sides of the flow-control valve
(P2 and P3 in Figure 7c). A ratio of P3/P2 ≤0.5 indicates critical flow. If this ratio of P3/P2 is
not achieved, switch to a more powerful pump, and remeasure the test flow rate. Adjust the
timer controlling the operation of the two-way solenoid valve so that it opens this valve for a
duration of 2T seconds based on determination of duration of T seconds for testing of Delivered
Dose Uniformity.
C.3.2 PROCEDURE—ANDERSEN CASCADE IMPACTOR WITH PRE-SEPARATOR
Perform the test using the Andersen Cascade Impactor with pre-separator at the airflow rate,
Qout determined earlier during testing for Delivered Dose Uniformity. Connect the apparatus to a
flow control system that is based on critical (sonic) flow as specified in Figure 7c (see also
Table 5). Coat appropriately the particle collection surface of each of the stages of the
cascade impactor to ensure that particles that have impacted on a given stage are not reentrained in the flowing airstream unless this has been shown to be unnecessary.
Prepare the inhalation powder according to the labeled instructions. With the vacuum pump
running and the two-way solenoid valve closed, insert the product's mouthpiece, held
horizontally, into the induction port mouthpiece adapter. Once the product is positioned,
discharge the powder into the apparatus by opening the two-way solenoid valve for the
required duration, T ± 5%. After the total volume of 4.0 L of air per actuation has been
sampled, the two-way solenoid valve is closed and the product is removed. If additional
actuations are required for a determination, reload the inhalation powder according to the
labeled instructions while inserted into the induction port mouthpiece adapter and repeat the
operation until the required number of actuations has been discharged. Certain types of dry
powder inhalers (DPIs), e.g., capsule designed pre-metered or other design DPIs, may need
removal of the DPI from the induction port mouthpiece adapter after each discharged dose for
reloading of the device according to the labeled instructions. After each reload, reinsert the
mouthpiece of the DPI into the induction port mouthpiece adapter. Repeat the same operation
until the required number of actuations has been discharged. After discharge of the last dose,
remove the product from the mouthpiece adapter, and switch off the vacuum pump.
Carefully disassemble the apparatus. Using a suitable solvent, rinse the drug from the
mouthpiece adapter, induction port, pre-separator, each stage, and the collection plate
immediately into appropriately sized flasks. [Note—If it has been determined that wall losses in
the impactor are ≤5%, then only the collection plates need to be analyzed.] Quantitatively
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dilute each flask to an appropriate volume. Using the method of analysis specified in the
individual monograph, determine the mass of drug collected in each of the samples.
C.4 Next Generation Impactor without Pre-separator for Inhalation Aerosols
C.4.1 DESIGN—NEXT GENERATION IMPACTOR WITHOUT PRE-SEPARATOR
The design and assembly of the Next Generation Impactor without pre-separator are shown in
Figures 8a, 8b, and 8c. The induction port used to connect the impactor to a product is shown
in Figure 6b. The device is a cascade impactor with seven stages and a micro-orifice collector
(MOC). The collection efficiency curves for each stage are sharp, minimizing overlap between
stages. Material can be aluminum or stainless steel. Use this apparatus at a flow rate of 30
L/min (±5%) unless otherwise prescribed in the individual monograph.

Figure 8a. Components of the Next Generation Impactor.
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Figure 8b. Layout of interstage passageways of the Next Generation Impactor.

Figure 8c. Nozzle configuration of the Next Generation Impactor.
The Next Generation Impactor with pre-separator in place is presented in Figure 9a.
The impactor layout has removable impaction cups with all the cups in one plane. There are
three main sections to the impactor: the bottom frame that holds the impaction cups, the seal
body that holds the jets, and the lid that contains the interstage passageways. Multiple
nozzles are used at all but the first stage. The flow passes through the impactor in a saw-
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tooth pattern.
Stage mensuration is performed periodically (see C.1.1 Stage Mensuration) together with
confirmation of other dimensions critical to the effective operation of the impactor. Critical
dimensions are provided in Table 6.
Table 6. Critical Dimensions for Next Generation Impactor
Nozzle to Seal Body
Nozzle
Distance
Diameter
Description
(mm)
(mm)a
Pre-separatorb
Stage 1c
Stage 2c
Stage 3c
Stage 4c
Stage 5c
Stage 6c
Stage 7c
MOCc
Optional cup depth (see b in Figure
8b)
Collection cup surface roughness
a See Figure 8b.
b See Figure 9b.
c See Figure 8c.

12.80 ± 0.05
14.30 ± 0.05
4.88 ± 0.04
2.185 ± 0.02
1.207 ± 0.01
0.608 ± 0.01
0.323 ± 0.01
0.206 ± 0.01
~0.070
14.625 ± 0.10
0.5–2 µm

—
0 ± 1.18
5.236 ± 0.736
8.445 ± 0.410
11.379 ± 0.237
13.176 ± 0.341
13.999 ± 0.071
14.000 ± 0.071
14.429 to 14.571
—
—

In routine operation, the seal body and lid are held together as a single assembly. The
impaction cups are accessible when this assembly is opened at the end of a product test. The
cups are held in a support tray so that all cups can be removed from the impactor
simultaneously by lifting out the tray.
The USP induction port (Figure 6b) is connected to the impactor inlet. A suitable mouthpiece
adapter is used to provide an airtight seal between the product's mouthpiece and the induction
port.
The apparatus contains a terminal MOC that for most formulations may eliminate the need for
a final filter if this capability is demonstrated by method validation. The MOC is an impactor
nozzle plate and collection cup. The nozzle plate contains, nominally, 4032 holes, each
approximately 70 µm in diameter. Most particles not captured on Stage 7 of the impactor may
be captured on the cup surface below the MOC. There is an optional filter holder that can
replace the MOC for formulations with a significant fraction of particles not captured by the
MOC. Alternatively, an after-filter (glass fiber is often suitable) can be placed in a filter holder
external to the Next Generation Impactor with and without pre-separator, which is located
downstream of the MOC.
C.4.2 PROCEDURE—NEXT GENERATION IMPACTOR WITHOUT PRE-SEPARATOR
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Assemble the apparatus without the pre-separator. Place cups into the apertures in the cup
tray. To ensure efficient particle capture, coat the particle collection surface of each stage
with glycerol, silicone oil, or other suitable liquid, unless this has been demonstrated to be
unnecessary. Insert the cup tray into the bottom frame, and lower into place. Close the
impactor lid with the seal body attached, and operate the handle to lock the impactor together
so that the system is airtight. Connect the USP induction port (Figure 6b) to the impactor inlet.
Use a mouthpiece adapter that ensures that the tip of the product's mouthpiece is flush with
the open end of the induction port. Turn on the vacuum pump to draw air through the
impactor, and calibrate the airflow through the system with an appropriate flowmeter attached
to the open end of the induction port.
Adjust the flow-control valve on the vacuum pump to achieve steady flow through the
system at the required rate, and ensure that the airflow through the system is within ±5% of
this flow rate. Unless otherwise prescribed in the patient instructions, shake the product for 5
s, and discharge one delivery to waste. With the vacuum pump running, insert the mouthpiece
into the mouthpiece adapter and immediately fire into the cascade impactor the first of the
minimum recommended number of actuations. Keep the valve depressed for a duration sufficient
to ensure that the actuation has been completely discharged. The volume of air sampled per
actuation should be 4.0 L. If additional sprays are required for the sample, wait for 5s before
firing the next actuation. Repeat until the required number of actuations has been discharged.
The number of actuations discharged must be sufficient to ensure an accurate and precise
determination of aerodynamic size distribution. After the last actuation has been discharged,
remove the product from the mouthpiece adapter. Rinse the mouthpiece adapter and induction
port with a suitable solvent, and dilute quantitatively to an appropriate volume.
Dismantle the apparatus, and recover the drug for analysis as follows. Remove the induction
port and mouthpiece adapter from the apparatus, and extract the drug from each component
of the system into an aliquot of solvent and recover quantitatively the active ingredient from all
inner surfaces. Open the impactor by releasing the handle and lifting the lid; remove the cup
tray with the collection cups; and extract the active ingredient in each cup into an aliquot of
solvent. Using a validated method of analysis, determine the mass of drug contained in each of
the aliquots of solvent.
C.5 Next Generation Impactor with Pre-separator for Inhalation Powders
C.5.1 DESIGN—NEXT GENERATION IMPACTOR WITH PRE-SEPARATOR
The Next Generation Impactor is identical to that described in C.4.1 Design—Next Generation
Impactor without Pre-separator (Figure 8a, 8b, and 8c), except that the pre-separator (Figure
9b) is used.
C.5.2 PROCEDURE—NEXT GENERATION IMPACTOR WITH PRE-SEPARATOR
Assemble the apparatus with the pre-separator (Figure 9a).
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Figure 9a. Next Generation Impactor with pre-separator (shown with the pre-separator in
place).
Place cups into the apertures in the cup tray (Figure 8a). To ensure efficient particle
capture, coat the particle collection surface of each stage with glycerol, silicone oil, or other
suitable liquid, unless it has been demonstrated to be unnecessary. Insert the cup tray into the
bottom frame, and lower into place. Close the impactor lid with the seal body attached, and
operate the handle to lock the impactor together so that the system is airtight.
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Figure 9b. Pre-separator layout for Next Generation Impactor.
The pre-separator can be assembled as follows. Assemble the pre-separator insert into the
pre-separator base; fit the pre-separator base to the impactor inlet; add an appropriate predefined volume (up to 15 mL) of appropriate solvent used for sample recovery to the central
cup of the pre-separator insert; place the pre-separator body on top of this assembly; and
close the two catches. [Caution—Some solvents form flammable vapor–air mixtures that can
be ignited during passage through a vacuum pump. Take appropriate precautions (e.g.,
alternative solvents, use of vapor traps, minimal pump operating times, etc.) to ensure operator
safety during testing.]
Connect the USP induction port (Figure 6b) to the pre-separator inlet atop the cascade
impactor (Figure 9a). Place a suitable mouthpiece adapter to the inlet of the induction port so
that the mouthpiece end of the product, when inserted, lines up along the horizontal axis of
the induction port. The front face of the product's mouthpiece is flush with the front face of
the induction port, producing an airtight seal. When attached to the mouthpiece adapter, the
product should be positioned in the same orientation as intended for use. Connect the
apparatus to a flow system according to the scheme specified in Figure 7c.
Unless otherwise prescribed, conduct the test at the flow rate used in the test for Delivered
Dose Uniformity drawing 4.0 L of air from the mouthpiece of the product and through the
apparatus. Connect a flowmeter to the induction port. Use a flowmeter calibrated for the
volumetric flow leaving the meter. Adjust the flow-control valve to achieve steady flow through
the system at the required rate, Qout (±5%). Ensure that critical flow occurs in the flow-control
valve (F) as described in C.4.2 Procedure—Next Generation Impactor without Pre-separator.
Adjust the timer controlling the operation of the two-way solenoid valve so that it opens the
valve for a duration of 2T seconds, based on determined duration of T seconds for testing of
Delivered Dose Uniformity, to sample 4.0 L of air.
Prepare the inhalation powder according to the labeled instructions. With the vacuum pump
running and the two-way solenoid valve closed, insert the product's mouthpiece, held
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horizontally, into the induction port mouthpiece adapter. Discharge the powder into the
apparatus by activating the timer and opening the two-way solenoid valve for the required
duration, T (±5%). After total air volume of 4.0 L sampled per actuation, the two-way solenoid
valve is closed and the product is removed. If additional actuations are required for a
determination, reload the inhalation powder according to the labeled instructions while inserted
into the induction port mouthpiece adapter and repeat the operation until the required number
of actuations has been discharged. Certain types of DPIs, e.g., capsule designed pre-metered
or other design DPIs, may need removal of the DPI from the induction port mouthpiece adapter
after each discharged dose for reloading of the device according to the labeled instructions.
After each reload, reinsert the mouthpiece of the DPI into the induction port mouthpiece
adapter. Repeat the same operation until the required number of actuations has been
discharged. After discharge of the last dose, switch off the vacuum pump.
Dismantle the apparatus, and recover drug for analysis as follows. Remove the induction port
and mouthpiece adapter from the pre-separator, and extract the drug from each component of
the system into an aliquot of appropriate solvent; remove the pre-separator from the impactor
without spilling the solvent into the impactor; and recover quantitatively the active ingredient
from all inner surfaces. Open the impactor by releasing the handle and lifting the lid. Remove
the cup tray, with the collection cups, and recover the active ingredient from each cup into an
aliquot of solvent. Using a validated method of analysis, determine the mass of drug contained
in each of the aliquots of solvent.
2S (USP42)

1 A suitable cascade impactor is available as Model Mk II from Thermo-Electron, 27 Forge Parkway, Franklin,
MA 02038. The impactor is used without the pre-separator. The product is connected to the impactor via the
induction port atop the entrance cone shown in Figure 6. If an equivalent impactor is employed, the induction
port in Figure 6a should be used, although the entrance cone (Figure 6b) should be replaced with one to fit the
impactor in question. Note that the internal surfaces of the induction port (Figure 6a) are designed to fit flush
with their counterparts in the entrance cone (Figure 6b). This design avoids aerosol capture at the junction of
the two pipes.
2S (USP42)
2 The cascade impactor is available as Model 160 Marple Miller Impactor from MSP C orporation, Minneapolis,
MN. The product should be connected to the impactor via the induction port shown in Figure 6a.
2S (USP42)
3 The cascade impactor is available as Andersen 1AC FM Non-Viable C ascade Impactor (Mark II) from
Thermo-Electron, 27 Forge Parkway, Franklin, MA 02038. The impactor is used with the pre-separator.
2S (USP42)

4 The five-stage impinger is available from C opley Instruments, plc, Nottingham, UK. The product should be
connected to the impactor via the induction port shown in Figure 8 and Figure 6a.
2S (USP42)
5 The cascade impactor is available as Next Generation Pharmaceutical Impactor from MSP C orporation,
Minneapolis, MN.

2S (USP42)

1 International Pharmaceutical Aerosol C onsortium on Regulation & Science (IPAC -RS), used with
permission. 2S (USP42)

Recent Official Publications:
Errata published: 02/23/2018
USP41–NF36 Page 6327
BRIEFING

〈 771〉 Ophthalmic Products—Quality Tests, USP 41 page 6510. It is proposed to revise the
text under Particulate and Foreign Matter to reiterate that the evaluation of these parameters

PF 44(5): Sep.-Oct. 2018

153

is mandatory for all ophthalmic products and to clarify how they should be evaluated for all
types of dosage forms.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCDF: M. Marques.)
Correspondence Number—185123
Comment deadline: November 30, 2018

〈 771〉 OPHTHALMIC PRODUCTS—QUALITY TESTS
INTRODUCTION
Ophthalmic products are sterile products that are intended for application to any ocular
structure, including any space adjacent to an ocular structure and its immediate surrounding
spaces.
The routes of administration of ophthalmic products fall into three general categories: topical,
intraocular injections, and extraocular injections. Topical drug products are intended to be
administered to an ocular surface component, such as the eyelid, conjunctiva, or cornea, and
can produce local or systemic effects. Intraocular and extraocular injections are administered
through external boundary tissue. The ophthalmic routes of administration include, but are not
limited to: topical, subconjunctival, sub-Tenons, subretinal, subchoroidal, intracorneal,
intrascleral, suprachoroidal, intravitreal, intracameral, juxtascleral, and retrobulbar routes (see
Figure 1). Ophthalmic products are administered to the eye in a wide variety of dosage forms,
including but not restricted to: solutions, suspensions, ointments, gels, emulsions, strips,
injections, inserts, and implants.
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Figure 1. Some of the routes of administration in the eye.
This chapter provides lists of consolidated common product quality test requirements in a
concise and coherent fashion. This chapter applies, in part or in its entirety, when referenced
in a drug product monograph (see General Notices, 3.10 Applicability of Standards). The
chapter includes the quality tests for the specific route of administration. The quality tests
listed can be used, as appropriate, by manufacturers toward the development of new drug
product monographs for submission to the USP–NF.
[Note—All references to chapters above 〈1000〉 are for information purposes only, for use as a
helpful resource. These chapters are not mandatory unless explicitly called out for application.]
OPHTHALMIC DOSAGE FORMS
This chapter discusses the specific characteristics of dosage forms that are administered to
any structure in the eye. See Pharmaceutical Dosage Forms 〈1151〉 for additional information
pertaining to the description and manufacturing of pharmaceutical dosage forms.
Ophthalmic products have the same or similar requirements as injectables and implants. For
more information on the requirements for these dosage forms, see Injections and Implanted
Drug Products 〈1〉.
Depending on the formulation, container–closure system, and sterilization process,
degradation and/or morphological changes can occur during the sterilization step of the
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manufacturing process and should be minimized. Temperatures required for autoclaving can
cause irreversible damage to certain dosage forms such as suspensions, semisolids, emulsions,
and others, whereas filtration is applicable only to formulations containing particulates with
particle sizes <0.2 µm. An alternative is to manufacture the product from sterile ingredients in
an aseptic environment.
For multidose products, a suitable antimicrobial preservative is required, and its effectiveness
over the shelf life of the product must be verified.
Solutions
[Note—Included in this section are those solid products that, when reconstituted according
to the label instructions, result in a solution.]
The corneal contact time of topical ophthalmic solutions increases with the viscosity of the
formulations. Several synthetic polymers, including but not limited to polyvinylalcohol,
polyvinylpyrrolidone, polyethylene glycol, polyacrylic acid, and many cellulose derivatives such
as hypromellose and hydroxyethylcellulose, are commonly used as viscosity enhancers because
of their physiologic compatibility and satisfactory physicochemical properties.
Another approach to increase the corneal contact time involves the use of polymers that
provide the liquid formulation with semisolid consistency only when it is placed in the
conjunctival or corneal area. In this way, easy instillation of the solution is followed by
prolonged permanence as a result of the viscoelastic properties of the formed hydrogel.
“Hydrogel”, or “water-based gels”, are three-dimensional networks of polymer chains containing
water within the network. The network can be either physically or chemically cross-linked (a
covalent bonding) structures between polymer chains. The water content of hydrogels can be
adjusted by modulating the composition and conformation of polymers, such as the
hydrophilic/hydrophobic balance of polymer chains and pendant groups, and the degree of
cross-linking. The in situ gelling phenomenon is caused by a change in the conformation of the
polymer(s) that can be triggered by external stimuli such as temperature, pH, ionic content,
and lacrimal fluid, upon delivery to the eye. Additionally, some polymers can interact, via
noncovalent bonds, with conjunctival mucin and maintain the formulation in contact with
corneal tissues.
Solutions can be injected not only by the intravitreal route but also by other routes, such as
subconjunctival, sub-Tenons, retrobulbar, suprachoroidal, and subretinal routes.
Suspensions
[Note—Included in this section are those solid products that, when reconstituted according
to the label instructions, result in a suspension.]
Use of aqueous or oily suspensions may be considered for a number of reasons such as the
following: 1) for drugs that are poorly water soluble, 2) for drugs that have poor aqueous
stability, and 3) in cases where there is a need to increase contact time with the eye and to
increase wetting of the eye. The drug particle size is often reduced to levels <10 µm in an
attempt to avoid excessive lacrimation.
After topical instillation, particles are expected to be retained in the cul-de-sac, and the drug
slowly dissolves or is released from the polymeric structures by diffusion, dissolution, polymer
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degradation, or ion-exchange.
Suspensions can be injected not only by the intravitreal route but also through other routes,
such as subconjunctival, sub-Tenons, retrobulbar, suprachoroidal, and subretinal.
Ointments
Eye ointments are semisolid products usually intended for application to the conjunctiva,
cornea, or eyelid. They have longer contact time when compared to many solutions. A suitable
ophthalmic ointment base is nonirritating to the eye and permits diffusion of the drug substance
throughout the secretions bathing the eye.
The majority of water-free, oleaginous eye ointment bases are composed of white petrolatum
and liquid petrolatum (mineral oil), or the eye ointment base is a modification of the petrolatumbased formula. They are designed to melt at body temperature. Other types of lipophilic
ointment bases can also be used. An anhydrous vehicle can be advantageous for moisturesensitive drugs.
Gels
Semisolid gel-type products are an alternative to traditional ointments and are based on the
effect of increasing the viscosity to prolong the retention of the drug in the eye. Several types
of gelling agents can be used, such as polyacrylic acid derivatives, carbomer, and
hypromellose.
Emulsions
Topical ophthalmic emulsions are generally prepared by dissolving or dispersing the drug
substance into an oil phase, adding suitable emulsifying and suspending agents, and mixing with
water vigorously to form a uniform oil-in-water emulsion. Each phase is typically sterilized
before or during charging into the mixing vessel. High-shear homogenization may be used to
reduce oil droplet size to submicron size, which may improve the physical stability of the oil
micelles so that they do not coalesce. The resulting dosage form should contain small oil
droplets, uniformly suspended.
Limited aqueous solubility of the drug substance(s) is the most common rationale for
developing an ophthalmic emulsion. The drug substance(s) can be added to the phase in which
it is soluble at the beginning of the manufacturing process, or the drug substance can be added
after the emulsion is prepared by a suitable dispersion process.
The physical stability of the emulsion can be measured by light-scattering techniques that
characterize oil-phase, globule-size distribution. Suitable surfactants may be added to improve
emulsion stability.
Strips
Ophthalmic strips can have different ophthalmic uses including, but not limited to, use as a
diagnostic tool to visualize defects or aberrations in the corneal epithelium or to measure the
amount of tear production. They are made of filter paper, and they can contain compounds
such as fluorescein sodium. They are individually packed to preserve sterility until the moment
of use.
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Injections
Although injections are considered a dosage form for nomenclature purposes, they are not
treated as a dosage form in this chapter. Instead, refer to the appropriate physical form, such
as solution, suspension, or others, for general information.
Inserts
Ophthalmic inserts and ocular systems are solid dosage forms of appropriate size and shape
that are placed in the conjunctival fornix, in the lacrimal punctum (Figure 2), or on the cornea.
Inserts can usually be removed, if adverse effects develop, and provide extended release of
the drug over a certain period of time. Inserts can be classified as erodible (soluble) or
nonerodible (insoluble). Drug release from soluble inserts involves two steps: 1) fast release of
a portion of the drug as the tear fluid penetrates into the system, and 2) slow release as a gel
layer is formed on the surface of the insert. Collagen shields made from porcine sclera collagen
or bovine corium tissue—and devices obtained by molding, extrusion, or compression
(minitablets) of gelling polymers—belong to this category of soluble inserts. Bioerodible polymers
(e.g., cross-linked gelatin derivatives and polyesters) can be used to prepare erodible inserts;
these matrices act as reservoirs or interact with the drug molecules through labile bonds.

Figure 2. Lacrimal punctum.
Soluble inserts can have the drug incorporated into an erodible matrix, such as hydroxypropyl
cellulose, hyaluronic acid, carbomer, or polyacrylic acid. Soluble inserts may be placed in the
lower cul-de-sac and generally dissolve within 12–24 h. Erodible polymeric products undergo
gradual dissolution while releasing the drug, and the patient does not have to remove the
erodible polymeric insert after use.
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Insoluble inserts can have a reservoir or matrix structure. Their mechanism of action is based
on diffusion of a fluid into the device, dissolution of the drug, and the creation of a saturated
solution released to the medium by diffusion out of the insert. These insoluble inserts need to
be removed after a certain period of time.
Implants
Implants are injected or implanted into the anterior segment (intracameral, subconjunctival,
sub-Tenon, or other parts of the anterior segment) or intravitreal cavities, and the implants
can be in different shapes, such as a disk or a thin rod. Implants can be made of
nonbiodegradable or biodegradable polymers.
Among the types of nonbiodegradable solid (polymer) implants are reservoir-type implants
anchored to the sclera, in which the drug is released across a nonbiodegradable, semipermeable
polymer. The reservoir-type implants can be made of a variety of materials, including polyvinyl
alcohol–ethylene vinyl acetate. Biodegradable polymers can be used to form injectable solid
implants.
Drug–Device Combination Products
An ophthalmic drug–device combination product is constituted, in most cases, of two
components. One is a pharmaceutical dosage form containing the drug substance(s), and the
other is a device that will activate or facilitate the penetration of the drug substance(s) from
the dosage form into a particular region of the eye. Some examples of the devices are those
that generate waveforms (heat or light).
This chapter is applicable only to the pharmaceutical dosage form component of the
ophthalmic drug–device combination product. The appropriate FDA regulations regarding medical
devices should be used for the device component.
Change to read:
DRUG PRODUCT QUALITY
Procedures and acceptance criteria for testing ophthalmic products are divided into two
categories: 1) those that assess general quality attributes, e.g., identification, potency, purity
(and impurities), sterility, and particulate matter; and 2) those that assess in vitro product
performance, i.e., dissolution or drug release of the drug substance from the drug product.
Quality tests assess the integrity of the dosage form, whereas the performance tests assess
drug release and other attributes that relate to in vivo drug performance. Taken together,
quality and performance tests ensure the identity, strength, quality, purity, and efficacy of the
drug product. This chapter addresses the quality tests for ophthalmic products. The
performance tests (dissolution/drug release) are addressed by Ophthalmic Products—
Performance Tests 〈1771〉.
Universal Tests
In this chapter, the division of the product quality tests into universal and specific tests does
not strictly follow the International Council for Harmonisation (ICH) guidance Q6A
Specifications: Test Procedures and Acceptance Criteria for New Drug Substances and New
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Drug Products: Chemical Substances (available at www.ich.org). Universal tests in this chapter
mean the tests that are applicable to all ophthalmic products, regardless of the dosage form
type.
DESCRIPTION
A qualitative description of the drug product should be provided. The acceptance criteria
should contain the final acceptable appearance, including clarity and color, of the dosage form
and packaging. If the color changes during storage, a quantitative procedure may be
appropriate. This is not a compendial test but is part of the manufacturer’s specification of the
drug product.
IDENTIFICATION
Identification tests are discussed in General Notices, 5.40 Identification. (CN 1-May-2018)
Identification tests should establish the identity of the drug or drugs present in the article and
should discriminate between compounds of closely related structures that are likely to be
present. Identity tests should be specific for the drug substance(s) [e.g., infrared (IR)
spectroscopy]. If the test is nonspecific, at least two orthogonal nonspecific tests should be
used. Near-infrared (NIR) or Raman spectrophotometric methods could be acceptable for the
identification of the drug product. The most widely used identification procedures for drug
substance(s) contained in pharmaceutical dosage forms are chromatographic procedures with
comparison to the appropriate standards (see Chromatography 〈621〉 and Thin-Layer
Chromatographic Identification Test 〈201〉). Identification by use of a single chromatographic
retention time does not constitute a specific test.
ASSAY
A specific and stability-indicating test should be used to determine the strength (content) of
the drug product. In cases where the use of a nonspecific assay test is justified, other
supporting analytical procedures should be used to achieve overall specificity. A specific
procedure should be used when there is evidence of excipient interference with the nonspecific
assay test. Additional information on specific assays may be found in Antibiotics—Microbial
Assays 〈81〉, 〈621〉, and Ion Chromatography 〈1065〉.
IMPURITIES
Process impurities, synthetic byproducts, and other inorganic and organic impurities may be
present in the drug substance and excipients used in the manufacture of the drug product.
These impurities are controlled by the drug substance and excipient monographs. Organic
impurities arising from the degradation of the drug substance in the drug product and those
impurities arising during the manufacturing process of the drug product should be monitored. All
articles meet the requirements in Elemental Impurities—Limits 〈232〉 and Residual Solvents
〈467〉.
PH
See pH 〈791〉. Normal tears have a pH of about 7.4. The eye can tolerate products over a
range of pH values from about 3.0 to about 8.6, depending on the buffering capacity of the
formulation. The pH value of the formulation should be the one where the drug product is the
most stable. Formulations that target the extremes of the acceptable pH range will have better
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patient acceptability if the formulations have a low buffering capacity.
OSMOLARITY
See Osmolality and Osmolarity 〈785〉. Ophthalmic products may be tolerated over a fairly wide
range of tonicity (0.5%–5% sodium chloride, equivalent to about 171–1711 mOsm/kg).
Hypotonic solutions are better tolerated than hypertonic solutions. Precautions should be taken
to ensure that the product maintains its osmolarity during shelf life. Any possible contributions
or interferences from the packaging system should be considered.
PARTICULATE AND FOREIGN MATTER
All ophthalmic products should be inspected for package integrity and, to the extent possible,
for the presence of observable foreign and particulate matter (visible particulates). These
unwanted particles arise from two sources: extrinsic (i.e., foreign matter); and intrinsic, or
product-related matter. Extrinsic matter cannot be associated with the product or process.
Intrinsic particles are added during assembly of the product or result from a change over time.
A third category, inherent matter, describes a physical state or particles that are an expected
attribute of the product.
One hundred percent inspection of injectable products in clear packages is required to
remove final packages with visible particles. When 100% inspection of the injectable product in
the final package is difficult, such as in opaque containers, alternative methods may be used to
determine acceptability. Visible Particulates in Injections 〈790〉 provides further guidance for
general inspection methods and a definition of “essentially free of visible particles” for batch
compliance.
Two general categories apply for product administration to the tissues in the eye. Intraocular
administration includes all ophthalmic products that cross (penetrate) boundary tissue, such as
the cornea and sclera. Extraocular administration of ophthalmic products includes all other
ocular components and spaces. For subvisible particle content, USP guidance is followed.
Products for intraocular use must comply with Particulate Matter in Ophthalmic Solutions 〈789〉.
Products for extraocular use must comply with Particulate Matter in Injections 〈788〉.
Considerations for product evaluation and the background for both subvisible methods are
found in Methods for the Determination of Particulate Matter in Injections and Ophthalmic
Solutions 〈1788〉.
As described in Visual Inspection of Injections 〈1790〉, 4. Inspection Life-Cycle, 4.1
Extrinsic, Intrinsic, or Inherent Particles, unwanted particulate matter is categorized as
extrinsic (foreign matter) and intrinsic (process/container-related matter). A third category,
inherent, describes a physical state that is an expected attribute of the product, such as a
suspension or emulsion. It is expected that the manufacturer has established an acceptable
control level for any inherent attribute, such as solution color, haze, or drug/excipient-related
particle content.
Evaluation of package and fill acceptability is applied for all ophthalmic products: topical,
intraocular solutions, and extraocular solutions. Intraocular administration includes all
ophthalmic products that cross (penetrate) boundary tissue, such as the cornea and sclera.
Extraocular administration of ophthalmic products includes all other ocular components and
spaces.
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For all intraocular solutions, conformance to Visible Particulates in Injections 〈790〉 and
Particulate Matter in Ophthalmic Solutions 〈789〉 is required. For extraocular and topical
products, conformance to 〈790〉 and evaluation by Particulate Matter in Injections 〈788〉 is
required.
For non-solution dosage forms (e.g., ointments, gels, suspensions, emulsions) and those
packaged in opaque containers (e.g., metal tubes), this approach must be modified because
these products are not directly amenable to these tests. It is recommended to use:

〈790〉 for package acceptability (integrity, form, dimensions, cleanliness, label, etc.)
〈790〉 as an alternate testing strategy for fill particles where the dosage form allows. For
these products, a statistically-relevant sample, examined by a destructive or other
alternative method will determine batch acceptability for visible particles as required by
〈790〉 and further described in 〈1790〉.
All ophthalmic products will benefit from evaluation of unwanted particulate matter through
the control strategy discussed in 〈1790〉 and in current Good Manufacturing Practices guidance.
The final product, therefore, benefits from a control strategy including comprehensive
evaluation of excipient and active ingredient quality, processing effects, package quality, and
fill control. These concepts are discussed in 〈1790〉.
2S (USP42)

STERILITY
Ophthalmic dosage forms must meet the requirements of Sterility Tests 〈71〉. If the specific
ingredients used in the formulation do not lend themselves to routine sterilization techniques,
ingredients that meet the sterility requirements described in 〈71〉, along with aseptic
manufacture, may be used. The immediate container for ophthalmic products shall be sterile at
the time of filling and closing. See also Container–Closure Integrity.
ANTIMICROBIAL PRESERVATIVES
Antimicrobial agents must be added to products that are packaged in containers that allow
for the withdrawal or administration of multiple doses, unless one of the following conditions
prevails: 1) there are different directions in the individual monograph; 2) the substance
contains a radionuclide with a physical half-life of <24 h; and 3) the drug product, without
additional agents, is sufficiently microbicidal to meet the requirements of Antimicrobial
Effectiveness Testing 〈51〉. Substances must meet the requirements of 〈51〉 and Antimicrobial
Agents—Content 〈341〉. Acceptance criteria for antimicrobial preservative content in multipleunit products should be established.
BACTERIAL ENDOTOXINS
All injected ophthalmic drug products shall be prepared in a manner designed to minimize
bacterial endotoxins as defined in Bacterial Endotoxins Test 〈85〉. The limits are NMT 0.5 EU/mL
for ophthalmic irrigation products and NMT 2.0 EU/dose/eye for injected or implanted drug
products. Typically, this test is not required for topically applied ophthalmic products. This
chapter does not address the endotoxin limits for devices that are injected or implanted.
UNIFORMITY OF DOSAGE UNITS
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This test is applicable to dosage forms packaged in single-unit containers. It includes both
the mass of the dosage form and the content of the drug substance(s) in the dosage form. The
test can be performed by either content uniformity or weight variation (see Uniformity of
Dosage Units 〈905〉).
CONTAINER CONTENTS
Container contents of ophthalmic products should be determined (see Minimum Fill 〈755〉).
LEACHABLES AND EXTRACTABLES
The packaging system should not interact physically or chemically with the product in any
manner to alter the strength, quality, or purity of the drug product. The packaging system
should meet the requirements in Elastomeric Closures for Injections 〈381〉, Containers—Glass
〈660〉, Plastic Materials of Construction 〈661.1〉, and Plastic Packaging Systems for
Pharmaceutical Use 〈661.2〉. Further information regarding packaging systems testing can be
found in Assessment of Extractables Associated with Pharmaceutical Packaging/Delivery
Systems 〈1663〉 and Assessment of Drug Product Leachables Associated with Pharmaceutical
Packaging/Delivery Systems 〈1664〉. The assessment of possible leachables and/or extractables
and the establishment of any acceptance criteria for these compounds should take into
account the risk assessment of the product, its indication, and its packaging system. This
assessment is done in a case-by-case approach during product development and re-evaluated
when any changes are made to the product including, but not restricted to, changes in
manufacturing process, formulation, and packaging material.
Furthermore, it should be noted that a risk assessment of extractable/leachable impact on
topical or intraocular route of administration is a challenging undertaking. Toxicological or safety
assessments of primary or secondary packaging component extractables and leachables are not
typically available for ophthalmic routes of administration. A risk assessment may include
evaluation of toxicology and safety from other routes of administration and an assessment of
the total daily intake of the extractable/leachable being evaluated. The preponderance of such
assessments leads to an estimate of extractable/leachable risk via ocular delivery to the
patient.
CONTAINER–CLOSURE INTEGRITY
The packaging system should be closed or sealed in such a manner as to prevent
contamination or loss of contents and should provide evidence of being tamper proof. Validation
of container integrity must demonstrate no penetration of microbial contamination or of
chemical or physical impurities (see Package Integrity Evaluation—Sterile Products 〈1207〉).
Specific Tests
VISCOSITY
An increase in viscosity increases the residence time in the eye. However, drug diffusion out
of the formulation into the eye may be inhibited due to high product viscosity. Ophthalmic
ointments are designed to be of very high viscosity to prolong the residence time in the eye.
The inclusion of viscosity evaluation in the specification of the product should be based on the
type of dosage form and whether changes in product viscosity will affect its performance. This
is not a compendial test but is part of the manufacturer’s specification of the drug product.
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See Viscosity—Capillary Methods 〈911〉, Viscosity—Rotational Methods 〈912〉, and Viscosity—
Rolling Ball Method 〈913〉.
ANTIOXIDANT CONTENT
If antioxidants are present in the drug product, tests of their content should be established,
unless oxidative degradation can be detected by another test method such as impurity testing.
Acceptance criteria for antioxidant content should be established. They should be based on the
levels of antioxidant necessary to maintain the product’s stability at all stages throughout its
proposed usage and shelf life.
RESUSPENDABILITY/REDISPERSIBILITY
Consideration must be given to establishing good physical stability of a suspension. If the
particles settle and eventually produce a cake at the bottom of the container, they must
redisperse readily at the time of use to achieve dosage uniformity.
PARTICLE SIZE AND PARTICLE SIZE DISTRIBUTION
The potential for any changes in the particle size of ophthalmic suspensions and emulsions
needs to be evaluated through stability testing (see Light Diffraction Measurement of Particle
Size 〈429〉).
DROP SIZE
For ophthalmic drug products dispensed as drops, drop sizes may typically range from 20 to
70 µL. Drop size can be controlled by weight or by volume, and it is typically evaluated during
product development. Drop size can be determined by any appropriated validated procedure.
ADDED SUBSTANCES
Suitable substances may be added to ophthalmic products to increase stability, unless
proscribed in the individual monograph, provided they are harmless in the amounts administered
and do not interfere with therapeutic efficacy or with responses to the specified assays and
tests. Typically, they should be evaluated during product development. The use of ingredients
solely to impart a color, odor, or flavor is prohibited.
Recent Official Publications:
USP41–NF36 Page 6510
BRIEFING

〈 785〉 Osmolality and Osmolarity, USP 41 page 6527 and PF 43(5) [Sept.–Oct. 2017]. On
the basis of comments received, the following revisions are proposed:
1. Include a brief definition of osmolality, osmolarity, and tonicity in the Introduction.
2. In the Precision/Repeatability section under Operation and Calibration of Osmometer,
specify that the sample standard deviation is calculated using (n−1) degrees of
freedom.
3. In Measurement of Osmolality, revise the Result section.
4. Revise the section on Tonicity.
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Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCPA: M. Marques.)
Correspondence Number—200764
Comment deadline: November 30, 2018

〈 785〉 OSMOLALITY AND OSMOLARITY
Change to read:
INTRODUCTION
Osmotic pressure plays a critical role in all biological processes that involve diffusion of
solutes or transfer of fluids through membranes. Osmosis occurs when solvent, but not solute,
molecules cross a semipermeable membrane from regions of lower to higher
solute 2S (USP42)
concentrations. to produce equilibrium.
The resulting pressure increase from the associated influx of solvent molecules in the region
of higher concentration counteracts the driving force (i.e., concentration gradient). The
pressure difference at equilibrium is the osmotic pressure. 2S (USP42)
The knowledge of osmotic pressures is important for practitioners in determining whether a
parenteral solution is hypoosmotic, isoosmotic, or hyperosmotic. A quantitative measure of
osmotic pressure facilitates the dilution required to render a solution isoosmotic relative to
whole blood.
Osmosis occurs when the osmotic pressure drives the solvent, but not solute, to cross a
semipermeable membrane from regions of lower to higher solute concentrations until equilibrium
is reached. Osmotic pressure is a colligative property that depends on the number, but not the
identity, of moles of solutes present in solution. Quantitative measurement of the number of
moles of solutes in solution is necessary for predicting and controlling the potential damage to
biological tissues due to fluid transfer across biological tissue membranes. 2S (USP42)
The terms osmolality, osmolarity, and tonicity are often used to refer to the number of
solutes in the solution. The measurement of the number of solutes in the solution, using
colligative properties, allows the direct determination of the osmolality of the solution with units
of moles of solute per kilogram of solvent. This result can be converted into a value for
osmolarity with units of moles of solute per liter of solvent. Tonicity is a medical term that
relates to the osmotic pressure difference between the internal and external sides of a cell
membrane.
2S (USP42)

Change to read:
OSMOTIC PRESSURE BACKGROUND

2S (USP42)

The osmotic pressure of a solution depends on the number of particles in solution, and is
therefore referred to as a colligative property. A particle can be a molecule or an ion or an
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aggregated species (e.g., a dimer) that can exist discretely in solution. A solution exhibits ideal
behavior when no interaction occurs between solutes and solvent, except where solvent
molecules are bound to solutes by hydrogen bonding or coordinate covalency. For such a
solution containing a nondissociating solute, the osmotic pressure ( ) is directly proportional to
its molality (number of moles of solute per kilogram of the solvent):

π

π

= (ρRT/1000)m

ρ = density of the solvent
R = universal gas constant
T = temperature (absolute scale)
m = molality of the solution
For a real solution containing more than one solute, the osmotic pressure ( ) is given by the
formula:

π

π

= (ρRT/1000)Σ imiΦm,i

ρ
R
T

= density of the solvent
= universal gas constant
= temperature (absolute scale)
= number of particles formed by the dissociation of one molecule of the ith solute [1
i
for nonionic (nondissociating) solutes]
mi
= molality of the ith solute
Φm,i = molal osmotic coefficient of the ith solute
The molal osmotic coefficient takes into account the deviation of a solution from ideal behavior.
Its value depends upon the concentration of the solute(s) in solution, its chemical properties,
and ionic characteristics. The value of the molal osmotic coefficient of a solute can be
determined experimentally by measuring the freezing point depression at different molal
concentrations. At concentrations of pharmaceutical interest, the value of the molal osmotic
coefficient is less than one. The molal osmotic coefficient decreases with
increases in the 2S (USP42)
concentration of the solute (Table 1).
The osmotic pressure of a solution depends on the number of solutes in a solution, and is
therefore referred to as a colligative property. For an ideal solution with water as the solvent,
the osmotic pressure, , is a function of the water activity, aW:

Π
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where Vm is the molar volume of water at temperature T [Vm = 18.018 cm3mol−1 at 273.15 K
(1)], R is the gas constant [R = 8.3144598 Jmol−1K−1 (2)], T is the temperature in Kelvin, W
is the activity coefficient of water, and xW is the mole fraction of water, and xW = (1 − xS),
where xS is the mole fraction of solute. At low solute concentrations (−ln aW ≈ xS ≈ nS/nW), the
equation for osmotic pressure, above, can be simplified to the van’t Hoff equation for osmotic
pressure which states:
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where nS is the moles of solute molecules, nW is the moles of water molecules, V is the
volume of water at temperature, T, MW is the molar mass of water [MW = 18.015268 gmol−1
(3)], m,ideal is the osmolality of the solution in moles/kg of water, ν is the stoichiometric
coefficient for the solute, and m is the molal concentration of the solute in moles of solute per
kilogram of water. For an ideal, non-dissociating solute, ν = 1 and the osmolality, m, is equal
to the molal concentration of solute. For a dissociating solute, ν is equal to the stoichiometric
number of moles into which 1 mol of solute will dissociate. For non-ideal solutes, an osmolality
coefficient, Φm, is introduced to correct for the difference between the predicted behavior of
ideal solutions and the observed behavior of real solutions. The osmolality coefficient is defined
as:

The osmolality of a real solution is, therefore:
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When multiple solutes are present, the osmolality may be approximated by summing the
contributions from all individual solutes, i, as:

where mi is the molal concentration of the ith solute, νi is the number of ions into which the
solute dissociates, and Φm,i is the osmolality coefficient for the ith solute at the molality, m.
This simplified additive approach assumes that the osmolality coefficient for each solute in the
mixture is not different from the osmolality coefficient determined for the individual solute (4).
In addition to osmotic pressure, other colligative properties can be used to measure the
osmolality of solutions including dew-point depression, boiling-point elevation, and freezingpoint depression. The most commonly used method for analysis of the osmolality of solutions is
freezing-point depression. The freezing point depression, ΔT f , of an aqueous solution relative to
pure water is proportional to the change in the water activity, aW:
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where ΔHfus is the enthalpy of fusion of water, and T f is the freezing point of the solution in
Kelvin. At low solute concentrations, this can be simplified to express freezing-point depression
in terms of osmolality as:

where

The value of ΔHfus is temperature dependent (3) and so is Kf ; however, Kf is typically treated
as a constant and set to the value for pure water at the freezing point. For water, the value of
ΔHfus at 273.15 K is 6006.78 Jmol−1 (3) which gives a value of Kf of 1.86056 K kg mol−1.
Vapor pressure osmometers measure the relative humidity of the air above the sample which
is in equilibrium with the sample. The dew point is the temperature below which the water
vapor in the air is above saturation and condensation occurs. The change in the dew point of
the air, ΔT D, is given by the Clausius–Clapeyron equation:
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where psw is the saturation vapor pressure of the solution and p0sw is the vapor pressure of
pure water. The change in dew point can be expressed in terms of osmolality as:

The value of ΔHvap is temperature dependent (5) and so is KD. At 25° (298.15 K), the
enthalpy of vaporization of water is ΔHvap = 43.990kJ mol−1 (5) and this results in a value of KD
= 0.3027 K kg mol−1. At the boiling point, 373.15 K, ΔHvap = 40.657 KJ mol−1 (5) and KD =
0.5130 K kg mol−1 and is equivalent to the ebullioscopic constant, Kb, for water which
correlates the osmolality to boiling-point elevation.
To calibrate instruments for measurements of water activity and osmolality, it is necessary to
have well-characterized solutions that are easy to prepare. The nonlinear relationship between
the osmolality coefficient, Φm, and the molality of the solute has been studied for many
solutions of single salts and is most often represented by the Pitzer–Debye–Hückel equation
(1,4,6) as a virial expansion in terms of molality as follows:
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where AΦ is the Debye–Hückel slope, I is the ionic strength, zi is the charge of i, b is the
empirical ion size parameter 1.2, and α is the empirical ionic strength dependence parameter
2.0. The parameters β0 , β1 , and CΦ are constants that are specific to the particular solute.
For a simple 1:1 electrolyte, like sodium chloride (NaCl), the ionic strength, I, is equal to the
molality, and the relationship between molality and osmolality coefficient simplifies to:
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For sodium chloride (NaCl), the value of AΦ has been calculated as a function of temperature
and pressure (7) and at 273.15 K and standard pressure AΦ = 0.37642. Using this value for AΦ
and keeping α = 2 and b = 1.2, the remaining values for sodium chloride (NaCl) (β0, β1, and CΦ)
can be fit to the experimental results for the freezing-point depression of sodium chloride (NaCl)
solutions from Scatchard and Prentiss (8), and Gibbard and Gossmann (9). The entire set of
experimental results span the range from 2–7300 mOsmol/kg. The resulting best-fit parameters
of β0 = 0.040933, β1 = 0.26955, CΦ = 0.004506 enable the calculation of recipes for sodium
chloride (NaCl) calibration standard solutions for osmolalities within this experimental range. The
resulting recipes for Standard Solutions are listed in Table 1. 2S (USP42)
Change to read:
OSMOLALITY OPERATION AND CALIBRATION OF OSMOMETER
The osmolality of a solution (

m)

is given by:
m

i

2S (USP42)

= Σ imiΦm,i

= number of particles formed by the dissociation of one molecule of the ith solute

mi
= molality of the ith solute
Φm,i = molal osmotic coefficient of the ith solute
The osmolality of a real solution corresponds to the molality of an ideal solution containing
nondissociating solutes and is expressed in osmoles or milliosmoles per kilogram of solvent
(Osmol/kg or mOsmol/kg, respectively), a unit that is similar to the molality of the solution.
Thus, osmolality is a measure of the osmotic pressure exerted by a real solution across a
semipermeable membrane. Like osmotic pressure, other colligative properties of a solution, such
as vapor pressure lowering, boiling point elevation, and freezing point depression, are also
directly related to the osmolality of the solution. Indeed, the osmolality of a solution is typically
determined most accurately and conveniently by measuring freezing point depression (ΔT f ):
ΔT f = kf
kf
m

m

= molal cryoscopic constant, a property of the solvent
= osmolality of a solution

For water, the value of kf is 1.860°/Osmol. That is, 1 Osmol of a solute added to 1 kg of water
lowers the freezing point by 1.860°.
The osmolality of a solution is commonly determined by measurement of the freezing-point
depression or dew-point depression. A freezing-point depression instrument measures the
osmolality of a solution at the freezing-point of the solution, whereas a dew-point depression
instrument measures the osmolality of a solution at ambient temperatures. Significant changes
in the solubility and ionization as well as solvation of solutes may occur as temperature
changes resulting in a temperature dependence of activity and osmotic coefficients. These
factors may lead to significant differences in the osmolality results obtained by different types
of osmometers. Results obtained on different instruments should not be directly compared
without clearly identifying that they are obtained at different temperatures. In cases where a
significant temperature dependence of osmolality is seen, the osmolality at temperatures closer
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to body temperature should be considered more relevant to predicting and controlling the
potential for damage to biological tissues due to fluid transfer across biological tissue
membranes.
Apparatus
A freezing-point depression osmometer typically consists of the following: a means of cooling
the container used for the measurement, a thermocouple for measuring the temperature of the
sample, and a means of mixing the sample and initiating crystallization. The liquid sample
(generally about 0.2–2 mL) is typically placed into a cooling bath or a cooling pit while being
mixed to facilitate uniform cooling. In small volume freezing-point osmometers (with sample
sizes smaller than 100 µL), mixing the liquid may not be required for uniform cooling. The sample
is supercooled to below the expected freezing point and then a short “buzz” is applied to the
sample (a brief pulse or shock to initiate crystallization of the water). As the sample freezes,
the temperature of the thermocouple rises asymptotically toward the freezing point until the
sample is completely frozen and the temperature stabilizes. The freezing-point depression is the
difference between the freezing point of pure water and the freezing point of the sample.
Vapor pressure osmometers require a smaller volume of specimen (generally about 5–10 µL),
larger volumes (typically 20 µL) can be accommodated with different instrument models, and
use hygrometric (dew-point temperature depression) measurements for determining water
activity. The hygrometric technique is based on measuring the temperature of a wet
thermocouple junction in a sealed chamber containing the sample. A current is applied to cool
the thermocouple, by means of the Peltier effect, below the dew-point temperature, resulting
in condensation of water from the air onto that junction. As water condenses on the
thermocouple, the temperature of the thermocouple rises asymptotically toward the dew point.
When the temperature of the thermocouple reaches the dew point, condensation ceases,
causing the thermocouple temperature to stabilize. The dew-point temperature depression is
the difference between the dew-point temperature for air in equilibrium with pure water and the
dew-point temperature for air in equilibrium with the sample. In some instruments, the solution
to be tested is pipetted onto a small, solute-free paper disk which is then inserted into the
sample chamber containing the thermocouple hygrometer. In other instruments, the solution is
tested as a drop at the end of a micropipette inserted into the chamber containing the
thermocouple hygrometer.
Optimization of Adjustable Freezing Parameters
Freezing-point depression osmometers may have user-adjustable parameters that affect the
freezing of the test solutions. These parameters may include stirring amplitude (during cooling
step), “buzz” point (amount of supercooling that precedes initiation of freezing), and “buzz”
amplitude (amplitude used to initiate freezing). These test parameters should be optimized,
following the manufacturer’s recommendations, to reliably freeze the Test Solutions.
Osmometer Calibration
The osmometer should be calibrated as per the manufacturer’s instructions.
Standard Solutions
Solutions for instrument calibration may be purchased1 or may be prepared as specified in
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Table 1. They may be stored at 2°–30°, but should not be frozen. When using purchased
solutions, follow the manufacturer’s expiry date and use instructions. Purchased solutions are
typically provided in single-use ampules and should be discarded after use. Solutions prepared
as specified in Table 1 should be stored in nonpermeable (e.g., glass) containers to prevent
evaporation. Fresh solutions should be prepared at least monthly as they are often nonsterile
unpreserved solutions.
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Table 1. Standard Solutions (STD) for Freezing-point Depression Osmometer
Calibrationa,b
mOsmol/kg
g of sodium chloride
mOsmol/kg
g of sodium chloride
of STD
(NaCl)/kg of water
of STD
(NaCl)/kg of water
50
1.530
1600
51.39
100
3.098
1700
54.58
150
4.683
1800
57.76
200
6.278
1900
60.92
250
7.880
2000
64.08
300
9.487
2100
67.23
350
11.10
2200
70.36
400
12.71
2300
73.48
450
14.33
2400
76.59
500
15.94
2500
79.69
550
17.56
2600
82.78
600
19.18
2700
85.85
650
20.80
2800
88.91
700
22.41
2900
91.95
750
24.03
3000
94.98
800
25.65
3100
98.00
850
27.27
3200
101.00
900
28.89
3300
103.99
950
30.50
3400
106.96
1000
32.12
3500
109.92
1100
35.35
3600
112.86
1200
38.57
3700
115.79
1300
41.79
3800
118.70
1400
45.00
3900
121.60
1500
48.20
4000
124.48
a Calculated from experimental data from Scatchard and Prentiss (8) and Gibbard and
Gossmann (9) with best-fit parameters of AΦ = 0.37642, β0 = 0.040933, β1 = 0.26955, CΦ =
0.004506; α = 2, b = 1.2.
b The amount of sodium chloride (NaCl) specified is added to 1 kg of water (on weight
basis). Weigh sodium chloride (NaCl), which has been previously dried at 110° for 2 h, to
±0.03 g and weigh water to ±0.2 g to ensure osmolality is accurate to correct whole
number of mOsmol/kg. If correctly prepared, the accuracy of these Standard Solutions is ±1
mOsmol/kg. For purchased solutions, the accuracy is typically ±2 mOsmol/kg for
concentrations up to 400 mOsmol/kg, and ±0.5% for concentrations above 400 mOsmol/kg.
[Note—The osmolality reference standards in Table 1 are based on freezing-point depression
measurements (8,9) and represent the osmolality of the solution at the freezing point. The
osmolality of these reference standards is temperature dependent and will not necessarily
provide the same osmolality at elevated temperatures when performing measurements of other
colligative properties. However, manufacturers of dew point osmometers often design their
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instruments to be calibrated with the same standard solutions used for freezing-point
depression instruments. Consult with the instrument manufacturer before using these reference
standards for calibration of instruments that measure osmolality with colligative properties other
than freezing-point depression.]
Precision/Repeatability
The precision of the measurement system should be characterized as part of the operational
qualification by performing repeated measurements on the highest osmolality Standard Solution
that was used in the instrument calibration. Calculate the
sample 2S (USP42)
standard deviation
using (n−1) degrees of freedom, 2S (USP42)
σ, of six or more measurements and express the repeatability as a percentage (%) relative to
the mean value of the osmolality standard, X0 :

The precision of the instrument, in mOsmol/kg, at the osmolality of a Test Solution being
analyzed is:
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where X is the mean value for the Test Solution.
After characterizing the precision of the measurement system, this result should be compared
to the manufacturer’s claimed repeatability. If the result is significantly greater than the
claimed repeatability (e.g., more than twice the claimed repeatability), then the performance of
the osmometer should be more fully investigated.
Performance Qualification
Performance qualification of the osmometer is ensured by a day-of-use calibration check as
indicated in the measurement procedure below. In addition, calibration of the instrument should
be performed periodically (e.g., every 6 months).
Measurement of Osmolality
TEST SOLUTION
For a solid for injection, reconstitute with the appropriate diluent as specified in the
instructions on the labeling. For solutions, use the sample as is. [Note—A solution can be
diluted to bring it within the range of measurement of the osmometer, if necessary, but the
results must be expressed as that of the diluted solution and must NOT be multiplied by a
dilution factor to calculate the osmolality of the original solution, unless otherwise indicated in
the monograph. The molal osmotic coefficient is a function of concentration and changes nonlinearly with dilution.]
PROCEDURE
Confirm the calibration of the instrument using either an internal calibration check (performed
with one of the calibration Standard Solutions) or using an external calibration check
(performed using another Standard Solution not used in the instrument calibration.) The
Acceptance Criteria for the calibration check are dependent on the type of check to be
performed and are summarized in Table 2.
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Table 2. Acceptance Criteria for Osmometer Calibration Check
Type of
Calibration
Check

Acceptance
Standard Solution Used
Measurement
Criteriaa,b
Δ = |X − X0|
Measure three or
Δc = [Rosm +
more
values. Calculate
U]
the mean, X.
Δ ≤ Δc
Compare to
Select one of the Standard
(See
standard
value,
Internal
Solutions used in the
definitions
X0 .
Check
instrument calibration.
below)
Δ = |X − X0|
Measure three or
Δ
c = [Rosm + U
more values.
+
(0.02 * X0)]
Calculate the
Select a Standard Solution not
mean, X. Compare
Δ ≤ Δc
used in instrument calibration.
to
Preferably, select a Standard
(See
standard value,
External
Solution close to the osmolality of
definitions
X0 .
Check
the Test Solution.
below)
X
= mean of measurements, σ = standard deviation of measurements
X0
= reference standard value, σ0 = reported precision of reference standard value
U
= uncertainty of reference standard value in mOsmol/kg = either Rosm or σ0,
whichever is larger
Rosm
= repeatability of the instrument, in mOsmol/kg, at osmolality of analysis =
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a Note on rounding: The values used to calculate Δc should not be rounded; however, the
final value of Δc may be rounded up to the next whole number prior to testing the inequality.
b These Acceptance Criteria are based on the recommendations in NIST Special Publication
829 (10) calculating the critical value, Δc , for a mean of six measurements and using a ttest at the 0.05 significance level. For the internal check, the standard deviation, σ, is set
equal to the repeatability of the instrument, U is set to either the repeatability of the
instrument or the reported precision of the standard (whichever is larger), and the
additional error from bias (A)
2S (USP42)

is set to zero. For the external check, σ is equal to the repeatability of the instrument, U is
set to either the repeatability of the instrument or the reported precision of the standard
(whichever is larger), and the allowable error from bias is set to 2% of the reference
standard value. The inequality uses ≤ rather than < to allow for the possibility than < to
allow for the possibility that rounding errors could lead to incorrect rejection.
2S (USP42)

If the instrument fails to meet the Acceptance Criteria for the calibration check, then
calibrate the instrument by the manufacturer’s instructions using either purchased or prepared
Standard Solutions, as described in Table 1, and then repeat the calibration check of the
instrument. After the successful check of the calibration, proceed to measure the Test
Solutions per the manufacturer’s instructions.
RESULT
If a single measurement result is reported, it should be reported with a precision of not less
than the repeatability of the instrument. Preferably, the mean of three or more measurements
on the same solution should be reported with a precision represented by the standard deviation
of the averaged measurements. If the mean result is rounded to the nearest whole value of
osmolality, the precision value should be rounded up to the next whole mOsm/kg value. Results
should be reported using mOsm/kg. It is recommended that osmometer results indicate the
method used or temperature of measurement, (e.g., “by freezing-point” or “at 0°” or
alternatively “by dew point” or “at ambient”).
Osmolality results should be reported with an appropriate precision to the extent it is
known. Contributions to the osmolality precision may include repeatability of the instrument,
intermediate precision (from an assay verification performed on representative samples), and
within-lot variability (from measurements of multiple samples).
2S (USP42)

TROUBLESHOOTING
Samples may sometimes fail to freeze if the sample viscosity is too high, if the sample is
precooled too much or not enough, or if the mixing speed or the amplitude of the instrument is
not optimally set. If Test Solutions occasionally fail to freeze, the osmolality measurements may
be suspect. The settings of the instrument should be optimized to reliably freeze the Test
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Solution and then the instrument should be recalibrated with the optimized settings prior to reevaluation of the Test Solutions.
Insoluble particles and emulsified droplets that are insoluble in aqueous solutions will not
significantly affect the osmolality of the aqueous vehicle. If accurate measurement of the
osmolality is affected by the presence of the insoluble phase, the insoluble phase should be
removed by centrifugation and the osmolality of the clarified aqueous phase be evaluated and
reported.
OSMOLARITY
Freezing-point depression measurements directly result in an assessment of the osmolality.
However, it may be desirable to report the results in units of osmolarity. Osmolality has units of
moles of solute per kilogram of solvent (mOsmol/kg or mmol/kg) whereas osmolarity has units of
moles of solute per liter of solution (mOsmol/L or mmol/L). The measured osmolality (
be converted to osmolarity (

C)

m)

can

using:
C

=

m(ρ

− C)

where ρ is the density of the solution and C is the total solute concentration, both expressed in
g/mL.
Example of conversion to osmolarity:
A 3% (w/v) solution of sodium bicarbonate contains 0.030 g/mL of anhydrous sodium
bicarbonate. The density of this solution was found to be 1.0192 g/mL at 20°, and its measured
osmolality (

m)

was 615 mOsmol/kg. [Note—1 g/mL = 1 kg/L.]

TONICITY
Tonicity is a medical term that relates to the osmotic pressure difference between the
internal and external sides of a cell wall. If the solutes are not able to pass through the cell
wall, then the osmolarity and tonicity are equivalent. However, if some of the solutes can pass
through the cell wall they will not produce an osmotic pressure difference and the tonicity of
that solution will be less than its osmolarity.
membrane. In some cases tonicity and osmolality are not the same. 2S (USP42)
Red blood cells, erythrocytes, are typically considered the standard for defining what is
considered an isotonic solution. If red blood cells are immersed in a solution and the cells swell
and become turgid or burst, the solution is hypotonic. If the red blood cells shrink and
desiccate, the solution would be considered hypertonic. An isotonic solution produces no
change in the size of the red blood cells and the cell wall remains flaccid. Measurements of
osmolality or osmolarity alone are not sufficient to characterize the tonicity of a liquid. It is
preferable to use the terms hypo-osmotic, hyperosmotic, and iso-osmotic when discussing the
osmolality of solutions. The standard for an iso-osmotic solution is 0.9% NaCl solution, which
has an osmolality of 285 mOsm/kg and an osmolarity of 284 mOsm/L.
The target osmolality depends on the route of administration. 2S (USP42)
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2S (USP42)

Delete the following:

OSMOLARITY
Osmolarity of a solution is a theoretical quantity expressed in osmoles/L (Osmol/L) of a
solution and is widely used in clinical practice because it expresses osmoles as a function of
volume. Osmolarity cannot be measured but is calculated theoretically from the experimentally
measured value of osmolality.
Sometimes, osmolarity (

c)

is calculated theoretically from the molar concentrations:
c

i

= Σ ic i

= number of particles formed by the dissociation of one molecule of the ith solute

c i = molar concentration of the ith solute in solution
For example, the osmolarity of a solution prepared by dissolving 1 g of vancomycin in 100 mL of
0.9% sodium chloride solution can be calculated as follows:
[3 × 10 g/L/1449.25(molecular weight of vancomycin) + 2 × 9 g/L/58.44(molecular weight of
sodium chloride)] × 1000 =329 mOsmol/L
The results suggest that the solution is slightly hyperosmotic because the osmolality of blood
ranges between 285 and 310 mOsmol/kg. However, the solution is found to be hypoosmotic and
has an experimentally determined osmolality of 255 mOsmol/kg.1 The example illustrates that
osmolarity values calculated theoretically from the concentration of a solution should be
interpreted cautiously and may not represent the osmotic properties of infusion solutions.
The discrepancy between theoretical (osmolarity) and experimental (osmolality) results is
due, in part, 2S (USP42) to the fact that the osmotic pressure of a real solution is less than that
of an ideal solution because of interactions between solute molecules or between solute and
solvent molecules in a solution. Such interactions reduce the pressure exerted by solute
molecules on a semipermeable membrane, reducing experimental values of osmolality compared
to theoretical values. This difference is related to the molal osmotic coefficient (Φm,i). The
example also illustrates the importance of determining the osmolality of a solution
experimentally, rather than calculating the value theoretically.

To convert to osmolality, it is necessary to know the kilogram of water per liter of solution as
the conversion factor. The density of the solution should be measured and the amount of
(anhydrous) solute per unit of volume should be known based on the preparation of the
solution. If working with an unknown solution, the value of a loss on drying measurement could
also be used (assuming water is the only volatile component in the solution).
Example 1: A 3% (w/v) solution of sodium bicarbonate contains 0.030 g/mL of anhydrous
sodium bicarbonate. The density of this solution was found to be 1.0192 g/mL at 20°, and its
measured osmolality was 615 mOsmol/kg. [Note—1 g/mL = 1 kg/L.]
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Example 2: An aqueous solution sodium lauryl sulfate (SLS) as raw material has a content of
30% (on a w/v basis) and has a specific gravity of 1.08 g/mL at 20°. It also contains 0.5% of
sodium sulfate (Na2 SO4 ). Calculate the predicted osmolarity and convert this into expected
osmolality, if it is evaluated (assume an ideal solute, Φm = 1.0). The molecular weight of SLS is
288.37 g/mol. The molecular weight of sodium sulfate (Na2 SO4 ) is 142.04 g/mol. The density of
the material at 20° is 1.08/0.997 = 1.083 g/mL.

The osmolarity contributions would be:

Total osmolarity = 2080.6 + 105.6 = 2186.2 mOsmol/L
2S (USP42) 2S (USP42)

PF 44(5): Sep.-Oct. 2018

183

Delete the following:

MEASUREMENT OF OSMOLALITY
The osmolality of a solution is commonly determined by the measurement of the freezing point
depression of the solution.
Apparatus
The apparatus, an osmometer for freezing point depression measurement, consists of the
following: a means of cooling the container used for the measurement; a temperature
measuring device 2S (USP42) with an appropriate current- or potential-difference measurement
device that may be graduated in temperature change or in osmolality; and a means of mixing
the sample.
Osmometers that measure the vapor pressures of solutions are less frequently employed.
They require a smaller volume of specimen (generally about 5 µL), but the accuracy and
precision of the resulting osmolality determination are comparable to those obtained by the use
of osmometers that depend upon the observed freezing points of solutions.
Standard Solutions
Prepare Standard Solutions as specified in Table 1, as necessary.2 Once prepared, the
Standard Solutions may be stored in nonpermeable container–closure systems. They should be
prepared fresh every week as they are nonsterile, unpreserved solutions. If using purchased
solutions, follow the manufacturer's expiration date. 2S (USP42)
Table 1. Standard Solutions for Osmometer Calibrationa
Standard Solutions
(Weight in g of sodium chloride
Molal
Osmolality
per kg of water)
Osmotic
(mOsmol/kg)
b,
Coefficient
c
(
)
(Φm, NaCl)
m
2S (USP42)
3.087
6.260
9.463
12.684
15.916
19.147
22.380

±0.015
±0.031
±0.047
±0.063
±0.079
±0.095
±0.11

2S (USP42)
2S (USP42)
2S (USP42)
2S (USP42)
2S (USP42)
2S (USP42)
2S (USP42)

100
200
300
400
500
600
700

Freezing
Point
Depression
(°)
ΔT f

0.9463
0.9337
0.9264
0.9215
0.9180
0.9157
0.9140

0.186
0.372
0.558
0.744
0.930
1.116
1.302

a Adapted from the European Pharmacopoeia,4th Edition, 2002, p. 50 8th Edition, 2016.
b The amount of sodium chloride (NaCl) weighed is added to 1 kg of water.
c Weigh sodium chloride (NaCl) to ±0.5% to ensure osmolality is accurate to correct whole
number of mOsmol value.
2S (USP42)

Test Solution
For a solid for injection, constitute with the appropriate diluent as specified in the
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instructions on the labeling. For solutions, use the sample as is. [Note—A solution can be
diluted to bring it within the range of measurement of the osmometer, if necessary, but the
results must be expressed as that of the diluted solution and must NOT be multiplied by a
dilution factor to calculate the osmolality of the original solution, unless otherwise indicated in
the monograph. The molal osmotic coefficient is a function of concentration. Therefore, it
changes with dilution.]
Procedure
First, calibrate the instrument by the manufacturer's instructions. Confirm the instrument
calibration with at least one solution from Table 1 such that the osmolality of the Standard
Solution lies within 50 mOsmol/kg of the expected value of the Test Solution or the center of
the expected range of osmolality of the Test Solution. The instrument reading should be within
±4 mOsmol per kg from the Standard Solution. The lower and upper calibration standards must
bracket the expected osmolality of the samples to be evaluated. Confirm the instrument
calibration using at least one Standard Solution between the lower and upper calibration
standards. The mean value of 3 instrument readings of the Standard Solution should be within
the instrument repeatability of the stated standard value (e.g., a ±3 mOsmol instrument
repeatability implies that the value should be within ±3 of the standard value label). 2S (USP42)
Introduce an appropriate volume of each Standard Solution into the measurement cell as in the
manufacturer's instructions, and start the cooling system. Usually, the mixing device is
programmed to operate at a temperature below the lowest temperature expected from the
freezing point depression. The apparatus indicates when the equilibrium is attained. If
necessary, calibrate the osmometer, using an appropriate adjustment device such that the
reading corresponds to either the osmolality or freezing point depression value of the Standard
Solution shown in Table 1. [Note—If the instrument reading indicates the freezing point
depression, the osmolality can be derived by using the appropriate formula under Osmolality. ]
Repeat the procedure with each Test Solution. Read the osmolality of the Test Solution
directly, or calculate it from the measured freezing point depression.
Assuming that the value of the osmotic coefficient is essentially the same whether the
concentration is expressed in molality or molarity, the experimentally determined osmolality of a
solution can be converted to osmolarity in the same manner in which the concentration of a
solution is converted from molality to molarity. Unless a solution is very concentrated, the
osmolarity of a solution (

c)

can be calculated as follows:
c

m

ρ
wi
i

= 1000

m/(1000/ρ

+ Σwi i)

= experimentally determined osmolality
= density of the solution
= weight (g)
= partial specific volume of the ith solute (mL/g)

The partial specific volume of a solute is the change in volume of a solution when an additional
1 g of solute is dissolved in the solution. This volume can be determined by the measurement of
densities of the solution before and after the addition of the solute. The partial specific
volumes of salts are generally very small, around 0.1 mL/g. However, those of other solutes are
generally higher. For example, the partial specific volumes of amino acids are in the range of
0.6–0.9 mL/g. It can be shown from the above equation correlating osmolarity with osmolality
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that:
c
m

=

m

(ρ−c)

= experimentally determined osmolality

ρ
= density of the solution (g/mL)
c
= total solute concentration (g/mL)
Thus, alternatively, the osmolarity can also be calculated from experimentally determined
osmolality from the measurement of density of the solution by a suitable method and the total
weight of the solute, after correction for water content, dissolved per milliliter of the solution.
2S (USP42)

Add the following:
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be used. [Note—A possible supplier for those solutions is Advanced Instruments C alibration Standards
available from www.aicompanies.com or www.vwr.com.] 2S (USP42)
1 Kastango ES, Hadaway L. New perspectives on vancomycin use in home care, part 1. Int J Pharm Compd.
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2001;5(6):465–469.
2S (USP42)
2 C ommercially available solutions for osmometer calibration, with osmolalities equal to or different from
those listed in Table 1 and standardized by methods traceable to National Institute of Standards and
Technology (NIST) (www.nist.gov), may be used. [Note—Suitable solutions are available as Advanced
C alibration Standards from www.aicompanies.com or www.vwr.com].]
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 6527
BRIEFING

〈 797〉 Pharmaceutical Compounding—Sterile Preparations, USP 41 page 6554 and PF
41(6) [Nov.–Dec. 2015].
Based on the number and significance of public comments received in response to the revision
proposal published in PF 41(6), the USP Compounding Expert Committee is proposing to revise
this chapter. The current proposed chapter in PF 44(5) [Sept.–Oct. 2018] is posted online at
http://www.uspnf.com/notices/general-chapter-797-proposed-revisions with line numbers.
Submit comments using the form available at
https://usp.az1.qualtrics.com/jfe/form/SV_3dDhnN2ZVCYh5yJ.
The Expert Committee seeks stakeholder feedback on the proposed revisions to the chapter,
including the following major changes:
1. Reorganization of the chapter to include section and subsection numbers. Placement of
procedural information in boxes.
2. Definition of the scope of the chapter to include sterile compounding activities and
exclude administration of medication (e.g., withdrawing doses for administration).
3. Simplified compounded sterile preparation (CSP) microbial risk levels from three (low,
medium, and high) to two—Category 1 CSPs and Category 2 CSPs. Category 1 and 2
CSPs are distinguished primarily by the facility in which they are made and the time
period within which they must be used, i.e., the beyond-use date (BUD).
Category 1 CSPs have a shorter BUD and may be prepared in an unclassified
segregated compounding area (SCA).
Category 2 CSPs have a longer BUD and must be prepared in a cleanroom suite
(buffer room with ante-room).
4. Addition of guidance on use and storage of opened or needle-punctured conventionally
manufactured products and CSPs.
5. Addition of information on notification and recall of CSPs that have out-of-specification
results.
6. Clarification of requirements for compounding allergenic extract prescription sets.
7. Removal of information related to handling of hazardous drugs and addition of references
to Hazardous Drugs—Handling in Healthcare Settings 〈800〉.
8. Removal of the section on radiopharmaceuticals as CSPs and addition of a reference to
Radiopharmaceuticals—Preparation, Compounding, Dispensing, and Repackaging 〈825〉.
General chapter 〈825〉 is also proposed for public comment in PF 44(5).
Additionally, the Expert Committee is considering the development of new resource(s) to assist
compounders in extending BUDs for Category 2 CSPs to include criteria for validated stabilityindicating assays and testing for sterility, endotoxins, container-closure integrity, and
particulate matter. The resource(s) are intended to guide correct interpretation and application
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of testing results.
Minor editorial changes have been made to update the chapter to current USP style.
The following Briefing list includes monographs and/or chapters that both reference the
General Chapter under revision and require revision to keep references to the General Chapter
accurate. Other monographs and/or chapters may also be listed, even where the reference to
the General Chapter remains unchanged, as additional notice to stakeholders where there is
believed to be potential for the change in the general chapter itself to affect pass-fail
determinations for particular monograph articles.
Chapter Dependencies (click to expand).
〈7 〉 LABELING
〈795 〉 PHARMACEUTICAL COMPOUNDING—
NONSTERILE PREPARATIONS
〈1046 〉 CELLULAR AND TISSUE-BASED
PRODUCTS
〈1066 〉 PHYSICAL ENVIRONMENTS THAT
PROMOTE SAFE MEDICATION USE
〈1160 〉 PHARMACEUTICAL CALCULATIONS
IN PHARMACY PRACTICE
〈1168 〉 COMPOUNDING FOR PHASE I
INVESTIGATIONAL STUDIES
Acetylcysteine Compounded Solution
Cyclosporine Compounded Ophthalmic
Solution, Veterinary
GENERAL NOTICES AND REQUIREMENTS
Methylene Blue Injection, Veterinary
Morphine Sulfate Compounded Injection
Sodium Bicarbonate Compounded
Injection
Sodium Phosphates Compounded
Injection
Voriconazole Compounded Ophthalmic
Solution, Veterinary

〈659 〉 PACKAGING AND STORAGE REQUIREMENTS
〈800 〉 HAZARDOUS DRUGS—HANDLING IN
HEALTHCARE SETTINGS
〈1047 〉 GENE THERAPY PRODUCTS

〈1151 〉 PHARMACEUTICAL DOSAGE FORMS
〈1163 〉 QUALITY ASSURANCE IN
PHARMACEUTICAL COMPOUNDING
〈1197 〉 GOOD DISTRIBUTION PRACTICES FOR
BULK PHARMACEUTICAL EXCIPIENTS
Cisapride Compounded Injection, Veterinary
Dexamethasone Sodium Phosphate
Compounded Injection
Hydrochloric Acid Compounded Injection
Miconazole Compounded Ophthalmic Solution
Potassium Phosphates Compounded Injection
Sodium Bromide Compounded Injection,
Veterinary
Urea Compounded Irrigation

(CMP: J. Sun.)
Correspondence Number—C204411
Comment deadline: November 30, 2018

〈 797〉 PHARMACEUTICAL COMPOUNDING—STERILE PREPARATIONS
Recent Official Publications:
USP41–NF36 Page 6554
Add the following:

TABLE OF CONTENTS
1. INTRODUCTION AND SCOPE
1.1 Scope
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1.2 Factors Affecting the Risks Associated with CSPs
1.3CSP Categories
2. PERSONNEL QUALIFICATIONS—TRAINING, EVALUATION, AND REQUALIFICATION
2.1 Demonstrating Proficiency in Core Competencies
2.2 Demonstrating Competency in Garbing and Hand Hygiene
2.3Competency Testing in Aseptic Manipulation
2.4 Reevaluation, Retraining, and Requalification
3.PERSONAL HYGIENE AND GARBING
3.1 Personnel Preparation
3.2 Hand Hygiene
3.3 Garbing Requirements
4.FACILITIES AND ENGINEERING CONTROLS
4.1 Protection from Airborne Contaminants
4.2 Facility Design and Environmental Controls
4.3 Creating Areas to Achieve Easily Cleanable Conditions
4.4 Water Sources
4.5 Placement and Movement of Materials
4.6 Certification and Recertification
5.MICROBIOLOGICAL AIR AND SURFACE MONITORING
5.1 General Monitoring Requirements
5.2 Monitoring Air Quality for Viable Airborne Particles
5.3 Monitoring Surfaces for Viable Particles
6.CLEANING AND DISINFECTING COMPOUNDING AREAS
6.1 Cleaning, Disinfecting, and Sporicidal Agents
6.2 Cleaning Supplies
6.3 Cleaning and Disinfecting the PEC
6.4 Cleaning and Disinfecting Compounding Supplies for the Classified Areas and SCAs
6.5 Disinfecting Critical Sites within the PEC
7.EQUIPMENT, SUPPLIES, AND COMPONENTS
7.1 Equipment
7.2 Supplies
7.3 Components
8.STERILIZATION AND DEPYROGENATION
8.1 Depyrogenation
8.2 Sterilization by Filtration
8.3 Sterilization by Steam Heat
8.4 Sterilization by Dry Heat
9.SOPs AND MASTER FORMULATION AND COMPOUNDING RECORDS
9.1 Creating and Following SOPs
9.2 Creating Master Formulation Records
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9.3 Creating Compounding Records
10.RELEASE TESTING
10.1 Visual Inspection
10.2 Sterility Testing
10.3 Bacterial Endotoxins Testing
11. LABELING
12. ESTABLISHING BEYOND-USE DATES
12.1 Terminology
12.2 Parameters to Consider in Establishing a BUD
12.3 Establishing a BUD for a CSP
12.4 Multiple-Dose CSPs
13.USE OF CONVENTIONALLY MANUFACTURED PRODUCTS
13.1 Use of Conventionally Manufactured Single-Dose Containers
13.2 Use of Conventionally Manufactured Multiple-Dose Containers
13.3 Use of a Conventionally Manufactured Pharmacy Bulk Package
14.USE OF CSPs AS COMPONENTS
14.1 Use of Compounded Single-Dose Containers
14.2 Use of Compounded Stock Solutions
14.3 Use of Compounded Multiple-Dose Containers
15.QUALITY ASSURANCE AND QUALITY CONTROL
15.1 Notification About and Recall of Out-of-Specification Dispensed CSPs
15.2 Complaint Handling
15.3 Adverse Event Reporting
16.CSP STORAGE, HANDLING, PACKAGING, SHIPPING, AND TRANSPORT
16.1 Handling and Storing CSPs
16.2 Packaging of CSPs
16.3 Shipping and Transporting CSPs
17.DOCUMENTATION
18.COMPOUNDING ALLERGENIC EXTRACTS
GLOSSARY
APPENDICES
Appendix 1: Acronyms
Appendix 2: Example Designs for Sterile Non-Hazardous Compounding Areas
2S (USP42)

Change to read:
INTRODUCTION
The objective of this chapter is to describe conditions and practices to prevent harm, including
death, to patients that could result from (1) microbial contamination (nonsterility), (2)
excessive bacterial endotoxins, (3) variability in the intended strength of correct ingredients
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that exceeds either monograph limits for official articles (see
General Notices, 2.20 Official Articles (CN 1-May-2018)
or 10% for nonofficial articles, (4) unintended chemical and physical contaminants, and (5)
ingredients of inappropriate quality in compounded sterile preparations (CSPs). Contaminated
CSPs are potentially most hazardous to patients when administered into body cavities, central
nervous and vascular systems, eyes, and joints, and when used as baths for live organs and
tissues. When CSPs contain excessive bacterial endotoxins (see Bacterial Endotoxins Test
〈85〉), they are potentially most hazardous to patients when administered into the central
nervous system.
Despite the extensive attention in this chapter to the provision, maintenance, and evaluation of
air quality, the avoidance of direct or physical contact contamination is paramount. It is
generally acknowledged that direct or physical contact of critical sites of CSPs with
contaminants, especially microbial sources, poses the greatest probability of risk to patients.
Therefore, compounding personnel must be meticulously conscientious in precluding contact
contamination of CSPs both within and outside ISO Class 5 (see Table 1) areas.
To achieve the above five conditions and practices, this chapter provides minimum practice and
quality standards for CSPs of drugs and nutrients based on current scientific information and
best sterile compounding practices. The use of technologies, techniques, materials, and
procedures other than those described in this chapter is not prohibited so long as they have
been proven to be equivalent or superior with statistical significance to those described herein.
The standards in this chapter do not pertain to the clinical administration of CSPs to patients
via application, implantation, infusion, inhalation, injection, insertion, instillation, and irrigation,
which are the routes of administration. Four specific categories of CSPs are described in this
chapter: low-risk level, medium-risk level, and high-risk level, and immediate use. Sterile
compounding differs from nonsterile compounding (see Pharmaceutical
Compounding—Nonsterile Preparations 〈795〉 ) primarily by requiring the maintenance of sterility
when compounding exclusively with sterile ingredients and components (i.e., with immediateuse CSPs, low-risk level CSPs, and medium-risk level CSPs) and the achievement of sterility
when compounding with nonsterile ingredients and components (i.e., with high-risk level CSPs).
Some differences between standards for sterile compounding in this chapter and those for
nonsterile compounding in Pharmaceutical Compounding—Nonsterile Preparations 〈795〉 include,
but are not limited to, ISO-classified air environments (see Table 1); personnel garbing and
gloving; personnel training and testing in principles and practices of aseptic manipulations and
sterilization; environmental quality specifications and monitoring; and disinfection of gloves and
surfaces of ISO Class 5 (see Table 1) sources.
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Table 1. ISO Classification of Particulate Matter in Room Air (limits are in particles of 0.5
µm and larger per cubic meter [current ISO] and cubic feet [former Federal Standard No. 209E,
FS 209E])*
Class Name
Particle Count
ISO, m3
FS 209E, ft3
3
Class 1
35.2
1
4
Class 10
352
10
5
Class 100
3,520
100
6
Class 1,000
35,200
1,000
7
Class 10,000
352,000
10,000
8
Class 100,000
3,520,000
100,000
*Adapted from former Federal Standard No. 209E, General Services Administration,
Washington, DC, 20407 (September 11, 1992) and ISO 14644-1:1999, Cleanrooms and
associated controlled environments—Part 1: Classification of air cleanliness. For example,
3,520 particles of 0.5 µm per m3 or larger (ISO Class 5) is equivalent to 100 particles per ft 3
(Class 100) (1 m3 = 35.2 ft 3).
ISO Class

U.S. FS 209E

The standards in this chapter are intended to apply to all persons who prepare CSPs and all
places where CSPs are prepared (e.g., hospitals and other healthcare institutions, patient
treatment clinics, pharmacies, physicians' practice facilities, and other locations and facilities in
which CSPs are prepared, stored, and transported). Persons who perform sterile compounding
include pharmacists, nurses, pharmacy technicians, and physicians. These terms recognize that
most sterile compounding is performed by or under the supervision of pharmacists in pharmacies
and also that this chapter applies to all healthcare personnel who prepare, store, and transport
CSPs. For the purposes of this chapter, CSPs include any of the following:
1. Compounded biologics, diagnostics, drugs, nutrients, and radiopharmaceuticals, including
but not limited to the following dosage forms that must be sterile when they are
administered to patients: aqueous bronchial and nasal inhalations, baths and soaks for
live organs and tissues, injections (e.g., colloidal dispersions, emulsions, solutions,
suspensions), irrigations for wounds and body cavities, ophthalmic drops and ointments,
and tissue implants.
2. Manufactured sterile products that are either prepared strictly according to the
instructions appearing in manufacturers' approved labeling (product package inserts) or
prepared differently than published in such labeling. [Note—The FDA states that
“Compounding does not include mixing, reconstituting, or similar acts that are performed
in accordance with the directions contained in approved labeling provided by the
product's manufacturer and other manufacturer directions consistent with that labeling”
[21 USC 321 (k) and (m)]. However, the FDA-approved labeling (product package
insert) rarely describes environmental quality (e.g., ISO Class air designation, exposure
durations to non-ISO classified air, personnel garbing and gloving, and other aseptic
precautions by which sterile products are to be prepared for administration). Beyonduse exposure and storage dates or times (see Labeling 〈7〉 (CN 1-May-2018) and
Pharmaceutical Compounding—Nonsterile Preparations 〈795〉) for sterile products that
have been either opened or prepared for administration are not specified in all package
inserts for all sterile products. Furthermore, when such durations are specified, they
may refer to chemical stability and not necessarily to microbiological purity or safety.]
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ORGANIZATION OF THIS CHAPTER
The sections in this chapter are organized to facilitate the practitioner's understanding of the
fundamental accuracy and quality practices for preparing CSPs. They provide a foundation for
the development and implementation of essential procedures for the safe preparation of lowrisk, medium-risk, and high-risk level CSPs and immediate-use CSPs, which are classified
according to the potential for microbial, chemical, and physical contamination. The chapter is
divided into the following main sections:
Responsibility of Compounding Personnel
CSP Microbial Contamination Risk Levels
Personnel Training and Evaluation in Aseptic Manipulation Skills
Immediate-Use CSPs
Single-Dose and Multiple-Dose Containers
Hazardous Drugs as CSPs
Radiopharmaceuticals as CSPs
Allergen Extracts as CSPs
Verification of Compounding Accuracy and Sterility
Environmental Quality and Control
Suggested Standard Operating Procedures (SOPs)
Elements of Quality Control
Verification of Automated Compounding Devices (ACDs) for Parenteral Nutrition
Compounding
Finished Preparation Release Checks and Tests
Storage and Beyond-Use Dating
Maintaining Sterility, Purity, and Stability of Dispensed and Distributed CSPs
Patient or Caregiver Training
Patient Monitoring and Adverse Events Reporting
Quality Assurance (QA) Program
Abbreviations and Acronyms
Glossary
Appendices I–V
The requirements and recommendations in this chapter are summarized in Appendix I. A list of
abbreviations and acronyms is included at the end of the main text, before the Appendices.
All personnel who prepare CSPs shall be responsible for understanding these fundamental
practices and precautions, for developing and implementing appropriate procedures, and for
continually evaluating these procedures and the quality of final CSPs to prevent harm.
RESPONSIBILITY OF COMPOUNDING PERSONNEL
Compounding personnel are responsible for ensuring that CSPs are accurately identified,
measured, diluted, and mixed and are correctly purified, sterilized, packaged, sealed, labeled,
stored, dispensed, and distributed. These performance responsibilities include maintaining
appropriate cleanliness conditions and providing labeling and supplementary instructions for the
proper clinical administration of CSPs.
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Compounding supervisors shall ensure, through either direct measurement or appropriate
information sources, that specific CSPs maintain their labeled strength within monograph limits
for USP articles, or within 10% if not specified, until their BUDs. All CSPs are prepared in a
manner that maintains sterility and minimizes the introduction of particulate matter.
A written quality assurance procedure includes the following in-process checks that are
applied, as appropriate, to specific CSPs: accuracy and precision of measuring and weighing;
the requirement for sterility; methods of sterilization and purification; safe limits and ranges for
strength of ingredients, bacterial endotoxins, and particulate matter; pH; labeling accuracy and
completeness; BUD assignment; and packaging and storage requirements. The dispenser shall,
when appropriate and practicable, obtain and evaluate results of testing for identity, strength,
purity, and sterility before a CSP is dispensed. Qualified licensed healthcare professionals who
supervise compounding and dispensing of CSPs shall ensure that the following objectives are
achieved:
1. Compounding personnel are adequately skilled, educated, instructed, and trained to
correctly perform and document the following activities in their sterile compounding
duties:
a. perform antiseptic hand cleansing and disinfection of nonsterile compounding
surfaces;
b. select and appropriately don protective garb;
c. maintain or achieve sterility of CSPs in ISO Class 5 (see Table 1) PEC devices
and protect personnel and compounding environments from contamination by
radioactive, cytotoxic, and chemotoxic drugs (see Hazardous Drugs as CSPs and
Radiopharmaceuticals as CSPs);
d. identify, weigh, and measure ingredients; and
e. manipulate sterile products aseptically, sterilize high-risk level CSPs, and label
and quality inspect CSPs.
2. Ingredients have their correct identity, quality, and purity.
3. Opened or partially used packages of ingredients for subsequent use in CSPs are
properly stored under restricted access conditions in the compounding facility. Such
packages cannot be used when visual inspection detects unauthorized breaks in the
container, closure, and seal; when the contents do not possess the expected
appearance, aroma, and texture; when the contents do not pass identification tests
specified by the compounding facility; and when either the BUD or expiration date has
been exceeded.
4. Water-containing CSPs that are nonsterile during any phase of the compounding
procedure are sterilized within 6 hours after completing the preparation in order to
minimize the generation of bacterial endotoxins.
5. Sterilization methods achieve sterility of CSPs while maintaining the labeled strength of
active ingredients and the physical integrity of packaging.
6. Measuring, mixing, sterilizing, and purifying devices are clean, appropriately accurate,
and effective for their intended use.
7. Potential harm from added substances and differences in rate and extent of
bioavailability of active ingredients for other than oral route of administration are
carefully evaluated before such CSPs are dispensed and administered.
8. Packaging selected for CSPs is appropriate to preserve the sterility and strength until
the BUD.

PF 44(5): Sep.-Oct. 2018

194

9. While being used, the compounding environment maintains the sterility or the
presterilization purity, whichever is appropriate, of the CSP.
10. Labels on CSPs list the names and amounts or concentrations of active ingredients, and
the labels or labeling of injections
(CN 1-May-2018) list the names and amounts or
concentrations of all ingredients (see Labeling 〈7〉). Before being dispensed or
administered, the clarity of solutions is visually confirmed; also, the identity and
amounts of ingredients, procedures to prepare and sterilize CSPs, and specific release
criteria are reviewed to ensure their accuracy and completeness.
11. BUDs are assigned on the basis of direct testing or extrapolation from reliable literature
sources and other documentation (see Stability Criteria and Beyond-Use Dating
underPharmaceutical Compounding—Nonsterile Preparations 〈795〉).
12. Procedures for measuring, mixing, dilution, purification, sterilization, packaging, and
labeling conform to the correct sequence and quality established for the specified CSP.
13. Deficiencies in compounding, labeling, packaging, and quality testing and inspection can
be rapidly identified and corrected.
14. When time and personnel availability so permit, compounding manipulations and
procedures are separated from postcompounding quality inspection and review before
CSPs are dispensed.
This chapter emphasizes the need to maintain high standards for the quality and control of
processes, components, and environments and for the skill and knowledge of personnel who
prepare CSPs. The rigor of in-process quality-control checks and of postcompounding quality
inspection and testing increases with the potential hazard of the route of administration. For
example, nonsterility, excessive bacterial endotoxin contamination, large errors in strength of
correct ingredients, and incorrect ingredients in CSPs are potentially more dangerous to
patients when the CSPs are administered into the vascular and central nervous systems than
when administered by most other routes.
CSP MICROBIAL CONTAMINATION RISK LEVELS
The three contamination categories for CSPs described in this section are assigned primarily
according to the potential for microbial contamination during the compounding of low-risk level
CSPs and medium-risk level CSPs or the potential for not sterilizing high-risk level CSPs, any of
which would subject patients to risk of harm, including death. High-risk level CSPs must be
sterilized before being administered to patients. The appropriate risk level—low, medium, or
high—is assigned according to the corresponding probability of contaminating a CSP with (1)
microbial contamination (e.g., microbial organisms, spores, endotoxins) and (2) chemical and
physical contamination (e.g., foreign chemicals, physical matter). Potential sources of
contamination include, but are not limited to, solid and liquid matter from compounding
personnel and objects; nonsterile components employed and incorporated before terminal
sterilization; inappropriate conditions within the restricted compounding environment; prolonged
presterilization procedures with aqueous preparations; and nonsterile dosage forms used to
compound CSPs.
The characteristics described below for low-, medium-, and high-risk level CSPs are intended as
a guide to the breadth and depth of care necessary in compounding, but they are neither
exhaustive nor prescriptive. The licensed healthcare professionals who supervise compounding
are responsible for determining the procedural and environmental quality practices and
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attributes that are necessary for the risk level they assign to specific CSPs.
These risk levels apply to the quality of CSPs immediately after the final aseptic mixing or filling
or immediately after the final sterilization, unless precluded by the specific characteristics of
the preparation. Upon subsequent storage and shipping of freshly finished CSPs, an increase in
the risks of chemical degradation of ingredients, contamination from physical damage to
packaging, and permeability of plastic and elastomeric packaging is expected. In such cases,
compounding personnel are responsible for considering the potential additional risks to the
integrity of CSPs when assigning BUDs. The pre-administration storage duration and
temperature limits specified in the following subsections apply in the absence of direct sterility
testing results that justify different limits for specific CSPs.
Low-Risk Level CSPs
CSPs compounded under all the following conditions are at a low risk of contamination.
Low-Risk Conditions—
1. The CSPs are compounded with aseptic manipulations entirely within ISO Class 5 (see
Table 1) or better air quality using only sterile ingredients, products, components, and
devices.
2. The compounding involves only transfer, measuring, and mixing manipulations using not
more than three commercially manufactured packages of sterile products and not more
than two entries into any one sterile container or package (e.g., bag, vial) of sterile
product or administration container/device to prepare the CSP.
3. Manipulations are limited to aseptically opening ampuls, penetrating disinfected stoppers
on vials with sterile needles and syringes, and transferring sterile liquids in sterile
syringes to sterile administration devices, package containers of other sterile products,
and containers for storage and dispensing.
4. For a low-risk level preparation, in the absence of passing a sterility test (see Sterility
Tests 〈71〉), the storage periods cannot exceed the following time periods: before
administration, the CSPs are properly stored and are exposed for not more than 48
hours at controlled room temperature (see Packaging and Storage Requirements
〈659〉), (CN 1-May-2018) for not more than 14 days at a cold temperature (see
Packaging and Storage Requirements 〈659〉), (CN 1-May-2018) and for 45 days in solid
frozen state between −25° and −10°.
Examples of Low-Risk Compounding—
1. Single-volume transfers of sterile dosage forms from ampuls, bottles, bags, and vials
using sterile syringes with sterile needles, other administration devices, and other sterile
containers. The solution content of ampuls should be passed through a sterile filter to
remove any particles.
2. Simple aseptic measuring and transferring with not more than three packages of
manufactured sterile products, including an infusion or diluent solution to compound
drug admixtures and nutritional solutions.
Low-Risk Level CSPs with 12-Hour or Less BUD—If the PEC is a CAI or CACI that does not
meet the requirements described in Placement of Primary Engineering Controls or is a laminar
airflow workbench (LAFW) or a biological safety cabinet (BSC) that cannot be located within an
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ISO Class 7 (see Table 1) buffer area, then only low-risk level nonhazardous and
radiopharmaceutical CSPs pursuant to a physician's order for a specific patient may be
prepared, and administration of such CSPs shall commence within 12 hours of preparation or as
recommended in the manufacturers' package insert, whichever is less. Low-risk level CSPs with
a 12-hour or less BUD shall meet all of the following four criteria:
1. PECs (LAFWs, BSCs, CAIs, CACIs,) shall be certified and maintain ISO Class 5 (see Table
1) as described in Facility Design and Environmental Controls for exposure of critical
sites and shall be in a segregated compounding area restricted to sterile compounding
activities that minimize the risk of CSP contamination.
2. The segregated compounding area shall not be in a location that has unsealed windows
or doors that connect to the outdoors or high traffic flow, or that is adjacent to
construction sites, warehouses, or food preparation. Note that this list is not intended
to be all inclusive.
3. Personnel shall follow the procedures described in Personnel Cleansing and Garbing and
Additional Personnel Requirements prior to compounding. Sinks should not be located
adjacent to the ISO Class 5 (see Table 1) PEC. Sinks should be separated from the
immediate area of the ISO Class 5 (see Table 1) PEC device.
4. The specifications in Cleaning and Disinfecting the Sterile Compounding Areas, Personnel
Training and Competency Evaluation of Garbing, Aseptic Work Practices and
Cleaning/Disinfection Procedures, and Viable and Nonviable Environmental Sampling (ES)
Testing shall be followed as described in the chapter.
Compounding personnel must recognize that the absence of an ISO Class 7 (see Table 1) buffer
area environment in a general uncontrolled environment increases the potential of microbial
contamination, and administration durations of microbially contaminated CSPs exceeding a few
hours increase the potential for clinically significant microbial colonization, and thus for patient
harm, especially in critically ill or immunocompromised patients.
Quality Assurance—Quality assurance practices include, but are not limited to the following:
1. Routine disinfection and air quality testing of the direct compounding environment to
minimize microbial surface contamination and maintain ISO Class 5 (see Table 1) air
quality.
2. Visual confirmation that compounding personnel are properly donning and wearing
appropriate items and types of protective garments, including eye protection and face
masks.
3. Review of all orders and packages of ingredients to ensure that the correct identity and
amounts of ingredients were compounded.
4. Visual inspection of CSPs to ensure the absence of particulate matter in solutions, the
absence of leakage from vials and bags, and the accuracy and thoroughness of labeling.
Media-Fill Test Procedure—This test or an equivalent test is performed at least annually by
each person authorized to compound in a low-risk level environment under conditions that
closely simulate the most challenging or stressful conditions encountered during compounding of
low-risk level CSPs. Once begun, this test is completed without interruption. Example of test
procedure: within an ISO Class 5 (see Table 1) air quality environment, three sets of four 5-mL
aliquots of sterile Soybean–Casein Digest Medium (also known as trypticase soy broth or
trypticase soy agar [TSA]) are transferred with the same sterile 10-mL syringe and vented
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needle combination into separate sealed, empty, sterile 30-mL clear vials (i.e., four 5-mL
aliquots into each of three 30-mL vials). Sterile adhesive seals are aseptically affixed to the
rubber closures on the three filled vials, then the vials are incubated at 20° to 25° or at 30° to
35° for a minimum of 14 days. If two temperatures are used for incubation of media-filled
samples, then these filled containers should be incubated for at least 7 days at each
temperature (see Microbiological Control and Monitoring of Aseptic Processing Environments
〈1116〉). Inspect for microbial growth over 14 days as described in Personnel Training and
Competency Evaluation of Garbing, Aseptic Work Practices and Cleaning/Disinfection
Procedures.
Medium-Risk Level CSPs
When CSPs are compounded aseptically under Low-Risk Conditions and one or more of the
following conditions exists, such CSPs are at a medium risk of contamination.
Medium-Risk Conditions—
1. Multiple individual or small doses of sterile products are combined or pooled to prepare a
CSP that will be administered either to multiple patients or to one patient on multiple
occasions.
2. The compounding process includes complex aseptic manipulations other than the singlevolume transfer.
3. The compounding process requires unusually long duration, such as that required to
complete dissolution or homogeneous mixing.
4. For a medium-risk preparation, in the absence of passing a sterility test (see Sterility
Tests 〈71〉), the storage periods cannot exceed the following time periods: before
administration, the CSPs are properly stored and are exposed for not more than 30
hours at controlled room temperature (see Packaging and Storage Requirements
〈659〉), (CN 1-May-2018) for not more than 9 days at a cold temperature (see
Packaging and Storage Requirements 〈659〉), (CN 1-May-2018) and for 45 days in solid
frozen state between −25° and −10°.
Examples of Medium-Risk Compounding—
1. Compounding of total parenteral nutrition fluids using manual or automated devices
during which there are multiple injections, detachments, and attachments of nutrient
source products to the device or machine to deliver all nutritional components to a final
sterile container.
2. Filling of reservoirs of injection and infusion devices with more than three sterile drug
products and evacuation of air from those reservoirs before the filled device is
dispensed.
3. Transfer of volumes from multiple ampuls or vials into one or more final sterile
containers.
Quality Assurance—Quality assurance procedures for medium-risk level CSPs include all those
for low-risk level CSPs, as well as a more challenging media-fill test passed annually or more
frequently.
Media-Fill Test Procedure—This test or an equivalent test is performed at least annually
under conditions that closely simulate the most challenging or stressful conditions encountered
during compounding. Once begun, this test is completed without interruption. Example of test
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procedure: within an ISO Class 5 (see Table 1) air quality environment, six 100-mL aliquots of
sterile Soybean–Casein Digest Medium are aseptically transferred by gravity through separate
tubing sets into separate evacuated sterile containers. The six containers are then arranged as
three pairs, and a sterile 10-mL syringe and 18-gauge needle combination is used to exchange
two 5-mL aliquots of medium from one container to the other container in the pair. For
example, after a 5-mL aliquot from the first container is added to the second container in the
pair, the second container is agitated for 10 seconds, then a 5-mL aliquot is removed and
returned to the first container in the pair. The first container is then agitated for 10 seconds,
and the next 5-mL aliquot is transferred from it back to the second container in the pair.
Following the two 5-mL aliquot exchanges in each pair of containers, a 5-mL aliquot of medium
from each container is aseptically injected into a sealed, empty, sterile 10-mL clear vial, using a
sterile 10-mL syringe and vented needle. Sterile adhesive seals are aseptically affixed to the
rubber closures on the three filled vials, then the vials are incubated at 20° to 25° or at 30° to
35° for a minimum of 14 days. If two temperatures are used for incubation of media-filled
samples, then these filled containers should be incubated for at least 7 days at each
temperature (see Microbiological Control and Monitoring of Aseptic Processing Environments
〈1116〉). Inspect for microbial growth over 14 days as described in Personnel Training and
Competency Evaluation of Garbing, Aseptic Work Practices and Cleaning/Disinfection
Procedures.
High-Risk Level CSPs
CSPs compounded under any of the following conditions are either contaminated or at a high
risk to become contaminated.
High-Risk Conditions—
1. Nonsterile ingredients, including manufactured products not intended for sterile routes
of administration (e.g., oral), are incorporated or a nonsterile device is employed before
terminal sterilization.
2. Any of the following are exposed to air quality worse than ISO Class 5 (see Table 1) for
more than 1 hour (see Immediate-Use CSPs):
sterile contents of commercially manufactured products,
CSPs that lack effective antimicrobial preservatives, and
sterile surfaces of devices and containers for the preparation, transfer,
sterilization, and packaging of CSPs.
3. Compounding personnel are improperly garbed and gloved (see Personnel Cleansing and
Use of Barrier Protective Equipment).
4. Nonsterile water-containing preparations are stored for more than 6 hours before being
sterilized.
5. It is assumed, and not verified by examination of labeling and documentation from
suppliers or by direct determination, that the chemical purity and content strength of
ingredients meet their original or compendial specifications in unopened or in opened
packages of bulk ingredients (see Ingredient Selection underPharmaceutical
Compounding—Nonsterile Preparations 〈795〉).
For a sterilized high-risk level preparation, in the absence of passing a sterility test, the storage
periods cannot exceed the following time periods: before administration, the CSPs are properly
stored and are exposed for not more than 24 hours at controlled room temperature (see
Packaging and Storage Requirements 〈659〉), (CN 1-May-2018) for not more than 3 days at a cold
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temperature (see Packaging and Storage Requirements 〈659〉), (CN 1-May-2018) and for 45
days in solid frozen state between −25° and −10°. [Note—Sterility tests for autoclaved CSPs
are not required unless they are prepared in batches of more than 25 units.]
All nonsterile measuring, mixing, and purifying devices are rinsed thoroughly with sterile,
pyrogen-free water, and then thoroughly drained or dried immediately before use for high-risk
compounding. All high-risk level CSP solutions subjected to terminal sterilization are prefiltered
by passing through a filter with a nominal pore size not larger than 1.2 µm preceding or during
filling into their final containers to remove particulate matter. Sterilization of high-risk level
CSPs by filtration shall be performed with a sterile 0.2-µm or 0.22-µm nominal pore size filter
entirely within an ISO Class 5 (see Table 1) or superior air quality environment.
Examples of High-Risk Conditions—
1. Dissolving nonsterile bulk drug and nutrient powders to make solutions that will be
terminally sterilized.
2. Exposing the sterile ingredients and components used to prepare and package CSPs to
room air quality worse than ISO Class 5 (see Table 1) for more than 1 hour (see
Immediate-Use CSPs).
3. Measuring and mixing sterile ingredients in nonsterile devices before sterilization is
performed.
4. Assuming, without appropriate evidence or direct determination, that packages of bulk
ingredients contain at least 95% by weight of their active chemical moiety and have not
been contaminated or adulterated between uses.
Quality Assurance—Quality assurance procedures for high-risk level CSPs include all those for
low-risk level CSPs. In addition, a media-fill test that represents high-risk level compounding is
performed semiannually by each person authorized to compound high-risk level CSPs.
Media-Fill Test Procedure for CSPs Sterilized by Filtration—This test or an equivalent test
is performed under conditions that closely simulate the most challenging or stressful conditions
encountered when compounding high-risk level CSPs. Once begun, this test is completed
without interruption. Example of test procedure (in the following sequence):
1. Dissolve 3 g of nonsterile commercially available Soybean–Casein Digest Medium in 100
mL of nonbacteriostatic water to make a 3% nonsterile solution.
2. Draw 25 mL of the medium into each of three 30-mL sterile syringes. Transfer 5 mL from
each syringe into separate sterile 10-mL vials. These vials are the positive controls to
generate exponential microbial growth, which is indicated by visible turbidity upon
incubation.
3. Under aseptic conditions and using aseptic techniques, affix a sterile 0.2-µm or 0.22-µm
nominal pore size filter unit and a 20-gauge needle to each syringe. Inject the next 10
mL from each syringe into three separate 10-mL sterile vials. Repeat the process for
three more vials. Label all vials, affix sterile adhesive seals to the closure of the nine
vials, and incubate them at 20° to 25° or at 30° to 35° for a minimum of 14 days. If
two temperatures are used for incubation of media-filled samples, then these filled
containers should be incubated for at least 7 days at each temperature (see
Microbiological Control and Monitoring of Aseptic Processing Environments 〈1116〉).
Inspect for microbial growth over 14 days as described in Personnel Training and
Competency Evaluation of Garbing, Aseptic Work Practices and Cleaning/Disinfection

PF 44(5): Sep.-Oct. 2018

200

Procedures.
PERSONNEL TRAINING AND EVALUATION IN ASEPTIC MANIPULATION SKILLS
Personnel who prepare CSPs shall be trained conscientiously and skillfully by expert personnel
and through audio–video instructional sources and professional publications in the theoretical
principles and practical skills of aseptic manipulations and in achieving and maintaining ISO
Class 5 (see Table 1) environmental conditions before they begin to prepare CSPs.
Compounding personnel shall perform didactic review and pass written and media-fill testing of
aseptic manipulative skills initially, at least annually thereafter for low- and medium-risk level
compounding, and semiannually for high-risk level compounding. Compounding personnel who fail
written tests or whose media-fill test vials result in gross microbial colonization shall be
immediately re-instructed and re-evaluated by expert compounding personnel to ensure
correction of all aseptic practice deficiencies.
Media-Fill Challenge Testing—The skill of personnel to aseptically prepare CSPs may be
evaluated using sterile fluid bacterial culture media-fill verification1 (i.e., sterile bacterial culture
medium transfer via a sterile syringe and needle). Media-fill testing is used to assess the quality
of the aseptic skill of compounding personnel. Media-fill tests represent the most challenging or
stressful conditions actually encountered by the personnel being evaluated when they prepare
particular risk level CSPs and when sterilizing high-risk level CSPs. Media-fill challenge tests that
simulate high-risk level compounding are also used to verify the capability of the compounding
environment and process to produce a sterile preparation.
Commercially available sterile fluid culture media, such as Soybean–Casein Digest Medium (see
Sterility Tests 〈71〉), shall be able to promote exponential colonization of bacteria that are most
likely to be transmitted to CSPs from the compounding personnel and environment. Media-filled
vials are generally incubated at 20° to 25° or at 30° to 35° for a minimum of 14 days. If two
temperatures are used for incubation of media-filled samples, then these filled containers should
be incubated for at least 7 days at each temperature (see Microbiological Control and
Monitoring of Aseptic Processing Environments 〈1116〉). Failure is indicated by visible turbidity in
the medium on or before 14 days.
IMMEDIATE-USE CSPS
The immediate-use provision is intended only for those situations where there is a need for
emergency or immediate patient administration of a CSP. Such situations may include
cardiopulmonary resuscitation, emergency room treatment, preparation of diagnostic agents, or
critical therapy where the preparation of the CSP under conditions described for Low-Risk Level
CSPs subjects the patient to additional risk due to delays in therapy. Immediate-use CSPs are
not intended for storage for anticipated needs or batch compounding. Preparations that are
medium-risk level and high-risk level CSPs shall not be prepared as immediate-use CSPs.
Immediate-use CSPs are exempt from the requirements described for Low-Risk Level CSPs only
when all of the following criteria are met:
1. The compounding process involves simple transfer of not more than three commercially
manufactured packages of sterile nonhazardous products or diagnostic
radiopharmaceutical products from the manufacturers' original containers and not more
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than two entries into any one container or package (e.g., bag, vial) of sterile infusion
solution or administration container/device. For example, anti-neoplastics shall not be
prepared as immediate-use CSPs because they are hazardous drugs.
Unless required for the preparation, the compounding procedure is a continuous process
not to exceed 1 hour.
During preparation, aseptic technique is followed and, if not immediately administered,
the finished CSP is under continuous supervision to minimize the potential for contact
with nonsterile surfaces, introduction of particulate matter or biological fluids, mix-ups
with other CSPs, and direct contact of outside surfaces.
Administration begins not later than 1 hour following the start of the preparation of the
CSP.
Unless immediately and completely administered by the person who prepared it or
immediate and complete administration is witnessed by the preparer, the CSP shall bear
a label listing patient identification information, the names and amounts of all
ingredients, the name or initials of the person who prepared the CSP, and the exact 1hour BUD and time.
If administration has not begun within 1 hour following the start of preparing the CSP,
the CSP shall be promptly, properly, and safely discarded.

Compounding in worse than ISO Class 5 (see Table 1) conditions increases the likelihood of
microbial contamination, and administration durations of microbially contaminated CSPs
exceeding a few hours increase the potential for clinically significant microbial colonization and
thus for patient harm, especially in critically ill or immunocompromised patients.
SINGLE-DOSE AND MULTIPLE-DOSE CONTAINERS
Opened or needle-punctured single-dose containers, such as bags, bottles, syringes, and vials
of sterile products and CSPs shall be used within 1 hour if opened in worse than ISO Class 5
(see Table 1) air quality (see Immediate-Use CSPs), and any remaining contents must be
discarded. Single-dose vials exposed to ISO Class 5 (see Table 1) or cleaner air may be used up
to 6 hours after initial needle puncture. Opened single-dose ampuls shall not be stored for any
time period. Multiple-dose containers (e.g., vials) are formulated for removal of portions on
multiple occasions because they usually contain antimicrobial preservatives. The BUD after
initially entering or opening (e.g., needle-punctured) multiple-dose containers is 28 days (see
Antimicrobial Effectiveness Testing 〈51〉) unless otherwise specified by the manufacturer.
HAZARDOUS DRUGS AS CSPS
Although the potential therapeutic benefits of compounded sterile hazardous drug preparations
generally outweigh the risks of their adverse effects in ill patients, exposed healthcare workers
risk similar adverse effects with no therapeutic benefit. Occupational exposure to hazardous
drugs can result in (1) acute effects, such as skin rashes; (2) chronic effects, including
adverse reproductive events; and (3) possibly cancer (see Appendix A of NIOSH Publication no.
2004-165).
Hazardous drugs shall be prepared for administration only under conditions that protect the
healthcare workers and other personnel in the preparation and storage areas. Hazardous drugs
shall be stored separately from other inventory in a manner to prevent contamination and
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personnel exposure. Many hazardous drugs have sufficient vapor pressures that allow
volatilization at room temperature; thus storage is preferably within a containment area such as
a negative pressure room. The storage area should have sufficient general exhaust ventilation,
at least 12 air changes per hour (ACPH)2 to dilute and remove any airborne contaminants.
Hazardous drugs shall be handled with caution at all times using appropriate chemotherapy
gloves during receiving, distribution, stocking, inventorying, preparation for administration, and
disposal. Hazardous drugs shall be prepared in an ISO Class 5 (see Table 1) environment with
protective engineering controls in place and following aseptic practices specified for the
appropriate contamination risk levels defined in this chapter. Access shall be limited to areas
where drugs are stored and prepared to protect persons not involved in drug preparation.
All hazardous drugs shall be prepared in a BSC3 or a CACI that meets or exceeds the standards
for CACI in this chapter. The ISO Class 5 (see Table 1) BSC or CACI shall be placed in an ISO
Class 7 (see Table 1) area that is physically separated (i.e., a different area from other
preparation areas) and optimally has not less than 0.01-inch water column negative pressure to
adjacent positive pressure ISO Class 7 (see Table 1) or better ante-areas, thus providing
inward airflow to contain any airborne drug. A pressure indicator shall be installed that can be
readily monitored for correct room pressurization. The BSC and CACI optimally should be 100%
vented to the outside air through HEPA filtration.
If a CACI that meets the requirements of this chapter is used outside of a buffer area, the
compounding area shall maintain a minimum negative pressure of 0.01-inch water column and
have a minimum of 12 ACPHs.
When closed-system vial-transfer devices (CSTDs) (i.e., vial-transfer systems that allow no
venting or exposure of hazardous substance to the environment) are used, they shall be used
within the ISO Class 5 (see Table 1) environment of a BSC or CACI. The use of a CSTD is
preferred because of their inherent closed system process. In facilities that prepare a low
volume of hazardous drugs, the use of two tiers of containment (e.g., CSTD within a BSC or
CACI that is located in a non-negative pressure room) is acceptable.
Appropriate personnel protective equipment (PPE) shall be worn when compounding in a BSC or
CACI and when using CSTD devices. PPE should include gowns, face masks, eye protection,
hair covers, shoe covers or dedicated shoes, double gloving with sterile chemo-type gloves,
and compliance with manufacturers' recommendations when using a CACI.
All personnel who compound hazardous drugs shall be fully trained in the storage, handling, and
disposal of these drugs. This training shall occur prior to preparing or handling hazardous CSPs,
and its effectiveness shall be verified by testing specific hazardous drugs preparation
techniques. Such verification shall be documented for each person at least annually. This
training shall include didactic overview of hazardous drugs, including mutagenic, teratogenic,
and carcinogenic properties, and it shall include ongoing training for each new hazardous drug
that enters the marketplace. Compounding personnel of reproductive capability shall confirm in
writing that they understand the risks of handling hazardous drugs. The training shall include at
least the following: (1) safe aseptic manipulation practices; (2) negative pressure techniques
when utilizing a BSC or CACI; (3) correct use of CSTD devices; (4) containment, cleanup, and
disposal procedures for breakages and spills; and (5) treatment of personnel contact and
inhalation exposure.
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note—Because standards of assay and unacceptable quantities of contamination of each
drug have not been established in the literature, the following paragraph is a
recommendation only. Future standards will be adopted as these assay methods are
developed and proven.
In order to ensure containment, especially in operations preparing large volumes of hazardous
drugs, environmental sampling to detect uncontained hazardous drugs should be performed
routinely (e.g., initially as a benchmark and at least every 6 months or more often as needed to
verify containment). This sampling should include surface wipe sampling of the working area of
BSCs and CACIs; counter tops where finished preparations are placed; areas adjacent to BSCs
and CACIs, including the floor directly under the working area; and patient administration areas.
Common marker hazardous drugs that can be assayed include cyclophosphamide, ifosfamide,
methotrexate, and fluorouracil. If any measurable contamination (cyclophosphamide levels
greater than 1.00 ng per cm2 have been found to cause human uptake) is found by any of
these quality assurance procedures, practitioners shall make the decision to identify,
document, and contain the cause of contamination. Such action may include retraining,
thorough cleaning (utilizing high-pH soap and water), and improving engineering controls.
Examples of improving engineering controls are (1) venting BSCs or CACIs 100% to the outside,
(2) implementing a CSTD, or (3) re-assessing types of BSCs or CACIs.
Disposal of all hazardous drug wastes shall comply with all applicable federal and state
regulations. All personnel who perform routine custodial waste removal and cleaning activities in
storage and preparation areas for hazardous drugs shall be trained in appropriate procedures to
protect themselves and prevent contamination.
RADIOPHARMACEUTICALS AS CSPS
In the case of production of radiopharmaceuticals for positron emission tomography (PET),
general test chapter Positron Emission Tomography Drugs for Compounding, Investigational,
and Research Uses 〈823〉 supersedes this chapter. Upon release of a PET radiopharmaceutical
as a finished drug product from a production facility, the further handling, manipulation, or use
of the product will be considered compounding, and the content of this section and chapter is
applicable.
For the purposes of this chapter, radiopharmaceuticals compounded from sterile components in
closed sterile containers and with a volume of 100 mL or less for a single-dose injection or not
more than 30 mL taken from a multiple-dose container (see Packaging and Storage
Requirements 〈659〉 (CN 1-May-2018) ) shall be designated as, and conform to, the standards for
Low-Risk Level CSPs.
These radiopharmaceuticals shall be compounded using appropriately shielded vials and syringes
in a properly functioning and certified ISO Class 5 (see Table 1) PEC located in an ISO Class 8
(see Table 1) or cleaner air environment to permit compliance with special handling, shielding,
and negative air flow requirements.
Radiopharmaceutical vials designed for multi-use, compounded with technetium-99m, exposed
to ISO Class 5 (see Table 1) environment, and punctured by needles with no direct contact
contamination may be used up to the time indicated by manufacturers' recommendations.
Storage and transport of properly shielded vials of radiopharmaceutical CSPs may occur in a
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limited access ambient environment without a specific ISO class designation.
Technetium-99m/molybdenum-99 generator systems shall be stored and eluted (operated)
under conditions recommended by manufacturers and applicable state and federal regulations.
Such generator systems shall be eluted in an ISO Class 8 (see Table 1) or cleaner air
environment to permit special handling, shielding, and air flow requirements. To limit acute and
chronic radiation exposure of inspecting personnel to a level that is as low as reasonably
achievable (ALARA), direct visual inspection of radiopharmaceutical CSPs containing high
concentrations of doses of radioactivity shall be conducted in accordance with ALARA.
Radiopharmaceuticals prepared as Low-Risk Level CSPs with 12-Hour or Less BUD shall be
prepared in a segregated compounding area. A line of demarcation defining the segregated
compounding area shall be established. Materials and garb exposed in a patient care and
treatment area shall not cross a line of demarcation into the segregated compounding area.
ALLERGEN EXTRACTS AS CSPS
Allergen extracts as CSPs are single-dose and multiple-dose intradermal or subcutaneous
injections that are prepared by specially trained physicians and personnel under their direct
supervision. Allergen extracts as CSPs are not subject to the personnel, environmental, and
storage requirements for all CSP Microbial Contamination Risk Levels in this chapter only when
all of the following criteria are met:
1. The compounding process involves simple transfer via sterile needles and syringes of
commercial sterile allergen products and appropriate sterile added substances (e.g.,
glycerin, phenol in sodium chloride injection).
2. All allergen extracts as CSPs shall contain appropriate substances in effective
concentrations to prevent the growth of microorganisms. Nonpreserved allergen
extracts shall comply with the appropriate CSP risk level requirements in the chapter.
3. Before beginning compounding activities, personnel perform a thorough hand-cleansing
procedure by removing debris from under fingernails using a nail cleaner under running
warm water followed by vigorous hand and arm washing to the elbows for at least 30
seconds with either nonantimicrobial or antimicrobial soap and water.
4. Compounding personnel don hair covers, facial hair covers, gowns, and face masks.
5. Compounding personnel perform antiseptic hand cleansing with an alcohol-based surgical
hand scrub with persistent activity.
6. Compounding personnel don powder-free sterile gloves that are compatible with sterile
70% isopropyl alcohol (IPA) before beginning compounding manipulations.
7. Compounding personnel disinfect their gloves intermittently with sterile 70% IPA when
preparing multiple allergen extracts as CSPs.
8. Ampul necks and vial stoppers on packages of manufactured sterile ingredients are
disinfected by careful wiping with sterile 70% IPA swabs to ensure that the critical sites
are wet for at least 10 seconds and allowed to dry before they are used to compound
allergen extracts as CSPs.
9. The aseptic compounding manipulations minimize direct contact contamination (e.g.,
from glove fingertips, blood, nasal and oral secretions, shed skin and cosmetics, other
nonsterile materials) of critical sites (e.g., needles, opened ampuls, vial stoppers).
10. The label of each multiple-dose vial (MDV) of allergen extracts as CSPs lists the name of

PF 44(5): Sep.-Oct. 2018

205

one specific patient and a BUD and storage temperature range that is assigned based
on manufacturers' recommendations or peer-reviewed publications.
11. Single-dose allergen extracts as CSPs shall not be stored for subsequent additional use.
Personnel who compound allergen extracts as CSPs must be aware of greater potential risk of
microbial and foreign material contamination when allergen extracts as CSPs are compounded in
compliance with the foregoing criteria instead of the more rigorous standards in this chapter for
CSP Microbial Contamination Risk Levels. Although contaminated allergen extracts as CSPs can
pose health risks to patients when they are injected intradermally or subcutaneously, these
risks are substantially greater if the extract is inadvertently injected intravenously.
VERIFICATION OF COMPOUNDING ACCURACY AND STERILITY
The compounding procedures and sterilization methods for CSPs correspond to correctly
designed and verified written documentation in the compounding facility. Verification requires
planned testing, monitoring, and documentation to demonstrate adherence to environmental
quality requirements, personnel practices, and procedures critical to achieving and maintaining
sterility, accuracy, and purity of finished CSPs. For example, sterility testing (see Test for
Sterility of the Product To Be Examined under Sterility Tests 〈71〉) may be applied to specimens
of low- and medium-risk level CSPs, and standard self-contained biological indicators (BI) shall
be added to nondispensable specimens of high-risk level CSPs before terminal sterilization for
subsequent evaluation to determine whether the sterilization cycle was adequate (see
Biological Indicators for Sterilization 〈1229.5〉). Packaged and labeled CSPs shall be visually
inspected for physical integrity and expected appearance, including final fill amount. The
accuracy of identities, concentrations, amounts, and purities of ingredients in CSPs shall be
confirmed by reviewing labels on packages, observing and documenting correct measurements
with approved and correctly standardized devices, and reviewing information in labeling and
certificates of analysis provided by suppliers. When the correct identity, purity, strength, and
sterility of ingredients and components of CSPs cannot be confirmed (in cases of, for example,
unlabeled syringes, opened ampuls, punctured stoppers of vials and bags, containers of
ingredients with incomplete labeling), such ingredients and components shall be discarded
immediately.
Some individual ingredients, such as bulk drug substances, are not labeled with expiration dates
when they are stable indefinitely in their commercial packages under their labeled storage
conditions. However, despite retaining full chemical stability, such ingredients may gain or lose
moisture during storage and use. Changes in moisture content may require testing (see Loss on
Drying 〈731〉) to determine the correct amount to weigh for accurate content of active
chemical moieties in CSPs (see Pharmaceutical Calculations in Pharmacy Practice 〈1160〉).
Although not required, a quantitative stability-indicating chemical assay is recommended to
ensure compounding accuracy of CSPs, especially those that contain drug ingredients with a
narrow therapeutic plasma concentration range.
Sterilization Methods
The licensed healthcare professionals who supervise compounding shall be responsible for
determining that the selected sterilization method (see Methods of Sterilization under Sterility
Assurance 〈1211〉 (CN 1-May-2018) ) both sterilizes and maintains the strength, purity, quality,
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and packaging integrity of CSPs. The selected sterilization process is obtained from experience
and appropriate information sources (e.g., see Sterility Assurance 〈1211〉 (CN 1-May-2018)
)—and, preferably, verified wherever possible—to achieve sterility in the particular CSPs.
General guidelines for matching CSPs and components to appropriate sterilization methods
include the following:
1. CSPs have been ascertained to remain physically and chemically stable when subjected
to the selected sterilization method.
2. Glass and metal devices may be covered tightly with aluminum foil, then exposed to dry
heat in an oven at a mean temperature of 250° for 30 minutes to achieve sterility and
depyrogenation (see Dry-Heat Sterilization under Sterility Assurance 〈1211〉
(CN 1-May-2018) and Bacterial Endotoxins Test 〈85〉). Such items are either used
immediately or stored until use in an environment suitable for compounding Low-Risk
Level CSPs and Medium-Risk Level CSPs.
3. Personnel ascertain from appropriate information sources that the sterile microporous
membrane filter used to sterilize CSP solutions, during either compounding or
administration, is chemically and physically compatible with the CSP.
sterilization of high-risk level cspsby filtration
Commercially available sterile filters shall be approved for human-use applications in sterilizing
pharmaceutical fluids. Sterile filters used to sterilize CSPs shall be pyrogen free and have a
nominal pore size of 0.2 or 0.22 µm. They shall be certified by the manufacturer to retain at
least 107 microorganisms of a strain of Brevundimonas (Pseudomonas) diminuta on each square
centimeter of upstream filter surface area under conditions similar to those in which the CSPs
will be sterilized (see High-Risk Conditions in High-Risk Level CSPs).
The compounding supervisor shall ensure, directly or from appropriate documentation, that the
filters are chemically and physically stable at the pressure and temperature conditions to be
used, that they have enough capacity to filter the required volumes, and that they will achieve
sterility and maintain prefiltration pharmaceutical quality, including strength of ingredients of
the specific CSP. The filter dimensions and liquid material to be sterile-filtered shall permit the
sterilization process to be completed rapidly, without the replacement of the filter during the
process. When CSPs are known to contain excessive particulate matter, a prefilter of larger
nominal pore size membrane is placed upstream from the sterilizing filter to remove gross
particulate contaminants in order to maximize the efficiency of the sterilizing filter.
Filter units used to sterilize CSPs shall also be subjected to manufacturers' recommended
integrity test, such as the bubble point test.
Compounding personnel shall ascertain that selected filters will achieve sterilization of the
particular CSPs being sterilized. Large deviations from usual or expected chemical and physical
properties of CSPs (e.g., water-miscible alcohols) may cause undetectable damage to filter
integrity and shrinkage of microorganisms to sizes smaller than filter nominal pore size.
sterilization of high-risk level cspsby steam
The process of thermal sterilization employing saturated steam under pressure, or autoclaving,
is the preferred method to terminally sterilize aqueous preparations that have been verified to
maintain their full chemical and physical stability under the conditions employed (see Steam
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Sterilization under Sterility Assurance 〈1211〉 (CN 1-May-2018) ). To achieve sterility, all
materials are to be exposed to steam at 121° under a pressure of about 1 atmosphere or 15 psi
for the duration verified by testing to achieve sterility of the items, which is usually 20 to 60
minutes for CSPs. An allowance shall be made for the time required for the material to reach
121° before the sterilization exposure duration is timed.
Not directly exposing items to pressurized steam may result in survival of microbial organisms
and spores. Before their sterilization, plastic, glass, and metal devices are tightly wrapped in
low-particle-shedding paper or fabrics or sealed in envelopes that prevent poststerilization
microbial penetration. Immediately before filling ampuls and vials that will be steam sterilized,
solutions are passed through a filter having a nominal pore size not larger than 1.2 µm for
removal of particulate matter. Sealed containers shall be able to generate steam internally;
thus, stoppered and crimped empty vials shall contain a small amount of moisture to generate
steam.
The description of steam sterilization conditions and duration for specific CSPs shall be included
in written documentation in the compounding facility. The effectiveness of steam sterilization
shall be verified using appropriate BIs of Bacillus stearothermophilus (see Biological Indicators
for Sterilization 〈1229.5〉) and other confirmation methods such as temperature-sensing devices
(see Sterility Assurance 〈1211〉 (CN 1-May-2018) and Sterility Tests 〈71〉).
sterilization of high-risk level cspsby dry heat
Dry heat sterilization is usually done as a batch process in an oven designed for sterilization.
Heated filtered air shall be evenly distributed throughout the chamber by a blower device. The
oven should be equipped with a system for controlling temperature and exposure period.
Sterilization by dry heat requires higher temperatures and longer exposure times than does
sterilization by steam. Dry heat shall be used only for those materials that cannot be sterilized
by steam, when either the moisture would damage the material or the material is impermeable.
During sterilization, sufficient space shall be left between materials to allow for good circulation
of the hot air. The description of dry heat sterilization conditions and duration for specific CSPs
shall be included in written documentation in the compounding facility. The effectiveness of dry
heat sterilization shall be verified using appropriate BIs of Bacillus subtilis (see Biological
Indicators for Sterilization 〈1229.5〉) and other confirmation methods such as temperaturesensing devices (see Sterility Assurance 〈1211〉 (CN 1-May-2018) and Sterility Tests 〈71〉).
[Note—Dry heat sterilization may be performed at a lower temperature than may be effective
for depyrogenation].
Depyrogenation by Dry Heat
Dry heat depyrogenation shall be used to render glassware or containers such as vials free from
pyrogens as well as viable microbes. A typical cycle would be 30 minutes at 250°. The
description of the dry heat depyrogenation cycle and duration for specific load items shall be
included in written documentation in the compounding facility. The effectiveness of the dry
heat depyrogenation cycle shall be verified using endotoxin challenge vials (ECVs). The
bacterial endotoxin test should be performed on the ECVs to verify that the cycle is capable of
achieving a 3-log reduction in endotoxin (see Sterility Assurance 〈1211〉 (CN 1-May-2018) and
Bacterial Endotoxins Test 〈85〉).
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ENVIRONMENTAL QUALITY AND CONTROL
Achieving and maintaining sterility and overall freedom from contamination of a CSP is
dependent on the quality status of the components incorporated, the process utilized,
personnel performance, and the environmental conditions under which the process is performed.
The standards required for the environmental conditions depend on the amount of exposure of
the CSP to the immediate environment anticipated during processing. The quality and control of
environmental conditions for each risk level of operation are explained in this section. In
addition, operations using nonsterile components require the use of a method of preparation
designed to produce a sterile preparation.
Exposure of Critical Sites
Maintaining the sterility and cleanliness (i.e., freedom from sterile foreign materials) of critical
sites is a primary safeguard for CSPs. Critical sites are locations that include any component or
fluid pathway surfaces (e.g., vial septa, injection ports, beakers) or openings (e.g., opened
ampuls, needle hubs) exposed and at risk of direct contact with air (e.g., ambient room or HEPA
filtered), moisture (e.g., oral and mucosal secretions), or touch contamination. The risk of, or
potential for, critical sites to be contaminated with microorganisms and foreign matter increases
with increasing exposed area of the critical sites, the density or concentration of contaminants,
and exposure duration to worse than ISO Class 5 (see Table 1) air. Examples include an opened
ampul or vial stopper on a 10-mL or larger vial or an injection port on a package of intravenous
solution having an area larger than the point of a needle or the tip of a syringe.
The nature of a critical site also affects the risk of contamination. The relatively rough,
permeable surface of an elastomeric closure retains microorganisms and other contaminants
after swabbing with a sterile 70% IPA pad more readily than does the smoother glass surface of
the neck of an ampul. Therefore, the surface disinfection can be expected to be more effective
for an ampul.
Protection of critical sites by precluding physical contact and airborne contamination shall be
given the highest priority in sterile compounding practice. Airborne contaminants, especially
those generated by sterile compounding personnel, are much more likely to reach critical sites
than are contaminants that are adhering to the floor or other surfaces below the work level.
Furthermore, large and high-density particles that are generated and introduced by
compounding manipulations and personnel have the potential to settle on critical sites even
when those critical sites are exposed within ISO Class 5 (see Table 1) air.
ISO Class 5 Air Sources, Buffer Areas, and Ante-Areas
The most common sources of ISO Class 5 (see Table 1) air quality for exposure of critical sites
are horizontal and vertical LAFWs, CAIs, and CACIs. A clean room (see Microbiological Control
and Monitoring of Aseptic Processing Environments 〈1116〉) is a compounding environment that
is supplied with HEPA or HEPA-filtered air that meets ISO Class 7 (see Table 1), the access to
which is limited to personnel trained and authorized to perform sterile compounding and facility
cleaning. A buffer area is an area that provides at least ISO Class 7 (see Table 1) air quality.
Figure 1 is a conceptual representation of the placement of an ISO Class 5 (see Table 1) PEC in
a segregated compounding area used for low-risk level CSPs with 12-hour or less BUD. This plan
depicts the most critical operation area located within the PEC in a designated area (see
definition of Segregated Compounding Area) separated from activities not essential to the
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preparation of CSPs. Placement of devices (e.g., computers, printers) and objects (e.g., carts,
cabinets) that are not essential to compounding in the segregated area should be restricted or
limited, depending on their effect on air quality in the ISO Class 5 (see Table 1) PEC.

Figure 1. Conceptual representation of the placement of an ISO Class 5 PEC in a segregated
compounding area used for low-risk level CSPs with 12-hour or less BUD.
Figure 2 is a conceptual representation of the arrangement of a facility for preparation of CSPs
categorized as low-, medium-, and high-risk level. The quality of the environmental air
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increases with movement from the outer boundary to the direct compounding area (DCA).
Placement of devices in ante-areas and buffer areas is dictated by their effect on the
designated environmental quality of atmospheres and surfaces, which shall be verified by
monitoring (see Viable and Nonviable Environmental Sampling (ES) Testing). It is the
responsibility of each compounding facility to ensure that each source of ISO Class 5 (see
Table 1) environment for exposure of critical sites and sterilization by filtration is properly
located, operated, maintained, monitored, and verified.

Figure 2. Conceptual representation of the arrangementof a facility for preparation of CSPs

210
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categorized as low-, medium-, and high-risk level.
Placement of devices (e.g., computers, printers) and objects (e.g., carts, cabinets) that are
not essential to compounding in buffer areas is dictated by their effect on the required
environmental quality of air atmospheres and surfaces, which shall be verified by monitoring
(see Viable and Nonviable Environmental Sampling (ES) Testing). It is the responsibility of each
compounding facility to ensure that each source of ISO Class 5 (see Table 1) environment for
exposure of critical sites and sterilization by filtration is properly located, operated, maintained,
monitored, and verified.
Facility Design and Environmental Controls
Compounding facilities are physically designed and environmentally controlled to minimize
airborne contamination from contacting critical sites. These facilities shall also provide a
comfortable and well-lighted working environment, which typically includes a temperature of
20° or cooler, to maintain comfortable conditions for compounding personnel to perform
flawlessly when attired in the required aseptic compounding garb. PECs typically include, but
are not limited to, LAFWs, BSCs, CAIs, and CACIs, which provide an ISO Class 5 (see Table 1)
environment for the exposure of critical sites. PECs shall maintain ISO Class 5 (see Table 1) or
better conditions for 0.5-µm particles (dynamic operating conditions) while compounding CSPs.
Secondary engineering controls such as buffer areas and ante-areas generally serve as a core
for the location of the PEC. Buffer areas are designed to maintain at least ISO Class 7 (see
Table 1) conditions for 0.5-µm particles under dynamic conditions and ISO Class 8 (see Table
1) conditions for 0.5-µm and larger particles under dynamic conditions for the ante-areas.
Airborne contamination control is achieved in the PEC through the use of HEPA filters. The
airflow in the PEC shall be unidirectional (laminar flow), and because of the particle collection
efficiency of the filter, the “first air” at the face of the filter is, for the purposes of aseptic
compounding, free from airborne particulate contamination. HEPA-filtered air shall be supplied in
critical areas (ISO Class 5, see Table 1) at a velocity sufficient to sweep particles away from
the compounding area and maintain unidirectional airflow during operations. Proper design and
control prevents turbulence and stagnant air in the critical area. In situ air pattern analysis via
smoke studies shall be conducted at the critical area to demonstrate unidirectional airflow and
sweeping action over and away from the product under dynamic conditions.
The principles of HEPA-filtered unidirectional airflow in the work environment shall be
understood and practiced in the compounding process in order to achieve the desired
environmental conditions. Policies and procedures for maintaining and working within the PEC
area shall be written and followed. The policies and procedures will be determined by the scope
and risk levels of the aseptic compounding activities utilized during the preparation of the CSPs.
The CSP work environment is designed to have the cleanest work surfaces (PEC) located in a
buffer area. The buffer area shall maintain at least ISO Class 7 (see Table 1) conditions for
0.5-µm and larger particles under dynamic operating conditions. The room shall be segregated
from surrounding, unclassified spaces to reduce the risk of contaminants being blown, dragged,
or otherwise introduced into the filtered unidirectional airflow environment, and this segregation
shall be continuously monitored. For rooms providing a physical separation through the use of
walls, doors, and pass-throughs, a minimum differential positive pressure of 0.02- to 0.05-inch
water column is required. For buffer areas not physically separated from the ante-areas, the
principle of displacement airflow shall be employed. This concept utilizes a low pressure
differential, high airflow principle. Using displacement airflow typically requires an air velocity of

PF 44(5): Sep.-Oct. 2018

212

40 ft per minute or more from the buffer area across the line of demarcation into the antearea.
The displacement concept shall not be used for high-risk compounding.4 The PEC shall be
placed within a buffer area in such a manner as to avoid conditions that could adversely affect
their operation. For example, strong air currents from opened doors, personnel traffic, or air
streams from the HVAC systems can disrupt the unidirectional airflow in open-faced
workbenches. The operators may also create disruptions in airflow by their own movements and
by the placement of objects onto the work surface. The PEC shall be placed out of the traffic
flow and in a manner to avoid disruption from the HVAC system and room cross-drafts. Room air
exchanges are typically expressed as ACPHs. Adequate HEPA-filtered airflow supplied to the
buffer area and ante-area is required to maintain cleanliness classification during operational
activity through the number of ACPHs. Factors that should be considered when determining airchange requirements include number of personnel working in the room and compounding
processes that generate particulates, as well as temperature effects. An ISO Class 7 (see
Table 1) buffer area and ante-area supplied with HEPA-filtered air shall receive an ACPH of not
less than 30. The PEC is a good augmentation to generating air changes in the air supply of an
area but cannot be the sole source of HEPA-filtered air. If the area has an ISO Class 5 (see
Table 1) recirculating device, a minimum of 15 ACPHs through the area supply HEPA filters is
adequate, providing the combined ACPH is not less than 30. More air changes may be required,
depending on the number of personnel and processes. HEPA-filtered supply air shall be
introduced at the ceiling, and returns should be mounted low on the wall, creating a general
top-down dilution of area air with HEPA-filtered make-up air. Ceiling-mounted returns are not
recommended. All HEPA filters should be efficiency tested using the most penetrating particle
size and should be leak tested at the factory and then leak tested again in situ after
installation.5
Activities and tasks carried out within the buffer area shall be limited to only those necessary
when working within a controlled environment. Only the furniture, equipment, supplies, and
other material required for the compounding activities to be performed shall be brought into the
area, and they shall be nonpermeable, nonshedding, cleanable, and resistant to disinfectants.
Whenever such items are brought into the area, they shall first be cleaned and disinfected.
Whenever possible, equipment and other items used in the buffer area shall not be taken out of
the area except for calibration, servicing, or other activities associated with the proper
maintenance of the item.
The surfaces of ceilings, walls, floors, fixtures, shelving, counters, and cabinets in the buffer
area shall be smooth, impervious, free from cracks and crevices, and nonshedding, thereby
promoting cleanability and minimizing spaces in which microorganisms and other contaminants
may accumulate. The surfaces shall be resistant to damage by disinfectant agents. Junctures
of ceilings to walls shall be coved or caulked to avoid cracks and crevices where dirt can
accumulate. If ceilings consist of inlaid panels, the panels shall be impregnated with a polymer
to render them impervious and hydrophobic, and they shall be caulked around each perimeter to
seal them to the support frame. Walls may be constructed of flexible material (e.g., heavy
gauge polymer), panels locked together and sealed, or of epoxy-coated gypsum board.
Preferably, floors are overlaid with wide sheet vinyl flooring with heat-welded seams and coving
to the sidewall. Dust-collecting overhangs, such as ceiling utility pipes, and ledges, such as
windowsills, should be avoided. The exterior lens surface of ceiling lighting fixtures should be
smooth, mounted flush, and sealed. Any other penetrations through the ceiling or walls shall be
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sealed. The buffer area shall not contain sources of water (sinks) or floor drains. Work surfaces
shall be constructed of smooth, impervious materials, such as stainless steel or molded plastic,
so that they are easily cleaned and disinfected. Carts should be of stainless steel wire,
nonporous plastic, or sheet metal construction with good quality, cleanable casters to promote
mobility. Storage shelving, counters, and cabinets shall be smooth, impervious, free from cracks
and crevices, nonshedding, cleanable, and disinfectable; their number, design, and manner of
installation shall promote effective cleaning and disinfection.
Placement of Primary Engineering Controls
PECs (LAFWs, BSCs, CAIs, and CACIs) shall be located within a restricted access ISO Class 7
(see Table 1) buffer area (see Figure 1), with the following CAI/CACI exceptions below:
Only authorized personnel and materials required for compounding and cleaning shall be
permitted in the buffer area.
Presterilization procedures for high-risk level CSPs, such as weighing and mixing, shall be
completed in no worse than an ISO Class 8 (see Table 1) environment.
PECs shall be located out of traffic patterns and away from room air currents that could
disrupt the intended airflow patterns.
CAIs and CACIs shall be placed in an ISO Class 7 (see Table 1) buffer area unless they meet all
of the following conditions:
The isolator shall provide isolation from the room and maintain ISO Class 5 (see Table 1)
during dynamic operating conditions, including transferring ingredients, components, and
devices into and out of the isolator and during preparation of CSPs.
Particle counts sampled approximately 6 to 12 inches upstream of the critical exposure
site shall maintain ISO Class 5 (see Table 1) levels during compounding operations.
Not more than 3520 particles (0.5 µm and larger) per m3 shall be counted during
material transfer, with the particle counter probe located as near to the transfer door
as possible without obstructing the transfer.6
It is incumbent on the compounding personnel to obtain documentation from the manufacturer
that the CAI/CACI will meet this standard when located in environments where the background
particle counts exceed ISO Class 8 (see Table 1) for 0.5-µm and larger particles. When
isolators are used for sterile compounding, the recovery time to achieve ISO Class 5 (see Table
1) air quality shall be documented and internal procedures developed to ensure that adequate
recovery time is allowed after material transfer before and during compounding operations.
If the PEC is a CAI or CACI that does not meet the requirements above or is a LAFW or BSC
that cannot be located within an ISO Class 7 (see Table 1) buffer area, then only low-risk level
nonhazardous and radiopharmaceutical CSPs pursuant to a physician order for a specific patient
may be prepared, and administration of the CSP shall commence within 12 hours of preparation
or as recommended in the manufacturer's package insert, whichever is less.
Viable and Nonviable Environmental Sampling (ES) Testing
The ES program should provide information to staff and leadership to demonstrate that the PEC
is maintaining an environment within the compounding area that consistently ensures
acceptably low viable and nonviable particle levels. The compounding area includes the ISO
Class 5 (see Table 1) PEC (LAFWs, BSCs, CAIs, and CACIs), buffer areas, ante-areas, and
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segregated compounding areas.
Environmental sampling shall occur as part a comprehensive quality management program and
shall occur minimally under any of the following conditions:
as part of the commissioning and certification of new facilities and equipment;
following any servicing of facilities and equipment;
as part of the re-certification of facilities and equipment (i.e., every 6 months);
in response to identified problems with end products or staff technique; or
in response to issues with CSPs, observed compounding personnel work practices, or
patient-related infections (where the CSP is being considered as a potential source of
the infection).
ENVIRONMENTAL NONVIABLE PARTICLE TESTING PROGRAM
A program to sample nonviable airborne particles differs from that for viable particles in that it
is intended to directly measure the performance of the engineering controls used to create the
various levels of air cleanliness, for example, ISO Class 5, 7, or 8 (see Table 1).
Engineering Control Performance Verification—PECs (LAFWs, BSCs, CAIs, and CACIs) and
secondary engineering controls (buffer and ante-areas) are essential components of the overall
contamination control strategy for aseptic compounding. As such, it is imperative that they
perform as designed and that the resulting levels of contamination be within acceptable limits.
Certification procedures such as those outlined in Certification Guide for Sterile Compounding
Facilities (CAG-003-2006)7 shall be performed by a qualified individual no less than every 6
months and whenever the device or room is relocated or altered or major service to the facility
is performed.
Total Particle Counts—Certification that each ISO classified area, for example, ISO Class 5, 7,
and 8 (see Table 1), is within established guidelines shall be performed no less than every 6
months and whenever the LAFW, BSC, CAI, or CACI is relocated or the physical structure of
the buffer area or ante-area has been altered. Testing shall be performed by qualified operators
using current, state-of-the-art electronic equipment with results of the following:
ISO Class 5: not more than 3520 particles 0.5 µm and larger size per cubic meter of air
for any LAFW, BSC, CAI, and CACI;
ISO Class 7: not more than 352,000 particles of 0.5 µm size and larger per cubic meter
of air for any buffer area;
ISO Class 8: not more than 3,520,000 particles or 0.5 µm size and larger per cubic
meter of air for any ante-area.
All certification records shall be maintained and reviewed by supervising personnel or other
designated employees to ensure that the controlled environments comply with the proper air
cleanliness, room pressures, and ACPHs.
PRESSURE DIFFERENTIAL MONITORING
A pressure gauge or velocity meter shall be installed to monitor the pressure differential or
airflow between the buffer area and the ante-area and between the ante-area and the general
environment outside the compounding area. The results shall be reviewed and documented on a
log at least every work shift (minimum frequency shall be at least daily) or by a continuous
recording device. The pressure between the ISO Class 7 (see Table 1) and the general
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pharmacy area shall not be less than 5 Pa (0.02 inch water column). In facilities where lowand medium-risk level CSPs are prepared, differential airflow shall maintain a minimum velocity of
0.2 meters per second (40 feet per minute) between buffer area and ante-area.
ENVIRONMENTAL VIABLE AIRBORNE PARTICLE TESTING PROGRAM
The risk of contaminating a CSP prepared under low-risk level and medium-risk level conditions
is highly dependent on proper hand hygiene and garbing practices, compounding personnel
aseptic technique, and the presence of surface contamination, assuming that all work is
performed in a certified and properly functioning ISO Class 5 (see Table 1) PEC and secondary
engineering controls, ISO Class 7 (see Table 1) buffer area, and ISO Class 8 (see Table 1)
ante-area. High-risk level CSPs pose the greatest threat to patients because compounding
personnel are tasked with the requirement of processing nonsterile components and devices in
order to achieve sterility.
A sampling program in conjunction with an observational audit is designed to evaluate the
competency of compounding personnel work practices, allowing for the implementation of
corrective actions on an ongoing basis (see Personnel Training and Competency Evaluation of
Garbing, Aseptic Work Practices and Cleaning/Disinfection Procedures).
Sampling Plan—An appropriate environmental sampling plan shall be developed for airborne
viable particles based on a risk assessment of compounding activities performed.
Selected sampling sites shall include locations within each ISO Class 5 (see Table 1)
environment and in the ISO Class 7 and 8 (see Table 1) areas and in the segregated
compounding areas at greatest risk of contamination (e.g., work areas near the ISO Class 5
[see Table 1] environment, counters near doors, pass-through boxes). The plan shall include
sample location, method of collection, frequency of sampling, volume of air sampled, and time
of day as related to activity in the compounding area and action levels.
Review of the data generated during a sampling event may detect elevated amounts of
airborne microbial bioburden; such changes may be indicative of adverse changes within the
environment. It is recommended that compounding personnel refer to Microbiological Control
and Monitoring of Aseptic Processing Environments 〈1116〉 and the CDC's “Guidelines for
Environmental Infection Control in Healthcare Facilities, 2003” for more information.
Growth Medium—A general microbiological growth medium such as Soybean–Casein Digest
Medium shall be used to support the growth of bacteria. Malt extractagar or some other media
that supports the growth of fungi shall be used inhigh-risk level compounding environments.
Media used for surface sampling must be supplemented with additives to neutralize the effects
of disinfecting agents (e.g., TSA with lecithin and polysorbate 80).
Viable Air Sampling—Evaluation of airborne microorganisms using volumetric collection
methods in the controlled air environments (LAFWs, CAIs, clean room or buffer areas, and anteareas) shall be performed by properly trained individuals for all compounding risk levels.
Impaction shall be the preferred method of volumetric air sampling. Use of settling plates for
qualitative air sampling may not be able to determine adequately the quality of air in the
controlled environment. The settling of particles by gravity onto culture plates depends on the
particle size and may be influenced by air movement. Consequently, the number of colonyforming units (cfu) on a settling plate may not always relate to the concentrations of viable
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particles in the sampled environment.
For low-, medium-, and high-risk level compounding, air sampling shall be performed at locations
that are prone to contamination during compounding activities and during other activities such
as staging, labeling, gowning, and cleaning. Locations shall include zones of air backwash
turbulence within LAFW and other areas where air backwash turbulence may enter the
compounding area (doorways, in and around ISO Class 5 [see Table 1] PEC and environments).
Consideration should be given to the overall effect the chosen sampling method will have on
the unidirectional airflow within a compounding environment.
For low-risk level CSPs with 12-hour or less BUD prepared in a PEC (LAFWs, BSCs, CAIs) that
maintains an ISO Class 5 (see Table 1), air sampling shall be performed at locations inside the
ISO Class 5 (see Table 1) environment and other areas that are in close proximity to the ISO
Class 5 (see Table 1) environment during the certification of the PEC.
Air Sampling Devices—There are a number of manufacturers of electronic air sampling
equipment. It is important that personnel refer to the manufacturer's recommended procedures
when using the equipment to perform volumetric air sampling procedures. The instructions in
the manufacturer's user's manual for verification and use of electric air samplers that actively
collect volumes of air for evaluation must be followed. A sufficient volume of air (400 to 1000
liters) shall be tested at each location in order to maximize sensitivity. The volumetric air
sampling devices need to be serviced and calibrated as recommended by the manufacturer.
It is recommended that compounding personnel also refer to Methodology and Instrumentation
for Quantitation of Viable Airborne Microorganisms under Microbiological Control and Monitoring
of Aseptic Processing Environments 〈1116〉, which provides more information on the use of
volumetric air samplers and volume of air that should be sampled to detect environmental
bioburden excursions.
Air Sampling Frequency and Process—Air sampling shall be performed at least semiannually
(i.e., every 6 months) as part of the re-certification of facilities and equipment. If compounding
occurs in multiple locations within an institution (e.g., main pharmacy, satellites), environmental
sampling is required for each individual compounding area. A sufficient volume of air shall be
sampled and the manufacturer's guidelines for use of the electronic air sampling equipment
followed. Any facility construction or equipment servicing may require that air sampling be
performed during these events.
Incubation Period—At the end of the designated sampling or exposure period for air sampling
activities, the microbial growth media plates are recovered and their covers secured (e.g.,
taped), and they are inverted and incubated at a temperature and for a time period conducive
to multiplication of microorganisms. TSA should be incubated at 30° to 35° for 48 to 72 hours.
Malt extract agar or other suitable fungal media should be incubated at 26° to 30° for 5 to 7
days. The number of discrete colonies of microorganisms are counted and reported as cfu and
documented on an environmental sampling form. Counts from air sampling need to be
transformed into cfu per cubic meter of air and evaluated for adverse trends.
Action Levels, Documentation, and Data Evaluation—The value of viable microbial sampling
of the air in the compounding environment is realized when the data are used to identify and
correct an unacceptable situation. Sampling data shall be collected and reviewed on a periodic
basis as a means of evaluating the overall control of the compounding environment. If an
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activity consistently shows elevated levels of microbial growth, competent microbiology
personnel shall be consulted.
Any cfu count that exceeds its respective action level (see Table 2) should prompt a reevaluation of the adequacy of personnel work practices, cleaning procedures, operational
procedures, and air filtration efficiency within the aseptic compounding location. An
investigation into the source of the contamination shall be conducted. Sources could include
HVAC systems, damaged HEPA filters, and changes in personnel garbing or work practices. The
source of the problem shall be eliminated, the affected area cleaned, and resampling performed.
Counts of cfu are to be used as an approximate measure of the environmental microbial
bioburden. Action levels are determined on the basis of cfu data gathered at each sampling
location and trended over time. The numbers in Table 2 should be used only as guidelines.
Regardless of the number of cfu identified in the pharmacy, further corrective actions will be
dictated by the identification of microorganisms recovered (at least the genus level) by an
appropriate credentialed laboratory of any microbial bioburden captured as a cfu using an
impaction air sampler. Highly pathogenic microorganisms (e.g., Gram-negative rods, coagulase
positive staphylococcus, molds and yeasts) can be potentially fatal to patients receiving CSPs
and must be immediately remedied, regardless of cfu count, with the assistance of a competent
microbiologist, infection control professional, or industrial hygienist.
Table 2. Recommended Action Levels for Microbial Contamination*
†(cfu per cubic meter [1000 liters] of air per plate)
Classification
Air Sample†
ISO Class 5
>1
ISO Class 7
> 10
ISO Class 8 or worse
> 100
* Guidance for Industry–Sterile Drug Products Produced by Aseptic Processing–Current
Good Manufacturing Practice–US HHS, FDA September 2004.
Additional Personnel Requirements
Food, drinks, and materials exposed in patient care and treatment areas shall not enter anteareas, buffer areas, or segregated compounding areas where components and ingredients of
CSPs are present. When compounding activities require the manipulation of a patient's bloodderived or other biological material (e.g., radiolabeling a patient's or donor's white blood cells),
the manipulations shall be clearly separated from routine material-handling procedures and
equipment used in CSP preparation activities, and they shall be controlled by specific SOPs in
order to avoid any cross-contamination. Packaged compounding supplies and components, such
as needles, syringes, tubing sets, and small- and large-volume parenterals, should be
uncartoned and wiped down with a disinfectant that does not leave a residue (e.g., sterile 70%
IPA), when possible in an ante-area of ISO Class 8 (see Table 1) air quality, before being
passed into the buffer areas. Personnel hand hygiene and garbing procedures are also
performed in the ante-area, which may contain a sink that enables hands-free use with a
closed system of soap dispensing to minimize the risk of extrinsic contamination. There shall be
some demarcation designation that separates the ante-area from the buffer area. Adequate
provision for performing antiseptic hand cleansing using an alcohol-based surgical hand scrub
with persistent activity followed by the donning of sterile gloves should be provided after entry
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into the buffer area.
Cleaning and Disinfecting the Compounding Area
Environmental contact is a major source of microbial contamination of CSPs. Consequently,
scrupulous attention to cleaning and disinfecting the sterile compounding areas is required to
minimize this as a source of CSP contamination.
The cleaning and disinfecting practices and frequencies in this section apply to ISO Class 5
(see Table 1) compounding areas for exposure of critical sites as well as buffer areas, anteareas, and segregated compounding areas. Compounding personnel are responsible for ensuring
that the frequency of cleaning is in accordance with the requirements stated in Table 3 and
determining the cleaning and disinfecting products to be used (see Appendix II). Any
organizational or institutional policies regarding disinfectant selection should be considered by
compounding personnel. All cleaning and disinfecting practices and policies for the compounding
of CSPs shall be included in written SOPs and shall be followed by all compounding personnel.
Table 3. Minimum Frequency of Cleaning and Disinfecting Compounding Areas
Site
Minimum Frequency
ISO Class 5 (see
At the beginning of each shift, before each batch, not longer than
Table 1) Primary
30 minutes following the previous surface disinfection when
Engineering Control
ongoing compounding activities are occurring, after spills, and
(e.g., LAFW, BSC,
when surface contamination is known or suspected
CAI, CACI)
Counters and easily
Daily
cleanable work
surfaces
Floors
Daily
Walls
Monthly
Ceilings
Monthly
Storage shelving
Monthly
The selection and use of disinfectants in healthcare facilities is guided by several properties,
such as microbicidal activity, inactivation by organic matter, residue, and shelf life (see
Appendix II). In general, highly toxic disinfectants, such as glutaraldehyde, are not used on
housekeeping surfaces (e.g., floors, countertops). Many disinfectants registered by the EPA are
one-step disinfectants. This means that the disinfectant has been formulated to be effective in
the presence of light to moderate soiling without a pre-cleaning step.
Surfaces in LAFWs, BSCs, CAIs, and CACIs, which are intimate to the exposure of critical sites,
require disinfecting more frequently than do housekeeping surfaces such as walls and ceilings.
Disinfecting sterile compounding areas shall occur on a regular basis at the intervals noted in
Table 3 when spills occur, when the surfaces are visibly soiled, and when microbial
contamination is known to have been or is suspected of having been introduced into the
compounding areas.
When the surface to be disinfected has heavy soiling, a cleaning step is recommended prior to
the application of the disinfectant. Trained compounding personnel are responsible for
developing, implementing, and practicing the procedures for cleaning and disinfecting the DCAs
written in the SOPs. Cleaning and disinfecting shall occur before compounding is performed.
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Items shall be removed from all areas to be cleaned, and surfaces shall be cleaned by removing
loose material and residue from spills; for example, water-soluble solid residues are removed
with sterile water (for injection or irrigation) and low-shedding wipes. This shall be followed by
wiping with a residue-free disinfecting agent such as sterile 70% IPA, which is allowed to dry
before compounding begins.
Cleaning and disinfecting surfaces in the LAFWs, BSCs, CAIs, and CACIs are the most critical
practices before the preparation of CSPs. Consequently, such surfaces shall be cleaned and
disinfected frequently, including at the beginning of each work shift, before each batch
preparation is started, every 30 minutes during continuous compounding periods of individual
CSPs, when there are spills, and when surface contamination is known or suspected from
procedural breaches.
Work surfaces in the ISO Class 7 (see Table 1) buffer areas and ISO Class 8 (see Table 1)
ante-areas as well as segregated compounding areas shall be cleaned and disinfected at least
daily, and dust and debris shall be removed when necessary from storage sites for compounding
ingredients and supplies using a method that does not degrade the ISO Class 7 or 8 (see Table
1) air quality (seeDisinfectants and Antiseptics 〈1072〉).
Floors in the buffer or clean area, ante-area, and segregated compounding area are cleaned by
mopping with a cleaning and disinfecting agent once daily at a time when no aseptic operations
are in progress. Mopping shall be performed by trained personnel using approved agents and
procedures described in the written SOPs. It is incumbent on compounding personnel to ensure
that such cleaning is performed properly. In the buffer or clean area, ante-area, and
segregated compounding area, walls, ceilings, and shelving shall be cleaned and disinfected
monthly. Cleaning and disinfecting agents are to be used with careful consideration of
compatibilities, effectiveness, and inappropriate or toxic residues (see Appendix II). Their
schedules of use and methods of application shall be in accordance with written SOPs and
followed by custodial or compounding personnel.
All cleaning materials, such as wipers, sponges, and mops, shall be nonshedding, preferably
composed of synthetic micro fibers, and dedicated to use in the buffer or clean area, antearea, and segregated compounding areas and shall not be removed from these areas except for
disposal. Floor mops may be used in both the buffer or clean area and ante-area, but only in
that order. Ideally, all cleaning tools are discarded after one use by collection in suitable plastic
bags and removed with minimal agitation. If cleaning materials (e.g., mops) are reused,
procedures shall be developed (based on manufacturers' recommendations) that ensure that
the effectiveness of the cleaning device is maintained and that repeated use does not add to
the bioburden of the area being cleaned.
Supplies and equipment removed from shipping cartons shall be wiped with a suitable
disinfecting agent (e.g., sterile 70% IPA) delivered from a spray bottle or other suitable delivery
method. After the disinfectant is sprayed or wiped on a surface to be disinfected, the
disinfectant shall be allowed to dry, during which time the item shall not be used for
compounding purposes.
Wiping with small sterile 70% IPA swabs that are commercially available in individual foil-sealed
packages (or a comparable method) is preferred for disinfecting entry points on bags and vials,
allowing the IPA to dry before piercing stoppers with sterile needles and breaking necks of
ampuls. The surface of the sterile 70% IPA swabs used for disinfecting entry points of sterile
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packages and devices shall not contact any other object before contacting the surface of the
entry point. Sterile 70% IPA wetted gauze pads or other particle-generating material shall not
be used to disinfect the sterile entry points of packages and devices.
When sterile supplies are received in sealed pouches designed to keep them sterile until
opening, the sterile supplies may be removed from the covering pouches as the supplies are
introduced into the ISO Class 5 (see Table 1) PEC (LAFW, BSC, CAI, CACI) without the need to
disinfect the individual sterile supply items. No shipping or other external cartons may be taken
into the buffer or clean area or segregated compounding area.
Personnel Cleansing and Garbing
The careful cleansing of hands and arms and the correct donning of PPE by compounding
personnel constitute the first major step in preventing microbial contamination in CSPs.
Personnel shall also be thoroughly competent and highly motivated to perform flawless aseptic
manipulations with ingredients, devices, and components of CSPs. Squamous cells are normally
shed from the human body at a rate of 106 or more per hour, and those skin particles are laden
with microorganisms.8,9 When individuals are experiencing rashes, sunburn, weeping sores,
conjunctivitis, active respiratory infection, as well as when they wear cosmetics, they shed
these particles at even higher rates. Particles shed from compounding personnel pose an
increased risk of microbial contamination of critical sites of CSPs. Therefore, compounding
personnel with such conditions as mentioned above shall be excluded from working in ISO Class
5 (see Table 1) and ISO Class 7 (see Table 1) compounding areas until their conditions are
remedied.
Before entering the buffer area or segregated compounding area (see Low-Risk Level CSPs with
12-Hour or Less BUD), compounding personnel shall remove personal outer garments (e.g.,
bandannas, coats, hats, jackets, scarves, sweaters, vests); all cosmetics, because they shed
flakes and particles; and all hand, wrist, and other visible jewelry or piercings (e.g., earrings, lip
or eyebrow piercings) that can interfere with the effectiveness of PPE (e.g., fit of gloves and
cuffs of sleeves). The wearing of artificial nails or extenders is prohibited while working in the
sterile compounding environment. Natural nails shall be kept neat and trimmed.
Personnel shall don the following PPE in an order that proceeds from those activities considered
the dirtiest to those considered the cleanest. Garbing activities considered the dirtiest include
donning of dedicated shoes or shoe covers, head and facial hair covers (e.g., beard covers in
addition to face masks), and face masks/eye shields. Eye shields are optional unless working
with irritants such as germicidal disinfecting agents or when preparing hazardous drugs.
After donning dedicated shoes or shoe covers, head and facial hair covers, and face masks, a
hand cleansing procedure shall be performed by removing debris from underneath fingernails
using a nail cleaner under running warm water followed by vigorous hand washing. Hands and
forearms shall be washed to the elbows for at least 30 seconds with soap (either
nonantimicrobial or antimicrobial) and water while in the ante-area. The use of antimicrobial
scrub brushes is not recommended because they can cause skin irritation and skin damage.
Hands and forearms to the elbows will be completely dried using either lint-free disposable
towels or an electronic hand dryer. After completion of hand washing, a nonshedding gown with
sleeves that fit snugly around the wrists and enclosed at the neck is donned. Gowns
designated for buffer area use shall be worn, and preferably they should be disposable. If

PF 44(5): Sep.-Oct. 2018

221

reusable gowns are worn, they should be laundered appropriately for buffer area use.
Once inside the buffer area or segregated compounding area (see Low-Risk Level CSPs with 12Hour or Less BUD), and prior to donning sterile powder-free gloves, antiseptic hand cleansing
shall be performed using a waterless alcohol-based surgical hand scrub with persistent
activity10 following manufacturers' recommendations. Hands are allowed to dry thoroughly
before donning sterile gloves.
Sterile gloves shall be the last item donned before compounding begins. Gloves become
contaminated when they contact nonsterile surfaces during compounding activities. Disinfection
of contaminated gloved hands may be accomplished by wiping or rubbing sterile 70% IPA to all
contact surface areas of the gloves and letting the gloved hands dry thoroughly. Only use
gloves that have been tested for compatibility with alcohol disinfection by the manufacturer.
Routine application of sterile 70% IPA shall occur throughout the compounding process and
whenever nonsterile surfaces (e.g. vials, counter tops, chairs, carts) are touched. Gloves on
hands shall also be routinely inspected for holes, punctures, or tears and replaced immediately
if such are detected. Antiseptic hand cleansing shall be performed as indicated above.
Compounding personnel shall be trained and evaluated in the avoidance of touching critical
sites.
When compounding personnel exit the compounding area during a work shift, the exterior gown
may be removed and retained in the compounding area if not visibly soiled, to be re-donned
during that same work shift only. However, shoe covers, hair and facial hair covers, face
masks/eye shields, and gloves shall be replaced with new ones before re-entering the
compounding area, and proper hand hygiene shall be performed.
During high-risk compounding activities that precede terminal sterilization, such as weighing and
mixing of nonsterile ingredients, compounding personnel shall be garbed and gloved the same as
when performing compounding in an ISO Class 5 (see Table 1) environment. Properly garbed
and gloved compounding personnel who are exposed to air quality that is either known or
suspected to be worse than ISO Class 7 (see Table 1) shall re-garb PPE along with washing
their hands properly, performing antiseptic hand cleansing with a waterless alcohol-based
surgical hand scrub, and donning sterile gloves upon re-entering the ISO Class 7 (see Table 1)
buffer area. When CAIs and CACIs are the source of the ISO Class 5 (see Table 1)
environment, the garbing and gloving requirements for compounding personnel should be as
described above, unless the isolator manufacturer can provide written documentation based on
validated environmental testing that any component(s) of PPE or personnel cleansing are not
required.
Personnel Training and Competency Evaluation of Garbing, Aseptic Work Practices, and
Cleaning/Disinfection Procedures
Personnel who prepare CSPs shall be trained conscientiously and skillfully by expert personnel
and through multimedia instructional sources and professional publications in the theoretical
principles and practical skills of garbing procedures, aseptic work practices, achieving and
maintaining ISO Class 5 (see Table 1) environmental conditions, and cleaning and disinfection
procedures. This training shall be completed and documented before any compounding
personnel begin to prepare CSPs. Compounding personnel shall complete didactic training, pass
written competence assessments, undergo skill assessment using observational audit tools, and
media-fill testing (see Appendices III–V).
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Media-fill testing of aseptic work skills shall be performed initially before beginning to prepare
CSPs and at least annually thereafter for low- and medium-risk level compounding and
semiannually for high-risk level compounding.
Compounding personnel who fail written tests or observational audits or whose media-fill test
vials have one or more units showing visible microbial contamination shall be re-instructed and
re-evaluated by expert compounding personnel to ensure correction of all aseptic work practice
deficiencies. Compounding personnel shall pass all evaluations prior to resuming compounding of
sterile preparations. In addition to didactic evaluation and aseptic media fill, compounding
personnel must demonstrate proficiency of proper hand hygiene, garbing, and consistent
cleaning procedures.
In the event that cleaning and disinfecting procedures are also performed by other support
personnel (e.g., institutional environmental services, housekeeping), thorough training of proper
hand hygiene, garbing, and cleaning and disinfection procedures shall be done by a qualified
aseptic compounding expert. After completion of training, support personnel shall routinely
undergo performance evaluation of proper hand hygiene, garbing, and all applicable cleaning
and disinfecting procedures conducted by a qualified aseptic compounding expert.
COMPETENCY EVALUATION OF GARBING AND ASEPTIC WORK PRACTICE
The risk of contaminating a CSP prepared under low-risk level and medium-risk level conditions
is highly dependent on proper hand hygiene and garbing practices, compounding personnel
aseptic technique, and the presence of surface contamination, assuming that all work is
performed in a certified and properly functioning ISO Class 5 (see Table 1) PEC and secondary
engineering controls, ISO Class 7 (see Table 1) buffer area, and ISO Class 8 (see Table 1)
ante-area. High-risk level CSPs pose the greatest threat to patients because compounding
personnel are tasked with the requirement of processing nonsterile components and devices in
order to achieve sterility. Compounding personnel shall be evaluated initially prior to beginning
compounding CSPs and whenever an aseptic media fill is performed using a form such as the
Sample Form for Assessing Hand Hygiene and Garbing Related Practices of Compounding
Personnel (see Appendix III) and the personnel glove fingertip sampling procedures indicated
below.
Aseptic Work Practice Assessment and Evaluation via Personnel Glove Fingertip
Sampling—Sampling of compounding personnel glove fingertips shall be performed for all CSP
risk level compounding because direct touch contamination is the most likely source of
introducing microorganisms into CSPs prepared by humans. Glove fingertip sampling shall be
used to evaluate the competency of personnel in performing hand hygiene and garbing
procedures in addition to educating compounding personnel on proper work practices, which
include frequent and repeated glove disinfection using sterile 70% IPA during actual
compounding of CSPs. All personnel shall demonstrate competency in proper hand hygiene and
garbing procedures and in aseptic work practices (e.g., disinfection of component surfaces,
routine disinfection of gloved hands).
Sterile contact agar plates shall be used to sample the gloved fingertips of compounding
personnel after garbing in order to assess garbing competency and after completing the mediafill preparation (without applying sterile 70% IPA) in order to assess the adequacy of aseptic
work practices prior to being initially allowed to prepare CSPs for human use and for more
experienced personnel to maintain their qualifications to prepare CSPs for human use.
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Garbing And Gloving Competency Evaluation—Compounding personnel shall be visually
observed during the process of performing hand hygiene and garbing procedures (see Personnel
Cleansing and Garbing under Personnel Training and Evaluation in Aseptic Manipulation Skills
above). The visual observation shall be documented on a form such as the Sample Form for
Assessing Hand Hygiene and Garbing Related Practices of Compounding Personnel (see Appendix
III) and maintained to provide a permanent record and long-term assessment of personnel
competency.
Gloved Fingertip Sampling—All compounding personnel shall successfully complete an initial
competency evaluation and gloved fingertip/thumb sampling procedure (zero cfu) no less than
three times before initially being allowed to compound CSPs for human use. Immediately after
the compounding employee completes the hand hygiene and garbing procedure (e.g., donning
of sterile gloves prior to any disinfection with sterile 70% IPA), the evaluator will collect a
gloved fingertip and thumb sample from both hands of the compounding employee onto
appropriate agar plates by lightly pressing each fingertip into the agar. The plates will be
incubated for the appropriate incubation period and at the appropriate temperature (see
Incubation Period). After completing the initial gowning and gloving competency evaluation, reevaluation of all compounding personnel for this competency shall occur at least annually for
personnel who compound low- and medium-risk level CSPs and semi-annually for personnel who
compound high-risk level CSPs using one or more sample collections during any media-fill test
procedure before they are allowed to continue compounding CSPs for human use.
Immediately prior to sampling, gloves shall not be disinfected with sterile 70% IPA. Disinfecting
gloves immediately before sampling will provide false negative results. Plates filled with nutrient
agar with neutralizing agents such as lecithin and polysorbate 80 added shall be used when
sampling personnel fingertips. Personnel shall “touch” the agar with the fingertips of both hands
in separate plates in a manner to create a slight impression in the agar. The sampled gloves
shall be immediately discarded and proper hand hygiene performed after sampling. The nutrient
agar plates shall be incubated as stated below (see Incubation Period). Results should be
reported separately as number of cfu per employee per hand (left hand, right hand). The cfu
action level for gloved hands will be based on the total number of cfu on both gloves, not per
hand.
Incubation Period—At the end of the designated sampling period for compounding personnel
competency assessment activities (surface or personnel), the agar plates are recovered and
covers secured and they are inverted and incubated at a temperature and for a time period
conducive to multiplication of microorganisms. TSA with lecithin and polysorbate 80 shall be
incubated at 30° to 35° for 48 to 72 hours.
Aseptic Manipulation Competency Evaluation—After successful completion of an initial
Hand Hygiene and Garbing Competency Evaluation, all compounding personnel shall have their
aseptic technique and related practice competency evaluated initially during the Media-Fill Test
Procedure and subsequent annual or semi-annual Media-Fill Test Procedures. Records of these
evaluations will be maintained using a form such as the Sample Form for Assessing Aseptic
Technique and Related Practices of Compounding Personnel (see Appendix IV) and maintained
to provide a permanent record of and long-term assessment of personnel competency.
Media-Fill Test Procedure—The skill of personnel to aseptically prepare CSPs shall be evaluated
using sterile fluid bacterial culture media-fill verification, (i.e., sterile bacterial culture medium
transfer via a sterile syringe and needle). Media-fill testing is used to assess the quality of the
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aseptic skill of compounding personnel. Media-fill tests shall represent the most challenging or
stressful conditions actually encountered by the personnel being evaluated when they prepare
low- and medium-risk level CSPs and when sterilizing high-risk level CSPs. Media-fill challenge
tests are also used to verify the capability of the compounding environment and processes to
produce sterile preparations.
A commercially available sterile fluid culture media, such as Soybean–Casein Digest Medium (see
Sterility Tests 〈71〉), that is able to promote exponential colonization of bacteria that are most
likely to be transmitted to CSPs from the compounding personnel and environment is commonly
used. For high-risk level CSPs nonsterile commercially available Soybean–Casein Digest Medium
may be used to make a 3% solution. Normal processing steps, including filter sterilization, shall
be mimicked. Media-filled vials shall be incubated at 20° to 25° or at 30° to 35° for a minimum
of 14 days. If two temperatures are used for incubation of media-filled samples, then these
filled containers should be incubated for at least 7 days at each temperature (see
Microbiological Control and Monitoring of Aseptic Processing Environments 〈1116〉). Failure is
indicated by visible turbidity in any one of the media-fill units on or before 14 days. Other
methodologies recommended by a competent microbiologist to enhance recovery time and
sensitivity to detect microbial contamination may be considered (see CSP Microbial
Contamination Risk Levels for examples of media-fill procedures).
SURFACE CLEANING AND DISINFECTION SAMPLING AND ASSESSMENT
Surface sampling is an important component of the maintenance of a suitable microbially
controlled environment for compounding CSPs, especially since transfer of microbial
contamination from improperly disinfected work surfaces via inadvertent touch contact by
compounding personnel can be a potential source of contamination into CSPs. It is useful for
evaluating facility and work surface cleaning and disinfecting procedures and employee
competency in work practices such as disinfection of component/vial surface cleaning. Surface
sampling shall be performed in all ISO classified areas on a periodic basis. Sampling can be
accomplished using contact plates or swabs, and it shall be done at the conclusion of
compounding. Locations to be sampled shall be defined in a sample plan or on a form. The size
of the plate to be used for each sampled location usually ranges from 24 to 30 cm2. Contact
plates are filled with general solid agar growth medium and neutralizing agents above the rim of
the plate, and they are used for sampling regular or flat surfaces. Swabs may be used for
sampling irregular surfaces, especially for equipment (see Microbiological Control and Monitoring
of Aseptic Processing Environments 〈1116〉).
Cleaning and Disinfecting Competency Evaluation—Compounding personnel and other
personnel responsible for cleaning shall be visually observed during the process of performing
cleaning and disinfecting procedures, during initial personnel training on cleaning procedures,
during changes in cleaning staff, and at the completion of any media-fill test procedure (see
Cleaning and Disinfecting of Compounding Areas).
The visual observation shall be documented using a form such as the Sample Form for
Assessing Cleaning and Disinfection Procedures (see Appendix V) and maintained to provide a
permanent record and long-term assessment of personnel competency.
Surface Collection Methods—To sample surfaces using a contact plate, gently touch the
sample area with the agar surface and roll the plate across the surface to be sampled. The
contact plate will leave a growth media residue behind; therefore, immediately after sampling
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with the contact plate, the sampled area shall be thoroughly wiped with a nonshedding wipe
soaked in sterile 70% IPA.
If an area is sampled via the swab method, collection of the sample is processed by using
appropriate procedures that will result in the surface location equivalent to that of a contact
plate. After swabbing the surface to be sampled, swabs are placed in an appropriate diluent; an
aliquot is planted on or in the specified nutrient agar. Results should be reported as cfu per unit
of surface area.
Action Levels, Documentation, and Data Evaluation
The value of viable microbial monitoring of gloved fingertips and surfaces of components and
the compounding environment are realized when the data are used to identify and correct an
unacceptable work practice. Sampling data shall be collected and reviewed on a routine basis
as a means of evaluating the overall control of the compounding environment. If an activity
consistently shows elevated levels of microbial growth, competent microbiology personnel shall
be consulted.
Any cfu count that exceeds its respective action level (see Table 4) should prompt a reevaluation of the adequacy of personnel work practices, cleaning procedures, operational
procedures, and air filtration efficiency within the aseptic compounding location. An
investigation into the source of the contamination shall be conducted. Sources could include
HVAC systems, damaged HEPA filters, and changes in personnel garbing or working practices.
The source of the problem shall be eliminated, the affected area cleaned, and resampling
performed.
When gloved fingertip sample results exceed action levels after proper incubation, a review of
hand hygiene and garbing procedures as well as glove and surface disinfection procedures and
work practices shall be performed and documented. Employee training may be required to
correct the source of the problem.
Counts of cfu are to be used as an approximate measure of the environmental microbial
bioburden. Action levels are determined on the basis of cfu data gathered at each sampling
location and trended over time. The numbers in Table 4 should be used only as guidelines.
Regardless of the number of cfu identified in the compounding facility, further corrective
actions will be dictated by the identification of microorganisms recovered (at least the genus
level) by an appropriate credentialed laboratory of any microbial bioburden captured as a cfu
using an impaction air sampler. Highly pathogenic microorganisms (e.g., Gram-negative rods,
coagulase positive staphylococcus, molds and yeasts) can be potentially fatal to patients
receiving CSPs and shall be immediately remedied, regardless of cfu count, with the assistance
of a competent microbiologist, infection control professional, or industrial hygienist.
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Table 4. Recommended Action Levels for Microbial Contamination*
Classification
Fingertip Sample
Surface Sample (Contact Plate)
(cfu per plate)
ISO Class 5
>3
>3
ISO Class 7
N/A
>5
ISO Class 8 or worse
N/A
> 100
* Pharmaceutical Inspection Co-operation Scheme (PIC/S) Guide to Good Manufacturing
Practice for Medicinal Products Annexes PE 009-6, 5 April 2007.
SUGGESTED STANDARD OPERATING PROCEDURES (SOPS)
The compounding facility shall have written, properly approved SOPs designed to ensure the
quality of the environment in which a CSP is prepared. The following procedures are
recommended:
1. Access to the buffer area is restricted to qualified personnel with specific responsibilities
or assigned tasks in the compounding area.
2. All cartoned supplies are decontaminated in the area by removing them from shipping
cartons and wiping or spraying them with a nonresidue-generating disinfecting agent
while they are being transferred to a clean and properly disinfected cart or other
conveyance for introduction into the buffer area. Manufacturers' directions or published
data for minimum contact time will be followed. Individual pouched sterile supplies need
not be wiped because the pouches can be removed as these sterile supplies are
introduced into the buffer area.
3. Supplies that are required frequently or otherwise needed close at hand but not
necessarily needed for the scheduled operations of the shift are decontaminated and
stored on shelving in the ante-area.
4. Carts used to bring supplies from the storeroom cannot be rolled beyond the
demarcation line in the ante-area, and carts used in the buffer area cannot be rolled
outward beyond the demarcation line unless cleaned and disinfected before returning.
5. Generally, supplies required for the scheduled operations of the shift are wiped down
with an appropriate disinfecting agent and brought into the buffer area, preferably on
one or more movable carts. Supplies that are required for back-up or general support of
operations may be stored on the designated shelving in the buffer area, but excessive
amounts of supplies are to be avoided.
6. Nonessential objects that shed particles shall not be brought into the buffer area,
including pencils, cardboard cartons, paper towels, and cotton items (e.g., gauze pads).
7. Essential paper-related products (e.g., paper syringe overwraps, work records
contained in a protective sleeve) shall be wiped down with an appropriate disinfecting
agent prior to being brought into the buffer area.
8. Traffic flow in and out of the buffer area shall be minimized.
9. Personnel preparing to enter the buffer area shall remove all personal outer garments,
cosmetics (because they shed flakes and particles), and all hand, wrist, and other
visible jewelry or piercings that can interfere with the effectiveness of PPE.
10. Personnel entering the ante-area shall don attire as described in Personnel Cleansing
and Garbing and Personnel Training and Competency Evaluation of Garbing, Aseptic
Work Practices and Cleaning/Disinfection Procedures.
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11. Personnel shall then thoroughly wash hands and forearms to the elbow with soap and
water for at least 30 seconds. An air dryer or disposable nonshedding towels are used
to dry hands and forearms after washing.
12. Personnel entering the buffer area shall perform antiseptic hand cleansing prior to
donning sterile gloves using a waterless alcohol-based surgical hand scrub with
persistent activity.
13. Chewing gum, drinks, candy, or food items shall not be brought into the buffer area or
ante-area. Materials exposed in patient care and treatment areas shall never be
introduced into areas where components and ingredients for CSPs are present.
14. At the beginning of each compounding activity session, and whenever liquids are spilled,
the surfaces of the direct compounding environment are first cleaned with USP Purified
Water to remove water-soluble residues. Immediately thereafter, the same surfaces are
disinfected with a nonresidue-generating agent using a nonlinting wipe.
15. Primary engineering controls shall be operated continuously during compounding activity.
When the blower is turned off and before other personnel enter to perform compounding
activities, only one person shall enter the buffer area for the purposes of turning on the
blower (for at least 30 minutes) and disinfecting the work surfaces.
16. Traffic in the area of the DCA is minimized and controlled.
17. Supplies used in the DCA for the planned procedures are accumulated and then
decontaminated by wiping or spraying the outer surface with sterile 70% IPA or
removing the outer wrap at the edge of the DCA as the item is introduced into the
aseptic work area.
18. All supply items are arranged in the DCA so as to reduce clutter and provide maximum
efficiency and order for the flow of work.
19. After proper introduction into the DCA of supply items required for and limited to the
assigned operations, they are so arranged that a clear, uninterrupted path of HEPAfiltered air will bathe all critical sites at all times during the planned procedures. That is,
no objects may be placed between the first air from HEPA filters and an exposed critical
site.
20. All procedures are performed in a manner designed to minimize the risk of touch
contamination. Gloves are disinfected with adequate frequency with an approved
disinfectant such as sterile 70% IPA.
21. All rubber stoppers of vials and bottles and the necks of ampuls are disinfected by
wiping with sterile 70% IPA and waiting for at least 10 seconds before they are used to
prepare CSPs.
22. After the preparation of every CSP, the contents of the container are thoroughly mixed
and then inspected for the presence of particulate matter, evidence of incompatibility,
or other defects.
23. After procedures are completed, used syringes, bottles, vials, and other supplies are
removed, but with a minimum of exit and re-entry into the DCA so as to minimize the
risk of introducing contamination into the aseptic workspace.
ELEMENTS OF QUALITY CONTROL
A written description of specific training and performance evaluation program for individuals
involved in the use of aseptic techniques for the preparation of sterile products shall be
developed for each site. This program equips personnel with the appropriate knowledge and
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trains them in the required skills necessary to perform the assigned tasks. Each person assigned
to the aseptic area in the preparation of sterile products shall successfully complete specialized
training in aseptic techniques and aseptic area practices prior to preparing CSPs (see Personnel
Training and Evaluation in Aseptic Manipulation Skills and Personnel Training and Competency
Evaluation of Garbing, Aseptic Work Practices and Cleaning/Disinfection Procedures).
Ingredients and Devices
Compounding personnel ascertain that ingredients for CSPs are of the correct identity and
appropriate quality using the following information: vendor labels, labeling, certificates of
analysis, direct chemical analysis, and knowledge of compounding facility storage conditions.
STERILE INGREDIENTS AND DEVICES
Commercially available sterile drug products, sterile ready-to-use containers, and devices are
examples of sterile components. A written procedure for unit-by-unit physical inspection
preparatory to use is followed to ensure that these components are sterile, free from defects,
and otherwise suitable for their intended use.
NONSTERILE INGREDIENTS AND DEVICES
If any nonsterile components, including containers and ingredients, are used to make a CSP,
such CSPs must be high risk. Nonsterile active ingredients and added substances or excipients
for CSPs should preferably be official USP or NF articles. When nonofficial ingredients are used,
they shall be accompanied by certificates of analysis from their suppliers to aid compounding
personnel in judging the identity, quality, and purity in relation to the intended use in a
particular CSP. Physical inspection of a package of ingredients is necessary in order to detect
breaks in the container, looseness in the cap or closure, and deviation from the expected
appearance, aroma, and texture of the contents.
Bulk or unformulated drug substances and added substances or excipients shall be stored in
tightly closed containers under temperature, humidity, and lighting conditions that are either
indicated in official monographs or approved by suppliers. The date of receipt by the
compounding facility shall be clearly and indelibly marked on each package of ingredient. After
receipt by the compounding facility, packages of ingredients that lack a supplier's expiration
date cannot be used after 1 year unless either appropriate inspection or testing indicates that
the ingredient has retained its purity and quality for use in CSPs.
Careful consideration and evaluation of nonsterile ingredient sources is especially warranted
when the CSP will be administered into the vascular system, central nervous system, or eyes.
Upon receipt of each lot of the bulk drug substance or excipient used for CSPs, the individual
compounding the preparation performs a visual inspection of the lot for evidence of
deterioration, other types of unacceptable quality, and wrong identification. For bulk drug
substances or excipients, visual inspection is performed on a routine basis as described in the
written protocol.
Equipment
It is necessary that equipment, apparatus, and devices used to compound a CSP be
consistently capable of operating properly and within acceptable tolerance limits. Written
procedures outlining required equipment calibration, annual maintenance, monitoring for proper
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function, and controlled procedures for use of the equipment and specified time frames for
these activities are established and followed. Routine maintenance and frequencies shall be
outlined in these SOPs. Results from the equipment calibration, annual maintenance reports,
and routine maintenance are kept on file for the lifetime of the equipment. Personnel are
prepared through an appropriate combination of specific training and experience to operate or
manipulate any piece of equipment, apparatus, or device they may use when preparing CSPs.
Training includes gaining the ability to determine whether any item of equipment is operating
properly or is malfunctioning.
VERIFICATION OF AUTOMATED COMPOUNDING DEVICES (ACDs) FOR PARENTERAL
NUTRITION COMPOUNDING
ACDs for the preparation of parenteral nutrition admixtures are widely used by pharmacists in
hospitals and other healthcare settings. They are designed to streamline the labor-intensive
processes involved in the compounding of these multiple-component formulations by
automatically delivering the individual nutritional components in a predetermined sequence
under computerized control. Parenteral nutrition admixtures often contain 20 or more individual
additives representing as many as 50 or more individual components (e.g., 15 to 20 crystalline
amino acids, dextrose monohydrate, and lipids; 10 to 12 electrolyte salts; 5 to 7 trace
minerals; and 12 vitamins). Thus, ACDs can provide improved accuracy and precision of the
compounding process over the traditional manual compounding methods.
Accuracy
The accuracy of an ACD can be determined in various ways to ensure that the correct
quantities of nutrients, electrolytes, or other nutritional components are delivered to the final
infusion container. Initially, the ACD is tested for its volume and weight accuracy. For volume
accuracy, a suitable volume of Sterile Water for Injection, USP, which represents a typical
additive volume (e.g., 40 mL for small-volume range of 1 to 100 mL, 300 mL for large-volume
range of 100 to 1000 mL), is programmed into the ACD and delivered to the appropriate
volumetric container. The compounding personnel should then consult Volumetric Apparatus
〈31〉 for appropriate parameters to assess the volumetric performance of the ACD. For
gravimetric accuracy, the balance used in conjunction with the ACD is tested using various
weight sizes that represent the amounts typically used to deliver the various additives.
Compounding personnel should consult Balances 〈41〉 for acceptable tolerances of the weights
used. In addition, the same volume of Sterile Water for Injection used to assess volumetric
accuracy is then weighed on the balance used in conjunction with the ACD. For example, if 40
mL of water was used in the volumetric assessment, its corresponding weight should be about
40 g (assuming the relative density of water is 1.0). In addition, during the use of the ACD,
certain additives, such as potassium chloride (corrected for density differences), can also be
tested in the same manner as with an in-process test.
Finally, additional tests of accuracy may be employed that determine the content of certain
ingredients in the final volume of the parenteral nutrition admixture. Generally, pharmacy
departments do not have the capability to routinely perform chemical analyses such as
analyses of dextrose or electrolyte concentrations. Consequently, hospital or institutional
laboratories may be called upon to perform these quality assurance tests. However, the
methods in such laboratories are often designed for biological, not pharmaceutical, systems.
Thus, their testing procedures shall be verified to meet the USP requirements stated in the
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individual monograph for the component being tested. For example, under Dextrose Injection,
the following is stated: It contains not less than 95.0% and not more than 105.0% of the
labeled amount of C6 H12 O6 ·H2 O. The hospital or institutional chemistry laboratories must
validate their methods to apply to this range and correct for their typical measurement of
anhydrous dextrose versus dextrose monohydrate. Similar ranges and issues exist, for example,
for injections of calcium gluconate, magnesium sulfate, and potassium chloride. The critical
point is the use of USP references and possible laboratory procedural differences.
Precision
The intermediate precision of the ACD can be determined on the basis of the day-to-day
variations in performance of the accuracy measures. Thus, compounding personnel shall keep a
daily record of the above-described accuracy assessments and review the results over time.
This review shall occur at least at weekly intervals to avoid potentially clinically significant
cumulative errors over time. This is especially true for additives with a narrow therapeutic
index, such as potassium chloride.
FINISHED PREPARATION RELEASE CHECKS AND TESTS
The following quality metrics shall be performed for all CSPs before they are dispensed or
administered.
Inspection of Solution Dosage Forms and Review of Compounding Procedures
All CSPs that are intended to be solutions shall be visually examined for the presence of
particulate matter and not administered or dispensed when such matter is observed. The
prescription orders, written compounding procedure, preparation records, and expended
materials used to make CSPs at all contamination risk levels are inspected for accuracy of
correct identities and amounts of ingredients, aseptic mixing and sterilization, packaging,
labeling, and expected physical appearance before they are administered or dispensed.
PHYSICAL INSPECTION
Finished CSPs are individually inspected in accordance with written procedures after
compounding. If not distributed promptly, these CSPs are individually inspected just prior to
leaving the storage area. Those CSPs that are not immediately distributed are stored in an
appropriate location as described in the written procedures. Immediately after compounding,
and as a condition of release, each CSP unit, where possible, should be inspected against
lighted white or black background or both for evidence of visible particulates or other foreign
matter. Prerelease inspection also includes container–closure integrity and any other apparent
visual defect. CSPs with observed defects should be immediately discarded or marked and
segregated from acceptable products in a manner that prevents their administration. When
CSPs are not distributed promptly after preparation, a predistribution inspection is conducted to
ensure that a CSP with defects, such as precipitation, cloudiness, and leakage, which may
develop between the time of release and the time of distribution, is not released.
Compounding Accuracy Checks
Written procedures for double-checking compounding accuracy shall be followed for every CSP
during preparation and immediately prior to release. The double-check system should meet
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state regulations and include label accuracy and accuracy of the addition of all drug products
or ingredients used to prepare the finished product and their volumes or quantities. The used
additive containers and, for those additives for which the entire container was not expended,
the syringes used to measure the additive should be quarantined with the final products until
the final product check is completed. Compounding personnel shall visually confirm that
ingredients measured in syringes match the written order being compounded. Preferably, a
person other than the compounder can verify that correct volumes of correct ingredients were
measured to make each CSP. For example, compounding personnel would pull the syringe
plunger back to the volume measured.
When practical, the accuracy of measurements is confirmed by weighing a volume of the
measured fluid, then calculating that volume by dividing the weight by the accurate value of
the density, or specific gravity, of the measured fluid. Correct density or specific gravity values
programmed in ACDs, which measure by weight using the quotient of the programmed volume
divided by the density or specific gravity, shall be confirmed to be accurate before and after
delivering volumes of the liquids assigned to each channel or port. These volume accuracy
checks and the following additional safety and accuracy checks in this section shall be included
in the SOP manual of the CSP facility.
Sterility Testing
All high-risk level CSPs that are prepared in groups of more than 25 identical individual singledose packages (e.g., ampuls, bags, syringes, vials) or in multiple-dose vials (MDVs) for
administration to multiple patients or that are exposed longer than 12 hours at 2° to 8° and
longer than 6 hours at warmer than 8° before they are sterilized shall meet the sterility test
(see Sterility Tests 〈71〉) before they are dispensed or administered. The Membrane Filtration
method is the method of choice where feasible (e.g., components are compatible with the
membrane). A method not described in the USP may be used if verification results demonstrate
that the alternative is at least as effective and reliable as the USP Membrane Filtration method
or the USP Direct Inoculation of the Culture Medium method where the Membrane Filtration
method is not feasible.
When high-risk level CSPs are dispensed before receiving the results of their sterility tests,
there shall be a written procedure requiring daily observation of the incubating test specimens
and immediate recall of the dispensed CSPs when there is any evidence of microbial growth in
the test specimens. In addition, the patient and the physician of the patient to whom a
potentially contaminated CSP was administered are notified of the potential risk. Positive
sterility test results should prompt a rapid and systematic investigation of aseptic technique,
environmental control, and other sterility assurance controls to identify sources of
contamination and correct problems in the methods or processes.
Bacterial Endotoxin (Pyrogen) Testing
All high-risk level CSPs, except those for inhalation and ophthalmic administration, that are
prepared in groups of more than 25 identical individual single-dose packages (e.g., ampuls,
bags, syringes, vials) or in MDVs for administration to multiple patients or that are exposed
longer than 12 hours at 2° to 8° and longer than 6 hours at warmer than 8° before they are
sterilized shall be tested to ensure that they do not contain excessive bacterial endotoxins
(see Bacterial Endotoxins Test 〈85〉 and Pyrogen Test 〈151〉). In the absence of a bacterial
endotoxins limit in the official monograph or other CSP formula source, the CSP shall not exceed

PF 44(5): Sep.-Oct. 2018

232

the amount of USP Endotoxin Units (per hour per kilogram of body weight or square meters of
body surface area) specified in Bacterial Endotoxins Test 〈85〉 referenced above for the
appropriate route of administration.
Identity and Strength Verification of Ingredients
Compounding facilities shall have at least the following written procedures for verifying the
correct identity and quality of CSPs before they are dispensed and administered:
1. That labels of CSPs bear correct names and amounts or concentrations of ingredients,
the total volume, the BUD, the appropriate route(s) of administration, the storage
conditions, and other information for safe use.
2. That there are correct identities, purities, and amounts of ingredients by comparing the
original written order with the written compounding record for the CSP.
3. That correct fill volumes in CSPs and correct quantities of filled units of the CSPs were
obtained. When the strength of finished CSPs cannot be confirmed to be accurate,
based on the above three inspections, the CSPs shall be assayed by methods that are
specific for the active ingredients.
STORAGE AND BEYOND-USE DATING
BUDs for compounded preparations are usually assigned on the basis of professional experience,
which should include careful interpretation of appropriate information sources for the same or
similar formulations (see Stability Criteria and Beyond-Use Dating under Pharmaceutical
Compounding—Nonsterile Preparations 〈795〉). BUDs for CSPs are rarely based on preparationspecific chemical assay results, which are used with the Arrhenius equation to determine
expiration dates (see Labeling 〈7〉, Expiration Date and Beyond-Use Date) (CN 1-May-2018) for
manufactured products. The majority of CSPs are aqueous solutions in which hydrolysis of
dissolved ingredients is the most common chemical degradation reaction. The extent of
hydrolysis and other heat-catalyzed degradation reactions at any particular time point in the
life of a CSP represents the thermodynamic sum of exposure temperatures and durations. Such
lifetime stability exposure is represented in the mean kinetic temperature calculation (see
Pharmaceutical Calculations in Pharmacy Practice 〈1160〉). Drug hydrolysis rates increase
exponentially with arithmetic temperature increase; thus, exposure of a beta-lactam antibiotic
solution for 1 day at controlled room temperature (see Packaging and Storage Requirements
〈659〉) (CN 1-May-2018) will have an equivalent effect on the extent of hydrolysis of
approximately 3 to 5 days in cold temperatures (see Packaging and Storage Requirements
〈659〉). (CN 1-May-2018)
Personnel who prepare, dispense, and administer CSPs shall store them strictly in accordance
with the conditions stated on the label of ingredient products and finished CSPs. When CSPs
are known to have been exposed to temperatures warmer than the warmest labeled limit or to
temperatures exceeding 40° (see Packaging and Storage Requirements 〈659〉) (CN 1-May-2018)
for more than 4 hours, such CSPs should be discarded unless direct assay data or appropriate
documentation confirms their continued stability.
Determining Beyond-Use Dates
BUDs and expiration dates are not the same (see Packaging and Storage Requirements
〈659〉). (CN 1-May-2018) Expiration dates for the chemical and physical stability of manufactured
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sterile products are determined from results of rigorous analytical and performance testing, and
they are specific for a particular formulation in its container and at stated exposure conditions
of illumination and temperature. When CSPs deviate from conditions in the approved labeling of
manufactured products contained in CSPs, compounding personnel may consult the
manufacturer of particular products for advice on assigning BUDs based on chemical and
physical stability parameters. BUDs for CSPs that are prepared strictly in accordance with
manufacturers' product labeling shall be those specified in that labeling or from appropriate
literature sources or direct testing. BUDs for CSPs that lack justification from either appropriate
literature sources or by direct testing evidence shall be assigned as described in Stability
Criteria and Beyond-Use Dating under Pharmaceutical Compounding—Nonsterile Preparations
〈795〉.
In addition, compounding personnel may refer to applicable publications to obtain relevant
stability, compatibility, and degradation information regarding the drug or its congeners. When
assigning a beyond-use date, compounding personnel should consult and apply drug-specific
and general stability documentation and literature where available, and they should consider
the nature of the drug and its degradation mechanism, the container in which it is packaged,
the expected storage conditions, and the intended duration of therapy (see Labeling 〈7〉,
Expiration Date and Beyond-Use Date). (CN 1-May-2018) Stability information must be carefully
interpreted in relation to the actual compounded formulation and conditions for storage and
use. Predictions based on other evidence, such as publications, charts, and tables, would result
in theoretical BUDs. Theoretically predicted beyond-use dating introduces varying degrees of
assumptions and, hence, a likelihood of error or at least inaccuracy. The degree of error or
inaccuracy would be dependent on the extent of differences between the CSPs' characteristics
(e.g., composition, concentration of ingredients, fill volume, container type and material) and
the characteristics of the products from which stability data or information is to be
extrapolated. The greater the doubt of the accuracy of theoretically predicted beyond-use
dating, the greater the need to determine dating periods experimentally. Theoretically predicted
beyond-use dating periods should be carefully considered for CSPs prepared from nonsterile bulk
active ingredients having therapeutic activity, especially where these CSPs are expected to be
compounded routinely. When CSPs will be distributed to and administered in residential locations
other than healthcare facilities, the effect of potentially uncontrolled and unmonitored
temperature conditions shall be considered when assigning BUDs. It must be ascertained that
CSPs will not be exposed to warm temperatures (see Packaging and Storage Requirements
〈659〉) (CN 1-May-2018) unless the compounding facility has evidence to justify stability of CSPs
during such exposure.
It should be recognized that the truly valid evidence of stability for predicting beyond-use
dating can be obtained only through product-specific experimental studies. Semiquantitative
procedures such as thin-layer chromatography (TLC) may be acceptable for many CSPs.
However, quantitative stability-indicating assays such as high-performance liquid
chromatographic (HPLC) assays would be more appropriate for certain CSPs. Examples include
CSPs with a narrow therapeutic index, where close monitoring or dose titration is required to
ensure therapeutic effectiveness and to avoid toxicity; where a theoretically established
beyond-use dating period is supported by only marginal evidence; or where a significant margin
of safety cannot be verified for the proposed beyond-use dating period. In short, because
beyond-use dating periods established from product-specific data acquired from the appropriate
instrumental analyses are clearly more reliable than those predicted theoretically, the former
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approach is strongly urged to support dating periods exceeding 30 days.
To ensure consistent practices in determining and assigning BUDs, the compounding facility
should have written policies and procedures governing the determination of the BUDs for all
compounded products. When attempting to predict a theoretical BUD, a compounded or an
admixed preparation should be considered as a unique system that has physical and chemical
properties and stability characteristics that differ from its components. For example,
antioxidant, buffering, or antimicrobial properties of a sterile vial for injection (SVI) might be
lost upon its dilution, with the potential of seriously compromising the chemical stability of the
SVI's active ingredient or the physical or microbiological stability of the SVI formulation in
general. Thus, the properties stabilized in the SVI formulation usually cannot be expected to be
carried over to the compounded or admixed preparation. Preparation-specific, experimentally
determined stability data evaluation protocols are preferable to published stability information.
Compounding personnel who assign BUDs to CSPs when lacking direct chemical assay results
must critically interpret and evaluate the most appropriate available information sources to
determine a conservative and safe BUD. The SOP manual of the compounding facility and each
specific CSP formula record shall describe the general basis used to assign the BUD and storage
conditions.
When manufactured MDVs (see Packaging and Storage Requirements 〈659〉, Multiple-dose
container) (CN 1-May-2018) of sterile ingredients are used in CSPs, the stoppers of the MDVs are
inspected for physical integrity and disinfected by wiping with a sterile 70% IPA swab before
each penetration with a sterile withdrawal device. When contaminants or abnormal properties
are suspected or observed in MDVs, such MDVs shall be discarded. The BUD after initially
entering or opening (e.g., needle puncturing) multiple-dose containers is 28 days (see
Antimicrobial Effectiveness Testing 〈51〉) unless otherwise specified by the manufacturer.
Proprietary Bag and Vial Systems
The sterility storage and stability beyond-use times for attached and activated (where
activated is defined as allowing contact of the previously separate diluent and drug contents)
container pairs of drug products for intravascular administration (e.g., ADD-Vantage®, Mini Bag
Plus®) shall be applied as indicated by the manufacturer. In other words, follow manufacturers'
instructions for handling and storing ADD-Vantage®, Mini Bag Plus®, Add A Vial®, Add-Ease®
products, and any others.
Monitoring Controlled Storage Areas
To ensure that product potency is retained through the manufacturer's labeled expiration date,
compounding personnel shall monitor the drug storage areas within the compounding facility.
Controlled temperature areas in compounding facilities include controlled room temperature, 20°
to 25° with mean kinetic temperature 25°; controlled cold temperature, 2° to 8° with mean
kinetic temperature 8°; cold temperature, 2° to 8°; freezing temperature, −25° and −10° (see
Packaging and Storage Requirements 〈659〉) (CN 1-May-2018) if needed to achieve freezing,
and the media-specific temperature range for microbial culture media. A controlled temperature
area shall be monitored at least once daily and the results documented on a temperature log.
Additionally, compounding personnel shall note the storage temperature when placing the
product into or removing the product from the storage unit in order to monitor any temperature
aberrations. Suitable temperature recording devices may include a calibrated continuous

PF 44(5): Sep.-Oct. 2018

235

recording device or a National Institute of Standards and Technology (NIST) calibrated
thermometer that has adequate accuracy and sensitivity for the intended purpose, and it shall
be properly calibrated at suitable intervals. If the compounding facility uses a continuous
temperature recording device, compounding personnel shall verify at least once daily that the
recording device itself is functioning properly.
The temperature-sensing mechanisms shall be suitably placed in the controlled temperature
storage space to reflect accurately its true temperature. In addition, the compounding facility
shall adhere to appropriate procedures of all controlled storage spaces to ensure that such
spaces are not subject to significantly prolonged temperature fluctuations as may occur, for
example, by leaving a refrigerator door open too long.
MAINTAINING STERILITY, PURITY, AND STABILITY OF DISPENSED AND DISTRIBUTED CSPS
This section summarizes the responsibilities of compounding facilities for maintaining quality and
control of CSPs that are dispensed and administered within their parent healthcare
organizations.
Compounding personnel shall ensure proper storage and security of CSPs prepared by or
dispensed from the compounding facility until either their BUDs are reached or they are
administered to patients. In fulfilling this general responsibility, the compounding facility is
responsible for the proper packaging, handling, transport, and storage of CSPs prepared by or
dispensed from it, including the appropriate education, training, and supervision of compounding
personnel assigned to these functions. The compounding facility should assist in the education
and training of noncompounding personnel responsible for carrying out any aspect of these
functions.
Establishing, maintaining, and ensuring compliance with comprehensive written policies and
procedures encompassing these responsibilities is a further responsibility of the compounding
facility. Where noncompounding personnel are assigned tasks involving any of these
responsibilities, the policies and procedures encompassing those tasks should be developed by
compounding supervisors. The quality and control activities related to distribution of CSPs are
summarized in the following five subsections. Activities or concerns that should be addressed
as the compounding facility fulfills these responsibilities are as follows.
Packaging, Handling, and Transport
Inappropriate processes or techniques involved with packaging, handling, and transport can
adversely affect quality and package integrity of CSPs. Although compounding personnel
routinely perform many of the tasks associated with these functions, some tasks, such as
transport, handling, and placement into storage, may be fulfilled by noncompounding personnel
who are not under the direct administrative control of the compounding facility. Under these
circumstances, appropriate SOPs shall be established by the compounding facility with the
involvement of other departments or services whose personnel are responsible for carrying out
those CSP-related functions for which the compounding facility has a direct interest. The
performance of the noncompounding personnel is monitored for compliance to established
policies and procedures.
The critical requirements that are unique to CSPs and that are necessary to ensure CSP quality
and packaging integrity shall be addressed in SOPs. For example, techniques should be specified
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to prevent the depression of syringe plungers or dislodging of syringe tips during handling and
transport. Additionally, disconnection of system components (e.g., where CSPs are dispensed
with administration sets attached to them) shall be prevented through the BUD of the CSP.
Foam padding or inserts are particularly useful where CSPs are transported by pneumatic tube
systems. Regardless of the methods used, the compounding facility must evaluate their
effectiveness and the reliability of the intended protection. Evaluation should be
continuous—for example, through a surveillance system, including a system of problem reporting
to the compounding facility.
Inappropriate transport and handling can adversely affect the quality of certain CSPs having
unique stability concerns. For example, the physical shaking that might occur during pneumatic
tube transport or undue exposure to heat or light must be addressed on a preparation-specific
basis. Alternative transport modes or special packaging measures might be needed for the
proper assurance of quality of these CSPs. The use of tamper-evident closures and seals on
CSP ports can add an additional measure of security to ensure product integrity regardless of
the transport method used.
Chemotoxic and other hazardous CSPs require safeguards to maintain the integrity of the CSP
and to minimize the exposure potential of these products to the environment and to personnel
who may come in contact with them. Transportation by pneumatic tube should be discouraged
because of potential breakage and contamination. Special requirements associated with the
packaging, transport, and handling of these agents include the prevention of accidental
exposures or spills and the training of personnel in the event of an exposure or spill. Examples
of special requirements of these agents also include exposure-reducing strategies such as the
use of Luer lock syringes and connections, syringe caps, the capping of container ports, sealed
plastic bags, impact-resistant containers, and cautionary labeling.
Use and Storage
The compounding facility is responsible for ensuring that CSPs in the patient-care setting
maintain their quality until administered. The immediate labeling of the CSP container will display
prominently and understandably the requirements for proper storage and expiration dating.
Delivery and patient-care-setting personnel shall be properly trained to deliver the CSP to the
appropriate storage location. Outdated and unused CSPs shall be returned to the compounding
facility for disposition.
SOPs must exist to ensure that storage conditions in the patient-care setting are suitable for
the CSP-specific storage requirements. Procedures include daily monitoring and documentation
of drug storage refrigerators to ensure temperatures between 2° and 8° and the monthly
inspection of all drug storage locations by compounding personnel. Inspections shall confirm
compliance with appropriate storage conditions, separation of drugs and food, proper use of
MDVs, and the avoidance of using single-dose products as MDVs. CSPs, as well as all other
drug products, shall be stored in the patient-care area in such a way as to secure them from
unauthorized personnel, visitors, and patients.
Readying for Administration
Procedures essential for generally ensuring quality, especially sterility assurance, when readying
a CSP for its subsequent administration include proper hand washing, aseptic technique, site
care, and change of administration sets. Additional procedures may also be essential for certain
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CSPs, devices, or techniques. Examples where such special procedures are needed include inline filtration, the operation of automated infusion control devices, and the replenishment of
CSPs into the reservoirs of implantable or portable infusion pumps. When CSPs are likely to be
exposed to warmer than 30° for more than 1 hour during their administration to patients, the
maintenance of their sterility and stability should be confirmed from either relevant and reliable
sources or direct testing.
Redispensed CSPs
The compounding facility shall have the sole authority to determine when unopened, returned
CSPs may be redispensed. Returned CSPs may be redispensed only when personnel responsible
for sterile compounding can ensure that such CSPs are sterile, pure, and stable (contain labeled
strength of ingredients). The following may provide such assurance: the CSPs were maintained
under continuous refrigeration and protected from light, if required, and no evidence of
tampering or any readying for use outside the compounding facility exists. Assignment of new
storage times and BUDs that exceed the original dates for returned CSPs is permitted only when
there is supporting evidence from sterility testing and quantitative assay of ingredients. Thus,
initial preparation and thaw times should be documented and reliable measures should have
been taken to prevent and detect tampering. Compliance with all procedures associated with
maintaining product quality is essential. The CSPs shall not be redispensed if there is not
adequate assurance that preparation quality and packaging integrity (including the connections
of devices, where applicable) were continuously maintained between the time the CSPs left and
the time they were returned. Additionally, CSPs shall not be redispensed if redispensing cannot
be supported by the originally assigned BUD.
Education and Training
The assurance of CSPs' quality and packaging integrity is highly dependent on the proper
adherence of all personnel to the pertinent SOPs. Compounding personnel shall design,
implement, and maintain a formal education, training, and competency assessment program
that encompasses all the functions and tasks addressed in the foregoing sections and all
personnel to whom such functions and tasks are assigned. This program includes the
assessment and documentation of procedural breaches, administration mishaps, side effects,
allergic reactions, and complications associated with dosage or administration, such as
extravasation. This program should be coordinated with the institution's adverse-events and
incident reporting programs.
Packing and Transporting CSPs
The following sections describe how to maintain sterility and stability of CSPs until they are
delivered to patient care locations for administration.
packing cspsfor transit
When CSPs are distributed to locations outside the premises in which they are compounded,
compounding personnel select packing containers and materials that are expected to maintain
physical integrity, sterility, and stability of CSPs during transit. Packing is selected that
simultaneously protects CSPs from damage, leakage, contamination, and degradation, and
protects personnel who transport packed CSPs from harm. The SOP manual of the compounding
facility specifically describes appropriate packing containers and insulating and stuffing
materials, based on information from product specifications, vendors, and experience of
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compounding personnel. Written instructions that clearly explain how to safely open containers
of packed CSPs are provided to patients and other recipients.
transit of csps
Compounding facilities that ship CSPs to locations outside their own premises shall select modes
of transport that are expected to deliver properly packed CSPs in undamaged, sterile, and
stable condition to recipients.
Compounding personnel should ascertain that temperatures of CSPs during transit by the
selected mode will not exceed the warmest temperature specified on the storage temperature
range on CSP labels. It is recommended that compounding personnel communicate directly with
the couriers to learn shipping durations and exposure conditions that CSPs may encounter.
Compounding personnel shall include specific handling and exposure instructions on the exteriors
of containers packed with CSPs to be transported and obtain reasonable assurance of
compliance therewith from transporters. Compounding personnel shall periodically review the
delivery performance of couriers to ascertain that CSPs are being efficiently and properly
transported.
Storage in Locations Outside Compounding Facilities
Compounding facilities that ship CSPs to patients and other recipients outside their own
premises shall ascertain or provide, whichever is appropriate, the following assurances:
1. Labels and accessory labeling for CSPs include clearly readable BUDs, storage
instructions, and disposal instructions for out-of-date units.
2. Each patient or other recipient is able to store the CSPs properly, including the use of a
properly functioning refrigerator and freezer if CSPs are labeled for such storage.
PATIENT OR CAREGIVER TRAINING
A formal training program is provided as a means to ensure understanding and compliance with
the many special and complex responsibilities placed on the patient or caregiver for the
storage, handling, and administration of CSPs. The instructional objectives for the training
program include all home care responsibilities expected of the patient or caregiver and is
specified in terms of patient or caregiver competencies.
Upon the conclusion of the training program, the patient or caregiver should, correctly and
consistently, be able to do the following:
1. Describe the therapy involved, including the disease or condition for which the CSPs are
prescribed, goals of therapy, expected therapeutic outcome, and potential side effects
of the CSPs.
2. Inspect all drug products, CSPs, devices, equipment, and supplies on receipt to ensure
that proper temperatures were maintained during transport and that goods received
show no evidence of deterioration or defects.
3. Handle, store, and monitor all drug products, CSPs, and related supplies and equipment
in the home, including all special requirements related to same.
4. Visually inspect all drug products, CSPs, devices, and other items the patient or
caregiver is required to use immediately prior to administration in a manner to ensure
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that all items are acceptable for use. For example, CSPs must be free from leakage,
container cracks, particulates, precipitate, haziness, discoloration, or other deviations
from the normal expected appearance, and the immediate packages of sterile devices
must be completely sealed, with no evidence of loss of package integrity.
Check labels immediately prior to administration to ensure the right drug, dose, patient,
and time of administration.
Clean the in-home preparation area, scrub hands, use proper aseptic technique, and
manipulate all containers, equipment, apparatus, devices, and supplies used in
conjunction with administration.
Employ all techniques and precautions associated with CSP administration; for example,
preparing supplies and equipment, handling of devices, priming the tubing, and
discontinuing an infusion.
Care for catheters, change dressings, and maintain site patency as indicated.
Monitor for and detect occurrences of therapeutic complications such as infection,
phlebitis, electrolyte imbalance, and catheter misplacement.
Respond immediately to emergency or critical situations such as catheter breakage or
displacement, tubing disconnection, clot formation, flow blockage, and equipment
malfunction.
Know when to seek and how to obtain professional emergency services or professional
advice.
Handle, contain, and dispose of wastes, such as needles, syringes, devices,
biohazardous spills or residuals, and infectious substances.

Training programs include a hands-on demonstration and practice with actual items that the
patient or caregiver is expected to use, such as CSP containers, devices, and equipment. The
patient or caregiver practices aseptic and injection technique under the direct observation of a
health professional.
The compounding facility, in conjunction with nursing or medical personnel, is responsible for
ensuring initially and on an ongoing basis that the patient or caregiver understands, has
mastered, and is capable of and willing to comply with all of these home care responsibilities.
This is achieved through a formal, written assessment program. All specified competencies in
the patient or caregiver training program are formally assessed. The patient or caregiver is
expected to demonstrate to appropriate healthcare personnel mastery of assigned activities
before being allowed to administer CSPs unsupervised by a health professional.
Printed material such as checklists or instructions provided during training may serve as
continuing post-training reinforcement of learning or as reminders of specific patient or
caregiver responsibilities. Post-training verbal counseling can also be used periodically, as
appropriate, to reinforce training and to ensure continuing correct and complete fulfillment of
responsibilities.
PATIENT MONITORING AND ADVERSE EVENTS REPORTING
Compounding facilities shall clinically monitor patients treated with CSPs according to the
regulations and guidelines of their respective state healthcare practitioner licensure boards or
of accepted standards of practice. Compounding facilities shall provide patients and other
recipients of CSPs with a way to address their questions and report any concerns that they
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may have with CSPs and their administration devices.
The SOP manuals of compounding facilities shall describe specific instructions for receiving,
acknowledging, and dating receipts, and for recording, or filing, and evaluating reports of
adverse events and of the quality of preparation claimed to be associated with CSPs. Reports
of adverse events with CSPs shall be reviewed promptly and thoroughly by compounding
supervisors to correct and prevent future occurrences. Compounding personnel are encouraged
to participate in adverse event reporting and product defects programs of the FDA and USP.
QUALITY ASSURANCE (QA) PROGRAM
A provider of CSPs shall have in place a formal QA program intended to provide a mechanism for
monitoring, evaluating, correcting, and improving the activities and processes described in this
chapter. Emphasis in the QA program is placed on maintaining and improving the quality of
systems and the provision of patient care. In addition, the QA program ensures that any plan
aimed at correcting identified problems also includes appropriate follow-up to make certain that
effective corrective actions were performed.11
Characteristics of a QA program include the following:
1. Formalization in writing;
2. Consideration of all aspects of the preparations and dispensing of products as described
in this chapter, including environmental testing and verification results;
3. Description of specific monitoring and evaluation activities;
4. Specification of how results are to be reported and evaluated;
5. Identification of appropriate follow-up mechanisms when action limits or thresholds are
exceeded; and
6. Delineation of the individuals responsible for each aspect of the QA program.
In developing a specific plan, focus is on establishing objective, measurable indicators for
monitoring activities and processes that are deemed high risk, high volume, or problem prone. In
general, the selection of indicators and the effectiveness of the overall QA program is
reassessed on an annual basis.
ABBREVIATIONS AND ACRONYMS
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ACD
ACPH
ALARA
ASHRAE
BI
BSC
BUD
CACI
CAI
CDC
CETA
cfu
CSP
CSTD
DCA
ECV
EU
FDA
HEPA
HICPAC
HVAC
IPA
ISO
LAFW
MDVs
MMWR
NIOSH
NIST
PEC
PET
PPE
psi
QA
SOP
SVI
TSA
USP
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automated compounding device
air changes per hour
as low as reasonably achievable
American Society of Heating, Refrigerating and Air-Conditioning Engineers
biological indicator
biological safety cabinet
beyond-use date
compounding aseptic containment isolator
compounding aseptic isolator
Centers for Disease Control and Prevention
Controlled Environment Testing Association
colony-forming unit(s)
compounded sterile preparation
closed-system vial-transfer device
direct compounding area
endotoxin challenge vial
Endotoxin Unit
Food and Drug Administration
high efficiency particulate air
Healthcare Infection Control Practices Advisory Committee
heating, ventilation, and air conditioning
isopropyl alcohol
International Organization for Standardization
laminar airflow workbench
multiple-dose vials
Morbidity and Mortality Weekly Report
National Institute for Occupational Safety and Health
National Institute of Standards and Technology
primary engineering control
positron emission tomography
personnel protective equipment
pounds per square inch
quality assurance
standard operating procedure
sterile vial for injection
trypticase soy agar
United States Pharmacopeia
GLOSSARY

Ante-Area: An ISO Class 8 (see Table 1) or better area where personnel hand hygiene and
garbing procedures, staging of components, order entry, CSP labeling, and other high-
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particulate-generating activities are performed. It is also a transition area that (1) provides
assurance that pressure relationships are constantly maintained so that air flows from clean to
dirty areas and (2) reduces the need for the heating, ventilating, and air-conditioning (HVAC)
control system to respond to large disturbances.12
Aseptic Processing: (see Microbiological Control and Monitoring of Aseptic Processing
Environments 〈1116〉) A mode of processing pharmaceutical and medical products that involves
the separate sterilization of the product and of the package (containers–closures or packaging
material for medical devices) and the transfer of the product into the container and its closure
under at least ISO Class 5 (see Table 1) conditions.
Beyond-Use Date (BUD): (see Labeling 〈7〉 (CN 1-May-2018) and Pharmaceutical
Compounding—Nonsterile Preparations 〈795〉) For the purpose of this chapter, the date or time
after which a CSP shall not be stored or transported. The date is determined from the date or
time the preparation is compounded.
Biological Safety Cabinet (BSC): A ventilated cabinet for CSPs, personnel, product, and
environmental protection having an open front with inward airflow for personnel protection,
downward high-efficiency particulate air (HEPA)-filtered laminar airflow for product protection,
and HEPA-filtered exhausted air for environmental protection.
Buffer Area: An area where the primary engineering control (PEC) is physically located.
Activities that occur in this area include the preparation and staging of components and
supplies used when compounding CSPs.
Clean Room: (see Microbiological Control and Monitoring of Aseptic Processing
Environments〈1116〉and also the definition ofBuffer Area) A room in which the concentration of
airborne particles is controlled to meet a specified airborne particulate cleanliness class.
Microorganisms in the environment are monitored so that a microbial level for air, surface, and
personnel gear are not exceeded for a specified cleanliness class.
Compounding Aseptic Containment Isolator (CACI): A compounding aseptic isolator (CAI)
designed to provide worker protection from exposure to undesirable levels of airborne drug
throughout the compounding and material transfer processes and to provide an aseptic
environment for compounding sterile preparations. Air exchange with the surrounding
environment should not occur unless the air is first passed through a microbial retentive filter
(HEPA minimum) system capable of containing airborne concentrations of the physical size and
state of the drug being compounded. Where volatile hazardous drugs are prepared, the exhaust
air from the isolator should be appropriately removed by properly designed building ventilation.
Compounding Aseptic Isolator (CAI): A form of isolator specifically designed for
compounding pharmaceutical ingredients or preparations. It is designed to maintain an aseptic
compounding environment within the isolator throughout the compounding and material transfer
processes. Air exchange into the isolator from the surrounding environment should not occur
unless the air has first passed through a microbially retentive filter (HEPA minimum).13
Critical Area: An ISO Class 5 (see Table 1) environment.
Critical Site: A location that includes any component or fluid pathway surfaces (e.g., vial
septa, injection ports, beakers) or openings (e.g., opened ampuls, needle hubs) exposed and at
risk of direct contact with air (e.g., ambient room or HEPA filtered), moisture (e.g., oral and
mucosal secretions), or touch contamination. Risk of microbial particulate contamination of the
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critical site increases with the size of the openings and exposure time.
Direct Compounding Area (DCA): A critical area within the ISO Class 5 (see Table 1) primary
engineering control (PEC) where critical sites are exposed to unidirectional HEPA-filtered air,
also known as first air.
Disinfectant: An agent that frees from infection, usually a chemical agent but sometimes a
physical one, and that destroys disease-causing pathogens or other harmful microorganisms but
may not kill bacterial and fungal spores. It refers to substances applied to inanimate objects.
First Air: The air exiting the HEPA filter in a unidirectional air stream that is essentially particle
free.
Hazardous Drugs: Drugs are classified as hazardous if studies in animals or humans indicate
that exposures to them have a potential for causing cancer, development or reproductive
toxicity, or harm to organs. (See current NIOSH publication.)
Labeling: [see Labeling 〈7〉 (CN 1-May-2018) and 21 USC 321 (k) and (m)] A term that
designates all labels and other written, printed, or graphic matter on an immediate container of
an article or preparation or on, or in, any package or wrapper in which it is enclosed, except
any outer shipping container. The term “label” designates that part of the labeling on the
immediate container.
Media-Fill Test: (see Microbiological Control and Monitoring of Aseptic Processing
Environments 〈1116〉) A test used to qualify aseptic technique of compounding personnel or
processes and to ensure that the processes used are able to produce sterile product without
microbial contamination. During this test, a microbiological growth medium such as
Soybean–Casein Digest Medium is substituted for the actual drug product to simulate admixture
compounding.1 The issues to consider in the development of a media-fill test are media-fill
procedures, media selection, fill volume, incubation, time and temperature, inspection of filled
units, documentation, interpretation of results, and possible corrective actions required.
Multiple-Dose Container: (see
(CN 1-May-2018) 〈659〉) A multiple-unit container for articles
or preparations intended for parenteral administration only and usually containing antimicrobial
preservatives. The beyond-use date (BUD) for an opened or entered (e.g., needle-punctured)
multiple-dose container with antimicrobial preservatives is 28 days (see Antimicrobial
Effectiveness Testing 〈51〉), unless otherwise specified by the manufacturer.
Negative Pressure Room: A room that is at a lower pressure than the adjacent spaces and,
therefore, the net flow of air is into the room.12
Pharmacy Bulk Package: (see 〈659〉) A container of a sterile preparation for parenteral use
that contains many single doses. The contents are intended for use in a pharmacy admixture
program and are restricted to the preparation of admixtures for infusion or, through a sterile
transfer device, for the filling of empty sterile syringes. The closure shall be penetrated only
one time after constitution with a suitable sterile transfer device or dispensing set, which
allows measured dispensing of the contents. The pharmacy bulk package is to be used only in a
suitable work area such as a laminar flow hood (or an equivalent clean air compounding area).
Where a container is offered as a pharmacy bulk package, the label shall (a) state prominently
“Pharmacy Bulk Package—Not for Direct Infusion,” (b) contain or refer to information on proper
techniques to help ensure safe use of the product, and (c) bear a statement limiting the time
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frame in which the container may be used once it has been entered, provided it is held under
the labeled storage conditions.
Primary Engineering Control (PEC): A device or room that provides an ISO Class 5 (see
Table 1) environment for the exposure of critical sites when compounding CSPs. Such devices
include, but may not be limited to, laminar airflow workbenches (LAFWs), biological safety
cabinets (BSCs), compounding aseptic isolators (CAIs), and compounding aseptic containment
isolators (CACIs).
Preparation: A preparation, or a CSP, that is a sterile drug or nutrient compounded in a
licensed pharmacy or other healthcare-related facility pursuant to the order of a licensed
prescriber; the article may or may not contain sterile products.
Product: A commercially manufactured sterile drug or nutrient that has been evaluated for
safety and efficacy by the FDA. Products are accompanied by full prescribing information,
which is commonly known as the FDA-approved manufacturer's labeling or product package
insert.
Positive Pressure Room: A room that is at a higher pressure than the adjacent spaces and,
therefore, the net airflow is out of the room.12
Single-Dose Container: (see
(CN 1-May-2018) 〈659〉) A single-dose container is a single-unit
container for articles (see General Notices
(CN 1-May-2018) ) or preparations intended for
parenteral administration only. It is intended for a single use. A single-dose container is labeled
as such. Examples of single-dose containers include prefilled syringes, cartridges, fusion-sealed
containers, and closure-sealed containers when so labeled.
Segregated Compounding Area: A designated space, either a demarcated area or room, that
is restricted to preparing low-risk level CSPs with 12-hour or less BUD. Such area shall contain
a device that provides unidirectional airflow of ISO Class 5 (see Table 1) air quality for
preparation of CSPs and shall be void of activities and materials that are extraneous to sterile
compounding.
Sterilizing Grade Membranes: Membranes that are documented to retain 100% of a culture
of 107 microorganisms of a strain of Brevundimonas (Pseudomonas) diminuta per square
centimeter of membrane surface under a pressure of not less than 30 psi (2.0 bar). Such filter
membranes are nominally at 0.22-µm or 0.2-µm nominal pore size, depending on the
manufacturer's practice.
Sterilization by Filtration: Passage of a fluid or solution through a sterilizing grade membrane
to produce a sterile effluent.
Terminal Sterilization: The application of a lethal process (e.g., steam under pressure or
autoclaving) to sealed containers for the purpose of achieving a predetermined sterility
assurance level of usually less than 10−6, or a probability of less than one in one million of a
nonsterile unit.13
Unidirectional Flow (see footnote 3): An airflow moving in a single direction in a robust and
uniform manner and at sufficient speed to reproducibly sweep particles away from the critical
processing or testing area.
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APPENDICES
Appendix I. Principal Competencies, Conditions, Practices, and Quality Assurances That
Are Required († “shall”) and Recommended (‡ “should”) in USP Chapter 〈 797〉
note—This tabular appendix selectively abstracts and condenses the full text of 〈797〉 for
rapid reference only. Compounding personnel are responsible for reading, understanding and
complying with the full text and all official USP terminology, content, and conditions therein.
INTRODUCTION
‡ Chapter purpose is to prevent harm and death to patients treated with CSPs.
† Chapter pertains to preparation, storage, and transportation, but not administration, of
CSPs.
† Personnel and facilities to which 〈797〉 applies; therefore, for whom and which it may be
enforced by regulatory and accreditation authorities.
† Types of preparations designated to be CSPs according to their physical forms, and their
sites and routes of administration to patients.
† Compounding personnel must be meticulously conscientious to preclude contact
contamination of CSPs both within and outside ISO Class 5 areas.
ORGANIZATION
† All compounding personnel shall be responsible for understanding fundamental practices
and precautions within USP 〈797〉, for developing and implementing appropriate procedures,
and for continually evaluating these procedures and the quality of final CSPs to prevent
harm.
RESPONSIBILITY OF COMPOUNDING PERSONNEL
† Practices and quality assurances required to prepare, store, and transport CSPs that are
sterile, and acceptably accurate, pure, and stable.
CSP MICROBIAL CONTAMINATION RISK LEVELS
† Proper training and evaluation of personnel, proper cleansing and garbing of personnel,
proper cleaning and disinfecting of compounding work environments, and proper
maintenance and monitoring of controlled environmental locations (all of which are detailed
in their respective sections).
Low-Risk Level CSPs
† Aseptic manipulations within an ISO Class 5 environment using three or fewer sterile
products and entries into any container.
† In absence of passing sterility test, store not more than 48 hours at controlled room
temperature, 14 days at cold temperature, and 45 days in solid frozen state at −25° to
−10° or colder.
† Media-fill test at least annually by compounding personnel.
Low-Risk Level CSPs with 12-Hour or Less BUD
† Fully comply with all four specific criteria.
‡ Sinks should not be located adjacent to the ISO Class 5 primary engineering control.
‡ Sinks should be separated from the immediate area of the ISO Class 5 primary engineering
control device.
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Medium-Risk Level CSPs
† Aseptic manipulations within an ISO Class 5 environment using prolonged and complex
mixing and transfer, more than three sterile products and entries into any container, and
pooling ingredients from multiple sterile products to prepare multiple CSPs.
† In absence of passing sterility test, store not more than 30 hours at controlled room
temperature, 9 days at cold temperature, and 45 days in solid frozen state at −25° to −10°
or colder.
†Media-fill test at least annually by compounding personnel.
High-Risk Level CSPs
† Confirmed presence of nonsterile ingredients and devices, or confirmed or suspected
exposure of sterile ingredients for more than one hour to air quality inferior to ISO Class 5
before final sterilization.
† Sterilization method verified to achieve sterility for the quantity and type of containers.
† Meet allowable limits for bacterial endotoxins.
† Maintain acceptable strength and purity of ingredients and integrity of containers after
sterilization.
† In absence of passing sterility test, store not more than 24 hours at controlled room
temperature, 3 days at cold temperature, and 45 days in solid frozen state at −25° to −10°
or colder.
† Media-fill test at least semiannually by compounding personnel.
PERSONNEL TRAINING AND EVALUATION IN ASEPTIC MANIPULATIONS SKILLS
† Pass didactic, practical skill assessment and media-fill testing initially, followed by an
annual assessment for a low- and medium-risk level compounding and semi-annual
assessment for high-risk level compounding.
† Compounding personnel who fail written tests, or whose media-fill test vials result in gross
microbial colonization, shall be immediately reinstructed and re-evaluated by expert
compounding personnel to ensure correction of all aseptic practice deficiencies.
IMMEDIATE-USE CSPs
† Fully comply with all six specified criteria.
SINGLE-DOSE AND MULTIPLE-DOSE CONTAINERS
† Beyond-use date 28 days, unless specified otherwise by the manufacturer, for closure
sealed multiple-dose containers after initial opening or entry.
† Beyond-use time of 6 hours, unless specified otherwise by the manufacturer, for closure
sealed single-dose containers in ISO Class 5 or cleaner air after initial opening or entry.
† Beyond-use time of 1 hour for closure sealed single-dose containers after being opened or
entered in worse than ISO Class 5 air.
† Storage of opened single-dose ampuls is not permitted.
HAZARDOUS DRUGS AS CSPs
† Appropriate personnel protective equipment.
† Appropriate primary engineering controls (BSCs and CACIs) are used for concurrent
personnel protection and exposure of critical sites.
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† Hazardous drugs shall be stored separately from other inventory in a manner to prevent
contamination and personnel exposure.
† At least 0.01 inch water column negative pressure and 12 air changes per hour in noncleanrooms in which CACIs are located.
† Hazardous drugs shall be handled with caution at all times using appropriate chemotherapy
gloves during receiving, distribution, stocking, inventorying, preparing for administration, and
disposal.
† Hazardous drugs shall be prepared in an ISO Class 5 environment with protective
engineering controls in place, and following aseptic practices specified for the appropriate
contamination risk levels.
† Access to drug preparation areas shall be limited to authorized personnel.
† A pressure indicator shall be installed that can readily monitor room pressurization, which
is documented daily.
† Annual documentation of full training of personnel regarding storage, handling, and
disposal of hazardous drugs.
† When used, a CSTD shall be used in an ISO Class 5 primary engineering control device.
† At least 0.01 inch water column negative pressure is required for compounding of
hazardous drugs.
‡ Negative-pressure buffer area is not required for low-volume compounding operations
when CSTD is used in BSC or CACI.
† Compounding personnel of reproductive capability shall confirm in writing that they
understand the risks of handling hazardous drugs.
† Disposal of all hazardous drug wastes shall comply with all applicable federal and state
regulations.
‡ Total external exhaust of primary engineering controls.
‡ Assay of surface wipe samples every 6 months.
RADIOPHARMACEUTICALS AS CSPs
† Positron Emission Tomography is according to USP chapter 〈823〉.
† Appropriate primary engineering controls and radioactivity containment and shielding.
† Radiopharmaceuticals compounded from sterile components, in closed sterile containers,
with volume of 100 mL or less for a single-dose injection or not more than 30 mL taken from
a multiple-dose container shall be designated as and conform to the standards for low-risk
level CSPs.
† Radiopharmaceutical vials, designed for multi-use, compounded with technetium-99m,
exposed to ISO Class 5 environment and punctured by needles with no direct contact
contamination may be used up to the time indicated by manufacturers' recommendations.
† Location of primary engineering controls permitted in ISO Class 8 controlled environment.
† Technetium-99m/Molybdenum-99 generators used according to manufacturer, state, and
federal requirements.
† Radiopharmaceuticals prepared as low-risk level CSPs with 12-hour or less BUD shall be
prepared in a segregated compounding area.
† Materials and garb exposed in patient-care and treatment area shall not cross a line of
demarcation into the segregated compounding area.
† Technetium-99m/Molybdenum-99 generators must be eluted in ISO Class 8 conditions.
† Segregated compounding area will be designated with a line of demarcation.
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‡ Storage and transport of properly shielded vials of radiopharmaceutical CSPs may occur in
a limited access ambient environment without a specific ISO class designation.
ALLERGEN EXTRACTS AS CSPs
† Allergen extracts as CSPs are not subject to the personnel, environmental, and storage
requirements for all CSP Microbial Contamination Risk Levels when certain criteria are met.
VERIFICATION OF COMPOUNDING ACCURACY AND STERILITY
† Review labels and document correct measurements, aseptic manipulations, and
sterilization procedures to confirm correct identity, purity, and strength of ingredients in,
and sterility of, CSPs.
‡ Assay finished CSPs to confirm correct identity and, or, strength of ingredients.
‡ Sterility test finished CSPs.
Sterilization Methods
† Verify that methods achieve sterility while maintaining appropriate strength, purity,
quality, and packaging integrity.
‡ Prove effectiveness by USP chapter 〈71〉, equivalent, or superior sterility testing.
Sterilization of High-Risk Level CSPs by Filtration
† Nominal 0.2-µm pore size sterile membranes that are chemically and physically compatible
with the CSP.
† Complete rapidly without filter replacement.
† Subject filter to manufacturer's recommended integrity test (e.g., bubble point test) after
filtering CSPs.
Sterilization of High-Risk Level CSPs by Steam
† Test to verify the mass of containers to be sterilized will be sterile after the selected
exposure duration in the particular autoclave.
† Ensure live steam contacts all ingredients and surfaces to be sterilized.
† Pass solutions through a 1.2-µm or smaller nominal pore size filter into final containers to
remove particulates before sterilization.
† Heated filtered air shall be evenly distributed throughout the chamber by a blower device.
† Dry heat shall only be used for those materials that cannot be sterilized by steam, when
the moisture would either damage or be impermeable to the materials.
† Sufficient space shall be left between materials to allow for good circulation of the hot air.
† The description of dry heat sterilization conditions and duration for specific CSPs shall be
included in written documentation in the compounding facility. The effectiveness of dry heat
sterilization shall be verified using appropriate biological indicators and other confirmation.
‡ The oven should be equipped with a system for controlling temperature and exposure
period.
Depyrogenation by Dry Heat
† Dry heat depyrogenation shall be used to render glassware or containers, such as vials
free from pyrogens as well as viable microbes.
† The description of the dry heat depyrogenation cycle and duration for specific load items
shall be included in written documentation in the compounding facility.
† The effectiveness of the dry heat depyrogenation cycle shall be verified using endotoxin
challenge vials (ECVs).
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‡ The bacterial endotoxin test should be performed on the ECVs to verify the cycle is
capable of achieving a 3 log reduction in endotoxin.
ENVIRONMENTAL QUALITY AND CONTROL
Exposure of Critical Sites
† ISO Class 5 or better air.
† Preclude direct contact (e.g., touch and secretions) contamination.
ISO Class 5 Air Sources, Buffer Areas, and Ante-Areas
† A buffer area is an area that provides at least ISO Class 7 air quality.
† New representations of facility layouts.
† Each compounding facility shall ensure that each source of ISO Class 5 environment for
exposure of critical sites and sterilization by filtration is properly located, operated,
maintained, monitored, and verified.
† Devices (e.g., computers and printers) and objects (e.g., carts and cabinets) can be
placed in buffer areas and shall be verified by testing or monitoring.
Viable and Nonviable Environmental Sampling (ES) Testing
† Environmental sampling shall occur as part a comprehensive quality management program
and shall occur minimally when several conditions exist.
‡ The ES program should provide information to staff and leadership to demonstrate that
the engineering controls are maintaining an environment within the compounding area that
consistently maintains acceptably low viable and nonviable particle levels.
Environmental Nonviable Particle Testing Program
† Certification and testing of primary (LAFWs, BSCs, CAIs and CACIs) and secondary
engineering controls (buffer and ante areas) shall be performed by a qualified individual no
less than every six months and whenever the device or room is relocated, altered, or major
service to the facility is performed. Certification procedures such as those outlined in the
CETA Certification Guide for Sterile Compounding Facilities (CAG-003-2006) shall be used.
Total Particle Counts
† Certification that each ISO classified area (e.g., ISO Class 5, 7 and 8) is within
established guidelines shall be performed no less than every 6 months and whenever the
LAFW, BSC, CAI, or CACI is relocated or the physical structure of the buffer room or antearea has been altered.
† Testing shall be performed by qualified operators using current, state-of-the-art
electronic equipment with results meeting ISO Class 5, 7, or 8 depending on the
requirements of the area.
† All certification records shall be maintained and reviewed by supervising personnel or other
designated employee to ensure that the controlled environments comply with the proper air
cleanliness, room pressures, and air changes per hour.
Pressure Differential Monitoring
† A pressure gauge or velocity meter shall be installed to monitor the pressure differential or
airflow between the buffer area and ante-area, and the ante-area and the general
environment outside the compounding area.
† The results shall be reviewed and documented on a log at least every work shift (minimum
frequency shall be at least daily) or by a continuous recording device.
† The pressure between the ISO Class 7 and general pharmacy area shall not be less than 5
Pa (0.02 inch water column (w.c.)).
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† In facilities where low- and medium-risk level CSPs are prepared, differential airflow shall
maintain a minimum velocity of 0.2 meter/second (40 fpm) between buffer area and antearea.
Environmental Viable Airborne Particle Testing Program—Sampling Plan
† An appropriate environmental sampling plan shall be developed for airborne viable particles
based on a risk assessment of compounding activities performed.
† Selected sampling sites shall include locations within each ISO Class 5 environment and in
the ISO Class 7 and 8 areas, and the segregated compounding areas at greatest risk of
contamination (e.g., work areas near the ISO Class 5 environment, counters near doors,
pass-through boxes).
† The plan shall include sample location, method of collection, frequency of sampling,
volume of air sampled, and time of day as related to activity in the compounding area and
action levels.
‡ It is recommended that compounding personnel refer to USP Chapter Microbiological
Control and Monitoring of Aseptic Processing Environments 〈1116〉 and the CDC Guidelines
for Environmental Infection Control in Healthcare Facilities-2003 for more information.
Growth Media
† A general microbiological growth medium such as Soybean–Casein Digest Medium (also
known as trypticase soy broth (TSB) or agar (TSA)) shall be used to support the growth of
bacteria.
† Malt extract agar (MEA) or some other media that supports the growth of fungi shall be
used in high-risk level compounding environments.
† Media used for surface sampling shall be supplemented with additives to neutralize the
effects of disinfecting agents (e.g., TSA with lecithin and polysorbate 80).
Viable Air Sampling
† Evaluation of airborne microorganisms using volumetric collection methods in the controlled
air environments shall be performed by properly trained individuals for all compounding risk
levels.
† Impaction shall be the preferred method of volumetric air sampling.
† For low-, medium-, and high-risk level compounding, air sampling shall be performed at
locations that are prone to contamination during compounding activities and during other
activities like staging, labeling, gowning, and cleaning.
† Locations shall include zones of air backwash turbulence within laminar airflow workbench
and other areas where air backwash turbulence may enter the compounding area.
† For low-risk level CSPs with 12-hour or less BUD, air sampling shall be performed at
locations inside the ISO Class 5 environment and other areas that are in close proximity to
the ISO class 5 environment, during the certification of the primary engineering control.
‡ Consideration should be given to the overall effect the chosen sampling method will have
on the unidirectional airflow within a compounding environment.
Air Sampling Devices
† The instructions in the manufacturer's user manual for verification and use of electric air
samplers that actively collect volumes of air for evaluation shall be followed.
† A sufficient volume of air (400–1000 liters) shall be tested at each location in order to
maximize sensitivity.
‡ It is recommended that compounding personnel also refer to USP Chapter 〈1116〉, which
can provide more information on the use of volumetric air samplers and volume of air that
should be sampled to detect environmental bioburden excursions.
Air Sampling Frequency and Process
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† Air sampling shall be performed at least semiannually (i.e. every 6 months), as part of the
re-certification of facilities and equipment for area where primary engineering controls are
located.
† A sufficient volume of air shall be sampled and the manufacturer's guidelines for use of the
electronic air sampling equipment followed.
‡ Any facility construction or equipment servicing may require the need to perform air
sampling during these events.
Incubation Period
† The microbial growth media plates used to collect environmental sampling are recovered,
covers secured (e.g., taped), inverted, and incubated at a temperature and for a time
period conducive to multiplication of microorganisms.
† The number of discrete colonies of microorganisms shall be counted and reported as
colony-forming units (cfu) and documented on an environmental monitoring form. Counts
from air monitoring need to be transformed into cfu/cubic meter of air and evaluated for
adverse trends.
‡ TSA should be incubated at 35° ± 2 ° for 2–3 days.
‡ MEA or other suitable fungal media should be incubated at 28° ± 2 ° for 5–7 days.
Action Levels, Documentation and Data Evaluation
† Sampling data shall be collected and reviewed on a periodic basis as a means of
evaluating the overall control of the compounding environment.
† Competent microbiology personnel shall be consulted if an environmental sampling
consistently shows elevated levels of microbial growth.
† An investigation into the source of the environmental contamination shall be conducted.
‡ Any cfu count that exceeds its respective action level should prompt a re-evaluation of
the adequacy of personnel work practices, cleaning procedures, operational procedures, and
air filtration efficiency within the aseptic compounding location.
‡ Table titled, Recommended Action Levels for Microbial Contamination should only be used
as a guideline
Facility Design and Environmental Controls
† Compounding facilities are physically designed and environmentally controlled to minimize
airborne contamination from contacting critical sites.
† Compounding facilities shall provide a comfortable and well-lighted working environment,
which typically includes a temperature of 20° or cooler to maintain comfortable conditions
for compounding personnel when attired in the required aseptic compounding garb.
† Primary engineering controls provide unidirectional (i.e., laminar) HEPA air at a velocity
sufficient to prevent airborne particles from contacting critical sites.
† In situ air pattern analysis via smoke studies shall be conducted at the critical area to
demonstrate unidirectional airflow and sweeping action over and away from the product
under dynamic conditions.
† Policies and procedures for maintaining and working within the primary engineering control
area shall be written and followed. The policies and procedures will be determined by the
scope and risk levels of the aseptic compounding activities used during the preparation of
the CSPs.
† The principles of HEPA-filtered unidirectional airflow in the work environment shall be
understood and practiced in the compounding process in order to achieve the desired
environmental conditions.
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† Clean rooms for nonhazardous and nonradioactive CSPs are supplied with HEPA that
enters from ceilings with return vents low on walls, and that provides not less than 30 air
changes per hour.
† Buffer areas maintain 0.02- to 0.05-inch water column positive pressure, and do not
contain sinks or drains.
† Air velocity from buffer rooms or zones to ante-areas is at least 40 feet/minute.
† The primary engineering controls shall be placed within a buffer area in such a manner as
to avoid conditions that could adversely affect their operation.
† The primary engineering controls shall be placed out of the traffic flow and in a manner to
avoid disruption from the HVAC system and room cross-drafts.
† HEPA-filtered supply air shall be introduced at the ceiling.
† All HEPA filters shall be efficiency tested using the most penetrating particle size and shall
be leak tested at the factory and then leak tested again in situ after installation.
† Activities and tasks carried out within the buffer area shall be limited to only those
necessary when working within a controlled environment.
† Only the furniture, equipment, supplies, and other material required for the compounding
activities to be performed shall be brought into the room.
† Surfaces and essential furniture in buffer rooms or zones and clean rooms shall be
nonporous, smooth, nonshedding, impermeable, cleanable, and resistant to disinfectants.
† The surfaces of ceilings, walls, floors, fixtures, shelving, counters, and cabinets in the
buffer area shall be smooth, impervious, free from cracks and crevices, and nonshedding,
thereby promoting cleanability, and minimizing spaces in which microorganisms and other
contaminants may accumulate.
† The surfaces shall be resistant to damage by disinfectant agents.
† Junctures of ceilings to walls shall be coved or caulked to avoid cracks and crevices
where dirt can accumulate.
† Ceiling tiles shall be caulked around each perimeter to seal them to the support frame.
† The exterior lens surface of ceiling lighting fixtures shall be smooth, mounted flush, and
sealed.
† Any other penetrations through the ceiling or walls shall be sealed.
† The buffer area shall not contain sources of water (sinks) or floor drains. Work surfaces
shall be constructed of smooth, impervious materials, such as stainless steel or molded
plastic, so that they are easily cleaned and disinfected.
† Carts shall be of stainless steel wire, nonporous plastic, or sheet metal construction with
good quality, cleanable casters to promote mobility.
† Storage shelving, counters, and cabinets shall be smooth, impervious, free from cracks
and crevices, nonshedding, cleanable, and disinfectable.
† Their number, design, and manner of installation the itmes above shall promote effective
cleaning and disinfection.
‡ If ceilings consist of inlaid panels, the panels should be impregnated with a polymer to
render them impervious and hydrophobic.
‡ Dust-collecting overhangs, such as ceiling utility pipes, or ledges, such as windowsills,
should be avoided.
‡ Air returns should be mounted low on the wall creating a general top-down dilution of
room air with HEPA-filtered make-up air.
Placement of Primary Engineering Controls Within ISO Class 7 Buffer Areas
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† Primary engineering controls for nonhazardous and nonradioactive CSPs are located in
buffer areas, except for CAIs that are proven to maintain ISO Class 5 air when particle
counts are sampled 6 to 12 inches upstream of critical site exposure areas during
performance of normal inward and outward transfer of materials, and compounding
manipulations when such CAIs are located in air quality worse than ISO Class 7.
† Presterilization procedures for high-risk level CSPs, such as weighing and mixing, shall be
completed in no worse than an ISO Class 8 environment.
† Primary engineering controls shall be located out of traffic patterns and away from room
air currents that could disrupt the intended airflow patterns.
† When isolators are used for sterile compounding, the recovery time to achieve ISO Class 5
air quality shall be documented and internal procedures developed to ensure that adequate
recovery time is allowed after material transfer before and during compounding operations.
† When compounding activities require the manipulation of a patient's blood-derived or other
biological material (e.g., radiolabeling a patient's or a donor's white blood cells), the
manipulations shall be clearly separated from routine material-handling procedures and
equipment used in CSP preparation activities, and they shall be controlled by specific
standard operating procedures in order to avoid any cross-contamination.
† Food, drinks, and items exposed in patient care areas, and unpacking of bulk supplies and
personnel cleansing and garbing are prohibited from buffer areas or rooms.
† Demarcation designation between buffer areas or rooms and ante-areas.
† Antiseptic hand cleansing and sterile gloves in buffer areas or rooms.
‡ Packaged compounding supplies and components, such as needles, syringes, tubing sets,
and small- and large-volume parenterals, should be uncartoned and wiped down with a
disinfectant that does not leave a residue (e.g., sterile 70% IPA) when possible in an antearea, of ISO Class 8 air quality, before being passed into the buffer areas.
Cleaning and Disinfecting the Sterile Compounding Areas
† Trained personnel write detailed procedures including cleansers, disinfectants, and nonshedding wipe and mop materials.
† Cleaning and disinfecting surfaces in the LAFWs, BSCs, CAIs, and CACIs shall be cleaned
and disinfected frequently, including at the beginning of each work shift, before each batch
preparation is started, every 30 minutes during continuous compounding periods of individual
CSPs, when there are spills, and when surface contamination is known or suspected from
procedural breaches.
† Trained compounding personnel are responsible for developing, implementing, and
practicing the procedures for cleaning and disinfecting the DCAs written in the SOPs.
† Cleaning and disinfecting shall occur before compounding is performed. Items shall be
removed from all areas to be cleaned, and surfaces shall be cleaned by removing loose
material and residue from spills, e.g., water-soluble solid residues are removed with Sterile
Water (for Injection or Irrigation) and low-shedding wipes. This shall be followed by wiping
with a residue-free disinfecting agent, such as sterile 70% IPA, which is allowed to dry
before compounding begins.
† Work surfaces in ISO Class 7 and 8 areas and segregated compounding areas are cleaned
at least daily.
† Dust and debris shall be removed when necessary from storage sites for compounding
ingredients and supplies, using a method that does not degrade the ISO Class 7 or 8 air
quality.
† Floors in ISO Class 7 and 8 areas are cleaned daily when no compounding occurs.
† IPA (70% isopropyl alcohol) remains on surfaces to be disinfected for at least 30 seconds
before such surfaces are used to prepare CSPs.
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† Emptied shelving, walls, and ceilings in ante-areas are cleaned and disinfected at least
monthly.
† Mopping shall be performed by trained personnel using approved agents and procedures
described in the written SOPs.
† Cleaning and disinfecting agents, their schedules of use and methods of application shall
be in accordance with written SOPs and followed by custodial and/or compounding
personnel.
† All cleaning materials, such as wipers, sponges, and mops, shall be nonshedding,
preferably composed of synthetic micro fibers, and dedicated to use in the buffer area, or
ante-area, and segregated compounding areas and shall not be removed from these areas
except for disposal.
† If cleaning materials are reused (e.g., mops), procedures shall be developed (based on
manufacturer recommendations) that ensure that the effectiveness of the cleaning device
is maintained and repeated use does not add to the bioburden of the area being cleaned.
† Supplies and equipment removed from shipping cartons shall be wiped with a suitable
disinfecting agent (e.g., sterile 70% IPA) delivered from a spray bottle or other suitable
delivery method.
† After the disinfectant is sprayed or wiped on a surface to be disinfected, the disinfectant
shall be allowed to dry, and during this time the item shall not be used for compounding
purposes.
† Sterile 70% IPA wetted gauze pads or other particle-generating material shall not be used
to disinfect the sterile entry points of packages and devices.
Personnel Cleansing and Garbing
† Personnel shall also be thoroughly competent and highly motivated to perform flawless
aseptic manipulations with ingredients, devices, and components of CSPs.
† Personnel with rashes, sunburn, weeping sores, conjunctivitis, active respiratory infection,
and cosmetics are prohibited from preparing CSPs.
† Compounding personnel shall remove personal outer garments; cosmetics; artificial nails;
hand, wrist, and body jewelry that can interfere with the fit of gowns and gloves; and
visible body piercing above the neck.
† Order of compounding garb and cleansing in ante-area: shoes or shoe covers, head and
facial hair covers, face mask, fingernail cleansing, hand and forearm washing and drying;
non-shedding gown.
† Order of cleansing and gloving in buffer room or area: hand cleansing with a persistently
active alcohol-based product with persistent activity; allow hands to dry; don sterile
gloves.
† Routinely disinfect gloves with sterile 70% IPA after contacting nonsterile objects.
† Inspect gloves for holes and replace when breaches are detected.
† Personnel repeat proper procedures after they are exposed to direct contact
contamination or worse than ISO Class 8 air.
† These requirements are exempted only for immediate-use CSPs and CAIs for which
manufacturers provide written documentation based on validated testing that such
personnel practices are not required to maintain sterility in CSPs.
Personnel Training and Competency Evaluation of Garbing, Aseptic Work Practices
and Cleaning/Disinfection Procedures
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† Personnel who prepare CSPs shall be trained conscientiously and skillfully by expert
personnel, multi-media instructional sources, and professional publications in the theoretical
principles and practical skills of garbing procedures, aseptic work practices, achieving and
maintaining ISO Class 5 environmental conditions, and cleaning and disinfection procedures.
† This training shall be completed and documented before any compounding personnel begin
to prepare CSPs.
† Compounding personnel shall complete didactic training, pass written competence
assessments, undergo skill assessment using observational audit tools, and media-fill
testing.
† Media-fill testing of aseptic work skills shall be performed initially before beginning to
prepare CSPs and at least annually thereafter for low- and medium-risk level compounding;
and semiannually for high-risk level compounding.
† Compounding personnel who fail written tests, observational audits, or whose media-fill
test vials have one or more units showing visible microbial contamination, shall be
reinstructed and re-evaluated by expert compounding personnel to ensure correction of all
aseptic work practice deficiencies.
† Compounding personnel shall pass all evaluations prior to resuming compounding of sterile
preparations.
† Compounding personnel must demonstrate proficiency of proper hand hygiene, garbing,
and consistent cleaning procedures in addition to didactic evaluation and aseptic media fill.
† Cleaning and disinfecting procedures performed by other support personnel shall be
thoroughly trained in proper hand hygiene, and garbing, cleaning, and disinfection
procedures by a qualified aseptic compounding expert.
† Support personnel shall routinely undergo performance evaluation of proper hand hygiene,
garbing, and all applicable cleaning and disinfecting procedures conducted by a qualified
aseptic compounding expert.
Competency Evaluation of Garbing and Aseptic Work Practices
† Compounding personnel shall be evaluated initially prior to beginning compounding CSPs
and whenever an aseptic media fill is performed using a Sample Form for Assessing Hand
Hygiene and Garbing Related Practices of Compounding Personnel and the personnel glove
fingertip sampling procedures.
Aseptic Work Practice Assessment and Evaluation via Personnel Glove Fingertip
Sampling
† Monitoring of compounding personnel glove fingertips shall be performed for all CSP risk
level compounding.
† Glove fingertip sampling shall be used to evaluate the competency of personnel in
performing hand hygiene and garbing procedures in addition to educating compounding
personnel on proper work practices.
† All personnel shall demonstrate competency in proper hand hygiene and garbing
procedures in addition to aseptic work practices.
† Sterile contact agar plates shall be used to sample the gloved fingertips of compounding
personnel after garbing to assess garbing competency and after completing the media-fill
preparation.
† Gloves shall not be disinfected with sterile 70% IPA immediately prior to sampling.
Garbing and Gloving Competency Evaluation
† Compounding personnel shall be visually observed during the process of performing hand
hygiene and garbing procedures.
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† The visual observation shall be documented on a Sample Form for Assessing Hand Hygiene
and Garbing Related Practices of Compounding Personnel and maintained to provide a
permanent record of and long-term assessment of personnel competency.
Gloved Fingertip Sampling
† Immediately after the compounder completes the hand hygiene and garbing procedure,
the evaluator shall collect a gloved fingertip and thumb sample from both hands of the
compounder onto appropriate agar plates by lightly pressing each finger tip into the agar.
† The plates shall be incubated for the appropriate incubation period and at the appropriate
temperature.
† All employees shall successfully complete an initial competency evaluation and gloved
fingertip/thumb sampling procedure (0 cfu) no less than three times before initially being
allowed to compound CSPs for human use.
† After completing the initial gowning and gloving competency evaluation, re-evaluation of
all compounding personnel shall occur at least annually for low- and medium-risk level CSPs
and semiannually for high-risk level CSPs before being allowed to continue compounding
CSPs.
† Gloves shall not be disinfected with sterile 70% IPA prior to testing.
† The sampled gloves shall be immediately discarded and proper hand hygiene performed
after sampling. The nutrient agar plates shall be incubated as stated below.
† The cfu action level for gloved hands shall be based on the total number of cfu on both
gloves and not per hand.
‡ Results should be reported separately as number of cfu per employee per hand (left hand,
right hand).
Incubation Period
† At the end of the designated sampling period, the agar plates are recovered, covers
secured, inverted and incubated at a temperature and for a time period conducive to
multiplication of microorganisms. Trypticase soy agar (TSA) with lecithin and polysorbate 80
shall be incubated at 35°± 2° for 2–3 days.
Aseptic Manipulation Competency Evaluation
† All compounding personnel shall have their aseptic technique and related practice
competency evaluated initially during the media-fill test procedure and subsequent annual or
semiannual media-fill test procedures on the Sample Form for Assessing Aseptic Technique
and Related Practices of Compounding Personnel.
Media-Fill Test Procedure
† The skill of personnel to aseptically prepare CSPs shall be evaluated using sterile fluid
bacterial culture media-fill verification.
† Media-filled vials shall be incubated within a range of 35° ± 2° for 14 days.
Surface Cleaning and Disinfection Sampling and Assessment
† Surface sampling shall be performed in all ISO classified areas on a periodic basis and can
be accomplished using contact plates and/or swabs and shall be done at the conclusion of
compounding.
† Locations to be sampled shall be defined in a sample plan or on a form.
Cleaning and Disinfecting Competency Evaluation
† Compounding personnel and other personnel responsible for cleaning shall be visually
observed during the process of performing cleaning and disinfecting procedures during initial
personnel training on cleaning procedures, changes in cleaning staff and at the completion
of any Media-Fill Test Procedure.
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† Visual observation shall be documented on a Sample Form for Assessing Cleaning and
Disinfection Procedures and maintained to provide a permanent record of, and long-term
assessment of, personnel competency.
Surface Collection Methods
† Immediately after sampling a surface with the contact plate, the sampled area shall be
thoroughly wiped with a non-shedding wipe soaked in sterile 70% IPA.
‡ Results should be reported as cfu per unit of surface area.
Action Levels, Documentation, and Data Evaluation
† Environmental sampling data shall be collected and reviewed on a routine basis as a
means of evaluating the overall control of the compounding environment.
† If an activity consistently shows elevated levels of microbial growth, competent
microbiology personnel shall be consulted.
† An investigation into the source of the contamination shall be conducted.
† When gloved fingertip sample results exceeds action levels after proper incubation, a
review of hand hygiene and garbing procedures as well as glove and surface disinfection
procedures and work practices shall be performed and documented.
‡ Any cfu count that exceeds its respective action level should prompt a re-evaluation of
the adequacy of personnel work practices, cleaning procedures, operational procedures, and
air filtration efficiency within the aseptic compounding location.
SUGGESTED STANDARD OPERATING PROCEDURES
† All facilities are required to have these, and they must include at least the items
enumerated in this section.
FINISHED PREPARATION RELEASE CHECKS AND TESTS
Inspection of Solution Dosage Forms and Review of Compounding Procedures
† Review procedures and documents to ensure sterility, purity, correct identities and
amounts of ingredients, and stability.
† Visually inspect for abnormal particulate matter and color, and intact containers and
seals.
Sterility Testing
† High-risk level CSPs prepared in batches of more than 25 identical containers, or exposed
longer than 12 hours at 2° to 8°, and 6 hours at warmer than 8° before being sterilized.
Bacterial Endotoxin (Pyrogen) Testing
† High-risk level CSPs, excluding those for inhalation and ophthalmic administration,
prepared in batches of more than 25 identical containers, or exposed longer than 12 hours
at 2° to 8°, and 6 hours at warmer than 8°, before being sterilized.
Identity and Strength Verification of Ingredients
† Written procedures to verify correct identity, quality, amounts, and purities of ingredients
used in CSPs.
† Written procedures to ensure labels of CSPs contain correct names and amounts or
concentrations of ingredients, total volumes, beyond-use dates, storage conditions, and
route(s) of administration.
STORAGE AND BEYOND-USE DATING
Determining Beyond-Use Dates
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† Use the general criteria in USP 〈795〉 in the absence of direct stability-indicating assays or
authoritative literature that supports longer durations.
MAINTAINING STERILITY, PURITY, AND STABILITY OF DISPENSED AND DISTRIBUTED CSPs
† Written procedures for proper packaging, storage, and transportation conditions to
maintain sterility, quality, purity, and strength of CSPs.
Redispensed CSPs
† When sterility, and acceptable purity, strength, and quality can be ensured.
† Assignment of sterility storage times and stability beyond-use dates that occur later than
those of originally dispensed CSPs must be based on results of sterility testing and
quantitative assay of ingredients.
Packaging and Transporting CSPs
† Packaging maintains physical integrity, sterility, stability, and purity of CSPs.
† Modes of transport that maintain appropriate temperatures and prevent damage to CSPs.
PATIENT OR CAREGIVER TRAINING
† Multiple component formal training program to ensure patients and caregivers understand
the proper storage, handling, use, and disposal of CSPs.
PATIENT MONITORING AND ADVERSE EVENTS REPORTING
† Written standard procedures describe means for patients to ask questions and report
concerns and adverse events with CSPs, and for compounding supervisors to correct and
prevent future problems.
‡ Adverse events and defects with CSPs reported to FDA's MedWatch and USP's MEDMARX
programs.
GLOSSARY
† Twenty-eight terms are defined and integral to complying with USP 〈797〉.
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Appendix II. Common Disinfectants Used in Health Care for Inanimate Surfaces and
Noncritical Devices, and Their Microbial Activity and Properties1
Chemical Category of Disinfectant

Isopropyl
alcohol

Accelerated hydrogen
peroxide

Concentration Used
60–95%

Microbial Inactivation

2

Important Chemical & Physical
Properties

0.5%

3

Quaternary
Ammonium
(e.g.,
dodecyl
dimethyl
ammonium
chloride)
0.4–1.6%
aq

Phenolics

Chlorine
(e.g.,
sodium
hypochlorite)

Iodophors
(e.g.,
povidoneiodine)

0.4–1.6%
aq

100–5000
ppm

30–50
ppm

Bacteria

+

+

+

+

+

+

Lipophilic viruses

+

+

+

+

+

+

H ydrophilic viruses

±

+

±

±

+

±

M.tuberculosis

+

+

±

+

+

±

Mycotic agents (fungi)

+

+

+

+

+

±

Bacterial Spores

−

−

−

−

+

−

Shelf life >1 week

+

+

+

+

+

+

Corrosive or deleterious
effects

±

−

−

−

±

±

Non-evaporable residue

−

−

+

+

−

+

Inactivated by organic matter

+

±

+

±

+

+

Skin irritant

±

−

+

+

+

±

Eye irritant

+

−

+

+

+

+

Respiratory irritant

−

−

−

−

+

−

Systemic toxicity

+

−

+

+

+

+

Key to abbreviation and symbols: aq = diluted with water; ppm = parts per million; + = yes; − = no; ± = variable results.
1 Modified from World H ealth Organization, Laboratory Bio Safety Manual 1983 and Rutala WA, “Antisepsis, disinfection and sterilization in the hospital and related institutions,” Manual of Clinical
Microbiology, American Society for Microbiology, Washington, DC, 1995, pages 227-245.
2 Inactivation of the most common microorganisms (i.e., bacteria) occurs with a contact time of ≤1 minute; inactivation of spores requires longer contact times (e.g., 5-10 minutes for 5,000 ppm
chlorine solution against C. difficile spores). Reference: Perez J, Springthorpe VS, Sattar SA, “Activity of selected oxidizing microbicides against the spores of Clostridium difficile: Relevance to
environmental control,” American Journal of Infection Control, August 2005, pages 320-325.
3 Accelerated hydrogen peroxide is a new generation of hydrogen peroxide-based germicides in which the potency and performance of the active ingredient have been enhanced and
accelerated through the use of appropriate acids and detergents.

Appendix III. Sample Form for Assessing Hand Hygiene and Garbing Related Practices
of Compounding Personnel
Printed name and position/title of person
assessed:
Name of facility or location:
Hand Hygiene and Garbing Practices: The qualified evaluator will check each space for
which the person being assessed has acceptably completed the described activity, prints
N/A if the activity is not applicable to the assessment session or N/O if the activity was not
observed.*
Presents in a clean appropriate attire and manner.
Wears no cosmetics or jewelry (watches, rings, earrings, etc. piercing jewelry
included) upon entry into ante-areas.
Brings no food or drinks into or stored in the ante-areas or buffer areas.
Is aware of the line of demarcation separating clean and dirty sides and
observes required activities.
Dons shoe covers or designated clean-area shoes one at a time, placing the
covered or designated shoe on clean side of the line of demarcation, as
appropriate.
Dons beard cover if necessary.
Dons head cover assuring that all hair is covered.
Dons face mask to cover bridge of nose down to include chin.
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Performs hand hygiene procedure by wetting hands and forearms and washing
using soap and warm water for at least 30 seconds.
Dries hands and forearms using lint-free towel or hand dryer.
Selects the appropriate sized gown examining for any holes, tears, or other
defects.
Dons gown and ensures full closure.
Disinfects hands again using a waterless alcohol-based surgical hand scrub
with persistent activity and allows hands to dry thoroughly before donning
sterile gloves.
Dons appropriate sized sterile gloves ensuring that there is a tight fit with no
excess glove material at the fingertips.
Examines gloves ensuring that there are no defects, holes, or tears.
While engaging in sterile compounding activities, routinely disinfects gloves
with sterile 70% IPA prior to work in the direct compounding area (DCA) and
after touching items or surfaces that may contaminate gloves.
Removes PPE on the clean side of the ante-area.
Removes gloves and performs hand hygiene.
Removes gown and discards it, or hangs it on hook if it is to be reused within
the same work day.
Removes and discards mask, head cover, and beard cover (if used).
Removes shoe covers or shoes one at a time, ensuring that uncovered foot is
placed on the dirty side of the line of demarcation and performs hand hygiene
again. (Removes and discards shoe covers every time the compounding area
is exited).
*The person assessed is immediately informed of all unacceptable activities (i.e.,
spaces lacking check marks, N/A, or N/O) and shown and informed of specific
corrections.
Signature of
Person
Assessed

Printed Name

Date

Signature of
Qualified
Evaluator

Printed Name

Date

Appendix IV. Sample Form for Assessing Aseptic Technique and Related Practices of
Compounding Personnel
Printed name and position/title of person
assessed:
Name of facility or location:
Aseptic Technique, Safety, and Quality Assurance Practices: The qualified evaluator
checks each space for which the person being assessed has acceptably completed the
described activity, prints N/A if the activity is not applicable to the assessment session or
N/O if the activity was not observed.*
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Completes the Hand Hygiene and Garbing Competency Assessment
Form.
Performs proper hand hygiene, garbing, and gloving procedures
according to SOPs.
Disinfects ISO Class 5 device surfaces with an appropriate agent.
Disinfects components/vials with an appropriate agent prior to
placing into ISO Class 5 work area.
Introduces only essential materials in a proper arrangement in the
ISO Class 5 work area.
Does not interrupt, impede, or divert flow of first-air to critical sites.
Ensures syringes, needles, and tubing remain in their individual
packaging and are only opened in ISO Class 5 work area.
Performs manipulations only in the appropriate DCA of the ISO Class
5 device.
Does not expose critical sites to contact contamination or worse
than ISO Class 5 air.
Disinfects stoppers, injection ports, and ampul necks by wiping with
sterile 70% IPA and allows sufficient time to dry.
Affixes needles to syringes without contact contamination.
Punctures vial stoppers and spikes infusion ports without contact
contamination.
Labels preparation(s) correctly.
Disinfects sterile gloves routinely by wiping with sterile 70% IPA
during prolonged compounding manipulations.
Cleans, sets up, and calibrates automated compounding device (e.g.,
“TPN compounder”) according to manufacturer's instructions.
Disposes of sharps and waste according to institutional policy or
recognized guidelines.
*The person assessed is immediately informed of all unacceptable activities (i.e.,
spaces lacking check marks, N/A, or N/O) and shown and informed of specific
corrections.
Signature of Person
Assessed

Printed Name

Date

Signature of Qualified
Evaluator

Printed Name

Date

Appendix V. Sample Form for Assessing Cleaning and Disinfection Procedures
Printed name and position/title of person
assessed:
Name of facility or location:
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Cleaning and Disinfection Practices: The qualified evaluator will check each space for
which the person being assessed has acceptably completed the described activity, prints
N/A if the activity is not applicable to the assessment session or N/O if the activity was not
observed.*
Daily Tasks:
Prepares correct concentration of disinfectant solution according to
manufacturer's instructions.
Uses appropriately labeled container for the type of surface to be cleaned
(floor, wall, production bins, etc.).
Documents disinfectant solution preparation.
Follows garbing procedures when performing any cleaning activities.
At the beginning of each shift, cleans all ISO Class 5 devices prior to
compounding in the following order: walls, IV bar, automated compounders, and
work surface.
Uses a lint free wipe soaked with sterile 70% IPA or other approved disinfectant
solution and allows to dry completely.
Removes all compounder components and cleans all ISO Class 5 areas as stated
above at the end of each shift.
Cleans all counters and easily cleanable work surfaces.
Mops floors, using the mop labeled “floors,” starting at the wall opposite the
room entry door; mops floor surface in even strokes toward the operator.
Moves carts as needed to clean entire floor surface. Use of a microfiber
cleaning system is an acceptable alternative to mops.
In the ante-area, cleans sink and all contact surfaces; cleans floor with a
disinfectant solution or uses microfiber cleaning system.
Monthly Tasks:
Performs monthly cleaning on a designated day. Prepares a disinfectant solution
as stated in daily tasks that is appropriate for the surfaces to be cleaned.
Cleans buffer area and ante-area ceiling, walls, and storage shelving with a
disinfectant solution and a mop or uses a microfiber cleaning system.
Once ISO Class 5 area is clean, cleans compounding room ceiling, followed by
walls and ending with the floor. Uses appropriate labeled mops or microfiber
cleaning system.
Cleans all buffer area totes and storage shelves by removing contents and
using a germicidal detergent soaked lint free wipe, cleans the inside surfaces of
the tote and then the entire exterior surfaces of the tote. Allows totes to dry.
Prior to replacing contents into tote, wipes tote with sterile 70% IPA to remove
disinfectant residue. Uses new wipe as needed.
Cleans all buffer area carts by removing contents and using germicidal
detergent soaked lint free wipe, cleans all carts starting with the top shelf and
top of post, working down to wheels. Cleans the under side of shelves in a
similar manner. Uses a new wipe for each cart. Allows to dry. Wipes carts with
sterile 70% IPA wetted lint-free wipe to remove any disinfectant residue. Uses
new wipe as needed.
Cleans buffer area chairs, the interior and exterior of trash bins, and storage
bins using disinfectant solution soaked lint free wipe.
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Documents all cleaning activities as to who performed such activities with date
and time noted.
*The person assessed is immediately informed of all unacceptable activities (i.e.,
spaces lacking check marks, N/A, or N/O) and shown and informed of specific
corrections.
Signature of
Person
Assessed

Printed Name

Date

Signature of
Qualified
Evaluator

Printed Name

Date

1. INTRODUCTION AND SCOPE
This chapter describes the minimum standards to be followed when preparing compounded
sterile human and animal drugs [compounded sterile preparations (CSPs)] based on current
scientific information and best practices for sterile compounding. Sterile compounding is defined
as combining, admixing, diluting, pooling, reconstituting, repackaging, or otherwise altering a
drug or bulk drug substance to create a sterile medication. Preparing a conventionally
manufactured sterile product in accordance with the directions contained in approved labeling
provided by the product’s manufacturer is not compounding as long as the product is prepared
for an individual patient and follows the provisions for administration below.
For the purposes of this chapter, administration means the direct and immediate application of
a conventionally manufactured product or a CSP to a patient by injecting, infusing, or
otherwise providing a sterile medication in its final form. For guidance on administration of CSPs,
see the Centers for Disease Control and Prevention’s (CDC) Safe Injection Practices to Prevent
Transmission of Infections to Patients. Administration of medication, including withdrawal of
doses, is out of the scope of this chapter. Administration of medication should follow the
manufacturer’s or compounder’s labeling of the sterile medication. Additionally, the preparation
of non-hazardous CSPs for administration must follow applicable jurisdictional laws and
regulations (e.g., labeling).
Preparation of non-hazardous CSPs for a single patient using only sterile starting ingredients
when administration will begin within 1 hour of beginning the preparation (e.g., within 1 hour of
initial entry into or puncture of a single-dose container) is not required to meet the standards
in this chapter. Any unused starting ingredient that is not labeled as a multiple-dose container
must be discarded after preparation is complete. Additionally, preparation of sterile medications
for immediate administration should be performed in accordance with evidence-based
information for physical and chemical compatibility of the drugs administered.
Aseptic technique must be followed for preparing any sterile medication. Procedures must be in
place to minimize the potential for contact with nonsterile surfaces, introduction of particulate
matter or biological fluids, and mix-ups with other products or CSPs.
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The requirements in this chapter must be followed to minimize harm, including death, to human
and animal patients that could result from 1) microbial contamination (nonsterility), 2)
excessive bacterial endotoxins, 3) variability from the intended strength of correct ingredients,
4) physical and chemical incompatibilities, 5) chemical and physical contaminants, and/or 6) use
of ingredients of inappropriate quality.
1.1 Scope
CSPS AFFECTED
The requirements in this chapter must be met to ensure the sterility of any CSP. Although the
list below is not exhaustive, the following must be sterile:
Injections, including infusions
Irrigations for internal body cavities (i.e., any space that does not normally
communicate with the environment outside of the body such as the bladder cavity or
peritoneal cavity). [Note—Irrigations for the mouth, rectal cavity, and sinus cavity are
not required to be sterile.]
Ophthalmic dosage forms
Preparations for pulmonary inhalation. [Note—Nasal dosage forms intended for local
application are not required to be sterile.]
Baths and soaks for live organs and tissues
Implants
Compounding of sterile hazardous drugs (HDs) must additionally comply with Hazardous
Drugs—Handling in Healthcare Settings 〈800〉.
Compounding of radiopharmaceuticals is subject to the requirements in
Radiopharmaceuticals—Preparation, Compounding, Dispensing, and Repackaging 〈825〉.
Handling of blood components—which are specific elements of blood such as red and white
blood cells, platelets, or plasma—should additionally comply with jurisdictional standards and
guidelines such as the CDC Biosafety in Microbiological and Biomedical Laboratories (BMBL).
Compounding using biological products requires special considerations because these products
are particularly susceptible to microbiological growth and chemical and physical degradation.
PERSONNEL AND SETTINGS AFFECTED
This chapter describes the minimum requirements that apply to all persons who prepare CSPs in
all places where CSPs are prepared. This includes, but is not limited to, pharmacists,
technicians, physicians, veterinarians, dentists, naturopaths, chiropractors, and nurses in all
places including, but not limited to, hospitals and other healthcare institutions, patient
treatment sites, infusion facilities, pharmacies, and physicians’ or veterinarians’ practice sites.
Pursuant to General Notices, 2.30 Legal Recognition, assuring compliance with USP standards is
the responsibility of regulatory bodies. Accreditation or credentialing organizations may adopt
and enforce USP standards. USP has no role in enforcement.
SPECIFIC PRACTICES
Repackaging: Repackaging of a sterile product or preparation from its original container into
another container must be performed in accordance with the requirements in this chapter for
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CSPs. If there is evidence or documentation [e.g., Food and Drug Administration (FDA)
Guidance] for a shorter beyond-use date (BUD), the shorter BUD must be used.
Proprietary bag and vial systems: Docking and activation of proprietary bag and vial systems
(e.g., ADD-Vantage, Mini Bag Plus, addEASE) in accordance with the manufacturer’s
instructions for immediate administration to an individual patient is not considered compounding
and may be performed outside of an International Organization for Standardization (ISO) 5
environment. However, aseptic technique must be followed when attaching the proprietary bag
and vial system.
Docking of the proprietary bag and vial systems for future activation and administration is
considered compounding and must be performed in accordance with this chapter, with the
exception of 12. Establishing Beyond-Use Dates. BUDs for proprietary bag and vial systems
must not be longer than those specified in the manufacturer’s labeling.
Allergenic extracts: Licensed allergenic extracts are mixed and diluted to prepare prescription
sets for administration to patients. A prescription set is a vial or set of vials of premixed
licensed allergenic extracts for subcutaneous immunotherapy diluted with an appropriate
diluent. Because of certain characteristics of allergenic extracts and allergy practice,
preparation of allergenic extract prescription sets is not subject to the requirements in this
chapter that are applicable to other sterile CSPs. The standards for compounding allergenic
extracts are in 18. Compounding Allergenic Extracts and are applicable only when:
1. The compounding process involves simple transfer via sterile needles and syringes of
conventionally manufactured sterile allergen products and appropriate conventionally
manufactured sterile added substances, and
2. Manipulations are limited to penetrating disinfected stoppers on vials with sterile needles
and syringes, and transferring sterile liquids in sterile syringes to sterile vials
Otherwise, compounding of allergenic extracts prescription sets must meet the requirements for
Category 1 or 2 CSPs, which are described in this chapter.
1.2 Factors Affecting the Risks Associated with CSPs
CSPs can be compounded either by using only sterile starting ingredients or by using some or all
nonsterile starting ingredients. If all of the components used to compound a drug are sterile to
begin with, the sterility of the components must be maintained during compounding to produce
a sterile compounded preparation. If one or more of the starting components being used to
compound is not sterile, the sterility of the compounded preparation must be achieved through
a sterilization process, such as terminal sterilization in the final sealed container, or sterile
filtration, and then maintained through subsequent manipulations of the preparation. When
compounding with nonsterile starting ingredients, the quality of the components and the
effectiveness of the sterilization step are critical to achieving a sterile preparation. Personnel
must adhere to the requirements in this chapter throughout the compounding process.
1.3CSP Categories
This chapter distinguishes two categories of CSPs, Category 1 and Category 2, primarily based
on the conditions under which they are made, the probability for microbial growth, and the time
period within which they must be used. Category 1 CSPs are those assigned a BUD of 12 hours
or less at controlled room temperature or 24 hours or less when refrigerated if made in
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accordance with all of the applicable requirements for Category 1 CSPs in this chapter.
Category 2 CSPs are those that may be assigned a BUD of greater than 12 hours at controlled
room temperature or greater than 24 hours if refrigerated (see 12. Establishing Beyond-Use
Dates) if made in accordance with all of the applicable requirements for Category 2 CSPs in this
chapter. See Table 1 for a summary of the minimum requirements in this chapter for Category 1
and 2 CSPs.
This chapter describes minimum requirements that apply to compounding of all CSPs. The
minimum requirements that are not specifically described as applicable to Category 1 or
Category 2, such as minimum training, competency testing, and personal hygiene for personnel,
are applicable to the compounding of all CSPs.
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Table 1. Summary of Minimum Requirements for Category 1 and Category 2 CSPsa
Category 1 CSPs
Category 2 CSPs
Personnel Qualifications
Visual observation
of hand hygiene
and garbing
Every 6 months
Every 6 months
Gloved fingertip
and thumb
sampling
Every 6 months
Every 6 months
Media fill testing
Every 6 months
Every 6 months
Requalification
Every 12 months
Every 12 months
Buildings and Facilities
Placement of the
primary
engineering
Not required to be placed
Required to be placed in a classified
control (PEC)
in a classified area
area
Every 6 months for the
Every 6 months for the PEC and
Recertification
PEC
secondary engineering control (SEC)
Nonviable airborne
monitoring
Every 6 months
Every 6 months
Microbiological Air and Surface Monitoring
Viable air sampling
Every 6 months
Every 6 months
Surface sampling
Monthly
Monthly
Release Testing
Visual inspection
Required
Required
Sterility testing
Not required
Based on assigned BUD
Based on assigned BUD (e.g., if sterility
testing is required) and if prepared from
Endotoxin testing
Not required
nonsterile ingredient(s)b
BUD
≤12 hours at controlled
room temperature or
>12 hours at controlled room
≤24hours if refrigerated
temperature or >24 hours if refrigerated
BUD assignment
(see Table 11)
(see Table 12)
a This table summarizes the requirements that apply specifically to Category 1 and
Category 2 CSPs. There are numerous requirements in the chapter that are not summarized
in this table because they apply to all CSPs, regardless of whether they are Category 1 or
Category 2.
b Except for inhalation and topical ophthalmic preparations, Category 2 CSPs assigned a
BUD that requires sterility testing and those made from one or more nonsterile ingredient(s)
or components(s) must be tested to ensure that they do not contain excessive bacterial
endotoxins (see 10.3 Bacterial Endotoxins Testing).
2.PERSONNEL QUALIFICATIONS—TRAINING, EVALUATION, AND REQUALIFICATION
All personnel involved in the compounding of CSPs must be initially trained and qualified by
demonstrating proficiency in compounding CSPs. Personnel must complete requalification every
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12 months in appropriate sterile compounding principles and practices. Training, evaluation, and
requalification of personnel must be documented.
Each compounding facility must develop a written training program that describes the required
training, the frequency of training, and the process for evaluating the performance of
individuals involved in preparing CSPs. This program should equip personnel with the appropriate
knowledge and train them in the required skills necessary to perform their assigned tasks.
2.1 Demonstrating Proficiency in Core Competencies
Before beginning to prepare CSPs independently, all compounding personnel must complete
training and be able to demonstrate knowledge of theoretical principles and proficiency of skills
for performing sterile manipulations and achieving and maintaining appropriate environmental
conditions. Competency must be demonstrated in at least the following:
Hand hygiene
Garbing
Cleaning and disinfection
Calculations, measuring, and mixing
Aseptic technique
Achieving and/or maintaining sterility and apyrogenicity
Use of equipment
Documentation of the compounding process (e.g., master formulation and compounding
records)
Principles of high-efficiency particulate air (HEPA)-filtered unidirectional airflow within
the ISO Class 5 area
Proper use of primary engineering control (PECs)
Principles of movement of materials and personnel within the compounding area
All compounding personnel must demonstrate competency through written testing and
proficiency through hands-on demonstration of skills every 12 months. Any other personnel
handling CSPs and/or accessing the compounding area must complete training and demonstrate
competency in maintaining the quality of the environment in which they are performing their
assigned task. The designated person must ensure that any person who enters the sterile
compounding area maintains the quality of the environment.
2.2 Demonstrating Competency in Garbing and Hand Hygiene
All compounding personnel must be visually observed every 6 months by a qualified person while
performing hand hygiene and garbing procedures (see 3. Personal Hygiene and Garbing). The
visual audit must be documented and the documentation maintained to provide a record of
personnel competency.
Gloved fingertip and thumb sampling is important because direct touch contamination is the
most likely source of microorganisms. Initial gloved fingertip and thumb sampling evaluates a
compounder’s competency in correctly performing hand hygiene and garbing (see Box 2-1).
Before being allowed to independently compound, all compounders must successfully complete
an initial competency evaluation, including visual observation and gloved fingertip and thumb
sampling, no fewer than 3 separate times. Each fingertip and thumb evaluation must occur
after performing a separate and complete hand hygiene and full garbing procedure. After the
initial competency evaluation, compounding personnel must successfully complete gloved
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fingertip and thumb sampling every 6 months after completing the media-fill test. Successful
completion of initial gloved fingertip and thumb sampling is defined as zero colony-forming units
(cfu). Successful completion of subsequent gloved fingertip and thumb sampling after media-fill
testing is defined as ≤3 cfu. Action levels for gloved fingertip and thumb sampling results are
shown in Table 2.
Table 2. Action Levels for Gloved Fingertip and Thumb Samplinga
Action Levels
(total number of cfu on both
Gloved Fingertip and Thumb Sampling
hands)
Initial sampling after garbing
≥1
Subsequent sampling after media-fill testing (every 6
months)
>3
a Action levels are based on the total cfu count on both hands.
Initial gloved fingertip and thumb sampling must be performed on donned sterile gloves in the
ISO Class 7 buffer room or segregated compounding area (SCA). Subsequent gloved fingertip
and thumb sampling must be performed on donned sterile gloves inside of an ISO Class 5 PEC. If
conducting gloved fingertip and thumb sampling in a compounding aseptic isolator (CAI),
compounding aseptic containment isolator (CACI), or an isolator, samples must be taken from
the sterile gloves placed over the gauntlet gloves.
Box 2-1. Gloved Fingertip and Thumb Sampling Procedures
Use one sampling device per hand (e.g., plates, paddles, or slides) containing
general microbial growth agar [e.g., trypticase soy agar (TSA)] supplemented with
neutralizing additives (e.g., lecithin and polysorbate 80) as this agar supports both
bacterial and fungal growth.
Label each contact sampling device with a personnel identifier, whether it was from
the right or left hand, and the date and time of sampling.
Do not disinfect gloves immediately before touching the sampling device because
this could cause a false-negative result.
Using a separate sampling device for each hand, collect a gloved fingertip and thumb
sample from both hands by rolling finger pads and thumb pad over the agar surface.
Incubate the sampling device at a temperature of 30°–35° for no less than 48 hours
and then at 20°–25° for no less than 5 additional days. If using plates or slides,
invert them during incubation to prevent condensate from dropping onto the agar
and affecting the accuracy of the cfu reading.
Record the number of cfu per hand (left hand, right hand).
Determine whether the cfu action level is exceeded by counting the total number of
cfu on both hands.
2.3Competency Testing in Aseptic Manipulation
After successful completion of the initial hand hygiene and garbing competency evaluation, all
compounding personnel must have their sterile technique and related practices evaluated during
a media-fill test (see Box 2-2). When performing a media-fill test, use the most difficult and
challenging compounding procedures and processing conditions encountered by the person
during a work shift (e.g., the most manipulations, most complex flow of materials, longest time
to compound, size of batch), replacing all the components used in the CSPs with soybean–
casein digest media.
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If using a commercial sterile microbial growth medium, either verify that the growth medium is
growth promoting (see Sterility Tests 〈71〉, Culture Media and Incubation Temperatures,
Growth Promotion Test of Aerobes, Anaerobes, and Fungi), or obtain a certificate of analysis
(COA) from the supplier of the growth medium to ensure that it will support the growth of
microorganisms. Store microbial growth media in accordance with manufacturer instructions and
use before the expiration date. If preparing a sterile microbial growth medium in-house, the
growth promotion capability of the medium must be demonstrated for each batch and
documented (see 〈71〉).
Failure is indicated by visible turbidity or other visual manifestations of growth in the medium in
one or more container–closure unit(s) on or before the end of the incubation period.
Investigate media-fill failures to determine possible causes (e.g., sterilizing filter failure).
Evaluation results must be documented and the documentation maintained to provide a record
and long-term assessment of personnel competency. Documentation must at a minimum include
the name of the person evaluated, evaluation date/time, media and components used including
expiration date and lot number, the results, and the signatures of the person evaluated and the
observer.
Box 2-2. Media-Fill Testing Procedures
If all of the starting components are sterile to begin with, manipulate them in a
manner that simulates sterile-to-sterile compounding activities, and transfer the
sterile soybean–casein digest media into the same types of container–closure
systems commonly used at the facility. Do not further dilute the media unless
specified by the manufacturer.
If some of the starting components are nonsterile to begin with, use a nonsterile
soybean–casein digest powder to make a solution. The solution must be prepared
according to Sterility Tests 〈71〉, Culture Media and Incubation Temperatures.
Manipulate it in a manner that simulates nonsterile-to-sterile compounding activities.
Once the compounding simulation is completed and the final containers are filled with
the test media, incubate them in an incubator for 7 days at 20°–25° followed by 7
days at 30°–35° to detect a broad spectrum of microorganisms. Failure is indicated
by visible turbidity or other visual manifestations of growth in the media in one or
more container–closure unit(s) on or before 14 days.
2.4 Reevaluation, Retraining, and Requalification
REQUALIFICATION AFTER FAILURE
Personnel who fail the visual observation of hand hygiene, garbing, and/or aseptic technique;
gloved fingertip and thumb sampling; and/or media-fill testing must successfully pass
reevaluations in the deficient area(s) before they can resume compounding of sterile
preparations. The designated person must identify the cause of failure and determine
appropriate retraining requirements. All failures, retraining, and reevaluations must be
documented.
REQUALIFICATION PROGRAM
Compounding personnel must successfully complete requalification every 12 months in the core
competencies listed in 2.1 Demonstrating Proficiency in Core Competencies. Successful
completion must be demonstrated through written testing and hands-on demonstration of skills.
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TIMING OF REEVALUATION AND REQUALIFICATION
Visual observation: Compounding personnel must be visually observed while performing hand
hygiene and garbing procedures initially, and then at least every 6 months.
Gloved fingertip and thumb sampling: Compounding personnel must perform fingertip and
thumb sampling 3 times initially and then every 6 months (in conjunction with media-fill
testing).
Media-fill testing: After initial qualification, conduct a media-fill test of all personnel engaged
in compounding CSPs at least every 6 months (in conjunction with gloved fingertip and thumb
sampling).
Cleaning and disinfecting: Retrain and requalify personnel in cleaning and disinfecting
compounding areas in conjunction with any change(s) in cleaning and disinfecting procedures.
After a pause in compounding: Personnel who have not compounded CSPs in more than 6
months must be requalified in all core competencies before they may resume compounding
duties.
3.PERSONAL HYGIENE AND GARBING
Personal hygiene and garbing are essential to maintaining microbial control of the environment.
Most microorganisms detected in cleanrooms are transferred from individuals. Squamous cells
are normally shed from the human body at a rate of 106 or more per hour, and those skin
particles are covered with microorganisms.1,2 To minimize contamination of the environment and
CSPs, individuals entering a compounding area must be properly garbed and must maintain
proper personal hygiene.
Individuals that may have a higher risk of contaminating the CSP and the environment (e.g.,
personnel with rashes, sunburn, recent tattoos, oozing sores, conjunctivitis, or active
respiratory infection) must report these conditions to their supervisor. The designated person is
responsible for evaluating whether these individuals should be excluded from working in
compounding areas before their conditions have resolved because of the risk of contaminating
the CSP and the environment.
3.1 Personnel Preparation
Individuals entering a compounding area must take appropriate steps to minimize microbial
contamination of the environment and the CSPs, including hand hygiene (3.2 Hand Hygiene),
garbing (3.3 Garbing Requirements), and consideration of needed materials to be brought into
the compounding area. Before entering a compounding area, individuals must remove any items
that are not easily cleanable or that are not necessary for compounding. At a minimum,
individuals must:
Remove personal outer garments.
Remove all cosmetics because they shed flakes and particles.
Remove all hand, wrist, and other exposed jewelry including piercings that could
interfere with the effectiveness of garbing (e.g., the fit of gloves, cuffs of sleeves, and
eye protection) or otherwise increase the risk of contamination of the CSP. Cover any
jewelry that cannot be removed.
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Not wear ear buds or headphones.
Not bring electronic devices that are not necessary for compounding or other required
tasks into the compounding area.
Keep nails clean and neatly trimmed to minimize particle shedding and avoid glove
punctures. Nail polish, artificial nails, and extenders must not be worn.
Additional restrictions on items may be necessary based on the risk of contaminating the
environment and the CSP.
3.2 Hand Hygiene
Hand hygiene must be performed before entering a compounding area (see Box 3-1). Alcohol
hand sanitizers alone are not sufficient for washing hands and forearms. All hygiene products
must be used sequentially and not concurrently because of potential chemical incompatibilities
and adverse dermatologic reactions. Brushes must not be used for hand hygiene because of the
potential for skin irritation and increased bacterial shedding. Hand driers must not be used
because of the risk of creating air turbulence and circulating contamination in the compounding
area.
Perform hand hygiene after donning shoe covers, head and facial hair covers, and a face mask.
[Note—The order of garbing must be determined by the facility and documented in the facility’s
standard operating procedure (SOP).] After hands are washed and dried, don remaining garb
except sterile gloves, and then perform hand antisepsis using an alcohol-based hand rub with
persistent antimicrobial activity immediately before donning sterile gloves. [Note—Soap must
not be added to a partially empty soap dispenser. This practice of “topping off” dispensers can
lead to bacterial contamination of soap.]
Box 3-1. Hand Hygiene Procedures
Remove debris from underneath fingernails under warm running water using a
disposable nail cleaner. Wash hands and forearms up to the elbows with soap and
water for at least 30 seconds.
Dry hands and forearms to the elbows completely with low-lint disposable towels or
wipes.
Apply an alcohol-based hand rub with persistent antimicrobial activity to dry skin,
following the manufacturer's instructions for application times, and use a sufficient
amount of product to keep the hands wet for the duration of the application time.
Allow hands to dry thoroughly before donning sterile gloves.
3.3 Garbing Requirements
Personnel intending to enter a buffer room or SCA must be properly garbed. Garb must be put
on in an order that reduces the risk of contamination. The order of garbing must be determined
by the facility and documented in the facility’s SOP. Donning and doffing garb must not occur in
the ante-room or the SCA at the same time. The minimum garbing requirements for preparing
CSPs include:
Non-cotton, low-lint garment with sleeves that fit snugly around the wrists and that is
enclosed at the neck
Low-lint, disposable covers for shoes
Low-lint, disposable covers for head that cover the ears and forehead
Face mask
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Low-lint, disposable covers for all facial hair
Sterile gloves
If using a restricted-access barrier system (RABS), such as a CAI or CACI, disposable
gloves (e.g., cotton, either nonsterile or sterile) must be worn inside gauntlet gloves
and sterile gloves must worn over gauntlet gloves
Gowns and other garb must be stored in a manner that minimizes contamination (e.g., away
from sinks to avoid splashing). Garb must be replaced immediately if it becomes visibly soiled or
if its integrity is compromised. When personnel exit the compounding area, garb cannot be
reused and must be discarded.
If compounding an HD, appropriate personal protective equipment (PPE) must be worn in
accordance with 〈800〉.
GLOVES
Gloves must be sterile and powder free. Application of sterile 70% isopropyl alcohol (IPA) to
gloves must occur throughout the compounding process and whenever nonsterile surfaces
(e.g., vials, counter tops, chairs, or carts) are touched. Contaminated gloved hands can be
disinfected by rubbing sterile 70% IPA onto all contact surface areas of the gloves and letting
the gloves dry thoroughly.
Gloves on hands and gauntlet sleeves on RABS and isolators must be inspected routinely for
holes, punctures, or tears and must be replaced immediately if such defects are detected.
4.FACILITIES AND ENGINEERING CONTROLS
Sterile compounding facilities must be designed, outfitted, and maintained properly to minimize
the risk of contamination of CSPs. The required air quality must be achieved and maintained
through PECs and secondary engineering controls (SECs). The ante-room, buffer room, and SCA
must be separated from areas not directly related to compounding and must be appropriately
controlled to achieve and maintain the required air quality classifications. The design of the
facility should take into account the number of personnel and their movements, and the
equipment, supplies, and components to maintain and facilitate the maintenance of air quality.
The number of operations being performed, the equipment (e.g., PECs, carts, computers, etc.),
the personnel in the compounding area (and in adjacent areas), and the complexity of the
compounding procedures are critical considerations for maintaining control of environmental
conditions in the facility.
4.1 Protection from Airborne Contaminants
Sterile compounding facilities must be designed to minimize the risk of airborne contamination of
the area in which sterile compounding occurs. Proper design and controls are required to
minimize the risk that CSPs will be exposed to airborne contaminants that may cause microbial
contamination.
AIR QUALITY STANDARDS
The ISO standards for air quality in controlled environments are provided in Table 3 and
referenced throughout this chapter.
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Table 3. ISO Classification of Particulate Matter in Room Aira
ISO Class
3
4
5
6
7
8

Particle Countb/m3
35.2
352
3520
35,200
352,000
3,520,000

a Adapted from ISO 14644-1, Cleanrooms and associated controlled environments—Part 1:
Classification of air cleanliness by particle concentration.
b Limits for number of particles ≥0.5 µm measured under dynamic operating conditions.
DESIGN REQUIREMENTS TO MAINTAIN AIR QUALITY
Facilities used for compounding CSPs must be designed so that air quality improves with
movement through separate operational areas to the PEC. Classified areas in which the air
quality is controlled (see Table 3) include ante-rooms, buffer rooms, and PECs.
Ante-rooms providing access to positive pressure buffer rooms must meet at least ISO
Class 8 classification. Ante-rooms providing access to negative pressure buffer rooms
must meet at least ISO Class 7 classification (see 〈800〉). Typically, personnel hand
hygiene and garbing procedures, staging of components, and other activities that
potentially generate higher levels of particulates are performed in the ante-room. Anterooms are also transition areas to ensure that proper air classification and pressure
relationships are maintained between designated areas.
A buffer room must meet at least ISO Class 7 air quality. Activities in the buffer room
must be controlled to minimize any effects on air quality in the area where CSPs are
prepared.
CSPs must be prepared in an ISO Class 5 or better PEC.
If compounding only Category 1 CSPs, the PEC may be placed in an unclassified SCA.
4.2 Facility Design and Environmental Controls
In addition to minimizing airborne contamination, sterile compounding facilities must be designed
and controlled to provide a well-lighted and comfortable working environment (see Physical
Environments That Promote Safe Medication Use 〈1066〉). The cleanroom suite should be
continuously maintained at a temperature of 20° or cooler and a relative humidity below 60% to
minimize the risk for microbial proliferation and provide comfortable conditions for compounding
personnel attired in the required garb. The temperature and humidity must be monitored in the
cleanroom suite each day that compounding is performed, either manually or by a continuous
recording device, and the results must be readily retrievable, reviewed by the designated
person, and documented. Temperature and humidity in the cleanroom suite must be controlled
through an efficient heating, ventilation, and air conditioning (HVAC) system. Free-standing
humidifiers/dehumidifiers and air conditioners must not be used within the classified area.
Temperature monitoring devices must be verified for accuracy at least every 12 months or as
required by the manufacturer.
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A person or persons must be designated as the person responsible for ensuring that each area
related to CSP preparation meets the classified air quality standard appropriate for the
activities to be conducted in that area. They must also ensure that the ISO Class 5 areas are
located, operated, maintained, monitored, and certified to have appropriate air quality.
TYPES OF SECS AND DESIGN
The PEC must be located in an SEC, which may be either a cleanroom suite (buffer room with
ante-room) or an SCA (see Appendix 2: Example Designs for Sterile Non-Hazardous
Compounding Areas for examples of facility designs).
Cleanroom suite: The ISO-classified ante-room must be separated from the surrounding
unclassified areas of the facility by fixed walls and doors, and controls must be in place to
minimize the flow of lower-quality air into the more controlled areas. Air supplied to the
cleanroom suite must be introduced through HEPA filters that are located in the ceiling of the
buffer and ante-rooms. Returns must be low on the wall unless a visual smoke study
demonstrates dilution of particles and sweeping out of particles from the entire room. This
smoke study must be repeated whenever a change to the placement of the PEC within the
room is made. The classified rooms must be equipped with a pressure-differential monitoring
system. The ante-room must have a line of demarcation to separate the clean side from the
dirty side. The ante-room is entered through the dirty side, and the clean side is the area
closest to the buffer room. Required garb must be worn on the clean side of the line of
demarcation (see 3. Personal Hygiene and Garbing).
Segregated compounding area (SCA): A PEC may be located within an unclassified area,
without an ante-room or buffer room. This type of design is called an SCA. Only Category 1
CSPs can be compounded in an SCA. The SCA must be located away from unsealed windows,
doors that connect to the outdoors, and traffic flow, all of which may adversely affect the air
quality in the PEC. An SCA must not be located adjacent to environmental control challenges
(e.g., restrooms, warehouses, or food preparation areas). The impact of activities that will be
conducted around or adjacent to the SCA must be considered carefully when designing such an
area. A visible perimeter must establish the boundaries of the SCA.
The PEC must be located in the buffer room of the cleanroom suite or the SCA in a manner that
minimizes conditions that could increase the risk of microbial contamination. For example, strong
air currents from opened doors, personnel traffic, or air streams from the HVAC system(s) can
disrupt the unidirectional airflow of an open-faced PEC such as a laminar airflow workbench
(LAFW). Access to the SEC must be restricted to authorized personnel and required materials.
It is also critical to control materials (e.g., supplies and equipment) as they move from
classified areas of lower quality to those of higher quality (e.g., ISO Class 8 ante-room to ISO
Class 7 buffer room to ISO Class 5 PEC) to minimize the influx of contaminants. Airlocks and
interlocking doors can be used to facilitate better control of air balance between areas of
differing ISO classification (e.g., between the buffer room and ante-room), or between a
classified area and an unclassified area (e.g., between the ante-room and an unclassified area
such as a hallway). If a pass-through is used, both doors must never be opened at the same
time, and doors should be interlocking.
Due to the interdependence of the various rooms or areas that make up a sterile compounding
facility, it is essential to carefully define and control the dynamic interactions permitted
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between areas and rooms. When designing doors, consider the placement of door closures,
door surfaces, and the movement of the doors, all of which can affect airflow. Seals and
sweeps should not be installed at doors between buffer and ante-rooms. Access doors should
be hands-free. Tacky surfaces must not be used in ISO-classified areas.
THE CSP COMPOUNDING ENVIRONMENT
The PEC must be certified to meet ISO Class 5 or better conditions (see Table 3) during
dynamic operating conditions and must be designed to prevent contamination during
compounding of CSPs.
Unidirectional airflow must be maintained in the PEC. HEPA-filtered air must be supplied to the
PEC at a velocity sufficient to sweep particles away from critical sites and maintain
unidirectional airflow during operations. Proper design, control, and use minimize turbulence and
creation of eddies or stagnant air in the PEC.
TYPES OF PECS AND PLACEMENT
Proper placement of the PEC is critical to ensuring an ISO Class 5 environment for preparing
CSPs. Placement of the PEC must allow for cleaning around the PEC. See Table 4 for a summary
of minimum requirements for the placement of PECs for preparing non-HD CSPs.
Types of PEC and their placement include:
Laminar airflow system (LAFS): An LAFS provides an ISO Class 5 or better environment for
sterile compounding. The LAFS provides unidirectional HEPA-filtered airflow that is designed to
prevent contamination of a sterile compounding environment. The unidirectional airflow within
the LAFS helps protect the direct compounding area (DCA) from process-generated
contamination (e.g., opening wrappings of sterile containers, compounder movement, etc.) as
well as from outside sources.
Types of LAFS: Examples of LAFS include LAWFs, integrated vertical laminar flow zones
(IVLFZs), and biological safety cabinets (BSCs).
laminar airflow workbench (lafw): An LAFW is a device that provides an ISO Class 5 or better
environment for sterile compounding. The LAFW provides either horizontal or vertical
unidirectional HEPA-filtered airflow. [Note—An LAFW must not be used for preparation of
antineoplastic and/or active pharmaceutical ingredient (API) HDs (see 〈800〉).]
integrated vertical laminar flow zone (ivlfz): An IVLFZ is a designated ISO Class 5 area serving
as the PEC within an ISO Class 7 or cleaner buffer room. In the IVLFZ, unidirectional airflow is
created by placing HEPA filters in the ceiling over stainless steel work tables. The unidirectional
HEPA-filtered zone must be separated from the ISO Class 7 area with a physical barrier located
at the ceiling to direct the airflow downward over the work area to separate the DCA from
potential sources of contamination. [Note—Smoke studies have shown that it is difficult to
achieve this type of design and also achieve and maintain unidirectional airflow under dynamic
operating conditions.] [Note—A IVLFZ must not be used for preparation of antineoplastic and/or
API HDs (see 〈800〉).]
class ii biological safety cabinet (bsc): A Class II BSC is a ventilated cabinet with an open front
and inward and downward unidirectional HEPA-filtered airflow and HEPA-filtered exhaust. The
BSC is designed to provide worker protection from exposure to airborne drugs and to provide an
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ISO Class 5 or better environment for preparing CSPs. [Note—The exhaust air from the BSC
must be externally vented for preparation of antineoplastic and/or API HDs (see 〈800〉).]
Placement of LAFS: The LAFS must be located out of traffic patterns and away from room air
currents that could disrupt the intended airflow patterns inside the PEC. If used to prepare only
Category 1 CSPs, the ISO Class 5 PEC may be located in an unclassified SCA. If used to
prepare Category 2 CSPs, the LAFS must be located within a cleanroom suite with an ISO Class
7 or better buffer room and ISO Class 8 or better ante-room. A dynamic airflow smoke pattern
test must be performed initially and at least every 6 months to ensure that 1) the LAFS is
properly placed into the facility, and 2) compounders understand how to utilize the
unidirectional airflow to maintain first air in the DCA.
Restricted-access barrier system (RABS): A RABS is an enclosure that provides HEPAfiltered ISO Class 5 unidirectional air. It allows for the ingress and/or egress of materials
through defined openings that have been designed and validated to preclude the transfer of
contamination, and that generally are not to be opened during compounding operations.
Types of RABS: Examples of RABS include CAIs and CACIs. In a CAI or CACI, glove ports are
used to provide physical separation between the surrounding area and the aseptic
manipulations.
compounding aseptic isolator (cai): A CAI is designed for compounding non-HD CSPs. It is
designed to maintain an ISO Class 5 environment throughout the compounding and material
transfer processes. Air exchange into the CAI from the surrounding environment must not occur
unless the air has first passed through a HEPA filter.
compounding aseptic containment isolator (caci): A CACI is designed to provide worker
protection from exposure to undesirable levels of airborne drug throughout the compounding
and material transfer processes, and to maintain an ISO Class 5 environment for compounding
sterile HD preparations (see 〈800〉). Air exchange with the surrounding environment must not
occur unless it is first passed through a HEPA filter capable of containing airborne
concentrations of the physical size and state of the drug being compounded.
Placement of RABS: If used to prepare only Category 1 CSPs, the ISO Class 5 environment may
be achieved by placing the RABS in an unclassified SCA. If used to prepare Category 2 CSPs,
the RABS must be located within a cleanroom suite with an ISO Class 7 or better buffer room
and an ISO Class 8 or better ante-room.
All transport ports on the RABS must be closed during compounding. When a RABS is used, the
recovery time after opening to achieve ISO Class 5 air quality must be documented, and
internal procedures must be developed to ensure that adequate recovery time is allowed after
opening and closing the RABS, both before and during compounding operations. An airflow
smoke pattern test must be performed under dynamic operating conditions initially and at least
every 6 months to ensure that the RABS is properly integrated into the facility and that the
compounder understands how to utilize the unidirectional airflow to maintain first air in the DCA.
For placement of a CACI used for the preparation of antineoplastic and/or API HDs, see 〈800〉.
Isolator: An isolator provides isolation from the surrounding area and maintains ISO Class 5 air
quality during dynamic operating conditions. A CAI or CACI is not an isolator. An isolator
comprises four elements (see ISO 14644-7):
1. Controlled workspace: This is the defined volume that is created by using a combination
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of aerodynamic and physical means of separation, in order to achieve the necessary
means of assurance of maintaining separation.
2. Transfer device(s): This is the means whereby materials are transferred in and out of
the work zone. There is a range of transfer devices including simple doors, air-purged
transfer chambers, and double door transport ports. It should be possible to
demonstrate that unfiltered air from the environment cannot enter the isolator during
decontamination or compounding procedures.
3. Access device(s): This is the means whereby the activity or process in the work zone is
carried out. Access devices include gloves and gauntlets for the operator and/or remote
controlled robotic devices.
4. Decontamination system: This is the means of decontaminating the isolator itself and
materials entering and leaving it using a generator that distributes a sporicidal agent
throughout the chamber.
Placement of Isolators: An isolator used to prepare only Category 1 CSPs can be placed in an
unclassified SCA. If the isolator is used to prepare Category 2 CSPs, the area surrounding the
isolator must at minimum be placed in an ISO Class 8 or better air quality buffer room. [Note
—An ante-room is not required when using an isolator.] A dynamic airflow smoke pattern test
must be performed initially and at least every 6 months to ensure that the isolator is properly
placed into the facility and that the designated person and compounder understand how to
utilize the unidirectional airflow to maintain first air in the DCA. For placement of an isolator
used for the preparation of HDs, see 〈800〉.
Table 4. Summary of Minimum Requirements for Placement of PEC for Compounding
Non-HD CSPsa
Placement for
PEC
Device
Compounding
Placement for Compounding
Type
Type
Category 1CSPs
Category 2 CSPs
ISO Class 7 positive pressure buffer room
with an ISO Class 8 positive pressure
LAFW
Unclassified SCA
ante-room
ISO Class 7 positive pressure buffer room
with an ISO Class 8 positive pressure
IVLFZ
N/Ab
ante-room
ISO Class 7 positive pressure buffer room
with an ISO Class 8 positive pressure
LAFS
BSC
Unclassified SCA
ante-room
ISO Class 7 positive pressure buffer room
CAI or
with an ISO Class 8 positive pressure
RABS
CACI
Unclassified SCA
ante-room
Isolator Isolator
Unclassified SCA
ISO Class 8 positive pressure room
a For compounding HDs, refer to 〈800〉.
b An IVLFZ must not be used in an unclassified area.
If a robotic enclosure is used as the PEC, a dynamic smoke visualization test must be performed
initially and every 6 months thereafter to ensure that it is properly integrated into the facility,
that there is no turbulence or refluxing at any critical site, that room air does not enter the PEC
where sterile products and/or preparations may be exposed, and that all processes can be
performed without introducing contamination to the DCA(s).
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AIR EXCHANGE REQUIREMENTS
For cleanroom suites, adequate HEPA-filtered airflow to the buffer room(s) and ante-room(s) is
required to maintain the appropriate ISO classification during compounding activities. Airflow is
measured in terms of the number of air changes per hour (ACPH). The ACPH may need to be
higher to maintain the required ISO classification and microbial state of control depending on
these factors: number of personnel permitted to work in the area, number of particulates that
may be generated from activities and processes in the area, the equipment located in the
room, the room pressure, and the effects of temperature. See Table 5 for a summary of ACPH
requirements for non-HD sterile compounding areas.
A minimum of 30 total HEPA-filtered ACPH must be supplied to ISO Class 7 rooms:
The total HEPA-filtered air change rate must be adequate to maintain ISO Class 7 during
dynamic operating conditions considering the factors listed above
At least 15 ACPH of the total air change rate in a room must come from the HVAC
through HEPA filters located in the ceiling
The HEPA-filtered air from the PEC, when added to the HVAC-supplied HEPA-filtered air,
increases the total HEPA-filtered ACPH to at least 30 ACPH
If the PEC is used to meet the minimum total ACPH requirements, the PEC must not be
turned off except for maintenance
The ACPH from HVAC, ACPH contributed from the PEC, and the total ACPH must be
documented on the certification report
A minimum of 20 ACPH of HEPA-filtered air must be supplied to ISO Class 8 rooms from the
HVAC through HEPA filters that are located in the ceiling:
The total HEPA-filtered air change rate must be adequate to maintain ISO Class 8 under
dynamic operating conditions considering the factors listed above
Ante-rooms where activity levels are high may require more HEPA-filtered ACPH to
maintain ISO Class 8 under dynamic operating conditions
The total ACPH must be documented on the certification report
Table 5. Summary of ACPH Requirements for Non-HD Sterile Compounding Areas
Compounding Area
ACPH Requirement
Unclassified SCA
No requirement
ISO Class 7 room(s)
≥30 ACPH
ISO Class 8 room(s)
≥20 ACPH
ESTABLISHING AND MAINTAINING PRESSURE DIFFERENTIALS
Continuous differential positive pressure is required to minimize airflow from an area with lower
air-quality classification to an area of higher air-quality classification. In a cleanroom suite, a
minimum differential positive pressure of 0.02-inch water column is required between each ISO
classified area (e.g., between the buffer room and ante-room). The pressure differential
between the ante-room and the unclassified area must not be less than 0.02-inch water
column. No pressure differential is required between the SCA and the surrounding area. See
〈800〉 for pressure requirements for compounding HD CSPs.
In a cleanroom suite, a pressure differential monitoring system must be used to continuously
monitor the pressure differential between the ante-room(s) and buffer room(s) and between
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the ante-room and the general environment outside the classified room(s) or area(s). The
results from the pressure monitoring system must be reviewed and documented at least daily
on the days when compounding is occurring. All pressure monitoring devices must be tested for
accuracy and performance at least every 6 months.
FACILITIES PREPARING CSPS FROM NONSTERILE STARTING INGREDIENT(S) OR COMPONENT(S)
If preparing a Category 2 CSP from nonsterile ingredient(s) or components(s), presterilization
procedures, such as weighing and mixing, must be completed in no worse than an ISO Class 8
environment. Presterilization procedures must be performed in a containment ventilated
enclosure (CVE), BSC, or CACI to minimize the risk of airborne contamination. Presterilization
procedures must not adversely affect the required air quality of the SEC as demonstrated
during certification under dynamic operating conditions. Personnel must follow the hygiene and
garbing requirements as described in 3. Personal Hygiene and Garbing during presterilization
procedures.
4.3 Creating Areas to Achieve Easily Cleanable Conditions
CLEANROOM SUITE
The surfaces of ceilings, walls, floors, doors, door frames, fixtures, shelving, work surfaces,
counters, and cabinets in the classified area must be smooth, impervious, free from cracks and
crevices, and non-shedding so they can be easily cleaned and disinfected and to minimize
spaces in which microorganisms and other contaminants can accumulate. Surfaces should be
resistant to damage by cleaning agents, disinfectants, and tools used to clean. Junctures
between the ceiling and the walls and between the walls and the floor must be sealed to
eliminate cracks and crevices where dirt can accumulate. If ceilings consist of inlaid panels, the
panels must be caulked or otherwise sealed and secured around each panel to seal them to the
support frame. Ceiling panels must be washable, scrubbable and soil resistant, and designed for
use in a cleanroom environment.
Walls must be constructed of, or may be covered with, durable material (e.g., epoxy painted
walls or heavy-gauge polymer) and the integrity of the surface must be maintained. Panels
must be joined together and sealed to each other and the support structure. Floors must be
smooth, sealed (e.g., with continuous, welded seams), and impervious. Floors must include
coving to the sidewall. Classified areas should minimize dust-collecting overhangs such as utility
pipes and ledges such as windowsills. If overhangs or ledges are present, they must be easily
cleanable. The exterior lens surface of ceiling light fixtures must be smooth, mounted flush, and
sealed. Any other penetrations through the ceiling or walls must be sealed.
SCA
The SCA and all surfaces (e.g., walls, floors, counters, and equipment) in the SCA must be
clean, uncluttered, and dedicated to compounding. Surfaces in the SCA should be smooth,
impervious, free from cracks and crevices, and non-shedding so they can be easily cleaned and
disinfected and to minimize spaces in which microorganisms and other contaminants can
accumulate. Surfaces should be resistant to damage by cleaning agents, disinfectants, and
tools used to clean. Dust-collecting overhangs such as utility pipes and ledges such as
windowsills should be minimized. If overhangs or ledges are present, they must be easily
cleanable.
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4.4 Water Sources
The facility where CSPs are prepared must be designed so that activities such as hand hygiene
and garbing will not adversely affect the ability of the PEC to function as designed. Sinks
should enable hands-free use with a closed system of soap (i.e., non-refillable container) to
minimize the risk of extrinsic contamination. In facilities with a cleanroom suite, the sink used
for hand hygiene may be placed either inside or outside of the ante-room. The buffer room
must not contain sink(s), eyewash(es), shower(s), or floor drain(s). The ante-room must not
contain floor drain(s). If installed, sprinkler systems should be recessed and covered, and must
be easily cleanable. In a facility with an SCA design, the sink must be accessible but located at
least 1 meter away from the PEC. The sink must not be located inside the perimeter of the
SCA.
4.5 Placement and Movement of Materials
Only furniture, equipment, and other materials necessary for performing compounding activities
are permitted in the classified area or SCA, and they should be low-shedding and easily cleaned
and disinfected. Their number, design, location, and manner of installation must not impact
environmental air quality and must promote effective cleaning and disinfecting. Certain items
are not permitted on the clean side of ante-room(s) and in buffer room(s), including, but not
limited to, corrugated cardboard, external shipping containers, and nonessential paper (e.g.,
paper towels and tissues).
Carts used to transport components or equipment into classified areas must be constructed
from nonporous materials with cleanable casters and wheels to promote mobility and ensure
ease of cleaning and disinfection. All items must be wiped with low-lint wipers and an
appropriate disinfectant by personnel wearing gloves before they are brought into the clean
side of ante-room(s), placed into pass-through(s), or brought inside the perimeter of the SCA.
In a cleanroom suite, carts must not be moved from the dirty side to the clean side of the
ante-room unless the entire cart, including casters, is cleaned and disinfected.
Only equipment necessary for performing compounding activities is permitted in the PEC. Proper
placement of equipment in a PEC must be verified by a smoke visualization study under dynamic
operating conditions to verify that there is minimal disruption in airflow. Equipment and other
items used in a classified area or an SCA should not be removed except for calibration,
servicing, cleaning, or other activities associated with maintenance. If removed, these items
must be cleaned and disinfected before they are returned to the classified area or inside the
perimeter of the SCA.
4.6 Certification and Recertification
Before a compounding area is used to compound either Category 1 or Category 2 CSPs, it must
be certified using procedures in the current Controlled Environment Testing Association (CETA)
certification guide for Sterile Compounding Facilities or an equivalent guideline. Certification
indicates that the compounding area is meeting its design and air quality specifications (see
Table 3). It is important to place special emphasis on certifying the ISO Class 5 areas.
Certification of the classified areas including the PEC must be performed initially, and
recertification must be performed at least every 6 months and must include:
Airflow testing: Airflow testing is performed to determine acceptability of the air velocity
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and volume, the air exchange rate, and the room pressure cascade to ensure that air
consistently flows from clean to dirty areas, and that the appropriate quality of air is
maintained under dynamic operating conditions. The ACPH from HVAC, ACPH contributed
from the PEC, and the total ACPH must be documented on the certification report.
HEPA filter integrity testing: HEPA filters must be leak tested at the factory and then
leak tested again after installation and as part of recertification.
Total particle count testing (see Monitoring Air Quality for Nonviable Airborne Particles):
Total particle count testing must be performed under dynamic operating conditions
using current, state-of-the-art electronic equipment.
Smoke visualization studies: Smoke visualization studies must be performed for each
PEC during dynamic operating conditions to demonstrate unidirectional airflow and
sweeping action over and away from the preparation(s).
Classified areas must additionally be recertified if there are changes to the area such as
redesign, construction, or replacement or relocation of any PEC, or alteration in the
configuration of the room that could affect airflow or air quality.
All certification and recertification records must be reviewed by the designated person to
ensure that the classified environments comply with the minimum requirements in this chapter.
Records must be maintained in accordance with the requirements in 17. Documentation.
A corrective action plan must be implemented and documented in response to any out-of-range
results.
MONITORING AIR QUALITY FOR NONVIABLE AIRBORNE PARTICLES
It is imperative that all engineering control equipment function as designed and that the levels
of nonviable airborne particles remain within acceptable limits during compounding (see Table
3). A monitoring program for nonviable airborne particles must be developed and implemented to
measure the performance of the engineering controls that are being used to provide the
specified levels of air cleanliness (e.g., in the ISO Class 5 PEC and ISO Class 7 and 8 rooms).
NONVIABLE AIR SAMPLING—TIMING AND LOCATIONS
Total nonviable airborne particle count testing must be conducted in all classified areas during
dynamic operating conditions at least every 6 months.
Nonviable air sampling sites must be selected in all classified areas. Measurements of nonviable
airborne particles must be taken in each PEC at locations where there is greatest risk to the
exposed CSPs, containers, and closures. When conducting sampling of the PEC, care should be
taken to avoid disturbing the unidirectional airflow within the PEC. All sampling sites and
procedures must be described in the facility’s SOP. Measurements of nonviable airborne
particles in other classified areas, including the buffer room(s) and ante-room(s), should be
taken at representative locations that reflect the quality of air in the room(s).
DATA EVALUATION AND ACTION LEVELS
If levels measured during the nonviable air sampling program exceed the criteria in Table 3 for
the ISO classification of the area sampled, the cause must be investigated and corrective
action taken. Some examples of corrective action include process or facility improvements or
HEPA filter replacement or repair. The extent of the investigation should be consistent with the
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deviation and should include an evaluation of trends.
5. MICROBIOLOGICAL AIR AND SURFACE MONITORING
An effective air and surface monitoring program provides information on the environmental
quality of the compounding area. In addition, an effective air and surface monitoring program
identifies environmental quality trends over time, identifies potential routes of contamination,
and allows for implementation of corrective actions to minimize the risk of CSP contamination.
Sterile compounding facilities must develop and implement written procedures for air and
surface monitoring (see 9. SOPs and Master Formulation and Compounding Records). All air and
surface monitoring procedures, the test results, and the corrective actions must be
documented, and the records must be maintained in accordance with the requirements in 17.
Documentation.
5.1 General Monitoring Requirements
The microbiological air and surface monitoring program must include 1) viable impact volumetric
airborne particulate sampling, and 2) surface sampling. The goals of an air and surface
monitoring program are to determine whether contamination is present at unacceptable levels
and to assess whether proper personnel practices are being followed, cleaning and disinfecting
agents are effective, and environmental quality is maintained.
The air and surface monitoring program involves the collection and evaluation of samples from
various air and surface locations to detect airborne and surface contaminants. The data from
airborne and surface sampling are then used to assess risks for contamination, potential routes
of contamination, and the adequacy of cleaning and disinfection agents and procedures.
Regular review of the sampling data must be performed to detect trends such as elevated
levels of microbial bioburden, elevated levels of nonviable particulates, or other adverse
changes within the environment.
In addition, results from air and surface sampling must be reviewed in conjunction with
personnel data (i.e., training records, visual observations, competency assessments) to assess
the state of control and to identify potential risks of contamination. Prompt corrective action in
response to any adverse findings is essential to maintain the necessary environmental quality
for preparation of CSPs. Data must also be reviewed following corrective actions to confirm
that the actions taken have been effective in achieving the required air and surface quality
levels (see Table 3, Table 6, and Table 7).
Air and surface monitoring must be performed initially for sterile compounding facilities to
establish a baseline level of environmental quality. After initial sampling, the environment in
which sterile compounding activities are performed must be monitored according to the minimum
frequencies described in this section to ensure that the environment remains suitable for sterile
compounding. Evaluating results collected over a period of time can be useful in identifying
trends or determining that a significant change has occurred, even when the results fall within
the specified limits.
Air and surface monitoring must be conducted during dynamic operating conditions to confirm
that the required environmental quality in classified areas is maintained. In addition to the
specific sampling frequencies described in this section, sampling must be performed in any of
the following circumstances:
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In conjunction with the certification of new facilities and equipment
After any servicing of facilities or equipment (see 4. Facilities and Engineering Controls)
In response to identified problems (e.g., positive growth in sterility tests of CSPs)
In response to identified trends (e.g., repeated positive gloved fingertip and thumb
sampling results, failed media fill testing, or repeated observations of air or surface
contamination)
In response to changes that could impact the sterile compounding environment (e.g.,
change to cleaning agents)
The air and surface monitoring program must be clearly described in the facility’s SOPs, which
must include a diagram of the sampling locations, procedures for collecting samples, frequency
of sampling, size of samples (e.g., surface area, volume of air), time of day of sampling in
relation to activities in the compounding area, and action levels that will trigger corrective
action.
The times and locations of sampling should be carefully selected based on their relationship to
the activities performed in the area. It is important to obtain samples from locations that pose
the highest possible risk of contamination to the CSP and that are likely to be representative of
the conditions throughout the area. To obtain air and surface samples that are representative
of the typical compounding conditions at the facility, air and surface sampling must be
conducted during dynamic operating conditions in all PECs and classified rooms. However, the
monitoring program must be designed and conducted in a manner that minimizes the chance
that the sampling itself will contribute to contamination of the CSP or the environment.
It is important that personnel be trained in the proper operation of the air and surface sampling
equipment to ensure accurate and reproducible sampling. All air sampling devices must be
serviced and calibrated as recommended by the manufacturer.
5.2 Monitoring Air Quality for Viable Airborne Particles
A monitoring program for viable airborne particles must be developed and implemented to assess
microbiological air quality in all classified areas.
VIABLE AIR SAMPLING—TIMING AND LOCATIONS
Volumetric active air sampling of all classified areas using an impaction device must be
conducted in each classified area [e.g., ISO Class 5 PEC and ISO Class 7 and 8 room(s)] during
dynamic operating conditions at least every 6 months. Air sampling sites must be selected in all
classified areas.
When conducting sampling of the PEC, care should be taken to avoid disturbing unidirectional
airflow. See Box 5-1 for active air sampling procedures. A general microbiological growth medium
that supports the growth of bacteria and fungi must be used (e.g., TSA medium). COAs from
the manufacturer must verify that the medium meets the expected growth promotion, pH, and
sterilization requirements. Samples must be incubated in a calibrated incubator at temperatures
that will promote growth of bacteria and fungi. The incubator temperature must be monitored
during incubation, either manually or by a continuous recording device, and the results must be
reviewed and documented. The microbiological incubator must be placed in a location outside of
the sterile compounding area. All air sampling activities must be performed by trained
individuals.
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Box 5-1. Active Air Sampling Procedures for Viable Airborne Monitoring
Follow the manufacturer’s instructions for operation of the active air sampling
device, including placement of media.
Using the sampling device, test at least 1 cubic meter or 1000 liters of air from each
location sampled.
At the end of the sampling, retrieve the media plates/devices and cover them.
Invert the media and incubate at 30°–35° for no less than 48 hours. Examine for
growth. Record the total number of discrete colonies of microorganisms on each
plate as cfu per cubic meter of air on an environmental sampling form based on
sample type (i.e., viable air), sample location, and sample date.
Then incubate the inverted media at 20°–25° for no less than 5 additional days.
Examine the media plates for growth. Record the total number of discrete colonies of
microorganisms on each plate as cfu per cubic meter of air on an environmental
sampling form based on sample type (i.e., viable air), sample location, and sample
date.
Alternatively, two pieces of media may be collected for each sample location and
incubated concurrently in separate incubators at 30°–35° for no less than 5 days
and at 20°–25° for no less than 5 days. Record the total number of discrete colonies
of microorganisms on each plate as cfu per cubic meter of air on an environmental
sampling form based on sample type (i.e., viable air), sample location, and sample
date.
DATA EVALUATION AND ACTION LEVELS
Evaluate cfu counts against the action levels in Table 6, and examine counts in relation to
previous data to identify adverse results or trends. If two pieces of media are collected at a
single location, all recovered growth on each is documented and action levels are applied to
each device. If levels measured during the viable air monitoring program exceed the levels in
Table 6 for the ISO classification levels of the area sampled, the cause must be investigated
and corrective action must be taken. The corrective action plan must be dependent on the cfu
count and the microorganism recovered. Some examples of corrective action include process or
facility improvements, personnel training, cleaning and disinfecting, or HEPA filter replacement
and/or repair. The extent of the investigation should be consistent with the deviation and
should include an evaluation of trends. The corrective action plan must be documented. If
levels measured during viable air sampling exceed the levels in Table 6, the genus of any
microorganism recovered must be identified (see Microbial Characterization, Identification, and
Strain Typing 〈1113〉) with the assistance of a microbiologist.
Table 6. Action Levels for Viable Airborne Particle Air Samplinga
Air Sampling Action Levels
ISO Class
[cfu per cubic meter (1000 liters) of air per plate]
5
>1
7
>10
8
>100
a Adapted from Guidance for Industry: Sterile Drug Products Produced by Aseptic
Processing—Current Good Manufacturing Practice. U.S. Department of Health and Human
Services, FDA, September 2004.
5.3 Monitoring Surfaces for Viable Particles
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Surface sampling is an important tool used to assist in maintenance of a suitably controlled
environment for compounding CSPs, especially because transfer of microbial contamination from
improperly disinfected work surfaces via inadvertent touch contact by compounding personnel
is a potential source of contamination of CSPs. Surface sampling is useful for evaluating facility
cleaning and material handling procedures, work surface cleaning and disinfecting procedures,
and personnel competency in work practices such as cleaning and disinfecting of component
and/or vial surfaces. All sampling sites and procedures must be described in the facility's SOP.
SURFACE SAMPLING: TIMING AND LOCATIONS
Surface sampling of all classified areas must be conducted at least monthly. Surface sampling
for microbial contamination must be performed in all classified areas (see Microbiological Control
and Monitoring of Aseptic Processing Environments 〈1116〉). Each classified area must be
sampled, including the following:
The interior of the PEC and the equipment contained in it
Staging or work area(s) near the PEC
Frequently touched surfaces
Pass-through chamber(s)
When conducted, surface sampling must be performed at the end of the compounding activities
or shift, but before the area has been cleaned and disinfected.
SAMPLING PROCEDURES
Surface sampling devices (e.g., plates, paddles, or slides) containing microbial growth media
must be used for sampling flat surfaces. COAs from the manufacturer must verify that the
devices meet the expected growth promotion, pH, and sterilization requirements. Surface
sampling devices must contain general microbial growth media (e.g., TSA) supplemented with
neutralizing additives (e.g., lecithin and polysorbate 80) to neutralize the effects of any
residual disinfecting agents. If used, contact plates must have a raised convex surface. Sterile
swabs wetted with sterile water or a sterile neutralizing buffer may be used when sampling
irregular surfaces and difficult-to-reach locations, such as crevices, corners, and spaces
between surfaces. After sampling, the sampled area must be thoroughly cleaned and
disinfected (see 6. Cleaning and Disinfecting Compounding Areas).
See Box 5-2 for the procedures for surface sampling on flat surfaces and Box 5-3 for the
procedures for surface sampling on irregular surfaces.
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Box 5-2. Using Devices for Flat Surface Sampling
Remove the cover from the contact sampling device. Using a rolling motion, firmly
press the media surface onto the surface to be sampled. The contact sampling
device will leave a residue of growth medium on the sample site. After sampling, use
a low-lint sterile wiper to thoroughly clean the sampled area with sterile 70% IPA.
Cover each contact sampling device. If using plates, invert the plates.
Incubate the contact sampling devices at 30°–35° for no less than 48 hours.
Examine for growth. Record the total number of discrete colonies of microorganisms
on each plate as cfu per sample on an environmental sampling form based on sample
type (i.e., surface), sample location, and sample date.
Incubate the contact sampling device at 20°–25° for no less than 5 additional days.
Examine the device for growth. Record the total number of discrete colonies of
microorganisms (cfu per sample) on the environmental sampling record based on
sample type (i.e., surface), sample location, and sample date.
Alternatively, two devices may be collected for each sample location and incubated
concurrently in separate incubators at 30°–35° for no less than 5 days and at 20°–
25° for no less than 5 days. Record the total number of discrete colonies of
microorganisms (cfu/sample) on the environmental sampling record based on sample
type (i.e., surface), sample location, and sample date.
Box 5-3. Using Devices for Irregular Surface Sampling
Sterile swabs wetted with sterile water or a sterile neutralizing buffer should be
used.
If using the neutralizing buffer, the residue must be removed from the surface after
sampling using sterile 70% IPA. Swabs sampled with sterile water must be processed
with a neutralizing buffer or plated in a neutralizing medium.
After swabbing the area, place the swab in appropriate diluent or sterile packaging
until it can be processed. The swab must be processed using a diluent and an
extraction step to aid in the removal of any microorganisms from the swab.
Plate all or a portion of the diluent in TSA (or TSA with neutralizers). If the diluent is
diluted, the dilution factor must be applied to the raw count to determine the actual
total microbial count.
Incubate the plates at 30°–35° for no less than 48 hours. Examine for growth.
Record the total number of discrete colonies of microorganisms on each plate as cfu
per sample on an environmental sampling form based on sample type (i.e., surface),
sample location, and sample date.
Incubate the plates at 20°–25° for no less than 5 additional days. Examine for
growth. Record the total number of discrete colonies of microorganisms on each
plate as cfu per sample on the environmental sampling form based on sample type
(i.e., surface), sample location, and sample date.
Alternatively, two devices may be collected for each area and incubated
concurrently in separate incubators at 30°–35° for no less than 5 days and at 20°–
25° for no less than 5 days. Record the total number of discrete colonies of
microorganisms on each plate as cfu per sample on the environmental sampling form
based on sample type (i.e., surface), sample location, and sample date.
DATA EVALUATION AND ACTION LEVELS
Evaluate cfu counts against the action levels in Table 7, and examine counts in relation to
previous data to identify adverse results or trends. If two devices were collected at a single
location, all recovered growth on each is documented and action levels are applied to each
device. If levels measured during surface sampling exceed the levels in Table 7 for the ISO
classification levels of the area sampled, the cause must be investigated and corrective action
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must be taken. The corrective action plan must be dependent on the cfu count and the
microorganism recovered. Some examples of corrective action include process or facility
improvements, personnel training, cleaning and disinfecting, or HEPA filter replacement and/or
repair. The extent of the investigation should be consistent with the deviation and should
include an evaluation of trends. The corrective action plan must be documented. If levels
measured during surface sampling exceed the levels in Table 7, the genus of any microorganism
recovered must be identified (see 〈1113〉) with the assistance of a microbiologist.
Table 7. Action Levels for Surface Sampling
Surface Sampling Action Levels
ISO Class
(cfu/device or swab)
5
>3
7
>5
8
>50
6. CLEANING AND DISINFECTING COMPOUNDING AREAS
Cleaning and disinfecting are important because surfaces in classified areas and SCA are a
potential source of microbial contamination of CSPs. The process of cleaning involves removing
organic and inorganic materials from surfaces, usually with a manual or mechanical process and
a cleaning agent. The process of disinfecting involves destruction of microorganisms, usually
with a chemical agent. Surfaces must be cleaned prior to being disinfected unless an
Environmental Protection Agency (EPA) registered one-step disinfectant cleaner is used to
accomplish both the cleaning and disinfection in one step. Some EPA registered one-step
disinfectant cleaners may have sporicidal properties.
Cleaning and disinfecting surfaces must occur at the minimum frequencies specified in Table 8
or, if compounding is not performed daily, cleaning and disinfecting must be completed before
initiating compounding. Cleaning and disinfecting must be repeated when spills occur; when
surfaces, floors, and walls are visibly soiled; and when contamination is known or suspected in
the compounding areas.
All cleaning and disinfecting activities must be performed by trained and appropriately garbed
personnel using facility-approved agents and procedures, which must be described in written
SOPs. Cleaning must be performed in the direction of clean to dirty areas. The frequency,
method(s), and location(s) of cleaning and disinfection agent use must be established in
written SOPs, in accordance with the manufacturer’s instructions, and must be followed by all
cleaning personnel. The manufacturer’s directions or published data for the minimum contact
time must be followed for the cleaning, disinfecting, and sporicidal agents used. All cleaning and
disinfecting activities must be documented.
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Table 8. Minimum Frequency for Cleaning and Disinfecting Surfaces and Applying
Sporicidals in Classified Areas and within the Perimeter of the SCA
Applying
Site
Cleaning
Disinfecting
Sporicidal
The horizontal
work surface at
the beginning and
end of each shift,
after spills, and
when surface
contamination is
Disinfect all interior surfaces of the PEC
known or
at the beginning and end of each shift,
suspected.
after spills, and when surface
The ceiling, walls,
contamination is known or suspected.
bars and any
Disinfect the horizontal work surface at
equipment inside
least every 30 minutes while
the PEC on each
compounding if the compounding
day that
process takes 30 minutes or less. If the
compounding is
compounding process of a single batch
PEC(s)
performed and
or preparation takes more than 30
and
when
minutes, compounding must not be
equipment
contamination is
disrupted and the work surface of the
inside the
known or
PEC must be disinfected immediately
PEC(s)
suspected.
after compounding.
Monthly
Surfaces
of sink(s)
Daily
Dailya
Monthly
Passthrough(s) Daily
Dailya
Monthly
Work
surface(s)
outside
the PEC
Daily
Dailya
Monthly
Floor(s)
Daily
Dailya
Monthly
Wall(s),
door(s),
and door
frame(s)
Monthly
Monthlya
Monthly
Ceiling(s)
Monthly
Monthlya
Monthly
Storage
shelving
and
storage
bins
Monthly
Monthlya
Monthly
a Many disinfectants registered by the EPA are one-step cleaning and disinfecting agents,
which means that the disinfectant has been formulated to be effective in the presence of
light to moderate soiling without a separate cleaning step.
6.1 Cleaning, Disinfecting, and Sporicidal Agents
Cleaning and disinfecting agents must be selected and used with careful consideration of
compatibilities, effectiveness, and inappropriate or toxic residues or fumes. Considerations when
selecting and using disinfectants include their antimicrobial activity, inactivation by organic
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matter, residue, shelf life, preparation requirements of the agent, and suitability for surfaces
being disinfected (see and Disinfectants and Antiseptics 〈1072〉). After the disinfectant is
applied and wiped on the surface to be disinfected, the disinfectant must be allowed to dwell
for the minimum contact time specified by the manufacturer, during which time the surface
cannot be disturbed. Sporicidal agents, shown to be effective against Bacillus species, must be
used at least monthly to disinfect all surfaces in classified and SCAs. The disinfecting agents
(e.g., 70% IPA) used in the ISO 5 PEC must be sterile. See Table 9 for a summary of the
purposes of the cleaning, disinfectant, and sporicidal agents.
Table 9. Purpose of Cleaning, Disinfecting, and Sporicidal Agents
Type of
Agent
Cleaning
agent

Disinfectant
Sporicidal
agent

Purpose
An agent for the removal of residues (e.g., dirt, debris, microbes, and
residual drugs or chemicals) from surfaces.
A chemical or physical agent used on inanimate surfaces and objects to
destroy fungi, viruses, and bacteria. Sporicidal disinfectant agents are
considered a special class of disinfectants that also are effective against
bacterial endospores.
A chemical or physical agent that destroys bacterial and fungal spores when
used at a sufficient concentration for a specified contact time. It is
expected to kill all vegetative microorganisms.
6.2 Cleaning Supplies

All cleaning supplies (e.g., wipers, sponges, and mop heads) with the exception of tool handles
and holders must be low-linting. Wipers, sponges, and mop heads should be disposable. If
disposable cleaning supplies are used, they must be discarded after each cleaning activity.
Reusable cleaning tools must be made of cleanable materials (e.g., no wooden handles) and
must be cleaned before and after each use. Reusable cleaning tools must be dedicated for use
in the classified areas or SCA and must not be removed from these areas except for disposal.
They must be discarded after an appropriate amount of time, to be determined based on the
condition of the tools. Dispose of cleaning supplies used in the classified areas and SCAs in a
manner that minimizes the potential for dispersing contaminants into the air (e.g., with minimal
agitation, away from work surfaces).
6.3 Cleaning and Disinfecting the PEC
Clean and disinfect the PEC at the minimum frequencies specified in Table 8. See Box 6-1 for
procedures for cleaning and disinfecting the PEC. If the PEC contains a removable work tray, all
sides of the work tray and the area underneath the work tray must be cleaned and disinfected
at least monthly.
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Box 6-1. Procedures for Cleaning and Disinfecting the PEC
Remove any particles, debris, or residue with an appropriate solution (e.g., Sterile
Water for Injection or
Sterile Water for Irrigation) using sterile, low-lint wipers.
Apply a cleaning agent (e.g., EPA-registered one-step disinfectant cleaner).
Disinfect with a sterile disinfectant (e.g., sterile 70% IPA).
Allow the surface to dry completely before beginning compounding.
The PEC must be wiped with a sporicidal agent at least monthly.
6.4 Cleaning and Disinfecting Compounding Supplies for the Classified Areas and SCAs
No shipping carton(s) or other corrugated or uncoated cardboard are allowed in the classified
area or SCA. Before compounding supplies are introduced into a classified area or SCA, they
must be wiped with a sporicidal agent or sterile disinfectant (e.g., sterile 70% IPA) using lowlint wipers. After the sporicidal or sterile disinfectant is applied and wiped on the surface, the
agent must be allowed to dwell for the minimum contact time specified by the manufacturer,
during which time the item cannot be disturbed. The agent used for wiping the packaging must
not alter the product label.
Any item to be transferred into the PEC must be wiped with a sporicidal agent or sterile
disinfectant (e.g., sterile 70% IPA) using low-lint wipers. The agent must be allowed to dwell
for the minimum contact time specified by the manufacturer, during which time the item cannot
be disturbed. The agent used for wiping the packaging must not alter the product label.
6.5 Disinfecting Critical Sites within the PEC
Critical sites (e.g., vial stoppers, ampule necks, and intravenous bag septums) must be
disinfected by wiping them with sterile 70% IPA in the PEC. The critical site must be wiped in
one direction ensuring that both chemical and mechanical actions are used to remove
contaminants. The sterile 70% IPA must be allowed to dry before entering or puncturing
stoppers/septums with sterile needles or breaking the necks of ampules.
7. EQUIPMENT, SUPPLIES, AND COMPONENTS
7.1 Equipment
PECs are described in Types of PECs and Placement. Other equipment used in compounding
CSPs [e.g., automated compounding devices (ACDs), repeater pumps, and balances] should be
of suitable composition such that the surfaces that contact components are not reactive or
sorptive. Equipment that must be brought into classified areas must be wiped with disinfectant
using low-lint wipers.
Equipment must be placed in a manner that facilitates sterile compounding operations. The
equipment must be capable of operating properly and within required performance parameters.
Compounding personnel must establish and follow SOPs for the calibration, maintenance,
cleaning, and use of the equipment based on the manufacturer’s recommendations. Personnel
must maintain records from equipment calibration, verification, and maintenance in accordance
with the requirements in 17. Documentation.
ACDs, repeater pumps, and other similar equipment are designed to assist in the compounding
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of preparations by delivering specific volumes of solution(s) automatically under computerized
control.
Before using ACDs, repeater pumps, or other similar equipment, compounding personnel must
conduct an accuracy assessment before the first use and again each day the equipment is
used to compound CSPs. The precision of the equipment can be monitored based on an
assessment of day-to-day variations in its accuracy measures. Compounding personnel must
keep a daily record of the accuracy measurements on the days the equipment is in use.
Corrective actions must be implemented if accuracy measurements are outside the
manufacturer’s specification.
7.2 Supplies
Supplies (e.g., beakers, utensils, needles, syringes, filters, and tubing sets) should be of
suitable composition such that the surfaces that contact components are not reactive or
sorptive. Supplies in direct contact with the CSP must be sterile and depyrogenated. When
sterile supplies are received in sealed pouches designed to keep them sterile until opening, the
sterile supplies may be removed from the covering pouches as the supplies are introduced into
the ISO Class 5 PEC without the need to disinfect the individual sterile supply items.
7.3 Components
Compounding personnel must follow facility SOPs, which must address the selection, receipt,
evaluation, handling, storage, and documentation of all CSP components, including all
ingredients, containers, and closures. Packages of components that must be brought into
classified areas must be wiped with a sporicidal agent or sterile disinfectant using low-lint
wipers.
COMPONENT SELECTION
Conventionally manufactured sterile products should be used when available and appropriate for
the intended CSP. All APIs must be accompanied by a COA that includes the specifications and
test results and shows that the API meets the specifications of the USP–NF monograph, if one
exists. All other ingredients must be accompanied by documentation (e.g., COA, labeling) that
includes the specifications and shows that the ingredient meets the specifications.
In the US, APIs used in compounding must be obtained from an FDA-registered facility and must
comply with the criteria in the USP–NF monograph, if one exists. All ingredients other than
API(s) should preferably be obtained from an FDA-registered facility and must comply with the
criteria in the USP–NF monograph, if one exists. If ingredients other than APIs (e.g., excipients
and preservatives) cannot be obtained from an FDA-registered facility, the designated person
must select an acceptable and reliable source (see Good Distribution Practices for Bulk
Pharmaceutical Excipients 〈1197〉). The compounding facility must establish the identity,
strength, purity, and quality of the ingredients obtained from that supplier by reasonable
means. Reasonable means may include visual inspections, evaluation of a COA supplied by the
manufacturer, and/or verification by analytically testing a sample to determine conformance
with the COA or other specifications.
Each lot of commercially available sterile, depyrogenated containers and container–closure
systems must be accompanied by a COA or other documentation showing conformance with
established specifications (i.e., sterility and depyrogenation requirements). If sterilization and
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depyrogenation of supplies or container–closure systems are performed on site, the efficacy of
each process must be established and documented (see Sterilization of Compendial Articles
〈1229〉).
COMPONENT RECEIPT
Upon receipt of each lot of a component, the external packaging must be examined for
evidence of deterioration and other aspects of unacceptable quality. Facility personnel must
verify the labeling and condition of the component, [e.g., whether the outer packaging is
damaged and whether temperature-sensing indicators show that the component has been
exposed to excessive temperature(s)].
Any component found to be of unacceptable quality must be promptly rejected, clearly labeled
as rejected, and segregated to prevent use before appropriate disposal. Any other lots of that
component from that vendor must be examined to determine whether other lots have the same
defect.
The date of receipt by the compounding facility must be clearly marked on each API or inactive
ingredient package that lacks a vendor expiration date. Packages of ingredients (i.e., API and
inactive ingredients) that lack a vendor’s expiration date must be assigned a conservative
expiration date, not to exceed 1 year after receipt by the compounding facility.
COMPONENT EVALUATION BEFORE USE
Compounding personnel must ascertain before use that ingredients for CSPs are of the correct
identity, appropriate quality, within expiry date, and have been stored under appropriate
conditions. The following information should be used to make this determination: prescription or
medication order, compounding record, master formulation record (if used), vendor labels, COAs
of API(s) and inactive ingredient(s), product labeling of conventionally manufactured sterile
products, labeling of CSPs, and documentation of the compounding facility storage conditions
and practices.
All components must be re-inspected before use. All packages must be re-inspected to detect
container breaks, looseness of the cap or closure, and deviation from the expected
appearance, aroma, and texture of the contents that might have occurred during storage.
Sterile container–closures must be visually re-inspected to ensure that they are free from
defects that could compromise sterility and are otherwise suitable for their intended use.
If components intended for use in preparing CSPs do not meet expected quality attributes, they
must be promptly rejected, clearly labeled as rejected, and segregated to prevent use before
disposal.
COMPONENT HANDLING AND STORAGE
All components must be handled and stored in a manner that prevents contamination, mix-ups,
and deterioration. Ingredients must be stored in closed containers under temperature, humidity,
and lighting conditions consistent with those indicated in official monographs or specified by the
suppliers and/or manufacturer.
8. STERILIZATION AND DEPYROGENATION
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When selecting the sterilization method for CSPs prepared from one or more nonsterile starting
components, personnel must take into consideration the nature of the component(s), their
physical and chemical properties, and the intended container–closure system. The sterilization
method used must sterilize the CSP without degrading its physical and chemical stability (e.g.,
affecting its strength, purity, and quality) or the packaging integrity. See also the 〈1229〉 family
of chapters.
The following must be considered when selecting an appropriate sterilization method:
Terminal sterilization (e.g., dry heat, steam, or irradiation) is the preferred method
unless the specific CSP or container–closure system cannot tolerate terminal
sterilization
Steam sterilization is not an option if moisture, pressure, or the temperatures used
would degrade the CSP or if there is insufficient moisture to sterilize the CSP within the
final, sealed container–closure system (e.g., anhydrous oils and solid CSPs)
Filtration is not an option when compounding a suspension if the suspended drug
particles are removed by the filter being used
CSPs that are terminally sterilized (e.g., dry heat, steam, or irradiation) must use a process
intended to achieve a sterility assurance level (SAL) of 10−6. An SAL of 10−6 is equivalent to a
probability that 1 unit in a million is nonsterile. An SAL value cannot be applied to CSPs that are
aseptically filled into a sterile container following sterilization by filtration because sterilization
by filtration is not terminal sterilization.
A description of the terminal sterilization and depyrogenation process, including the
temperature, pressure (if applicable), duration, permissible load conditions for each cycle, and
results of biological indicators must be included in the facility’s SOPs.
SOPs must include training of personnel on all sterilization methods and equipment used by the
facility. In addition, the SOPs must include a schedule and method for establishing and verifying
the effectiveness of the terminal sterilization and depyrogenation methods selected, as well as
the methods for maintaining and cleaning the sterilizing and depyrogenation equipment.
8.1 Depyrogenation
See Dry Heat Depyrogenation 〈1228.1〉. Dry heat depyrogenation must be used to render
glassware, metal, and other thermostable containers and components pyrogen-free.
Depyrogenation processes typically operate at a range of temperatures, from approximately
170° up to about 400°, depending on the exposure time (e.g., a cycle might hold the items at
250° for 30 minutes to achieve sterility and depyrogenation). The duration of the exposure
period must include sufficient time for the items to reach the depyrogenation temperature. The
items must remain at the depyrogenation temperature for the duration of the depyrogenation
period.
The effectiveness of the dry heat depyrogenation cycle must be established initially and
verified annually using endotoxin challenge vials (ECVs) to demonstrate that the cycle is
capable of achieving a ≥3-log reduction in endotoxins (see Bacterial Endotoxins Test 〈85〉). This
verification must be documented.
Items that are not thermostable must be depyrogenated by rinsing with sterile, pyrogen-free
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water and then thoroughly drained or dried immediately before use in compounding.
8.2 Sterilization by Filtration
See Sterilizing Filtration of Liquids 〈1229.4〉. Sterilizing filters must be sterile, depyrogenated,
and have a nominal pore size of 0.22 µm or smaller. They must be certified by the manufacturer
to retain at least 107 microorganisms of a strain of Brevundimonas diminuta per square
centimeter of upstream filter surface area under conditions similar to those in which the CSPs
will be filtered (i.e., pressure, flow rate, and volume filtered).
The designated person must ensure—from available published information, from supplier
documentation, or through direct challenge (e.g., filtering the CSP)—that the filters 1) are
chemically and physically compatible with all ingredients in the CSP (e.g., water-miscible
alcohols may damage filter integrity); 2) are chemically stable at the pressure and temperature
conditions that will be used; and 3) have enough capacity to filter the required volumes. The
filter dimensions and the CSP to be sterilized by filtration should permit the sterilization process
to be completed without the need for replacement of the filter during the process. Filter units
used to sterilize CSPs must be subjected to the manufacturers’ recommended integrity testing,
such as a post-use bubble point test. If multiple filters are required for the compounding
process, each of the filters must pass a filter-integrity test.
When CSPs are known to contain excessive particulate matter, a prefiltration step must be
performed using a filter of larger nominal pore size (e.g., 1.2 µm) or a separate filter of larger
nominal pore size should be placed upstream of (i.e., prior to) the sterilizing filter to remove
gross particulate contaminants before the CSP is passed through the sterilizing-grade filter.
Excessive particulate matter requiring a prefiltration step could potentially be a signal of an
inappropriate formulation, and therefore the formulation and the process should be assessed
and, if necessary, modified. CSPs that were prepared using a filter that failed integrity tests
must be discarded or resterilized by filtration.
8.3 Sterilization by Steam Heat
Temperatures used to achieve sterilization by steam heat are lower than those used to achieve
depyrogenation. The process of thermal sterilization using saturated steam under pressure (i.e.,
autoclaving) is the preferred method for terminal sterilization of aqueous CSPs in their final,
sealed container–closure system (see Steam Sterilization by Direct Contact 〈1229.1〉). Steam
sterilization is not an option if moisture, pressure, or the temperatures used would degrade the
CSP.
To achieve sterility when steam sterilization is used, all materials must be directly exposed to
steam under adequate pressure for the length of time necessary, as determined by use of
appropriate biological indicators, to render the items sterile (e.g., between 20 and 60 minutes
at 121° saturated steam under a pressure of 15 psi, depending on the volume or size of the
CSP being sterilized). The duration of the exposure period must include sufficient time for the
entire contents of the CSP and other items to reach the sterilizing temperature. The CSP and
other items must remain at the sterilizing temperature for the duration of the sterilization
period.
CSPs must be placed in the autoclave to allow steam to reach the CSPs without entrapment of
air. Flat, stainless steel trays with low sides or ventilated bottoms will permit steam contact.
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When preparing items for steam sterilization, the items must be wrapped in low-lint protective
fabric or paper or sealed in envelopes that will permit steam penetration and that are designed
to prevent post-sterilization microbial contamination. For CSPs, immediately before filling
ampules and vials that will be steam sterilized, solutions must be passed through a filter with a
nominal pore size of not larger than 1.2 µm for removal of particulate matter.
Sealed containers must be able to generate steam internally. Stoppered and crimped empty
vials must contain a small amount of sterile water to generate steam. Deep containers, such as
beakers and graduated cylinders, must be inverted or placed on their sides at a downwardsloping angle to minimize air entrapment and to facilitate condensate drainage, or must have a
small amount of sterile water placed in them before steam sterilization. Porous materials and
those items with occluded pathways (e.g., tubing) must only be sterilized by steam if the
autoclave chamber has suitable cycles for dry goods, such as a pre-vacuum process to remove
air before steam is sent into the chamber. Elastomeric closures and many other dry goods will
need a drying cycle after steam exposure to remove condensed or absorbed moisture.
The effectiveness of steam sterilization must be verified and documented with each sterilization
run or load by using appropriate biological indicators, such as spores of Geobacillus
stearothermophilus, ATCC 12980, ATCC 7953, or equivalent (see Biological Indicators for
Sterilization 〈1229.5〉), and other confirmation methods such as physicochemical indicators and
integrators (see Physicochemical Integrators and Indicators for Sterilization 〈1229.9〉).
The steam supplied must be free of contaminants and generated using water per the
manufacturer’s recommendation. A calibrated data recorder or chart must be used to monitor
each cycle and to examine for cycle irregularities (e.g., deviations in temperature or pressure).
The date, run, and load numbers of the steam sterilizer used to sterilize a CSP must be
documented in the compounding record.
8.4 Sterilization by Dry Heat
Dry heat may be used for those items that cannot be sterilized by steam or other means, when
either the moisture would damage the material or the wrapping material is impermeable (see Dry
Heat Sterilization 〈1229.8〉). Sterilization by dry heat requires higher temperatures and longer
exposure times than sterilization by steam. The duration of the exposure period must include
sufficient time for the entire contents of CSPs and other items to reach the sterilizing
temperature. The CSP and other items must remain at the sterilizing temperature for the
duration of the sterilization period.
Dry heat sterilization is usually done in an oven designed for sterilization at a temperature of
160° or higher. If lower temperatures are used, they must be shown to achieve effective
sterilization (see Dry Heat Sterilization 〈1229.8〉, Validation of Dry Heat Sterilization, Biological
Indicators).
Heated air must be evenly distributed throughout the chamber, which is typically accomplished
by an air blower. The calibrated oven must be equipped with temperature controls and a timer.
During sterilization, sufficient space must be left between materials to allow for circulation of
the hot air. A calibrated data recorder or chart must be used to monitor each cycle and the
data must be reviewed to identify cycle irregularities (e.g., deviations in temperature or
exposure time).
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The effectiveness of the dry heat sterilization method must be validated, verified, and
documented with each sterilization run or load using appropriate biological indicators such as
spores of Bacillus atrophaeus, ATCC 9372 (see 〈1229.5〉), and other confirmation methods (e.g.,
temperature-sensing devices). The date, run, and load numbers of the dry heat oven used to
sterilize a CSP must be documented in the compounding record.
9. SOPS AND MASTER FORMULATION AND COMPOUNDING RECORDS
9.1 Creating and Following SOPs
Facilities that prepare CSPs must develop SOPs for the compounding process and other support
activities. A designated person must ensure that SOPs are appropriate and are implemented,
which includes ensuring that personnel demonstrate competency in performing every procedure
that relates to their job function. A designated person must follow up to ensure that corrective
actions are taken if problems, deviations, failures, or errors are identified. The corrective action
must be documented.
All personnel who perform or oversee compounding or support activities must be trained in the
SOPs. All compounding personnel must:
Be able to recognize potential problems, deviations, failures, or errors associated with
preparing a CSP (e.g., those related to equipment, facilities, materials, personnel, the
compounding process, or testing) that could potentially result in contamination or other
adverse impact on CSP quality
Report any problems, deviations, or errors to the designated person
SOPs must be reviewed at least every 12 months by the designated person to ensure that they
reflect current practices, and the review must be documented. Any changes or alterations to
an SOP must be made only by a designated person and must be documented. Revisions to SOPs
must be communicated to all personnel involved in these processes and procedures, and
personnel should document acknowledgement of the communication.
9.2 Creating Master Formulation Records
A Master Formulation Record must be created for CSPs prepared in a batch for more than 1
patient, or for CSPs prepared from nonsterile ingredient(s). Any changes or alterations to the
Master Formulation Record must be made only by a designated person. Any change(s) must be
documented with the date and time the change was made and the identity of the person who
made the change. Box 9-1 lists the information that must be included in a Master Formulation
Record.
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Box 9-1. Master Formulation Records
A Master Formulation Record must include at least the following information:
Name, strength or activity, and dosage form of the CSP
Identities and amounts of all ingredients
Type and size of container–closure system(s)
Complete instructions for preparing the CSP, including equipment, supplies, a
description of the compounding steps, and any special precautions
Physical description of the final CSP
BUD and storage requirements
Reference source to support the stability of the CSP
If applicable, the Master Formulation Record must also include:
Quality control (QC) procedures (e.g., pH testing, filter integrity testing)
Sterilization method (e.g., steam, dry heat, irradiation, or filter)
Other information needed to describe the compounding process and ensure
repeatability (e.g., adjusting pH and tonicity)
9.3 Creating Compounding Records
A Compounding Record must be created for all CSPs. The Compounding Record must be created
by the compounder preparing the CSP to document the compounding process or repackaging
process. A Compounding Record may be in the form of a prescription or medication order,
compounding log, or label. If an ACD, repeater pump, workflow management system, or other
similar equipment is used, the required information in the compounding record may be stored
electronically as long as it is retrievable and contains the required information (see Box 9-2). A
Master Formulation Record can serve as the basis for preparing the Compounding Record. For
example, a copy of the Master Formulation Record can be made that contains spaces for
recording the information needed to complete the Compounding Record. Box 9-2 lists the
information that must be included in a Compounding Record.
Box 9-2. Compounding Records
Compounding Records must include at least the following information:
Name, strength or activity, and dosage form of the CSP
Date and time of preparation of the CSP
Assigned internal identification number (e.g., prescription, order, or lot number)
Identity of all individuals involved in each step (e.g., technician or pharmacist)
Name, vendor or manufacturer, lot number, and expiration date for each ingredient
Weight or volume of each ingredient
Total quantity compounded
Assigned BUD and storage requirements
If applicable, the Compounding Record must also include:
Master Formulation Record reference for the CSP
Calculations made to determine and verify quantities and/or concentrations of
components
Results of QC procedures (e.g., visual inspection, filter integrity testing, pH
testing)
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10. RELEASE TESTING
All release testing procedures (e.g., visual inspections and testing) must be included in the
facility’s documentation (see 9. SOPs and Master Formulation and Compounding Records). Any
out-of-specification results must be investigated, and the corrective action plan must be
implemented and documented as part of the quality assurance (QA) and QC program (see 15.
Quality Assurance and Quality Control).
10.1 Visual Inspection
At the completion of compounding, before release and dispensing, the CSP must be visually
inspected to determine whether the physical appearance of the CSP is as expected (e.g., it is
inspected for evidence of inappropriate visible particulates or other foreign matter,
discoloration, or other defects). The CSP must be visually inspected to confirm that the CSP
and its labeling match the prescription or medication order. The inspection also must include a
visual inspection of container–closure integrity (e.g., checking for leakage, cracks in the
container, or improper seals). CSPs with observed defects must be discarded, or marked and
segregated from acceptable units in a manner that prevents them from being released or
dispensed.
When a CSP will not be released or dispensed promptly after preparation, a visual inspection
must be conducted immediately before it is released or dispensed to make sure that the CSP
does not exhibit any defects, such as precipitation, cloudiness, or leakage, which could develop
during storage. A CSP with such defects must be immediately discarded, or marked and
segregated from acceptable units in a manner that prevents it from being released or
dispensed. Any defect may indicate sterility or stability problems that should be investigated to
determine the cause (see 15. Quality Assurance and Quality Control).
10.2 Sterility Testing
Sterility testing is not required for Category 1 CSPs (see Table 11). If a Category 2 CSP is
assigned a BUD that requires sterility testing (see Table 12), the testing must be performed
according to 〈71〉 or a validated alternative method (see Validation of Alternative Microbiological
Methods 〈1223〉) that is non-inferior to 〈71〉 testing.
If sterility testing is performed, the minimum quantity of each container to be tested for each
medium is specified in Sterility Tests 〈71〉, Table 2, and the number of containers required to be
tested in relation to the batch size is specified in Sterility Tests 〈71〉, Table 3. Deviations from
the batch sizes specified in Sterility Tests 〈71〉, Table 3 are allowable as described below:
If the number of CSPs to be compounded in a single batch is less than the number of
CSPs needed for testing as specified in Sterility Tests 〈71〉, Table 3, additional units
must be compounded to be able to perform sterility testing.
If between 1 and 39 CSPs are compounded in a single batch, the sterility testing must
be performed on a number of units equal to 10% of the number of CSPs prepared,
rounded up to the next whole number. For example:
If 1 CSP is compounded, 10% of 1 rounded up to the next whole number would
indicate that 1 additional CSP must be prepared for sterility testing.
If 39 CSPs are compounded, 10% of 39 rounded up to the next whole number
would indicate that 4 additional CSPs must be prepared for sterility testing.
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If more than 40 CSPs are prepared in a single batch, the sample sizes specified in Sterility
Tests 〈71〉, Table 3 must be used.
If sterility testing is performed according to Sterility Tests 〈71〉, a 〈71〉, Method Suitability Test
must be performed to ensure that contamination can be recovered. If performing sterility
testing according to 〈71〉, the 〈71〉, Test for Sterility of the Product to be Examined, Membrane
Filtration method is the method of choice when the CSP formulation permits. The preferred
alternative is the 〈71〉, Test for Sterility of the Product to be Examined, Direct Inoculation of
the Culture Medium method. If an alternative method is used for sterility testing, the method
must be validated (see 〈1223〉) and demonstrated to be suitable for that CSP formulation.
Sterility tests resulting in failures must prompt an investigation into the possible causes and
must include identification of the microorganism, as well as an evaluation of the sterility testing
procedure, compounding facility, process, and/or personnel that may have contributed to the
failure. The source(s) of the contamination, if identified, must be corrected, and the facility
must determine whether the conditions causing the sterility failure affect other CSPs. The
investigation and resulting corrective actions must be documented.
10.3 Bacterial Endotoxins Testing
Except for inhalation and topical ophthalmic preparations, Category 2 CSPs made from one or
more nonsterile ingredient(s) or component(s) and assigned a BUD that requires sterility testing
(see Table 12) must be tested to ensure that they do not contain excessive bacterial
endotoxins (see 〈85〉). [Note—CSPs that are assigned a BUD that does not require sterility
testing are not required to be tested for bacterial endotoxins.] In the absence of a bacterial
endotoxins limit in an official monograph or other CSP formula source, the CSP must not exceed
the endotoxins limit calculated as described in 〈85〉 for the appropriate route of administration.
See also Guidelines on Endotoxins Test 〈1085〉.
11. LABELING
CSPs must be labeled with legible identifying information to prevent errors during storage,
dispensing, and use. The term labeling designates all labels and other written, printed, or
graphic matter on an article’s immediate container or on, or in, any package or wrapper in
which it is enclosed, except any outer shipping container. The term label designates that part
of the labeling that is on the immediate container. See Labeling 〈7〉.
The label on the immediate container of the CSP must, at a minimum, display prominently and
legibly the following information:
Assigned internal identification number (e.g., prescription, order, or lot number)
Active ingredient(s) and their amounts, activities, or concentrations
Storage conditions if other than controlled room temperature
Date prepared
BUD
Indication that the preparation is compounded
The label on the immediate container of the CSP must additionally display prominently the
following information:
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Route of administration if it is not obvious from the container, or when necessary for
the safe use of the CSP
Total amount or volume if it is not obvious from the container
If it is a multiple-dose container, a statement stating such
Contact information of the compounding facility if the CSP is to be sent outside of the
facility in which it was compounded
Additionally, the labeling of the CSP must provide any applicable special handling instructions or
warning statements.
Labeling procedures must be followed as described in the facility’s SOPs to prevent labeling
errors and CSP mix-ups. The label of the CSP must be verified to ensure that it conforms with
the:
1. Prescription or medication order;
2. Master Formulation Record, if required (see 9.2 Creating Master Formulation Records);
and
3. Compounding Record (see 9.3 Creating Compounding Records)
All labels must also comply with applicable jurisdictional laws and regulations.
12. ESTABLISHING BEYOND-USE DATES
12.1 Terminology
Each CSP label must state the date, or the hour and date, beyond which the preparation must
not be used or administration must not begin, and after which time the preparation must be
discarded. The BUD is determined from the date/time that preparation of the CSP is initiated.
The BUD is not intended to limit the time during which the CSP is administered (e.g., infused).
BUDs and expiration dates are not the same. An expiration date identifies the time during which
a conventionally manufactured product, active ingredient, or excipient can be expected to
meet the requirements of a compendial monograph, if one exists, provided it is kept under the
prescribed storage conditions. The expiration date limits the time during which the
conventionally manufactured product, API, or excipient may be dispensed or used (see Labeling
〈7〉, Labels and Labeling for Products and Other Categories, Expiration Date and Beyond-Use
Date). Expiration dates are assigned by manufacturers based on analytical and performance
testing of the sterility, chemical and physical stability, and packaging integrity of the product.
Expiration dates are specific for a particular formulation in its container and at stated exposure
conditions of illumination and temperature. See Table 10 for a summary of terms.
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BeyondUse Date

Table 10. Summary of Terms
Definition
Either the date or hour and date after which a CSP
must not be used or administration must not begin.
The BUD is determined from the date/time that
preparation of the CSP is initiated.

Expiration
Date

The time during which a product can be expected to
meet the requirements of the compendial monograph, if
one exists, provided it is kept under the prescribed
storage conditions.

Term

Applicability

Applies to all CSPs
Applies to all
conventionally
manufactured
products, APIs, and
excipients

12.2 Parameters to Consider in Establishing a BUD
Multiple factors that affect sterility and chemical and physical stability must be considered
when establishing BUDs for CSPs. BUDs should be established conservatively for CSPs to ensure
that the drug maintains its required characteristics (i.e., stability and sterility) until its BUD.
When establishing a BUD for a CSP, compounders must consider factors that may affect
stability, including but not limited to:
The chemical and physical properties of the drug and/or its formulation
The compatibility of the container–closure system with the finished preparation (e.g.,
leachables, interactions, and storage conditions)
The BUDs for CSPs in Table 11 and Table 12 are based primarily on factors that affect the
achievement and maintenance of sterility, which include, but are not limited to, the following:
Environment in which the CSP is prepared (e.g., PEC in a cleanroom suite or SCA)
Aseptic preparation and sterilization method
Components and ingredients (e.g., sterile or nonsterile starting ingredients)
Whether or not sterility testing is performed
Storage conditions (e.g., packaging and temperature)
12.3 Establishing a BUD for a CSP
BUDs for CSPs must be established in accordance with Table 11 for Category 1 CSPs and Table
12 for Category 2 CSPs. One day is equivalent to 24 hours.
The BUDs in Table 11 and Table 12 for CSPs are based on the risk of microbial contamination or
not achieving sterility despite implementation of the requirements in this chapter. Therefore, it
is assumed that the CSP formulation will remain chemically and physically stable, and its
packaging will maintain its integrity for the duration of the BUD.
A shorter BUD is required when the stability of the CSP or its components is less than the hours
or days stated in Table 11 or Table 12. Additionally, the BUD must not exceed the shortest
remaining expiration date or BUD of any of the starting components, regardless of the source.
Table 11 establishes the longest permitted BUDs for Category 1 CSPs. Category 1 CSPs may be
prepared in an SCA or cleanroom suite (see 4.2 Facility Design and Environmental Controls).
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BUD

Table 11. BUDs for Category 1 CSPs
Storage Conditions
Controlled Room Temperature Refrigerator
(20°–25°)
(2°–8°)
≤12 hours
≤24 hours

Table 12 establishes BUDs for Category 2 CSPs, based on the following factors affecting
sterility:
Aseptic preparation and sterilization method
Starting components
Sterility testing
Storage conditions
Category 2 CSPs must be prepared in a cleanroom suite (see 4.2 Facility Design and
Environmental Controls).
ASEPTIC PREPARATION AND STERILIZATION METHOD
A CSP may be prepared by the following methods (see 8. Sterilization and Depyrogenation):
1. Aseptic preparation, which includes either 1) compounding with only sterile starting
ingredient(s), or 2) compounding with nonsterile ingredient(s) followed by sterilization by
filtration. [Note—Sterilization by filtration is not a form of terminal sterilization.]
2. Terminal sterilization, which includes compounding with sterile and/or nonsterile
starting ingredient(s) and subsequent sterilization with a process intended to achieve
an SAL of 10−6 (e.g., dry heat, steam, or irradiation).
Terminal sterilization is the preferred method of sterilization, unless the specific CSP or
container–closure system cannot tolerate terminal sterilization. Table 12 allows for longer BUDs
for CSPs that are terminally sterilized than for aseptically prepared CSPs because terminal
sterilization using a verified method provides reasonable assurance that a CSP will be sterile.
STARTING COMPONENTS
The use of one or more nonsterile starting component(s) is a risk factor to be considered when
preparing a CSP. A longer BUD is permitted in Table 12 for CSPs that are aseptically prepared
from conventionally manufactured sterile starting component(s) than from one or more
nonsterile starting component(s).
STERILITY TESTING
Sterility testing (see 10.2 Sterility Testing) of a CSP can provide additional assurance of the
absence of contamination, although passing a sterility test does not guarantee that all units of
a batch of CSPs are sterile because contamination may not be uniformly distributed throughout
the batch. A longer BUD is permitted in Table 12 if sterility testing results are within acceptable
limits.
STORAGE CONDITIONS
Storage in colder conditions [i.e., in a refrigerator or freezer (see Packaging and Storage
Requirements 〈659〉)] has been shown to slow the growth of most microorganisms. However,

PF 44(5): Sep.-Oct. 2018

304

the chemical and physical stability of the CSP and its components must be considered when
storing in colder conditions (e.g., some formulations may precipitate when stored in a
refrigerator or freezer). A longer BUD is permitted in Table 12 for CSPs stored in colder
conditions than for CSPs stored at controlled room temperature.
If the CSP will be stored in a frozen state, the container–closure system must be able to
withstand the physical stress (i.e., without breaking or cracking) during storage in a freezer.
The CSP must be thawed in appropriate conditions to avoid compromising the physical and
chemical stability of the preparation and its components (e.g., do not heat in a microwave).
Once the CSP is thawed, the CSP must not be re-frozen.
CSPs may be stored under different storage conditions before they are used (e.g., CSPs may
first be frozen, and then thawed in the refrigerator, and finally kept at controlled room
temperature before administration). The storage time of a CSP must not exceed the original
BUD placed on the CSP for its labeled storage condition, and BUDs must not be additive. For
example, a CSP cannot be stored for 45 days in a freezer, then 3 days refrigerated, and then 1
day at controlled room temperature for a total of 49 days. Once a CSP has been stored under a
condition that would require a shorter BUD (i.e., controlled room temperature), the CSP must be
used within the timeframe for that storage condition (in this example, 1 day).
Table 12. BUDs for Category 2 CSPs
Preparation
Characteristics
Sterility
Testing
Performed
Sterilization
and
Method
Passed

Aseptically
prepared
CSPs
Terminally
sterilized
CSPs

Storage Conditions

Refrigerator
(2°–8°)

Freezer
(−25° to −10°)

No
Yes
No

Controlled
Room
Temperature
(20°–25°)
Prepared from
one or more
nonsterile
starting
component(s): 1
day
Prepared from
only sterile
starting
components: 4
days
30 days
14 days

Prepared from
one or more
nonsterile starting
component(s): 4
days
Prepared from
only sterile
starting
components: 9
days
45 days
28 days

Prepared from one
or more nonsterile
starting
component(s): 45
days
Prepared from
only sterile
starting
components: 45
days
60 days
45 days

Yes

45 days

60 days

90 days

12.4 Multiple-Dose CSPs
A compounded multiple-dose container is designed to contain more than one dose, intended to
be entered or penetrated multiple times, and usually contains a preservative. The presence of a
preservative may inhibit the growth of microorganisms and minimize the risk of contamination.
The use of preservatives must be appropriate for the CSP formulation and the route of
administration. For example, the preservative must not be inactivated by any ingredients in the
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CSP and some preservatives are not always appropriate for the patient (e.g., neonates) or
route of administration (e.g., intrathecal or ophthalmic injections). The use of preservatives,
however, must not be considered a substitute for aseptic technique.
A multiple-dose CSP must be prepared as a Category 2 CSP. A multiple-dose CSP must
additionally pass antimicrobial effectiveness testing in accordance with Antimicrobial
Effectiveness Testing 〈51〉. The compounder may rely on 1) antimicrobial effectiveness testing
that it conducts (or contracts for) once for each formulation in the particular container–closure
system in which it will be packaged or 2) antimicrobial effectiveness testing results published in
peer-reviewed literature sources if the CSP formulation (including any preservative) and
container–closure system are exactly the same as those tested.
After a multiple-dose container is initially entered or punctured, the multiple-dose container
must not be used for longer than the assigned BUD or 28 days if supported by antimicrobial
effectiveness testing results (see 〈51〉) on the CSP, whichever is shorter.
The container–closure system used to package the multiple-dose CSP must be evaluated for
and conform to container–closure integrity (see 〈1207〉). The container–closure integrity test
needs to be conducted only once on each formulation and fill volume in the particular
container–closure system in which the multiple-dose CSP will be packaged.
13. USE OF CONVENTIONALLY MANUFACTURED PRODUCTS
This section addresses the time within which an entered or punctured conventionally
manufactured product must be used.
13.1 Use of Conventionally Manufactured Single-Dose Containers
A conventionally manufactured single-dose container is designed for use with a single patient
as a single injection/infusion (see Packaging and Storage Requirements 〈659〉, General
Definitions, Injection Packaging Systems). A conventionally manufactured single-dose container
is a container–closure system that holds a sterile medication for parenteral administration
(injection or infusion) that is not required to meet the antimicrobial effectiveness testing
requirements. If a single-dose vial is entered or punctured in worse than an ISO Class 5 air, it
must be used within 1 hour or by the end of the case in which it will be used, and any
remaining contents must be discarded. If a single-dose vial is entered or punctured only in an
ISO Class 5 or cleaner air, it may be used up to 6 hours after initial entry or puncture. Opened
single-dose ampuls must not be stored for any time period.
13.2 Use of Conventionally Manufactured Multiple-Dose Containers
A conventionally manufactured multiple-dose container is intended to contain more than one
dose of a drug product (see Packaging and Storage Requirements 〈659〉, General Definitions,
Injection Packaging Systems). Once initially entering or puncturing the multiple-dose container,
the multiple-dose container must not be used for more than 28 days (see 〈51〉) unless otherwise
specified by the manufacturer on the labeling.
13.3 Use of a Conventionally Manufactured Pharmacy Bulk Package
A conventionally manufactured pharmacy bulk package is a container of a sterile product for
parenteral use that contains many single doses. The contents are intended for use in a
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pharmacy admixture program and are restricted to the sterile preparation of admixtures for
infusion or, through a sterile transfer device, for the filling of empty sterile containers. The
pharmacy bulk package must be used according to the manufacturer's labeling (see Packaging
and Storage Requirements 〈659〉, General Definitions, Injection Packaging Systems). The
pharmacy bulk package is to be used only in an ISO Class 5 PEC.
14. USE OF CSPS AS COMPONENTS
This section addresses the time within which an entered or punctured CSP must be used.
14.1 Use of Compounded Single-Dose Containers
A compounded single-dose container is intended for one-time administration (e.g., injection,
infusion, case) for a single patient. If a compounded single-dose container is entered or
punctured only in ISO Class 5 or cleaner air, it may be used for up to 6 hours after initial entry
or puncture. The remainder must be discarded. The compounded single-dose container must be
stored in conditions applicable to that CSP (e.g., refrigerator, controlled room temperature).
14.2 Use of Compounded Stock Solutions
A compounded stock solution is a sterile mixture of components that is used to prepare CSP(s).
The compounded stock solution must be stored according to storage conditions for the BUD
assigned. The compounded stock solution must only be entered or punctured in an ISO Class 5
or cleaner air. It may be used for up to 6 hours after initial entry or puncture. The remainder
must be discarded.
14.3 Use of Compounded Multiple-Dose Containers
After a multiple-dose container is initially entered or punctured, the multiple-dose container
must not be used for longer than the assigned BUD (see Multiple-Dose CSPs) or 28 days if
supported by antimicrobial effectiveness testing results (see 〈51〉) on the CSP, whichever is
shorter.
15. QUALITY ASSURANCE AND QUALITY CONTROL
QA is a system of procedures, activities, and oversight that ensures that the compounding
process consistently meets quality standards. QC is the sampling, testing, and documentation
of results that, taken together, ensure that specifications have been met before release of the
CSP. See Quality Assurance in Pharmaceutical Compounding 〈1163〉.
A facility’s QA and QC programs must be formally established and documented in SOPs that
ensure that all aspects of the preparation of CSPs are conducted in accordance with the
requirements in this chapter and applicable jurisdictional laws and regulations. A designated
person must ensure that the facility has formal, written QA and QC programs that establish a
system of:
1.
2.
3.
4.

Adherence to procedures
Prevention and detection of errors and other quality problems
Evaluation of complaints and adverse events
Appropriate investigations and corrective actions
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The SOPs must describe the roles, duties, and training of the personnel responsible for each
aspect of the QA program. The overall QA and QC program must be reviewed at least once
every 12 months by the designated person. The results of the review must be documented and
appropriate action must be taken if needed.
15.1 Notification About and Recall of Out-of-Specification Dispensed CSPs
If a CSP is dispensed or administered before the results of release testing are known, the
facility must have procedures in place to:
1. Immediately notify the prescriber of a failure of specifications with the potential to
cause patient harm (e.g., sterility, strength, purity, bacterial endotoxin, or other quality
attributes), and
2. Determine whether a recall is necessary
The SOP for recall of out-of-specification dispensed CSPs must contain:
Procedures to determine the severity of the problem and the urgency for implementation
and completion of the recall
Procedures to determine the distribution of any affected CSP, including the date and
quantity of distribution
Procedures to identify patients who have received the CSP
Procedures for disposition and reconciliation of the recalled CSP
The sterile compounding facility must document the implementation of the recall procedures.
The recall must be reported to appropriate regulatory bodies as required by applicable
jurisdictional laws and regulations (e.g., state board of pharmacy, state health department).
15.2 Complaint Handling
Compounding facilities must develop and implement SOPs for handling complaints. Complaints
may include, but are not limited to, concerns or reports on the quality, labeling, or possible
adverse reactions related to a specific CSP.
A designated person must review all complaints to determine whether the complaint indicates a
potential quality problem with the CSP. If it does, a thorough investigation into the cause of
the problem must be initiated and completed. The investigation must consider whether the
quality problem extends to other CSPs. Corrective action, if necessary, must be implemented
for all potentially affected CSPs. Consider whether to initiate a recall of potentially affected
CSPs and whether to cease sterile compounding processes until all underlying problems have
been identified and corrected.
A readily retrievable written or electronic record of each complaint must be kept by the facility,
regardless of the source of the complaint (e.g., email, telephone, mail). The record must
contain the name of the complainant, the date the complaint was received, the nature of the
complaint, and the response to the complaint. In addition, to the extent that the information is
known, the following should be recorded: the name and strength of the CSP and the assigned
internal identification number (e.g., prescription, order, or lot number).
The record must also include the findings of any investigation and any follow-up. Records of
complaints must be easily retrievable for review and evaluation for possible trends and must be
retained in accordance with the record-keeping requirements in 17. Documentation. A CSP that
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is returned in connection with a complaint must be quarantined until it is destroyed after
completion of the investigation and in accordance with applicable jurisdictional laws and
regulations.
15.3 Adverse Event Reporting
Adverse events potentially associated with the quality of CSPs must be reported in accordance
with facility SOPs and all applicable jurisdictional laws and regulations. In addition, adverse
events potentially associated with the quality of the CSP should be reported to the applicable
jurisdictional regulatory body (e.g., state boards of pharmacy, state health departments, FDA's
MedWatch program for human drugs, or FDA Form 1932a for animal drugs).
16. CSP STORAGE, HANDLING, PACKAGING, SHIPPING, AND TRANSPORT
Processes and techniques for storing, handling, packaging, and transporting CSPs must be
outlined in SOPs. Personnel who will be storing, handling, packaging, and transporting CSPs
within the facility must be trained in accordance with the relevant SOPs, and the training must
be documented.
16.1 Handling and Storing CSPs
CSPs must be handled in a manner that maintains CSP quality and packaging integrity. To help
ensure that CSP quality is maintained during storage at the compounding facility, personnel
must monitor conditions in the storage areas. A controlled temperature area (see 〈659〉) must
be established and monitored to ensure that the temperature remains within the appropriate
range for the CSP (see 4.2 Facility Design and Environmental Controls).
The compounding facility must detect and minimize temperature excursions that are outside the
temperature limits within the controlled temperature areas. When it is known that a CSP has
been exposed to temperatures either below or above the storage temperature limits for the
CSP, a designated person must determine (e.g., by consulting literature or analytical testing)
whether the CSP is expected to retain its integrity or quality. If this cannot be determined, it
must be discarded.
16.2 Packaging of CSPs
Packaging materials should protect CSPs from damage, leakage, contamination, degradation,
and adsorption while preventing inadvertent exposure to transport personnel. The facility must
select appropriate shipping containers and packaging materials based on the product
specifications, information from vendors, and the mode of transport. Compounding personnel
must monitor the effectiveness and reliability of the packaging materials.
Alternative modes of transport and/or special packaging (e.g., tamper-evident closures) may be
needed to protect the quality of CSPs. If the CSP is sensitive to light, light-resistant packaging
materials must be used. In some cases, the CSP must be packaged in a special container (e.g.,
a cooler) to protect it from temperature fluctuations.
16.3 Shipping and Transporting CSPs
Compounding personnel must select modes of transport that are expected to deliver properly
packed CSPs in an undamaged, sterile, and stable condition. Inappropriate transport can
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adversely affect the quality of CSPs. For example, preparation-specific considerations should be
given to physical shaking that might occur during pneumatic tube transport or undue exposure
to heat, cold, or light. When shipping or transporting CSPs that require special handling (e.g.,
CSPs with stability concerns), personnel must include specific handling instructions on the
exterior of the container.
17. DOCUMENTATION
All facilities where CSPs are prepared must have and maintain written or electronic
documentation to demonstrate compliance with the requirements in this chapter. This
documentation must include, but is not limited to, the following:
Personnel training, competency assessments, and qualification records including
corrective actions for any failures
Certification reports, including corrective actions for any failures
Environmental air and surface monitoring procedures and results
Equipment records (e.g., calibration, verification, and maintenance reports)
Receipt of components
SOPs, Master Formulation Records (when used), and Compounding Records
Release testing records
Information related to complaints and adverse events
Investigations and corrective actions
Documentation must comply with all applicable jurisdictional laws and regulations. Records must
be legible and stored in a manner that prevents their deterioration and/or loss. All required
compounding records for a particular CSP (e.g., Master Formulation Record, Compounding
Record, and release testing results) must be readily retrievable for at least 3 years after
preparation or as required by jurisdictional laws and regulations, whichever is longer.
18. COMPOUNDING ALLERGENIC EXTRACTS
Licensed allergenic extracts are defined as single-dose or multiple-dose preparations and
dilutions for subcutaneous immunotherapy. Licensed allergenic extracts are routinely mixed and
diluted into prescription sets for an individual patient, even though these allergenic extract
combinations are not specified in the approved licenses for the licensed biological products
[e.g., Biological License Applications (BLA)]. Because patients must be maintained on a
maintenance dose of prepared concentrated allergenic extracts for a period of time longer than
the BUDs specified for Category 1 and Category 2, longer BUDs are required for prescription
sets to achieve effective therapy.
Allergenic extracts prescription sets must follow standards at least as stringent as those in this
section:
Personnel Qualifications
1. A designated person with training and expertise in allergen immunotherapy is responsible for
ensuring that personnel who will be preparing allergen immunotherapy are trained, evaluated,
and supervised.
2. Before beginning to independently prepare allergen extracts, all compounding personnel
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must complete training and be able to demonstrate knowledge of theoretical principles and
skills for sterile compounding.
3. Annual personnel training and competency must be documented. Personnel must
demonstrate proficiency in these procedures by passing a written exam before they can be
allowed to compound allergenic extract prescription sets.
4. Compounding personnel must have their hand hygiene and garbing procedures evaluated
using gloved fingertip and thumb sampling (see Box 2-1) 3 times before beginning to prepare
prescription sets, and then at least annually thereafter.
5. Compounding personnel must have their sterile technique and related practices evaluated
annually as demonstrated by successful completion of a media-fill test (see Box 2-2).
6. Personnel who fail competency evaluations must successfully pass reevaluations in the
deficient area(s) before they can resume compounding of allergenic extract prescription sets.
The designated person must identify the cause of failure and determine appropriate retraining
requirements.
7. Personnel who have not compounded an allergenic extract prescription set in more than 6
months must be evaluated in all core competencies before resuming compounding duties.
Personnel Hygiene and Garbing
8.Before beginning compounding of allergen immunotherapy prescription sets, personnel must
perform hand hygiene procedures (see Box 3-1).
9.Compounding personnel must don the:
A. Powder-free sterile gloves
B. Non-cotton, low-lint garment with sleeves that fit snugly around the wrists and that is
enclosed at the neck
C. Face mask
D. Low-lint, disposable cover for head and if applicable, disposable cover for facial hair
10.Compounding personnel must disinfect their gloves throughout the process by rubbing
sterile 70% IPA onto all surfaces of the gloves and letting the gloves dry thoroughly.
Facilities
11.The compounding process must occur in an ISO Class 5 PEC or in a dedicated allergenic
extracts compounding area (AECA). The PEC or AECA used to compound prescription sets
must be located away from unsealed windows, doors that connect to the outdoors, and
traffic flow, all of which may adversely affect the air quality. Neither a PEC nor an AECA may
be located adjacent to environmental control challenges (e.g., restrooms, warehouses, or
food preparation areas). The PEC or the work surfaces in the AECA must be located at least 1
meter away from a sink. The impact of activities that will be conducted around or adjacent to
the PEC or AECA must be considered carefully when designing such an area.
A. If used, the PEC must be certified every 6 months (see 4.6 Certification and
Recertification).
B. If used, a visible perimeter must establish the boundaries of the AECA.
I. Access to the AECA during compounding must be restricted to authorized
personnel.
II. During compounding activities, no other activity is permitted in the AECA.
III. The surfaces of ceilings, walls, floors, fixtures, shelving, counters, and
cabinets in the AECA must be cleanable and must be kept clean.
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IV. Carpet is not allowed in the AECA.
V. Surfaces should be resistant to damage by cleaning and sanitizing agents.
VI. The surfaces in the AECA upon which the allergenic extract prescription sets
are prepared must be smooth, impervious, free from cracks and crevices, and
non-shedding to allow for easy cleaning and disinfecting.
VII. Dust-collecting overhangs such as utility pipes, ledges, and windowsills should
be minimized. If overhangs or ledges are present, they must be easily
cleanable.
VIII. The AECA must be designed and controlled to provide a well-lighted working
environment, with temperature and humidity controls for the comfort of
compounding personnel wearing the required garb.
Cleaning and Disinfecting
12.In a PEC, all interior surfaces of the PEC must be cleaned and disinfected at the beginning
and end of each shift of compounding, when there are spills, and when surface contamination
is known or suspected. The horizontal work surface must be disinfected between each
prescription set.
13.In an AECA, all work surfaces in the AECA where direct compounding is occurring must be
cleaned and disinfected at the beginning and end of each shift of compounding; between
each prescription set; when there are spills; and when surface contamination is known or
suspected.
14.Vial stoppers on packages of conventionally manufactured sterile ingredients must be
disinfected by careful wiping with sterile 70% IPA swabs to ensure that the critical sites are
wet and allowed to dry before they are used to compound allergenic extracts prescription
sets.
Establishing BUDs
15. The BUD for the prescription set must be no later than the earliest expiration date of any
allergenic extract or any diluent that is part of the prescription set, and the BUD must not
exceed 1 year from the date the prescription set is mixed or diluted.
Labeling
16.The label of each vial of an allergenic extract prescription set must display the following
prominently and understandably:
A. Patient name
B. Type and fractional dilution of each vial, with a corresponding vial number
C. BUD
D. Identity of the compounder and date of preparation
E. Storage conditions
Shipping and Transport
17.If shipping or transporting allergenic extract prescription sets, compounding personnel must
select modes of transport that are expected to deliver properly packed prescription sets in an
undamaged, sterile, and stable condition. Inappropriate transport can adversely affect the
quality of allergenic extract prescription sets.
18.When shipping or transporting allergenic extract prescription sets that require special
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handling, personnel must include specific handling instructions on the exterior of the
container.
Documentation
19.All facilities where allergen extract prescription sets are prepared must have and maintain
written or electronic documentation to include, but not limited to, the following:
A. SOPs describing all aspects of the compounding process
B. Personnel training records, competency assessments, and qualification records
including corrective actions for any failures
C. Certification reports of the PEC, if used, including corrective actions for any failures
D. Temperature logs for the refrigerator(s)
E. Cleaning logs
F. Compounding records for individual allergenic extract prescription sets (see Box 18-1)
G. Information related to complaints and adverse events
H. Investigations and corrective actions
Box 18-1. Compounding Records for Individual Allergenic Extract Prescription Sets
Compounding Records must include at least the following information:
Name, concentration, volume, vendor or manufacturer, lot number, and expiration
date for each ingredient
Date and time of preparation of the allergenic extract
Assigned internal identification number
Identity of all individuals involved in each step
Total quantity compounded
Assigned BUD
Documentation of results of QC procedures (e.g., visual inspection, second
verification of quantities)
GLOSSARY
Administration: The direct and immediate application of a conventionally manufactured
product or a CSP to a patient by injecting, infusing, or otherwise providing a sterile medication
in its final form.
Airlock: A space with interlocked doors, constructed to maintain air pressure control when
items move between two adjoining areas (generally with different air cleanliness standards).
The intent of an airlock is to prevent ingress of particulate matter and microbial contamination
from a lesser-controlled area.
Allergenic extract prescription set: Combinations of licensed allergenic extracts which would
be mixed and diluted to provide subcutaneous immunotherapy to an individual patient, even
though these allergenic extract combinations are not specified in the approved BLAs for the
licensed biological products.
Allergenic extracts: Biological substances used for the diagnosis and/or treatment of allergic
diseases such as allergic rhinitis, allergic sinusitis, allergic conjunctivitis, bee venom allergy, and
food allergy.
Ante-room: An ISO Class 8 or cleaner room with fixed walls and doors where personnel hand
hygiene, garbing procedures, and other activities that generate high particulate levels are
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performed. The ante-room is the transition room between the unclassified area of the facility
and the buffer room.
Aseptic processing or preparation: A process by which separate, sterile components (e.g.,
drugs, containers, or closures) are brought together under conditions that maintain their
sterility. The components can either be purchased as sterile or, when starting with nonsterile
components, can be separately sterilized prior to combining (e.g., by membrane filtration,
autoclave).
Aseptic technique: A type of technique used to keep objects and areas free of
microorganisms and thereby minimize infection risk to the patient. It is accomplished through
practices that maintain the microbe count at an irreducible minimum.
Batch: More than 1 unit of CSP prepared in a single process and intended to have uniform
characteristics and quality, within specified limits.
Beyond-use date (BUD): Either the date or hour and date after which a CSP must not be
used or administration must not begin. The BUD is determined from the date/time that
preparation of the CSP is initiated.
Blood components: Any therapeutic constituent of blood that is separated by physical or
mechanical means (e.g., red cells, platelets, plasma). It is not intended to capture plasmaderived products.
Buffer room: An ISO Class 7 or cleaner room with fixed walls and doors where PEC(s) that
generate and maintain an ISO Class 5 environment are physically located. The buffer room may
only be accessed through the ante-room.
Category 1 CSP: A CSP that is assigned a BUD of 12 hours or less at controlled room
temperature or 24 hours or less refrigerated that is compounded in accordance with all
applicable requirements for Category 1 CSPs in this chapter.
Category 2 CSP: A CSP that is assigned a BUD of greater than 12 hours at controlled room
temperature or greater than 24 hours refrigerated that is compounded in accordance with all
applicable requirements for Category 2 CSPs in this chapter.
Certificate of analysis (COA): A report from the supplier of a component, container, or
closure that accompanies the supplier’s material and contains the specifications and results of
all analyses and a description of the material.
Class II biological safety cabinet (BSC): A ventilated cabinet with an open front and inward
and downward unidirectional HEPA-filtered airflow and HEPA-filtered exhaust. A BSC used to
prepare a CSP must be capable of providing an ISO Class 5 environment for preparation of the
CSP.
Classified area: An area that maintains an air quality classification based on the ISO (see also
the definition for ISO class).
Cleaning agent: An agent for the removal of residues (e.g., dirt, debris, microbes, and residual
drugs or chemicals) from surfaces.
Cleanroom suite: A classified area that consists of both an ante-room and buffer room.
Component: Any ingredient used in the compounding of a preparation, including any active
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ingredient, added substance, and the container–closure system used to package the
preparation.
Compounded sterile preparation (CSP): A preparation intended to be sterile that is created
by combining, admixing, diluting, pooling, reconstituting, repackaging, or otherwise altering a
drug product or bulk drug substance.
Compounding: The process of combining, admixing, diluting, pooling, reconstituting,
repackaging, or otherwise altering a drug or bulk drug substance to create a sterile medication.
Preparing a conventionally manufactured sterile product in accordance with the directions
contained in approved labeling provided by the product’s manufacturer is not compounding as
long as the product is prepared for an individual patient and follows the provisions for
administration.
Compounding area: The area where compounding is occurring (i.e., a cleanroom suite or
SCA).
Compounding aseptic containment isolator (CACI): A type of RABS that uses HEPA
filtration to provide an ISO Class 5 unidirectional air environment designed for the compounding
of sterile HDs.
Compounding aseptic isolator (CAI): A type of RABS that uses HEPA filtration to provide an
ISO Class 5 unidirectional air environment designed for compounding of sterile non-HDs.
Compounded stock solution: A sterile mixture of components that is used to compound
finished CSPs.
Container–closure system: The sum of packaging components that together contain and
protect the dosage form. This includes primary packaging components and secondary packaging
components, if the latter are intended to provide additional protection.
Conventionally manufactured product: A pharmaceutical dosage form, usually the subject of
an FDA-approved application, and manufactured under current good manufacturing practice
conditions.
Critical site: A location that includes any component or fluid pathway surfaces (e.g., vial
septa, injection ports, and beakers) or openings (e.g., opened ampules and needle hubs) that
are exposed and at risk of direct contact with air (e.g., ambient room or HEPA filtered),
moisture (e.g., oral and mucosal secretions), or touch contamination.
Designated person: One or more individuals assigned to be responsible and accountable for
the performance and operation of the compounding facility and personnel in the preparation of
CSPs.
Detergent: A cleaning agent comprised of a hydrophilic component and a lipophilic component.
There are four types of detergents: anionic, cationic, amphoteric, and non-ionic.
Direct compounding area (DCA): A critical area within the ISO Class 5 PEC where critical
sites are exposed to unidirectional HEPA-filtered air, also known as first air.
Disinfectant: A chemical or physical agent used on inanimate surfaces and objects to destroy
fungi, viruses, and bacteria. Sporicidal disinfectant agents are considered a special class of
disinfectants that also are effective against bacterial endospores.
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Dynamic operating conditions: Conditions in the SCA or cleanroom suite in which operating
personnel are present and performing actual or simulated compounding operations.
Expiration date: The time during which a product can be expected to meet the requirements
of the compendial monograph, if one exists, provided that the product is kept under the
prescribed storage conditions.
Filter integrity test: A test (e.g., bubble point test) of the integrity of a sterilizing grade filter
performed after the filtration process to detect whether the integrity of the filter has been
compromised.
First air: The air exiting the HEPA filter in a unidirectional air stream.
Formulation: The specific qualitative and quantitative composition of the final CSP.
Garb: Items such as gloves, gowns, shoe covers, head and facial hair covers, masks, and other
items designed to reduce particle-shedding from personnel and minimize the risk of
contamination of CSP(s).
Garment: Gowns or coveralls.
Germicidal detergent: See the definition for One-step disinfection.
Hazardous drug (HD): Any drug identified by at least one of the following six criteria:
carcinogenicity, teratogenicity or developmental toxicity, reproductive toxicity in humans,
organ toxicity at low dose in humans or animals, genotoxicity, or new drugs that mimic existing
HDs in structure or toxicity.
High-efficiency particulate air (HEPA) filtration: Being, using, or containing a filter designed
to remove 99.97% of airborne particles measuring 0.3-micron or greater in diameter passing
through it.
ISO class: An air-quality classification from the International Organization for Standardization.
Isolator: An enclosure that provides HEPA-filtered ISO Class 5 unidirectional air operated at a
continuously higher pressure than its surrounding environment and is decontaminated using an
automated system. It uses only decontaminated interfaces or rapid transfer ports for materials
transfer. [Note—A CAI or CACI is not an isolator.]
Label: A display of written, printed, or graphic matter on the immediate container of any
article.
Labeling: All labels and other written, printed, or graphic matter that are 1) on any article or
any of its containers or wrappers, or 2) accompanying such an article.
Laminar airflow system (LAFS): A device or zone within a buffer area that provides an ISO
Class 5 or better air quality environment for sterile compounding. The system provides a
unidirectional HEPA-filtered airflow.
Laminar airflow workbench (LAFW): A device that is a type of LAFS that provides an ISO
Class 5 or better air quality environment for sterile compounding. The device provides a
unidirectional HEPA-filtered airflow.
Line of demarcation: A visible line on the floor that separates the clean and dirty sides of the
ante-room.
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Low-lint wiper: A wiper exhibiting few, if any, fibers or other contamination, visible without
magnification, which is separate from, or easily removed from, the wiper material in a dry
condition.
Media fill test: A simulation used to qualify processes and personnel engaged in sterile
compounding to ensure that the processes and personnel are able to prepare CSPs without
contamination.
Multiple-dose container: A container of sterile medication for parenteral administration (e.g.,
injection or infusion) that is designed to contain more than one dose of the medication. A
multiple-dose container is usually required to meet the antimicrobial effectiveness testing
criteria. See Container Content for Injections 〈697〉, Determination of Volume of Injection in
Containers, Multi-Dose Containers.
One-step disinfectant: A product with an EPA-registered claim that it can clean and disinfect
a non-porous surface in the presence of light to moderate organic soiling without a separate
cleaning step.
Outsourced sterile product: A sterile product compounded by an FDA-registered 503B
outsourcing facility.
Pass-through: An enclosure with sealed doors on both sides that may be interlocked. The
pass-through is positioned between two spaces for the purpose of minimizing particulate
transfer while moving materials from one space to another.
Perimeter: A visible line on the floor that defines the boundaries of the SCA or AECA.
Pharmacy bulk package: A conventionally manufactured sterile product for parenteral use
that contains many single doses intended for use in a pharmacy admixture program. A
pharmacy bulk package may either be used to prepare admixtures for infusion or, through a
sterile transfer device, for filling sterile containers.
Positive-pressure room: A room that is maintained at higher pressure than the adjacent
spaces, and therefore the net airflow is out of the room.
Preservative: A substance added to inhibit microbial growth.
Primary engineering control (PEC): A device or zone that provides an ISO Class 5 air quality
environment for sterile compounding.
Pyrogen: A substance that induces a febrile reaction in a patient.
Quality assurance (QA): A system of procedures, activities, and oversight that ensures that
the compounding process consistently meets quality standards.
Quality control (QC): The sampling, testing, and documentation of results that, taken
together, ensure that specifications have been met before release of the CSP.
Reconstitution: The process of adding a diluent to a solid conventionally manufactured
product to prepare a sterile solution or suspension.
Release testing: Testing performed to ensure that a preparation meets appropriate quality
characteristics.
Repackaging: The act of removing a sterile product or preparation from its original primary
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container and placing it into another primary container, usually of smaller size without further
manipulation.
Restricted-access barrier system (RABS): An enclosure that provides HEPA-filtered ISO
Class 5 unidirectional air that allows for the ingress and/or egress of materials through defined
openings that have been designed and validated to preclude the transfer of contamination, and
that generally are not to be opened during operations. Examples of RABS include CAIs and
CACIs.
Secondary engineering control (SEC): The area where the PEC is placed (e.g., a cleanroom
suite or an SCA). It incorporates specific design and operational parameters required to
minimize the risk of contamination within the compounding area.
Segregated compounding area (SCA): A designated, unclassified space, area, or room with
a defined perimeter that contains a PEC and is suitable for preparation of Category 1 CSPs only.
Single-dose containers: A container of sterile medication for parenteral administration (e.g.,
injection or infusion) that is designed for use with a single patient as a single injection/infusion.
A single-dose container usually does not contain a preservative.
Sporicidal agent: A chemical or physical agent that destroys bacterial and fungal spores when
used in sufficient concentration for a specified contact time. It is expected to kill all vegetative
microorganisms.
Stability: The extent to which a product or preparation retains physical and chemical
properties and characteristics within specified limits throughout its expiration or BUD.
Sterility: The absence of viable microorganisms.
Sterility assurance level (SAL): The probability of an item being nonsterile after it has been
exposed to a validated sterilization process. An SAL value can only be applied to terminal
sterilization.
Sterilization by filtration: Passage of a gas or liquid through a sterilizing-grade membrane to
yield filtrates that are sterile.
Sterilizing-grade membranes: Filter membranes that are documented to retain 100% of a
culture of 107 microorganisms of a strain of Brevundimonas diminuta per square centimeters of
membrane surface under a pressure of not less than 30 psi. Such filter membranes are nominally
0.22-µm or 0.2-µm pore size.
Terminal sterilization: The application of a lethal process (e.g., dry heat, steam, irradiation)
to sealed containers for the purpose of achieving a predetermined SAL of greater than 10−6 or
a probability of less than one in one million of a nonsterile unit.
Two-step disinfectant: An EPA-registered disinfectant that must be used after a separate
cleaning step. The surface must be cleaned to remove soiling prior to application of the
disinfectant product.
Unclassified space: A space not required to meet any air cleanliness classification based on
the ISO.
Unidirectional airflow: Air within a PEC moving in a single direction in a uniform manner and at
sufficient velocity to sweep particles away from the DCA.
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Workflow management system: Technology comprised of hardware and software that allows
for automation to assist in the verification of components of, and preparation of, CSPs and to
document components and processes.
Verify: To confirm that a method, process, system, or equipment will perform as expected
under the conditions of actual use.
APPENDICES
Appendix 1: Acronyms
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ACD
ACPH
AECA
API
BLA
BMBL
BSC
BUD
CACI
CAI
CDC
CETA
CFU
COA
CSP
CVE
DCA
ECV
EPA
FDA
HDs
HEPA
HVAC
IPA
ISO
IVLFZ
LAFS
LAFW
PEC
PPE
QA
QC
RABS
SAL
SCA
SEC
SOP
TSA
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Automated compounding device
Air changes per hour
Allergenic extracts compounding area
Active pharmaceutical ingredient
Biological License Application
Biosafety in Microbiological and Biomedical Laboratories
Biological safety cabinet
Beyond-use date
Compounding aseptic containment isolator
Compounding aseptic isolator
Centers for Disease Control and Prevention
Controlled Environment Testing Association
Colony-forming units
Certificate of analysis
Compounded sterile preparation
Containment ventilated enclosure
Direct compounding area
Endotoxin challenge vial
Environmental Protection Agency
Food and Drug Administration
Hazardous drugs
High-efficiency particulate air
Heating, ventilation, and air conditioning
Isopropyl alcohol
International Organization for Standardization
Integrated vertical laminar flow zone
Laminar airflow system
Laminar airflow workbench
Primary engineering control
Personal protective equipment
Quality assurance
Quality control
Restricted-access barrier system
Sterility assurance level
Segregated compounding area
Secondary engineering control
Standard operating procedure
Trypticase soy agar

Appendix 2: Example Designs for Sterile Non-Hazardous Drug Compounding Areasa
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Example Design

Cleanroom
suiteb
a For examples of designs for hazardous drug compounding areas, see Hazardous Drugs—
Handling in Healthcare Settings 〈800〉, Appendix 2: Examples of Designs for Hazardous Drug
Compounding Areas.
b The arrows indicate the direction of airflow.
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Example Design

SCA
a For examples of designs for hazardous drug compounding areas, see Hazardous Drugs—
Handling in Healthcare Settings 〈800〉, Appendix 2: Examples of Designs for Hazardous Drug
Compounding Areas.
b The arrows indicate the direction of airflow.
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BRIEFING

〈 825〉 Radiopharmaceuticals—Preparation, Compounding, Dispensing, and
Repackaging. Radiopharmaceuticals (radioactive drugs) represent a distinct class of drugs
where processing activities include the use of radionuclide generators, preparation and
dispensing from commercially manufactured radiopharmaceutical kits, the dispensing and
repackaging of commercially manufactured radiopharmaceutical finished products into a patientready container, compounding sterile and nonsterile radiopharmaceuticals, and the labeling of
blood components with radionuclides. These activities occur in an environment where
individualized patient needs and the safe handling of radioactive materials demand a high level
of professional expertise and clearly defined standards that support these activities. While the
original title in the prospectus was restricted to only the compounding of radiopharmaceuticals,
the proposed title is the outcome of the consideration of all processing activities.
Many aspects of sterile radiopharmaceutical practices are similar to sterile compounding of
conventional drugs (e.g., aseptic practices, environmental facilities). However,
radiopharmaceutical processing also involves (as applicable) many unique aspects, including
worker and public radiation protection measures (e.g., time, distance, shielding, negative
pressure gradients), presence and use of special ancillary supplies (e.g., radiation shields,
absorbent pads for radioactive contamination control), and special equipment (e.g.,
radioactivity measuring devices, radiation monitors, remote manipulation systems). Radiation
safety considerations often necessitate a deviation from the standard sterile practices
described in Pharmaceutical Compounding—Sterile Preparations 〈797〉 and the nonsterile
practices detailed in Pharmaceutical Compounding—Nonsterile Preparations 〈795〉.
The intent of this chapter is to describe practices to provide a reasonable assurance of
maintaining patient safety associated with the administration of sterile and nonsterile
radiopharmaceuticals, while also ensuring the safety of the individuals performing these
radiopharmaceutical processing activities.
The current proposed chapter in PF 44(5) [Sep.–Oct. 2018] is posted online at
https://www.usp.org/compounding/825-download with line numbers. Please submit comments
using the form available at https://usp.az1.qualtrics.com/jfe/form/SV_2i3rw7KKrcLaZ3D. The
Expert Committee seeks stakeholder feedback on the proposed chapter.
(CHM4: R. Ravichandran.)
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〈 825〉 RADIOPHARMACEUTICALS—PREPARATION, COMPOUNDING, DISPENSING, AND
REPACKAGING
1. INTRODUCTION
1.1 Nonsterile Radiopharmaceuticals
1.2 Sterile Radiopharmaceuticals
2. RADIATION SAFETY CONSIDERATIONS
2.1 Time
2.2 Distance
2.3 Shielding
2.4 Radiation Contamination Control
3.PERSONNEL QUALIFICATIONS, TRAINING, AND HYGIENE
3.1 Aseptic Qualifications
3.2 Re-evaluation, Retraining, and Requalification
3.3 Ancillary Personnel
3.4 Hand Hygiene and Garbing for Immediate Use Preparations
3.5 Hand Hygiene and Garbing for Buffer Rooms and Segregated Radiopharmaceutical
Processing Area
4. FACILITIES AND ENGINEERING CONTROLS
4.1 Facility Design and Environmental Controls
4.2 Creating Areas to Achieve Easily Cleanable Conditions
4.3 Water Sources
4.4 Placement and Movement of Materials
4.5 Classified Rooms
4.6 Remote Aseptic Processing Involving a Hot-Cell
4.7 Environmental Controls
5. MICROBIOLOGICAL AIR AND SURFACE MONITORING
5.1 General Monitoring Requirements
5.2 Monitoring Air Quality for Viable Airborne Particles
5.3 Monitoring Surfaces for Viable Particles
6. CLEANING AND DISINFECTING
6.1 Cleaning, Disinfecting, and Sporicidal Agents
6.2 Cleaning Supplies
6.3 Cleaning and Disinfecting the PEC
6.4 Disinfecting Supplies for Classified Rooms and SRPAs
6.5 Disinfecting Critical Sites within the PEC
6.6 Cleaning and Disinfecting Items from Patient Care Areas
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7. ASSIGNING BUD
8. DOCUMENTATION
8.1 Master Formulation Record
8.2 Records for Preparation with Minor Deviation/Compounding
9. PREPARATION
9.1 Preparation Following Manufacturer Instructions
9.2 Preparation with Minor Deviations
9.3 Preparation of Radiolabeled Blood Components
9.4 Immediate Use of Red Blood Cell Labeling
10. COMPOUNDING
10.1 Compounding Nonsterile Radiopharmaceuticals
10.2 Compounding Using Conventionally Marketed Drug Products
10.3 Sterile Compounding Using a Nonsterile Drug Substance or Components
11. DISPENSING
11.1 Dispensing and Radioassay
11.2 Labeling
11.3 Direct Infusion Systems
11.4 Transporting Generators Between Facilities
12. REPACKAGING
13. QUALITY ASSURANCE AND QUALITY CONTROL
13.1 Notification About and Recall of Out-of-Specification Dispensed Radiopharmaceuticals
13.2 Complaint Handling
13.3 Adverse Event Reporting
GLOSSARY
APPENDICES
Appendix 1: Abbreviations
Appendix 2: Example Designs for Radiopharmaceutical Handling
1. INTRODUCTION
Radiopharmaceuticals, as defined in this chapter (see Glossary), are a subset of radioactive
materials (RAMs) falling under the control of the US Nuclear Regulatory Commission (NRC) or
NRC-contracted agreement state agency. Radiopharmaceuticals are also a subset of
prescription drugs falling under the control of the US FDA for manufacturing and marketing.
Other federal regulatory authorities (e.g., Department of Transportation) also have control over
certain activities related to radiopharmaceuticals. Hence, compliance with these regulations, as
applicable, must be ensured in addition to compliance with the standards described in this
chapter. [Note—Users outside the US must comply with equivalent regulations, as applicable,
pertaining to radiopharmaceuticals.]
This chapter is intended to provide uniform minimum standards for the preparation,
compounding, dispensing, and repackaging of sterile and nonsterile radiopharmaceuticals for
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humans and animals that occur as part of state-licensed activities (e.g., the practice of
pharmacy and the practice of medicine). These standards apply to all radiopharmaceuticals,
including those with radionuclides that emit a single photon, a positron, or a therapeutic
particle. Furthermore, these standards apply to sterile intravascular radioactive devices (e.g.,
radioactive microspheres for intravascular brachytherapy).
This chapter does not apply to:
Radiopharmaceuticals manufactured in FDA-registered manufacturing establishments
according to §510 of the Food, Drug, and Cosmetic Act
Radiopharmaceuticals compounded in FDA-registered outsourcing establishments
according to §503B of the Food, Drug, and Cosmetic Act
Aspects of positron emission tomography (PET) drug preparation, as defined in Positron
Emission Tomography Drugs for Compounding, Investigational, and Research Uses 〈823〉
Administration to patients
It is important to note that in each of these scenarios except for patient administration, the
further processing and manipulation of the drug product after release falls within the scope of
this chapter.
This chapter does not apply to the preparation of non-radioactive drugs, including those used
as pharmacologic adjuncts for certain nuclear medicine procedures. These drugs must be
prepared following standards described in Pharmaceutical Compounding—Nonsterile
Preparations 〈795〉 and Pharmaceutical Compounding—Sterile Preparations 〈797〉.
This chapter applies to all practice settings where radiopharmaceuticals are prepared,
compounded, dispensed, or repackaged. Practice settings consist of state-licensed nuclear
pharmacies, federal nuclear pharmacy facilities, and other healthcare facilities, including, but
not limited to: nuclear medicine departments in hospitals and clinics, nuclear cardiology clinics,
and other specialty clinics. This chapter applies to all individuals who prepare, compound,
dispense, or repackage radiopharmaceuticals. Applicable individuals consist of authorized
nuclear pharmacists (ANPs) and authorized user (AU) physicians, as well as individuals working
under their supervision. This includes, but is not limited to, student pharmacists, nuclear
pharmacy technicians, nuclear medicine technologists and students, and physician residents
and trainees.
US federal and state radiation regulatory authorities require limiting radiation exposure to
personnel who handle radiopharmaceuticals, which necessitates special provisions for radiation
protection. The principles of radiation safety involve time, distance, shielding, and radioactive
contamination control. Moreover, the use of radiation detection and measuring devices is a
necessary component of radiopharmaceutical handling procedures. Hence, strict adherence to
all typical aseptic handling practices is not possible in many scenarios where
radiopharmaceuticals are handled. Thus, it is necessary to balance aseptic handling practices
(patient safety) with radiation protection practices (worker safety). This chapter describes
appropriate strategies that provide a reasonable assurance of maintaining, while also ensuring
the safety of individuals performing these activities. Because radiopharmaceuticals represent a
unique class of prescription drugs, the use of technologies, techniques, materials, and
procedures other than those described in this chapter are not prohibited so long as they are
documented to be equivalent or superior to those described herein.
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1.1 Nonsterile Radiopharmaceuticals
Examples of nonsterile radiopharmaceuticals include oral capsules and oral solutions. For
conventionally marketed products, dispensing can proceed as described in 11. Dispensing. For
prepared or compounded preparations, such preparations must comply with applicable identity,
quality, and purity standards, as described in manufacturer labeling, USP monographs, or other
appropriate sources. They can then be dispensed as described in this chapter.
1.2 Sterile Radiopharmaceuticals
Examples of sterile radiopharmaceuticals include injectables (e.g., intravenous, intrathecal,
intraperitoneal, subcutaneous, and intradermal), inhalations, and ophthalmics. For commercially
marketed products, see 11. Dispensing. For prepared or compounded preparations, such
preparations must comply with applicable identity, quality, and purity standards. For
compounded preparations involving one or more nonsterile components, a sterilization procedure
(e.g., filtration with bubble point testing) must be performed prior to dispensing. For
compounded preparations involving one or more components that are not certified to be
pyrogen-free, bacterial endotoxin testing, as defined in Bacterial Endotoxins Test 〈85〉 must be
performed prior to dispensing.
It is appropriate to emphasize that the most important factor for maintaining sterility is the
avoidance of touch contamination. Disinfection of the vial septum with sterile 70% isopropyl
alcohol (IPA) must be performed prior to needle puncture. If the vial shield top is then closed or
the vial septum otherwise covered with a piece of radiation shielding, the septum must be
redisinfected with sterile 70% IPA prior to another needle puncture. Some vial shields are
constructed such that the vial septum is recessed and difficult to access. One approach for
disinfecting the vial septum in this type of vial shield is to use a right-angle forceps to hold a
sterile 70% IPA wipe and direct it down onto the vial septum. It is also acknowledged that such
vial shields will disrupt first air contacting the vial septum during certain handling conditions.
Hence, redisinfection of the septum with sterile 70% IPA should be performed frequently
whenever multiple punctures are occurring (e.g., removing several individual doses from a
multiple-dose vial).
2.RADIATION SAFETY CONSIDERATIONS
The handling of radiopharmaceuticals necessitates special radiation regulatory authority
required precautions for radiation safety [i.e., as low as (is) reasonably achievable (ALARA)
practices]. Principles of radiation safety involve time, distance, shielding, and contamination
control. Moreover, radiation detection and measuring devices are necessary. Aseptic handling
practices must be balanced with radiation safety considerations, based on the following:
Knowledge, experience, and professional judgment related to the type, abundance, and
energy of the radioactive emissions
The quantity of radioactivity, volume, handling steps, and timing thereof
Other factors, which can vary on a case-by-case basis
2.1 Time
Radiation exposure to personnel is dependent on the amount of radiation handled and the
time handling the radiopharmaceuticals; minimizing handling time will minimize radiation
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exposure. Hence, handlers of radiopharmaceuticals may work quickly in a controlled and safe
manner, including multiple hand movements in and out of the ISO Class 5 primary engineering
control (PEC) during aseptic processes.
2.2 Distance
Radiation exposure follows the inverse square law; increasing the distance will markedly
decrease radiation exposure to personnel. Hence, handlers of radiopharmaceuticals may utilize
techniques to increase distance between worker and radiopharmaceutical, such as using
remote handling tools to manipulate RAMs.
2.3 Shielding
Radiation exposure to personnel decreases as a function of shielding materials. Therefore,
handlers of radiopharmaceuticals may use various shielding materials (e.g., lead, tungsten) in
various configurations. The use of shielding, such as L-block, torso, vial, and syringe shields are
required throughout the radiopharmaceutical handling process, including within an ISO Class 5
PEC.
2.4 Radiation Contamination Control
RAM contamination (e.g., spills, drips, sprays, volatility) is an important concern for radiation
protection. Therefore, various techniques and materials may be used by handlers of
radiopharmaceuticals to minimize radioactive contaminations. For example, vial contents are
maintained at neutral or negative pressure, because positive pressure in a vial is a common
cause of radioactive contamination. Disposable absorbent pads are commonly used to contain
such radioactive contamination and, when used in an ISO Class 5 PEC, the pads must be clean
and low-lint. Vertical air flow in a PEC can be used as a measure for contamination control.
When exposure to blood and other potentially infectious material is reasonably anticipated,
needleless systems may pose a radiation hazard to employees. Policies must be implemented for
handling biohazardous radioactive sharps while minimizing contamination.
RADIATION DETECTORS AND MEASURING DEVICES
Radiopharmaceuticals require measurement with a suitable radiation measuring device (e.g.,
dose calibrator). These and other necessary equipment, (e.g., monitors, bar code scanner,
label printer) may be placed inside an ISO Class 5 PEC.
As per license requirements, individuals must wear body and, as required, extremity
dosimeters (e.g., a ring worn on a finger) for long-term monitoring of personnel radiation
exposure. The body dosimeter should be worn underneath the gown. Any extremity dosimeter
must be worn underneath gloves and must not interfere with proper fit of gloves.
3.PERSONNEL QUALIFICATIONS, TRAINING, AND HYGIENE
Personnel must be trained to work with radiopharmaceuticals per the policies and procedures
authorized by an ANP or AU physician. These employees (e.g., nuclear medicine technologists
or nuclear pharmacy technicians) must follow these policies and procedures of the ANP or AU
physician and work under their supervision.
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Individuals that may have a higher risk of contaminating the radiopharmaceutical and the
environment with microorganisms (e.g., personnel with rashes, sunburn, recent tattoos, oozing
sores, conjunctivitis, or active respiratory infection) must report these conditions to their
supervisor. The designated person is responsible for evaluating whether these individuals should
be excluded from working in sterile processing areas before their conditions are resolved
because of the risk of microbial contamination to the radiopharmaceutical and the environment.
3.1 Aseptic Qualifications
Personnel must prove competency, as applicable to their job functions, prior to performing
radiopharmaceuticals aseptic tasks that are beyond immediate use. These qualifications must
be completed and documented initially, and then successfully repeated every 6 months
thereafter under the observation of a trained individual and include the following:
Aseptic technique training with a documented assessment (written or electronic)
Garbing and hand hygiene competency, as defined by the policies and procedures
PEC cleaning
Gloved fingertip sampling
Media-fill testing
For sterile compounding with nonsterile ingredients, these qualifications must be completed
successfully and documented every 6 months.
GLOVED FINGERTIP AND THUMB SAMPLING
Appropriate garbing, including sterile gloves, is necessary for personnel who enter and
perform tasks in an ISO Class 5 PEC (e.g., aseptic manipulations, cleaning). Personnel that
perform such functions must be required to prove their competency in this process, including
gloved fingertip sampling.
Gloved fingertip sampling must be performed initially with hand-hygiene and garbing
three times with zero colony-forming unit (cfu)
Gloving fingertip sampling must also be performed post-media fill testing, with NMT 3 cfu
total for both hands
The gloved fingertip sampling must be performed with touch plates or other devices
(e.g., plates, paddles, or slides) that contain a general microbial growth agar [e.g.,
trypticase soy agar (TSA) soybean–casein digest media] supplemented with neutralizing
additives (e.g., lecithin and polysorbate 80)
Do not disinfect gloves immediately before touching the sampling device, as this could
cause a false-negative result
Using a separate sampling device for each hand, collect a gloved fingertip and thumb
sample from both hands by rolling finger pads and thumb pad over the agar surface
The plates must be incubated in a temperature-controlled incubator for 30°–35° for
48–72 h, and then at 20°–25° for 5–7 additional days
MEDIA-FILL TESTING
Media-fill challenges are necessary for all personnel who prepare, compound, dispense, and
repackage sterile radiopharmaceuticals. This testing must be reflective of the actual
manipulations to be carried out by the individual radiopharmaceutical worker and it must
simulate the most challenging and stressful conditions to be encountered in the worker’s duties.
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Media-fill tests must be documented as defined by the facility’s policies and procedures.
Media-fill tests should be performed at the end of a work session in the PEC.
Media-fill tests must be performed with a commercial source of soybean–casein digest
medium. Those performing sterile-to-sterile processing activities must start with sterile
media. Those performing nonsterile-to-sterile compounding must start with nonsterile
powder media.
The certificate of analysis (CoA) must be filed with documentation of growth promotion
testing for each lot of media used.
Once the media-fill simulation is completed and the final containers are filled with the
test medium, incubate media-filled containers in an incubator for 7 days at 20°–25°
followed by 7 days at 30°–35° to detect a broad spectrum of microorganisms. Failure is
indicated by visible turbidity or other visual manifestations of growth in the medium in
one or more container–closure unit(s) on or before 14 days. Investigate media-fill
failures to determine possible causes.
3.2 Re-evaluation, Retraining, and Requalification
REQUALIFICATION AFTER FAILURE
Personnel who fail visual observation of hand hygiene, garbing, and aseptic technique, gloved
fingertip and thumb sampling, or media-fill testing must successfully pass re-evaluations in the
deficient area(s) before they can resume processing of sterile preparations. The designated
person must investigate the cause of failure and determine appropriate retraining requirements.
All failures, retraining, and re-evaluations must be documented.
REQUALIFICATION PROGRAM
Personnel must successfully complete requalification every 6 months in the core
competencies listed in 3.1 Aseptic Qualifications. Successful completion must be demonstrated
through written testing and hands-on demonstration of skills.
TIMING OF REEVALUATION AND REQUALIFICATION
Visual observation: Personnel must be visually observed while performing hand hygiene and
garbing procedures initially, and then at least once every 6 months.
Gloved fingertip and thumb sampling: Personnel must perform fingertip and thumb sampling
three times initially, and then every 6 months (in conjunction with media-fill testing).
Media-fill testing: After initial qualification, conduct a media-fill test of all personnel engaged
in sterile radiopharmaceutical processing at least every 6 months (in conjunction with gloved
fingertip and thumb sampling).
Cleaning and disinfecting: Retrain and requalify personnel in cleaning and sterile processing
areas in conjunction with any change(s) in cleaning and disinfecting procedures.
After a pause in sterile radiopharmaceutical processing: Personnel who have not
performed radiopharmaceutical processing in more than 6 months must be requalified in all core
competencies before resuming duties.
3.3 Ancillary Personnel
Personnel that are authorized to be within the sterile processing area who do not handle
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sterile preparations are not required to complete training on media-fill testing but are required
to complete all other training and testing. Other personnel or visitors (e.g., auditors or
regulators) must comply with garbing and gloving standard operating procedures (SOPs) but do
not need to prove competency.
3.4 Hand Hygiene and Garbing for Immediate Use Preparations
In situations where sterile radiopharmaceuticals cannot be provided to a single patient in a
timely manner and the potential benefits to the patient outweigh the potential risks,
radiopharmaceuticals may be prepared and dispensed as immediate use. Precautions related to
personal hygiene to be followed must include:
Hand hygiene: Wash hands and arms up the elbows with soap and water for at least 30
s. If no sink is present, use a suitable alcohol-based hand rub with persistent
antimicrobial activity to reduce bioburden on the hands.
Garbing: Immediately after hand hygiene, don a clean coat/gown that has not been
exposed to a patient or patient care area, and either don sterile gloves or don
nonsterile disposable gloves and then disinfect the gloves with sterile 70% IPA.
[Note—A different lab coat must be worn to care for a patient than the coat/gown used
for radiopharmaceutical preparation.]
3.5 Hand Hygiene and Garbing for Buffer Rooms and Segregated Radiopharmaceutical
Processing Area
In situations involving repackaging, dispensing, preparation or preparation with minor
deviations of sterile radiopharmaceuticals in an ISO Class 5 PEC, the following precautions
related to personal hygiene are to be followed:
Before entering the segregated radiopharmaceutical processing area (SRPA) or buffer
room, personnel must remove: outer garments (e.g., bandanas, coats, hats, jackets,
scarves, sweaters, vests); all cosmetics; and visible jewelry or piercings that can
interfere with the effectiveness of the garb (e.g., rings with protruding elements that
may cause tears in gloves). Artificial nails, polish, or extenders are prohibited. Natural
nails must be kept neat and trimmed. Remove ear buds and headphones or other similar
devices. Radiation dosimetry devices are allowed, as required by the RAM license.
Immediately before entering the SRPA or buffer room, personnel must wash hands and
arms up the elbows with soap and water for at least 30 s and then dry hands using lowlint towels. Alternatively, hand washing may be performed after donning garb, as
described below.
Personnel must don the following garb (e.g., shoe covers, head/hair covers, face mask)
in an order that eliminates the greatest risk of contamination (e.g., dirtiest to cleanest),
as defined in facility procedures.
If not already performed, personnel must then wash hands and arms up the elbows with
soap and water for at least 30 s and then apply a suitable alcohol-based hand rub with
persistent antimicrobial activity, and then dry hands using low-lint towels. Electronic
hand dryers are not permitted.
Personnel who performed hand hygiene prior to garbing, as described previously, must
perform antiseptic hand cleansing using a suitable alcohol-based hand rub with
persistent antimicrobial activity.
Personnel must then don a low-lint gown with sleeves that fit snugly around the wrists
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and enclosed at the neck (e.g., solid front with back covered and secured, or fastened
or zippered up to the neck in front). Disposable gowns are preferred. If reusable gowns
are used, they must be laundered daily.
Personnel must then aseptically don sterile, powder-free gloves. Gloves must completely
and snuggly cover the ends of the gown cuffs so that skin on the wrists and upper
hands are completely enveloped.
Because gloves may not remain sterile due to touching or handling potentially nonsterile
materials, personnel must perform periodic disinfection of gloves with sterile 70% IPA
while balancing the risk of radioactivity contamination.
Personnel must also routinely inspect the gloves that they are wearing for holes,
punctures, radioactivity contamination, or tears. If a defect, radioactivity
contamination, or malfunction is detected, personnel must immediately remove the
gloves, repeat antiseptic hand cleansing using an alcohol-based hand rub with
persistent antimicrobial activity, and don new gloves.
Direct personnel touch contamination is the most common source of microorganisms, so
personnel must avoid touch contamination of container septa, needle, syringe and
needle hubs, and other critical sites.
When personnel exit the buffer room or SRPA, the exterior gown, shoe covers, head/hair
covers, face masks, and gloves must be properly disposed of and new ones donned for each
re-entry into the buffer room or SRPA.
4.FACILITIES AND ENGINEERING CONTROLS
4.1 Facility Design and Environmental Controls
In addition to minimizing airborne contamination, sterile radiopharmaceutical facilities must be
designed and controlled to provide a well-lighted and comfortable working environment (see
Physical Environments That Promote Safe Medication Use 〈1066〉). The classified rooms must be
continuously maintained at a temperature of 25° or cooler and should be continuously
maintained at a relative humidity below 60% to minimize the risk for microbial proliferation and
provide comfortable conditions for personnel attired in the required garb. The temperature and
humidity must be monitored in the classified rooms each day that it is used, either manually or
by a continuous recording device, and the results must be readily retrievable, reviewed by the
designated person, and documented. Temperature and humidity in the classified rooms must be
controlled through an efficient HVAC system. Free-standing humidifiers/dehumidifiers and air
conditioners must not be used within the classified room or SRPA. Temperature and humidity
monitoring devices must be verified for accuracy at least every 12 months or as required by the
manufacturer.
The designated person must ensure that each area related to sterile radiopharmaceutical
processes meets the classified air quality standard appropriate for the activities to be
conducted in that area. They must also ensure that the ISO Class 5 areas are located,
operated, maintained, monitored, and certified to have appropriate air quality.
TYPES OF SECONDARY ENGINEERING CONTROLS AND DESIGN
The PEC must be located in a secondary engineering control (SEC), which may be either a
buffer room with ante-room or an SRPA (see Appendix 2: Example Designs for
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Radiopharmaceutical Handling for examples of facility designs).
The ISO-classified ante-room must be separated from the surrounding unclassified rooms of
the facility with fixed walls and doors, and controls must be in place to minimize the flow of
lower-quality air into the more controlled areas. Air supplied to the classified rooms must be
introduced through HEPA filters that are located in the ceiling of the buffer and ante-rooms.
Returns must be low on the wall or appropriate to remove airborne particles from specific
sources, such as refrigerators. Appropriate studies, such as a smoke study of the PEC, must be
repeated whenever a change to the placement of the PEC within the room is made. The
classified rooms must be equipped with a pressure-differential monitoring system. The anteroom must have a line of demarcation to separate the clean side from the dirty side. The anteroom is entered through the dirty side, and the clean side is the area closest to the buffer
room. Required garb must be worn on the clean side of the line of demarcation (see 3.
Personnel Qualifications, Training, and Hygiene).
A PEC may be located in an area within an unclassified room, without an ante-room or buffer
room. This type of design is called an SRPA. Only sterile radiopharmaceutical preparation,
preparation with minor deviations, dispensing, and repackaging may be performed in an SRPA.
The SRPA must be located away from unsealed windows, doors that connect to the outdoors,
and traffic flow which may adversely affect the air quality in the PEC. An SRPA must not be
located adjacent to environmental control challenges (e.g., restrooms, warehouses, or food
preparation areas). The impact of activities that will be conducted around or adjacent to the
SRPA must be considered carefully when designing such an area. A visible perimeter must
establish the boundaries of the SRPA. Access to the SRPA must be restricted to authorized
personnel and required materials.
The PEC must be located in the buffer room of the classified room or the SRPA in a manner
that minimizes conditions that could increase the risk of microbial contamination. For example,
strong air currents from opened doors, personnel traffic, or air streams from the HVAC
system(s) can disrupt the unidirectional airflow of an open-faced PEC such as a laminar airflow
workbench (LAFW) or biological safety cabinet (BSC).
It is also critical to control materials (e.g., supplies and equipment) as they move from
classified rooms of lower quality to those of higher quality (e.g., ISO Class 8 ante-room to ISO
Class 7 buffer room to ISO Class 5 PEC) to prevent the influx of contaminants. Airlocks and
interlocking doors can be used to facilitate better control of air balance between areas of
differing ISO classification (e.g., between the buffer room and ante-room), or between a
classified room and an unclassified room (e.g., between the ante-room and an unclassified room
such as a hallway) See 4.7 Environmental Controls for a description of air pressure
differentials. If a pass-through is used, both doors must never be opened at the same time,
and doors must be interlocking.
Due to the interdependence of the various rooms or areas that make up a sterile
radiopharmaceutical processing facility, it is essential to carefully define and control the
dynamic interactions permitted between areas and rooms. When designing doors, consider the
placement of door closures, door surfaces, and the movement of the door, all of which can
affect airflow. Tacky surfaces must not be used in ISO-classified rooms.
THE RADIOPHARMACEUTICAL PROCESSING ENVIRONMENT
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The PEC must be certified to meet ISO Class 5 or better conditions (see Table 1) and must
be designed to minimize microbial contamination during processing of radiopharmaceuticals
during dynamic operating conditions.
The airflow in the PEC must be unidirectional (laminar flow), and because of the particle
collection efficiency of the filter, the “first air” at the face of the filter is, for the purpose of
aseptic processing, free from airborne particulate contamination. HEPA-filtered air must be
supplied in critical areas (ISO Class 5; see Table 1) at a velocity sufficient to sweep particles
away from aseptic processing areas and maintain unidirectional airflow during operations. Proper
design and control prevents turbulence and stagnant air in the critical area. In situ air pattern
analysis via smoke studies must be conducted at the critical area to demonstrate unidirectional
airflow and sweeping action over and away from the site under dynamic conditions.
TYPES OF PECS AND PLACEMENT
Proper placement of the PEC is critical to ensuring an ISO Class 5 environment for preparing
radiopharmaceuticals. Placement of the PEC must allow for cleaning around the PEC.
A PEC provides an ISO Class 5 or better environment for sterile radiopharmaceuticals. The
PEC provides unidirectional HEPA-filtered airflow that is designed to minimize microbial
contamination of a sterile processing environment. The unidirectional airflow within the PEC
helps protect the direct processing area (DPA) from process-generated contamination (e.g.,
opening wrappings of sterile containers, worker movement, etc.) as well as from outside
sources.
Laminar airflow workbench (LAFW): An LAFW used for preparing radiopharmaceuticals must
provide vertical unidirectional HEPA-filtered airflow. In cases where the LAFW is located within
the segregated containment area of a hot-cell, it is acceptable for a horizontal unidirectional
HEPA-filtered airflow pattern to be utilized.
Class II biological safety cabinet (BSC): A Class II BSC is a cabinet with an open front and
inward airflow and downward unidirectional HEPA-filtered airflow and HEPA-filtered exhaust. The
BSC is designed to provide worker protection from exposure to biohazardous material and to
provide an ISO Class 5 or better environment for preparing sterile radiopharmaceuticals.
Placement of PEC: The PEC must be located out of traffic patterns and away from room air
currents that could disrupt the intended airflow patterns inside the PEC. If used only to
prepare, prepare with minor deviations, dispense, or repackage sterile radiopharmaceuticals the
ISO Class 5 PEC may be placed in an unclassified SRPA. If used to compound sterile
radiopharmaceuticals, the PEC must be located within an ISO Class 7 or better buffer room and
ISO Class 8 or better ante-room. A dynamic airflow smoke pattern test must be performed
initially and at least every 6 months to ensure that the PEC is properly placed into the facility
and that workers understand how to utilize the unidirectional airflow to maintain first air as
much as possible given the limitations added from the radiation shielding in the DPA.
AIR-EXCHANGE REQUIREMENTS
For classified rooms, adequate HEPA-filtered airflow to the buffer room(s) and ante-room(s) is
required to maintain the appropriate ISO classification during processing activities. Airflow is
measured in terms of the number of HEPA-filtered air changes per hour (ACPH). The ACPH may
need to be higher to maintain the required ISO classification and microbial state of control
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depending on these factors: the number of personnel permitted to work in the area, the number
of particulates that may be generated from activities and processes in the area, the equipment
located in the room, the room pressure, and the effects of temperature. The summary of ACPH
requirements is listed in Table 1.
A minimum of 30 total HEPA-filtered ACPH must be supplied to ISO Class 7 rooms.
The total HEPA-filtered air change rate must be adequate to maintain ISO Class 7 under
dynamic operating conditions considering factors listed above
At least 15 ACPH of the total air change rate in a room must come from the HVAC
through HEPA filters located in the ceiling
The HEPA-filtered air from the PEC, when added to the HVAC-supplied HEPA-filtered air,
increases the total HEPA-filtered ACPH to at least 30 ACPH
If the PEC is used to meet the minimum total ACPH requirements, the PEC must not be
turned off except for maintenance
The ACPH from HVAC, ACPH contributed from the PEC, and the total ACPH must be
documented on certification reports
A minimum of 20 ACPH of HEPA-filtered air must be supplied to ISO Class 8 rooms from the
HVAC through HEPA filters that are located in the ceiling.
The total HEPA-filtered air change rate must be adequate to maintain ISO Class 8 under
dynamic operating conditions considering factors listed above
Ante-rooms where activity levels are high may require more HEPA-filtered ACPH to
maintain ISO Class 8 under dynamic operating conditions
The total ACPH must be documented on certification reports
Table 1. Summary of ACPH Requirements for Sterile Radiopharmaceutical Processing
Processing Area
ACPH Requirement
Unclassified SRPA
No requirement
ISO Class 7 area
≥30 ACPH
ISO Class 8 area
≥20 ACPH
4.2 Creating Areas to Achieve Easily Cleanable Conditions
CLASSIFIED ROOMS
The surfaces of ceilings, walls, floors, doors, door frames, fixtures, shelving, work surfaces,
counters, and cabinets in the classified room must be smooth, impervious, free from cracks and
crevices, and non-shedding, so they can be easily cleaned and disinfected, and to minimize
spaces in which microorganisms and other contaminants can accumulate. Surfaces should be
resistant to damage by cleaning agents, disinfectants, and tools used to clean. Junctures
between the ceiling and the walls and between the wall and the floor must be sealed to
eliminate cracks and crevices where dirt can accumulate. If ceilings consist of inlaid panels, the
panels must be caulked or otherwise sealed and secured around each panel to seal them to the
support frame. Ceiling panels must be washable and soil resistant, designed for use in a clean
room environment.
Walls must be constructed of, or may be covered with, durable material (e.g., epoxy-painted
walls or heavy-gauge polymer) and the integrity of the surface must be maintained. Panels
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must be joined together and sealed to each other and the support structure. Floors must be
smooth, sealed (e.g., continuous, welded seams), and impervious. Floors must include coving to
the sidewall. Classified rooms should minimize dust-collecting overhangs such as utility pipes
and ledges such as windowsills. If overhangs or ledges are present, they must be easily
cleanable. The exterior lens surface of ceiling light fixtures must be smooth, mounted flush, and
sealed. Any other penetrations through the ceiling or walls must be sealed.
SRPA
The SRPA and all surfaces (e.g., walls, floors, counters, equipment) in the SRPA must be
clean, uncluttered, and dedicated to sterile radiopharmaceutical processing activities. Surfaces
in the SRPA should be smooth, impervious, free from cracks and crevices, and non-shedding, so
they can be easily cleaned and disinfected, and to minimize spaces in which microorganisms
and other contaminants can accumulate. Surfaces should be resistant to damage by cleaning
agents, disinfectants, and tools used to clean. Dust-collecting overhangs such as utility pipes
and ledges such as windowsills should be minimized. If overhangs or ledges are present, they
must be easily cleanable.
4.3 Water Sources
The facility where sterile radiopharmaceuticals are prepared must be designed so that
activities such as hand hygiene and garbing should not adversely affect the ability of the PEC
to function as designed. Sinks should enable hands-free use with a closed system of soap (i.e.,
non-refillable) to minimize the risk of extrinsic contamination. In facilities with an ante-room and
buffer room, the sink used for hand hygiene may be placed either inside or outside of the anteroom. The buffer room must not contain sink(s), eyewash(es), shower(s), or floor drains. The
ante-room must not contain floor drain(s). If installed, sprinkler systems in classified rooms
should be recessed and covered, and must be easily cleanable. In a facility with an SRPA
design, the sink must be accessible but located at least 1 m from the PEC. The sink must not
be located inside the perimeter of the SRPA.
4.4 Placement and Movement of Materials
Only furniture, equipment, and other materials necessary are permitted in the classified room
or SRPA and they should be low-shedding and easily cleaned and disinfected. Their number,
design, location, and manner of installation must not adversely impact environmental air quality
and must promote effective cleaning and disinfecting. Certain items are not permitted on the
clean side of the ante-rooms and in buffer rooms, including, but not limited to, corrugated
cardboard, external shipping containers, and nonessential paper (e.g., paper towels and
tissues).
Carts used to transport components or equipment into classified rooms must be constructed
from nonporous materials with cleanable casters and wheels to promote mobility and ensure
ease of disinfection. All items must be disinfected by personnel wearing gloves before they are
brought into the clean side of ante-room(s), placed into pass-through(s), or brought into an
SRPA. In a classified room, carts must not be moved from the dirty side to the clean side of the
ante-room unless the entire cart, including casters, is cleaned and disinfected.
4.5 Classified Rooms
Activities and tasks carried out within the buffer room must be limited to only those
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necessary when working within a controlled environment. Food, drinks, and materials exposed in
patient care and treatment areas must not enter ante-rooms or buffer rooms. When processing
activities require the manipulation of a patient’s blood-derived or other biological material (e.g.,
radiolabeling a patient’s or donor’s blood cells), the manipulations must be clearly separated
from routine material-handling procedures and equipment used in radiopharmaceutical
preparation activities, and they must be controlled by specific SOPs to avoid any crosscontamination.
4.6 Remote Aseptic Processing Involving a Hot-Cell
A hot-cell device provides an inherent physical segregation for the ISO Class 5 aseptic
processing area. If the hot-cell is located in an ISO-classified space, personnel must garb
according to requirements listed in 3.5 Hand Hygiene and Garbing for Buffer Rooms and
Segregated Radiopharmaceutical Processing Area. In settings where tasks are carried out
within the hot-cell enclosure not within an ISO-classified space by remote means (i.e., no
direct intervention by personnel into the ISO Class 5 space), it is not necessary for personnel
to don the garbing described in 3.5 Hand Hygiene and Garbing for Buffer Rooms and
Segregated Radiopharmaceutical Processing Area to carry out these aseptic manipulations or
to perform other routine tasks in the general area where the hot-cell is located. However, hand
and arm incursions into the interior of the hot-cell might be necessary for personnel to stage
the materials and supplies necessary for aseptic manipulations. In these instances, personnel
must garb in relation to the contamination risk associated with the individual hot-cell/ISO Class
5 relationship.
For situations where a PEC device is located within a hot-cell, dynamic airflow smoke pattern
tests must show that the staging of supplies and materials does not allow the influx of noncontrolled air into the PEC. Personnel can be donned in nonsterile gloves and a low-particulate
lab coat for interventions that are outside of the PEC. A failure of the airflow smoke pattern
test requires personnel to garb in accordance with 3.5 Hand Hygiene and Garbing for Buffer
Rooms and Segregated Radiopharmaceutical Processing Area for all incursions into the hot-cell.
For situations where the hot-cell is an integrated HEPA filtration system with a clear
demarcated area that is a PEC, dynamic airflow smoke pattern tests must show that the
staging of supplies and materials into the demarcated PEC area does not allow the influx of less
than ISO Class 5 quality air into the PEC. Personnel can be donned in nonsterile gloves and a
low-particulate lab coat for interventions that are outside of the PEC. A failure of the airflow
smoke pattern test requires personnel to garb in accordance with 3.5 Hand Hygiene and
Garbing for Buffer Rooms and Segregated Radiopharmaceutical Processing Area for all
incursions into the PEC.
Since other hot-cell configurations and technologies may exist, verification (either by airflow
smoke pattern tests or other manufacturer specified methods) must assure, upon each
certification that the staging of materials and supplies does not allow for the intrusion of less
than ISO Class 5 air into the designated ISO Class 5 space. A failure of the airflow smoke
pattern test requires personnel to garb in accordance with 3.5 Hand Hygiene and Garbing for
Buffer Rooms and Segregated Radiopharmaceutical Processing Area for all incursions into the
hot-cell.
4.7 Environmental Controls
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All RAM users must comply with the conditions specified in their approved RAM license
application and regulations. Pass-through enclosures for transferring radiopharmaceuticals from
controlled handling areas (e.g., buffer room) should be designed to provide reasonable balance
between maintenance of air quality and other worker safety concerns (e.g., radiation exposure,
physical injury from lifting heavy shielded cases). At a minimum, there must be a system or
mechanism in place that assures that both doors cannot be open at the same time. There may
be both positive and negative air pressure within the facility; positive air flow to minimize the
potential of microbial contamination in sterile drug preparation areas, and negative air flow to
minimize potential radioactive contamination from volatile or airborne radiopharmaceuticals.
Positive pressure environments must have a minimum differential positive pressure of a 0.02inch water column between each ISO-classified room (e.g., between the buffer room and anteroom). The pressure differential between the ante-room and the unclassified room must be NLT
a positive 0.02-inch water column. Refer to the RAM license for negative pressure obligations.
For preparation of sterile radiopharmaceuticals, consideration of both concerns could be
addressed as follows:
1.
2.
3.
4.

Buffer room, if present, must be positive pressure compared to the ante-room
Ante-room, if present, must be positive pressure compared to the restricted area
Restricted area must be negative pressure compared to the unrestricted area
SRPA must be negative pressure compared to unrestricted areas in the presence of
volatile or airborne radiopharmaceuticals.

Various environmental controls for various preparation scenarios [see Table 5 for maximum
beyond-use dates (BUDs) for differing environments] are described in the following sections.
Table 2 details the limits for particle counts for each specific ISO classification.
Table 2. ISO Classification of Particulate Matter in Room Aira
ISO Class
3
4
5
6
7
8

Particle Countb/m3
35.2
352
3520
35,200
352,000
3,520,000

a Adapted from ISO 14644-1, Cleanrooms and associated controlled environments—Part 1:
Classification of air cleanliness by particle concentration.
b Limits for number of particles ≤0.5 µm measured under dynamic operating conditions.
ESTABLISHING AND MAINTAINING PRESSURE DIFFERENTIALS
Any time a pressure differential is required, a pressure monitoring device is required. In a
classified room, a pressure differential monitoring system must be used to continuously monitor
the pressure differential between the ante-room(s) and buffer room(s) and between the anteroom and the general environment outside the classified room(s) or area(s). The results from
the pressure monitoring system must be reviewed and documented at least daily on days the
room is used. All pressure monitoring devices must be tested for accuracy and required
performance at least every 6 months.
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AMBIENT ATMOSPHERE FOR IMMEDIATE USE PREPERARATIONS
The following requirements should be met in ambient atmosphere environments:
Non-patient care space, functionally separate (not another room) from the patient care
area, such as a radiopharmaceutical handling space, or hot lab, in a hospital, clinic, or
mobile coach
A designated space for medication preparation that is clean and free from clutter
Low traffic (i.e., few people going in and out or moving around the area)
SRPA WITH VERTICAL ISO CLASS 5 PEC(S) FOR RADIOPHARMACEUTICAL PREPARATIONS
An SRPA with vertical ISO Class 5 PECs must meet the following requirements:
1. Area surrounding the PEC may be ambient (non-classified) atmosphere
2. Area must be clean, uncluttered, and dedicated to the processing of
radiopharmaceuticals
3. Appropriate for preparation, preparation with minor deviations, repackaging, and
dispensing of radiopharmaceuticals
4. A room that meets ISO Class 8 particle-count specifications may be used to store and
elute radionuclide generators
A BUFFER ROOM WITH AN ISO CLASS 8 ENVIRONMENT WITH VERTICAL ISO CLASS 5 PEC(S)
WITH AN ADJACENT ISO CLASS 8 ANTE-ROOM
This environment is appropriate for all activities listed in SRPA with Vertical ISO Class 5 PEC(s)
for Radiopharmaceutical Preparations.
A BUFFER ROOM WITH AN ISO CLASS 7 ENVIRONMENT WITH VERTICAL ISO CLASS 5 PEC(S)
WITH AN ADJACENT ISO CLASS 8 OR BETTER ANTE-ROOM
This environment is appropriate for all activities listed in A Buffer Room with an ISO Class 8
Environment with Vertical ISO Class 5 PEC(s) with an Adjacent ISO Class 8 Ante-Room and
sterile compounding.
HOT-CELL
This environment is appropriate for all activities listed in SRPA with Vertical ISO Class 5 PEC(s)
for Radiopharmaceutical Preparations.
CERTIFICATION OF PECS AND ENVIRONMENT IN WHICH THE PEC IS LOCATED
Certification of the classified areas, including the PEC, must be performed initially and
recertification must be performed at least every 6 months using procedures outlined in the
current Controlled Environment Testing Association (CETA) certification guide for Sterile
Compounding Facilities, or an equivalent guideline, and must include:
Airflow testing: To determine acceptability of the air velocity, the air exchange rate,
and room pressure cascade to ensure that air consistently flows from clean to dirty
areas, and that the appropriate quality of air is maintained under dynamic operating
conditions.
HEPA filter integrity testing: HEPA filters must be leak tested at the factory and then
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leak tested again after installation and as part of recertification.
Total particle counts testing: Conducted under dynamic operating conditions using
current, state-of-the-art electronic equipment.
Smoke visualization studies: Performed for each PEC under dynamic operating conditions
to demonstrate unidirectional airflow and sweeping action over and away from the
preparation(s).
In cases where technologies exist for hot-cell and PEC configurations that are not consistent
for certification by the current CETA standards, other equivalent means for certifying the PEC
may be substituted. In this case, the PEC must maintain the environmental equivalent for total
particle counts and the protection of the ISO Class 5 area from intrusions of non- or lesser
controlled air. Manufacturer verification instructions, along with professional expertise in
controlled environment testing, may be used to create a plan for the necessary assurance
testing techniques.
DAILY MONITORING OF ENVIRONMENT
The temperature, humidity, and pressure gradient must be monitored in the classified room
each day that preparations are made, either manually or by a continuous recording device. The
following guidelines must include:
Relative humidity should be kept at 60% or lower
Temperature and relative humidity continuous readings must be confirmed daily to have
remained within the acceptable range
Excursions should be documented and, if applicable, appropriate corrective actions
taken
Temperature monitoring devices must be verified for accuracy annually or as required by
the manufacturer
Monitoring of pressure differentials must be performed
See Packaging and Storage Requirements 〈659〉 for information on controlled room
temperature and allowable excursions.
5.MICROBIOLOGICAL AIR AND SURFACE MONITORING
An effective air and surface monitoring program provides information on the environmental
quality of the classified rooms where sterile radiopharmaceuticals are processed. In addition, an
effective air and surface monitoring program identifies environmental quality trends over time,
potential routes of microbiological contamination, and allows for implementation of corrective
actions to prevent microbiological contamination of the radiopharmaceuticals. Facilities must
develop and implement written air and surface monitoring procedures for all sterile
radiopharmaceutical classified rooms. Air and surface monitoring results and the corrective
actions must be documented, and records must be readily retrievable as required by
jurisdictional laws and regulations, whichever is longer.
5.1 General Monitoring Requirements
The goals of an air and surface monitoring program are to determine whether microbiological
contamination is present at unacceptable levels and to assess whether proper personnel
practices are being followed, cleaning and disinfecting agents are effective, and environmental

PF 44(5): Sep.-Oct. 2018

340

quality is maintained.
Air and surface monitoring must be performed initially for classified rooms in a facility to
establish a baseline level of environmental quality. After initial sampling, the classified rooms
must be monitored according to the minimum frequencies described in this section to ensure
that the environment remains in a suitable state for aseptic processing tasks.
The air and surface monitoring program involves the collection and evaluation of samples from
various air and surface locations to detect airborne and surface contaminants. The data from
airborne and surface sampling are then used to assess risks for contamination, potential routes
of contamination, and the adequacy of cleaning and disinfection agents specified in the facility
procedures. Regular review of the sampling data must be performed to detect trends such as
elevated levels of microbial bioburden, elevated levels of nonviable particulates, or other
adverse changes within the environment.
In addition, results from air and surface sampling must be reviewed in conjunction with
personnel data (i.e., training records, visual observations, competency assessments) to assess
the state of control and to identify potential risks of contamination. Prompt corrective action in
response to any adverse findings is essential to maintain the necessary environmental quality
for sterile radiopharmaceutical activities. Data must also be reviewed following corrective
actions to confirm that the actions taken have been effective in achieving the required air and
surface quality levels (see Table 3 and Table 4).
Air and surface monitoring must be conducted during dynamic operating conditions to confirm
that the required environmental quality in classified rooms is maintained. Due to radiation
exposure concerns for the workers involved, it is permissible for sampling to be carried out at
the conclusion of sterile radiopharmaceutical processing. In this case, simulated tasks that are
reflective of the routine aseptic activities are permissible. In addition to the specific sampling
frequencies described in this section, sampling must be performed in any of the following
circumstances:
In conjunction with the certification of new facilities and equipment
After any modification of facilities or equipment
In response to identified problems (e.g., positive growth in sterility tests of compounded
radiopharmaceuticals)
In response to identified trends (e.g., repeated positive gloved fingertip sampling results
or failed media-fill testing involving more than one operator or where a review of the
operator technique shows no reasonable flaws in process; repeated observations of air
or surface contamination)
In response to changes that could impact the controlled area environments (e.g.,
significant change in cleaning process or the agents involved)
The microbiological air and surface monitoring program must include viable impact volumetric
airborne particulate sampling and surface sampling.
To obtain an air and surface sample that is representative of the typical aseptic operating
conditions at the facility, air and surface sampling must be conducted under dynamic or
simulated dynamic operating conditions in all PECs and classified rooms. If conducted during
actual sterile processing, the monitoring program must be designed and conducted in a manner
that minimizes the chance that the sampling itself will contribute to contamination of the sterile
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radiopharmaceutical or the environment.
The air and surface monitoring program must include a diagram of the sampling locations,
procedures for collecting samples, frequency of sampling, size of samples (e.g., surface area,
volume of air), time of day of sampling in relation to activities in the classified rooms, and
action levels that will trigger corrective action. The locations of sampling should be carefully
selected based on their relationship to the activities performed in the area. It is important to
obtain samples from locations that pose the highest possible contamination risk to the sterile
radiopharmaceuticals involved with the operation’s processes and that are likely to be
representative of the conditions throughout the area. In addition, sampling methods, locations,
frequencies, and timing must be clearly described in the established SOPs of the facility.
Evaluating results collected over a period of time can be useful in identifying trends or
determining that a significant change has occurred, even when the results fall within the
specified limits.
It is important that personnel be trained in the proper operation of the air and surface
sampling equipment to ensure accurate and reproducible sampling. All air sampling devices must
be serviced and calibrated as recommended by the manufacturer.
5.2 Monitoring Air Quality for Viable Airborne Particles
A monitoring program for viable airborne particles must be developed and implemented to
assess microbiological air quality in all classified rooms.
VIABLE AIR SAMPLING: TIMING AND LOCATIONS
Volumetric active air sampling of all classified spaces using an impaction device must be
conducted (e.g., ISO Class 5 PEC and ISO Class 7 and 8 areas) during dynamic operating or
simulated operating conditions at least every 6 months.
Air sampling sites must be selected in all classified spaces. When conducting sampling of the
PEC, care should be taken to avoid disturbing unidirectional airflow if taken during actual sterile
processing activities.
1. Follow the manufacturer’s instructions for operation of the active air sampling device,
including placement of media.
2. Using the sampling device, test at least 1 m3 or 1000 L of air from each location
sampled.
3. At the end of the sampling, retrieve the media and cover.
4. Invert the media and incubate at 30°–35° for 48–72 h. Examine for growth. Record the
total number of discrete colonies of microorganisms on each plate as cfu/m3 of air on an
environmental sampling form based on sample type (i.e., viable air), sample location,
and sample date.
5. Then incubate the inverted media at 20°–25° for 5–7 additional days. Examine the
media plates for growth. Record the total number of discrete colonies of microorganisms
on each plate as cfu/m3 of air on an environmental sampling form based on sample type
(i.e., viable air), sample location, and sample date.
Alternatively, two pieces of media may be collected for each sample location and incubated
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concurrently in separate incubators at 30°–35° for NLT 5 days and at 20°–25° for NLT 5 days.
Record the total number of discrete colonies of microorganisms on each plate as cfu/m3 of air
on an environmental sampling form based on sample type (i.e., viable air), sample location, and
sample date.
A general microbiological growth medium that supports the growth of bacteria and fungi must
be used [e.g., TSA medium]. Certificates of analysis from the manufacturer must verify that
the medium meets the expected growth promotion, pH, and sterilization requirements. Samples
must be incubated in a temperature monitored incubator with a calibrated measuring device.
The incubator temperature must be monitored during incubation, either manually or by a
continuous recording device, and the results must be reviewed and documented. The
microbiological incubator must be placed in a location outside of any classified room. All
sampling activities must be performed by trained individuals.
DATA EVALUATION AND ACTION LEVELS
Evaluate cfu counts against the action levels in Table 3, and examine counts in relation to
previous data to identify adverse results or trends. If two pieces of media were collected at a
single location, all recovered growth on each is documented and action levels are applied
individually to each sampling (i.e., results from each cubic meter of air sampled must be
compared to the action level for that area). If levels measured during the viable air monitoring
program exceed the levels in Table 3 for the ISO classification levels of the area sampled, the
cause must be investigated and corrective action must be taken. The corrective action plan
must be dependent on the cfu count and the microorganism recovered. Some examples of
corrective action include process or facility improvements, personnel training, cleaning and
disinfecting, or HEPA filter replacement and/or repair, or reducing the BUD of the
radiopharmaceutical during investigation and while carrying out the corrective action plan. The
extent of the investigation should be consistent with the deviation and should include an
evaluation of trends. The corrective action plan must be documented. If levels measured during
viable air sampling exceed the levels in Table 3, the genus of any microorganism recovered
must be identified (see Microbial Characterization, Identification, and Strain Typing 〈1113〉) with
the assistance of a microbiologist.
Table 3. Action Levels for Viable Airborne Particle Air Samplinga
Air Sampling Action Levels
ISO Class
[cfu/m3 (1000 L) of air per plate]
5
>1
7
>10
8
>100
a Adapted from Guidance for Industry: Sterile Drug Products Produced by Aseptic
Processing—Current Good Manufacturing Practice. US Department of Health and Human
Services, Food and Drug Administration (FDA), September 2004.
5.3 Monitoring Surfaces for Viable Particles
Surface sampling is an important component of the maintenance of a suitably controlled
environment for sterile radiopharmaceutical processing, especially because transfer of microbial
contamination from improperly disinfected work surfaces via inadvertent touch contact by
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personnel is a potential source of contamination of the radiopharmaceutical. Surface sampling is
useful for evaluating facility cleaning and material handling procedures; work surface cleaning
and disinfecting procedures; and personnel competency in work practices such as proper
cleaning and disinfection. All sampling sites and procedures must be described in the facility’s
SOP.
SURFACE SAMPLING: TIMING AND LOCATIONS
Surface sampling of all classified areas and all PECs must be conducted at least monthly for
the detection of microbial contamination. Each classified area must be sampled (see
Microbiological Control and Monitoring of Aseptic Processing Environments 〈1116〉). The DPA of
the PEC and any equipment permanently contained in it must be sampled. Staging or work
surfaces in classified rooms near the PEC frequently touched surfaces in classified rooms and
pass-through enclosure(s) for all classified rooms are to be evaluated to determine the
locations that pose the greatest risk to the SRPA.
When conducted, surface sampling must be performed at the end of the radiopharmaceutical
aseptic activities or shift, but before the area has been cleaned and disinfected. However,
radiopharmaceutical personnel must also consider the appropriate exposure and contamination
prevention measures prior to and while collecting samples. If the worker assesses that the risk
for exposure is not in conformance with ALARA safety standards, measures must be taken to
eliminate the risk (e.g., implementation of appropriate shielding, performing the sampling at a
later time or alternate day).
SAMPLING PROCEDURES
Surface sampling devices (e.g., plates, paddles, or slides) containing microbial growth media
must be used for sampling flat surfaces. CoAs from the manufacturer must verify that the
devices meet the expected growth promotion, pH, and sterilization requirements. Surface
sampling devices must contain general microbial growth media (e.g., TSA) supplemented with
neutralizing additives (e.g., lecithin and polysorbate 80) to neutralize the effects of any
residual disinfecting agents. If used, contact plates must have a raised convex surface. Sterile
swabs wetted with sterile water or a sterile neutralizing buffer may be used when sampling
irregular surfaces and difficult-to-reach locations, such as crevices, corners, and spaces
between surfaces. After sampling, the sampled area must be thoroughly cleaned and
disinfected.
For the procedures for surface sampling on flat surfaces, use the following:
1. Remove the cover from the contact sampling device. Using a rolling motion, firmly press
the media surface onto the surface to be sampled. The contact sampling device should
leave a residue of growth medium on the sample site. After sampling, use a low-lint
sterile wiper to thoroughly clean the sampled area with sterile 70% IPA.
2. Cover each contact sampling device.
3. If using plates, invert the plates and incubate the contact sampling devices at 30°–35°
for 48–72 h. Examine for growth. Record the total number of discrete colonies of
microorganisms on each plate as cfu/sample on an environmental sampling form based
on sample type (i.e., surface), sample location, and sample date.
4. Incubate the inverted plates at 20°–25° for 5–7 additional days. Examine the media
plates for growth. Record the total number of discrete colonies of microorganisms
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(cfu/sample) on the environmental sampling record based on sample type (i.e., surface),
sample location, and sample date.
5. Alternatively, two devices may be collected for each sample location and incubated
concurrently in separate incubators at 30°–35° for NLT 5 days and at 20°–25° for NLT 5
days.
6. Record the total number of discrete colonies of microorganisms (cfu/sample) on the
environmental sampling record based on sample type (i.e., surface), location, and date.
For the procedures for surface sampling on irregular surfaces, use the following:
1. Sterile swabs wetted with sterile water or a sterile neutralizing buffer should be used.
2. If using the neutralizing buffer, the residue must be removed from the surface after
sampling using sterile 70% IPA. Swabs sampled with sterile water must be processed
with a neutralizing buffer or plated in a neutralizing medium.
3. After swabbing the area, place the swab in appropriate diluent or sterile packaging until
it can be processed. The swab must be processed using a diluent and an extraction
step to aid in the removal of any microorganisms from the swab.
4. Plate all or a portion of the diluent in TSA (or TSA with neutralizers). If the diluent is
diluted, the dilution factor must be applied to the raw count to determine the actual
total microbial count.
5. Incubate the plates at 30°–35° for 48–72 h. Examine for growth. Record the total
number of discrete colonies of microorganisms on each plate as cfu/sample on an
environmental sampling form based on sample type (i.e., surface), sample location, and
sample date.
6. Incubate the plates at 20°–25° for 5–7 additional days. Examine for growth. Record the
total number of discrete colonies of microorganisms on each plate as cfu/sample on the
environmental sampling form based on sample type (i.e., surface), sample location, and
sample date/time.
7. Alternatively, two devices may be collected for each area and incubated concurrently in
separate incubators at 30°–35° for NLT 5 days and at 20°–25° for NLT 5 days.
8. Record the total number of discrete colonies of microorganisms (cfu/sample) on the
environmental sampling record based on sample type (i.e., surface), location, and date.
DATA EVALUATION AND ACTION LEVELS
Evaluate cfu counts against the action levels in Table 4, and examine counts in relation to
previous data to identify adverse results or trends. If two devices were collected at a single
location, all recovered growth on each is documented and action levels are applied to each
device individually (i.e., results from each sampling device must be compared to the action level
for the area). If levels measured during surface sampling exceed the levels in Table 4 for the
ISO classification levels of the area sampled, the cause must be investigated and corrective
action must be taken. The corrective action plan must be dependent on the cfu count and the
microorganism recovered. Some examples of corrective action include process or facility
improvements, personnel training, cleaning and disinfecting, or HEPA filter replacement and/or
repair, or reducing the BUD of the radiopharmaceutical during investigation and while carrying
out the corrective action plan. The extent of the investigation should be consistent with the
deviation and should include an evaluation of trends. The corrective action plan must be
documented. If levels measured during surface sampling exceed the levels in Table 4, the genus
of any microorganism recovered must be identified (see 〈1113〉) with the assistance of a

PF 44(5): Sep.-Oct. 2018

345

microbiologist.
Table 4. Action Levels for Surface Sampling
Surface Sampling Action Levels
ISO Class
(cfu/device or swab)
5
>3
7
>5
8
>50
6.CLEANING AND DISINFECTING
Cleaning and disinfecting are important because surfaces in classified areas and SRPAs are a
potential source of microbial contamination of sterile radiopharmaceuticals. The process of
cleaning involves removing organic and inorganic materials from surfaces, usually with a manual
or mechanical process and a cleaning agent. The process of disinfecting involves destruction of
microorganisms, usually with a chemical agent. Surfaces must be cleaned prior to being
disinfected unless an Environmental Protection Agency (EPA)-registered one-step disinfectant
cleaner is used to accomplish both the cleaning and disinfection in one step. Some EPAregistered one-step disinfectant cleaners may have sporicidal properties.
Cleaning and disinfecting surfaces should occur at the minimum frequencies specified in Table
5 or if activities are not performed daily, cleaning and disinfecting must be completed before
initiating activities. Radioactive decontamination is the act of reducing or removing radioactivity
from an object or surface and must be balanced with the risk of spreading radioactive
contamination. At times the best approach may be to shield the area until the radiation
exposure levels are lower. This balance must be specified in SOPs (e.g., trigger levels for safe
cleaning). The PEC should be checked for radioactive contamination prior to cleaning and
disinfecting to prevent spreading radioactive contamination in the PEC.
All cleaning and disinfecting activities must be performed by trained and appropriately garbed
personnel using facility-approved agents and procedures that must be described in written
SOPs. Cleaning must be performed in the direction of clean to dirty areas. The frequency,
method(s), and location(s) of cleaning and disinfection agent use must be established in
written SOPs, in accordance with the manufacturer’s instructions when available, or based on
sound microbiological cleaning techniques when unavailable, and must be followed by all
cleaning personnel. The manufacturer’s direction or published data for the minimum contact
time must be followed for the cleaning, disinfecting, and sporicidal agents used. All cleaning and
disinfecting activities must be documented.
Table 5. Minimum Frequency for Cleaning and Disinfecting Surfaces in Classified Rooms
and within the Perimeter of the SRPA
Applying
Site
Cleaning
Disinfectinga
Sporicidal
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interior
surfaces)
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Prior to performing sterile
processing of
radiopharmaceuticals on each day
that activities are carried out, the
walls, bars, torso shield and any
exposed surface of equipment
inside the PEC to the extent
possible as specified by the
equipment manufacturer or the
assessment of a trained
microbiologist or industrial
hygienist. Radioactive
contamination may be shielded
with appropriate temporary
material, providing the material is
covered with low-lint absorbent
pads or has equivalent lowshedding properties.

Prior to performing sterile
processing of
radiopharmaceuticals on
each day that activities
are carried out, exposed
surfaces of the
equipment should be
disinfected to the extent
possible as specified by
the equipment
manufacturer or the
assessment of a trained
microbiologist or
industrial hygienist and
should be specified by
SOPs.
When used, remove lowlint absorbent pads and
survey the PEC for
radioactive
contamination prior to
disinfecting. Replace
with new pads after
disinfecting or as
required after spills.

Monthly

Daily

Daily

Monthly

Daily

Daily

Monthly
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Prior to performing sterile
processing of
radiopharmaceuticals on each day
that activities are carried out, the
walls, bars, torso shield, and any
exposed surface of equipment
inside the PEC to the extent
possible as specified by the
equipment manufacturer or the
assessment of a trained
microbiologist or industrial
hygienist. Radioactive
contamination may be shielded
with appropriate temporary
material providing the material is
covered with low-lint absorbent
pads or has equivalent lowshedding properties.

Prior to performing sterile
processing of
radiopharmaceuticals on
each day that activities
are carried out, exposed
surfaces of the
equipment should be
disinfected to the extent
possible as specified by
the equipment
manufacturer or the
assessment of a trained
microbiologist or
industrial hygienist and
should be specified by
SOPs.
When used, remove lowlint absorbent pads and
survey the PEC for
radioactive
contamination prior to
disinfecting. Replace
with new pads after
disinfecting or as
required after spills.

PEC and
the
equipment
within a
PEC
located in
a hot-cell
Monthly
Work
surface(s)
outside
the PEC
Daily
Daily
Monthly
Floor(s)
Daily
Daily
Monthly
Wall(s),
door(s),
door
frame(s),
and other
fixtures
Monthly
Monthly
Monthly
Ceiling(s)
Monthly
Monthly
Monthly
Storage
shelving
and
storage
bins
Monthly
Monthly
Monthly
a Many disinfectants registered with the EPA are one-step cleaning and disinfecting
agents, which means that the disinfectant has been formulated to be effective in the
presence of light to moderate soiling without a separate cleaning step. Cleaning and
disinfecting must be balanced with the risk of spreading radiation contamination. The best
approach may be to shield the area until the radiation exposure levels are lower.
6.1 Cleaning, Disinfecting, and Sporicidal Agents
Cleaning and disinfecting agents must be selected and used with careful consideration of
compatibilities, effectiveness, and inappropriate or toxic residues or fumes. Considerations when
selecting and using disinfectants include their anti-microbial activity, inactivation by organic
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matter, residue, shelf life, preparation requirements of the agent, and suitability for surfaces
being disinfected (see Disinfectants and Antiseptics 〈1072〉). After the disinfectant is applied
and wiped on the surface to be disinfected, the disinfectant must be allowed to dwell for the
minimum contact time specified by the manufacturer, during which time the surface cannot be
disturbed. Sporicidal agents, shown to be effective against Bacillus species, must be used at
least monthly to disinfect all surfaces in classified rooms and SRPAs. The disinfecting agents
(e.g., sterile 70% IPA) used in the ISO Class 5 PEC must be sterile. See Table 6 for a summary
of the purpose of the cleaning disinfectant and sporicidal agents.
Table 6. Purpose of Cleaning, Disinfecting, and Sporicidal Agents
Type of
Agent
Cleaning
agent

Disinfecting
agent
Sporicidal
agent

Purpose
An agent for the removal of residues (e.g., dirt, debris, microbes, and
residual drugs or chemicals) from surfaces.
A chemical or physical agent used on inanimate surfaces and objects to
destroy fungi, viruses, and bacteria. Sporicidal disinfectant agents are
considered a special class of disinfectants that also are effective against
bacterial endospores.
A chemical or physical agent that destroys bacterial and fungal spores when
used in sufficient concentration for a specified contact time. It is expected
to kill all vegetative microorganisms.
6.2 Cleaning Supplies

All cleaning supplies (e.g., wipers, sponges, and mop heads) with the exception of tool
handles and holders must be low-lint. Wipes, sponges, and mop heads should be disposable. If
disposable cleaning supplies are used, they must be discarded after each cleaning activity.
Reusable cleaning tools must be made of cleanable materials (e.g., no wooden handles) and
must be cleaned before and after each use. Reusable cleaning tools must be dedicated for use
in the classified rooms or SRPAs and must not be removed from these areas except for disposal.
They must be discarded after an appropriate amount of time, to be determined based on the
condition of the tools. Dispose of cleaning supplies used in the classified rooms and SRPAs in a
manner that minimizes the potential for dispersing particulates into the air (e.g., with minimal
agitation, away from work surfaces).
6.3 Cleaning and Disinfecting the PEC
Clean and disinfect the PEC at the minimum frequencies specified in Table 5. If the PEC
contains a removable work tray, all sides of the work tray and the area underneath the work
tray must be cleaned and disinfected at least monthly.
1. Remove, if necessary, any particles, debris, or residue with an appropriate solution
(e.g., Sterile Water for Injection or Sterile Water for Irrigation) using sterile, low-lint
wipers
2. Apply a cleaning agent (e.g., EPA-registered, one-step disinfectant cleaner)
3. Disinfect with a sterile disinfectant (e.g., sterile 70% IPA)
4. Allow the surface to dry completely before beginning activities
5. The PEC must be wiped with a sporicidal agent at least monthly
6.4 Disinfecting Supplies for Classified Rooms and SRPAs
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No shipping carton(s) or other corrugated or uncoated cardboard are allowed in the classified
room or SRPA. Before items are introduced into a classified room or SRPA, they must be
disinfected with a sporicidal agent or sterile disinfectant (e.g., sterile 70% IPA). After the
sporicidal or sterile disinfectant is applied, the agent must be allowed to dwell for the minimum
contact time specified by the manufacturer (see 5.1 General Monitoring Requirements), during
which time the item cannot be disturbed. The agent used for disinfecting the packaging must
be compatible with the packaging and must not alter the product label.
Any item to be transferred into the PEC from the classified room or SRPA must be disinfected
with a sterile disinfectant (e.g., sterile 70% IPA). The sterile disinfectant must be allowed to
dry before using the item.
In the case of PET radiopharmaceuticals being processed by remote means in a hot-cell, the
opening of sterile syringe packages may not be possible by remote means within the ISO Class
5 area. In this case, the syringes may be opened and appropriately labeled outside of the ISO
Class 5 environment and placed in disinfected shielding, immediately prior to the forthcoming
dispensing cycle.
6.5 Disinfecting Critical Sites within the PEC
Critical sites (e.g., vial stoppers) must be disinfected by wiping them with sterile 70% IPA in
the PEC. The critical site must be wiped ensuring that both chemical and mechanical actions
are used to remove contaminants. The sterile 70% IPA must be allowed to dry before piercing
stoppers.
6.6 Cleaning and Disinfecting Items from Patient Care Area
Radiation shielding equipment used in the classified room/SRPA or PEC that is exposed to
patient care areas during the process of administration must be cleaned and disinfected before
returning to any classified room (e.g., buffer or ante-room) or SRPA in accordance with the
Centers for Disease Control and Prevention guidelines1 as noncritical equipment requiring lowrisk disinfection. Syringes that have been used in a patient care area must not be brought back
into the classified room (e.g., buffer or ante-room) or SRPA for re-assaying or disposal.
Equipment that has been exposed to needles and syringes contaminated with blood-borne
pathogens and RAMs are considered mixed waste (e.g., syringe shields and syringe carrying
containers). This equipment must be cleaned and disinfected in procedures regulated by the
facilities’ RAMs license and application. Equipment that contained mixed waste must be cleaned
and disinfected with an appropriate agent(s) for blood.
7.ASSIGNING BUD
BUDs are based on the risk of microbial contamination with the assumption that the
radiopharmaceutical should remain chemically and physically stable, and its container–closure
system should maintain its integrity for the duration of the BUD (Table 7). The time starts at
the moment of the first vial puncture. The BUDs stated in Table 7 are maximum values in the
absence of sterility testing, and the assigned BUD may be shorter for a variety of reasons
discussed below. The individual responsible for the manipulation assigns the BUD based on
established testing data, either performed in-house or obtained from peer-reviewed literature.
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Table 7. Preparation Conditions for Sterile Radiopharmaceuticals
Preparation Conditions
Manipulation
Immediate use
Direct infusion system, one needle puncture only (e.g.,
PET patient infusion system, Rb-82 generator)
Dispensing, repackaging, preparation, and preparation
with minor deviations

PEC
—

SEC
—

BUD
(h)
1

—

—

10

ISO
Class
5

SRPA
12

Dispensing, repackaging, preparation, and preparation
with minor deviations

ISO
Class
5

Dispensing, repackaging, preparation, preparation with
minor deviations, and compounding

ISO
Class
5

Dispensing, repackaging, preparation, preparation with
minor deviations, and compounding using a nonsterile
component and performing sterilization procedure (e.g.,
filtration with bubble point testing) but without
performing Sterility Tests 〈71〉 testing
Radiolabeled blood components for immediate use [e.g.,
Tc 99m red blood cells (RBC)]

ISO
Class
5

SRPA with
ISO Class 8
non-viable
particle
count
ISO Class 8
or better
buffer room
with ISO
Class 8 or
better
ante-room
ISO Class 8
or better
buffer room
ISO Class 8
or better
ante-room
ISO Class 7
or better
buffer room
with ISO
Class 8 or
better
ante-room
ISO 7 or
better
buffer room
with ISO
Class 8 or
better
ante-room

—

—

1

ISO
Class
5 BSC

ISO 7 or
better
buffer room
with ISO
Class 8 or
better
ante-room

6

—
Radionuclide generator storage/elution (e.g., non-direct
infusion system; Tc-99m or Ga-68)

—
Radionuclide generator storage/elution (e.g., non-direct
infusion system; Tc-99m or Ga-68)

Radiolabeled blood components (e.g., radiolabeled
leukocytes)

12

24

24

96

24
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For compounded preparations (sterile and nonsterile), the BUD is also dependent on
maintenance of appropriate quality and purity, including radiochemical purity, radionuclidic
purity, and other applicable parameters as specified in individual monographs or as clinically
appropriate.
For preparations with minor deviations involving kits (sterile and nonsterile), the kit
manufacturer may state or suggest a use-by time in their package inserts. For certain
radiopharmaceuticals transportation time, radionuclide availability, and other factors may
necessitate extending manufacturer-suggested use-by time to meet patient needs. Assigning a
BUD longer than the manufacturer-suggested use-by time interval must be supported by
evidence of the maintenance of appropriate quality and purity, including radiochemical purity
and radionuclidic purity as specified in individual monographs, and other applicable parameters
as clinically appropriate.
Assignment of a BUD for a radiopharmaceutical must necessarily consider several factors, as
applicable. Issues of concern include, but are not limited to, the following:
Sterility: Maintenance of sterility is a major concern for any sterile preparation or
product. Good aseptic handling practices in an appropriate environmentally-controlled
area are the most critical factors in ensuring sterility. See Table 7 for maximum BUD.
The assigned BUD does not exceed the sterility-related times listed in Table 7, unless a
longer time is justified by Sterility Tests 〈71〉.
Radiochemical purity: Radiochemical stability is affected by a variety of factors
including, but not limited to, storage temperature, amount of radioactivity, radioactivity
concentration, presence or absence of antioxidants or other stabilizing agents, and
container type (e.g., glass vial vs. plastic syringe). The assigned BUD must be based on
stability studies in which these variables are controlled and are representative of the
conditions of actual use. For factors that allow a range of values (e.g., storage
temperature, amount of radioactivity, radioactivity concentration), studies should be
conducted at the extremes of the ranges.
Radionuclidic purity: Because radionuclide impurities may decay away more slowly than
the primary radionuclide, the radionuclidic purity may decrease over time. For example,
the ratio of Mo-99 (half-life of about 66 h) to Tc-99m (half-life of about 6 h)
continuously increases over time. USP monographs for Tc-99m radiopharmaceuticals
require that the radionuclidic impurity Mo-99 not exceed 0.15 mCi Mo-99 per mCi Tc99m at the time of administration. Hence, calculation of radionuclidic purity at future
times is necessary to ensure compliance throughout the assigned BUD.
Age of generator: As a generator eluate decays, the desired daughter radionuclide
atoms themselves decay to form other nuclides and potential radiolytic products, which
may interfere with radiolabeling of kits. For example, as Tc-99m ages, Tc-99m atoms
decay to become Tc-99 atoms. More importantly, there should also be increasing
amounts of peroxides formed as radiation interacts with water molecules. Increased
amounts of Tc-99 and peroxides present in aged Tc 99m can interfere with the
radiolabeling of many kits. Hence, extension of the use-by time for Tc-99m
pertechnetate intended for radiolabeling of kits must take into account the build-up of
Tc-99 and peroxides over time.
Number of particles: For radiolabeled particulates, the number of particles per unit
radioactivity increases over time as the radionuclide decays. For example, the BUD for
Tc-99m albumin aggregated [macroaggregated albumin (MAA)] must take into account
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the increasing ratio over time of the number of particles per radioactivity patient dose.
For example, if an MAA kit is prepared such that the radioactivity patient dose is
200,000 particles at the time of calibration, the same radioactivity patient dose will
contain 700,000 particles at 10.85 h after calibration. Hence, calculation of the number
of MAA particles in the radioactivity patient dose is necessary to ensure compliance
with the prescribed particle range throughout the assigned BUD.
Specific activity (molar mass): For some receptor-based radiopharmaceuticals, the mass
amount may influence uptake (i.e., too much mass may result in saturation of receptor
sites with excess radiopharmaceutical going elsewhere). As radioactivity decays over
time, specific activity decreases resulting in more mass per unit radioactivity. Hence, in
such situations, the assigned BUD must ensure that the patient dose contains NMT the
specified maximum mass.
Container type: Because radiochemical stability or other quality attributes of a
radiopharmaceutical may be affected by its container type, the BUD for a
radiopharmaceutical dose dispensed in a plastic syringe may be different than the BUD
of that same radiopharmaceutical maintained in a glass vial.
In the case of manufactured radiopharmaceuticals (both PET and non-PET) that are
distributed to nuclear pharmacies or other healthcare facilities for terminal
distribution/dispensing, the assigned BUD of the dispensed dose cannot exceed the
expiration date/time of the manufactured radiopharmaceutical.
In the case of radiopharmaceuticals prepared from kits, the BUD of a dispensed dose
cannot exceed the assigned BUD of the finished preparation.
In the case of compounded radiopharmaceutical, the radiopharmaceutical may not
exceed the shortest BUD of any of its components.
The facility must have policies and procedures appropriate to the assignment of BUD and
maintain documentation of applicable study results and calculations. Studies of radiolabeling
efficiency and radiochemical stability should employ quality control testing methods described in
the manufacturer’s package insert, USP monographs and general chapters, or other equivalent
testing methods and be sufficiently rigorous to allow statistical confidence in the results.
The facility must have a mechanism to collect and evaluate complaints associated with the
use of radiopharmaceuticals having assigned BUDs. Policies and procedures should also be in
place to re-evaluate the assigned BUD based on complaints, which may include repeating
studies and/or performing additional studies on radiolabeling efficiency and/or radiochemical
stability.
8.DOCUMENTATION
Applicable policies and procedures should be established and maintained for activities involved
in preparing, compounding, dispensing, and repackaging radiopharmaceuticals.
Records (hard-copy or electronic) must be maintained for all activities involved in
repackaging, preparing, preparing with minor deviations, compounding, and dispensing
radiopharmaceuticals. Such records include, but are not limited to:
Personnel training and testing, including visual assessment of competency, validation,
gloved fingertip testing, and media fill evaluation initially and follow up testing at
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specified intervals.
Testing of environmental controls, including ISO classification, ACPH, pressure
differentials, and viable test results
Maintenance and cleaning
End product radiochemical purity and other testing, as applicable, results of
preparations, preparations with minor deviations, and compounded preparations
Master Formulation Record (MFR) (i.e., preparation with minor deviation and
compounding)
Validation of stability testing to support the assigned BUD from procedures established
by the compounder or derived from accepted literature
Records of compounded radiopharmaceuticals
Investigations and remedial actions and tracking of events to closure.
8.1 Master Formulation Record
MFR are required only for:
Preparation with minor deviations
Compounding as described in 10. Compounding
MFR are not required for preparation following the manufacturer’s instructions.
Data that must be included in the MFR are as follows:
Name of the radiopharmaceutical
Ingredients and their specifications
Detailed procedure (e.g., heating, components, incubation time)
Range of radioactivity
Range of volume
Equipment to be used
PEC and SEC to be used, if applicable
Quality control tests to be done for final release of the radiopharmaceutical (e.g.,
radiochemical purity, pH)
Depyrogenation and sterility procedures and validations, as applicable, including limits
Personnel
Garbing procedure, if different than standard procedure
Container(s)
BUD assignment and storage conditions
8.2 Records for Preparation with Minor Deviation/Compounding
A record for preparation with minor deviation or compounding must include the following:
Name of radiopharmaceutical
Physical description of the final radiopharmaceutical (e.g., capsule or solution)
Name and quantity of ingredients including calibration time for radioactive ingredients
(e.g., 100 mCi Tc 99m sodium pertechnetate @ 13:00)
Total volume
Reference to the MFR
Any deviation from the MFR, if applicable
Name of vendor or manufacturer, lot numbers, and expiration dates of all ingredients
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and components
Name of the person who prepared and name of the supervising personnel (e.g., ANP or
AU physician) who verified the final drug product
Date and time of preparation
Assigned internal identification number (e.g., lot number)
Prescription or order number(s)
Assigned BUD and storage requirements
PEC used
Documentation of quality control results
Reference source of the BUD assignment and storage requirements
9.PREPARATION
The individual responsible for preparing the radiopharmaceutical must ensure that the final
preparation complies with quality and purity specifications throughout the assigned BUD. This
includes, as appropriate for the preparation, radionuclidic purity, radiochemical purity, chemical
purity, and physical and chemical properties.
9.1 Preparation Following Manufacturer Instructions
NONSTERILE PREPARATIONS
For nonsterile preparations, follow manufacturer preparation instructions (e.g., I-131 NaI
capsules or solution), taking into account appropriate radiation safety considerations. Utilize
appropriate environmental controls, if applicable (e.g., chemical fume hood, activated charcoal
filters when handling potentially volatile radionuclides). The area utilized for the preparation of
all nonsterile radiopharmaceuticals should be suitably cleaned and uncluttered to assure the
overall integrity and quality of the prepared product. There should be a documented process
between the preparation cycles of different nonsterile products, to decrease the likelihood of
contamination from other prepared products.
STERILE PREPARATIONS
For sterile preparations, follow manufacturer preparation instructions, taking into account
appropriate radiation safety considerations. Utilize appropriate environmental controls and
aseptic handling practices to maintain sterility. The minimum environmental standard for the
preparation of sterile radiopharmaceuticals beyond immediate-use is within an ISO Class 5 PEC.
Refer to 4. Facilities and Environmental Controls and Table 7 on the location of the PEC and
the applicability toward the radiopharmaceutical BUD.
9.2 Preparation with Minor Deviations
In some cases, radiopharmaceuticals are prepared with minor deviations that are necessary
to accommodate circumstances not contemplated in the FDA-approved labeling. Note that
General Notices, 5.20.20.1 In Compounded Preparations includes the statement: “Deviation
from the specified processes or methods of compounding, although not from the ingredients or
proportions thereof, may occur provided that the finished preparation conforms to the relevant
standards and to preparations produced by following the specified process.” Except for a few
receptor-based radiopharmaceuticals where specific activity is an important parameter, there is
a very broad range of acceptable values for specific activity and for proportions of ingredients.
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Hence, deviations from manufacturer preparation instructions for radiopharmaceuticals must
maintain the same ingredients but may differ in their proportions.
This requires appropriate in-house quality control testing, designed to validate the quality and
purity of the product for the entirety of the BUD or is supported by appropriate peer-reviewed
publications for the minor deviation utilized.
Examples of minor deviations include, but are not limited to, the following:
Altering the amount of radioactivity or volume added to the vial
Changes in step-by-step operations (e.g., dilute Tc-99m sodium pertechnetate after
rather than before addition to the vial)
Using alternative devices or equipment (e.g., a heating block rather than a hot water
bath, using a different sized needle, different shielding materials)
Using test methods other than those described in the product labelling (e.g.,
radiochemical purity)
Filtering Tc-99m sulfur colloid
9.3 Preparation of Radiolabeled Blood Components
Handling and radiolabeling of blood components requires special attention to biological risks
and must be handled with universal precautions using aseptic technique, to avoid introducing
new microorganisms into the preparation that will be administered. Because of microorganisms
potentially present in the original blood sample, the preparation must be administered as soon
as possible but no later than 6 hours after the labeling process is complete.
The potential presence of microorganisms in a non-immediate use blood sample may present a
risk to the individual performing the preparation as well as cross-contamination to other blood
samples or other non-blood related radiopharmaceutical products. Hence, equipment and
supplies should never be shared with other activities unless they can first be thoroughly
cleaned and disinfected. Special precautions when labeling of blood components for nonimmediate use include:
Use of an ISO Class 5 BSC located in an ISO Class 7 buffer room dedicated for bloodlabeling processes. There must be complete physical separation of areas where blood
products are being handled from areas where non-blood products are being handled. If
more than one ISO Class 5 PEC is located within the ISO Class 7 buffer room, policies
and procedures must be in place to include certification that the SEC meets conditions
of air quality at maximum occupancy under dynamic operating conditions.
Personnel should work in one PEC and with only one labeling procedure per PEC at a
time. Blood products from more than one patient must never be manipulated at the
same workstation at the same time. Each area should have dedicated supplies,
equipment (including dose calibrator), and waste disposal to eliminate sharing of these
items or overlap in pathways.
Thorough cleaning and disinfection of the ISO Class 5 BSC and all reusable equipment
within prior to starting another blood component radiolabeling procedure.
If a dedicated dose calibrator is not available, then a means of preventing the blood
container from contaminating the dose calibrator or a cleaning and disinfection
procedure with an appropriate product must be used to decontaminate the dipper and
liner of the dose calibrator following the radioassay.
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Centrifuge should be located within the ISO Class 7 buffer room that is dedicated for
blood labeling processes.
Dedicated (per each labeling process) consumable products (e.g., 0.9% sodium chloride
injection, diluent, tubes, syringes, and other supplies) necessary to radiolabel each
individual patient sample.
Blood products must be completely separated from one another to prevent crosscontamination. All tubes and syringes in contact with the patient’s blood components
must be clearly labeled with the patient’s name and at least one additional identifier
(e.g., date of birth, medical record number, barcode).
Dedicated syringe shields and vial shields.
Remove and replace any garb that enters the ISO Class 5 environment before handling
anything else not related to performing this procedure.
Removal of all disposable items from the ISO Class 5 BSC utilized in each radiolabeling
process.
Cleaning and disinfection of all reusable equipment and components (e.g., BSC,
centrifuge, dose calibrator, syringe shields, vial shields, pigs, ammo cases) after each
procedure prior to any further use. Policies and procedures must address cleaning and
disinfection processes including the use of an EPA-registered one-step disinfectant with
activity against bloodborne pathogens followed by sterile 70% IPA. Sterile 70% IPA
alone is not sufficient.
After the completion of blood labeling procedures, hand hygiene must be performed.
9.4 Immediate Use of Red Blood Cell Labeling
In vitro red blood cell labeling must be prepared while following the conditions below.
A dedicated space for blood handling must be designated. This area must be free from
clutter and not used for any other radiopharmaceutical preparation or handling
Only one labeling procedure at a time or have documented processes that maintain the
integrity of samples and environment
Dedicated equipment must be used for blood handling (e.g., l-block, syringe shield, vial
shield, forceps, needle recapper)
If a dedicated dose calibrator is not available, then a means of preventing the blood
container from contaminating the dose calibrator or a cleaning and disinfecting
procedure with an appropriate product must be used to decontaminate the dipper and
liner of the dose calibrator following the radioassay
Hand hygiene must be performed (see 4. Facilities and Engineering Controls) before and
after procedure
The area must be disinfected with sterile 70% IPA prior to beginning the radiolabeling
procedure
Follow all requirements under 3.4 Hand Hygiene and Garbing for Immediate Use
Preparations
A cleaning and disinfecting procedure with an appropriate product must be used to
decontaminate the area and equipment after the radiolabeling is complete and all
disposable components have been discarded
The start time of the preparation must begin with the initial container puncture
10.COMPOUNDING
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Each compounding activity must be based on a pre-established written procedure and include
maintenance of compounding records. The compounding record must provide traceability (see
8. Documentation).
For all sterile compounding processes described in this section, aseptic handling in an
appropriate environment must be performed when compounding a sterile radiopharmaceutical
within an ISO Class 5 PEC. Refer to 4.7 Environmental Controls and Table 7 for further
clarification on the location of the PEC and the applicability of the radiopharmaceutical BUD.
10.1 Compounding Nonsterile Radiopharmaceuticals
Compounding nonsterile radiopharmaceuticals is the combining, mixing, diluting, pooling,
reconstituting or otherwise altering a drug or bulk drug substance other than as provided in the
manufacturer’s package insert to create a nonsterile radiopharmaceutical. Examples of
compounding nonsterile radiopharmaceuticals include: changing the dosage form of a capsule to
a solution, changing an intravenous dosage form to an oral dosage form, and radiolabeling a
food for oral administration (e.g., eggs). Areas intended for nonsterile compounding must be
separated from areas intended for sterile radiopharmaceuticals. Compounding should take into
account RAM licensing requirements for appropriate radiation safety considerations and utilize
appropriate environmental controls, if applicable (e.g., chemical fume hood, activated charcoal
filters when handling potentially volatile radionuclides). The area utilized for compounding
nonsterile radiopharmaceuticals must be maintained in a clean and uncluttered condition. The
placement of equipment and materials must take into account a design that prevents crosscontamination from noncompounding areas.
When feasible, disposable material should be used to reduce the chance of crosscontamination. Each compound must have a unique MFR (see 8.1 Master Formulation Record).
The preparation information is documented on a compounding record. The MFR details the
selection of all components. The ingredients must be obtained from sources in this preferential
order: FDA-approved product; FDA-registered facility; and lastly, if the ingredients for the
compound are not available from either of these two sources, the MFR must detail the selection
of a material that is suitable for the intended use. The MFR must establish the identity,
strength, purity, and quality of the ingredients by validated means (e.g., CoA).
A BUD for the compound must be validated, taking into account the stability of the
ingredients, any intermediate containers, the final container, and the storage conditions. A BUD
cannot be extended past the labeled expiration date of any component in the compound. If the
compounded radiopharmaceutical includes components from other preparations or preparations
with minor deviations, the BUD of the final compounded radiopharmaceutical must not exceed
the shortest remaining BUD of any of those components.
10.2 Compounding Using Conventionally Marketed Drug Products
Some compounding activities involve only the addition of a commercially marketed drug
product to a radiopharmaceutical (e.g., Ascorbic Acid Injection, Lidocaine Hydrochloride
Injection, Sodium Bicarbonate Injection).
Personnel responsible for compounding must consider all possible interactions between the
components, such as altered chemical stability, radiochemical stability, solubility, or other
parameters (e.g., osmolality) related to changes in pH, excipients, or other factors, in
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determining an appropriate BUD. In some cases, this may require systematic quality control
testing over time to validate the appropriateness of a particular BUD.
Another activity considered a compounding activity is splitting of commercially marketed kits.
Kit-splitting (also referred to as “fractionation”) should be restricted to times of shortage to
stretch existing inventory to meet patient need. For example, the contents of a kit vial can be
constituted with 0.9% sodium chloride injection and aliquoted into other containers for storage
and subsequent radiolabeling. The individual responsible must consider all possible interactions
of kit components with these other containers (e.g., container walls, closures), as well as
possible alterations in stability (e.g., physical stability, chemical stability) that may affect
radiolabeling yields or performance parameters, when determining an appropriate BUD. In some
cases, systematic quality control testing is required to validate the appropriateness of a
particular BUD.
10.3 Sterile Compounding Using a Nonsterile Drug Substance or Components
Some sterile compounding activities involve the use of materials other than commercially
marketed products, such as drug substances and/or radionuclides. If one or more materials or
components are not certified to be sterile and pyrogen-free, a sterilization procedure (e.g.,
filtration with bubble point testing) and testing described in 〈85〉 must be performed prior to
dispensing. The individual responsible for compounding is responsible for ensuring that the final
preparation complies with pre-established standards or acceptability criteria for identity,
quality, and purity. The individual responsible for compounding must consider all possible
interactions between the components, such as altered chemical stability, radiochemical
stability, solubility, or other parameters (e.g., osmolality) related to changes in pH, excipients,
or other factors, in determining an appropriate BUD. In some cases, this may require systematic
quality control testing over time to validate the appropriateness of a particular BUD.
If compounding involves a bulk drug substance, the radiopharmaceutical must comply with
standards of an applicable USP or NF monograph, or be a component of an approved drug
product. For this chapter, a bulk drug substance includes a radioisotope, a ligand, or other
substance, such as a precursor that becomes an active ingredient in the final
radiopharmaceutical. Each bulk drug substance should be manufactured by drug establishments
registered with FDA and be accompanied by a valid CoA or equivalent testing procedures.
If compounding involves excipients or other inactive ingredients, the excipients or other
inactive ingredients must comply with standards of an applicable USP or NF monograph, if one
exists. It is also acceptable that any excipients or other inactive ingredients be approved
products, manufactured by a drug establishment registered with the FDA.
Compounding must not be performed for any radiopharmaceutical that has been withdrawn
from the market because of safety or lack of effectiveness, unless part of an institutional
review board approved investigational study.
11.DISPENSING
11.1 Dispensing and Radioassay
Dispensing refers to the manipulations necessary to transfer the prescribed or ordered
amount of radiopharmaceutical into the final container (e.g., syringe or vial). Dispensing can
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take place from single-use or multi-dose containers of prepared, prepared with minor
deviations, compounded, or manufactured radiopharmaceuticals, and may involve needle
changes, affixing a sterile cap, or dilution (e.g., 0.9% sodium chloride injection) in the final
container. For nonsterile radiopharmaceuticals, an example is obtaining 1 capsule from a
container holding 1 or more capsules. For sterile radiopharmaceuticals, an example is
withdrawing a volume of solution from a single-use or multi-dose vial into a syringe. Labeling of
the final patient-specific dose or ordered amount of a radiopharmaceutical is also a component
of the dispensing process.
Except for an unopened manufacturer container, the final patient dose or ordered amount
must be radioassayed (i.e., in a dose calibrator). The measured activity should be
mathematically corrected for radioactive decay to the time of scheduled administration
(calibration time) (refer to 13. Quality Assurance and Quality Control). However, the activity at
calibration time must always be within federal, state, and local variance limits.
11.2 Labeling
The labeling of radiopharmaceuticals can fall under the jurisdiction of numerous regulatory
agencies. Individual boards of pharmacy and other regulatory bodies may have very specific
statutes and/or regulations concerning this process. The requirements specified in this chapter
must be considered the minimum requirements for the labeling of the final inner container (e.g.,
syringe, vial) and the outer shielding (e.g., syringe or vial shielding). Therefore, all personnel
distributing and/or dispensing radiopharmaceuticals should verify that any labeling is in
compliance with the expectations of their respective regulatory oversight agency.
Due to the additional vigilance that should be applied toward therapeutic and blood-product
radiopharmaceuticals, the patient name or, in the case of a research subject, a unique
identifier should be present on all inner radiopharmaceutical containers and outer shielding.
As part of dispensing, the inner container must be labeled with the following:
Standard radiation symbol
The words “Caution—Radioactive Material”
For all therapeutic and blood-products, the patient name/identifier
Radionuclide and chemical form (generic name)
Radioactivity with units at time of calibration and the calibration time
As part of dispensing, the outer shielding must be labeled with the following:
Standard radiation symbol
The words “Caution—Radioactive Material”
For all therapeutic and blood-products, the patient name/identifier
Calibration date and time for the dose
Activity dispensed with units at calibration date and time
Radionuclide and chemical form (generic name)
Volume dispensed (as applicable)
Number of dosage units dispensed (e.g., 2 capsules, as applicable)
BUD (see Table 7) and special storage and handling instructions for non-immediate use
(e.g., refrigeration, resuspension)
11.3 Direct Infusion Systems
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The information in this chapter is strictly limited to the sterility and aseptic practices to use
for direct infusion systems. The described infusion systems are approved medical devices by
the FDA. The manner in which all necessary solutions (e.g., radiopharmaceutical and diluent)
are used in conjunction with the system was a consideration in the overall approval process for
the system. Therefore, all operators for the described or future approved direct infusion
systems must follow the “Instructions for Use” in the device labeling.
Direct infusion generators (e.g., rubidium 82 Cl) may employ a container of eluant (e.g.,
bag of 0.9% sodium chloride injection) to allow administration of the eluate directly to
patient(s).
Direct infusion devices (e.g., portable PET patient-infusion system) provide a method
for dispensing and administration from a multi-dose container of the radiopharmaceutical
(e.g., fludeoxyglucose F18 injection) and the diluent (e.g., 0.9% sodium chloride
injection) directly in patients to reduce the radiation exposure to personnel.
In each of these situations, the radiopharmaceutical container must be attached to or
be needle-punctured by the respective direct infusion system. Given that such direct
infusion systems are intended for multiple patients over the course of several hours,
there could be a sterility concern if not operated properly. Therefore, the following
parameters must be considered by the operator of the system.
Setup attachment or needle-puncture should be performed in a defined
environment
Aseptic handling in ambient air with a maximum BUD of 10 h is allowed for these
direct infusion systems (see Table 7)
The saline bag attached to the device may only be punctured once and may be
used for NMT 10 h. The bag must be labeled with the date and time of puncture
and the BUD
Any parts of the device that may encounter the septum of the
radiopharmaceutical vial must be disinfected with sterile 70% IPA prior to
puncturing the vial with the needle
The septum of any vial and the ports of any diluent bag must be disinfected
with a sterile 70% IPA wipe prior to puncturing
When puncturing the vial in ambient air, it must only be punctured once
If there are problems with the infusion device, no sterile container associated
with the system can be repunctured or transferred to a PEC for further
manipulations and the container, with contents, must be discarded
11.4 Transporting Generators Between Facilities
The following guidelines must be followed when transporting generators between facilities:
The generator needle and/or ports must be capped in ISO Class 8 air or better with
sterile protectors
The generator must be packaged and transported in a manner to maintain the sterility
of the generator system and prevent damage
12. REPACKAGING
Repackaging refers to the act of removing an FDA-approved radiopharmaceutical from the
container in which it was distributed by the original manufacturer and placing it into a different
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container without further manipulation of the product. Repackaging also includes the act of
placing the contents of multiple containers of the same finished drug product into one
container, as long as the container does not include other ingredients. Repackaging may be
performed for nonsterile radiopharmaceuticals (e.g., I-131 sodium iodide oral capsules) and for
nonsterile radiopharmaceuticals (e.g., thallous chloride Tl 201 injection).
Except for unopened manufacturer dosage units (e.g., capsules, Xe-133 vials), the
repackaged radiopharmaceutical must be radioassayed (i.e., in a dose calibrator). The inner
container should be labeled with the following:
Standard radiation symbol
The words “Caution—Radioactive Material”
The radionuclide and chemical form (generic name)
Radioactivity with units at time of calibration and the calibration time
The outer shielding should be labeled with the following:
Standard radiation symbol
The words “Caution—Radioactive Material”
The radionuclide and chemical form (generic name)
Radioactivity with units at time of calibration and the calibration time
Volume, or number of units (e.g., capsules), as applicable
Product expiration or BUD (see Table 7), as applicable
Special storage and handling instructions
13. QUALITY ASSURANCE AND QUALITY CONTROL
Quality assurance (QA) is a system of procedures, activities, and oversight that ensures that
radiopharmaceutical processing consistently meets quality standards. Quality control (QC) is
the sampling, testing, and documentation of results that, taken together, ensure that
specifications have been met before release of the radiopharmaceutical. See Quality Assurance
in Pharmaceutical Compounding 〈1163〉.
A facility’s QA and QC programs must be formally established and documented in SOPs that
ensure that all aspects of the preparation of radiopharmaceuticals are conducted in accordance
with this chapter and applicable federal, state, and local laws and regulations. A designated
person must ensure that the facility has formal, written QA and QC programs that establish a
system of:
1.
2.
3.
4.

Adherence to procedures,
Prevention and detection of errors and other quality problems,
Evaluation of complaints and adverse events, and
Appropriate investigations and corrective actions.

The SOPs must describe the roles, duties, and training of the personnel responsible for each
aspect of the QA program. The overall QA and QC program must be reviewed at least once
every 12 months by the designated person. The results of the review must be documented and
appropriate corrective action must be taken, if needed.
13.1 Notification About and Recall of Out-of-Specification Dispensed
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Radiopharmaceuticals
If a radiopharmaceutical is dispensed or administered before the results of release testing are
known, the facility must have procedures in place to:
1. Immediately notify the prescriber of a failure of specifications with the potential to
cause patient harm (e.g., sterility, strength, purity, bacterial endotoxin, or other quality
attributes), and
2. Determine whether a recall is necessary.
The SOP for recall of out-of-specification dispensed radiopharmaceuticals must contain
procedures to:
Determine the severity of the problem and the urgency for the implementation and
completion of the recall
Determine the distribution of any affected radiopharmaceutical, including the date and
quantity of distribution
Identify patients who have received the radiopharmaceutical
Outline the disposition and reconciliation of the recalled radiopharmaceutical
The sterile process facility must document the implementation of the recall procedures. The
recall must be reported to appropriate regulatory bodies as required by applicable jurisdictional
laws and regulations (e.g., state board of pharmacy, state health department).
13.2 Complaint Handling
Radiopharmaceutical facilities must develop and implement SOPs for handling complaints.
Complaints may include concerns or reports on the quality and labeling of, or possible adverse
reactions to, a specific radiopharmaceutical.
A designated person must review all complaints to determine whether the complaint indicates
a potential quality problem with the radiopharmaceutical. If it does, a thorough investigation
into the cause of the problem must be initiated and completed. The investigation must consider
whether the quality problem extends to other radiopharmaceuticals. Corrective action, if
necessary, must be implemented for all potentially affected radiopharmaceuticals. Consider
whether to initiate a recall of potentially affected radiopharmaceuticals and whether to cease
sterile compounding until all underlying problems have been identified and corrected.
A readily retrievable written or electronic record of each complaint must be kept by the
facility, regardless of the source of the complaint (e.g., e-mail, telephone, mail). The record
must contain the name of the complainant, the date the complaint was received, the nature of
the complaint, and the response to the complaint. In addition, to the extent that the
information is known, the following should be recorded: the name and strength of the
radiopharmaceutical and the assigned internal identification number (e.g., prescription, order, or
lot number).
The record must also include the findings of any investigation and any follow-up. Records of
complaints must be easily retrievable for review and evaluation for possible trends and must be
retained in accordance with the record keeping requirements in 8. Documentation. A
radiopharmaceutical that is returned in connection with a complaint must be quarantined until it
is destroyed after completion of the investigation and in accordance with applicable

PF 44(5): Sep.-Oct. 2018

363

jurisdictional laws and regulations.
13.3 Adverse Event Reporting
Adverse events potentially associated with the quality of radiopharmaceuticals must be
reported in accordance with the facility’s SOPs and all applicable jurisdictional laws and
regulations. In addition, adverse events potentially associated with the quality of the
radiopharmaceutical preparation should be reported to the applicable jurisdictional regulatory
body (e.g., state boards of pharmacy, state health departments, FDA’s MedWatch program for
human drugs, or FDA Form 1932a for animal drugs).
GLOSSARY
Administration: The direct and immediate application of a radiopharmaceutical to a patient by
injecting, infusing, or otherwise providing a radiopharmaceutical in its final form.
Airlock: A space with interlocked doors, constructed to maintain air pressure control when
items move between two adjoining areas (generally with different air cleanliness standards).
The intent of an airlock is to prevent ingress of particulate matter and microbial contamination
from a lesser-controlled area.
Ante-room: An ISO Class 8 or cleaner room with fixed walls and doors where personnel hand
hygiene and garbing procedures and other activities that generate high particulate levels are
performed. The ante-room is the transition room between the unclassified room of the facility
and the buffer room.
Aseptic processing or preparation: A process by which separate, sterile components (e.g.,
drugs, containers, or closures) are brought together under conditions that maintain their
sterility. The components can either be purchased as sterile or, when starting with nonsterile
components, can be separately sterilized prior to combining (e.g., by membrane filtration,
autoclave).
Aseptic technique: A type of technique used to keep objects and areas free of
microorganisms and thereby minimize infection risk to the patient. It is accomplished through
practices that maintain the microbe count at an irreducible minimum.
As low as (is) reasonably achievable (ALARA): The effort to maintain exposures to ionizing
radiation as far below the dose limits as practical, consistent with the purpose for which the
licensed activity is undertaken, in relation to utilization of licensed materials in the public
interest. Limiting exposure time, using adequate shielding, and maintaining the most distance
possible from all radioactive sources (i.e., distance & shielding) are the basic principles for
successfully following ALARA guidelines.
Beyond-use date (BUD): For compounded, prepared, repackaged, or dispensed
radiopharmaceuticals, the date and time beyond which it cannot be administered. Determination
of the BUD is based on the stability of quality attributes, such as sterility, radiochemical purity,
radionuclidic purity, and other applicable parameters.
Blood components: Any constituent of blood that is separated by physical or mechanical
means (e.g., white cells, platelets) and used to be radiolabeled.
Buffer room: An ISO Class 8 or cleaner room with fixed walls and doors where PEC(s) that
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generate and maintain an ISO Class 5 environment are physically located. The buffer room may
only be accessed through the ante-room.
Chemical purity: The fraction of the total chemical species present in the radiopharmaceutical
as the specified chemical component(s). Hence, a chemical impurity is the presence of an
unwanted nonradioactive chemical.
Class II biological safety cabinet (BSC): A cabinet with an open front and inward and
downward unidirectional HEPA-filtered airflow and HEPA-filtered exhaust. A BSC used to prepare
radiopharmaceuticals must be capable of providing an ISO Class 5 environment.
Classified room: An area that maintains an air quality classification based on the ISO
guidelines (i.e., ante-room, buffer room).
Cleaning agent: An agent for the removal of residues (e.g., dirt, debris, microbes, and residual
drugs or chemicals) from surfaces.
Compounding: The making of an unapproved radiopharmaceutical, pursuant to a valid
prescription, for administration to a patient in situations where an FDA-approved, commercially
manufactured drug product is not available or appropriate. Examples of compounding include,
but are not limited to, mixing of two or more FDA-approved drug products (except diluents),
not consistent with preparation (see 9. Preparation); alteration of the FDA-approved dosage
form (e.g., making a solution or suspension from a solid oral dosage form); “extemporaneous”
preparation using an FDA-approved drug substance and/or raw materials.
Critical site: A location that includes any component or fluid pathway surfaces (e.g., vial
septa, injection ports) or openings (e.g., needle hubs) that are exposed and at risk of direct
contact with air (e.g., ambient room or HEPA-filtered), moisture (e.g., oral and mucosal
secretions), or touch contamination.
Designated person: One or more individuals assigned to be responsible and accountable for
the performance and operation of the radiopharmaceutical processing facility and personnel
who prepare, compound, dispense, and repackage radiopharmaceuticals.
Disinfectant: A chemical or physical agent used on inanimate surfaces and objects to destroy
fungi, viruses, and bacteria. Sporicidal disinfectant agents are considered a special class of
disinfectants that also are effective against bacterial endospores.
Dispensing: The making and labeling of a patient-specific dose obtained from a single-use or
multi-dose container (e.g., withdrawing a volume of finished product or preparation from a vial
into a syringe). As part of dispensing, the patient-specific dose may be diluted, as appropriate,
to a larger volume with an appropriate diluent. A sub-set of dispensing is “repackaging” which is
the act of removing an FDA-approved radiopharmaceutical from the container in which it was
distributed by the manufacturer and placing it into a different container without further
manipulation of the product. It is the responsibility of the individual responsible for the
dispensing to ensure appropriate identity, strength, and purity throughout the assigned BUD.
Dynamic operating condition: Conditions in the SRPA or classified room in which operating
personnel are present and performing actual or simulated activities. The PEC should contain
equipment and materials regularly used for radiopharmaceutical processing (e.g., low-lint
absorbent pads, dose calibrator, syringe shields).
Expiration date: For manufactured drug products (including, but not limited to, finished
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radiopharmaceuticals, generators, and kits), the specified date (and time) beyond which the
product cannot be administered. The expiration date is determined by the manufacturer and
cannot be extended by individual practitioners. A BUD must be assigned to compounded and
prepared radiopharmaceuticals, taking into account conditions outlined in 6. Assigning BUD and
Table 7 and established in accordance with a facility’s SOPs.
First air: The air exiting the HEPA filter in a unidirectional air stream.
Garb: Items such as gloves, gowns, shoe covers, head and facial hair covers, masks, and other
items designed to reduce particle shedding from personnel and minimize the risk of bacterial
contamination to radiopharmaceuticals.
High efficiency particulate air (HEPA) filtration: Being, using, or containing a filter designed
to remove 99.97% of airborne particles measuring 0.3-micron or greater in diameter passing
through it.
Hot-cell: A device used for the shielding and the containment of radioactive materials. The
shielding material(s) (e.g., lead) is generally incorporated into the structure of the unit itself.
Radiopharmaceutical personnel carry out the majority of the tasks within the hot-cell from the
exterior of the unit. This is accomplished by the use of remote manipulation systems (e.g.,
manipulator arms) of various designs. Numerous air quality configurations of the hot-cell may
exist, including integrated HEPA filtration systems to render all or a specified portion (direct
compounding area) of the device capable of certifying to a controlled ISO Class 5 environment.
In other situations, the hot-cell offers only radiation protection and a laminar flow hood,
capable of achieving an ISO Class 5 environment, is placed within the enclosure to allow for
safe aseptic manipulations. A hot-cell may also be referred to by other designations (e.g.,
shielded isolator with laminar flow, PET dispensing station, manipulator hot-cell, shielded
isolators for dispensing, radiopharmaceutical dispensing isolator, etc.). However, the overall
functionality and purpose of these devices remains the same.
Hot lab: Nonclassified radiopharmaceutical processing area without a PEC located within a
hospital or clinical site that is only appropriate for immediate use radiopharmaceuticals.
Immediate use: A preparation of a sterile radiopharmaceutical for a single patient using only
sterile FDA-approved starting ingredients when administration will begin within 1 hour of
beginning the preparation (e.g., within 1 hour of initial entry or puncture of any container) and
is only required to follow the immediate use standards in this chapter (see 3.4 Hand Hygiene
and Garbing for Immediate Use Preparations and 9.4 Immediate Use of Red Blood Cell
Labeling).
Inverse square law: The specified physical quantity or intensity of a radiation emission is
inversely proportional to the square of the distance from the source of the emission.
ISO class: An air quality classification from the International Organization for Standardization.
Kit: Commercially manufactured package containing all ingredients required to prepare a
radiopharmaceutical with the exception of the radionuclide.
Kit-splitting (fractionation): The act of dividing the contents of a kit vial and transferring
aliquots into other containers for storage and subsequent radiolabeling.
Ligand: An ion or molecule that binds to a metal atom to form a coordination complex.
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Line of demarcation: A visible line on the floor that separates the clean and dirty sides of the
ante-room.
Low-lint wiper: A wiper exhibiting few, if any, fibers or other contamination, visible without
magnification, which is separate from, or easily removed from, the wiper material in a dry
condition.
Media-fill test: A simulation used to qualify processes and personnel engaged in sterile
radiopharmaceutical processing to ensure that the processes and personnel are able to prepare
radiopharmaceuticals without bacterial contamination.
Multiple-dose container: A container of a sterile radiopharmaceutical for parenteral
administration (e.g., injection or infusion) that is designed to contain more than one dose of
the radiopharmaceutical.
Negative-pressure room: A room that is maintained at lower pressure than the adjacent
spaces, and therefore the net airflow is into the room. This room is appropriate for volatile
radiopharmaceuticals (e.g., I-131 NaI).
One-step disinfectant: A product with an EPA-registered claim that it can clean and disinfect
a nonporous surface in the presence of light to moderate organic soiling without a separate
cleaning step.
Pass-through: An enclosure with sealed doors on both sides that are interlocked. The passthrough is positioned between two spaces creating an airlock for the purpose of minimizing
particulate transfer while moving materials from one space to another.
Patient-specific dose: A radiopharmaceutical in its final form ready for administration (e.g.,
capsule, sterile solution in a syringe) consisting of the amount (dose) prescribed, ordered, or
other intended for a specific patient.
Perimeter: A visible line on the floor that defines the boundaries of the SRPA.
Positive-pressure room: A room that is maintained at higher pressure than the adjacent
spaces, and therefore the net airflow is out of the room.
Preparing: The act of combining a kit with a radionuclide solution and other kit components
following manufacturer instructions.
Preparing with minor deviations: The act of combining a kit with a radionuclide solution and
other kit components generally following manufacturer instructions but with minor deviations.
Examples of minor deviations include, but are not limited to, altering the amount of activity or
volume added to the vial, changes in step-by-step operations (e.g., dilute Tc 99m solution
after, rather than before, addition to the vial), using alternative devices or equipment (e.g., a
heating block rather than a hot water bath), and using alternative radiochemical purity testing
methods. The individual preparing the radiopharmaceutical must ensure that the final
preparation maintains appropriate quality and purity, including radiochemical purity and
radionuclidic purity, as specified in individual monographs, manufacturer labeling, or other
applicable parameters as clinically appropriate.
Primary engineering control (PEC): A device or zone that provides an ISO Class 5 air quality
environment for sterile processing.
Pyrogen: A substance that induces a febrile reaction in a patient.
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Radioactive materials (RAM) license: A document(s) issued by the US NRC or an Agreement
State that authorizes various activities involving the use of radioactive materials. These uses
can include possession, research and development, distribution, medical use, and other
purposes not included in this list. Only those activities specifically authorized are allowed. The
prospective licensee submits an application stating the type of license(s) desired, what
radionuclides and quantities are requested, the purpose for requesting a license, training and
experience for one or more AUs, for a radiation safety officer, and for general radiation
personnel. The application also includes a copy of the applicant’s Radiation Protection Program
detailing how the applicant will ensure the safety of the employees, the public, and the
environment while engaging in authorized activities. Licensees are subject to periodic inspection
by the licensing agency.
Radioassay: Measurement of the amount of radioactivity present in a container using a
suitable instrument, such as a well-type ionization chamber (dose calibrator).
Radiochemical purity: The ratio, expressed as a percentage, of the radioactivity of the
intended active radiopharmaceutical ingredient to the total radioactivity of all radioactive
ingredients and impurities present in the radiopharmaceutical preparation (see Radioactivity
〈821〉).
Radionuclidic purity: The ratio, expressed as a percentage, of the radioactivity of the
intended radionuclide to the total radioactivity of all radionuclides in the radiopharmaceutical
preparation (see 〈821〉).
Radiopharmaceutical (radiopharmaceutical preparation/radioactive drug): (See 〈821〉.) A
finished dosage form that contains a radioactive substance in association with one or more
other ingredients and that is intended to diagnose, stage a disease, monitor treatment, or
provide therapy. A radiopharmaceutical includes any nonradioactive reagent kit or radionuclide
generator that is intended to be used in the preparation of any such substance. The terms
“radiopharmaceutical” and “radioactive drug” are commonly used interchangeably.
Repackaging: The act of removing an FDA-approved radiopharmaceutical from the container in
which it was distributed by the original manufacturer and placing it into a different container
without further manipulation of the product. Repackaging also includes the act of placing the
contents of multiple containers (e.g., vials) of the same finished drug product into one
container, as long as the container does not include other ingredients. If a radiopharmaceutical
is manipulated in any other way, including if it is reconstituted, diluted, mixed, or combined with
another ingredient, that act is not considered repackaging. It is the responsibility of the
individual responsible for the repackaging to ensure appropriate identity, strength, and purity
throughout the assigned BUD.
Restricted area: Any area to which access is controlled for the protection of individuals from
exposures to radiation and radioactive materials.
Secondary engineering control (SEC): The area where the PEC is placed (e.g., a classified
room or an SRPA). It incorporates specific design and operational parameters required to
minimize the risk of bacterial or fungal contamination.
Segregated radiopharmaceutical processing area (SRPA): A designated, unclassified space,
area, or room with a defined perimeter that contains a PEC and is suitable for
radiopharmaceutical preparation (with and without minor deviations), dispensing, and
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repackaging only. If the SRPA is used to elute radionuclide generators it must have ISO Class 8
air quality.
Shielding: Barriers of appropriate radiation attenuating material, used in the
radiopharmaceutical practice setting, to protect the personnel. These barriers can be general in
nature (e.g., L-block, hot-cell), as to afford protection from a radiation field, or specific to a
container used to hold a particular radiopharmaceutical (e.g., syringe shield, vial shields,
dispensing “pigs”).
Single-dose containers: A container of a sterile radiopharmaceutical for parenteral
administration (e.g., injection or infusion) that is designed for use with a single patient as a
single injection/infusion.
Specific activity: The radioactivity of a radionuclide per unit mass of the element or compound
(see Radioactivity—Theory and Practice 〈1821〉). The unit of specific activity is radioactivity per
mass expressed on a gram or mole basis [e.g., mCi/µg (MBq/µg); Ci/mmol (GBq/mmol)].
Sporicidal agent: A chemical or physical agent that destroys bacterial and fungal spores when
used in sufficient concentration for a specified contact time. It is expected to kill all vegetative
microorganisms.
Start of preparation: Time at which the needle initially penetrates the container.
Sterility: The absence of viable microorganisms.
Strength: The radioactivity concentration of the radiopharmaceutical at the calibration time
(see 〈821〉). The unit of strength is the amount of radioactivity on a volume basis (e.g., mCi/mL
or MBq/mL).
Unclassified space: A space not required to meet any air cleanliness classification based on
the ISO.
Unrestricted use: An area in which a person could not be exposed to radiation levels in excess
of 2 mrems in any 1 h from external sources.
Use-by time: For radiopharmaceuticals prepared from kits, the time period after preparation
during which the radiopharmaceutical should be used or administered, as suggested or stated
by the kit manufacturer.
APPENDICES
Appendix 1: Abbreviations
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ACPH
ALARA
ANP
AU
BSC
BUD
CETA
cfu
CoA
DPA
EPA
FDA
HEPA
HVAC
IPA
ISO
LAFW
MFR
MAA
NRC
PEC
PET
RAM
SEC
SOP
SRPA
TSA

Air changes per hour
As low as (is) reasonably achievable
Authorized nuclear pharmacist
Authorized user
Biological safety cabinet
Beyond-use date
Controlled Environment Testing Association
Colony-forming unit
Certificate of analysis
Direct processing area
Environmental Protection Agency
Food and Drug Administration
High-efficiency particulate air
Heating, ventilation, and air conditioning
Isopropyl alcohol
International Organization for Standardization
Laminar airflow workbench
Master Formulation Record
Macroaggregated albumin
Nuclear Regulatory Commission
Primary engineering control
Positron emission tomography
Radioactive material
Secondary engineering control
Standard operating procedure
Segregated radiopharmaceutical processing area
Trypticase soy agar

Appendix 2: Example Designs for Radiopharmaceutical Handling
Type of Facility
Design

Example Design
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Sterile and
nonsterile
radiopharmaceutical
processing areasa
a The arrows indicate the direction of airflow.
2S (USP42)

1 C enters for Disease C ontrol and Prevention. Guideline for Disinfection and Sterilization in Healthcare
Facilities, 2008.
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2. QUALIFICATION OF NIR SPECTROMETERS
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2.2 Operational Qualification
2.3 Performance Qualification
3. PROCEDURE
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4. VALIDATION AND VERIFICATION
4.1 Validation
4.2 Verification
Change to read:
1. INTRODUCTION
Near-infrared (NIR) spectroscopy covers the electromagnetic field wavelength range from 780
to 2500 nm, with the frequencies expressed in wavenumbers (from
about 2S (USP42)
12,821–4000 cm−1). NIR spectroscopy is a vibrational spectroscopic technique that measures
the absorption of radiation in this wavelength range that is resonant with frequencies from
molecular dipole changes in the sample; thus, NIR spectroscopy is related to infrared (IR)
spectroscopy. The NIR spectroscopic region is dominated by overtone and combination
frequencies of the molecular fundamental harmonic frequencies in the mid-IR region. The molar
absorptivities in the NIR region tend to be much lower than those in the IR region, and the
radiation can penetrate several millimeters into the material, giving rise to a wavelengthdependent scattering signal overlapping the molecular absorbance signals.
Not all materials absorb NIR radiation, and materials such as glass are relatively transparent.
These attributes of NIR spectroscopy have been shown to be useful in the area of
pharmaceutical analysis for both qualitative and quantitative applications. For further discussion
of the theory and applications, see Near-Infrared Spectroscopy 〈1119〉, which may be a helpful,
but not mandatory, resource.
The instrument qualification tests and acceptance criteria provided in this chapter may not
be appropriate for some instrument configurations. In such cases, alternative instrument
qualification and performance checks should be scientifically justified and documented before
use. In addition, validation parameters discussed in this chapter may not be appropriate for all
applications of NIR spectroscopy. Validation parameters characterized for a specific NIRspectroscopic application should demonstrate the suitability of the application for its intended
use. For further discussion of the theory and applications of chemometrics, see
Chemometrics 〈1039〉. 2S (USP42)
Change to read:
2.QUALIFICATION OF NIR SPECTROMETERS
Qualification of NIR spectrometers is divided into three components: 1) installation
qualification (IQ), 2) operational qualification (OQ), and 3) performance qualification (PQ). For
further discussion on qualification, see Analytical Instrument Qualification 〈1058〉.
2.1 Installation Qualification
The IQ requirements elicit evidence that the hardware and software are properly installed in
the desired location.
2.2 Operational Qualification
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In OQ, an instrument’s performance is characterized using standards to verify that the
system operates within target specifications. The purpose of OQ is to demonstrate that
instrument performance is suitable. Because there are so many different approaches for
measuring NIR spectra, OQ using standards with known spectral properties is recommended.
The use of external, traceable reference standard materials does not justify omitting the
instrument's internal quality control procedures. This may be achieved by using the instrument
performance checks, and/or
2S (USP42)

external, traceable certified reference materials (CRMs) as appropriate. 2S (USP42) As is the
case with any spectroscopic device, wavelength uncertainty,
accuracy, 2S (USP42)
photometric linearity, and noise characteristics of NIR instruments must be qualified against
target specifications for the intended application.
The OQ tests described in the sections that follow are typical examples only. Other tests and
samples can be used to establish specifications for OQ. Instrument vendors often have samples
and test parameters available as part of the IQ/OQ package. The acceptance specifications
given in this section are applicable for general use specifically, whereas specifications for
particular instruments and applications can vary, depending on the analytical method used and
the desired accuracy of the final result.
2.2.1 CHARACTERIZING INSTRUMENT PERFORMANCE
Use the apparatus according to the manufacturer’s instructions, and carry out the prescribed
verification at regular intervals. For in-line and on-line applications, the use of alternative
means of control of instrument performance must be scientifically justified. For example, use
the manufacturer’s internal standards or use separate channels/probes, with scientific
justification, to demonstrate instrument performance. System suitability tests may be required
prior to sample scanning, and the instrument attributes with the most variation (typically
photometric noise and wavelength accuracy) must be tested. The frequency at which each
performance test is conducted must be assessed for risk, depending on the instrument type
and its environment. For example, instruments placed in harsh environments, such as
environments with changing temperature and humidity, will need frequent performance testing.
Wherever possible, in the procedures for determining wavelength accuracy and linearity,
analysts must use CRMs rather than laboratory-prepared solutions. These CRMs should be
obtained from a recognized, accredited source and should include independently verified,
traceable value assignments with associated calculated uncertainty. CRMs are to be kept clean
and free from dust. Recertification is to be performed periodically to maintain the validity of the
certification.
2.2.2 WAVELENGTH ACCURACY
Wavelength
accuracy:

2S (USP42)

2S (USP42)

NIR spectra from sample and/or reference standard materials can be used to demonstrate an
instrument’s suitable wavelength-dispersion performance against target specifications.
Typically, wavelength uncertainty accuracy 2S (USP42) is characterized from a single
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spectrum (collected with the same spectral resolution used to obtain the standard value) using
a minimum of three peaks that cover a suitable spectral range of the instrument.
Verification of wavelength scale (except for filter apparatus): Verify the wavelength scale
utilized, which is generally in the region between about 780 and about 2500 nm (about 12,800
to about 4000 cm−1) or in the intended spectral range using one or more suitable wavelength
standards that have characteristic maxima or minima within the range of methodology
wavelengths to be used.
Fourier transform (FT) instruments have a linear frequency range; therefore, wavelength
certification at a single frequency is sufficient. 2S (USP42)
The USP Near IR System Suitability RS can be used for wavelength verification. Suitable
materials for demonstrating wavelength dispersion performance must be used. With appropriate
justification, alternative standards may be used. Additional information on calibration
considerations may be found in 〈1119〉.
Typical tolerances for agreement with standard values are: ±1.0 nm from approximately 700
to 2,000 nm and ±1.5 nm above 2,000 nm to approximately 2,500 nm (±8 cm−1 below 5,000
cm−1, and ±4 cm−1 from 5,000 to approximately 14,000 cm−1).
±1.0 nm at 780 nm (±16 cm−1 at 12,800 cm−1)
±1.0 nm at 1200 nm (±8 cm−1 at 8300 cm−1)
±1.0 nm at 1600 nm (±6 cm−1 at 6250 cm−1)
±1.5 nm at 2000 nm (±4 cm−1 at 5000 cm−1)
±1.5 nm
3.0 nm 2S (USP42)
at 2500 nm (±2 cm−1 at 4000 cm−1)
2S (USP42) For the reference material used, apply the tolerance for the nearest wavelength (or
wavenumber) from the above information for each peak used. For diode array instruments, the
pixel resolution (wavelength between pixels) can be as large as 10 nm. The pixel resolution
must be adapted to match the spectral resolution
consistent with the required spectral resolution. 2S (USP42)
The peak-finding algorithms are critical to wavelength accuracy. From a practical standpoint,
±2 nm is appropriate for peak wavelength accuracy when using such instrumentation.
Alternatively, refer to the manufacturer’s specifications for acceptance.
2.2.3 PHOTOMETRIC LINEARITY AND RESPONSE STABILITY
Photometric linearity is typically characterized in the range from 10% to 90% reflection
reflectance 2S (USP42)
(or transmission
transmittance 2S (USP42)
). NIR applications based on measuring an absorbance larger than 1.0 may require standards
with reflectivity properties between 2% and 5% reflection
reflectance 2S (USP42)
(or transmission
transmittance 2S (USP42)
) for characterizing instrument performance at low reflectance. The purpose is to demonstrate
a linear relationship between NIR reflectance and/or transmittance and instrument response
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across the scanning range of the instrument. Subsequent verifications of the photometric
model can use the initial observed absorbance values as the established values.
Measure four photometric standards across the working method absorbance range. Typical
tolerances for a linear relationship are 1.00 ± 0.05 for the slope and 0.00 ± 0.05 for the
intercept of a plot of the measured photometric response versus the standard photometric
response. Alternative tolerances may be used when justified for specific applications. A
tolerance of ±2% is acceptable for long-term stability.
2.2.4 PHOTOMETRIC NOISE
NIR instrument software may include built-in procedures to automatically determine system
noise and to provide a statistical report of noise or signal-to-noise ratio (S/N) over the
instrument’s operating range. In addition, it may be desirable to supplement such checks with
measurements that do not rely directly on manufacturer-supplied procedures. Typical
procedures involve measuring spectra of traceable reference materials with both high and low
reflectance. Determine the photometric noise using suitable reflectance standards. Tolerances
for these procedures should demonstrate suitable S/N for the intended application. Follow the
manufacturer’s methodology and specifications.
High-flux noise: Instrument noise is evaluated at high-light flux by measuring reflectance or
transmittance of the reference standard, with the reference material (e.g., 99% reflection
reflectance 2S (USP42)
standard) acting as both the sample and the background reference.
Low-flux noise: The same procedure may be used with a lower-reflectivity reference material
(e.g., 10% reflectance standard) to determine system noise at reduced-light flux. The source,
optics, detector, and electronics make significant contributions to the noise under these
conditions.
2.3 Performance Qualification
The objective of PQ is to ensure that the instrument is performing within specified limits with
respect to wavelength and photometric precision. In certain cases, when the instrument has
been set up for a specific measurement, it might no longer be possible or desirable to measure
the wavelength and photometric (signal) qualification reference standards used in the OQ.
Provided that the instrument OQ has shown that the equipment is fit for use, a single external
performance verification standard can be used on a continuing basis (e.g., daily or before use).
The performance verification standard must match the format of the samples in the current
analysis as closely as possible and must use similar spectral acquisition parameters.
Quantitative measurements of an external performance verification standard can be used to
check both the wavelength accuracy and the photometric precision. Favorable comparison of a
series of performance verification spectra demonstrates proper continued operation of the
instrument.
Specific procedures, acceptance criteria, and time intervals for characterizing NIR instrument
performance are selected based on the instrument and intended application. Many NIR
applications use previously validated models that relate NIR spectral response to a physical or
chemical property of interest. Demonstrating stable instrument performance over extended
periods of time provides some assurance that reliable measurements can be taken from sample
spectra using previously validated chemometric models.
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Change to read:
3. PROCEDURE
NIR spectra can be obtained from several sample presentations, including solids, powders,
slurries, gels, liquids, films, and gases. In addition, measurement can be performed through
glass or plastic films that are normally used for containment. Typically, NIR spectroscopy does
not require any sample preparation because the detectors have a wide dynamic range, and the
collection time can be adjusted by the user. It is important to note that specific parameters
such as spectrometer noise, limits of detection (LOD), limits of quantification (LOQ), and
acceptable spectral bandwidth for any given application must be included as part of the
analytical procedure.It is important to note that any appropriate specific parameters required
for a given application—such as spectrometer noise, limits of detection (LOD), limits of
quantification (LOQ), and acceptable spectral bandwidth—must be included as part of the
analytical procedure. Acceptable acquisition parameters and a summary of the validation
results
or ranges hereof, 2S (USP42)
must be included as a part of the respective
2S (USP42)

analytical test procedure. 2S (USP42) Equally important, data pretreatment must be properly
implemented such that the intended measurement sensitivity is not subsequently degraded.
Specific values for tests such as spectrometer noise and bandwidth will be dependent on the
instrument chosen and the purpose required. For this reason, specific instrument tests for
these parameters are not indicated here. Additional details can be found in 〈1119〉.
Change to read:
4. VALIDATION AND VERIFICATION
The objective of NIR procedure validation, as is the case with validation of any analytical
process, is to demonstrate that the measurement is suitable for its intended purpose. NIR
spectroscopy is somewhat different from conventional vibrational spectroscopic techniques,
because it is not a primary technique. Validation can be achieved by the assessment of
variability (precision) and comparison to a reference standard or the result of a validated
primary method (accuracy). The procedure for validation is related to the fundamental
validation characteristics required for any analytical procedure. Data pretreatment is often a
vital step in the chemometric analysis of NIR spectral data. Many suitable data pretreatments
exist; the selection should be based on sound scientific judgment and suitability for the
intended application.
4.1 Validation
Validation is
The validation criteria described below are only 2S (USP42)
required when an NIR spectroscopic procedure is intended for use as an alternative to the
monograph procedure for testing an official article. The objective of procedure validation is to
demonstrate that the measurement is suitable for its intended purpose, including: quantitative
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determination of the main component in a drug substance or drug product (Category I assays);
quantitative determination of impurities or limit tests (Category II); and identification tests
(Category IV; see Validation of Compendial Procedures 〈1225〉, Table 2). Depending on the
category of the test, the analytical procedure validation process for an NIR spectroscopic
method requires the testing of accuracy, precision, specificity, detection limit, quantitation
limit, linearity, range, and robustness as appropriate. 2S (USP42) Note that validated NIR
spectroscopy procedures may not be transferrable to all configurations of NIR spectrometers
because of differences in their inherent performance characteristics.
Chapter 〈1225〉 provides definitions and general guidance on analytical procedures validation
without indicating specific validation criteria for each characteristic. The following sections are
intended to provide the user with specific validation criteria that represent the minimum
expectations for this technology, assuming use of the typical Category I USP specifications of
98.0%–102.0% for a drug substance and 90.0%–110.0% for a drug product. The actual
validation performance characteristics will depend on the specifications in place and must
provide adequate evidence that the measurement capability is sufficient for those
specifications. For certain particular applications, tighter criteria may be needed in order to
demonstrate suitability for the intended use.
4.1.1 ACCURACY
Accuracy is demonstrated by showing the closeness of agreement between the value that is
obtained and either a conventional true value or an accepted reference value from a reference
procedure. Accuracy can be determined by direct comparison between validation results and
actual or accepted reference values. Suitable agreement with reference values is based on
required measurement capability for a specific application. The purpose is to demonstrate a
linear relationship between the NIR spectroscopic results and actual values. If a chemometric
model is used, accuracy can be determined by agreement between the standard error of
prediction (SEP) and the standard error of the reference procedure for validation.
Please see 〈1039〉 for more information. 2S (USP42)
The error of the reference procedure may be known 1) on the basis of historical data, 2)
through validation results specific to the reference procedure, or 3) by calculating the standard
error of the laboratory (SEL). Suitable agreement between SEP and SEL is based on required
measurement capability for a specific application.
2S (USP42)
For Category I and Category II procedures, accuracy can be determined by conducting
recovery studies with the appropriate matrix spiked with known concentrations of the analyte.
It is also an acceptable practice to compare assay results obtained using the NIR spectroscopy
procedure under validation with those obtained from an established alternative analytical
method.
Validation criteria98.0%–102.0% recovery for a drug substance, 95.0%–105.0% recovery for
a drug product assay, and 70.0%–150.0% recovery for an impurity analysis. These criteria must
be met throughout the intended range.
Criteria 1: Suitable agreement between SEP and SEL is based on required measurement
capability for a specific application.
For more information, see 〈1039〉. 2S (USP42)
Criteria 2: In addition to Category I and Category II procedures, 98.0%–102.0% recovery for a
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drug substance, 95.0%–105.0% recovery for a drug product assay, and 70.0%–150.0%
recovery for an impurity analysis. These criteria must be met throughout the intended range.
2S (USP42)

4.1.2 PRECISION
The precision of an NIR spectroscopic procedure expresses the closeness of agreement
among a series of measurements under prescribed conditions. Precision measurements are
typically expressed as the relative standard deviation of a series of results and should be
suitable for the intended application. Two levels of precision should be considered for NIR
spectroscopic procedures: repeatability and intermediate precision.
Repeatability: Repeatability can be demonstrated by either 1) statistical evaluation of a
number of replicate measurements of the sample without repositioning the sample between the
individual spectral acquisitions, or 2)
2S (USP42) statistical evaluation of multiple NIR
procedure results, with each result derived from a replicate analysis of a sample after
repositioning between spectral acquisitions. System precision may be obtained directly from
the analysis of variance (ANOVA) table. 2S (USP42) The analytical procedure can be assessed
by measuring the concentrations of six independently prepared sample preparations at 100% of
the assay test concentration. Alternatively, it can be based on measurements of three
replicates of three separate samples solutions
2S (USP42) at different concentrations.
analyte levels. 2S (USP42) The three concentrations levels 2S (USP42) should be close enough
that the repeatability is constant across the concentration range. If this is done, the
repeatability at the three concentrations may be pooled for comparison to the acceptance
criteria.
Validation criteria: The relative standard deviation is NMT 1.0% for a drug substance assay,
assay, 2S (USP42) and NMT 20.0% for an impurity
2S (USP42) NMT 2.0% for a drug product
analysis.
Intermediate precision: Analysts must test the effects of changes in variables, such as
performing the analysis on different days, using different instrumentation, or having the method
performed by two or more analysts in the repeatability study. At a minimum, any
scientifically justified 2S (USP42)
combination of at least two of these factors totaling
(based upon intended application) 2S (USP42)
six experiments will provide an estimation of intermediate precision.
Validation criteria: The relative standard deviation is NMT 1.0% for a drug substance assay,
2S (USP42) NMT 3.0% for a drug product assay, and NMT 25.0% for an impurity analysis.
4.1.3 SPECIFICITY
The extent of specificity testing depends on the intended application. Specificity is typically
demonstrated by using the following approaches:
Qualitative: Identification testing is a common application of qualitative NIR spectroscopy.
Identification is achieved by comparing a sample spectrum to a reference spectrum or spectra,
for instance, by establishing a mathematical relationship (chemometric model). 2S (USP42)
The specificity of the NIR identification procedure is demonstrated by obtaining positive
identification from samples, coupled with negative results from materials that should not meet
the criteria for positive identification. Materials to demonstrate specificity should be selected
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on the basis of sound scientific judgment
and risk specific to the application (e.g., materials handled in the same area).

2S (USP42)

Quantitative: Quantitative applications of NIR spectroscopy typically first establish a
mathematical relationship (chemometric model) between NIR spectral response and a physical
or chemical property of interest. Demonstration of specificity against a physical or chemical
property of interest is based on interpreting both NIR spectral attributes and chemometric
parameters in terms of the intended application. The demonstration of specificity may include
the following:
Spectral regions can be correlated to the property of interest
Wavelengths used by regression analysis for the calibration (e.g., for multiple linear
regression models) or the loading vector for each factor (e.g., for partial least squares
or principal component regression models) can be examined to verify relevant
spectroscopic information that is used for the mathematical model
Variation in spectra from samples for calibration should be examined and interpreted
Variation in material composition and sample matrix may be shown to have no significant
effect on quantification of the property of interest within the specified procedure range
For Category I and Category II procedures, the specificity is demonstrated by meeting the
accuracy requirements.
For Category IV tests, the identity of the analyte must be confirmed by comparison with
appropriate reference substances.
4.1.4 QUANTITATION LIMIT
A measurement of a representative sample matrix spiked at the estimated quantitation limit
(QL) concentration must be performed to confirm accuracy. The QL can be estimated by
calculating the standard deviation, or the QL can be determined from the error of the intercept
from a calibration curve or by determining that the S/N is >10. Other suitable approaches can
be used (see 〈1225〉).
A measurement of a test sample prepared from a representative sample matrix spiked at the
required QL concentration must be performed to confirm sufficient sensitivity and adequate
precision. The observed S/N at the required QL must be >10.
Validation criteria: For the estimated QL to be considered valid, the measured concentration
must be accurate and precise at a level ≤50% of the specification.
Given that NIR methods are typically multivariate, therefore,
usually macro techniques, 2S (USP42)
there is
normally 2S (USP42)
no need for determining the quantitative
quantitation 2S (USP42)
limit. However, fitness for purpose is
must be 2S (USP42)
demonstrated over the operational range of the analyte. 2S (USP42)
4.1.5 LINEARITY
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Quantitative procedures generally attempt to demonstrate a linear relationship between NIR
spectral response and the property of interest. Although demonstrating a linear response is not
required for all NIR applications, the model chosen should properly represent the relationship.
Linearity of NIR spectroscopic procedures depends on variables such as matrix effects and
data pretreatment. Validation of linearity in NIR procedures may be accomplished by examining
NLT 5 samples that span the operational 2S (USP42) range and by plotting
either 2S (USP42)
the NIR spectral responses versus actual or accepted values for the property of interest. Many
applications may require models of higher order, and various statistical procedures are available
for evaluation of the goodness of fit. Applicable statistics and graphical procedures may be
used as appropriate.
The
Pearson 2S (USP42)
correlation coefficient, R, may not be an informative
is not a 2S (USP42)
measure of linearity. The square of the (Pearson) correlation coefficient is a measure of the
fraction
proportion 2S (USP42)
of the data’s variation
2S (USP42)

that is adequately modeled
satisfies the calibration model, i.e., correlation. 2S (USP42)
Linearity depends on the standard error of the calibration equation
function 2S (USP42)
(and hence the reference procedure) and on the range of the calibration data. Thus, although
values very near 1.00, such as 0.99 or greater, typically indicate a linear relationship, lower
values do not distinguish between nonlinearity and variability.
Validation criteria: The correlation coefficient (R) is NLT 0.995 for Category I assays and NLT
0.99 for Category II quantitative tests. Visual inspection of the residual plots should reveal no
significant pattern. For further guidance on multivariate procedures, see 〈1039〉. 2S (USP42)
4.1.6 RANGE
The specified range of an NIR spectroscopic procedure depends on the specific application.
The range typically is established by confirming suitable measurement capability (accuracy and
precision) at the extreme limits. Controls must be used to ensure that results outside of the
validated range are not accepted. In certain circumstances, it may not be possible or desirable
to extend the validated range to include sample variability outside of the validated range.
Extending the range of an NIR spectroscopic procedure requires demonstration of suitable
measurement capability within the limits of the expanded range. Examples of situations in which
only a limited sample range may be available are samples from a controlled manufacturing
process and in-process samples. A limited procedure range does not preclude the use of an NIR
spectroscopic procedure.
Validation criteria: For Category I procedures, the validation range for 100.0% centered
acceptance criteria is 80.0%–120.0%. For noncentered acceptance criteria, the validation
range is 10.0% below the lower limit to 10.0% above the upper limit. For content uniformity,

PF 44(5): Sep.-Oct. 2018

381

the range is 70.0%–130.0%. For Category II procedures, the validation range covers
typically 2S (USP42)
50.0%–120.0% of the acceptance criteria.
4.1.7 ROBUSTNESS
The reliability
robustness 2S (USP42)
of an analytical measurement must be demonstrated
during development 2S (USP42)
by making deliberate changes to experimental parameters. NIR spectroscopic measurement
parameters selected to demonstrate robustness will vary depending on the application and the
sample’s interface with the instrument. Critical measurement parameters associated with
robustness often are identified and characterized during method development. Typical
measurement parameters include the following:
Effect of environmental conditions (e.g., temperature, humidity, and vibration)
Effect of sample temperature
Sample handling (e.g., fiber-optic probe depth, compression of material, sample
depth/thickness)
Influence of instrument changes (e.g., lamp change, warm-up time)
4.2 Verification
US Current Good Manufacturing Practices regulations [21 Code of Federal Regulations (CFR)
211.194(a)(2)] indicate that users of analytical procedures described in USP–NF are not
required to validate these procedures if provided in a monograph. Instead, they must simply
verify their suitability under actual conditions of use.
The objective of method verification is to demonstrate that the procedure, as prescribed in
specific monographs, is being executed with suitable accuracy, sensitivity, and precision.
Verification of Compendial Procedures 〈1226〉 notes that if the verification of the compendial
procedure, according to the monograph, is not successful, the procedure may not be suitable
for use with the article under test. It may be necessary to develop and validate an alternative
procedure as allowed in General Notices.
Although complete revalidation of a compendial procedure is not required, verification of the
compendial NIR spectroscopic procedure includes the determination of certain validation
parameters. When the method being verified is for identification purposes, specificity is the only
parameter required. For quantitative applications, additional validation parameters, such as
accuracy and precision, and QL,
2S (USP42) must be studied as indicated in Validation of
Compendial Procedures 〈1225〉, Validation as appropriate.
USP Reference Standards 〈11〉
USP Near IR System Suitability RS

2S (USP42)

BRIEFING

〈 857〉 Ultraviolet-Visible Spectroscopy, USP 41 page 6660 and PF 43(5) [Sept.–Oct.
2017]. On the basis of comments received, it is proposed to make the following revisions:
1. Introduction: This chapter is applicable to multiple channel instruments, such as the
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1. Introduction: This chapter is applicable to multiple channel instruments, such as the
ones used in automated dissolution procedures. Chromatographic detectors are
excluded from the chapter.
2. Qualification of UV-Vis Spectrophotometers
a. Installation Qualification: Clarify the text.
b. Operational Qualification: Clarify the text.
c. Control of Wavelengths: Include the use of cerium oxide solutions and clarify the
text; include the section Establishment of Acceptance Limits (Wavelength)—
Choice of Standards.
i. Atomic Line Spectra: Clarify the text.
ii. Rare Earth Oxide Solutions: Include the use of cerium solutions, and
correct one of the wavelengths for didymium.
d. Control of Absorbance: Change the range to the 0–2.00 A region; add a section
on the Establishment of Acceptance Limits (Absorbance)—Choice of Standards
and on the Control of Photometric Response (Linearity); include the use of
nicotinic acid solutions as standards to control of absorbance; and change the
concentration of the certified potassium dichromate solutions to 20–60 mg/L for
the range 0–1 A and to 80–200 mg/L for the range 1–3 A. Revise the conditions
and acceptance criteria for Acidic Potassium Dichromate Solutions in 0.001 M
Perchloric Acid. Revise the conditions and acceptance criteria for NeutralDensity Glass Filters and for Metal-on-Fused-Silica Filters.
e. Limit of Stray Light (Stray Radiant Energy): Change the title of this section to
Estimation of the Limit of Stray Light (Stray Radiant Energy), and revise the
acceptance criteria.
f. Resolution: Change the title of this section to Control of Resolution, and revise
the procedure.
3. Validation and Verification: The order of this section is being modified to meet the
general chapters template.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCCA: M. Marques.)
Correspondence Number—C200780
Comment deadline: November 30, 2018

〈 857〉 ULTRAVIOLET-VISIBLE SPECTROSCOPY
Change to read:
INTRODUCTION
For the purposes of this chapter, an ultraviolet-visible (UV-Vis) spectrometer is defined as
an optical system capable of producing monochromatic radiation in the range of 200–780 nm
and a device capable of detecting the optical transmittance, usually expressed in absorbance
(A), whose primary function is to measure the stated absorbance/transmittance at defined
wavelength(s). [Note—A UV-Vis spectrometer may also be referred to as a
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spectrophotometer or absorption spectrometer.]
This functionality may be extended to incorporate multiple
channel 2S (USP42)
measurements,
either by instrumental design or with time, 2S (USP42)
e.g., in dissolution or kinetic studies. 2S (USP42)
Chromatographic detectors are specifically excluded from this chapter.
For discussion of the theory For essential supporting information on the best practices
2S (USP42) and principles of measurements, see Ultraviolet-Visible Spectroscopy—Theory and
Practice 〈1857〉. 2S (USP42)
The suitability of a specific instrument for a given procedure is ensured by a stepwise life
cycle evaluation for the desired application from selection to instrument retirement: design
qualification (DQ); installation qualification (IQ); an initial performance-to-specification
qualification, also known as operational qualification (OQ); and an ongoing performance
qualification (PQ). For more details, see Analytical Instrument Qualification 〈1058〉. Acceptance
criteria for “fitness for purpose” are based on the uncertainty of the reference material and the
performance specification of the instrument.
Principles of Measurement
2S (USP42)

UV-Vis spectra are derived when the interaction between incident radiation and the electron
cloud in a chromophore results in an electronic transition involving the promotion of one or more
of the outer shell or the bonding electrons from a ground state into a state of higher energy.
The UV and visible spectral bands of substances generally are broad and do not possess a high
degree of specificity for compound identification. Nevertheless, they are suitable for
quantitative assays and, for many substances, are useful as an additional means of
identification.
In the Beer–Lambert law the absorbance (Aλ) of a solution at given wavelength, λ, is defined
as the logarithm to base 10 of the reciprocal of the transmittance (T λ):

T λ = transmittance
Iλ = intensity of the transmitted radiation at the same wavelength λ
Iλ0 = intensity of the incident radiation at wavelength λ
In the absence of any other physical or chemical factors, Aλ is proportional to path length, b,
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through which the radiation passes, and to the concentration, c, of the substance in the
solution in accordance with the following:
Aλ = ε λcb
ελ
c
b

= molar absorptivity
= solute concentration (mol/L)
= path length (cm)

If the concentration, c, is expressed in g/L, the constant ε λ becomes aλ, which is called the
absorptivity.
The expression

which represents the specific absorbance of a dissolved substance, refers to the absorbance of
a 10-g/L solution (1%, m/v) in a 1-cm cell measured at a defined wavelength so that:

aλ
ελ
M

= absorptivity
= molar absorptivity
= molar concentration of the solution

When solutions are observed in 1-cm cells, concentrations of about 10 µg of the specimen
per mL µg/mL 2S (USP42) often will produce absorbances of 0.2–0.8 in the UV or visible region.
For discussion of the theory and principles of measurements, see Ultraviolet-Visible
Spectroscopy—Theory and Practice 〈1857〉, a general information chapter that is not a
mandatory resource.
2S (USP42)
Change to read:
QUALIFICATION OF UV-VIS SPECTROMETERS
The suitability of a specific instrument for a given procedure is ensured by a stepwise life
cycle evaluation for the desired application from selection to instrument retirement: design
qualification (DQ); installation qualification (IQ); an initial performance-to-specification
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qualification, also known as operational qualification (OQ); and an ongoing performance
qualification (PQ). For more details, see Analytical Instrument Qualification 〈1058〉.
2S (USP42)
The purpose of this section of the chapter is to provide test methodologies and acceptance
criteria to ensure that the instrument is suitable for its intended use (OQ), and that it will
continue to function properly over extended time periods as part of PQ. As with any
spectrometric device, a UV-Vis spectrophotometer spectrometer 2S (USP42) must be qualified
for both wavelength (x-axis) and photometric (y-axis, or signal axis) accuracy and precision,
and the fundamental parameters of stray light and resolution must be established. OQ is carried
out across the operational ranges required within the laboratory for both the absorbance and
wavelength scales.
Installation Qualification
The
Documented proof of the 2S (USP42)
IQ requirements provide evidence that the hardware and software are properly installed in the
desired location.
Operational Qualification
Acceptance criteria for critical instrument parameters that establish “fitness for purpose” are
verified during IQ and OQ. Specifications for particular instruments and applications can vary,
depending on the analytical procedure used and the desired accuracy of the final result.
OQ should establish suitable control over the operational range of wavelength, absorbance,
and the evaluation of stray light and resolution, and i.e., 2S (USP42) spectral bandwidth
(SBW). 2S (USP42)
Instrument vendors often have samples and test parameters reference materials and
protocols 2S (USP42) available as part of the IQ/OQ package.
Wherever possible in the procedures detailed as follows, certified reference materials (CRMs)
are to be used in preference to laboratory-prepared solutions. These CRMs should be obtained
from a recognized accredited source and include independently verified, traceable value
assignments with associated calculated uncertainty. CRMs must be kept clean and free from
dust. Recertification should be performed periodically to maintain the validity of the
certification.
Control of Wavelengths
Ensure that the accuracy of the wavelength axis (x-axis) over the intended operational range
is correct within acceptable limits. The control of wavelength OQ must include at least one
method in each operational range where it is intended for use. The options and acceptance
criteria are summarized in Table 1.
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Table 1. Wavelength Ranges and Procedures for Control of Wavelengths
Vis
Vis/NIR
UV
(400–780
(700–900
Method
(200–400 nm)
nm)
nm)
Accuracy ±2
nm
Accuracy ±1 nm
Precision <0.5
Mercury (Hg) emission lines
Precision <0.5 nm
nm
NAa
Accuracy ±2
nm
Precision <0.5
Deuterium (D2 ) emission lines
NA
nm
NA

Cerium oxide
solutions 2S (USP42)
Holmium oxide solutions or
glasses

Didymium solutions or glasses
a NA, not applicable.

Accuracy ±1 nm
Precision <0.5
nm 2S (USP42)
Accuracy ±1 nm
Precision <0.5 nm

NA

NA 2S (USP42)
Accuracy ±2
nm
Precision <0.5
nm

NA

NA

2S (USP42)

NA
Accuracy ±2
nm
Precision <0.5
nm

[Note—Certified reference standards, traceable to the National Institute of Standards and
Technology (NIST) (www.nist.gov) or to other recognized standards-setting organizations, are
commercially available, and should be used where possible.]
2S (USP42)

For non-diode array instruments, wavelength accuracy and precision are determined over the
operational range using at least six replicate measurements. For wavelength accuracy, the
difference of the mean measured value to the certified value of the CRM must be within ±1 nm
in the UV region (200–400 nm), and in the visible region (400–700 nm) (400–780 nm) and
visible/NIR (near-infrared) region (400–900 nm) 2S (USP42) must be within ±2 nm.
For wavelength precision, the standard deviation of the mean
the standard deviation of the mean value of the six wavelength measurements 2S (USP42)
must not exceed 0.5 nm. For diode array instruments, only one wavelength accuracy
measurement is required, and no precision determination needs to be performed, due to the
non-mechanical design of the monochromator. 2S (USP42) The difference between the certified
and measured value of the CRM must not exceed ±1 nm in the UV region (200–400 nm), and in
the visible region (400–700 nm) must not exceed ±2 nm.
Establishment of Acceptance Limits (Wavelength)—Choice of Standards
For all Control of Wavelengths accuracy procedures, acceptance limits for adequate
calibration are established by adding the expanded uncertainty of the CRM to the instrument
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vendor specification at the wavelength(s) required in a linear manner, and these values must lie
within the values specified in Table 1. In the case where atomic line spectra are used, this
expanded uncertainty of the CRM is deemed to be zero for this process, i.e., the limit simply
becomes the instrument vendor specification.1 2S (USP42)
ATOMIC LINE SPECTRA
This procedure is described as the primary application because the emission lines produced
from a discharge lamp are characteristic of the source element and, as a fundamental physical
standard, these wavelengths have been measured with an uncertainty of NMT ±0.01 nm. In
solution spectrometry, the wavelength accuracy required rarely exceeds 0.5 1.0 2S (USP42)
nm. For these reasons, the atomic line standard values are cited without uncertainty.
i.e., certified values quoted to at least three significant figures more than requiredThe lamp
needs to be placed at the source position in the spectrophotometer; The arc of the atomic
emission source, or its image, needs to be located on the same optical path as the image of
the primary light source of the spectrometer; 2S (USP42) thus, it can be used only in
spectrophotometers spectrometers 2S (USP42) that can be operated in a single-beam intensity
mode and practically should be implemented only on a system designed to accommodate these
sources, e.g., as an accessory.
A commonly employed low-pressure mercury lamp has a number of intense lines that cover a
large part of the UV and visible spectra. Two deuterium lines from the source at 486.0 and
656.1 nm often are used by manufacturers as an internal calibration check and can be used for
diagnostic purposes (see Table 1 Table 2 2S (USP42) ).2
Table 1 Table 2. 2S (USP42) Recommended Atomic Lines from Low-Pressure Mercury
(Hg) and Deuterium (D2) Lamps for Wavelength Calibration Purposes
Element
nm
Hg
253.7
Hg
296.7
Hg 2S (USP42)
313.2 2S (USP42)
Hg
365.0
Hg
404.7
Hg
435.8
D2
486.0
Hg
546.1
Hg
577.0
Hg
579.1
D2
656.1
[Note—Select the nearest wavelength(s) spanning the operating operational
range required.]
2S (USP42)

RARE EARTH OXIDE SOLUTIONS

2S (USP42)
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This procedure uses solutions of rare earth oxides prepared by dissolution in acid media. The
most frequently used is holmium oxide in perchloric acid.3 Holmium oxide solution has been
internationally accepted as an intrinsic wavelength standard, and suitable CRMs are available
commercially.4
The observed peak maxima are determined using the normal scan mode on the
spectrophotometer. spectrometer. 2S (USP42) The peak maxima for a 4% (m/v) solution of
holmium oxide in perchloric acid at 1.0-nm SBW and a path length of 1 cm are shown in Table 2
Table 3. 2S (USP42)
Table 2 Table 3. 2S (USP42) Recommended Peak Maxima from a 4% Solution of Holmium
Oxide in Perchloric Acid for Wavelength Calibration Purposes
nm
241.1
249.9
278.1
287.2
333.5
345.4
361.3
385.6
416.3
451.4
467.8
485.2
536.6
640.5
[Note—Select the nearest wavelength(s) spanning the operating operational
range required.]

2S (USP42)

2S (USP42)

If the operational range of the spectrophotometer spectrometer 2S (USP42) lies outside the
range 240–650 nm, other certified rare earth oxides or other solutions can be used if they are
traceable to a national or international standard.
Cerium is available as a traceable solution CRM in sulfuric acid. It has useful peak
characteristics in the 200–300 nm region at approximately 201.1, 211.4, 222.6, 240.4, and
253.7 nm. 2S (USP42)
Didymium (a mixture of neodymium and praseodymium) is available as a traceable
CRM 2S (USP42)
both in solution and as a glass. Didymium is similar in preparation to the holmium materials and
has useful peak characteristics in the 730–870-nm region, which may vary from melt to melt
of the glass. 2S (USP42) Useful peaks are found in the didymium solution at approximately 731.6,
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740.0, 794.1, 799.0
800.0, 2S (USP42)
and 864.4 nm.
RARE EARTH GLASSES
This procedure uses glasses manufactured by fusing the appropriate rare earth oxide in a
base glass matrix. The most frequently used is holmium, for which the reference wavelengths
have been well defined. Although manufacturing can cause batch variation in these glasses,
traceable CRMs are commercially available and can be used. Typical values for a holmium glass
using a 1.0-nm SBW are the following: 241.5, 279.2, 287.5, 333.8, 360.9, 418.8, 445.8, 453.7,
460.2, 536.5, and 637.7 nm.
For all of the procedures listed above, acceptance limits for adequate calibration are
established by adding the expanded uncertainty of the CRM to the instrument vendor
specification at the wavelength(s) required in a linear manner, and these values must lie within
the values specified in Table 1. In the case where atomic line spectra are used, this expanded
uncertainty of the CRM is deemed to be zero for this process, i.e., the limit simply becomes the
instrument vendor specification.
2S (USP42)

Control of Absorbance
To establish the transmittance accuracy, precision, and linearity of a given system, it is
necessary to verify the absorbance accuracy of a system over its intended operational range
by using
selection and use of 2S (USP42)
the following procedures as appropriate for the wavelength and absorbance ranges required.
[Note—CRMs, traceable to NIST Standard Reference Materials (SRMs), or other international
or national standards, are commercially available and should be used where possible.]
The control of absorbance OQ must include at least one assessment at each wavelength
range in the 0–2.00 A region. If absorbance >2.00 A is to be used for quantitation, then control
of absorbance must also be evaluated in the >2.00 A range.
Establishment of Acceptance Limits (Absorbance)—Choice of Standards
For all Control of Absorbance procedures, acceptance limits for adequate calibration are
established by adding the expanded uncertainty of the CRM to the instrument vendor
specification at the wavelength(s) and absorbance levels required in a linear manner, and these
values must lie within the values specified in Table 4.
[Note—CRMs, traceable to NIST Standard Reference Materials (SRMs), or other international
or national standards, are commercially available and should be used where possible.]
Control of Photometric Response (Linearity)
If verification Verification

2S (USP42)

of photometric response (linearity) is required, and

2S (USP42)
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it should be evaluated using a standard type appropriate for the wavelength(s) required; where
at least three different absorbance levels appropriate to, and spanning the required operational
range are measured. The options and acceptance criteria are summarized in Table 4.
[Note—Given the above requirement, it is not necessary to calculate the correlation
coefficient of the standard response to demonstrate linearity, just demonstrate that at the
different absorbance levels selected the acceptance limits have been met.]
Table 4. Wavelength Ranges and Absorbance CRMs Available within These Ranges
Absorbance
Range
Standard
UV (200–400 nm)
Vis (400–800 nm)
60 mg/L
Evaluate at 235, 257,
600 mg/L
313, and 350 nm.
Evaluate at 430 nm.
Accuracy ±0.010 Aλ
Accuracy ±0.012 Aλ
K2 Cr2 O7
Precision <0.005 Aλ
Precision <0.005 Aλ
0–1
solution
Evaluate at 440, 465,
546.1, 590, 635 nm.
NAa
Accuracy ±0.008 Aλ
Neutral density
Precision <0.005 Aλ
0–1
glass filters
200 mg/mL
Evaluate at 235, 257,
313, 350 nm.
NA
K2 Cr2 O7
Accuracy ±1%
1–3
solution
Precision <0.5%
Evaluate at 440, 465,
546.1, 590, 635 nm.
NA
Neutral density
Accuracy ±0.8%
1–3
glass filters
Precision <0.5%
20, 40, 60, 80, 100 mg/L
Evaluate at 345 nm.
NA
K2 Cr2 O7
r2 > 0.99
Linearity
solutions
Intercept = 0 at 95% CL
At least 4 certified filters
r2 >0.99
NA
Neutral-density
Linearity
glass filters
Intercept = 0 at 95% CL
a NA, not applicable.
Table 4. Available CRMs for the Control of Absorbance
Absorbance
Range

0–1
A

2S (USP42)

Standard

Certified
nicotinic acid
solution 2S (USP42)

a NA, not applicable.

UV (200–400 nm)
6–24 mg/L
Evaluate at 213 and 261
nm.
Accuracy ±0.010 Aλ
Precision <0.005
Aλ 2S (USP42)

Vis (400–780
nm)

NA

2S (USP42)
a
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Standard

UV (200–400 nm)

0–1 A

Certified
potassium
dichromate
(K2 Cr2 O7 )
solution

20– 2S (USP42)
60 mg/L
Evaluate at 235, 257, 313,
and 350 nm.
Accuracy ±0.010 Aλ
Precision <0.005 Aλ

0–1 A

Certified neutral
density glass
filters

NA

0–1 A

Certified metalon-fusedsilica filters

Evaluate at 250, 280, 340,
360, and 400 nm.
Accuracy ±0.010 Aλ
Precision <0.005 Aλ

1–3 A

Certified
potassium
dichromate
(K2 Cr2 O7 )
solution

80– 2S (USP42)
200 mg/mL
L 2S (USP42)
Evaluate at 235, 257, 313,
and 350 nm.
Accuracy ±1%
Precision <0.5%

1–3 A

Certified neutral
density glass
filters

NA

UV
Certified
Photometric
nicotinic acid
linearity 2S (USP42) solutions 2S (USP42)
Certified
potassium
dichromate
(K2 Cr2 O7 )
Photometric
linearity
solutions

Photometric
linearity
a NA, not applicable.

Certified metalon-fused-silica
filters

All concentrations meet
accuracy of absorbance
acceptance
criteria. 2S (USP42)

All concentrations meet
accuracy of absorbance
acceptance criteria.
At least three certified
filters evaluated at 250,
280, 340, 360, or 400 nm.
All filters meet accuracy of
absorbance acceptance
criteria.

Vis (400–780
nm)
600 mg/L
Evaluate at 430
nm.
Accuracy ±0.010
Aλ
Precision <0.005 Aλ
Evaluate at 440,
465, 546.1, 590,
and 635 nm.
Accuracy ±0.008
Aλ
Precision <0.005 Aλ
Evaluate at 465,
500, 546.1,
590, and 635 nm.
Accuracy ±0.008
Aλ
Precision <0.005 Aλ

NA
Evaluate at 440,
465, 546.1, 590,
and 635 nm.
Accuracy ±0.8%
Precision <0.5%

NA

2S (USP42)

NA

NA
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Absorbance
Range

Photometric
linearity

Standard

Certified neutraldensity glass
filters

UV (200–400 nm)

NA

Vis (400–780
nm)
At least three
certified filters
evaluated.
All filters meet
accuracy of
absorbance
acceptance
criteria.

a NA, not applicable.
[Note—Select the appropriate absorbance CRMs spanning the operating operational
range(s) required.]

2S (USP42)
2S (USP42)

ACIDIC NICOTINIC ACID SOLUTIONS IN 0.1 N HYDROCHLORIC ACID
In the 0–40 mg/L range, nicotinic acid solutions provide reference values of up to 1.0 A at
one of the certified values of 213 or 261 nm. These solutions are available as CRMs. Using
nicotinic acid solutions, the absorbance accuracy must be ± 0.01 Aλ
The absorbance precision can be determined as the standard deviation from the mean of at
least six replicate measurements. These sets of measurements should be performed, i.e.,
repeated at both the upper and lower absorbances values of the operational range. In each
case, absorbance deviations from the mean must not exceed ± 0.005 Aλ (for values below 1.0
Aλ), 2S (USP42)
ACIDIC POTASSIUM DICHROMATE SOLUTIONS IN 0.001 M PERCHLORIC ACID
In the 0–200
240 2S (USP42)
mg/L range, potassium dichromate solutions provide reference values of up to 3
3.5 2S (USP42)
absorbance units at one of the certified values of 235, 257, 313, or 350 nm.
See Table 5. Instructions for the preparation of these solutions can be found in NIST Special
Publication (SP) 260-54.4 In addition, linearity can be verified by measuring the absorbance of
the solutions at 345 nm. 2S (USP42)
2S (USP42) These solutions are available as CRMs or can be prepared according to NIST from
SRM 935a
appropriate available SRMs, e.g., SRM 935x, or SRM 136x (where x can be any letter from “a”
to “z”). 2S (USP42)
Using potassium dichromate solutions, the absorbance accuracy must be ±1% A
Aλ 2S (USP42)
(for values above 1.0
1.00 Aλ) 2S (USP42)
or ±0.010
0.01 Aλ 2S (USP42)
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(for values below 1.0 A
1.00 Aλ). 2S (USP42)
The absorbance precision can be determined as the standard deviation
by using the maximum deviation from the mean 2S (USP42)
of at least six replicate measurements at two or more absorbance levels over the upper and
lower absorbance values of 2S (USP42) the operational range. The standard deviation must not
exceed ±0.5%A (for values above 1.0 A) or ±0.005 A (for values below 1.0 A), whichever is
larger.The maximum absorbance deviation Both absorbance deviations 2S (USP42) from the
mean must not exceed ±0.5% Aλ (for values above 1.0 A) or ±0.005 Aλ (for values below 1.0 A).
Table 5. Absorptivity of Acidified Potassium Dichromate Solutions, Adapted from NIST
SP 260-544
Absorptivity (L g−1 cm−1) at 23.5°
K2 Cr2 O7 (mg/L) 235 nm 257 nm 313 nm
20
12.291
14.298
4.817
40
12.335
14.354
4.823
60
12.378
14.410
4.828
80
12.421
14.466
4.833
100
12.465
14.522
4.839
120
12.512
14.578
4.517
140
12.556
14.634
4.523
160
12.600
14.690
4.529
180
12.644
14.746
4.535
200
12.688
14.802
4.541

350 nm
10.699
10.709
10.719
10.728
10.738
10.750
10.760
10.770
10.780
10.790

[Note—Select the appropriate absorbance CRMs spanning the operating range(s) required.]
The absorbance precision can be determined as the standard deviation from the mean of at
least six replicate measurements. These sets of measurements should be performed, i.e.,
repeated at both the upper and lower absorbance values of the operational range. In each
case, absorbance deviations from the mean must not exceed ±0.5% Aλ (for values above 1.0
Aλ) or ±0.005 Aλ (for values below 1.0 Aλ).
2S (USP42)

NEUTRAL-DENSITY GLASS FILTERS
These gray glass filters are manufactured from doped glass and have a nominally flat
spectrum in the region of the calibration wavelengths. They provide reference values of up to 3
3.5 2S (USP42)
absorbance units at the certified values of 440, 465, 546.1, 590, and 635 nm. These filters are
available as CRMs that are traceable to NIST SRM 930e, 1930, and 2930. Other certified
standard solutions or optical filters can be used if they are traceable to a national or
international standard. Using gray glass filters, the absorbance accuracy must be ±0.8% A
λ

2S (USP42)

(for values above 1.0 A

PF 44(5): Sep.-Oct. 2018

394

1.00 Aλ) 2S (USP42)
or ±0.0080 A
0.008 Aλ 2S (USP42)
(for values below 1.0 A
1.00 Aλ). 2S (USP42)
, whichever is larger. The absorbance precision can be determined as the standard deviation of
at least six replicate measurements at two or more absorbance levels over the operational
range. The standard deviation must not exceed ±0.5%A (for values above 1.0A) or ±0.005A (for
values below 1.0A), whichever is larger.
The absorbance precision can be determined by using the maximum deviation from the mean
of at least six replicate measurements at the upper and lower absorbance values of the
operational range. The maximum absorbance deviation from the mean must not exceed ±0.5%
Aλ (for values above 1.0 A) or ±0.005 Aλ (for values below 1.0 A). 2S (USP42)
For all the procedures listed above, acceptance limits for adequate calibration are established
by adding the expanded uncertainty of the CRM to the instrument vendor specification at the
wavelength(s) and absorbance levels required in a linear manner, and these values must lie
within the values specified in Table 4.
Metal-on-Fused-Silica Filters
These neutral density filters are manufactured by deposition of a metallic film on a silica
substrate and have a substantially flat spectrum in the region of the calibration wavelengths.
They provide reference values of up to 2 A at the usually certified values of 250, 280, 340,
360, and 400 nm in the UV range, and reference values of 465, 500, 546.1, 590, and 635 nm in
the visible range. These filters are available as CRMs that are traceable to NIST SRM 2031x
(where x = “a” to “z”), or to other national or international standards. In the UV range, the
absorbance accuracy must be ±1% Aλ (for values above 1.0 A
1.00 Aλ) 2S (USP42)
or ±0.010
0.01 2S (USP42)
Aλ (for values above 1.0 A
below 1.00 Aλ). 2S (USP42)
In the visible range, the absorbance accuracy must be ±0.8% Aλ (for values above 1.0 A
1.00 Aλ) 2S (USP42)
or ±0.008 Aλ (for values below 1.0 A
1.00 Aλ). 2S (USP42)
The absorbance precision can be determined by using the maximum
as the standard 2S (USP42)
deviation from the mean of at least six replicate measurements at the upper and lower
absorbance values of the operational range. The maximum absorbance
standard 2S (USP42)
deviation from the mean must not exceed ±0.5% Aλ (for values above 1.0 A
1.00 Aλ) 2S (USP42)
or ±0.005 Aλ (for values below 1.0 A
1.00 Aλ) 2S (USP42)
in both the UV and visible ranges. 2S (USP42)
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Estimation of the 2S (USP42)
Limit of Stray Light (Stray Radiant Energy)
Although the measurement of absorbance or transmittance is a ratio measurement of
intensities and therefore theoretically is independent of monochromatic source intensity,
practical measurements are affected by the presence of unwanted radiation called “stray
radiant energy” or “stray light”. In addition, the adverse effect of stray light increases with
aging of optical components and lamps in a spectrophotometer spectrometer. 2S (USP42) The
effects are greater at the extremes of detector and lamp operational ranges. Analysts must
monitor the level of stray light at appropriate wavelength(s) as part of PQ. Stray light can be
detected at a given wavelength with a suitable liquid filter.
The limit of stray light OQ must include evaluation at one or more UV wavelengths, by
selection of appropriate material(s) shown in Table 6 Table 5 2S (USP42) to span the UV
In the visible region, i.e., above 400 nm, stray light
2S (USP42) operational range required.
does not need to be evaluated.
[Note—Published stray light specifications for a given spectrometer must be verified in the
OQ.]
2S (USP42)

Analysts must choose and use the appropriate reference(s) to monitor the level of stray light
as part of PQ. Stray light can be detected at a given wavelength with a suitable liquid filter by
either of the two procedures (A or B) detailed below.
2S (USP42)

[Note—If measurements are being performed in the 250–330 nm region, on a spectrometer
using individual sources for the UV and visible regions of the spectrum, then an additional PQ
verification using acetone should be performed.]
2S (USP42) These solutions are available as CRMs or can be prepared at the concentrations
shown in Table 3
Table 6 Table 5 2S (USP42) 2S (USP42)
by using reagent-grade materials.
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Table 3
Table 6 Table 5. 2S (USP42) 2S (USP42)
Spectral Ranges of Selected Materials for Monitoring Stray Light
Recommended
Wavelength
(nm) 2S (USP42)

Spectral Range
(nm)

Liquid or Solution

198

2S (USP42)

190–205 210

2S (USP42)

220

2S (USP42)

210–259 270

2S (USP42)

Aqueous potassium chloride (12 g/L)
Aqueous sodium iodide or potassium
iodide (10 g/L)

300

2S (USP42)

250–320 330

2S (USP42)

Acetone

340

2S (USP42)

300–385 400

2S (USP42)

Aqueous sodium nitrite (50 g/L)

When using a 5-mm path length cell (filled with the same filter) as the reference cell, and
then measuring the 10-mm cell over the required spectral range, analysts can calculate the
stray light value from the observed maximum absorbance using the formula:
Sλ = 0.25 × 10−2A λ
Aλ

= observed maximum absorbance

Acceptance criteria: Sλ is ≤0.01. Aλ ≥0.7A.
This procedure simply requires the 10-mm cell measurement to be referenced against the 5mm cell (filled with the same filter) and therefore can be achieved by either chronological or
spatial referencing in any type of spectrophotometer. Alternatively, analysts can measure the
absorbance of the filters specified in Table 3 against the appropriate reference, and record the
maximum absorbance value. (An Sλ value of 0.01 is produced by an Aλ value of 0.7A, which
equates to a maximum absorbance value of 2A measured by this alternate procedure.)
[Note—For some instruments where absorbance values greater than 3A cannot be reported
directly, this procedure may require a two-step process whereby the sample beam initially is
attenuated by a 1- to 2-A filter, the value of which is measured and recorded. After zeroing
the instrument with this filter in place, measure the stray-light filter, and again record the
absorbance value. The estimated stray light value is now the sum of these two absorbance
readings.]
Procedure A
The aim of this procedure is to produce the differential spectrum resulting from the
subtraction of a spectrum produced by a 5-mm path length cell from that of a 10-mm cell, both
filled with the same filter solution. This spectrum will contain a peak maximum absorbance
value, and analysts can calculate the stray light value from the observed maximum absorbance
using the formula:
sλ = 0.25 × 10−2A λ
sλ

= stray light value, in transmittance (T)
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= observed maximum absorbance

This procedure requires the 10-mm cell measurement to be subtracted from the 5-mm cell,
both filled with the same cut-off solution filter. This measurement can be achieved by either
using the physical capabilities of the spectrophotometer spectrometer, 2S (USP42) i.e., using
the double beam capability, with the 5-mm cell as the reference, or by mathematically
subtracting the spectra of the 10-mm cell from the 5-mm cell, chronologically produced by
sequential measurement of both the 5- and 10-mm cells, using the single sample beam, with
the spectrophotometer spectrometer 2S (USP42) referenced to air (blank holder).
Acceptance criteria: sλ ≤ 0.01 or Aλ ≥ 0.7 A
Procedure B
Analysts can measure the absorbance of the cut-off solution filters specified in Table 6
Table 5 2S (USP42) against a 10-mm cell filled with an appropriate reference, and record the
maximum absorbance value (Amax)
or the minimum % Transmittance (%T min) at the recommended wavelength listed in Table 5.
2S (USP42)

Acceptance criteria: Amax ≥ 2.0 A
or %T min < 1%T. 2S (USP42)
2S (USP42)

Control of 2S (USP42)
Resolution
If accurate absorbance measurements must be made on benzenoid compounds or other
compounds with sharp absorption bands (natural half-bandwidths of <15 nm), the spectral
bandwidth of the spectrophotometer spectrometer 2S (USP42) used should not be greater than
1/8th the natural half-bandwidth of the compound’s absorption;
i.e., this equates to a spectrophotometer spectrometer 2S (USP42) with a SBW of 2 nm or
less. 2S (USP42)
Determine the resolution of the spectrometer in the UV region by using the following
procedure. Using UV-grade hexanes as the reference, measure the absorbance of a 0.020%
(v/v) solution of toluene in UV-grade hexanes at the maximum, about 269 nm, and minimum,
about 266 nm. The ration of the absorbance at the maximum to the absorbance at the minimum
will typically fall in the 1.0–2.6 range.
For most compendial quantitative purposes, a SBW of 2 nm or less is sufficient, and the
Acceptance criteria for the ratio is NLT 1.3. 2S (USP42)
Performance Qualification
The purpose of PQ is to determine that the instrument is capable of meeting the user’s
requirements for all the parameters that may affect the quality of the measurement and to
ensure that it will function properly over extended periods of time.
Change to read:
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PROCEDURE
With few exceptions, compendial spectrophotometric spectrometric 2S (USP42) tests and
assays call for comparison against a USP Reference Standard. This helps ensure measurement
under identical conditions for the test specimen and the reference substance. These conditions
could include wavelength setting, SBW selection, cell placement and correction, and
transmittance levels. Cells that exhibit identical transmittance at a given wavelength may differ
considerably in transmittance at other wavelengths. Appropriate cell corrections should be
established and used where required.
Comparisons of a test specimen with a reference standard are best made at a peak of
spectral absorption for the compound concerned. Assays that prescribe spectrophotometry
spectrometry 2S (USP42) give the commonly accepted wavelength for peak spectral absorption
of the substance in question. Different spectrophotometers spectrometers 2S (USP42) may
show minor variation in the apparent wavelength of this peak. Good practice demands that
comparisons be made at the wavelength at which peak absorption occurs. Should this differ by
>±1 nm (in the range 200–400 nm) or ±2 nm (in the range 400–800 nm) from the wavelength
specified in the individual monograph, recalibration of the instrument may be indicated.
The expressions “similar preparation” and “similar solution” as used in tests and assays
involving spectrophotometry spectrometry 2S (USP42) indicate that the reference comparator,
generally a USP Reference Standard, should be prepared and observed in an identical manner
for all practical purposes to that used for the test specimen. Usually when analysts make up
the solution of the specified reference standard, they prepare a solution of about (i.e., within
10%) of the desired concentration, and they calculate the absorptivity on the basis of the
exact amount weighed out. If a previously dried specimen of the reference standard has not
been used, the absorptivity is calculated on the anhydrous basis. The expressions
“concomitantly determine” and “concomitantly measure” as used in tests and assays involving
spectrophotometry spectrometry 2S (USP42) indicate that the absorbances of both the
solution containing the test specimen and the solution containing the reference specimen,
relative to the specified test blank, must be measured in immediate succession.
Sample Solution Preparation
For determinations using UV or visible spectrophotometry spectrometry, 2S (USP42) the
specimen generally is dissolved in a solvent. Unless otherwise directed in the monograph,
analysts make determinations at room temperature using a path length of 1 cm. Many solvents
are suitable for these ranges, including water, alcohols, lower hydrocarbons, ethers, and dilute
solutions of strong acids and alkalis. Precautions should be taken to use solvents that are free
from contaminants that absorb in the spectral region under examination. For the solvent,
analysts typically should use water-free methanol or alcohol or alcohol denatured by the
addition of methanol but without benzene or other interfering impurities. Solvents of special
spectrophotometric spectrometric 2S (USP42) quality, guaranteed to be free from
contaminants, are available commercially from several sources. Some other analytical reagentgrade organic solvents may contain traces of impurities that absorb strongly in the UV region.
New lots of these solvents should be checked for their transparency, and analysts should take
care to use the same lot of solvent for preparation of the test solution, the standard solution,
and the blank. The best practice is to use solvents that have NLT 40% transmittance (39.9% T
= 0.399 A) at the wavelength of interest.
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Assays in the visible region usually call for concomitantly comparing the absorbance produced
by the assay preparation with that produced by a standard preparation containing
approximately an equal quantity of a USP Reference Standard. In some situations, analysts can
omit the use of a reference standard (e.g., when spectrophotometric spectrometric 2S (USP42)
assays are made with routine frequency) when a suitable standard curve is available and is
prepared with the appropriate USP Reference Standard, and when the substance assayed
conforms to the Beer–Lambert law within the range of about 75%–125% of the final
concentration used in the assay. Under these circumstances, the absorbance found in the
assay may be interpolated on the standard curve, and the assay result can be calculated.
Such standard curves should be confirmed frequently and always when a new
spectrophotometer spectrometer 2S (USP42) or new lots of reagents are put into use.
Change to read:
VALIDATION AND VERIFICATION
VERIFICATION AND VALIDATION 2S (USP42)
Verification
Current Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)] indicate that users
of analytical procedures described in USP–NF are not required to validate these procedures if
provided in a monograph. Instead, they simply must verify their suitability under actual
conditions of use.
The objective of a UV-Vis procedure verification is to demonstrate the suitability of a test
procedure under actual conditions of use. Performance characteristics that verify the suitability
of a UV-Vis procedure are similar to those required for any analytical procedure. A discussion of
the applicable general principles is found in Verification of Compendial Procedures 〈1226〉.
Verification is usually performed using a reference material and a well-defined matrix.
Verification of compendial UV-Vis procedures includes at minimum the execution of the
validation parameters for specificity, accuracy, precision, and quantitation limit, when
appropriate, as indicated under Validation. 2S (USP42)
Validation
Validation is required when a UV-Vis method is intended for use as an alternative to the
official procedure for testing an official article or when no official procedure exists in the
current USP–NF. 2S (USP42)
The objective of UV-Vis method validation is to demonstrate that the measurement is suitable
for its intended purpose, including quantitative determination of the main component in a drug
substance or a drug product (Category I assays), quantitative determination of impurities or
limit tests (Category II), and identification tests (Category IV). For dissolution procedures,
see The Dissolution Procedure: Development and Validation 〈1092〉. 2S (USP42) Depending on the
category of the test (see Validation of Compendial Procedures 〈1225〉, Table 2), the analytical
method validation process for UV-Vis requires testing for linearity, range, accuracy, specificity,
precision, detection limit, or 2S (USP42) quantitation limit., and robustness
2S (USP42) These
analytical performance characteristics apply to externally standardized procedures and those
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that use standard additions.
Chapter 〈1225〉 provides definitions and general guidance on analytical procedures validation
without indicating specific validation criteria for each characteristic. The intention of the
following sections is to provide the user with specific validation criteria that represent the
minimum expectations for this technology. For each particular application, tighter criteria may
be needed in order to demonstrate suitability for the intended use.
ACCURACY
For Category I, II, and III procedures, accuracy can be determined by conducting recovery
studies with the appropriate matrix spiked with known concentrations of the analyte. Analysts
also can compare assay results obtained using the UV-Vis procedure under validation to those
from an established analytical procedure.
Validation criteria: 98.0%–102.0% mean recovery for the drug substances, 95.0%–105.0%
mean recovery for the drug product assay, and 80.0%–120.0% mean recovery for the impurity
analysis. These criteria are met throughout the intended range.
Precision
REPEATABILITY
The repeatability of the analytical procedure is assessed by measuring the concentrations of
six independently prepared sample solutions at 100% of the assay test concentration.
Alternatively, it can be assessed by measuring the concentrations of three replicates of three
separate sample solutions at different concentrations. The three concentrations should be
close enough so that the repeatability is constant across the concentration range. If this is
done, the repeatability at the three concentrations is pooled for comparison to the acceptance
criteria.
Validation criteria: The relative standard deviation is NMT 1.0% for the drug substance
assay 2S (USP42)
, NMT 2.0% for the drug product assay, and NMT 15.0%– 2S (USP42) 20.0% for the impurity
analysis.
INTERMEDIATE PRECISION
The effect of random events on the analytical precision of the method must be established.
Typical variables include performing the analysis on different days, using different
instrumentation, and/or having the method performed by two or more analysts. At a minimum,
any combination of at least two of these factors totaling six experiments will provide an
estimation of intermediate precision.
Validation criteria: The relative standard deviation is NMT 1.5% for the drug substance
assay 2S (USP42)
, NMT 3.0% for the drug product assay, and NMT 15.0%– 2S (USP42) 25.0% for the impurity
analysis.
SPECIFICITY
In UV-Vis measurements, specificity is ensured by the use of a reference standard wherever
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possible and is demonstrated by the lack of interference from other components present in the
matrix.
DETECTION LIMIT
The detection limit (DL) can be estimated by calculating the standard deviation of NLT 6
replicate measurements of a blank solution and multiplying by 3.3. Alternatively, the standard
deviation can be determined from the error of the intercept from a calibration curve or by
determining that the signal-to-noise ratio is >3.3. The estimated DL must be confirmed by
analyzing samples at the calculated concentration.
QUANTITATION LIMIT
The quantitation limit (QL) can be estimated by calculating the standard deviation of NLT 6
replicate measurements of a blank solution and multiplying by 10. Alternatively, the standard
deviation can be determined from the error of the intercept from a calibration curve or by
determining that the signal-to-noise ratio is >10.
Measurement of a test solution prepared from a representative sample matrix spiked at the
required QL concentration must be performed to confirm sufficient sensitivity and adequate
precision. The observed signal-to-noise ratio at the required QL should be >10. [Note—A
suitable procedure for measuring the signal-to-noise ratio is given in ASTM 1657-98 (2006)
(2011) 2S (USP42)
Standard Practice for the Testing of Variable-Wavelength Photometric Detectors Used in Liquid
Chromatography.]
Validation criteria: For the estimated limit of quantitation to be considered valid, the
measured concentration must be accurate and precise at a level ≤50% of the specification.
LINEARITY
A linear relationship between the analyte concentration and UV-Vis response must be
demonstrated by preparation of NLT 5 standard solutions at concentrations encompassing the
anticipated concentration of the test solution. The standard curve is then evaluated using
appropriate statistical methods such as a least-squares regression. Deviation from linearity
results from either instrumental or sample factors, or both, and can be reduced to acceptable
levels by reducing the analyte concentration and thereby the associated absorbance values.
The correlation coefficient, r2, is a measure of correlation and not a measure of linearity.
The square of the (Pearson) correlation coefficient is a measure of the fraction of the data’s
variation that is adequately modelled. Linearity depends on the standard error of the calibration
equation (and hence the reference procedure) and on the range of the calibration data. Thus,
although values very near 1.00, such as 0.99 or greater, typically indicate a linear relationship,
lower values do not distinguish between nonlinearity and variability. 2S (USP42)
Validation criteria: The correlation coefficient, R
r2, 2S (USP42)
must be NLT 0.995 for Category I assays and NLT 0.99 for Category II quantitative tests.
Visual inspection of the residual plots should not reveal any significant pattern. 2S (USP42)
RANGE
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The operational range of an analytical instrument (and the analytical procedure as a whole) is
the interval between the upper and lower concentrations (amounts) of analyte in the sample
(including these concentrations) for which it has been demonstrated that the instrumental
response function has a suitable level of precision, accuracy, and linearity.
Validation criteria: For Category I tests, the validation range for 100.0% centered
acceptance criteria is 80.0%–120.0%. For non-centered acceptance criteria, the validation
range is 10.0% below the lower limit to 10.0% above the upper limit. For content uniformity,
the validation range is 70.0%–130.0%. For Category II tests, the validation range covers
50.0%–120.0% of the acceptance criteria.
ROBUSTNESS
This parameter is evaluated during method development.
2S (USP42)

The reliability of an analytical measurement is demonstrated by deliberate changes to
experimental parameters. For UV-Vis, this can include measuring the stability of the analyte
under specified storage conditions, varying pH, and adding possible interfering species, to list a
few examples. Robustness is determined concurrently using a suitable design for the
experimental procedure.
INDIRECT MEASUREMENT REQUIREMENTS
For certain UV-Vis procedures, chromogenic reactions are employed. Generally, the
requirements for the analytical performance characteristics are used. In some instances, the
required accuracy and precision criteria for the direct measurements may not be achievable.
Under these circumstances, the accuracy and precision requirements can be widened by as
much as 50%. Any such widening must be justified on scientific grounds and with documented
evidence. It may be necessary to increase the amount of replication required to produce a
scientifically sound reportable value.
Verification
Current U.S. Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)] indicate that
users of analytical procedures described in USP–NF are not required to validate these
procedures if provided in a monograph. Instead, they simply must verify their suitability under
actual conditions of use.
The objective of a UV-Vis procedure verification is to demonstrate the suitability of a test
procedure under actual conditions of use. Performance characteristics that verify the suitability
of a UV-Vis procedure are similar to those required for any analytical procedure. A discussion of
the applicable general principles is found in Verification of Compendial Procedures 〈1226〉.
Verification is usually performed using a reference material and a well-defined matrix.
Verification of compendial UV-Vis procedures includes at minimum the execution of the
validation parameters for specificity, accuracy, precision, and quantitation limit, when
appropriate, as indicated under Validation.
2S (USP42)

1 NIST Special Publication 829—Use of NIST Standard Reference Materials for Decisions on Performance of
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Analytical C hemical Methods and Laboratories.
www.nist.gov/sites/default/files/documents/mml/csd/inorganic/NIST_SpecialPub829.pdf.
2 The rounded values are taken from ASTM Standard E275.

2S (USP42)

3 The rounded values are taken from the intrinsic wavelength standard absorption band data from
2S (USP42) Travis JC , Acosta JC , Andor G, Bastie J, Blattner P, C hunnilall C J, et al. Intrinsic wavelength
standard absorption bands in holmium oxide solution for UV/visible molecular absorption spectrophotometry. J
Phys Chem Ref Data. 2005;34(1):41–57. The maximum 95% measurement uncertainty is ±0.06 nm.
2S (USP42)

4 NIST SRM 2034 is no longer available.
C RMs produced under appropriate control, which may be demonstrated by accreditation to ISO/EC 17025
and/or ISO Guide 34 (ISO 17034). 2S (USP42)
4 NIST Special Publication 260-54: Standard Reference Materials: C ertification and use of acidic potassium
dichromate solutions as an ultraviolet absorbance standard—SRM 935. 2S (USP42)

Recent Official Publications:
USP41–NF36 Page 6660
BRIEFING

〈 1010〉 Analytical Data—Interpretation and Treatment, USP 41 page 6706. The proposed
revision of this chapter includes more attention on the scientific method, statistical concepts,
and method comparisons. The scientific method as applied to analytical methods is expanded to
discuss the study objective, design, conduct, and analysis/decision. Each study is associated
with a parameter which is used to address the study objective. Once the study has been
designed, data are collected using the analytical procedure. The chapter focus is on the
analysis and decisions made from the analysis. Transformation and outlier techniques are
presented to assist in this step.
A few changes were made to Prerequisite Laboratory Practices and Principles, specifically
moving the discussion of reference standard use to General Notices, 5.80 USP Reference
Standards and USP Reference Standards 〈11〉. The revision also clarifies the verification and
validation of systems and procedures. A new section Basic Statistical Principles and Uncertainty
introduced to this chapter discusses the concept of uncertainty for measurements and
variation. An analytical procedure is designed to reduce measurement uncertainty and a study
is designed to reduce study uncertainty in order to make more informed decisions. The basic
statistical principles were simplified with more emphasis on nomenclature. There was more
effort to harmonize terminology with other chapters delivering a more consistent statistical
message throughout the USP–NF.
Additionally, minor editorial changes have been made to update this chapter to current USP
style.
(GCSTAT: S. Walfish.)
Correspondence Number—C199713
Comment deadline: November 30, 2018

〈 1010〉 ANALYTICAL DATA—INTERPRETATION AND TREATMENT
Change to read:
INTRODUCTION
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This chapter provides information regarding acceptable practices for the analysis and
consistent interpretation of data obtained from chemical and other analyses. Basic statistical
approaches for evaluating data are described, and the treatment of outliers and comparison of
analytical procedures are discussed in some detail.
[Note—It should not be inferred that the analysis tools mentioned in this chapter form an
exhaustive list. Other, equally valid, statistical methods may be used at the discretion of the
manufacturer and other users of this chapter.]
Assurance of the quality of pharmaceuticals is accomplished by combining a number of
practices, including robust formulation design, validation, testing of starting materials, inprocess testing, and final-product testing. Each of these practices is dependent on reliable test
procedures. In the development process, test procedures are developed and validated to
ensure that the manufactured products are thoroughly characterized. Final-product testing
provides further assurance that the products are consistently safe, efficacious, and in
compliance with their specifications.
Measurements are inherently variable. The variability of biological tests has long been
recognized by the USP. For example, the need to consider this variability when analyzing
biological test data is addressed in Analysis of Biological Assays 〈1034〉. The chemical analysis
measurements commonly used to analyze pharmaceuticals are also inherently variable, although
less so than those of the biological tests. However, in many instances the acceptance criteria
are proportionally tighter, and thus, this smaller allowable variability has to be considered when
analyzing data generated using analytical procedures. If the variability of a measurement is not
characterized and stated along with the result of the measurement, then the data can only be
interpreted in the most limited sense. For example, stating that the difference between the
averages from two laboratories when testing a common set of samples is 10% has limited
interpretation, in terms of how important such a difference is, without knowledge of the
intralaboratory variability.
This chapter provides direction for scientifically acceptable treatment and interpretation of
data. Statistical tools that may be helpful in the interpretation of analytical data are described.
Many descriptive statistics, such as the mean and standard deviation, are in common use.
Other statistical tools, such as outlier tests, can be performed using several different,
scientifically valid approaches, and examples of these tools and their applications are also
included. The framework within which the results from a compendial test are interpreted is
clearly outlined in General Notices and Requirements 7. Test Results. Selected references that
might be helpful in obtaining additional information on the statistical tools discussed in this
chapter are listed in Appendix 7 at the end of the chapter. USP does not endorse these
citations, and they do not represent an exhaustive list. Further information about many of the
methods cited in this chapter may also be found in most statistical textbooks.
PREREQUISITE LABORATORY PRACTICES AND PRINCIPLES
The sound application of statistical principles to laboratory data requires the assumption that
such data have been collected in a traceable (i.e., documented) and unbiased manner. To
ensure this, the following practices are beneficial.
Sound Record Keeping
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Laboratory records are maintained with sufficient detail, so that other equally qualified
analysts can reconstruct the experimental conditions and review the results obtained. When
collecting data, the data should generally be obtained with more decimal places than the
specification requires and rounded only after final calculations are completed as per
Sampling Considerations
Effective sampling is an important step in the assessment of a quality attribute of a
population. The purpose of sampling is to provide representative data (the sample) for
estimating the properties of the population. How to attain such a sample depends entirely on
the question that is to be answered by the sample data. In general, use of a random process is
considered the most appropriate way of selecting a sample. Indeed, a random and independent
sample is necessary to ensure that the resulting data produce valid estimates of the properties
of the population. Generating a nonrandom or “convenience” sample risks the possibility that
the estimates will be biased. The most straightforward type of random sampling is called simple
random sampling, a process in which every unit of the population has an equal chance of
appearing in the sample. However, sometimes this method of selecting a random sample is not
optimal because it cannot guarantee equal representation among factors (i.e., time, location,
machine) that may influence the critical properties of the population. For example, if it requires
12 hours to manufacture all of the units in a lot and it is vital that the sample be representative
of the entire production process, then taking a simple random sample after the production has
been completed may not be appropriate because there can be no guarantee that such a
sample will contain a similar number of units made from every time period within the 12-hour
process. Instead, it is better to take a systematic random sample whereby a unit is randomly
selected from the production process at systematically selected times or locations (e.g.,
sampling every 30 minutes from the units produced at that time) to ensure that units taken
throughout the entire manufacturing process are included in the sample. Another type of
random sampling procedure is needed if, for example, a product is filled into vials using four
different filling machines. In this case it would be important to capture a random sample of vials
from each of the filling machines. A stratified random sample, which randomly samples an equal
number of vials from each of the four filling machines, would satisfy this requirement.
Regardless of the reason for taking a sample (e.g., batch-release testing), a sampling plan
should be established to provide details on how the sample is to be obtained to ensure that the
sample is representative of the entirety of the population and that the resulting data have the
required sensitivity. The optimal sampling strategy will depend on knowledge of the
manufacturing and analytical measurement processes. Once the sampling scheme has been
defined, it is likely that the sampling will include some element of random selection. Finally,
there must be sufficient sample collected for the original analysis, subsequent verification
analyses, and other analyses. Consulting a statistician to identify the optimal sampling strategy
is recommended.
Tests discussed in the remainder of this chapter assume that simple random sampling has
been performed.
Use of Reference Standards
Where USP or NF tests or assays call for the use of a USP Reference Standard, only those
results obtained using the specified USP Reference Standard are conclusive for purposes of
demonstrating conformance to such USP or NF standards. While USP standards apply at all
times in the life of an article from production to expiration, USP does not specify when testing
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must be done, or any frequency of testing. Accordingly, users of USP and NF apply a range of
strategies and practices to assure articles achieve and maintain conformance with compendial
requirements, including when and if tested. Such strategies and practices can include the use
of secondary standards traceable to the USP Reference Standard, to supplement or support
any testing undertaken for the purpose of conclusively demonstrating conformance to
applicable compendial standards. Because the assignment of a value to a standard is one of the
most important factors that influences the accuracy of an analysis, it is critical that this be
done correctly.
System Performance Verification
Verifying an acceptable level of performance for an analytical system in routine or continuous
use can be a valuable practice. This may be accomplished by analyzing a control sample at
appropriate intervals, or using other means, such as, variation among the standards,
background signal-to-noise ratios, etc. Attention to the measured parameter, such as charting
the results obtained by analysis of a control sample, can signal a change in performance that
requires adjustment of the analytical system. An example of a controlled chart is provided in
Appendix 1.
Procedure Validation
All analytical procedures are appropriately validated as specified in Validation of Compendial
Procedures 〈1225〉. Analytical procedures published in the USP–NF have been validated and
meet the Current Good Manufacturing Practices regulatory requirement for validation as
established in the Code of Federal Regulations. A validated procedure may be used to test a
new formulation (such as a new product, dosage form, or process intermediate) only after
confirming that the new formulation does not interfere with the accuracy, linearity, or precision
of the method. It may not be assumed that a validated procedure could correctly measure the
active ingredient in a formulation that is different from that used in establishing the original
validity of the procedure. [Note——The definition of accuracy in 〈1225〉 and in ICH Q2
corresponds to unbiasedness only. In the International Vocabulary of Metrology (VIM) and
documents of the International Organization for Standardization (ISO), accuracy has a different
meaning. In ISO, accuracy combines the concepts of unbiasedness (termed trueness) and
precision. This chapter follows the definition in 〈1225〉, which corresponds only to trueness.]
MEASUREMENT PRINCIPLES AND VARIATION
All measurements are, at best, estimates of the actual (“true” or “accepted”) value for they
contain random variability (also referred to as random error) and may also contain systematic
variation (bias). Thus, the measured value differs from the actual value because of variability
inherent in the measurement. If an array of measurements consists of individual results that are
representative of the whole, statistical methods can be used to estimate informative properties
of the entirety, and statistical tests are available to investigate whether it is likely that these
properties comply with given requirements. The resulting statistical analyses should address the
variability associated with the measurement process as well as that of the entity being
measured. Statistical measures used to assess the direction and magnitude of these errors
include the mean, standard deviation, and expressions derived therefrom, such as the percent
coefficient of variation (%CV; also called the percent relative standard deviation, %RSD). The
estimated variability can be used to calculate confidence intervals for the mean, or measures of
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variability, and tolerance intervals capturing a specified proportion of the individual
measurements.
The use of statistical measures must be tempered with good judgment, especially with regard
to representative sampling. Data should be consistent with the statistical assumptions used for
the analysis. If one or more of these assumptions appear to be violated, alternative methods
may be required in the evaluation of the data. In particular, most of the statistical measures
and tests cited in this chapter rely on the assumptions that the distribution of the entire
population is represented by a normal distribution and that the analyzed sample is a
representative subset of this population. The normal (or Gaussian) distribution is bell-shaped
and symmetric about its center and has certain characteristics that are required for these
tests to be valid. The data may not always be expected to be normally distributed and may
require a transformation to better fit a normal distribution. For example, there exist variables
that have distributions with longer right tails than left. Such distributions can often be made
approximately normal through a log transformation. An alternative approach would be to use
“distribution-free” or “nonparametric” statistical procedures that do not require that the shape
of the population be that of a normal distribution. When the objective is to construct a
confidence interval for the mean or for the difference between two means, for example, then
the normality assumption is not as important because of the central limit theorem. However,
one must verify normality of data to construct valid confidence intervals for standard
deviations and ratios of standard deviations, perform some outlier tests, and construct valid
statistical tolerance limits. In the latter case, normality is a critical assumption. Simple graphical
methods, such as dot plots, histograms, and normal probability plots, are useful aids for
investigating this assumption.
A single analytical measurement may be useful in quality assessment if the sample is from a
whole that has been prepared using a well-validated, documented process and if the analytical
errors are well known. The obtained analytical result may be qualified by including an estimate
of the associated errors. There may be instances when one might consider the use of
averaging because the variability associated with an average value is always reduced as
compared to the variability in the individual measurements. The choice of whether to use
individual measurements or averages will depend upon the use of the measure and its
variability. For example, when multiple measurements are obtained on the same sample aliquot,
such as from multiple injections of the sample in an HPLC method, it is generally advisable to
average the resulting data for the reason discussed above.
Variability is associated with the dispersion of observations around the center of a
distribution. The most commonly used statistic to measure the center is the sample mean (x):
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Analytical procedure variability can be estimated in various ways. The most common and
useful assessment of a procedure's variability is the determination of the standard deviation
based on repeated independent 1 measurements of a sample. The sample standard deviation, s,
is calculated by the formula:

in which xi is the individual measurement in a set of n measurements; and x is the mean of all
the measurements. The percent relative standard deviation (%RSD) is then calculated as:

and expressed as a percentage. If the data requires log transformation to achieve normality
(e.g., for biological assays), then alternative methods are available.2
A precision study should be conducted to provide a better estimate of procedure variability.
The precision study may be designed to determine intermediate precision (which includes the
components of both “between run” and “within-run” variability) and repeatability (“within-run”
variability). The intermediate precision studies should allow for changes in the experimental
conditions that might be expected, such as different analysts, different preparations of
reagents, different days, and different instruments. To perform a precision study, the test is
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repeated several times. Each run must be completely independent of the others to provide
accurate estimates of the various components of variability. In addition, within each run,
replicates are made in order to estimate repeatability. See an example of a precision study in
Appendix 2.
A confidence interval for the mean may be considered in the interpretation of data. Such
intervals are calculated from several data points using the sample mean (x) and sample
standard deviation(s) according to the formula:

in which t α/2, n − 1 is a statistical number dependent upon the sample size (n), the number of
degrees of freedom (n − 1), and the desired confidence level (1 − α). Its values are obtained
from published tables of the Student t-distribution. The confidence interval provides an
estimate of the range within which the “true” population mean (µ) falls, and it also evaluates
the reliability of the sample mean as an estimate of the true mean. If the same experimental
set-up were to be replicated over and over and a 95% (for example) confidence interval for the
true mean is calculated each time, then 95% of such intervals would be expected to contain
the true mean, µ. One cannot say with certainty whether or not the confidence interval
derived from a specific set of data actually collected contains µ. However, assuming the data
represent mutually independent measurements randomly generated from a normally distributed
population, the procedure used to construct the confidence interval guarantees that 95% of
such confidence intervals contain µ. Note that it is important to define the population
appropriately so that all relevant sources of variation are captured. [Note——In the documents
of the International Organization for Standardization (ISO), different terminology is used for
some of the concepts described here. The term s/√n, which is commonly called the standard
error of the mean, is called the standard uncertainty in ISO documents. The term t α/2, n − 1 S/√n
is called the expanded uncertainty, and t α/2, n − 1 is called the coverage factor, by ISO. If the
standard deviation is found by combining estimates of variability from multiple sources, it is
called the combined standard uncertainty. Some of these sources could have nonstatistical
estimates of uncertainty, called Type B uncertainties, such as uncertainty in calibration of a
balance.]
OUTLYING RESULTS
Occasionally, observed analytical results are very different from those expected. Aberrant,
anomalous, contaminated, discordant, spurious, suspicious or wild observations; and flyers,
rogues, and mavericks are properly called outlying results. Like all laboratory results, these
outliers must be documented, interpreted, and managed. Such results may be accurate
measurements of the entity being measured, but are very different from what is expected.
Alternatively, due to an error in the analytical system, the results may not be typical, even
though the entity being measured is typical. When an outlying result is obtained, systematic
laboratory and, in certain cases, process investigations of the result are conducted to
determine if an assignable cause for the result can be established. Factors to be considered
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when investigating an outlying result include—but are not limited to—human error,
instrumentation error, calculation error, and product or component deficiency. If an assignable
cause that is not related to a product or component deficiency can be identified, then
retesting may be performed on the same sample, if possible, or on a new sample. The precision
and accuracy of the procedure, the USP Reference Standard, process trends, and the
specification limits should all be examined. Data may be invalidated, based on this documented
investigation, and eliminated from subsequent calculations.
If no documentable, assignable cause for the outlying laboratory result is found, the result
may be tested, as part of the overall investigation, to determine whether it is an outlier.
However, careful consideration is warranted when using these tests. Two types of errors may
occur with outlier tests: (a) labeling observations as outliers when they really are not; and (b)
failing to identify outliers when they truly exist. Any judgment about the acceptability of data
in which outliers are observed requires careful interpretation.
“Outlier labeling” is informal recognition of suspicious laboratory values that should be further
investigated with more formal methods. The selection of the correct outlier identification
technique often depends on the initial recognition of the number and location of the values.
Outlier labeling is most often done visually with graphical techniques. “Outlier identification” is
the use of statistical significance tests to confirm that the values are inconsistent with the
known or assumed statistical model.
When used appropriately, outlier tests are valuable tools for pharmaceutical laboratories.
Several tests exist for detecting outliers. Examples illustrating three of these procedures, the
Extreme Studentized Deviate (ESD) Test, Dixon's Test, and Hampel's Rule, are presented in
Appendix 3.
Choosing the appropriate outlier test will depend on the sample size and distributional
assumptions. Many of these tests (e.g., the ESD Test) require the assumption that the data
generated by the laboratory on the test results can be thought of as a random sample from a
population that is normally distributed, possibly after transformation. If a transformation is made
to the data, the outlier test is applied to the transformed data. Common transformations
include taking the logarithm or square root of the data. Other approaches to handling single and
multiple outliers are available and can also be used. These include tests that use robust
measures of central tendency and spread, such as the median and median absolute deviation
and exploratory data analysis (EDA) methods. “Outlier accommodation” is the use of robust
techniques, such as tests based on the order or rank of each data value in the data set
instead of the actual data value, to produce results that are not adversely influenced by the
presence of outliers. The use of such methods reduces the risks associated with both types of
error in the identification of outliers.
“Outlier rejection” is the actual removal of the identified outlier from the data set. However,
an outlier test cannot be the sole means for removing an outlying result from the laboratory
data. An outlier test may be useful as part of the evaluation of the significance of that result,
along with other data. Outlier tests have no applicability in cases where the variability in the
product is what is being assessed, such as content uniformity, dissolution, or release-rate
determination. In these applications, a value determined to be an outlier may in fact be an
accurate result of a nonuniform product. All data, especially outliers, should be kept for future
review. Unusual data, when seen in the context of other historical data, are often not unusual
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after all but reflect the influences of additional sources of variation.
In summary, the rejection or retention of an apparent outlier can be a serious source of bias.
The nature of the testing as well as scientific understanding of the manufacturing process and
analytical procedure have to be considered to determine the source of the apparent outlier. An
outlier test can never take the place of a thorough laboratory investigation. Rather, it is
performed only when the investigation is inconclusive and no deviations in the manufacture or
testing of the product were noted. Even if such statistical tests indicate that one or more
values are outliers, they should still be retained in the record. Including or excluding outliers in
calculations to assess conformance to acceptance criteria should be based on scientific
judgment and the internal policies of the manufacturer. It is often useful to perform the
calculations with and without the outliers to evaluate their impact.
Outliers that are attributed to measurement process mistakes should be reported (i.e.,
footnoted), but not included in further statistical calculations. When assessing conformance to
a particular acceptance criterion, it is important to define whether the reportable result (the
result that is compared to the limits) is an average value, an individual measurement, or
something else. If, for example, the acceptance criterion was derived for an average, then it
would not be statistically appropriate to require individual measurements to also satisfy the
criterion because the variability associated with the average of a series of measurements is
smaller than that of any individual measurement.
COMPARISON OF ANALYTICAL PROCEDURES
It is often necessary to compare two procedures to determine if their average results or their
variabilities differ by an amount that is deemed important. The goal of a procedure comparison
experiment is to generate adequate data to evaluate the equivalency of the two procedures
over a range of values. Some of the considerations to be made when performing such
comparisons are discussed in this section.
Precision
Precision is the degree of agreement among individual test results when the analytical
procedure is applied repeatedly to a homogeneous sample. For an alternative procedure to be
considered to have “comparable” precision to that of a current procedure, its precision (see
Analytical Performance Characteristics in 〈1225〉, Validation) must not be worse than that of
the current procedure by an amount deemed important. A decrease in precision (or increase in
variability) can lead to an increase in the number of results expected to fail required
specifications. On the other hand, an alternative procedure providing improved precision is
acceptable.
One way of comparing the precision of two procedures is by estimating the variance for each
procedure (the sample variance, s2, is the square of the sample standard deviation) and
calculating a one-sided upper confidence interval for the ratio of (true) variances, where the
ratio is defined as the variance of the alternative procedure to that of the current procedure.
An example, with this assumption, is outlined in Appendix 4. The one-sided upper confidence
limit should be compared to an upper limit deemed acceptable, a priori, by the analytical
laboratory. If the one-sided upper confidence limit is less than this upper acceptable limit, then
the precision of the alternative procedure is considered acceptable in the sense that the use of
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the alternative procedure will not lead to an important loss in precision. Note that if the onesided upper confidence limit is less than one, then the alternative procedure has been shown to
have improved precision relative to the current procedure.
The confidence interval method just described is preferred to applying the two-sample F-test
to test the statistical significance of the ratio of variances. To perform the two-sample F-test,
the calculated ratio of sample variances would be compared to a critical value based on
tabulated values of the F distribution for the desired level of confidence and the number of
degrees of freedom for each variance. Tables providing F-values are available in most standard
statistical textbooks. If the calculated ratio exceeds this critical value, a statistically significant
difference in precision is said to exist between the two procedures. However, if the calculated
ratio is less than the critical value, this does not prove that the procedures have the same or
equivalent level of precision; but rather that there was not enough evidence to prove that a
statistically significant difference did, in fact, exist.
Accuracy
Comparison of the accuracy (see Analytical Performance Characteristics in 〈1225〉, Validation)
of procedures provides information useful in determining if the new procedure is equivalent, on
the average, to the current procedure. A simple method for making this comparison is by
calculating a confidence interval for the difference in true means, where the difference is
estimated by the sample mean of the alternative procedure minus that of the current
procedure.
The confidence interval should be compared to a lower and upper range deemed acceptable,
a priori, by the laboratory. If the confidence interval falls entirely within this acceptable range,
then the two procedures can be considered equivalent, in the sense that the average
difference between them is not of practical concern. The lower and upper limits of the
confidence interval only show how large the true difference between the two procedures may
be, not whether this difference is considered tolerable. Such an assessment can be made only
within the appropriate scientific context. This approach is often referred to as TOST (two onesided tests; see Appendix 6)
The confidence interval method just described is preferred to the practice of applying a ttest to test the statistical significance of the difference in averages. One way to perform the
t-test is to calculate the confidence interval and to examine whether or not it contains the
value zero. The two procedures have a statistically significant difference in averages if the
confidence interval excludes zero. A statistically significant difference may not be large enough
to have practical importance to the laboratory because it may have arisen as a result of highly
precise data or a larger sample size. On the other hand, it is possible that no statistically
significant difference is found, which happens when the confidence interval includes zero, and
yet an important practical difference cannot be ruled out. This might occur, for example, if the
data are highly variable or the sample size is too small. Thus, while the outcome of the t-test
indicates whether or not a statistically significant difference has been observed, it is not
informative with regard to the presence or absence of a difference of practical importance.
Determination of Sample Size
Sample size determination is based on the comparison of the accuracy and precision of the
two procedures3 and is similar to that for testing hypotheses about average differences in the
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former case and variance ratios in the latter case, but the meaning of some of the input is
different. The first component to be specified is δ, the largest acceptable difference between
the two procedures that, if achieved, still leads to the conclusion of equivalence. That is, if the
two procedures differ by no more than δ, on the average, they are considered acceptably
similar. The comparison can be two-sided as just expressed, considering a difference of δ in
either direction, as would be used when comparing means. Alternatively, it can be one-sided as
in the case of comparing variances where a decrease in variability is acceptable and
equivalency is concluded if the ratio of the variances (new/current, as a proportion) is not
more than 1.0 + δ. A researcher will need to state δ based on knowledge of the current
procedure and/or its use, or it may be calculated. One consideration, when there are
specifications to satisfy, is that the new procedure should not differ by so much from the
current procedure as to risk generating out-of-specification results. One then chooses δ to
have a low likelihood of this happening by, for example, comparing the distribution of data for
the current procedure to the specification limits. This could be done graphically or by using a
tolerance interval, an example of which is given in Appendix 5. In general, the choice for δ must
depend on the scientific requirements of the laboratory.
The next two components relate to the probability of error. The data could lead to a
conclusion of similarity when the procedures are unacceptably different (as defined by δ). This
is called a false positive or Type I error. The error could also be in the other direction; that is,
the procedures could be similar, but the data do not permit that conclusion. This is a false
negative or Type II error. With statistical methods, it is not possible to completely eliminate the
possibility of either error. However, by choosing the sample size appropriately, the probability of
each of these errors can be made acceptably small. The acceptable maximum probability of a
Type I error is commonly denoted as α and is commonly taken as 5%, but may be chosen
differently. The desired maximum probability of a Type II error is commonly denoted by β.
Often, β is specified indirectly by choosing a desired level of 1 − β, which is called the “power”
of the test. In the context of equivalency testing, power is the probability of correctly
concluding that two procedures are equivalent. Power is commonly taken to be 80% or 90%
(corresponding to a β of 20% or 10%), though other values may be chosen. The protocol for
the experiment should specify δ, α, and power. The sample size will depend on all of these
components. An example is given in Appendix 5. Although Appendix 5 determines only a single
value, it is often useful to determine a table of sample sizes corresponding to different choices
of δ, α, and power. Such a table often allows for a more informed choice of sample size to
better balance the competing priorities of resources and risks (false negative and false positive
conclusions).
APPENDICES
Appendix 1: Control Charts
illustrates a control chart for individual values. There are several different methods for
calculating the upper control limit (UCL) and lower control limit (LCL). One method involves the
moving range, which is defined as the absolute difference between two consecutive
measurements (xi − xI − 1 ). These moving ranges are averaged (MR) and used in the following
formulas:
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where x is the sample mean, and d2 is a constant commonly used for this type of chart and is
based on the number of observations associated with the moving range calculation. Where n =
2 (two consecutive measurements), as here, d2 = 1.128. For the example in , the MR was 1.7:

Other methods exist that are better able to detect small shifts in the process mean, such as
the cumulative sum (also known as “CUSUM”) and exponentially weighted moving average
(“EWMA”).
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Figure 1. Individual X or individual measurements control chart for control samples. In this
particular example, the mean for all the samples (x) is 102.0, the UCL is 106.5, and the LCL is
97.5.
Appendix 2: Precision Study
Table 1 displays data collected from a precision study. This study consisted of five
independent runs and, within each run, results from three replicates were collected.

Replicate
Number
1
2
3
Mean
Standard deviation
%RSDa

Table 1. Data from a Precision Study
Run Number
1
100.70
101.05
101.15
100.97
0.236
0.234%

2
99.46
99.37
99.59
99.47
0.111
0.111%

3
99.96
100.17
101.01
100.38
0.556
0.554%

4
101.80
102.16
102.44
102.13
0.321
0.314%

5
101.91
102.00
101.67
101.86
0.171
0.167%

a %RSD (percent relative standard deviation) = 100% × (standard deviation/mean)
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Table 1A. Analysis of Variance Table for Data Presented in Table 1
Mean
Degrees of
Sum of
F=
Source of
Freedom
Squares
Squaresa
MSB/MSW
Variation
(df)
(SS)
(MS)
Between runs
4
14.200
3.550
34.886
Within runs
10
1.018
0.102
Total
14
15.217
a The Mean Squares Between (MSB) = SSBetween/dfBetween and the Mean Squares Within
(MSW) = SSWithin/dfWithin
Performing an analysis of variance (ANOVA) on the data in Table 1 leads to the ANOVA table
(Table 1A). Because there were an equal number of replicates per run in the precision study,
values for VarianceRun and VarianceRep can be derived from the ANOVA table in a
straightforward manner. The equations below calculate the variability associated with both the
runs and the replicates where the MSwithin represents the “error” or “within-run” mean square,
and MSbetween represents the “between-run” mean square.
VarianceRep = MSwithin = 0.102

[Note—It is common practice to use a value of 0 for VarianceRun when the calculated value is
negative.] Estimates can still be obtained with unequal replication, but the formulas are more
complex. Many statistical software packages can easily handle unequal replication. Studying
the relative magnitude of the two variance components is important when designing and
interpreting a precision study. The insight gained can be used to focus any ongoing procedure
improvement effort and, more important, it can be used to ensure that procedures are capable
of supporting their intended uses. By carefully defining what constitutes a result (i.e.,
reportable value), one harnesses the power of averaging to achieve virtually any desired
precision. That is, by basing the reportable value on an average across replicates and/or runs,
rather than on any single result, one can reduce the %RSD, and reduce it in a predictable
fashion.
Table 2 shows the computed variance and %RSD of the mean (i.e., of the reportable value)
for different combinations of number of runs and number of replicates per run using the
following formulas:
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For example, the Variance of the mean, Standard deviation of the mean, and %RSD of a test
involving two runs and three replicates per each run are 0.592, 0.769, and 0.76% respectively,
as shown below.

RSD = (0.769/100.96) × 100% = 0.76%
where 100.96 is the mean for all the data points in Table 1. As illustrated in Table 2, increasing
the number of runs from one to two provides a more dramatic reduction in the variability of the
reportable value than does increasing the number of replicates per run.
No distributional assumptions were made on the data in Table 1, as the purpose of this
Appendix is to illustrate the calculations involved in a precision study.
Table 2. The Predicted Impact of the Test Plan (No. of Runs and No. of Replicates per
Run) on the Precision of the Mean
No. of
No. of
Variance
SD of the
Runs
Replicates per Run
of the Mean
Mean
% RSDa
1
1
1.251
1.118
1.11
1
2
1.200
1.095
1.09
1
3
1.183
1.088
1.08
2
1
0.625
0.791
0.78
2
2
0.600
0.775
0.77
2
3
0.592
0.769
0.76
a A mean value of 100.96, based on the 15 data points presented in Table 1, was used (as
the divisor) to compute the %RSD.
Appendix 3: Examples of Outlier Tests for Analytical Data
Given the following set of 10 measurements: 100.0, 100.1, 100.3, 100.0, 99.7, 99.9, 100.2,
99.5, 100.0, and 95.7 (mean = 99.5, standard deviation = 1.369), are there any outliers?
GENERALIZED EXTREME STUDENTIZED DEVIATE (ESD) TEST
This is a modified version of the ESD Test that allows for testing up to a previously specified
number, r, of outliers from a normally distributed population. For the detection of a single outlier
(r = 1), the generalized ESD procedure is also known as Grubb's test. Grubb's test is not
recommended for the detection of multiple outliers. Let r equal 2, and n equal 10.
Stage 1 (n = 10): Normalize each result by subtracting the mean from each value and dividing
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this difference by the standard deviation (see Table 3).4
Table 3. Generalized ESD Test Results
n = 10

Mean =
SD =

Data
100.3
100.2
100.1
100.0
100.0
100.0
99.9
99.7
99.5
95.7
99.54
1.369

Normalized
+0.555
+0.482
+0.409
+0.336
+0.336
+0.336
+0.263
+0.117
−0.029
−2.805

Data
100.3
100.2
100.1
100.0
100.0
100.0
99.9
99.7
99.5

n=9
Normalized
+1.361
+0.953
+0.544
+0.136
+0.136
+0.136
−0.272
−1.089
−1.905

99.95
0.245

Take the absolute value of these results, select the maximum value (R1 = 2.805), and
compare it to a previously specified tabled critical value λ 1 (2.290) based on the selected
significance level (for example, 5%). The maximum value is larger than the tabled value and is
identified as being inconsistent with the remaining data. Sources for λ -values are included in
many statistical textbooks. Caution should be exercised when using any statistical table to
ensure that the correct notations (i.e., level of acceptable error) are used when extracting
table values.
Stage 2 (n = 9): Remove the observation corresponding to the maximum absolute normalized
result from the original data set, so that n is now 9. Again, find the mean and standard
deviation (Table 3, right two columns), normalize each value, and take the absolute value of
these results. Find the maximum of the absolute values of the 9 normalized results (R2 =
1.905), and compare it to λ 2 (2.215). The maximum value is not larger than the tabled value.
Conclusion: The result from the first stage, 95.7, is declared to be an outlier, but the result
from the second stage, 99.5, is not an outlier.
DIXON-TYPE TESTS
Dixon's Test can be one-sided or two-sided, depending on an a priori decision as to whether
outliers will be considered on one side only. As with the ESD Test, Dixon's Test assumes that
the data, in the absence of outliers, come from a single normal population. Following the
strategy used for the ESD Test, we proceed as if there were no a priori decision as to side, and
so use a two-sided Dixon's Test. From examination of the example data, we see that it is the
two smallest that are to be tested as outliers. Dixon provides for testing for two outliers
simultaneously; however, these procedures are beyond the scope of this Appendix. The
stepwise procedure discussed below is not an exact procedure for testing for the second
outlier, because the result of the second test is conditional upon the first. And because the
sample size is also reduced in the second stage, the end result is a procedure that usually lacks
the sensitivity of Dixon's exact procedures.
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Stage 1 (n = 10): The results are ordered on the basis of their magnitude (i.e., Xn is the
largest observation, Xn − 1 is the second largest, etc., and X1 is the smallest observation).
Dixon's Test has different ratios based on the sample size (in this example, with n = 10), and to
declare X1 an outlier, the following ratio, r11, is calculated by the formula:

A different ratio would be employed if the largest data point was tested as an outlier. The r11
result is compared to an r11, 0.05 value in a table of critical values. If r11 is greater than r11, 0.05,
then it is declared an outlier. For the above set of data, r11 = (99.5 − 95.7)/(100.2 − 95.7) =
0.84. This ratio is greater than r11, 0.05, which is 0.52979 at the 5% significance level for a twosided Dixon's Test. Sources for r11, 0.05 values are included in many statistical textbooks.5
Stage 2: Remove the smallest observation from the original data set, so that n is now 9. The
same r11 equation is used, but a new critical r11, 0.05 value for n = 9 is needed (r11, 0.05 =
0.56420). Now r11 = (99.7 − 99.5)/(100.2 − 99.5) = 0.29, which is less than r11, 0.05 and not
significant at the 5% level.
Conclusion: Therefore, 95.7 is declared to be an outlier but 99.5 is not an outlier.
HAMPEL'S RULE
Step 1: The first step in applying Hampel's Rule is to normalize the data. However, instead of
subtracting the mean from each data point and dividing the difference by the standard
deviation, the median is subtracted from each data value and the resulting differences are
divided by MAD (see below). The calculation of MAD is done in three stages. First, the median
is subtracted from each data point. Next, the absolute values of the differences are obtained.
These are called the absolute deviations. Finally, the median of the absolute deviations is
calculated and multiplied by the constant 1.483 to obtain MAD.6
Step 2: The second step is to take the absolute value of the normalized data. Any such result
that is greater than 3.5 is declared to be an outlier. Table 4 summarizes the calculations.
The value of 95.7 is again identified as an outlier. This value can then be removed from the
data set and Hampel's Rule re-applied to the remaining data. The resulting table is displayed as
Table 5. Similar to the previous examples, 99.5 is not considered an outlier.
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Table 4. Test Results Using Hampel's Rule
n = 10

Median =
MAD =

Data
100.3
100.2
100.1
100
100
100
99.9
99.7
99.5
95.7
100

Deviations
from the
Median
0.3
0.2
0.1
0
0
0
−0.1
−0.3
−0.5
−4.3

Absolute
Deviations
0.3
0.2
0.1
0
0
0
0.1
0.3
0.5
4.3
0.15
0.22

Absolute
Normalized
1.35
0.90
0.45
0
0
0
0.45
1.35
2.25
19.33

Table 5. Test Results of Re-Applied Hampel's Rule
n=9

Median =
MAD =

Data
100.3
100.2
100.1
100
100
100
99.9
99.7
99.5
100

Deviations
from the
Median
0.3
0.2
0.1
0
0
0
−0.1
−0.3
−0.5

Absolute
Deviations
0.3
0.2
0.1
0
0
0
0.1
0.3
0.5
0.1
0.15

Absolute
Normalized
2.02
1.35
0.67
0
0
0
0.67
2.02
3.37

Appendix 4: Comparison of Procedures—Precision
The following example illustrates the calculation of a 90% confidence interval for the ratio of
(true) variances for the purpose of comparing the precision of two procedures. It is assumed
that the underlying distribution of the sample measurements are well-characterized by normal
distributions. For this example, assume the laboratory will accept the alternative procedure if
its precision (as measured by the variance) is no more than four-fold greater than that of the
current procedure.
To determine the appropriate sample size for precision, one possible method involves a trial
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and error approach using the following formula:

where n is the smallest sample size required to give the desired power, which is the likelihood of
correctly claiming the alternative procedure has acceptable precision when in fact the two
procedures have equal precision; α is the risk of wrongly claiming the alternative procedure has
acceptable precision; and the 4 is the allowed upper limit for an increase in variance. F-values
are found in commonly available tables of critical values of the F-distribution. F α, n − 1, n − 1 is the
upper α percentile of an F-distribution with n − 1 numerator and n − 1 denominator degrees of
freedom; that is, the value exceeded with probability α. Suppose initially the laboratory guessed
a sample size of 11 per procedure was necessary (10 numerator and denominator degrees of
freedom); the power calculation would be as follows:7
Pr [F > ¼F α, n − 1, n − 1 ] = Pr [F > ¼F .05, 10, 10]= Pr [F > (2.978/4)] = 0.6751
In this case the power was only 68%; that is, even if the two procedures had exactly equal
variances, with only 11 samples per procedure, there is only a 68% chance that the experiment
will lead to data that permit a conclusion of no more than a four-fold increase in variance. Most
commonly, sample size is chosen to have at least 80% power, with choices of 90% power or
higher also used. To determine the appropriate sample size, various numbers can be tested until
a probability is found that exceeds the acceptable limit (e.g., power >0.90). For example, the
power determination for sample sizes of 12–20 are displayed in Table 6. In this case, the initial
guess at a sample size of 11 was not adequate for comparing precision, but 15 samples per
procedure would provide a large enough sample size if 80% power were desired, or 20 per
procedure for 90% power.
Table 6. Power Determinations for Various Sample Sizes (Specific to the Example in
Appendix 4)
Pr[F > ¼F0.05, n − 1, n − 1]
Sample Size
12
13
14
15
16
17
18
19
20

0.7145
0.7495
0.7807
0.8083
0.8327
0.8543
0.8732
0.8899
0.9044

Typically the sample size for precision comparisons will be larger than for accuracy
comparisons. If the sample size for precision is so large as to be impractical for the laboratory
to conduct the study, there are some options. The first is to reconsider the choice of an
allowable increase in variance. For larger allowable increases in variance, the required sample
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size for a fixed power will be smaller. Another alternative is to plan an interim analysis at a
smaller sample size, with the possibility of proceeding to a larger sample size if needed. In this
case, it is strongly advisable to seek professional help from a statistician.
Now, suppose the laboratory opts for 90% power and obtains the results presented in Table 7
based on the data generated from 20 independent runs per procedure.
Ratio = alternative procedure variance/current procedure variance = 45.0/25.0 = 1.8
Lower limit of confidence interval = ratio/F .05 = 1.8/2.168 = 0.83
Upper limit of confidence interval = ratio/F .95 = 1.8/0.461 = 3.90
Table 7. Example of Measures of Variance for Independent Runs (Specific to the
Example in Appendix 4)
Variance
Sample
Degrees of
Procedure
(standard deviation)
Size
Freedom
Alternative
45.0 (6.71)
20
19
Current
25.0 (5.00)
20
19
For this application, a 90% (two-sided) confidence interval is used when a 5% one-sided test
is sought. The test is one-sided, because only an increase in standard deviation of the
alternative procedure is of concern. Some care must be exercised in using two-sided intervals
in this way, as they must have the property of equal tails—most common intervals have this
property. Because the one-side upper confidence limit, 3.90, is less than the allowed limit, 4.0,
the study has demonstrated that the alternative procedure has acceptable precision. If the
same results had been obtained from a study with a sample size of 15—as if 80% power had
been chosen—the laboratory would not be able to conclude that the alternative procedure had
acceptable precision (upper confidence limit of 4.47).
Appendix 5: Comparison of Procedures—Determining the Largest Acceptable Difference,
δ, Between Two Procedures
This Appendix describes one approach to determining the difference, δ, between two
procedures (alternative-current), a difference that, if achieved, still leads to the conclusion of
equivalence between the two procedures. Without any other prior information to guide the
laboratory in the choice of δ, it is a reasonable way to proceed. Sample size calculations under
various scenarios are discussed in this Appendix.
TOLERANCE INTERVAL DETERMINATION
Suppose the process mean and the standard deviation are both unknown, but a sample of
size 50 produced a mean and standard deviation of 99.5 and 2.0, respectively. These values
were calculated using the last 50 results generated by this specific procedure for a particular
(control) sample. Given this information, the tolerance limits can be calculated by the following
formula:
x ± KS
in which x is the mean; s is the standard deviation; and K is based on the level of confidence,
the proportion of results to be captured in the interval, and the sample size, n. Tables providing
K values are available. In this example, the value of K required to enclose 95% of the
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population with 95% confidence for 50 samples is 2.382.8 The tolerance limits are calculated as
follows:
99.5 ± 2.382 × 2.0
hence, the tolerance interval is (94.7, 104.3).
COMPARISON OF THE TOLERANCE LIMITS TO THE SPECIFICATION LIMITS
Assume the specification interval for this procedure is (90.0, 110.0) and the process mean
and standard deviation have not changed since this interval was established. The following
quantities can be defined: the lower specification limit (LSL) is 90.0, the upper specification
limit (USL) is 110.0, the lower tolerance limit (LTL) is 94.7, and the upper tolerance limit (UTL)
is 104.3. Calculate the acceptable difference, (δ), in the following manner:
A = LTL − LSL for LTL ≥ LSL
(A = 94.7 − 90.0 = 4.7);
B = USL − UTL for USL ≥ UTL
(B = 110.0 − 104.3 = 5.7); and
δ = minimum (A, B) = 4.7
With this choice of δ, and assuming the two procedures have comparable precision, the
confidence interval for the difference in means between the two procedures (alternativecurrent) should fall within −4.7 and +4.7 to claim that no important difference exists between
the two procedures.
Quality control analytical laboratories sometimes deal with 99% tolerance limits, in which
cases the interval will widen. Using the previous example, the value of K required to enclose
99% of the population with 99% confidence for 50 samples is 3.390. The tolerance limits are
calculated as follows:
99.5 ± 3.390 × 2.0
The resultant wider tolerance interval is (92.7, 106.3). Similarly, the new LTL of 92.7 and UTL
of 106.3 would produce a smaller δ:
A = LTL − LSL for LTL ≥ LSL
(A = 92.7 − 90.0 = 2.7);
B = USL − UTL for USL ≥ UTL
(B = 110.0 − 106.3 = 3.7); and
δ = minimum (A, B) = 2.7
Though a manufacturer may choose any δ that serves adequately in the determination of
equivalence, the choice of a larger δ, while yielding a smaller n, may risk a loss of capacity for
discriminating between procedures.
SAMPLE SIZE
Formulas are available that can be used for a specified δ, under the assumption that the
population variances are known and equal, to calculate the number of samples required to be
tested per procedure, n. The level of confidence and power must also be specified.
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[Note—Power refers to the probability of correctly concluding that two identical procedures are
equivalent.] For example, if δ = 4.7, and the two population variances are assumed to equal
4.0, then, for a 5% level test 9 and 80% power (with associated z-values of 1.645 and 1.282,
respectively), the sample size is approximated by the following formula:

Thus, assuming each procedure has a population variance, σ2, of 4.0, the number of samples,
n, required to conclude with 80% probability that the two procedures are equivalent (90%
confidence interval for the difference in the true means falls between −4.7 and +4.7) when in
fact they are identical (the true mean difference is zero) is 4. Because the normal distribution
was used in the above formula, 4 is actually a lower bound on the needed sample size. If
feasible, one might want to use a larger sample size. Values for z for common confidence levels
are presented in Table 8. The formula above makes three assumptions: 1) the variance used in
the sample size calculation is based on a sufficiently large amount of prior data to be treated
as known; 2) the prior known variance will be used in the analysis of the new experiment, or
the sample size for the new experiment is sufficiently large so that the normal distribution is a
good approximation to the t distribution; and 3) the laboratory is confident that there is no
actual difference in the means, the most optimistic case. It is not common for all three of these
assumptions to hold. The formula above should be treated most often as an initial
approximation. Deviations from the three assumptions will lead to a larger required sample size.
In general, we recommend seeking assistance from someone familiar with the necessary
methods.
Table 8. Common Values for a Standard Normal Distribution
z-Values
Confidence Level
99%
95%
90%
80%

One-sided (α)
2.326
1.645
1.282
0.842

Two-sided (α/2)
2.576
1.960
1.645
1.282

When a log transformation is required to achieve normality, the sample size formula needs to
be slightly adjusted as shown below. Instead of formulating the problem in terms of the
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population variance and the largest acceptable difference, δ, between the two procedures, it
now is formulated in terms of the population %RSD and the largest acceptable proportional
difference between the two procedures.

where

and ρ represents the largest acceptable proportional difference between the two procedures
((alternative-current)/current), and the population %RSDs are assumed known and equal.
Appendix 6: Equivalence Testing and TOST
In classical statistical hypothesis testing, there are two hypotheses, the null and the
alternative. For example, the null may be that two means are equal and the alternative that
they differ. With this classical approach, one rejects the null hypothesis in favor of the
alternative if the evidence is sufficient against the null. A common error is to interpret failure to
reject the null as evidence that the null is true. Actually, failure to reject the null just means
the evidence against the null was not sufficient. For example, the procedure used could have
been too variable or the number of determinations too small.
The consequence of this understanding is that, when one seeks to demonstrate similarity,
such as results from two laboratories, then one needs similarity as the alternative hypothesis. A
statistical test for an alternative hypothesis of similarity is referred to as an equivalence test.
It is important to understand that “equivalence” does not mean “equality.” Equivalence should
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be understood as “sufficiently similar” for the purposes of the laboratory(ies). As noted earlier
in this chapter, how close is close enough is something to be decided a priori.
As a specific example, suppose we are interested in comparing average results, such as when
transferring a procedure from one laboratory to another. (Such an application would also likely
include a comparison of precision; see Appendix 4.) A priori, we determine that the means need
to differ by no more than some positive value, δ, to be considered equivalent or sufficiently
similar. (Appendix 5 provides some guidance on choosing δ.) Our hypotheses are then:
Alternative (H1): |µ1 − µ2 | ≤ δ
Null (H0): |µ1 − µ2 | > δ
where µ1 and µ2 are the two means being compared.
The two one-sided tests (TOST) approach is to convert the above equivalence hypotheses
into two one-sided hypotheses. The rationale is that one can conclude |µ1 − µ2 | ≤δ if one can
demonstrate both
µ1 − µ2 ≤ +δ and µ1 − µ2 ≥ −δ
As one-sided tests, they can be addressed with standard one-sided t-tests. In order for the
test of the equivalence hypotheses to be of level α, both one-sided tests are conducted at
level α (typically, but not necessarily, 0.05). Often, the two one-sided test is performed using a
confidence interval. In this case, reject the null in favor of the equivalence hypothesis if the
100(1 − 2α)% two-sided confidence interval is entirely contained in (−δ, +δ). This is the
approach described earlier in the Accuracy section.
Appendix 7: Additional Sources of Information
There may be a variety of statistical tests that can be used to evaluate any given set of
data. This chapter presents several tests for interpreting and managing analytical data, but
many other similar tests could also be employed. The chapter simply illustrates the analysis of
data using statistically acceptable methods. As mentioned in the Introduction, specific tests
are presented for illustrative purposes, and USP does not endorse any of these tests as the
sole approach for handling analytical data. Additional information and alternative tests can be
found in the references listed below or in many statistical textbooks.
Control Charts:
1. Manual on Presentation of Data and Control Chart Analysis, 6th ed., American Society
for Testing and Materials (ASTM), Philadelphia, 1996.
2. Grant, E.L., Leavenworth, R.S., Statistical Quality Control, 7th ed., McGraw-Hill, New
York, 1996.
3. Montgomery, D.C., Introduction to Statistical Quality Control, 3rd ed., John Wiley and
Sons, New York, 1997.
4. Ott, E., Schilling, E., Neubauer, D., Process Quality Control: Troubleshooting and
Interpretation of Data, 3rd ed., McGraw-Hill, New York, 2000.
Detectable Differences and Sample Size Determination:
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1. CRC Handbook of Tables for Probability and Statistics, 2nd ed., Beyer W.H., ed., CRC
Press, Inc., Boca Raton, FL, 1985.
2. Cohen, J., Statistical Power Analysis for the Behavioral Sciences, 2nd ed., Lawrence
Erlbaum Associates, Hillsdale, NJ, 1988.
3. Diletti, E., Hauschke, D., Steinijans, V.W., “Sample size determination for bioequivalence
assessment by means of confidence intervals,” International Journal of Clinical
Pharmacology, Therapy and Toxicology, 1991; 29,1–8.
4. Fleiss, J.L., The Design and Analysis of Clinical Experiments, John Wiley and Sons, New
York, 1986, pp. 369–375.
5. Juran, J.A., Godfrey, B., Juran's Quality Handbook, 5th ed., McGraw-Hill, 1999, Section
44, Basic Statistical Methods.
6. Lipsey, M.W., Design Sensitivity Statistical Power for Experimental Research, Sage
Publications, Newbury Park, CA, 1990.
7. Montgomery, D.C., Design and Analysis of Experiments, John Wiley and Sons, New York,
1984.
8. Natrella, M.G., Experimental Statistics Handbook 91, National Institute of Standards and
Technology, Gaithersburg, MD, 1991 (reprinting of original August 1963 text).
9. Kraemer, H.C., Thiemann, S., How Many Subjects?: Statistical Power Analysis in
Research, Sage Publications, Newbury Park, CA, 1987.
10. van Belle G., Martin, D.C., “Sample size as a function of coefficient of variation and ratio
of means,” American Statistician 1993; 47(3):165–167.
11. Westlake, W.J., response to Kirkwood, T.B.L.: “Bioequivalence testing—a need to
rethink,” Biometrics 1981; 37:589–594.
General Statistics Applied to Pharmaceutical Data:
1. Bolton, S., Pharmaceutical Statistics: Practical and Clinical Applications, 3rd ed., Marcel
Dekker, New York, 1997.
2. Bolton, S., “Statistics,” Remington: The Science and Practice of Pharmacy, 20th ed.,
Gennaro, A.R., ed., Lippincott Williams and Wilkins, Baltimore, 2000, pp. 124–158.
3. Buncher, C.R., Tsay, J., Statistics in the Pharmaceutical Industry, Marcel Dekker, New
York, 1981.
4. Natrella, M.G., Experimental Statistics Handbook 91, National Institute of Standards and
Technology (NIST), Gaithersburg, MD, 1991 (reprinting of original August 1963 text).
5. Zar, J., Biostatistical Analysis, 2nd ed., Prentice Hall, Englewood Cliffs, NJ, 1984.
6. De Muth, J.E., Basic Statistics and Pharmaceutical Statistical Applications, 3rd ed., CRC
Press, Boca Raton, FL, 2014.
General Statistics Applied to Analytical Laboratory Data:
1. Gardiner, W.P., Statistical Analysis Methods for Chemists, The Royal Society of
Chemistry, London, England, 1997.
2. Kateman, G., Buydens, L., Quality Control in Analytical Chemistry, 2nd ed., John Wiley
and Sons, New York, 1993.
3. Kenkel, J., A Primer on Quality in the Analytical Laboratory, Lewis Publishers, Boca
Raton, FL, 2000.
4. Mandel, J., Evaluation and Control of Measurements, Marcell Dekker, New York, 1991.
5. Melveger, A.J., “Statististics in the pharmaceutical analysis laboratory,” Analytical
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Chemistry in a GMP Environment, Miller J.M., Crowther J.B., eds., John Wiley and Sons,
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INTRODUCTION
This chapter provides information regarding acceptable practices for the use of analytical
procedures to make decisions about pharmaceutical processes and products. Basic statistical
approaches for decision making are described, and the comparison of analytical procedures is
discussed in some detail. [Note—It should not be inferred that the analysis tools mentioned in
this chapter form an exhaustive list. Other, equally valid, statistical methods may be used at
the discretion of the manufacturer and other users of this chapter.]
For the purpose of this chapter, the term “procedure” is utilized to mean the written plan for
obtaining a result. Thus an analytical procedure is the plan for obtaining a measurement on a
test article, while a study procedure is the plan for carrying out a study. These converge with
the understanding that an analytical procedure may be viewed as a plan to study a
manufactured lot during its manufacture, at the time of release, or during its shelf life. Likewise
the term “uncertainty” will be used in different context throughout the chapter. Notably, the
metrological principle of measurement uncertainty will refer to an analytical procedure, while
study uncertainty is associated with the variability of a study outcome. These share the
understanding that uncertainty can be managed through good science coupled with design, and
are associated with confidence in the validity of the result. Both terms, “procedure” and
“uncertainty”, will be used throughout the chapter and, if unqualified, should be interpreted in
the context of the concept being discussed.
Assurance of the quality of pharmaceuticals is accomplished by combining a number of
practices, including rigorous process and formulation design, validation, and execution of a
robust control strategy. Each of these practices is dependent on reliable analytical procedures.
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In the development process, analytical procedures are utilized to ensure that the manufactured
products are thoroughly characterized and to optimize the commercial manufacturing process.
Final-product and stability testing provide assurance that the products are consistently safe,
efficacious, and in compliance with their specifications. Sound statistical approaches can be
included in the commercial control strategy to further ensure that quality is preserved
throughout the product lifecycle.
Measurements may have a bias. That bias can translate into a risk of making an incorrect
decision from the measurements, or from an analysis of measurements. Any important bias
should be eliminated during analytical procedure development. If elimination is not possible,
then the nature and the potential impact of the bias should be evaluated. In general if the bias
is constant and uniform across the range of the procedure, then a validated correction can be
made to the measurements. If the results from the procedure are used to establish the
specification or to compare groups, then any potential bias is inherent to the measurement
process and is factored out of these uses. If the bias is determined to have an important
negative impact on decisions made from an application of the measurements, the procedure is
not fit for purpose for that application.
Measurements are also inherently variable. The variability of biological assays has long been
recognized by USP. For example, the need to consider this variability when analyzing biological
test data is addressed in Biological Assay Validation 〈1033〉 and Analysis of Biological Assays
〈1034〉. The chemical analysis measurements commonly used to analyze pharmaceuticals are
also inherently variable, although less so than those of the biological assays. However, in many
instances the acceptance criteria are proportionally tighter, and thus, this smaller allowable
variability, or uncertainty, has to be considered when analyzing data generated using chemical
procedures. This concept is captured in the analytical target profile (ATP). The ATP includes a
statement of the acceptable maximum uncertainty, called target measurement uncertainty. The
ATP reflects what is required so that the analytical procedure may be considered fit for use.
Furthermore, if the uncertainty of a measurement is not determined and stated along with the
result of the measurement, then the result can only be interpreted in the most limited sense.
One such limitation is the lack of knowledge associated with measurement uncertainty. That
lack of knowledge is related, in turn, to the risks inherent in making decisions from
measurements. This concept can be extended to all uses of analytical procedure
measurements. For example, stating that the difference between the averages from two
analytical procedures when testing a common set of samples is 10% has limited interpretation
without knowledge of the uncertainty in this estimate of the difference, as well as some
statement of the acceptable difference. Metrological principles may be used to report the
uncertainty of measurements as well as from studies using analytical procedures, and enable
risk-based decision making.
The concept of the ATP is usually limited to measurements used to compare to specifications,
such as to make product release decisions; i.e., when measurements are used to assess
whether a manufactured lot can be released to the market. In this case the measurement is
sometimes called the reportable value. The reportable value can be a single determination made
in the procedure, or a composite of multiple determinations (usually the average) (see General
Notices, 7.10 Interpretation of Requirements). Multiple determinations are used to reduce the
uncertainty of the reportable value.
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In a similar manner acceptance criteria may be established for an outcome of a study using
analytical procedures. In this case the procedure used to support the study may have inherent
uncertainty, and the study is designed to reduce the uncertainty of the outcome in keeping
with the study acceptance criteria. In both cases, the reportable value and the study
outcome, reduction in uncertainty results in a reduction in the risk of making an incorrect
decision.
This chapter provides direction for scientifically acceptable administration of analytical
procedure measurements and of empirical study results. For empirical studies the focus will be
on investigational studies where analytical procedures are used to support carefully planned
and executed experiments, as well as confirmatory studies which are strictly regulated with
limited flexibility in design and evaluation. This is in contrast to exploratory studies where
historical data are utilized to identify trends or effects which are subject to further
investigation. The quality of decisions made from either investigational or confirmatory studies
is enhanced through adherence to the scientific method, and to the application of sound
statistical principles. The steps of the scientific method can be summarized as follows.
Study Objective
A pharmaceutical study using measurements can be as simple as testing and releasing a
batch of material or as complex as a comparison of analytical procedures. The same
considerations apply to the simple study as they do to the complex study. Each study is
associated with a parameter which is used to address the study objective. For release the
parameter might be the batch mean. For the analytical procedure comparison study, the
parameter might be the difference in means produced by the analytical procedures. In each
case an appropriate acceptance criterion on the study parameter is used to make a decision
from the study.
Study Design
The study should be designed with a structure and replication strategy which ensures
representative consideration of the study objective, and which manages the risks associated
with making an incorrect decision. Representative consideration of the study objective entails
inclusion of samples and conditions which span the population being studied. Thus in release of
a manufactured lot, samples across the range of manufacture might be included, while in a
procedure comparison study, each type and level of test sample might be considered. Similar
consideration should be given to sample testing, where appropriate procedure factors should be
included. The design should also acknowledge the study risks. The statistical basis for
managing study risk is the reduction of the uncertainty in the estimation of the study
parameter. This is frequently managed through the determination of sample size. Similar
statistical considerations may be used for a simple study such as lot release as well as for the
more complex procedure comparison study. Blocking on factors which are known to impact the
measurement process or study outcomes may be used to further reduce the impact of
uncertainty on the reportable value or parameter estimate (see Basic Statistical Principles and
Uncertainty).
Study Conduct
Once the study has been designed, data are collected using the analytical procedure.
Effective use of randomization should be considered to minimize the impact of systematic
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variability or bias. Care should be taken during data collection to properly control the analytical
procedure and to ensure accurate transcription and preservation of information. An adequate
number of significant digits or decimal places should be saved and used throughout the
calculations. Deviations from the study plan should be captured and assessed for their potential
to impact study decisions.
Study Analysis and Decision
While it is best to address data transformation during the design of the study, the scale of
the data should be verified before analysis to ensure conformance with statistical assumptions.
Prerequisite to further analysis, the data should be explored for potential outliers. A
conventional outlier method should be utilized which is appropriate to the analysis and the
number of outliers being explored. Rules for handling outliers should be prescribed prior to
evaluation, and these rules should be constructed so as to avoid introducing bias into the
study outcome. The analysis of the data should proceed according to the statistical methods
considered during the study design. The analysis of the data and the reporting of study results
should include proper consideration of measurement uncertainty or uncertainty of other
estimated quantities. Where appropriate, interval estimates should be used to communicate the
robustness of the results (viz., the width of the interval) as well as facilitate communication of
the study decision. A decision can be made when the objective of the study has been
preformulated to make such a decision (e.g., as in an investigational or confirmatory study).
The study may otherwise have been performed to estimate or describe some characteristic of a
population. Caution should be taken in making decisions from post-hoc analyses of the data.
This is called “data snooping” and can lead to inappropriate decisions.
In addition to discussion of some prerequisite laboratory practices and principles, this chapter
will introduce some basic statistical principles and study considerations. The concepts will be
illustrated through an example of an analytical procedure comparison. A series of appendices is
provided to illustrate topics related to the generation and use of analytical data. Equivalence
testing and Bayesian statistics are briefly discussed. The framework within which the results
from a compendial test are interpreted is clearly outlined in General Notices, 7. Test Results.
Selected references that might be helpful in obtaining additional information on the statistical
tools discussed in this chapter are listed in the References at the end of the chapter. USP does
not endorse these citations, and they do not represent an exhaustive list. Further information
about many of the methods cited in this chapter may also be found in most statistical
textbooks.
PREREQUISITE LABORATORY PRACTICES AND PRINCIPLES
The sound application of statistical principles to laboratory data requires the assumption that
such data have been collected in a traceable (i.e., documented) and unbiased manner. To
ensure this, the following practices are beneficial.
Sound Record Keeping
Laboratory records are maintained with sufficient detail, so that other equally qualified
analysts can reconstruct the experimental conditions and review the results obtained. When
collecting data, the data should be obtained with more decimal places than the specification or
study acceptance criterion requires and rounded only after final calculations are completed as
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per General Notices, 7.20 Rounding Rules.
Sampling Considerations
Effective sampling is an important step in the assessment of a parameter of a population. The
purpose of sampling is to provide representative data for estimating the parameter of interest.
Here population may refer to a finite population of measurements on units from a manufacturing
process, or it could refer to an infinite population such as future measurements from a new
analytical procedure. How to attain such a sample depends entirely on the question that is to
be answered by the sample data. When possible, use of a random process is considered the
most appropriate way of selecting a sample. Indeed, a random and independent sample is
necessary to ensure that the resulting data produce valid estimates of the parameter of the
population. Independence refers to a lack of associations among the sampling units which may
skew the results from the true value of the parameter. An example might be sampling from only
the beginning of a production run, where the results may not reflect performance across the
entire run. Generating a nonrandom or a “convenience” sample of this sort risks the possibility
that the sample will not be representative of the entire production run.
The most straightforward type of random sampling is called simple random sampling. A simple
random sample of size n is generated using a process that guarantees that every possible
sample of units from the population of size n has an equal chance of selection. However,
sometimes this method of selecting a random sample is not desirable because it cannot
guarantee equal representation among factors such as time, location, and machine that may
have an impact on the parameter of interest. In this case, other sampling procedures should be
considered. For example, it might be better to take a stratified sample whereby units are
randomly selected from the production process at systematically selected times or locations
(e.g., sampling manufactured units every 30 min) to ensure that units taken throughout the
entire manufacturing process are included in the sample. A similar type of sampling procedure is
needed if, for example, a product is filled into vials using four different filling machines. In this
case it would be important to capture a random sample of vials from each of the filling
machines. A stratified random sample, which randomly or systematically samples an equal or
proportional number of vials from each of the four filling machines, would satisfy this
requirement. Stratified random sampling is an example of blocking, which was discussed under
Study Design. Regardless of the reason for taking a sample, a sampling plan should be
established to provide details on how the sample is to be obtained to ensure that it is
representative of the entirety of the population of interest. A discussion of sampling principles
can be found in the GOODSamples guidance (1).
During testing, approaches such as complete randomization, while most effective at managing
bias, may increase the risk of failure due to an increase in the opportunity for a laboratory
error. Complete randomization may be considered in conjunction with automation. Automation
can mitigate the risks both of manual manipulations and other factors, such as sample hold
time, which may induce bias.
Sometimes it is impossible to utilize sampling plans which are random or systematic in nature.
This is especially true when a study is to be performed to address a strategic hypothesis about
a process, material from a process, or an analytical procedure. Thus for an analytical procedure
comparison one cannot sample from the potentially infinite number of runs which may be
performed over the use of the procedures. In this and other cases, representativeness is
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addressed through study design. This can usually be achieved by introducing factors into the
study which potentially influence the procedures over their lifecycle.
The optimal sampling strategy will depend on knowledge of the manufacturing, analytical
measurement, and/or study-related processes. In the case of sampling to measure a property
of a manufactured lot, it is likely that the sampling will include some element of random
selection. There should be sufficient samples collected for the original analysis, subsequent
verification analyses, and other supporting analyses. In the case of sampling to address a more
complex study, representativeness should be addressed through strategic design. It is
recommended that the subject-matter expert work with a statistician to help select the most
appropriate sample and design for the specified objective.
Procedure Validation
All analytical procedures are appropriately validated as specified in Validation of Compendial
Procedures 〈1225〉. Further guidance is given in Statistical Tools for Procedure Validation 〈1210〉.
Validation of biological assays is presented in 〈1033〉. Analytical procedures published in the
USP–NF should be validated and meet the Current Good Manufacturing Practices regulatory
requirement for validation as established in the US Code of Federal Regulations. If not formally
validated, such as when an analytical procedure is used in a study, it is required to ensure that
the analytical procedure is adequately fit for use to support the study objective.
Analytical Procedure and Sample Performance Verification
Verifying an acceptable level of performance for an analytical procedure in routine or
continuous use is a valuable practice. This may be accomplished by analyzing a control sample
at appropriate intervals or locations, or using other means, such as, determining and monitoring
variation among the standards, background signal-to-noise ratios, etc. This is commonly called
“system suitability”. Attention to the measured performance attribute, such as charting the
results obtained by testing of a control sample, can signal a change in performance that
requires adjustment of the analytical system. Examples of control charts used to monitor
analytical procedure performance are provided in Appendix 1: Control Charts.
Sample performance should also be verified during routine use of an analytical procedure.
Variability among replicates as well as other sample specific performance attributes is used to
ensure the reliability of sample measurement. A failure to meet a sample performance
requirement can result in a retest of the sample, versus a complete repeat of an analytical
procedure run.
BASIC STATISTICAL PRINCIPLES AND UNCERTAINTY
This section introduces the concept of uncertainty, and couples this with familiar statistical
tools which facilitate decisions made from data. At the core of these principles and tools is an
understanding of risk; more specifically the risks of making incorrect decisions based on
measurement results or analyses using measurement results. The consequences of these risks
can be minor or significant, and thus should be factored into considerations related to both
design of a study, and the interpretation of the results. The understanding of uncertainty is not
new to the pharmaceutical industry, or more broadly throughout industries that make decisions
from measurements and data analysis. The study of measurement and measurement
uncertainty falls formally into the field of metrology (see Appendix 4: Measurement Principles
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and Measurement Uncertainty). This section will frame the concept of uncertainty, and
illustrate how this can be implemented using well-known statistical tools.
Uncertainty
An analytical procedure is designed to reduce measurement uncertainty and a study is
designed to reduce study uncertainty in order to make more informed decisions.
Uncertainty is associated with variability and communicates the closeness of a result to its
true value. A fundamental aspect of uncertainty is probability which is sometimes expressed as
confidence. The combination of the variability of a measurement from a procedure or the result
from a study and confidence provides a powerful means to manage statistical outcomes.
Implicit to the concept of uncertainty is risk. Risk may also be expressed as a probability, but
is more formally translated into cost, where cost is the opportunity loss due to making an
incorrect decision times the probability of that loss. Here a loss may be quantifiable outcome
such as the value of a lot of manufactured material, or less quantifiable such as the loss of
patient benefit from a drug or biological. In most cases these are components of producers and
consumers risks respectively.
Key to the concept of uncertainty is its relationship to the structure of variability. Whether
an analytical procedure which measures a quality attribute of a manufactured lot or a study
which quantifies differences between analytical procedures, the overall variability of the result
is a composition of many individual sources of variability. In a general sense one can manage
the overall variability through refinement in one or some of those sources, or through strategic
design (e.g., replication). In either case the effort results in higher certainty and lower risk.
Basic Statistical Principles
STATISTICAL MEASURES
All results from analytical measurement are, at best, estimates of the true value because
they contain variability. Statistical measures used to estimate the center and dispersion of a
population include the mean, standard deviation, and expressions derived there from, such as
the percent coefficient of variation (%CV). Such statistical measures can be used to calculate
confidence intervals for summary parameters of the process generating the data, or tolerance
intervals capturing a specified proportion with specified confidence of the individual
measurements generated by the process.
STATISTICAL ASSUMPTIONS
Statistical assumptions should be justified with respect to the underlying data generation
process and verified using appropriate statistical tools. If one or more of these assumptions
appear to be violated, alternative methods may be required in the evaluation of the data. In
particular, most of the statistical measures and tests cited in this chapter rely on the
assumptions that the underlying population of measurements is normally distributed and that
the measurement results are independent and free from aberrant values or outliers. Assessment
of the statistical assumptions and alternatives methods of analysis are discussed in Appendix 2:
Models and Data Considerations.
AVERAGING
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A single analytical measurement may be useful in decision making if the sample is from a
whole that has been prepared using a well-validated, documented process, if the analytical
errors are well known, and the measurement uncertainty associated with the single
measurement is suitable to make the appropriate decision. The obtained analytical result may
be qualified by including an estimate of the associated measurement uncertainty. For a single
measurement this might come from the procedure validation or another source of prior
knowledge.
There may be instances when one might consider the use of averaging because the variability
associated with the average value better meets the target measurement uncertainty
requirement for its use. Thus, the choice of whether to use individual measurements or
averages will depend upon the use of the measurement and the risks associated with making
decisions from the measurement. For example, when multiple measurements are obtained on the
same sample aliquot (e.g., from multiple injections of the sample in an HPLC procedure), it is
generally advisable to average the individual values to represent the sample value. This should
be supported by some check on the variability amongst the individual measures. A decision rule,
which defines and describes how a decision will be made, should be explicit to the population
parameter of interest. When this is the center or the mean, then the average should be the
basis of the rule. When this is variability amongst the individual measurements, then it should
be the standard deviation or %CV. Except in special cases (e.g., content uniformity), care
should be taken in making decisions from individual measurements.
ESTIMATING THE CENTER AND DISPERSION FROM A SAMPLE
Let Y 1 ,Y 2 ,...,Y n represent a sample of n observations of a measurand. The most commonly
used statistic to describe the center of the n observations from an adequately symmetric
distribution is the sample mean (Y):

The dispersion can be estimated from the observations in various ways. The most common
and useful assessment of the dispersion is the determination of the sample standard deviation.
The sample standard deviation is calculated as
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The sample %CV is calculated as

It should be noted that %CV is an appropriate measure of variability only if the measurand is
an absolute quantity such as mass. It is incorrect to report %CV for measurands reported as a
percentage (e.g., percent purity) or which are in transformed units (e.g., pH or other
logarithmic units) (2).
It should be noted further that the use of the sample mean and standard deviation as
measures of center and dispersion is premised on the assumption that the data are free of
outliers and are approximately normally distributed. Approaches to assess these assumptions
and alternative measures are discussed in Appendix 2: Models and Data Considerations.
STATISTICAL INTERVALS
Statistical intervals are used to describe or make decisions concerning numerical
characteristics such as the mean and standard deviation of the population from which the
sample was selected. Three useful statistical intervals are prediction intervals, tolerance
intervals, and confidence intervals.
A 100 × (1 − α)% two-sided prediction interval for a single future observation is an interval
that will contain the next randomly selected observation from a process with stated confidence
level 100 × (1 − α)%. The confidence level is selected prior to data collection. Typical values
for the confidence level are 90%, 95%, and 99% (i.e., is equal to 0.10, 0.05, and 0.01,
respectively). The confidence level defines the success rate in capturing the future value over
many repeated uses of the interval procedure on samplings of the same process. It's
noteworthy to point out that represents the risk that the interval will not capture the future
value over repeated samplings.
A 100 × (1 − α)% two-sided tolerance interval is a random interval that contains at least a
specified proportion (P) of future observations with stated level of confidence 100 × (1 − α)%.
Finally, a 100 × (1 − α)% two-sided confidence interval for an unknown parameter Θ (e.g., the
population mean, usually symbolized µ) is an interval that will contain the parameter with
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stated confidence level 100 × (1 − α)%.
Note that prediction and tolerance intervals describe behavior of individual values or a
proportion of individual values, respectively, whereas confidence intervals provide an interval
estimate of unknown parameter values. One-sided intervals can be similarly defined. An
excellent reference for results of all three statistical intervals is provided by Hahn and Meeker
(3).
Each interval is composed of a lower bound (LB) and an upper bound (UB). As an example, for
a confidence interval these bounds are functions of the sample values such that
Pr[LB ≤

≤ UB] = 100 × (1 − α)%

(4)

The construction of a 100 × (1 − α)% two-sided confidence interval on a population mean is
computed as

where n is the sample size and t 1-α/2:n−1is the quantile of the cumulative Student’s t distribution
having area to the left and n − 1 degrees of freedom.
The sampling and calculation process described above will provide a confidence interval that
contains the true parametric value 100 × (1 − α)% of the time. Alternatively one can utilize a
Bayesian approach to derive an interval which contains, with probability 100 × (1 − α)%, the
true value of the mean (see References).
STUDY CONSIDERATIONS
There are a number of scientific and statistical considerations in conducting a study. These
will be discussed in the context of the stages of the scientific method (see Introduction).
Study Objective
The study objective is a statement of the goal(s) of the empirical study. Generally speaking,
the goals break down into two categories: 1) estimation, and 2) inference. Estimation is the
goal when the investigator wishes to report numbers that estimate true quantities (parameters)
that underlie the data generating process and are the subject of the empirical study. Inference
includes the additional step of using these estimates to make a decision about the underlying
true quantities or the subject of the study.
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Numerical estimates can either be single numbers (point estimates), a range of numbers
(interval estimates), or distributions (distributional estimates). A point estimate is a single
number that “best” represents the unknown true value of a process or population parameter.
The computed average or computed standard deviation of a data set are examples of point
estimates. “Best” in this context means the estimate is in some sense close to the unknown
parameter value, although the difference between the estimate and the parameter will vary
from sample to sample or study to study. A point estimate reported alone has little utility
because it does not reflect the magnitude of the difference between the estimate and the true
value. Statistical intervals can be used for this purpose. A discussion of statistical intervals can
be found in Statistical Intervals. Interval estimates provide additional details about uncertainty
that may be useful for risk based decision making.
A statistical paradigm used to express the objective of an inferential study is a statistical
hypothesis test. For purposes of this chapter the principles and examples will be discussed in
the context of comparing two populations. This is a common objective, and applies to
procedure comparison and procedure transfer. Two statistical sets of hypotheses that are
commonly of interest are:
1. Difference tests, and
2. Equivalence tests.
A difference test, as the study objective, asks, “Is there a difference between two unknown
parameter values?”, or “Is there a difference between one unknown parameter value and some
expected value?” Equivalence tests ask the question, “Are two unknown parameter values
equivalent?”, or “Is one unknown parameter value equivalent to some expected value?”
Equivalence allows for the difference between parameters to be non-zero, but requires the
difference to be less than some predefined constant that signifies practical importance.
When considering a difference test, the magnitude of the difference may be of importance.
For example, in comparing the average results for measurements made using a new procedure
and an old procedure, one might want to know whether the difference between the two
procedures is either greater to or less than some value, d. This is described as a two-sided
hypothesis and written as
H0 : µN − µO = d

(6)

Ha : µN − µO ≠ d
where µN is the unknown average of the new procedure and is the unknown average of the old
procedure. The statement H0 is referred to as the null hypothesis, and the statement Ha is
referred to as the alternative or research hypothesis. Quite often, d = 0, and the research
hypothesis is whether the two averages are different (i.e., Ha : µN ≠ µO). Statistical evidence
collected in a sample is evaluated to see if it can support the claim of the alternative
hypothesis.
If such a test were used to perform a procedure comparison, some might deem the
comparison as successful if there was not sufficient evidence to support Ha, that the means
are different. This would be the case, for example, when a two-sample t-test results in
“nonsignificance.” This is an incorrect conclusion, however, because the lack of sufficient
evidence to support Ha is not proof that H0 is true. Rather, failure to support Ha may be due to
a poorly designed study or excess variability. The study objective would be more appropriately
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addressed using an equivalence test.
The hypothesis set for an equivalence test of means is
H0 : |µN − µO| ≥ d

(7)

Ha : |µN − µO| < d
where d represents an acceptable non-zero difference in average response between the two
groups. In the context of statistical hypothesis testing, the condition one wishes to
demonstrate is placed in the alternative hypothesis. In the case of the procedure comparison,
the comparison is deemed successful if there is sufficient evidence to support
Ha : |µN − µO| < d
Equivalence testing and acceptance criteria are discussed in Appendix 3: Equivalence and
Noninferiority Testing.
The hypotheses expressed thus far are associated with comparing two independent groups.
It is noteworthy that some empirical studies use blocking (pairing) to reduce the variance
associated with the estimator of µN − µO. Such designs are more efficient than the independent
sample designs, and are described more fully in Comparison of Analytical Procedures.
In some situations, a difference between two parameters is of interest only if it is in one
direction. In such a case, the alternative hypothesis contains either a or sign. For example,
suppose that in a procedure comparison, a new analytical procedure has been developed that
is expected to have an equivalent or smaller variability than the existing procedure. In this
case, the comparison study must demonstrate that the new procedure is “noninferior” to the
old procedure in its variability. This can be addressed by showing that the standard deviation of
the new procedure (σN) is less than some factor of the standard deviation of the old procedure
(k × σO). The one-sided hypotheses to be tested are
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where the factor k(k ≥ 1) should be justified on the basis of ensuring fitness for use of the new
procedure.
Study Design
Study design should ensure sufficiently precise results, and acceptable risk for drawing the
wrong conclusion in a test of inference. This can be managed through use of statistical design
tools, including blocking and replication. As discussed previously, the design should also
consider strategic selection of samples and study conditions which are associated with
experiences in normal practice. For example, a procedure comparison should address accuracy
and precision across the range of the assay, as well as the conditions experienced during long
term routine analysis. A risk analysis should be done to identify those conditions that may be
important in the comparison of the analytical procedures.
DESIGN OF AN ESTIMATION STUDY
The design of an estimation study may use sufficient replication (sample size) and blocking to
ensure desired control of the uncertainty in the result. To illustrate this, consider estimation of
a mean based on a simple random sample of n units from a population. From Equation 5 the half
width of the confidence interval on the mean can be defined to be no greater than a maximum
allowable value, H. Selecting the confidence level, (1 − α), and providing a preliminary estimate
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for the standard deviation, S, one can solve for a required sample size using the equation

Preliminary estimates for S are obtained from similar studies or through the advice of subject
matter experts. Scale of the data (e.g., transformed or not) should be understood prior to
obtaining the preliminary estimate of standard deviation or expressing the maximum allowable
value (Appendix 2: Models and Data Considerations).
DESIGN OF AN INFERENTIAL STUDY
The design of an inferential study is based on controlling the risks of drawing the wrong
conclusion. Following the paradigm of a hypothesis test, these risks can be illustrated in the
following Table 1 and Table 2.
Table 1. Conclusions in a Statistical Test
If H0 is true
If H0 is false
Reject H0
Do not reject H0

Wrong conclusion (Type I error)
Correct conclusion

Correct conclusion
Wrong conclusion (Type II error)

Table 2. Probabilities of a Wrong Conclusion
Wrong Conclusion
Probability of Occurrence
α (called the level of significance)
Type I error
Type II error
β (1 − β is called the power)
It is important to determine the required sample size to control the Type I error (α) and Type
II error (β) simultaneously. Mathews (4) provides a host of sample size calculations for
estimation, tests of differences, and tests of equivalence. These formulas become more
complex when the design includes one or more factors. Computer simulation is a useful tool in
these more complex situations, and support of a statistician can be useful.
While replication is an effective strategy for reducing the impact of random variability on
uncertainty and risk, blocking can be used to help manage variability associated with known
sources of variability. A simple case of blocking in a study is pairing of results for each test
sample between the two groups (e.g., between procedures in a procedure comparison). Each
test sample is analyzed with each analytical procedure; each of these pairs of observations are
then a block. The outcome is to separate inter-block (i.e., sample-to-sample) variability from
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the comparison of interest. For example, in collecting measurements to compare two analytical
procedures, one may sample several lots or multiple levels of a material and measure these in
each procedure. Blocking can remove lot-to-lot and between-level variation from the error term
that is used to compare the difference in procedure means. The effective use of blocking is
demonstrated in Comparison of Analytical Procedures.
Study Conduct
An important consideration in the conduct of a study is taking steps to avoid introducing
systematic error or bias into the study results. Bias can be introduced through unintentional
changes in experimental conditions, due to either known or unknown factors.
Unlike random variability, bias cannot be reduced through replication. Here, randomization can
be utilized to translate bias that is caused by study design into random variability, which can
be subsequently managed through replication. A simple example is the practice of randomizing
the order in which a series of samples are tested throughout the study which eliminates the
impact of potential drift of the measurement system over time.
An additional consideration is data recording. Many institutions store their data in a
Laboratory Information Management System (LIMS). That data may be entered to the number
of significant digits (decimals) of the reportable value for the test procedure. While this
practice is appropriate for the purpose of reporting test data (such as in a Certificate of
Analysis or in a regulatory dossier), it is inappropriate for data which may be used for
subsequent analysis. This is noted in American Society for Testing and Materials (ASTM) E2990 where it is stated “As far as is practicable with the calculating device or form used, carry
out calculations with the test data exactly and round only the final result”. Rounding
intermediate calculated results contributes to the overall error in the final result.
Study Analysis
The culmination of a study is a statistical analysis of the data, and in the case of an
inferential study a decision. Transformation, if considered, should be confirmed prior to analysis,
and the data (transformed or untransformed) should be screened for outlying values (see
Appendix 2: Models and Data Considerations). Simple summaries such as group averages and
appropriate measures of variability, as well as plots of the data and summary results facilitate
the analysis and communication of the study decision. Summaries should be supplemented with
confidence intervals or bounds, which express the uncertainty in the summary result (see Basic
Statistical Principles and Uncertainty).
Many common statistical analysis tools are found in calculation programs such as
spreadsheets and instrument software. Software which is dedicated to statistical analysis and
modeling contain additional tools to evaluate assumptions associated with the analysis tools,
such as normality, homogeneity of variance, and independence. Those with limited or no
statistical training should consult a statistician throughout the process of conducting a study,
including study design and analysis. Their statistical skills complement the laboratory skills in
ensuring appropriate study design, analysis, and decisions. These study considerations will be
illustrated in Comparison of Analytical Procedures.
COMPARISON OF ANALYTICAL PROCEDURES
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It is often necessary to compare two analytical procedures to determine if differences in
accuracy and precision are less than an amount deemed practically important. These
comparisons are desired when replacing an old procedure with a new procedure or transferring
a current procedure to a different laboratory. Procedures with differences less than the
practically important criterion are said to be equivalent. The considerations made when
performing demonstrations of equivalence are illustrated in this section following the scientific
method of 1) study objective, 2) study design, 3) study conduct, and 4) study analysis.
Study Objective of a Procedure comparison study
The study objective of a procedure comparison study is to demonstrate that a new
procedure performs equivalent to or better than the old procedure. Each procedure is described
in terms of the mean and standard deviation of measurements obtained from a population of
materials. The mean and standard deviation of the new procedure are denoted µN and ωN,
respectively. The mean and standard deviation of the old procedure are denoted µO and ωO,
respectively. In some cases the standard deviations may be assumed, or have been
demonstrated to be equal. These means and standard deviations are unknown, but conclusions
concerning their potential similarity or non-inferiority (the new procedure is not inferior to the
old procedure) are informed by estimates resulting from the experiment. Characteristics for
comparison are most generally accuracy and precision.
ACCURACY
Comparison of the accuracy of two procedures (see Validation of Compendial Procedures
〈1225〉, Validation, Analytical Performance Characteristics) is based on a comparison of
procedure means. In particular, accuracy is compared using the absolute value of the true
difference in means,
|µN − µO|

(10)

The objective of the study is to demonstrate that Equation 10 is less than a value deemed to
be scientifically important, d. As an example, d may represent a numerical value that is small
enough so that a shift of means of this magnitude does not negatively impact decisions
concerning lot disposition (i.e., conformance to specifications). The hypotheses used in an
equivalence test were shown earlier in Equation 7 as
H0 : |µN − µO| ≥ d

(11)

Ha : |µN − µO| < d.
Probably the most difficult aspect of conducting an equivalence test is determination of d.
Typically, d is determined in partnership between the analytical chemist and the statistician
based on combined manufacturing and scientific knowledge. Definitions of d vary across
companies based on differing risk profiles and experience. An example where d is based on
requirements of a manufacturing process to be monitored by the procedure follows in the next
paragraph.
Historical measurements using the old procedure for a monitored process have a process
mean of µO = 100 units and a combined process and analytical variance of σ2L + σ2O = 0.80
where σ2L represents lot-to-lot variability of the manufacturing process and σ2O the variance of
the old analytical procedure. The process specifications are the lower specification limit (LSL) =
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96 units and the upper specification limit (USL) = 104 units. A bias of |µN − µO| with no change
in precision is acceptable if the proportion of product that falls out-of-specification (OOS)
when measured by the new process is at an acceptable level. Assuming a normal process
distribution with µO = 100 and σN = σO, the probability of an OOS when measured with the new
process is computed as

where Φ( ) represents the cumulative probability function of the standard normal distribution.
Table 3 shows how Pr(OOS) changes as a function of |µN − 100|.
Table 3. Probability of OOS for New Procedure
|µN − 100|
Pr(OOS)
1
2
3

0.0004
0.013
0.132

By performing such calculations, an appropriate value of d can be selected based on a
company's risk strategy. For example, if an OOS rate of 0.013 (i.e., 13 failures in 1000) is
acceptable, then set d = 2 in Equation 11. Note that a lower acceptable OOS rate results in a
smaller d. This, in turn, results in a larger sample size for the study to maintain the desired
Type II error rate. The cost of the study must be balanced by the risk of OOS when defining d
in this manner.
PRECISION
Comparison of the precision of two procedures (see in Validation of Compendial Procedures

〈1225〉, Validation, Analytical Performance Characteristics) is based on a comparison of
procedure standard deviations. Whereas a comparison of means involves a difference, a
comparison of standard deviations involves the ratio.

The objective of the study is to demonstrate that the ratio in Equation 13 is less than an
appropriately selected value k. Recalling the non-inferiority hypotheses in Equation 8, the
stated hypotheses are
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Selection of k should be in alignment with the selection of d as discussed in Kringle et al. (5).
This noninferiority approach is preferred over the difference testing approach (i.e., determining
if σN and σO are statistically different).
Study Objective Using a Lifecycle Approach
A fundamental component of a lifecycle approach for comparing analytical procedures is
having a predefined objective that stipulates the performance requirements for the analytical
procedure. These requirements are described in the ATP. The ATP states the required quality of
the reportable value produced by an analytical procedure (see Appendix 4: Measurement
Principles and Measurement Uncertainty). The ATP is defined in part using information from a
decision rule. For example, a decision rule might be
A batch of drug product will be considered compliant with the specification of LSL units and
USL units, if the probability of the reportable value from the new procedure being OOS is no
greater than P.
In terms of a statistical hypothesis, the decision rule is tested using the hypotheses
H0 : Pr (LSL ≤ Y N ≤ USL) ≤ 1 − P

(15)

Ha : Pr (LSL ≤ Y N ≤ USL) > 1 − P
Study Design
The study design is comprised of the selection of test materials, experimental design, and
sample size determination (the so-called power calculation). Consider the comparison of an old
and a new analytical procedure. An independent two-sample design consists of independent
test samples selected from 2n different lots of manufactured material. Each of the lots is
randomly assigned to one of the two procedures as illustrated in Table 4.
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2
n
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Table 4. Independent Two-Sample Design
New Procedure
Old Procedure
Y N1
Y N2
—
Y Nn
Y O1
Y O2
—
Y On

Sample
mean

Sample
variance
It is instructive to represent the collected data using the model
Y ij = µi + Lij + Eij i=N,O; j = 1, ... , n

(16)

where Y ij is the jth measured response for procedure i, Lij is a random lot effect with mean 0
and variance σ2L, and Eij is a random measurement error with mean 0 and variance σ2N for the
new procedure and variance σ2O for the old procedure. When only one measurement is made
per lot, the individual variances for the measurement error components σ2N and σ2O cannot be
estimated unless σ2L = 0. Rather, only the sums σ2L + σ2N and σ2L + σ2O can be estimated. The
unbiased estimator for σ2L + σ2N is S2N and the unbiased estimator for σ2L + σ2O is S2O. The
estimator of interest is the difference of sample means, Y N − Y O, which has variance
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Var(Y N − Y O) = (σ2L + σ2N)/n + (σ2L + σ2O)/n

(17)

= (2σ2L + σ2N + σ2O)/n
An alternative two-sample independent design could use only a single lot of homogeneous
material so that σ 2L = 0. That is, n independent measurements are made with procedure N and
n independent measurements are made with procedure O on material from a single lot. The
advantage of this design over the one shown in Table 3 is that the variance of a difference in
means is reduced to (σ2N = σ2O)/n, and one has lesser noise with which to examine the signal
Y N − Y O. The disadvantage of this design relative to Table 4 is that one does not conduct the
experiment from the broader population of manufactured lots.
A more efficient statistical design that has the reduced noise level of (σ2N = σ2O)/n and
allows sampling across all manufactured lots is the paired design. Here each lot is measured
independently by each procedure. The term “lot” is called the blocking factor because only
observations within the same block are compared. This has the effect of removing σ 2L from
Var(Y N − Y O) in Equation 17. Table 5 presents a schematic illustration of the paired design.

Lot
1
2
n

Sample
mean

Sample
variance

New
Procedure
Y N, 1
Y N, 2
Y N, n

Table 5. Paired Design
Old
Procedure
Y O, 1
Y O, 2
Y O, n

YN

YO

—

—

Difference
D1 = Y N,1 − Y O,1
D2 = Y N,2 − Y O,2
Dn = Y N, n − Y O, n
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Using the paired design with n lots, the variance of D = Y N − Y O is (σ2N + σ2O)/n because the
variability due to lots disappears when results on the same lot are differenced. The unbiased
estimator of σ2N + σ2O is S2D. Thus, unless σ2L = 0, the variance of Y N − Y O is less in the paired
design than in Equation 17. This allows greater statistical power for a given number of lots, and
the opportunity to include a broad range of levels in the study. If there are more sources of
variation that impact Var(Y N − Y O) , other designs based on an analysis of variance model are
required.
Statistical hypotheses and associated sample size calculations for the two designs described
above are provided below for both accuracy and precision.
Accuracy
A best practice for comparing two procedure means is to perform a statistical test of
equivalence for the hypotheses shown in Equation 11. These hypotheses are tested with a
Type I error rate of α by constructing a 100(1 − 2α)% two-sided confidence interval on the
difference µN − µO. For example, with a Type I error rate of α = 0.05 one constructs a twosided confidence interval with confidence level 100(1 − 2 × 0.05) = 90%. If the confidence
interval falls entirely within the range from −d to d, then the two procedures are considered
equivalent. That is, the average difference between the two procedures is of no practical
concern. This approach is often referred to as two one-sided tests (TOST; see Appendix 3:
Equivalence and Noninferiority Testing).
For the independent two-sample design when it is assumed σN = σ O (and hence σ2L + σ2N =
σ2L + σ2O), the 90% confidence interval used to test the hypotheses in Equation 11 is

where n is the number of test samples in each procedure group, and t 0.95:2(n−1) is a quantile
from a central t-distribution with area 0.95 to the left and degrees of freedom 2(n − 1). If one
is not willing to assume µN − µO, then the degrees of freedom are replaced with a value
computed using the Satterthwaite approximation. Equation 18 must also be modified if the
procedures have unequal sample sizes. These adjustments can be found in any statistics text
book.
The 90% confidence interval on the difference in means for a paired design is

Precision
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Precision of a procedure is described by the magnitude of the standard deviation. It is
generally not desired to demonstrate equivalence of standard deviations, since a new
procedure can be non-equivalent and yet better than the old procedure (i.e., σN < σO). Ideally
one should want the standard deviation of the new procedure to be no greater than some
multiple of the standard deviation of the old procedure. This is associated with the concept of
“equivalent or better” in General Notices and is called non-inferiority in common practice. This
multiple should be determined by assessing the impact of an increase in variability over the old
procedure. For example, suppose a laboratory determines that a standard deviation more than k
times greater than the old standard deviation would result in an unacceptable increase in the
number of OOS signals. Placing the burden of proof on the new procedure to satisfy this
criterion, the hypotheses tests are as stated in Equation 14 and repeated here as

If it is assumed that σ2L = 0 (only one lot used in the independent design), the hypotheses in
Equation 20 can be tested for a two-sample independent design with a Type I error rate of α
by constructing a 100(1 − α)% one-sided upper confidence bound on the ratio σN/σO. The
formula for this 100(1 − σ)% upper bound is

where F 1−α, n−1, n−1 is the F-quantile with area 1 − α to the left and degrees of freedom n − 1
and n − 1 where n is the number of test samples in each group. If the upper bound computed
with Equation 21 is less than k, the null hypothesis is rejected and one concludes in favor of Ha.
This means the standard deviation for the new procedure differs by NMT k times the standard
deviation of the old procedure.
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If σ2L > 0 and the two-sample independent experiment is designed with n lots per procedure,
use of the confidence bound in Equation 21 tests the hypotheses

, which are not the hypotheses of interest. An ability to pick up a difference between σ2N and
σ2O in Equation 22 depends on the relative size of σ2L to the measurement variances. Rather,
to test the hypotheses of interest in (16) in this case, it is necessary to take at least two
independent measurements on some or all of the lots assigned to each procedure. This will
allow individual estimation of σ2N and σ2O through an analysis of variance partitioning of the
data. Once this is done, an upper bound on σN/σO can be computed using the appropriate
variance estimators and degrees of freedom.
Alternatively, if σ2L > 0 and the two-sample independent experiment is used with no
replication of lots, one may be able to access an historic data set to provide an estimate of
σ2O. For example, if the old procedure has been used for a long period of time, measurements
from reference standard can be used to provide a very good estimate of σ2O. If it is then
assumed that σ2O is equal to this value, one need only construct an upper confidence bound on
σN and demonstrate it is less than kσO. The estimator on which the confidence bound is based
is

and using an approximation proposed independently by Tukey (6) and Williams (7), a 100(1 −
α)% upper bound on σN is
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where F α: n−1, n−1 is the F-percentile with degrees of freedom n − 1 and n − 1 and area to the
left, and χ2α:n−1 is the chi-squared percentile with degrees of freedom n − 1 and area α to the
left.
If the computed bound in Equation 23 is less than kσO, then the null hypothesis in Equation
20 is rejected, and non-inferiority is demonstrated.
Replication of lots in a paired design can also be used to obtain separate estimates of σ2N
and σ2O. If a good historical estimate for σ2N is available, then the hypotheses in Equation 20
can be tested by constructing a 100(1 − α)% upper confidence bound on σ N using the formula

where σ 2O is the estimate based on historical data and Χ2α:n−1 is a percentile from the chisquared distribution with area α to the left and degrees of freedom (n − 1). If this upper bound
is less than kσO, the null hypothesis is rejected and non-inferiority has been demonstrated.
Sample Size Calculations
Sample size calculations are needed to ensure the sample size is great enough to find
evidence that H1 is true when such is the case. If one employs an independent two-sample
design, Bristol (8) recommends the sample size formula

for testing the equivalence hypotheses in the equation assuming σN = σO. To demonstrate,
assume a study is planned where data from the old process suggests a good estimate for the
standard deviation is S = 1 unit, an appropriate equivalence criterion is d = 2 units, and the
desired Type I error rate is α = 0.05. It is desired to have a power of 1 − β = 1 − 0.20 = 0.80
when |µN − µO| = 1 unit. The required sample size for both the new and old procedures using
Equation 25 is
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The experiment is designed as in Table 4 with n = 14. For a paired design, delete the “2” in
Equation 25 and replace S with an estimate SD, which can be based on preliminary data of
paired samples.
It is important to keep in mind that the study design should include factors which may have
significant impact on the long term performance of the procedure. As noted previously, this
may include analyst, but may also require that multiple instruments and batches of key
reagents be included in the design. Failing to do so may confound the effects of these factors
with the difference between laboratories, and underestimate the variability. As such, the
estimates of variability used in these equations should be representative of the variability
induced by these factors. The best estimates of variability come from data collected on
samples tested across a broad period of time, such as stability samples and an assay control.
More considerations of this nature are described in 〈1210〉.
Study Conduct
Consideration should be given to potential sources of systematic error in the conduct of the
comparison of analytical procedures. Sources of error include but are not limited to differences
in handling of samples prior to analysis in the old and new procedures, order of sample testing
in either procedure, and differences in the introduction of ruggedness factors which might
impact the variability in one procedure differently than in the other procedure. One or some of
these may impact the experimental results, potentially leading to the wrong conclusion. It is
important to randomize the order of sample testing to reduce the potential impact of the
sources of systematic error.
Study Analysis
To demonstrate the described confidence intervals, the summary data set in Table 6 was
simulated from a two-sample independent design with 10 lots assigned to procedure N and a
different 10 lots assigned to procedure O. The variances used in the simulation are σ2L = 0.64
and σ2N = σ2O.
Table 6. Data from Simulated Two-Sample Independent Design
Procedure
Sample Mean
Sample Variance
New

Y N = 100.75

S2N = 0.848

Old

Y O = 100.36

S2O = 1.273

An assessment of Table 3 provides the equivalence criterion of d = 2. For a desired Type I
error rate of α = 0.5, the 90% two-sided confidence interval computed from Equation 18 is
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Since the computed confidence interval falls entirely in the range between −2 and +2 (i.e.,
−d to +d) equivalence of means has been demonstrated.
Table 7 provides summary results for 10 lots in a paired design simulated with σ 2N = σ 2O =
0.16 with D = Y N − Y O.
Table 7. Data from Simulated Paired Design with n = 10 Lots
Sample Mean
Sample Variance
D = 0.39

S2D = 0.350

From Equation 19, the 90% confidence interval on µN − µO is

Note the confidence interval in Equation 28 using the paired design is tighter than the
confidence interval computed with the independent design in Equation 27 even though the
simulated variances for the measurement error are equal for the two designs. This is because
the variance due to lots has been eliminated with the paired design. A shorter interval is more
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likely to pass the equivalence test, demonstrating the advantage of using the paired design.
From historical data generated from measuring a reference standard with the old procedure, a
good estimate of the old procedure variance is determined to be σ2O = 0.2. Using the
confidence bound in Equation 23, the 95% upper confidence bound on σN is

Based on a risk assessment, k = 2.5 was established as criterion for this test. Since the
upper bound in Equation 29 is greater than kσO = 2.5 × √0.2 = 1.1, the data do not provide
evidence of noninferiority of the new method.
Using the confidence bound in Equation 24 for the paired design data, the 95% upper
confidence bound on σN is

Since the upper bound computed in Equation 30 is less than kσO = 2.5 × √0.2 = 1.1, the data
provide evidence of noninferiority of the new method. The superiority of the paired design is
again demonstrated for the noninferiority test. Because the upper bound on σN is less in the
paired design than in the independent design, the new method is now shown to meet the
noninferiority criterion.
Study Design and Analysis Using a Lifecycle Approach
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The following statistical test is now used to test the hypotheses in Equation 15:
1. Establish a value for α, the desired Type I error rate. A conventional value for the
individual study designs of accuracy and precision is α = 0.05. However, since both the
accuracy and precision are being simultaneously analyzed in this approach, a reasonable
value is α = 0.10, the maximum Type I error rate of the combined individual tests.
2. Compute a 100(1 − 2 × α)% tolerance interval that contains 100 × (1 − P)% of the
population using the formula

where µO is the process mean measured with the old analytical procedure, and K is a
function of α, P, and n that can be obtained from statistical tables [see, e.g., (14) for
tabled values of K]. Recall S2D is an unbiased estimator for σ2O + σ2N. If an independent
two-sample design is used, Equation 31 is replaced with

Here one should replicate measurements on each lot in order to obtain an unbiased
estimator for σ 2N.
3. If the tolerance interval in step 2 falls entirely in the range between LSL and USL, then
one rejects the null hypothesis in Equation 15 and concludes the decision rule is
satisfied.
When performing calculations, it is assumed that a large amount of information from the
manufacturing process measured with the old analytical procedure is available for analysis. This
data set provides good estimates for µO and the combined process and analytical variance (σ2L
+ σ2O ). Additionally, assume a set of reference standard measurements from the originating lab
is available to estimate σ2O.
To continue the example of this section, assume an acceptable OOS rate is 0.01. One sets P
− 0.01 and α = 0.10 to compute a 100(1 − 2 × 0.10) tolerance interval that contains 100 × (1
− 0.01) = 99% of the population based on a sample of size n = 10. Historic estimates of σ2O
and σ2L are 0.2 and 0.6, respectively, and the tabled value of K is 3.48. The specifications are
LSL = 96 units and USL = 104 units. The computed tolerance interval based on the paired
design described in Table 7 is
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Since the tolerance interval falls entirely in the range from LSL = 96 units to USL = 104 units,
the new analytical procedure has been shown to satisfy the decision rule.
As sample size increases, the interval in Equation 33 will shorten, increasing the likelihood of
passing the test. Thus, as with the individual tests for mean and standard deviation, selection
of sample size to correctly power the test is an important consideration.
APPENDICES
Appendix 1: Control Charts
Through its lifecycle, an analytical procedure is routinely used to aid decision-making in
pharmaceutical development and manufacturing. Since the performance of the procedure can
be influenced by any changes of the method or unforeseen variability, it is important to verify
the performance of the procedure and provide ongoing assurance that it remains fit for its
intended use. To this end, data that relate to procedure performance are collected and
analyzed. These may include analytical results of samples, standards used during the analysis,
trending analysis of control samples and system suitability data. However, it is worth noting
that the control samples are used to monitor the performance of the procedure and are not an
indicator of the product performance or characteristics (9).
Although various trending methods exist, control charts are one of the most simple and
effective graphical tools for such analysis. There are many types of control charts including the
following:
Shewhart individual/moving range (I-MR) control chart for plotting individual values over
time,
X-bar chart for plotting sample means over time,
Range chart for plotting sample ranges over time,
S-chart for plotting sample standard deviations over time,
Exponentially weighted moving average (EWMA) and cumulative sum (CUSUM) charts
which provide alternatives to those above when small shifts in the mean of the
procedure are of interest.
Montgomery (10) is an excellent reference that describes these charts and provides
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numerous example applications.
A typical control chart consists of a centerline and lower and upper control limits. The
centerline represents the center of the distribution of an attribute measured by the analytical
procedure. The two control limits are determined such that if the procedure performs as
intended, nearly all results will fall within the two limits. Observations outside the limits or
points within the limits that indicate a systematic or nonrandom pattern are indicative of a
potential performance issue. For example, assuming an attribute follows a normal distribution,
the probability for 9 points in a row to be greater than the mean is 0.12%. Such an outcome is
rare and the pattern would suggest a performance issue of the procedure. Historical data (the
“control data”) are typically used to obtain the centerline and lower and upper control limits.
The control chart provides a visual means for identifying shifts, trends, and variability indicative
of potential performance issues.
Rules developed by Western Electric Company (WECO) or Nelson (11) can be used together
with the control chart. To demonstrate, a detailed description of the Shewart I-MR charts and
Nelson rules is provided below.
SHEWHART 1-MR CHART
To develop a control chart for individual observations, it is customary to set control limits at
Y ±3 × S, where Y and S are the control data sample mean and standard deviation,
respectively. These limits are based on assuming the data follow a normal probability
distribution and that a range of three standard deviations about the mean contains roughly
99.7% of all the data. However, since it is possible that the data may contain trends and
shifts, the standard deviation in the control data may be greater than when the analytical
procedure is operated in a controlled state. This results in control limits that may be overly
broad, increasing the chance of missing an out-of-trend event. Shewhart Individual-MR (I-MR)
control charts address this issue by using the average moving range of successive control
observations, |Y i − Y i−1| to estimate the variability. Specifically, the variability is estimated as
|Y i − Y i−1|. Individual construction of the I-MR chart relies on the underlying assumption that
the observed individual values Y i, i = 1,..., n, are normally distributed. When data are not well
represented by the normal distribution, one may observe a disproportionate number of high or
low “outliers”. Commonly, this occurs because the data are better represented with the lognormal distribution. In such a case, a log transformation can be used to achieve closer
agreement with the normality assumption. A detailed discussion of the data transformation is
provided in Appendix 2: Models and Data Considerations. Other charts available for non-normal
data are available and described in Montgomery (10).
The UCL and LCL for an I-MR chart are computed as
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where k is a constant associated with a predicted percentage of coverage and d2 is a constant
which depends on the number of observations associated with the moving range calculation
(m). For example, k = 3 is used to cover approximately 99.7% of the data. When adjacent
observations (|Y i − Y i−1|) are used to compute MR, m = 2 and d2 = 1.128.
To demonstrate, consider a sample of 20 observations with Y = 31.3 and MR = 2.1. Using k =
3 and d2 = 1.128, Equation A1 provides

The associated I-MR chart is plotted in Figure A-1.
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Figure A-1. Individual-MR control chart.
DETECTION OF OUT-OF-CONTROL RESULTS
After a control chart is constructed, out-of-control results are usually examined and
detected using either WECO or Nelson rules. The Nelson rules are provided in Table A-1.
Although these rules were developed for a chart with limits three standard deviations from the
mean, rules 1–4 can also be applied to the I-MR chart.
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1
2
3

4

5
6
7

8
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Table A-1. Nelson Rules for Detection of Out-of-Control Results
Description
Indication
One point exceeds either the LCL or UCL
One point is out of control
Nine points in a row on the same side of the center
There is a mean shift in
line
performance
Six points in a row either all increasing or
decreasing
A trend exists
There is a negative
correlation between
Fourteen points in a row, alternating up and down
neighboring points
Two out of three data points on the same side and
more than 2 standard deviations away from the
A possible increase in
centerline
assay variability
Four out of five points on the same side and more
A possible increase in
than 1 standard deviation away from the centerline
assay variability
Fifteen points in a row within 1 standard deviation
A possible decrease in
of the centerline
assay variability
Eight points in a row on both sides of the centerline
but none within 1 standard deviation of the
centerline
Non-random sample

To demonstrate the use of the Nelson rules, 40 random observations were simulated from a
normal distribution with mean 30 and standard deviation of 2. An individual control chart based
on the standard deviation rather than the moving range is shown in Figure A-2 with the

centerline set as the sample mean
and the control limits as
±3 × S,
where S is the sample standard deviation. The range between the LCL and UCL was divided into
6 zones, each of width SD. These zones allow for visual detection of any patterns in the data
as described in Table A-1. A second sample of 40 observations was then simulated. The first 30
observations were from the same normal distribution as the control sample (mean of 30 and
standard deviation of 2), and the last 10 observations were from a normal population with mean
of 32 and standard deviation of 2. The data are plotted against the control chart and displayed
in Figure A-2. From the plot, it is evident that all of the final 10 observations are on one-side of
the centerline. According to Nelson rule 2, it can be concluded that there is a mean shift in the
procedure performance.

PF 44(5): Sep.-Oct. 2018

462

Figure A-2. Individual control chart with mean shift detected using Nelson rule 2.
Other methods exist that are better able to detect small shifts in the process mean, such as
the CUSUM and EWMA.
Appendix 2: Models and Data Considerations
Statistical analyses involve models and assumptions. Those models can be simple (e.g., a
means model) or complex (e.g., a nonlinear mixed-effects model). Assumptions often include
normality of the residuals, constant variance (of residuals), independence (of residuals), and
freedom from outliers. It is essential to check that a model describes the data reasonably well
and that the assumptions are reasonable. This appendix will focus on models that are fit to
analytical data and model adequacy, as well as data considerations such as transformation and
outliers.
SIGNIFICANT DIGITS
The number of significant digits used for calculations and the number of significant digits in a
reportable value must be considered separately. It's important to record and carry more
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significant digits during calculation than will be reported. It is a good practice to perform all
statistical calculations with as many significant digits as is practical. Rounding should be used
only as a final step before reporting.
The number of significant digits reported can sensibly be based on the standard deviation of
the reportable value. ASTM E29 (12), General Notices, 7.20. Rounding Rules, and the ORA
Laboratory Manual (9) provide guidance on rounding and significant digits.
MODELS
In statistics, a model represents a functional representation of some property(s) of a
population. A means model characterizes the center of the population, and can be written as
Y i = µ + Ei

(A3)

where Y i is the ith observation in a sample from the population, µ is the population mean, and Ei
the error. A more familiar model, a simple linear regression model, characterizes the linear trend
in the population with some factor, and may be written as
Y i = α + µ + βXi + Ei

(A4)

where Xi is sometimes called a predictor covariable or covariate (e.g., time or dose), while α
and β are the intercept and the slope of the model. The regression model might be used instead
of the means model to fit the data if it provides a better description of the data.
More complex models might be nonlinear in nature, can include qualitative factors (e.g.,
analysts in a validation), or might include covariables which are random rather than fixed values
(e.g., another measurement made together with Y i).
This appendix will focus on assessing the normality of and any trends in the residuals, and
which (if any) observations are outliers after fitting a model to data. There are close links
between assessment of normality, choice of transformation, outlier detection, and assessment
of model adequacy; this chapter will address only some of these links. Analysis of residuals can
be very helpful in diagnosing problems with models fits.
TRANSFORMATIONS
A transformation of the response may be warranted for several reasons. A transformation
may be selected based on subject matter knowledge of what is appropriate for a type of data,
empirical evidence from the current or historical data about which transformation addresses one
or a collection of issues in the data, consistency with past practice for a type of data, or some
combination of these.
A transformation may be chosen to make non-constant variation in the residuals after the fit
of the model into nearly-constant variation. Another reason for transformation is changing the
shape of the distribution of the residuals (Figure A-3), and for regression models, changing the
functional form of the regression. Because transformations may impact the model it is helpful to
think of choosing a transformation as part of the modeling process rather than as independent
of modeling.
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Figure A-3. Data from a skewed log-normal distribution (upper panel) and from a symmetric
normal distribution (lower panel).
For example, in many biological systems or when measurements are low and bounded by zero,
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the variation around the responses predicted by a means model is non-constant, and a nearlyconstant proportion of the response. This is part of why many biologists think about variation
as a coefficient of variation (CV = Stdev/Mean). For these systems, it is often useful to work
with a transformed response. When the response is proportional to the mean a logarithm of the
original response is a good choice because the logarithm of the response will have nearly
constant variance, while the shape of the transformed distribution is more symmetric (Figure A4).
In addition to scientific basis as in biological systems, there are several useful tools for
choosing a transformation based on data. These include fitting candidate models and examining
residual plots (where the residual appears on the y-axis and the predictor on the x-axis). Other
graphical tools include box-and-whisker and normal probability plots. Box–Cox (or Power Law)
analyses are also useful. These are available in many statistical software packages, but for
those who are inexperienced, it is wise to seek help from a statistician.
STATISTICAL MEASURES AND INTERVALS ASSOCIATED WITH TRANSFORMATION
Statistical measures associated with the center and the dispersion from a sample are
described in Basic Statistical Principles and Uncertainty. These include the sample mean (Y) ,
the sample standard deviation (S), and %CV. The equations associated with these measures
are appropriate when the data are approximately normally distributed and free of outliers.
These measures could be unreliable, however, when these assumptions cannot be verified. For
purposes of further discussion it will be assumed that a dataset is free of outliers.
As discussed previously some measurement systems yield results which exhibit a pattern of
dependence of variability on the level of response, and asymmetry. The top distribution in
Figure A-3 is said to be skewed to the right, with higher responses showing more dispersion
than lower responses. The lower distribution in Figure A-3 shows the log-transformed
responses. In this case the original distribution is called a log-normal distribution. Because of its
symmetry the distribution of log-transformed responses is expected to result in more reliable
estimates of the mean and standard deviation of that distribution. The resulting sample mean of
the log-transformed responses can be transformed back to the response scale. The calculation
results in what is called the geometric mean (GM). More formally
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Alternatively

The standard deviation of log-transformed responses (ST) can likewise be transformed back
to give the geometric standard deviation (GSD) and percent geometric coefficient of variation
(%GCV)
GSD = exp(ST)

(A7)

%GCV = 100 × (GSD − 1)%
Because ST is non-negative, GSD ≥ 1 and represents a fold-variation in the response scale.
While summary measures for arithmetically scaled responses are written as Y ± S, this might be
summarized as GM ÷/× GSD, or GM/GSD to GM × GSD for geometrically scaled responses.
Intervals are similarly calculated from log-transformed responses. From Equation A7 a 100 × (1
− α) two-sided confidence interval on the log-transformed mean is computed as
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where n is the sample size and t 1-α/2:n-1 is the 1 − αth quantile of the cumulative Student’s t
distribution having area 1 − α/2 to the left and n − 1 degrees of freedom. The confidence
interval on the untransformed mean is

GSD and related %GCV are particularly useful in constructing intervals for log normal
distributions. A different measure of variability is derived from the arithmetic moments of the log
normal distribution. That is,

Numerically, %GCV and %CV are close to each other when both are less than 20%. Their use
along with GSD should be clearly specified when reporting the measure of variability for log
transformed data.
ASSESSING MODEL ADEQUACY
There are both quantitative and graphical methods for assessing model adequacy. In many
data analysis projects it requires multiple iterations of conversations between researchers and
statistician about the treatment and design factors in the study, building candidate models,
and assessing the model fit before settling on a final model. Useful tools for assessing model fit
include (among others) residual plots, studentized deviance residuals, various model-based
outlier detection methods, regression leverage and influence measures and plots.
Residual plots can be a particularly useful tool for assessing both model adequacy and the
need for a transformation; they require some experience to use well. When the observations on
a residual plot are not uniformly distributed along the (horizontal) x-axis, interpretation is
difficult. Assuming the observations on a residual plot are uniformly distributed on the x-axis, a
fan-shape [increasing spread on the (vertical) y-axis] with either increasing or decreasing x is
strong evidence that a transformation is appropriate; this, and other features are easier to
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detect with more observations (Figure A-4). Systematic trends, whether curved or linear on a
residual plot indicate that important treatment or design factors may be missing from the model
(Figure A-5).

Figure A-4. Residual plots from data where log transformation is appropriate. Panels show
untransformed (y) and transformed (lnY) for several sample sizes.
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Figure A-5. Residual plots with curved (left panel) and linear (right panel) trends.
All models involve assumptions about the processes that generate the data and about the
nature of the data itself. For a number of reasons, parametric models that assume additive
effects with residuals that are independent, normally distributed, with constant variance are
common and in many cases, particularly convenient. When these models can be used they are
usually readily interpretable and powerful (able to measure subtle effects with good precision
and discrimination between groups). As attractive as these models are, it is all-too-easy to fail
to check for and address violations of the assumptions upon which these models rely.
The normality of a set of analytical measurements can be assessed either graphically or
through statistical tests of normality. Graphical methods include dot plots, box and whisker
plots, normal probability plots (sometimes called quantile-quantile or QQ plots). These and other
graphical tools are available in many common statistical software packages. Tests of normality
are likewise available in statistical software packages. These tests have little power for
detecting potentially important departures from normality without large numbers of
observations, hence it is often sensible to aggregate date from several studies to assess
normality. Even after aggregating data, you cannot conclude that the data are normally
distributed from these tests; because these tests have a null hypothesis of normality, one can
only conclude that the data are not normally distributed or that there is insufficient evidence to
conclude non-normality.
Many studies yield data that, possibly after transformation and appropriate modeling, yield
residuals that are close enough to being normally distributed to proceed with analyses based on
assumptions of normality. This is especially true for data which fall within a relatively narrow
range.
Other transformations may be considered for some types of data. Thus, for example, when
measurements are expressed as a percent such as percent purity and all measurements are
between approximately 25% and 75% it may be reasonable to use the data without
transformation; when observations are within the range 5%–95%, an arcsin or logit
transformation may be appropriate; for data with observations more extreme than 5% or 95% a
logit is probably the only reasonable transformation. Count data may likewise be transformed
using a square root transformation. In all cases the data should be examined to establish if the
transformed measurements are approximately normally distributed.
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OUTLIERS
Occasionally, observed analytical results are very different from those expected. Aberrant
observations are properly called outlying results. These outliers must be documented,
interpreted, and managed. Such results may be accurate measurements of the entity being
measured, but are very different from what is expected. Alternatively, due to an error in the
analytical system, the results may not be typical, even though the entity being measured is
typical. When an outlying result is obtained, systematic laboratory and, in certain cases,
process investigations of the result are conducted to determine if an assignable cause for the
result can be established. Factors to be considered when investigating an outlying result
include—but are not limited to—human error, instrumentation error, calculation error, and
product or component deficiency. If an assignable cause that is not related to a product or
component deficiency can be identified, then retesting may be performed on the same sample,
if possible, or on a new sample. The precision and accuracy of the procedure, the USP
Reference Standard, process trends, and the specification limits should all be examined in the
investigation. Based on this documented investigation, data may be invalidated and eliminated
from subsequent calculations.
An aberrant result may be evaluated, as part of the overall investigation, to determine
whether it is a statistical outlier.
However, careful consideration is warranted when using an outlier test. Two types of errors
may occur: 1) labeling observations as outliers when they really are not; and 2) failing to
identify outliers when they truly exist. Any judgment about the acceptability of data in which
outliers are observed requires careful interpretation.
“Outlier labeling” is informal recognition of aberrant laboratory values that should be further
investigated with more formal methods. The selection of the correct outlier identification
technique often depends on the initial recognition of the number and location of the values.
Outlier labeling is most often done visually with graphical techniques. “Outlier identification” is
the use of statistical significance tests to confirm that the values are inconsistent with the
known or assumed data distribution.
When used appropriately, outlier tests are valuable tools for pharmaceutical laboratories.
Several tests exist for detecting outliers. Three of these procedures are the Extreme
Studentized Deviate (ESD) Test, Dixon's Test, and Hampel's Rule.
Choosing the appropriate outlier test will depend on the sample size and distributional
assumptions. Many of these tests (e.g., the ESD Test) require the assumption that the data
generated by the laboratory on the test results can be thought of as a random sample from a
population that is normally distributed, possibly after transformation
(www.itl.nist.gov/div898/handbook/eda/section3/eda35h.htm). If a transformation is made to
the data, the outlier test is applied to the transformed data. Other approaches to handling
single and multiple outliers are available. When concerned about multiple outliers, but the
number of potential outliers is not known, a generalized ESD test is often a particularly useful
test (www.itl.nist.gov/div898/handbook/eda/section3/eda35h3.htm).
Robust measures of central tendency and spread, such as the median and median absolute
deviation and exploratory data analysis (EDA) methods can at least partially sidestep the
challenges involved in outlier detection; this is one type of “outlier accommodation,” analysis of
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data set with a suspected outlier without deleting the measurement. Robust techniques often
use tests based on the order or rank of each data value in the data set instead of the actual
data value. The use of such methods eliminates the potential risks associated with the
identification of outliers; these methods have other costs such as lower power and estimates
that are more difficult to interpret.
Dixon's test is particularly useful for small sets of data. When it is practical to combine
observations (perhaps within an assay) via a model that yields near normal and near constant
variance residuals while imposing only minimal assumptions about the functional form (e.g., a
smooth dose-response function), outlier analysis using Hampel's methods on the residuals is
almost certainly a better approach than using Dixon's method.
“Outlier rejection” is the actual removal of the identified outlier from the data set. An outlier
test should not be the sole means for removing an outlying result from the laboratory data. An
outlier test may be useful as part of the evaluation of the significance of that result, along with
other information (review of laboratory records, replicate analyses of selected samples,
analyses of the data with and without the suspect observations, etc.). All data, especially
outliers, should be kept for future review. Unusual data, when seen in the context of other
historical data, may no longer appear unusual and truly reflect the influences of additional
sources of variation. It is important that routine data handling processes include elements of
“outlier management” such as periodic investigations to look for systematic causes of unusual
observations.
Incorrectly rejecting or retaining an apparent outlier can be a serious source of bias. The
nature of the testing as well as scientific understanding of the manufacturing process and
analytical procedure have to be considered to determine the source of the apparent outlier. An
outlier test can never take the place of a thorough laboratory investigation. Rather, it is
performed only when the investigation is inconclusive and no deviations in the manufacture or
testing of the product were noted. Even if such statistical tests indicate that one or more
values are outliers, they should still be retained in the record. Including or excluding outliers in
calculations to assess conformance to acceptance criteria should be based on scientific
judgment and the internal policies of the manufacturer. It is often useful to perform the
calculations with and without the outliers to evaluate their impact. Outliers that are attributed
to measurement process mistakes should be reported (i.e., footnoted), but not included in
further statistical calculations.
In many data sets it is essential to transform first, and then assess unusual observations.
That assessment may rely on a model. In many studies there is a complex functional model (PK
studies, bioassays fit with nonlinear models, multi-response stability studies, etc.) and it is a
poor practice to use the residuals from the functional model to assess unusual observations
because this can drive high leverage observations (those that because of the values of the
predictors have the potential to cause large changes in parameter estimates) that could be
used to assess lack of fit of the functional model to be removed as outliers. Hence, in many
studies, it is important, when assessing unusual observations, to use models that make fewer
assumptions than the “final” or functional models. Yet it is also important to use as much
information from the design as possible when assessing unusual observations. A sometimesuseful approach is to use non-parametric regression models (i.e., smoothing models) to
“borrow” information from nearby times, concentrations, locations, etc. when assessing unusual
observations.
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Illustrations of the three outlier tests discussed previously (ESD Test, Dixon's Test, and
Hampel's Rule) are given using the following set of 10 measurements: 100.0, 100.1, 100.3,
100.0, 99.7, 99.9, 100.2, 99.5, 100.0, and 95.7 (mean = 99.5, standard deviation = 1.369). It
is now demonstrated how to use these tests to determine if there are outliers in the data set.
GENERALIZED ESD TEST
This is a modified version of the ESD Test that allows for testing up to a previously specified
number, r, of outliers from a normally distributed population. For the detection of a single outlier
(r = 1), the generalized ESD procedure is also known as Grubb's Test. Grubb's Test is not
recommended for the detection of multiple outliers. Let r equal 2, and n equal 10 for the data in
Figure A-6.
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Figure A-6. Dot plot of 10 measurements.
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Stage 1 (n = 10): Normalize each result by subtracting the mean from each value and
dividing this difference by the standard deviation as shown in Table A-2.
Table A-2. Generalized ESD Test Results
n = 10
n=9

Mean =
SD =

Data
100.3
100.2
100.1
100.0
100.0
100.0
99.9
99.7
99.5
95.7
99.54
1.369

Normalized
+0.555
+0.482
+0.409
+0.336
+0.336
+0.336
+0.263
+0.117
−0.029
−2.805
—
—

Data
100.3
100.2
100.1
100.0
100.0
100.0
99.9
99.7
99.5
—
99.95
0.245

Normalized
+1.361
+0.953
+0.544
+0.136
+0.136
+0.136
−0.272
−1.089
−1.905
—
—
—

Take the absolute value of these results, select the maximum value (R1 = 2.805), and
compare it to a previously specified tabled critical value 1 (2.290) based on the selected
significance level (5% in this example). The maximum value is greater than the tabled value and
is identified as being inconsistent with the remaining data. Sources for -values are included in
many statistical textbooks. Caution should be exercised when using any statistical table to
ensure that the correct notations (i.e., level of acceptable error) are used when extracting
table values.
Stage 2 (n = 9): Remove the observation corresponding to the maximum absolute normalized
result from the original data set, so that n is now 9. Again, find the mean and standard
deviation as shown in the right two columns of Table A-2, normalize each value, and take the
absolute value of these results. Find the maximum of the absolute values of the nine normalized
results (R2 = 1.905), and compare it to λ 2 (2.215). The maximum value is not greater than the
tabled value.
Conclusion: The result from the first stage, 95.7, is declared to be an outlier, but the result
from the second stage, 99.5, is not an outlier.
DIXON-TYPE TESTS
Dixon's Test can be one-sided or two-sided, depending on an a priori decision as to whether
outliers will be considered on one side only. As with the ESD Test, Dixon's Test assumes that
the data, in the absence of outliers, come from a single normal population. Following the
strategy used for the ESD Test, we proceed as if there were no a priori decision as to side, and
so use a two-sided Dixon's Test. From examination of the example data, one can see that it is
the two smallest values that are to be tested as outliers. Dixon provides for testing two outliers
simultaneously; however, these procedures are beyond the scope of this appendix. The
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stepwise procedure discussed below is not an exact procedure for testing the second outlier,
because the result of the second test is conditional upon the first, and the sample size is
reduced in the second stage. The end result is a procedure that usually lacks the sensitivity of
Dixon's exact procedures.
Stage 1 (n = 10): The results are ordered on the basis of their magnitude (i.e., Xn is the
largest observation, Xn−1 is the second largest, etc., and X1 is the smallest observation).
Dixon's Test has different ratios based on the sample size (in this example n = 10). To declare
X1 an outlier, the following ratio, r11, is calculated by the formula:

A different ratio would be employed if the largest data point was tested as an outlier. The r11
result is compared to an r11, 0.05 value in a table of critical values. If r11 is greater than r11, 0.05,
then it is declared an outlier. For the above set of data, r11 = (99.5 − 95.7)/(100.2 − 95.7) =
0.84. This ratio is greater than r11, 0.05, which is 0.52979 at the 5% significance level for a twosided Dixon's Test. Sources for r11, 0.05 values are included in many statistical textbooks.
Stage 2: Remove the smallest observation from the original data set, so that n is now 9. The
same r11 equation is used, but a new critical r11, 0.05 value for n = 9 is needed (r11, 0.05 =
0.56420). Now r11 = (99.7 − 99.5)/(100.2 − 99.5) = 0.29, which is less than r11, 0.05 and not
significant at the 5% level.
Conclusion: Consistent with the ESD Test in this case, the value 95.7 is declared to be an
outlier but 99.5 is not an outlier.
HAMPEL'S RULE
Step 1: The first step in applying Hampel's Rule is to normalize the data. However, instead of
subtracting the mean from each data point and dividing the difference by the standard
deviation, the median is subtracted from each data value and the resulting differences are
divided by median absolute deviation (MAD). The MAD is calculated in three stages. First, the
median is subtracted from each data point. Next, the absolute values of these differences are
obtained. These are called the absolute deviations. Finally, the median of the “absolute
deviations” is calculated and multiplied by the constant 1.483 to obtain the MAD.
Step 2: The second step is to take the absolute value of the normalized data. Any such
result that is greater than 3.5 is declared to be an outlier. The calculations are summarized in
Table A-3.
The value of 95.7 is again identified as an outlier. This value can then be removed from the
data set and Hampel's Rule re-applied to the remaining data. The resulting calculation is
displayed in Table A-4. Similar to the other two outlier tests, 99.5 is not considered an outlier.
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Table A-3. Test Results Using Hampel's Rule
n = 10
Data
100.3
100.2
100.1
100
100
100
99.9
99.7
99.5
95.7
Median
=
MAD =

100
—

Deviations from the
Median
0.3
0.2
0.1
0
0
0
−0.1
−0.3
−0.5
−4.3
—
—

Absolute
Deviations
0.3
0.2
0.1
0
0
0
0.1
0.3
0.5
4.3
0.15
0.22

Absolute
Normalized
1.35
0.90
0.45
0
0
0
0.45
1.35
2.25
19.33
—
—

Table A-4. Test Results of Re-Applied Hampel's Rule
n=9
Data
100.3
100.2
100.1
100
100
100
99.9
99.7
99.5
Median
=
MAD =

100
—

Deviations from the
Median
0.3
0.2
0.1
0
0
0
−0.1
−0.3
−0.5
—
—

Absolute
Deviations
0.3
0.2
0.1
0
0
0
0.1
0.3
0.5
0.1
0.14

Absolute
Normalized
2.02
1.35
0.67
0
0
0
0.67
2.02
3.37
—
—

Appendix 3: Equivalence and Noninferiority Testing
A revision to the General Notices (May 1, 2009) calls for an alternative procedure to “give
equivalent or better results” by comparison to the compendial procedure. Several options were
identified to address this as noted in Hauck et al. (13). Among these was performance
equivalence. Performance equivalence is used to establish the equivalence of the two
procedure means, and noninferiority of the new procedure variability to that of the old
procedure, as the bases for demonstrating comparability between two procedures.
The article goes on to describe an approach for demonstrating comparability using statistical
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hypothesis testing. This appendix describes the general principles of statistical hypothesis
testing, and its application to equivalence testing of procedure means and noninferiority testing
of procedure variabilities.
In classical statistical hypothesis testing, there are two hypotheses, the null and the
alternative. For example, the null may be that two means are equal and the alternative that
they differ. This may be expressed as
H0 : µ1 = µ2

(A12)

Ha : µ1 ≠ µ2
or equivalently
H0 : µ1 − µ2 = 0

(A13)

Ha : µ1 − µ2 ≠ 0
where µ1 and µ2 are the two procedure means.
With this classical approach, one rejects the null hypothesis in favor of the alternative if the
evidence is sufficient against the null. In such a case we accept the alternative hypothesis
that the means are different. Because of this interpretation, this is sometimes called a
“difference test”.
A common error is to interpret failure to reject the null hypothesis in a difference test as
evidence that the null is true (i.e., the means are equal). Actually, failure to reject the null just
means the evidence against the null was not sufficient to claim the means are different. This
might occur if the variability is large, or the number of determinations too small to detect a
difference in the means.
Thus, when one seeks to demonstrate similarity (e.g., equivalence of procedure means), it is
necessary to place the claim of similarity in the alternative hypothesis. A statistical test for an
alternative hypothesis of similarity is referred to as an “equivalence test”. It is important to
understand that “equivalence” does not mean “equality”. Equivalence should be understood as
“sufficiently similar” for the uses of the procedures. The definition of “sufficiently similar” is
something to be decided a priori based on scientific considerations, and becomes the basis of
the alternative hypothesis. Chatfield and Borman (14) offer some helpful suggestions for this
process.
As a specific example, suppose it is decided a priori that to be considered equivalent, the
means of two procedures can differ by NMT some positive value, d. This value is commonly
called the equivalence margin. The hypotheses for the equivalence test are then

Note the alternative hypothesis is actually two different hypotheses:
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1. Ha1: µ1 − µ2 < d, and
2. Ha2: µ1 − µ2 < -d.
For this reason, this testing procedure is referred to as TOST. As one-sided tests, each can
be addressed with a Type I error rate of α (typically, but not necessarily, 0.05). The TOST is
often conducted by rejecting the null hypothesis in favor of the alternative hypothesis if the
100(1 − 2α)% two-sided confidence interval (typically, but not necessarily 90%) is entirely
contained in (−d, +d). When the null is rejected, we conclude that the two procedures are
equivalent in their means.
Performance equivalence is not restricted to demonstrating equivalence of procedure means.
A laboratory might want a new procedure to have similar variability as the old or official
procedure. This requires a one-sided test because if the new procedure were to have a lesser
variance, this would clearly be acceptable. What one needs to ensure is that the new
procedure does not result in an important increase in variability. Thus, variance comparisons
are conducted as one-sided “noninferiority tests”.
Similar to an equivalence test for means, a noninferiority test places the desired relationship
between procedure variances in the alternative hypothesis. Due to the statistical properties of
standard deviations, an appropriate parameter for comparison is their ratio, σN/σO, where σN
and σO represent the standard deviations of the new and the old procedures, respectively.
Suppose it is determined a priori that for the procedure to be fit for use, the standard
deviation of the new procedure can exceed that of the old procedure by NMT a factor k ≥ 1.
The factor k is called the noninferiority margin. The hypotheses associated with the
noninferiority test are

Unlike the equivalence test of means, the noninferiority hypothesis is a single hypothesis
which can be addressed with a level α (typically, but not necessarily, 0.05). In order to perform
the test, the null hypothesis is rejected in favor of the alternative hypothesis if the 100(1 −
α)% upper one-sided confidence bound on σN/σO (typically, but not necessarily 95%) is less
than k. When the null hypothesis is rejected, it is concluded that the variability of the new
procedure is noninferior to that of the old procedure.
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Hauck et al. (13) offers other options to address the standard of “equivalent or better”:
1. Minimum performance requirements for acceptable procedures
2. Results equivalence
3. Decision equivalence
The option of minimum performance requirements has evolved into the concept of the ATP
which has been introduced in Pharmacopeial Forum (15). Results equivalence is addressed
using the intra-class correlation coefficient or the concordance correlation coefficient. A
tolerance interval approach using total variability is likewise used to address results. Decision
equivalence relates to dichotomous outcomes such as pass/fail, and can be addressed through
the κ coefficient or receiver operating characteristic curves. Using these options (as with
performance equivalence), care must be taken to properly formulate the statistical hypotheses
and to address the comparison through meaningful acceptance criteria.
While this appendix has highlighted approaches for establishing procedure comparability,
these apply to other scenarios involving comparing two groups; e.g., procedure transfer or
standard qualification of two groups in a study. Placement of the claim one desires to support
into the alternative hypothesis results in an appropriate statistical conclusion.
There are three reasons why the equivalence test is preferred over the difference test of
statistical significance.
1. Equivalence testing appropriately places the burden of proof on the desired condition.
That is, it requires the data to provide evidence that the procedures are equivalent. In
contrast, the difference test assumes the procedure means are identical and will only
dismiss this belief if the difference is “statistically significant”. Unless a sufficiently large
sample size is obtained, the difference test will have a low probability (power) of
rejecting the null hypothesis of equality, and possibly result in the wrong decision.
2. Equivalence testing allows scientific insight in defining d. It is possible that no
statistically significant difference is found using a difference test, but the confidence
interval suggests an important practical difference cannot be ruled out. Such a situation
arises if the measurements are highly variable or the sample size is too small. Thus,
while the outcome of the difference test indicates whether or not a statistically
significant difference has been observed, it is not informative with regard to the
presence or absence of a difference of practical importance.
3. A difference test might detect a statistically significant difference which is practically
meaningless. Equivalence testing can more effectively rule out differences which are
practically meaningful.
Although the benefits of equivalence testing are apparent, in some situations one may not be
able to collect a sufficient sample size to provide the necessary power to establish
equivalence. In such a situation, use of the difference test may be the only option. However,
one is reminded that failure to reject the null hypothesis of equality is not evidence that the
procedure means are equal. A confidence interval should nonetheless be reported to
communicate the difference of means between the two procedures.
Appendix 4: Measurement Principles and Measurement Uncertainty
Results from studies are uncertain. Uncertainty arises from statistical uncertainty and, if
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measurements are used in the study, measurement uncertainty. This appendix introduces some
basic principles in the field of metrology; it seeks to demonstrate these principles are
consistent with the study objectives described in the main text and provides further insight to
the quantification of uncertainty from studies supported by measurement. At the core of these
principles is an understanding of risk. More specifically, this understanding considers the risks of
making incorrect decisions based on studies utilizing measurement. The consequences of these
risks can be minor or significant, and thus should be factored into considerations related to the
design of a measurement system, the design of studies using the measurement system, and the
interpretation of the study results. It is shown that risk can be managed through statistical
design in the section on Comparison of Analytical Procedures. In this appendix we will also
define and illustrate target measurement uncertainty (TMU) as a basis for managing the risk of
making decisions using measurements.
The understanding of study uncertainty is not new to the pharmaceutical industry, and has
been employed more broadly throughout industries that make decisions from studies using
measurements. The study of measurement uncertainty falls formally into the field of metrology.
This section frames the metrological principles which facilitate the interpretation of
measurements and demonstrates their application in an example from Comparison of Analytical
Procedures.
A detailed discussion of measurement uncertainty in the pharmaceutical industry that
expands upon the metrological principles introduced here and provides detailed definitions is
provided in Weitzel et al. (16). In addition, a worked example for a drug substance is provided
in LeBlond et al. (17).
METROLOGICAL PRINCIPLES
A measurement is performed to reduce uncertainty in order to make a more informed decision.
No measurement can provide complete knowledge. Proper interpretation and treatment of
analytical data requires an understanding of the inherent sources of uncertainty in
measurements and their impact on the information provided by the measurement. Recognition
of the principles of measurement uncertainty facilitates this understanding, as described by the
Joint Committee for Guides in Metrology in the Guide to the Expression of Uncertainty in
Measurement (GUM) (18).
To increase knowledge, two of the fundamental forces of metrological thinking are the desire
to minimize the uncertainty in the measured value (an indication of the quantity being
measured) and to ensure all sources of uncertainty have been evaluated.
The quantity intended to be measured is termed the measurand. Measurement uncertainty
quantifies one's doubt about the true value of the measurand that remains after making a
measurement. There are two conceptual reasons why measurements fail to provide complete
knowledge about the measurand:
1. Inherent random variability present in the measurement system, and
2. Lack of knowledge concerning the exact nature of the measurand. (The definition of the
measurand can never be complete. This is known as definitional uncertainty. Ideally the
measurand is defined sufficiently so that the definitional uncertainty is relatively small
when compared to the combined standard uncertainty.)
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Figure A-7 represents several potential sources of random variation, which result in the
combined standard uncertainty (the estimated standard deviation of the measurement). An
example of inherent random variation is when the same chromatogram is given to several
different analysts for peak integration. Slightly different values will be obtained which might
also be affected by a laboratory's choice of software. An example of lack of knowledge is when
a component of the measurement process has associated uncertainty. For example, one might
purchase a pH standard solution that is certified as pH = 7.00 ± 0.02 where the 0.02 is the
expanded uncertainty (where expanded uncertainty is a measure of uncertainty that defines an
interval about the measurement result y within which the value of the measurand Y can be
confidently asserted to lie) in the assigned value of the standard solution.

Figure A-7. Various components of uncertainty (u) comprise the combined standard
uncertainty. The figure is not comprehensive and is meant to illustrate the major uncertainty
components.
GUM (18) notes the evaluation of measurement uncertainty is neither a routine task nor a
purely mathematical one. Judgment is essential in choosing which uncertainty components (i.e.,
potential causes of measurement uncertainty) to consider in procedure development,
qualification, and measurement uncertainty evaluation. For example, when preparing a 1-mg/L
solution, the process by which it is prepared can influence the final concentration. The analyst
knows it would not be wise to weigh 1 mg of the substance followed by dilution to 1 L. Instead,
recognizing the limits of typical analytical balances, a more precise result would be achieved by
weighing 100 mg of substance and then serially diluting to the required concentration.
Measurement uncertainty arises from many sources including differences in instruments,
mathematical algorithms, and analysts. A tutorial sampling of typical uncertainty components is
provided in Table A-5.
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Table A-5. A Tutorial List of Uncertainty Components in Analytical Laboratory Practice
Effect of the sample amount or volume
Between-unit variation of measurand
Purity of the primary standard
Variability due to analytical procedure
Effect of the sample storage conditions
design
Failure to recognize ruggedness factors
Carry-over effects in the autosampler
Effect of static electricity on weighings
Incomplete recovery of the analyte
The effect of the sample matrix on calibration
slope
Effect of the sample temperature on the volume
Variability due to measurement process
Effect of the blank correction
Variability due to analysts
Effect of the manual peak integration
Linear calibration forced through zero
Line fitting using weighted or unweighted
Variability due to algorithms
algorithms
Effect of taking a sub-sample from a laboratory
Variability due to sample
sample
The metrology terminology aligns with the study design using the lifecycle approach described
in Comparison of Analytical Procedures. More specifically, it is often used in the development of
the ATP. The ATP states the required quality of the reportable value produced by an analytical
procedure in terms of the TMU. The TMU is the maximum uncertainty that can be associated
with a reportable result while still remaining fit for its intended purpose. The TMU is expressed
as a standard deviation and is known as standard uncertainty in the metrology lexicon. TMU is
a consolidation of the uncertainty from all sources in Table A-5.
The TMU can be viewed as a criterion for precision in a test of noninferiority as described in
Comparison of Analytical Procedures. To demonstrate, by assuming a “worst case” value for
bias, the value of TMU is determined using the set of inequalities

where Y N is the reportable value using the new procedure, βN is the bias (µO − µN) for the
new procedure, Z represents a standard normal random variable Φ( ) and is the cumulative
distribution function of the standard normal distribution (i.e., a normal distribution with mean of
0 and standard deviation of 1). For example, Φ(1) is computed using the NORMDIST function of
Excel by typing “=NORMDIST(1,0,1,1)”. The resulting value is 0.841.
Assuming a worst case bias of |µN − µO| = 0.5 units, the computed value of σN that satisfies
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Equation 3 using µO = 100 and

= 0.64 is TMU = 1.24. That is,

To demonstrate that µN is less than TMU, one conducts the hypothesis test
H0 : σM ≥ 1.24

(A18)

Ha : σM < 1.24
The value 1.24 is seen to be equal to σO × k for the hypothesis test in Equation 21 of
Comparison of Analytical Procedures.
Using a Type I error rate of α = 0.05, the hypotheses in Equation 5 are tested by
constructing a 95% upper confidence bound on σM. If the upper bound is less than TMU = 1.24,
then the null hypothesis is rejected, and evidence has been provided that σM is less than the
TMU. The formula for the 95% upper bound on σ M is shown in Equation 25 of Comparison of
Analytical Procedures, and the computed upper bound from Equation 30 in Comparison of
Analytical Procedures is 0.89. Since 0.89 is less than the TMU of 1.24, the procedure is shown
to have a standard deviation less than the TMU.
Appendix 5: Bayesian Inference
Bayesian inference is distinct from frequentist inference which is more commonly understood
throughout the pharmaceutical industry. Frequentist theory bases inferences on probability
statements about statistics, while Bayesian inference is based on probability statements about
parameters. Parameters are the unknowns that appear in statistical models (e.g., means,
variances, difference of means) and statistics are summary measures or estimates based on
data (e.g., parameter estimates). Frequentist inference regards parameter values as fixed and
unknowable whereas Bayesian inference models their uncertainty using probability distributions.
For instance the statement “there is a 95% probability that the difference in population means
is between −0.1 to 0.1” is meaningless from a frequentist viewpoint, but reasonable from a
Bayesian perspective. The Bayesian formulation offers a way for scientists needing to make
risk-based decisions. Bayesian inference can also incorporate prior information about statistical
parameters together with the sample data to update what is known about a parameter. The
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ability to incorporate justified prior information potentially leads to better decisions when a
study size is small, or when a factor is not adequately represented in the study design.
The purpose of this appendix is to provide a basic introduction to Bayesian inference applied
to statistical studies and to analytical measurements. Gelman et al. (19) provides an excellent
source for more information.
SAMPLING VARIABILITY VERSUS PARAMETER UNCERTAINTY
“Statistics” are observed quantities or summaries of observed quantities in a sample taken
from a population or process of interest. Examples of statistics include an analytical result (a
measurement), a sample mean (average), a sample standard deviation, a difference in observed
means between procedures, or their estimated confidence bounds. On repeated sampling of the
population, the observed values of statistics will differ because of “sampling variability”.
“Parameters” are unknown hypothetical or population quantities, such as the underlying mean
or standard deviation of a population, or the underlying value of a difference in means between
procedures. A parameter which is to be estimated is referred to as an “estimand”. When the
estimand is the uncertain level of an analyte, it is sometimes referred to as a “measurand”.
Frequentist statistical methodology considers parameters to be fixed values that do no
change. It employs probability theory to model the sampling variability of statistics randomly
obtained from the population. These sampling distributions are then used to make inferences
about the fixed value of the parameter. A common frequentist methodology is the calculation of
a confidence interval. The process of computing a 95% confidence interval ensures that the
realized interval will contain (or cover) the unknown parameter 95% of the time on repeated
use. The 95% refers to the reliability of the methodology (i.e., its coverage), and not the
probability that the parameter falls within the interval.
For example, suppose a computed 95% confidence interval on a mean is from 980 to 990
mg/g. It is not correct to state there is a 95% probability that the population mean is between
980 and 990 mg/g. To associate a probability with a fixed interval such as 980–990 mg/g, one
must assume “uncertainty” is associated with the underlying parameter (i.e., it is not a fixed
quantity). Rather, the 95% description of the confidence interval means that the interval will
correctly contain the true parameter value in 95% of repeated sampling applications from the
population. The 95% refers to the success rate of the sampling process and not the parameter
(which is assumed fixed).
Bayesian statistical methodology considers a parameter value to be uncertain (not fixed), and
models its likely levels using a probability distribution. It extends frequentist statistical
methodology, using probability theory to model both the sampling variability of statistics and
the uncertainty associated with parameters. Bayesian models are sometimes called “complete”
probability models because they quantify the uncertainty associated with the parameters of
interest, given the assumed sampling variability of the observed statistics, any relevant prior
information, and the observed data. For instance, it is correct to say that a given Bayesian
95% credible interval (Bayesian analogue of the confidence interval) contains the value of a
specific parameter of interest with 95% probability (conditional on the observed data and other
modeling assumptions). The same principles apply to the Bayesian analogues of frequentist
tolerance and prediction intervals. Unlike frequentist interval methodology in which the
probability level must be fixed in advance (e.g., 95%) and the resulting interval is random,
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Bayesian methodology offers the opportunity to fix the interval in advance, and estimate the
probability that the parameter value lies within that interval. For example, such an application is
extremely useful for determining the probability that an analytical procedure will provide a signal
outside a given range.
PRIOR AND POSTERIOR DISTRIBUTIONS
Both frequentist and Bayesian methodologies express models using probability distributions.
Both use the same model for sampling variability known as the likelihood. The particular
likelihood model choice is based on prior knowledge concerning statistical variability.
Bayesian inference also requires a probability model for parameter uncertainty, prior to
observing the data, called the “prior distribution”. As with the likelihood, the prior distribution is
a choice based on prior data, reliable knowledge, or common sense (e.g., the values of many
parameters, such as a standard deviation, must be positive). Bayesian methodology requires
care to assure that the chosen prior distributions are scientifically justified and do not unduly
influence the inference. Use of appropriately justified knowledge of a prior distribution can
potentially reduce sample size requirements for decision making. However, when there is little
available theory, historical data, or expert knowledge available, prior distributions can be
constructed that give minimal preference to any particular parameter value, and thus have
minimal impact on the inference. Such prior distributions are often referred to as
“noninformative”. In such situations, inferences typically agree with the frequentist
counterparts since both are solely dependent on the sample information.
Bayesian methodology combines likelihood and prior distributional models with observed data
to produce an updated distributional model for parameter uncertainty called the “posterior
distribution”. The posterior distribution provides the probability that the population parameter
value lies within any interval of interest. Such intervals are called credible intervals. When
certain classes of non-informative prior distributions (e.g., a Jeffrey prior used with a normal
likelihood) are employed, a Bayesian credible interval can be calculated from the posterior
distribution, and may sometimes be numerically equal to the corresponding traditional
confidence interval. However, as previously noted, the interpretations of these intervals are
different. The probability associated with the credible interval quantifies uncertainty in an
estimated parameter value conditional on observed data, while the probability associated with
the confidence interval quantifies the probability of coverage of the estimated parameter on
repeated estimation over many data sets.
From the Bayesian perspective, all knowledge about the parameter of interest is based on the
posterior distribution. The posterior distribution from a previous study can inform the prior
distribution for a subsequent study. Updating the prior distribution in this manner as new data
become available, provides a paradigm for knowledge building, and thus a statistical basis for
applying “prior knowledge” during pharmaceutical development (20).
The posterior distribution of parameters may also be re-combined with the likelihood to obtain
a “posterior predictive distribution” of future observed data or statistics. As with the posterior
distribution, the Bayesian perspective bases all knowledge about future values on this posterior
predictive distribution, which can be used to construct Bayesian analogues of frequentist
tolerance and prediction intervals. Unlike the frequentist analogues, the Bayesian intervals do
not require a pre-specified fixed probability level. A posterior predictive distribution can be
used, for example, in estimating the probability of occurrence of future OOS results.
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AN ILLUSTRATIVE EXAMPLE
Consider an analytical procedure for strength of drug product. The output of the procedure is
a single reportable value (mg/g) that estimates the strength, µ, for the tested lot of drug
product. For the lot to be considered safe and effective, µ must be between 980 and 1020
mg/g. The observed reportable result, Y, is 1010 mg/g.
A typical rule used for disposition is to release the lot if 980 ≤ Y ≤ 1020. However, this rule is
based on an observed reportable result that includes measurement error from the analytical
procedure. What we really want to know is whether the mean strength of the lot, µ falls within
the specification limits. This question can be informed using a Bayesian rule that releases the
lot if the posterior probability that 980 ≤ µ ≤ 1020 is above some lower limit (e.g., 0.95). That
is, we release the lot if the probability that the true value is within specifications is at least
0.95. Such a rule might be called a minimum posterior probability (MPP) rule. The MPP rule
provides a probability based metric for acceptance of the lot under test.
The estimation of this posterior probability requires definitions of the likelihood model and its
parameters, the prior distributions of these parameters, and the data. For this illustration, the
following are assumed:
Likelihood: Reportable results follow a normal distribution with two unknown parameters:
the population mean (µ) and intermediate precision standard deviation (σ).
Prior distributions
Prior distribution of µ: There is no prior information on the strength of this lot.
To represent this lack of knowledge assume a wide uniform distribution over the
analytical range. The uniform distribution gives equal probability to any range of
a given length regardless of location.
Prior distribution of σ: Data collected during validation resulted in an estimated
variance (σ20 ) of 25 based on a sample of 10 independent reportable values.
Based on this information, assume that σ2 follows a scaled-inverse-chi-squared
distribution (a common prior distributional choice for variances) having df0 = 10
− 1 = 9 prior degrees of freedom and a prior scale parameter of σ0 = √25 = 5
mg/g.
Data: A single observed reportable result, Y = 1010 mg/g.
Given the above information, the Bayes rule leads to a Student’s t posterior distribution for (µ
− Y)/σ0 with df0 = 9 degrees of freedom. The integration of this posterior distribution over the
fixed range for µ of 980–1020 mg/g can be conveniently obtained using commonly available
spreadsheet functions. For example, in Excel this is computed using the formulas,
=T.DIST((1020-1010)/5,9,TRUE) - T.DIST((980-1010)/5,9,TRUE). The resulting posterior
probability that 980 ≤ µ ≤ 1020 for the tested lot is 0.96. Because 0.96 > 0.95, the lot would
be accepted based upon the MPP rule and the estimated posterior probability of 0.96 serves as
a quantitative risk-based measure of the quality of the lot.
In this example, the parameter of interest is µ, a measurand quantity value. An analogous
approach is used for Bayesian inference of other model parameters, such as the estimation of
the difference in population means for two procedures, the underlying slope and intercept in a
simple linear regression model, or performing tests of statistical equivalence.
In more complex situations (e.g., for complex, non-normal, or nonlinear models), Bayesian
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inference utilizes a form of computer simulation referred to as Markov-Chain Monte-Carlo
(MCMC) simulation which is conducted using specialized software. MCMC technology requires
care to assure that the MCMC iterations converge properly to the population posterior
distribution.
A COMPARISON OF FREQUENTIST AND BAYESIAN METHODS
Both frequentist and Bayesian approaches to inference are useful. Frequentist approaches
are widely available, straightforward, and offer the reliability of known coverage probability.
Bayesian approaches can be used to quantify the uncertainty in parameters of interest which
can support quantitative risk based decision making. While often more technically challenging to
apply, Bayesian MCMC methodology can often be applied to problems that are intractable by
frequentist approaches. When informative prior distributions can be justified, Bayesian methods
may require smaller samples sizes for decision making than frequentist statistical methods.
Table A-6 provides a comparison of some characteristics from both a frequentist and Bayesian
perspectives.
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Table A-6. Characteristic Differences Between Frequentist and Bayesian Inference
Characteristic
Frequentist Inference
Bayesian Inference
Statistics
Sampling variability modeled probabilistically
Parameters
Treated as fixed and unknown
Uncertainty modeled probabilistically
Coverage
Must be determined via computer
probability
Known from theory (usually)
simulation (usually)
Introduced via sampling variability
Introduced via sampling
model and prior distributions of
Prior information
variability model
parameters
Posterior distribution (from which
Types of
point and interval estimates can be
estimates
Point and interval
derived)
Treated as one realization of
a hypothetical series of
Treated as fixed values on which
Observed data
repeated samples
inference is based
Fixed probabilities based on
Parameter values quantified
Parametric
repeated sampling coverage
probabilistically from posterior
Inference
probability
distribution
Impact of
May impact repeated sampling
statistical design coverage probability
Less critical
Multiple
May impact repeated sampling
comparisons
coverage probability
Less critical
Estimated probabilities appropriate for
Risk assessment
Indirect risk assessment
quantifying risk
Prior knowledge
of parameter
A prior distribution for model
values
Excluded from the inference
parameters is required
Continuous
Posterior distribution from historical
knowledge
Informal assessment of
study informs prior distribution for
building
historical studies
subsequent study
Prediction of
Indirect inference based on
future observed
tolerance or prediction
Direct probabilistic inference based on
values
intervals
the posterior predictive distribution
Software
Widely available routines
Specialized expertise required
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2S (USP42)

1 Multiple measurements (or, equivalently, the experimental errors associated with the multiple
measurements) are independent from one another when they can be assumed to represent a random sample
from the population. In such a sample, the magnitude of one measurement is not influenced by, nor does it
influence the magnitude of, any other measurement. Lack of independence implies the measurements are
correlated over time or space. C onsider the example of a 96-well microtiter plate. Suppose that whenever the
unknown causes that produce experimental error lead to a low result (negative error) when a sample is placed
in the first column and these same causes would also lead to a low result for a sample placed in the second
column, then the two resulting measurements would not be statistically independent. One way to avoid such
possibilities would be to randomize the placement of the samples on the plate.
2 When data have been log (base e) transformed to achieve normality, the %RSD is:
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This can be reasonably approximated by:

where s is the standard deviation of the log (base e) transformed data.
3 In general, the sample size required to compare the precision of two procedures will be greater than that
required to compare the accuracy of the procedures.
4 The difference between each value and the mean is termed the residual. Other Studentized residual outlier
tests exist where the residual, instead of being divided by the standard deviation, can be divided by the
standard deviation times the square root of n − 1 divided by n.
5 The critical values for r in this example are taken from Reference 2 in Appendix 7, Outlier Tests.
6 Assuming an underlying normal distribution, 1.483 is a constant used so that the resulting MAD is a
consistent estimator of the population standard deviation. This means that as the sample size gets larger, MAD
gets closer to the population standard deviation.
7 This could be calculated using a computer spreadsheet. For example, in Microsoft® Excel the formula would
be: FDIST((R/A)*FINV(alpha, n − 1, n − 1), n − 1, n − 1), where R is the ratio of variances at which to
determine power (e.g., R = 1, which was the value chosen in the power calculations provided in Table 6) and A
is the maximum ratio for acceptance (e.g., A = 4). Alpha is the significance level, typically 0.05.
8 There are existing tables of tolerance factors that give approximate values and thus differ slightly from the
values reported here.
9 When testing equivalence, a 5% level test corresponds to a 90% confidence interval.
2S (USP42)
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〈 1071〉 Rapid Sterility Testing of Short-Life Products: A Risk-Based Approach. Current
growth-based sterility tests with an incubation period of at least 14 days are not suitable for
short-life products or for products prepared for immediate use, which are usually infused into
patients before the completion of the test. Patient safety is best served through the
completion of a test that detects microbial contamination prior to use. These short-life
products include compounded sterile preparations (CSPs), positron emission tomographic (PET)
products, and cell and gene therapies, which require a new generation of risk-based rapid
sterility tests.
The sterility tests would be risk-based so the stakeholder can select the preferred technology
for their intended use and balance competing user requirement specifications (URS) including
time to result, specificity, limit of detection (LOD), sample size, and product attributes.
This proposed new general information chapter will discuss the needs of stakeholders who
prepare or manufacture short-life products, their user requirement specifications, and suitable
technologies based on the user requirement specifications for risk-based sterility testing.

PF 44(5): Sep.-Oct. 2018

491

(GCM: R. Tirumalai.)
Correspondence Number—C204434
Comment deadline: November 30, 2018
Add the following:
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INTRODUCTION
USER REQUIREMENT SPECIFICATIONS FOR A RAPID STERILITY TEST
THE CONCEPT OF RISK-BASED MICROBIOLOGICAL MONITORING AND RELEASE TESTING
CRITICAL OPERATING PARAMETERS TO BE USED IN DETERMINING A RISK-BASED STERILITY
TEST
SITUATIONS WHEN 〈71〉 IS UNSUITABLE FOR PRODUCT RELEASE TESTING
Sample Size Consideration
Limit of Detection
Ability to Detect a Wide Range of Microorganisms
RAPID STERILITY TEST METHODS
Brief Descriptions of the Technologies
COMPATIBILITY OF THE TECHNOLOGY SELECTION WITH THE PHYSICAL, CHEMICAL, AND
MICROBIOLOGICAL ATTRIBUTES OF THE PRODUCT
METHOD SUITABILITY TESTING
GLOSSARY
REFERENCES
INTRODUCTION
It is widely recognized that the current growth-based sterility tests with an incubation period
of at least 14 days (see Sterility Tests 〈71〉) are not suitable for products with a short shelf-life
or for products prepared for immediate use, which are usually infused into patients before the
completion of the test (1). These short-life products include compounded sterile preparations
(CSPs), positron emission tomographic (PET) products, and cell and gene therapies, which
require a new generation of risk-based approaches that include rapid compendial sterility tests.
For a general discussion of the factors other than sterility testing that contribute to sterility
assurance, see Sterility Assurance 〈1211〉.
The incompatibility of growth-based sterility testing for stakeholders with the beyond-use
dating of CSPs, PET diagnostic products, and cell and gene therapies is highlighted in Table 1.
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Table 1. Typical Beyond Use/Expiration Dating of Different Stakeholders Products
StakeholdersRepresentative
Beyond-Use Sterility
Stakeholders
Products
Testing
Low Risk: Reconstitute and
transfer the contents of a 1-g vial
of the antibiotic cefazolin into an
Low Risk: 48 h (room
IV bag.
temperature); 14 days
Medium Risk: Distribution from a
(2°–8°); 45 days (frozen)
10-g bulk pharmacy vial of
Medium Risk: 30 h (room
Sterile compounding
vancomycin amongst several final
temperature); 9 days
pharmacies (see
doses
(2°–8°); 45 days (frozen)
Pharmaceutical
High Risk: Patient-controlled
High Risk: 24 h (room
Compounding—Sterile analgesic manufactured from
temperature); 3 days
Preparations 〈797〉)
powdered morphine.
(2°–8°); 45 days (frozen)
Positron emission
Fluorine-18 fluordeoxyglucose
Up to 24 h at ambient
tomography facilities
(half-life: 110 min)
temperature
CAR-T cell therapies may be
The transduced T cells are
prepared from the patient’s
expanded in cell culture,
peripheral blood mononuclear cells,
washed, formulated into a
obtained via a standard
suspension, and
leukapheresis procedure. The
cryopreserved in a 68-mL IV
mononuclear cells are enriched for
bag. The product must pass
T cells and activated with anti-CD3 a sterility test before
antibody in the presence of IL-2,
release for shipping as a
then transduced with the
frozen suspension in a
replication incompetent retroviral
patient-specific infusion
Gene and cell
vector containing the anti-CD19
bag. The product is thawed
therapy facilities
CAR transgene.
prior to infusion.
Pharmaceutical
2–3 years at ambient or
manufacturer
Numerous products
refrigeration temperature
If a sterility test is conducted, patient safety is best served through the completion of a test
that detects microbial contamination prior to product use. Otherwise, each day of delay in the
detection of microbial contamination may increase the morbidity and mortality of the recipients
of contaminated products.
The rapid sterility tests (RSTs) should be risk-based so the stakeholder can select the
preferred technology for their intended use and balance user requirement specifications (URS)
including time to result, specificity, limit of detection (LOD), sample size, and product
attributes. For example, radiopharmaceuticals, due to the short half-life of radiotracers, would
benefit most from a real-time sterility test, while compounded sterile preparations and cell
therapy products, due to their short beyond-use dating, would benefit from an overnight test
or at least one that is completed within 48 h. The advantage of conducting a sterility test on
low- and medium-risk CSPs, other than high-risk preparations compounded from nonsterile drug
substances, will be the justification of the extension of their beyond-use dating when tested
for sterility (see Table 1).
This general informational chapter discusses the needs of those who manufacture/prepare
and test products with a short shelf life, their URS, and includes a brief discussion of some
suitable technologies for risk-based sterility testing.
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USER REQUIREMENT SPECIFICATIONS FOR A RAPID STERILITY TEST
Selection of an appropriate technology for the sterility testing of a short-life product should
be a risk-based decision. The URS (2) of different technologies include:
As short as possible time to result, preferably prior to the administration of the product
Ability to detect, preferably less than 100 colony-forming units (cfu)
Ability to detect a wide range of viable microorganisms in a product
Sample quantity, i.e., minimum number of articles tested and quantity per container
tested that does not consume a large proportion of the available product
Aseptic test material handling, i.e., closed systems to reduce inadvertent contamination
during testing
Availability of instruments and reagents from multiple vendors
Availability of reference standards appropriate for technologies that use signals other
than the cfu
Ease of use/simplicity of test and data interpretation
Low false positive and negative rates
A method suitability testing strategy for each specific product
Improved patient safety arising from:
Completion of the sterility test prior to administration
Tests that provide progressive monitoring and reports of a detection of sterility
test failure
Robustness and reliability of equipment and reagents used in the testing
Sample preparation suitable for both manual and automated methods
THE CONCEPT OF RISK-BASED MICROBIOLOGICAL MONITORING AND RELEASE TESTING
A review of the URS for an RST highlights that some risk-based decisions would need to be
made especially in terms of time to results, LOD, sample size, and range of microbes detected
to allow the use of such tests prior to administration. The stakeholders should carry out a risk
assessment for choosing an RST in cases where the current compendial sterility test is
unsuitable.
Benefits may include, for instance:
Use of RST in cases where a substantial risk to patient survival exists when the product
is applied too late. One striking example from the clinical literature is that of
bloodstream infections that are rapidly progressive infections with mortality rates of up
to 40% and each day of delay in administrating antibiotics leads to a 10% increase in
mortality (3). In these cases, patient safety is clearly promoted by the completion of a
sterility test prior to the administration.
Use of growth-based RSTs with continuous reading applied for “negative to date” on
risk release since fast growing microorganisms can be detected earlier and if a failure is
detected this would enable the clinician to intervene sooner with the patient. When a
contaminated product is detected as a result of the continuous sterility test, the
laboratory supervisor could inform the clinician treating the patient and intravascular
fluid resuscitation and antibiotic treatment may be initiated to avoid septic shock. A
sterility test that progressively monitors and automatically reports any failure will
therefore have additional advantages as compared to a single reading at the end of the
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incubation period.
Use of non-growth based RSTs with LOD above 1 cfu but very fast time to results. The
ability to detect contamination, in real time, prior to the administration of the short-life
product may be considered more important than detection of a single colony-forming
unit in the product.
Other advantages of nongrowth-based RST methods also include the inability to be
affected by antibiotics in the test sample and the detection of culture-negative
infectious agents.
In addition, RSTs or other rapid microbiological methods (RMMs) may be used as in-process
controls prior to the final product release sterility test to provide faster information on the
effectiveness of microbial controls and the early detection of gross contamination (enabling to
investigate and restart production sooner) or probability that a product may fail sterility.
For the risk assessment, one consideration that may be overlooked is the relative risk to the
patient based on the volume of the product injected or infused and the site of administration.
The greater the volume and the more invasive, the greater the risk of blood stream infection for
the patient. The risk ranges from a small volume of an intradermal injection to a large volume of
an intravenous infusion (see Table 2).
Table 2. Typical Volumes by Route of Administration and the Relative Risk Level
Typical Volume Administered
Route of Administration
(mL)
Risk Level
Intradermal
≤0.1
Very Low
Subcutaneous
≤1
Low
Intramuscular, i.e., forearm
≤3
Moderate
Intrathecal
1–10
High
Intravenous push
1–60
Moderate–High
Intravenous piggyback
25–250
High
Intravenous
>250
High
CRITICAL OPERATING PARAMETERS TO BE USED IN DETERMINING A RISK-BASED
STERILITY TEST
The estimated operating parameters, i.e., LOD, time to results, and sample size, for the
candidate technologies suitable for an RST are found in Table 3.
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Table 3. Operational Parameters of the Candidate Rapid Sterility Technologies
Limit of
Sample
Detection
Size Range
Candidate Technology
(cfu)
Time to Result
(mL)
Gram stain (for comparative
purposes only)
104–105
30 min
0.1
Adenosine triphosphate (ATP)
2–7 days (including
bioluminescence
1–10
pre-enrichment)
1–1000
ATP bioluminescence
Flow cytometry

103
10–100

30 min
6–8 h (pre-enrichment)

1–1000
0.1–2

Isothermal micro-calorimetry
Nucleic acid amplification
Respiration
Solid phase cytometry

104
10–100
1–10
1–10

2–7 days
2–4 h
Overnight to 7 days
2–3 h

1
0.2–2
Up to 10
1–1000

SITUATIONS WHEN 〈71〉 IS UNSUITABLE FOR PRODUCT RELEASE TESTING
Sample Size Consideration
The sample size tested may need to be reduced based on either the sample processing
capability of the technology or the need to conserve the much-needed product.
The minimum quantity of product used for each medium and the minimum of units to be
tested relative to batch size for the current 〈71〉 is found in Table 2 of this chapter and in
Sterility Tests 〈71〉, Table 3. It is widely understood that for large pharmaceutical product batch
sizes, the amount of units tested are not statistically based and has a reduced capability of
detecting low contamination levels in individual product lots.
This traditional sampling plan is not appropriate for a cell therapy product. For example, if 10
individual 60-mL IV bags of cells were prepared, then 4 bags would be sampled with 20 mL
taken from each bag. With this sampling scheme 40% of the batch would be consumed for
sterility testing representing not only a large economic loss, but also more importantly, a huge
loss of therapeutic product which may prevent administration of a dose adequate to treat the
patient. In contrast, if 40 individual 1-mL vials were consumed for the sterility testing of a
40,000-vial batch of an injectable drug product, this would represent only 0.1% of the batch.
Reducing the sample size and the number of units tested will reduce the sensitivity of the
sterility test. Table 4 and Table 5 illustrate the relative insensitivity of the test for a
pharmaceutical product and a compounded sterile preparation.
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Table 4. The Probability that a 20-Unit Sterility Test Passes Given an Increasing
Contamination Rate for a Drug Product
Contaminated Items in the Batch
(%)
0.1
1
5
10
20
50
p
0.001 0.01 0.05
0.1
0.2
0.5
q
0.999 0.99 0.95
0.9
0.8
0.5
Probability (p) of drawing 20
consecutive sterile items
0.98
0.82 0.36 0.12 0.012 <0.00001
Calculated from the following (4):
p = (1 − p)20 = q20
p = proportion of contaminated containers in the batch
q = proportion of non-contaminated containers in the batch
Table 5. The Probability that a 6-Unit Sterility Test Passes Given an Increasing
Contamination Rate for a CSP
Contaminated Items in the
Batch
(%)
1
5
10
20
p
0.001
0.01
0.05
0.1
q
0.999
0.99
0.95
0.9
Probability (p) of drawing 6 consecutive sterile
items
0.995
0.94
0.73
0.53
Alternative sampling plans have been proposed in other compendia. One recommended
approach to sterility testing of cell therapy products for a batch size of less than 40 units is
found in European Pharmacopoeia 9.0 chapter 2.6.27 Microbiological Examination of cell-based
Preparations.
The contamination test sample size for a cell preparation with a volume between 10 and 1000
mL would be 1% of the total volume, for a cell preparation with a volume between 1 and 10 mL
it would be a sample size of 0.1 mL and for a cell preparation less than 1 mL, the preparation
would not be tested.
In a similar fashion as cell-therapy preparations, the sample quantity and sampling plan for
PET radiopharmaceuticals must also accommodate the limited number of vials (usually one) and
the volume of product produced in a batch (usually less than 15 mL). If the batch is comprised
of a single container, the sterility test sample size is at least 1% of the total batch volume. For
example, if a batch is comprised of 1 vial containing 15 mL, use at least 0.15 mL for purposes of
the sterility test. If the batch is comprised of more than one container, use a volume from a
single container that represents at least 1% of the total batch volume. If a batch is comprised
of 3 vials each containing 25 mL, use at least 0.75 mL from 1 vial for purposes of the sterility
test.
Limit of Detection
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Within the limitations of preparing inocula from a cell suspension with one or more colonyforming units, growth-based sterility tests can be shown to have at least a theoretical LOD of
1–3 cfu based on a Poisson distribution. Setting an LOD of a single viable cell with all
technologies is an unrealistic barrier of entry for any sterility test, especially when the signal is
not the colony-forming unit that is amplified by cultural enrichment. The concept of an
infectious dose is well established especially in food and clinical microbiology (5). Although the
absence of viable microorganisms in product has generally been accepted as a definition of
sterility, there is little or no evidence that 1 cfu is an infectious dose (i.e., clinically significant)
for injectable products. To the contrary, well-established evidence from the study of infection
rates due to the administration of platelet concentrates to human cancer patients found that a
detection threshold of at least 103 cfu/mL would predict 95% of all cases and a detection
threshold of 102 cfu/mL would detect all cases (100%) suggest that the infectious dose may
be 102 to 103 viable microorganisms, depending on the virulence of the microorganism (6–8).
Other evidence that 1 cfu is not an infectious dose is derived from the transient bacteremia
associated with dental and other surgical procedures. For a short duration after these
procedures, microbial counts in the range of 0.1–10 cfu/mL of blood (plasma) can be measured
(9). Using the standard formula used in transfusion medicine that the plasma volume (in liters)
= 0.07 × weight (kg) × (1 hematocrit), the plasma volume of a 70-kg man is calculated to be
3.43 L. This suggests that the microbial load introduced into a 70-kg man ranges from 343 to
34,300 cfu.
Ability to Detect a Wide Range of Microorganisms
Although all the analytical platforms should have the ability to detect a wide range of
bacteria, yeasts, and molds, it is equally important to demonstrate that technology chosen for
an RST is capable of detecting microorganisms implicated in sterility test failures, infection
outbreaks, and product recalls associated with either CSPs, radiopharmaceuticals, cell
therapies, or manufactured pharmaceuticals. This is especially true if the technology, after risk
analysis, is shown to improve patient safety with the administration of the products unique to
that stakeholder group.
For example, a 2014 report from The Pew Charitable Trusts documented over 25 pharmacycompounding errors, the majority being microbial contamination associated with 1,049 adverse
events and 89 deaths since 2001. The report identified the bacterium Serratia marcescens as
most frequently implicated in CSP infections (10).
RAPID STERILITY TEST METHODS
Technologies recommended based on their match to the URS discussed above (2) suitable for
an RST are listed alphabetically as follows:
Adenosine triphosphate (ATP) bioluminescence
Flow cytometry
Isothermal microcalorimetry
Nucleic acid amplification
Respiration
Solid phase cytometry
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Brief Descriptions of the Technologies
Each of these candidate advanced analytical platforms is briefly discussed separately and key
references are provided. For an overview, see Moldenhauer (11).
ADENOSINE TRIPHOSPHATE BIOLUMMICENCE
This is a well-established technology with luminometers and reagents available from multiple
instrument manufacturers. The energy from living cells is stored as ATP and can be measured
as light when exposed to luciferase from the American firefly. Each ATP molecule consumed by
luciferase produces 1 photon of light. The result detected by a luminometer is typically
expressed in relative light units (RLU) and is instrument, reagent, and organism dependent. The
ATP content of different microorganisms ranges from 2 to 4 × 10−18 mole/cfu for gramnegative bacteria, 5 to 8 × 10−18 mole/cfu for gram-positive bacteria, and 300 to 800 × 10−18
mole/cfu for fungi (12). Given the high signal-to-noise ratio of the measurement and the
background ATP in microbiological culture media, the microbiologically relevant instrument
detection limit in broth is in the order of 5000 RLU equivalent to approximately 103 cfu.
This limit of detection will detect the presence of microorganisms at 3–4 log lower numbers
within an aliquot of the media than that required for visual detection of growth in the media.
For a sterility test, an enrichment culture either in liquid media to reach a threshold ATP level or
on a membrane filter on solid media for the formation of microbial colonies could be used with
an incubation time of 2–7 days.
FLOW CYTOMETRY
Flow cytometry may be used to detect fluorescently labeled viable microbial cells after an
enrichment culture step of 24–48 h (13). A labeling reagent consisting of either a fluorogenic
substrate or vital stain is used to differentiate viable cells from dead cells and cellular debris.
Cell viability is indicated by the ability of the intact cell membrane to retain a fluorochrome
generated by nonspecific cellular esterase, or by labeling the cell with nucleic acid-specific vital
stains. A laser illuminates each cell in the flow stream and the emitted light is detected by a
dual photomultiplier array. The signal is digitized and interpreted by discrimination software. The
LOD for this technology may be, in best cases, 10–100 viable microbial cells, in the absence of
a high particulate background, so an enrichment/concentration step would be necessary,
unless a >1 cfu limit of detection is accepted by the stakeholders.
ISOTHERMAL MICROCALORIMETRY
Isothermal microcalorimeters monitor enthalpy changes in closed vials (systems) related to
microbial metabolic activity and growth. With current instruments, 104 active microbial cells can
release enough heat to be detected and enrichment is needed for detection (2–7 days to
result). Recently its application in pharmaceutical microbiology has been evaluated (14).
NUCLEIC ACID AMPLIFICATION
Real-time quantitative polymerase chain reaction (PCR) has the potential to monitor the
exponential phase of PCR through 36–48 cycles of amplification using universal primers and
probes to estimate the initial quantity of the target DNA, which is in turn proportional to the
number of microbial cells in the test sample. Unlike DNA, cellular RNA is turned-over rapidly
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metabolically and would be a better indicator of viable microorganisms. For example, Escherichia
coli contains 2 molecules of DNA and 20,000 molecules of 16S rRNA per cell (15). This process
is achieved by the conversion of RNA into a complimentary copy of DNA (cDNA) by the enzyme
Reverse Transcriptase and the cDNA can be analyzed in real time in either a quantitative
(enumeration test) or qualitative assay (sterility test). Alternatively, for DNA-based PCRs, a
sample pretreatment with ethidium monoazide or propidium monoazide may also provide the
capability to differentiate live from dead microbial cells (16,17).
Realistically, an LOD of a single viable cell is probably an insurmountable challenge, especially
for a test relying on a DNA/RNA target and universal primers. Another challenge is the differing
amounts of genomic material in different microorganisms.
Generally, the LOD ranges from 10 to 1000 viable cells/mL in a sample and, in some reported
cases, from 10 to 100 viable cells/mL. Recently it was shown that PCR may actually achieve
detection of microorganisms with a limit of 102 to 103 cfu/mL in a sample containing a high
concentration of up to 106 mammalian cells/ mL without the need for pre-incubation in microbial
growth media (18). Adding a growth-based enrichment step for at least 24–48 h and comparing
the PCR results before and after cultural enrichment may provide a practical solution for sterility
testing. Alternatively, concentration methods could be applied to enrich the sample and reduce
the sample volume. As noted by the authors of a recent study of the use of 16S rRNA PCR
sterility test for stem cells, with the demonstrated bacterial sensitivity of 10–100 cfu/mL, a
test method with a sensitivity of 100 cfu/mL would be suitable to detect clinically significant
bacterial contamination of blood and cell products (19).
For non-growth based sterility tests like nucleic acid amplification there is increased patient
safety due to the following:
With close to real-time sterility testing, the test will be completed before the short-life
products are infused into a patient
Isolation of culture-negative infectious agents
The test is unaffected by antibiotics in the test sample
The test is less sensitive to background resulting from animal cell lysis (e.g., particles,
ATP) as compared to other technologies since specific microbial genes are targeted
RESPIRATION
This broad category ranges from classical respirometers, to gaseous headspace analyzers to
automated blood culture systems. Aerobic and anaerobic broth formulations allow for the
recovery of most microorganisms responsible for blood stream infections within a 5-day
incubation. With some instruments, this included incubation at both 20°–25° and 30°–35° as in
〈71〉. This technology has been successfully extended to sterility testing of cell therapy
products cells with a 7-day incubation as an alternative to the compendial sterility test for lot
release (20).
Other instruments are available to detect and enumerate respiring microorganisms. For
example, tunable diode laser absorption spectroscopy (TDLAS) can measure oxygen (O2 )
depletion or carbon dioxide (CO2 ) increase in closed units containing growing microorganisms in
culture medium. The technology was originally developed to monitor gas headspace composition
in closed units and also could be used for automatic media fill inspection (14,21). The system
has gaseous calibration standards and minor adaptations are needed if the system is to be used
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for sterility testing (e.g., calibrating for higher-volume containers). [Note—All the systems of
the respiration platform require microbial growth and metabolic activity for detection, i.e., the
usual time of 2–7 days to obtain results is required. However, when the results may be
progressively monitored to detect a sterility test failure earlier in the incubation period, that is
a huge advantage with short-life products as explained in the risk assessment section above.]
SOLID PHASE CYTOMETRY
There are instrument manufacturers market systems based on solid phase cytometry
combining fluorescent labeling and solid phase laser scanning to rapidly enumerate viable
microorganisms in filterable liquids (22). Cells are collected by filtration on 0.45-micron polyester
membranes and treated with background and viability stains. The filters are scanned in a
cytometer by a high-speed, 488 nM argon laser. Multiple photomultiplier tubes, processed to
differentiate between labeled microorganisms and background noise, based on size, shape, and
fluorescence intensity, detect fluorescence. The scan is displayed as a map that identifies the
position of the fluorescent events that are verified using an epifluorescence microscope with an
automated motorized stage to locate the individual events. The system is claimed to detect
individual viable microorganisms in 2–3 h.
COMPATIBILITY OF THE TECHNOLOGY SELECTION WITH THE PHYSICAL, CHEMICAL, AND
MICROBIOLOGICAL ATTRIBUTES OF THE PRODUCT
Important in the selection of the sterility testing technology is its compatibility with the
product. The most obvious incompatibility is the lack of filterability of the product, which would
exclude technologies that rely on the capture of viable microorganisms on a membrane filter or
the employment of flow cytometry. Another incompatibility would be the inability to neutralize
either the active ingredient or preservative system when the product is inoculated into a
microbiological culture medium. The presence of auto-fluorescent particles within the product
may make the product unsuitable for solid phase and flow cytometry.
Rapid sterility testing is most suitable for aseptically processed products with short shelf
lives. Terminally sterilized product should be considered for parametric release (see Terminally
Sterilized Pharmaceutical Products—Parametric Release 〈1222〉). Figure 1 illustrates the current
general sterility assurance landscape in terms of product categories and their means of
demonstrating sterility for purposes of product release. Sterility testing per 〈71〉 is the
predominant mode of demonstrating sterility and yet represents the highest risk of failing to
assure sterility. Many products (see Figure 1) within all product categories are candidates for
RST and/or parametric release and should be dispositioned accordingly (the bold arrows indicate
the transition of product categories from current state to the future state). This chapter, the
〈1229〉 series of chapters, 〈1211〉, and 〈1222〉 provide the framework for the greatest level of
sterility assurance for products through preferred choice of manufacture and mode of
demonstrating sterility.
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Figure 1. The sterility assurance landscape—the selection of the sterility testing strategy. LVP:
large-volume parenterals; SVP: small-volume parenterals.
METHOD SUITABILITY TESTING
The method suitability requirements for a growth-based sterility test are given in 〈71〉. The
suitability of the test must be demonstrated for each product to be tested. The recovery of
the USP challenge organisms at a level less than 100 cfu, in the presence of residual product, is
demonstrated as clearly visible growth in the microbiological growth media for either the direct
inoculation or membrane filtration method. With signals other than the cfu derived from
laboratory culture, e.g., nucleic acid, ATP, and fluorescent labeling of viable microbial cells, the
results from testing actual samples may give results that are not equivalent to that using other
technologies. However, method suitability testing will confirm that product residues in the
analyte will not inhibit the enzymatic steps associated with the signal generation.
GLOSSARY
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Beyond-use dating: The date or time after which a CSP may not be stored or transported and
is calculated from the date or time of compounding. Expiration date is a manufacturer-defined
term based on very specific testing used for commercially available products.
Colony-forming unit (cfu): Individual viable microorganisms capable of growth on solid
microbiological culture media forming discrete, visible colonies.
Limit of detection (LOD): The lowest signal representing a viable microorganism that can be
routinely detected.
Patient safety: Reduction of morbidity and mortality of the recipients of a contaminated
product that is promoted by the completion of a sterility test prior to the administration.
Positron emission tomography (PET): A nuclear medicine functional imaging technique that
is used to observe metabolic processes in the body as an aid to the diagnosis of disease. The
system detects pairs of gamma rays emitted indirectly by a positron-emitting radionuclide
(tracer), which is introduced into the body.
Rapid microbial method: A microbiological test method including sterility testing using an
advanced technology that can be completed in less than 48 h, preferably in 24 h, less than 3
h, or in real time.
Specificity: Ability to detect a wide range of different bacteria, yeasts, and molds.
Time to result: Time to complete the sterility test and reach a conclusion about the lack of
contamination of the sample test.
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BRIEFING

〈 1103〉 Immunological Test Methods—Enzyme-Linked Immunosorbent Assay (ELISA),
USP 41 page 7226. This general chapter provides guidance in reagent selection, solid-phase
preparation, and development, validation, and data analysis of ELISA test methods. As part of
USP’s periodic review process, some revisions were proposed by the General Chapters Biological
Analysis Expert Committee including updating the Adding Samples and Reagents section and
Appendix 2: Additional Sources of Information about Specific Topics in Validation and Data
Analysis following revisions to Design and Analysis of Biological Assays 〈111〉.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
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〈 1103〉 IMMUNOLOGICAL TEST METHODS—ENZYME-LINKED IMMUNOSORBENT ASSAY
(ELISA)
Change to read:
INTRODUCTION
Immunological Test Methods (ITMs) utilize bindings between an antigen (Ag) and antibody
(Ab). (See Appendix 1: Abbreviations for a complete list of acronyms used in this chapter.)
Enzyme-linked immunosorbent assay (ELISA) is one of the most widely used ITMs for
characterization, release, and stability testing of biotechnology products to help ensure the
quality of biological drug substances and drug products. The term “ELISA” is used here in a
broader sense and includes enzyme immunoassays (EIAs), as well as alternative detection
methods, e.g., chemiluminescence and fluorescence.
This chapter provides analysts with general information about principles, procedures,
experimental configurations, assay development, and validation for solid-phase ITMs like ELISA
and can be used for the other immunoassay variations mentioned above. The chapter also
covers reference standards and controls used for immunoassays. The information can be
adapted to the specific procedures of a monograph. This chapter does not cover immunoassays
for the measurement of immune responses to product in animals or humans (e.g., serological or
cellular assays), non-immunoassays (e.g., receptor-ligand interactions), or other related
approaches.
The chapter is part of a group of general information chapters for immunological test methods
(Immunological Test Methods—General Considerations 〈1102〉, Immunological Test Methods—
Immunoblot Analysis 〈1104〉, and Immunological Test Methods—Surface Plasmon Resonance
〈1105〉), and also is related to the general information chapters for bioassays (Design and
Development of Biological Assays 〈1032〉, Biological Assay Validation 〈1033〉, and Analysis of
Biological Assays 〈1034〉).
Definition
ELISA can be defined as a qualitative or quantitative solid-phase immunological method to
measure an analyte following its binding to an immunosorbent surface and its subsequent
detection by the use of enzymatic hydrolysis of a reporter substrate, either directly (as with an
analyte that has enzymatic properties or is directly labeled with an enzyme) or indirectly (by
means of an enzyme-linked antibody that binds to the immunosorbed analyte). Qualitative
results provide a simple positive or negative result for a sample. Converting quantitative to
qualitative results based on a cutoff value that separates positive and negative results is
common practice. Because the performance properties of the assay depend heavily on the
cutoff value, the process used to determine the cutoff should be evidence-based and well
documented. Quantitative assays determine the quantity of the analyte based on the
interpolation of a standard calibration curve with known analyte concentration, run
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simultaneously in the same assay. This standard should be an appropriate, preferably
homologous, reference or calibration material that is representative of the analyte(s) of
interest. The power of immunoassays has been demonstrated by the variety of procedures that
have evolved, including alternative solid surfaces such as beads of different sorts, various
plastics in plates of different configurations, and alternative detection methods, e.g.,
chemiluminescence and fluorescence. ELISA assays are widely used in the biopharmaceutical
industry for various applications such as identity, purity, potency, detection or quantitation of
antibody or antigen, and other purposes.
Basic Principles
The essential steps of an ELISA can be broken down as follows (see Figure 1):

Figure 1. Essential steps for performing an ELISA.1
1. Binding of the capture reagent (generally an antibody or antigen), which functions as an
immunosorbent for capture of the analyte, to a solid surface;
2. Removal of excess, unbound capture reagent followed by blocking of unoccupied binding
sites with a blocking protein such as albumin, gelatin, casein, or other suitable material;
3 or 2S (USP42)
3a. Incubation of the analyte (in the test sample or reference standard) with the capture
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reagent to bind the analyte onto the solid surface, followed by the washing away of unbound
material in the test sample and detection of the analyte.
3. 2S (USP42)
Direct detection occurs when the analyte has enzymatic activity or has been linked to a
detector molecule (e.g., enzyme); or
3b. Incubation of the analyte (in the test sample or reference standard) with the capture
reagent to bind the analyte onto the solid surface, followed by the washing away of
unbound material in the test sample and subsequent detection of the analyte (Figure 1, step
3a). Indirect detection occurs when the analyte is detected by the addition of a secondary
enzyme-labeled reagent (Figure 1, step 3b); and
4. Quantification of the analyte by addition of a substrate suitable for the detector used
[e.g., 3,3′,5,5′-tetramethylbenzidine (TMB)], followed by comparison of the test sample to
the reference standard.
Change to read:
ASSAY DESIGN
Five
Four 2S (USP42)
general categories of ELISA are described in Table 1 and in the sections that follow. The assay
designs are flexible and, depending on specific needs, can be modified from these procedures.
The choice of format depends primarily on the amounts and purity of reagents and equipment
available. On some occasions the analyte being characterized actually is an antibody, as in the
case of a monoclonal antibody that is being developed as a drug. In this case, anti-idiotypic or
other antibodies specific for the antibody are used to develop the assays.

ELISA
Type

Table 1. Representative ELISA Types
Required
Reagents
Attributes

Capture
analytea
Labeled
primary
antibody
specific for
antigen

Rapid because
only one
antibody is used
Uses less
reagent
Analyte is
immobilized

Disadvantages
May modify the
conformation of
the analyte
Sensitive to
matrix and
adjuvant
components
Not commonly
used
Poor sensitivity

Direct
detection
a This reagent can be either purified or partially purified. The terms “analyte” and “antigen”
are used interchangeably when describing ELISAs.
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Required
Reagents

Capture
analytea
Primary
antibody
specific for
antigen
Labeled
secondary
detector
antibody that
binds to the
primary
antibody

Attributes
Versatile
because a
variety of
primary
antibodies can
be used with
the same
secondary
detector
Improved
sensitivity
because of
signal
amplification
Analyte is
immobilized

Disadvantages

Longer because
of more
incubation and
washing steps

Indirect
detection
Analytea can
be used as a
capture
reagent or
can be
labeled with
a detection
label
Antibody
specific for
analyte can
be used for
capture or
labeled for
detection
Labeled
secondary
antibodies to
bind to
primary
antibody if an
indirect
format is
used

Good for
assessing
antigenic crossreactivity
Appropriate for
smaller proteins
with single
epitopes
Requires only a
single antibody
Analyte in
solution
competes for
binding to
primary antibody

Format difficult
to troubleshoot
Limited dynamic
range

Competitive
a This reagent can be either purified or partially purified. The terms “analyte” and “antigen”
are used interchangeably when describing ELISAs.
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Required
Reagents
Primary
capture
antibody
specific for
analyte
Sample
solution
containing
analytea
A different
primary
enzymeantibody
conjugate
specific for
analyte

Attributes

Improved
sensitivity
Good for
quantitative
assays for larger
multi-epitope
molecules
Analyte
measured in
solution

Disadvantages

Requires
relatively large
amounts of pure
or semipure
specific antibody
Not suited for
smaller proteins
that may have
only a single
epitope or a few
closely spaced
epitopes

Sandwich
a This reagent can be either purified or partially purified. The terms “analyte” and “antigen”
are used interchangeably when describing ELISAs.
Direct ELISA
DIRECTLY LABELED ANTIBODY
In this assay an antigen is coated onto a solid surface and the remaining unbound reactive
sites are blocked [Figure 2 (A)]. Then a solution containing a specific antibody labeled with a
detector is added. After incubation, the unbound antibody is washed away, followed by the
addition of an appropriate substrate for the detector used.
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Figure 2. Schematic representations of direct, indirect, competitive, sandwich, and bridging
ELISAs.2 [Ab = antibody; Anti-Ig = anti-immunoglobulin; Ag = antigen (or analyte); Conc =
concentration; Preincub = preincubation]
DIRECTLY LABELED ANTIGEN
This assay is similar to that using a directly labeled antibody, except that the antibody is
coated onto the solid surface and a labeled antigen is used as the detector.
Indirect ELISA
In this assay an antigen is coated onto a solid surface and then, after blocking, a solution
containing a specific antibody is added [Figure 2 (B)]. After incubation, the unbound antibody
is washed away, followed by the addition of an anti-immunoglobulin (anti-Ig) detector antibody.
Anti-Ig detectors are available commercially for specific Ig classes and subclasses from a
variety of species, which makes this assay format useful for isotyping of antibodies. In addition,
the use of a labeled anti-Ig detector amplifies the signal compared to a Direct ELISA, thereby
increasing assay sensitivity.
Competitive ELISA
DIRECT ANTIBODY COMPETITIVE ELISA
This assay is used to detect or quantitate soluble antigens [Figure 2 (C)]. It requires an
antigen-specific antibody that has been conjugated to an appropriate detector, e.g.,
horseradish peroxidase (HRP), alkaline phosphatase (AP), ruthenium, or fluorescein. It also
requires a purified or partially purified antigen for coating. The antigen is coated onto a solid
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surface, followed by a blocking step. The antibody–conjugate is incubated with the test
solution containing soluble antigen. The mixture is then added to the immobilized antigen,
incubated, and unbound antigen–antibody complex is washed away. Substrate is added, and
the inhibition of the reaction (e.g., colorimetric, electrochemiluminescence, fluorescence, or
chemiluminescence) is measured relative to the reaction when no competitor antigen is added.
The amount of inhibition is inversely proportional to the amount of antigen in the test sample.
Competitive assays can also measure small molecules by coating an antibody to the plate that
is specific to the small molecule. The small molecule is often biotinylated with a long linker that
does not interfere with binding between the capture antibody on the plate and the small
molecule. Antigen (the small molecule) in the sample then competes with the labeled small
molecule for binding to the capture antibody. After washing, a detection reagent (e.g.,
streptavidin labeled with HRP) is added to detect the binding complex.
DIRECT ANTIGEN COMPETITIVE ELISA
This assay is similar to the Direct Antibody Competitive ELISA, except that it is used to
detect soluble antibodies. The antigen is conjugated to the detector and the antibody is
coated onto the solid surface.
INDIRECT ANTIBODY COMPETITIVE ELISA
This assay is similar to the Direct Antibody Competitive ELISA, except that instead of directly
labeling the antibody, the test uses a labeled anti-Ig reagent for detection.
INDIRECT ANTIGEN COMPETITIVE ELISA
This assay is similar to the Direct Antigen Competitive ELISA, except that instead of directly
labeling the antigen, the test uses a labeled secondary antibody for detection.
Sandwich ELISA
DIRECT SANDWICH ELISA
In this assay an antibody is immobilized onto a solid surface and blocked, and then a solution
containing a specific antigen is added [Figure 2 (D)]. After an incubation step, the unbound
material is washed away, and a labeled detector antibody is added. This assay format requires
two antibodies, each of which binds to different epitopes on the surface of the large and
complex molecule. The two antibodies are specific for the antigen, and the antigen should be
sufficiently large and complex to accommodate the binding of two antibodies.
INDIRECT SANDWICH ELISA
Alternatively, instead of directly labeling the detector antibody, an anti-Ig antibody detector
can be used. Indirect sandwich immunoassay formats can be considered only if each binding
reagent is from a unique species (e.g., a sandwich assay using two mouse monoclonal
antibodies for capture and detection could not be detected indirectly because the resulting
signal may become independent of the antigen concentration).
BRIDGING ELISA
This subset of Sandwich ELISA assays often uses a single antibody for both capture and
detection [Figure 2 (E)]. If a monoclonal antibody is used, it requires that the target antigen
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have at least two identical epitopes that are adequately spaced to prevent steric hindrance so
that one epitope binds to the capture antibody and the other epitope binds to the detector
antibody. Alternatively, a polyclonal antibody can be used but still requires that the target
antigen be large enough to accommodate the binding of two antibody molecules. With respect
to specificity and sensitivity, bridging assays usually are suitable for most large molecules.
CHOICE OF ASSAY
Deciding which ELISA procedure or format to use often depends on individual choice and
availability of reagents, instruments, and other equipment. For example, sometimes a laboratory
repeatedly engineers a particular epitope into multiple fusion proteins. In this case, the
laboratory can use certain common qualified reagents (e.g., an antibody to a glutathione Stransferase region in multiple fusion proteins), facilitating rapid sandwich immunoassay
development. Small antigens with a limited number of epitopes available for antibody binding
restrict ELISA format choices. If there is only one binding epitope, then ELISA methods that
use the sandwich/two-site binding or other bridging formats cannot be used because they
require at least two available epitopes for antibody binding. In addition, small molecules are not
usually used as a capture reagent on a plate because the process may interfere with binding to
the detection reagent. Examples of such small molecules are some peptides, oligosaccharides,
nucleotides, and antibacterials. Analysts usually adopt a competitive assay format for such
small analytes.
Different assays and formats may demonstrate different properties and characteristics, e.g.,
specificity, precision, accuracy, sensitivity, dynamic range, dose-response ratio, sample
throughput, sensitivity to interference, and simplicity or efficiency for automation. Ease of
validation also may vary between different assay protocols and formats. Assay designs with
replicates in adjacent wells could be biased if there are location effects; hence, in this case,
replicates should not be in adjacent wells. Assay designs that are convenient to perform on 96well plates, using relatively few single-channel pipet actions and more multi-channel pipet
actions, are usually easier to adapt to automation. Assays with steep dose-response curves
are generally better able to deliver high precision estimates; however, some assays with steep
dose-response curves are imprecise in the EC50 and require a wider dose range.
Change to read:
PROCEDURES
Solid Phase
Solid phases are available in a variety of forms (e.g., membrane, plate, or bead) and
chemistries [e.g., nylon, nitrocellulose, polyvinylidene fluoride (PVDF), polyvinyl, polystyrene, or
a chemically derivatized surface]. The selection of the solid phase determines the most likely
binding mechanism, i.e., hydrophobic, hydrophilic, or covalent interactions. In general,
compared to plates, beads offer higher capacity and are more commonly used in clinical assays
whereas plates are more commonly used to test biotechnology products. Additional information
on plates is provided below.
COATING THE SOLID PHASE—IMMOBILIZATION OF CAPTURE REAGENT
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Capture reagents are coated onto a solid phase by adding a solution containing the capture
reagent to the surface. The most commonly used solid-phase materials for capture reagent
immobilization are plastic 96-well microtiter plates. Those with flat-bottom wells are
recommended for spectrophotometric readings, and round-bottom well plates are useful for
visual assessment of a dye’s color development. The degree of coating is influenced by the
concentration of capture reagent, temperature during coating, duration of capture reagent
adsorption, the surface properties of the solid-phase material, and the nature of the buffer of
the capture reagent solution. Although the optimum coating concentration must be determined
for each capture reagent, concentrations of 1–10 µg/mL (ERR 1-Feb-2018) are most commonly
used. The volume of capture reagent added to each well usually corresponds to the sample
volume that will be analyzed, i.e., 50–100 µL. Coating duration, temperature, and buffers are
discussed separately below. During the coating procedure analysts should avoid introducing
bubbles. Proteins that bind to plastic can be denatured, which alters antigenicity. In such
cases, a capture antibody or an intermediary protein such as Protein A or Protein G can be
used. In addition, streptavidin can be used if the reagent is biotinylated. The pH of the coating
buffer should be optimized based on the isoelectric point of the capture reagent and the
surface properties of the assay plate chosen.
MICROTITER PLATES
The composition and commercial source of the microtiter plate can influence binding of the
capture reagent during coating. Several microtiter plates from different suppliers should be
compared using a single coating procedure to select those that provide high specificity for the
capture reagent of interest and low nonspecific background. Comparisons of different grades of
plates from a single supplier also may be needed. Clear plates typically are used for colorimetric
ELISA, and opaque plates often are used for chemiluminescent and fluorometric ELISA. Acidic
capture reagents may require a lower pH solution to neutralize repulsive forces between the
protein and solid phase. Peptides often require optimization of buffer pH based on their charge
for optimal coating conditions during assay development. Polysaccharides, lipopolysaccharides,
or glycoproteins may be difficult to coat directly to the plate and may require a capture
antibody or a buffer that contains lysine or glutaraldehyde. Coating with an antibody can be
enhanced by precoating the microtiter plate with Protein A or Protein G or a combination of the
two, which allows binding to the Fc region so that the Fab portion can bind to the analyte of
interest. However, care must be taken to ensure that subsequent secondary antibodies do not
react with the Protein A- or Protein G-coated wells. In this case, for example, chicken IgY or
another appropriate antibody class could be used. Microtiter plate formats other than the 96well variety, such as half-volume 96-well or 384-well plates, can be used to increase
throughput and/or conserve reagents.
COATING TIME
Coating time depends on binding kinetics, stability, concentration of capture reagent, and
incubation temperature. Although different combinations of coating times and temperatures
often result in the same coating efficiency, the stability of the capture reagent (which should
be determined during method development) influences which conditions to select. Analysts
must assess the impact of varying the coating time in order to determine the robustness of the
assay procedure.
COATING TEMPERATURE
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Coating temperature and time are closely related assay parameters. The coating temperature
depends on the binding kinetics and stability of the antigen. Higher temperatures can increase
the rate of adsorption and may shorten the coating time, but they are likely to affect
interaction sites and to reduce antigen-antibody affinity. Typical combinations of time and
temperature are 1–4 h at ambient temperature, 15 min to 2 h at 37°, or overnight at 4°.
Analysts should determine the effects of variations in temperature in order to assess the
robustness of the assay procedure.
BUFFERS
Buffers used for diluents, coating, blocking, and washing plates can affect overall assay
performance. Buffer components can interact with the test sample and inhibit binding. They
also can cause low antigen sensitivity or high nonspecific background activity.
Diluent: Buffers [e.g., phosphate-buffered saline (PBS) or imidazole-buffered saline] with
polysorbate 20 (0.01%–0.1%) are used commonly for different ELISA steps as a diluent and
washing buffer.
Coating buffers: Coating buffers should maximize assay consistency and promote binding of
the capture reagent to the solid phase. Commonly used coating buffers include 50 mM
carbonate, pH 9.6; 20 mM tris-hydrochloride (tris-HCl), pH 8.5; and 10 mM PBS, pH 7.2. The
choice of coating buffer depends on the nature of the individual antigens and should be
determined empirically.
Blocking agents and buffers: A blocking agent is a compound (e.g., protein or detergent)
that should saturate the remaining immunosorbent binding sites following capture reagent
(antibody or antigen) binding. This reduces nonspecific binding of analyte and nonanalyte
components to the immunosorbent matrix and/or the absorbed reagent. Nonspecific binding
occurs when protein in the test sample binds to the plastic of the microtiter plate or absorbed
reagent instead of specifically binding to the capture reagent of interest. Nonspecific binding
can be reduced by adding blocking reagent to the wells and by the addition of another protein
such as bovine serum albumin (BSA) to the dilution buffer. The choice of blocking agent should
be governed by the nature of the capture reagent, plate, coating buffer, test sample diluent,
and related factors. If any of these parameters changes, a change in blocking agent may be
needed. Commonly used blocking agents include BSA, nonfat milk, gelatin, casein, normal horse
serum, fetal bovine serum, polysorbate 20, and others. Several grades of BSA are available
commercially, and the optimal grade should be empirically determined for each assay. In
addition, many commercial blocking and assay diluent reagents are available for ITM.
Adding Samples and Reagents
Samples and reagents generally are pipetted into the ELISA plate wells. Care should be taken
to avoid cross-contamination, frothing, or bubbles.
A sample loading pattern should be included in the test method procedure. For reproducibility
and accuracy of results, consistency between the wells of the ELISA plate is very important.
This can be achieved by using replicates; however, as mentioned above, care should be taken
to avoid replicates in adjacent wells. A common way of avoiding the edge effect is not to use
the edge wells at all. Additionally, plate edge effects can also be avoided by reducing assay
time, using a low evaporation lid, or sealing the plate with a clear or breathable sterile tape.
2S (USP42)
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Labor-saving equipment such as electronic pipets, automated liquid handlers, plate washers,
and robotic pipets also can be used to improve precision, reduce analyst-to-analyst variability,
and increase throughput.
PIPETS
Single, multi-channel, and robotic pipets with set or fixed volumes are available. The type and
accuracy of pipets should be evaluated for each application. Regular maintenance and
professional calibration of pipets should be performed and documented.
PIPET TIPS
A variety of pipet tips are available, some of which are specific to the type of pipet. The type
and accuracy of the pipet tip, particularly related to the viscosity and nonspecific binding of
the materials, should be evaluated for each application.
Washing
Wash steps are included throughout the ELISA procedure to remove the unbound coating
antigen, sample, and detection reagents. Washing is critical for assay performance, can be a
source of assay failure, and is important to evaluate during method development. Multiple
approaches can be used for washing. Manual procedures include using a squeeze bottle, dipping
the microtiter plate in wash buffer, and adding wash buffer with a multi-channel pipet or handheld multi-channel (8- or 12-pin) manifolds. Analysts should wash carefully to avoid cross-well
contamination. Automatic microplate washers generally provide more washing consistency.
Strip-well and multi-well washers are available. Most automatic washers can be programmed for
different dispensing volumes and speeds, number of washes, speed of buffer aspiration, and
amount of residual buffer left in the well. Incorrectly programmed or maintained, as well as
incompletely cleaned, automatic washers can cause assay variation and elevated assay
background.
Incubation
ELISAs are incubated following the addition of samples and reagents. The optimal time,
conditions, and temperature of each incubation step should be determined during method
development. Incubation times vary from minutes to overnight. Commonly used incubation
temperatures are ambient temperature, 4°, and 37°. ELISA plates commonly are sealed or
placed in a secondary container to avoid evaporation or contamination during incubation.
Atmospheric conditions such as dry or humidified incubation should be evaluated during method
development. Rocking, shaking, or rotating the microtiter plates may be necessary or desirable
depending on the kinetics of binding.
Blocking Conditions and Nonspecific Reactions
After immobilization and removal of the unbound antigen or antibody, unoccupied binding sites
are blocked to ensure that the measured analyte in the test article or subsequent (detection)
reagents does not bind nonspecifically to the solid surface or to the coated antigen or
antibody. If nonspecific binding occurs, any reported signal could bias the measurement and
may reduce the sensitivity and dynamic range of the assay. Blocking is critical to ensure the
sensitivity and/or specificity of the assay. Sources of nonspecific binding fall into two general
categories:
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1. Ionic or hydrophobic interactions occur when binding is mediated by nonspecific ionic or
hydrophobic interactions between assay reagents and the solid surface or another
assay reagent.
2. Immunological interactions occur when binding is mediated by unintended antigen–
antibody interactions. This occurs when antibody preparations used in the assay
interact with other assay reagents. For example, if an ELISA was designed to test a
serum-derived analyte using murine capture and detection antibodies, antibodies in the
test article with reactivity to murine Ig (also known as heterophilic antibodies) could be
nonspecifically detected in the assay.
The choice of blocking agent (examples are found in Blocking agents and buffers) is
determined empirically, and the balance between the reduction in nonspecific binding and the
impact on assay sensitivity should be assessed during method development. Cross-reactivity
with other assay reagents should be considered; for example, endogenous biotin is found in milk
and serum, and serum may contain antibody to viral or bacterial proteins. Therefore, screening
of serum lots may be necessary. The volume of blocking solution added to the well should be
greater than the maximum reaction volume used for later steps so that all of the potential
surface area that may interfere with the binding reaction is blocked.
In addition, Ig in the test materials can be removed by using buffers that inhibit antibody
conformation or aggregate the heterophilic antibodies, by blocking with nonimmune serum, or by
removing Fc regions in critical antibody reagents, thereby reducing or eliminating undesired
immunological interactions that cannot be addressed by the blocking reagents described above.
Negative control wells can be included to monitor nonspecific reactions. The nature of the
negative control wells depends on the assay but can include blocked wells without coating
antigen, eliminating the primary or secondary antibody, or using buffer in place of sample.
Control wells also can be useful as part of system suitability testing.
Pretreatment of Samples
Although ELISA methods are designed to measure an analyte in complex mixtures, the
presence of other materials can prove problematic if they interfere with analyte detection. In
order to ensure assay specificity, the specific procedure to treat samples to remove
nonspecific interfering substances (e.g., reducing agents or precipitates) can be determined
empirically during method development and then can be incorporated into the validated assay.
Any sample-processing step should be evaluated against the potential that the treatment will
alter the test article’s properties and/or introduce further variability that results in biased
measurements. Samples, standards, and controls should be prepared and handled in processes
as similar to each other as possible. Analysts should verify that sample pretreatments have not
damaged the sample so much that it can no longer be measured (e.g., by spiking experiments).
Detector Antibodies
Depending on the ELISA format, detector antibodies labeled with enzyme or other labels can
be used as primary or secondary reagents to enable detection of the immobilized analyte. In a
direct or competitive ELISA [Figure 2 (A and C)], after the analyte is bound to the
immunosorbent surface, excess analyte is washed away and the immobilized analyte is
detected using a detector antibody that is considered to be the primary antibody. In other
ELISA formats [Figure 2 (B, D, and E)], the analyte-specific Ig (nonconjugated primary
antibody) is allowed to bind to the immobilized analyte, and any excess antibody is washed
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away before the addition of a detector antibody, which is termed the secondary antibody.
To facilitate detection, in all ELISA formats that use enzyme-conjugated antibodies, a
substrate specific for the conjugated enzyme is introduced into the assay system. An
enzymatic reaction ensues, converting a substrate into a soluble product that can be measured
using appropriate wavelengths and a suitable reader.
ELISA sensitivity depends on the quality of the reagents and the detection system, including
the label and substrate. If multiple differently conjugated antibodies are available, analysts
should select one appropriate for the assay. During this evaluation, the dilution of each
conjugate that yields desirable sensitivity and specificity should be determined using
appropriate controls.
The most commonly used labeling enzymes for conjugating to antibodies include AP, HRP, and
galactosidase. These enzymes are highly specific, sensitive, and stable in catalyzing
chromogenic, luminescent, or fluorescent reactions. para-Nitrophenyl phosphate (pNPP) is a
commonly used substrate for AP. Commonly used substrates for HRP include TMB, ophenylenediamine dihydrochloride (OPD), and [2,2′-azino-bis(3-ethyl-benzothiazoline-6-sulfonic
acid) diammonium salt (ABTS)] (see Table 2). The substrates for AP and HRP are chromogenic
and result in the formation of a colorimetric product that can be measured using a
spectrophotometer. Chemiluminescent and fluorescent substrates for AP and HRP also are
available, and in many cases they are available as commercial kits. Disodium 3-(4methoxyspiro{1,2-dioxetane-3,2′-(5′-chloro)tricyclo[3.3.1.13,7]decan}-4-yl)phenyl phosphate
(CSPD) is a known chemiluminescent substrate for AP (see Table 2). Well-known fluorescent
substrates for galactosidase include 4-methylumbelliferyl galactoside (MG) and nitrophenyl
galactoside (NG). If a chemiluminescent substrate is used, then a luminometer is required to
quantitate the formed product. A fluorometer is needed if a fluorescent substrate is used in the
ELISA.
Table 2 also provides a summary of the advantages and disadvantages of different types of
ELISA substrates. Colorimetric substrates have been prevalent since the origin of ELISAs and
may yield robust assays that generally are more cost efficient than assays that use
chemiluminescent and fluorescent substrates. Nevertheless, chemiluminescent and fluorescent
ELISA methods may yield more rapid and sensitive assays with a wider dynamic range than
assays that use a colorimetric readout. The final choice of readout should be governed by the
assay’s purpose and the requirements of the assay.
Table 2. Enzyme Conjugates and Substrates
Readout

Colorimetric

Chemiluminescent

Fluorescent

Principle of the
Enzymatic Reaction

Produces a colored product that yields absorbance
values directly proportional to analyte
concentration

Produces a light emission that is directly
proportional to analyte concentration

Produces excitation-induced light emission that is
directly proportional to analyte concentration

Enzyme

Substrate

AP, H RP

pNPP
TMB
OPD
ABTS

Reader

Advantages
Robust
Economical
Reagent
availability

Galactosidase

CSPD

MG
NG

Less
sensitive

Spectrophotometer
Wide assay
dynamic
range
Lower coating
concentrations
More sensitive
Rapid signal
generation

AP

Disadvantages

Requires
special
plates
Costly

Luminometer

Rapid
Sensitive
Fluorometer

Requires
special
plates
Costly
Interference
by
excipients
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ASSAY DEVELOPMENT AND VALIDATION PLAN
Critical Reagent Development
Key considerations for critical reagents are source, purity, specificity, and stability. For
quality measurements, ITMs use reference standards along with critical reagents for analyte
capture and detection. Any changes of critical biological reagents should be evaluated (see, for
example, guidance contained in 〈1032〉).
SOURCE
The availability and quality of the starting material should be controlled so that manufacturing
of the (purified) reagent can be reproducibly and consistently performed, potentially over
several decades. Because critical reagents are biological molecules, sources can range from
chemical synthesis (e.g., peptides) to complex biological matrices (e.g., antibodies prepared
from serum, monoclonal antibody from ascites/cell culture, or fermentation/cell culture
products). When appropriate for the intended use of the assay, a single lot of a critical reagent
can be manufactured to establish a substantial supply and to prevent lot-to-lot variability. In
other instances, it may be appropriate to include in the validation multiple lots or multiple
suppliers in order to demonstrate that the assay is sufficiently robust for its intended use.
PURITY
In general, the purity of critical reagents should be assessed to ensure the removal of
impurities and manufacturing process residuals that can influence reagent performance and/or
stability.
SPECIFICITY
The specificity of a critical reagent refers to its ability to capture or detect only the analyte
of interest. The reagent must be specific to the analyte and should show little nonspecific
binding or no cross-binding to off-target molecules in complex test materials.
STABILITY
The stability of critical reagents should be empirically determined to ensure assay
performance over time (issues include accuracy, precision, reproducibility, and assay drift).
Long-term (months to years) stability of critical reagents under required storage conditions
(e.g., with defined temperatures and containers) should be determined so that appropriate
expiry dating can be assigned. Short-term (minutes to days) stability (and freeze/thaw and
room temperature stability for frozen critical reagents) also is required to ensure day-to-day
assay accuracy, precision, and reproducibility.
Feasibility/Pilot Studies
The steps of the process by which an ELISA method is developed, validated, and used in
routine sample analysis are described below:
1. Generate or purchase critical reagents to measure the analyte. Determine storage
conditions and stability.
2. Understand the performance goals for the assay system.
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3. Develop the assay to the point that there is a detectable concentration response
curve.
4. Perform method development/robustness testing.
5. Prepare the reference/calibration standard and control and assess stability.
6. Establish assay procedures, appropriate controls and limits, assay and sample
acceptance criteria, and instrumentation.
7. Determine method performance, and qualify method for accuracy, specificity, precision,
and robustness, including qualification of all applicable sample types to be analyzed.
8. Validate the assay.
9. Implement the method (technology transfer) in the testing laboratory, including training
and qualification of analysts.
10. Monitor assay performance.
During assay development, the critical parameters and reagents that are required for the
assay should be assessed and set at levels that yield desired assay performance. In many
instances several parameters may be evaluated, and well-designed experiments can accelerate
assay development, particularly for assessing the potential interaction of several inputs.
Many ELISA procedures are product specific, and external reference/calibration standards
may not be available. The preparation and stability of reference/calibration standards should be
considered early in assay development.
Assay Validation
Assay validation is executed according to guidances from appropriate regulatory bodies [e.g.,
International Council for Harmonisation (ICH) Q2] to demonstrate that the particular test used
for an analyte is appropriate for its intended use. More information about assay validation can
be found in Validation of Compendial Procedures 〈1225〉 or 〈1033〉 if the ELISA is used as a
surrogate potency assay. See Appendix 2: Additional Sources of Information about Specific
Topics in Validation and Data Analysis.
Change to read:
DATA ANALYSIS
The analysis of ELISA data can be simple (e.g., a linear calibration with inverse regression) or
complex (e.g., a nonlinear calibration curve with inverse regression). The type and rigor of data
analysis depend largely on the assay system and the intended uses of the assay. For example,
data reduction may estimate a concentration (e.g., ng/mL) of an unknown sample using a
calibration curve. Other approaches include estimation of the half-maximal inhibitory
concentration (IC50 ) or effective concentration (EC50 ), estimation of the amount of a sample
that yields the same response as the EC50 (or IC50 ) on a standard curve, and an estimate of
the relative activity of a test sample compared to a reference/calibration standard. More
extensive guidance about statistical methods for potency analysis is given in 〈1032〉 and 〈1034〉.
In general, ELISA curves are characterized by a nonlinear relationship between the
concentration of the analyte of interest and the calculated mean response. Typically, this
response curve is defined by a sigmoidal relationship of response to concentration. A wide
range of mathematical models can fit standard/calibration curves, and analysts should take
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care in the selection of an appropriate curve-fitting algorithm. In other cases, ELISA assays are
used for qualitative purposes to determine whether a sample is positive or negative based on a
sensitivity threshold.
Basic Statistical Analysis
Basic statistical methods are not detailed here. Analytical Data—Interpretation and
Treatment 〈1010〉 addresses important fundamentals, including data handling; computation of
means, standard deviations, and standard errors; detection of and methods to address
nonconstant or nonnormal variation; detection of and management of outliers; and procedures
for and interpretation of statistical tests and confidence intervals. The concepts behind
validation, goals, designs, analysis, and practical methods for validation are described in 〈1010〉,
〈1225〉, and 〈1033〉. Design and Analysis of Biological Assays 〈111〉 contains guidance on
combining results from independent assays,
outliers, and confidence intervals. 2S (USP42)
Nonlinear Statistical Analysis
Nonlinear calibration for immunoassays draws on many sources for statistical design and
analysis. These include methods for assessing and addressing nonconstant variance, designs
and analysis methods for experiments with complex structures, and validation. The concepts
behind linear calibration design, analysis, and inverse regression apply in nonlinear calibration,
and professional statisticians can help apply these appropriately.
Reporting Results
Reported estimates of concentration should be understood as having an associated
confidence interval based on the results of the validation. The reported value or estimate used
to describe a sample can be based on a combined result from multiple assays.
Change to read:
APPENDICES
Appendix 1: Abbreviations
Ab: Antibody
ABTS: 2,2′-Azino-bis[3-ethyl-benzothiazoline-6-sulfonic acid]diammonium salt
Ag: Antigen
Anti-Ig: Anti-immunoglobulin
AP: Alkaline phosphatase
BSA: Bovine serum albumin
CSPD: Disodium 3-(4-methoxyspiro{1,2-dioxetane-3,2′-(5′-chloro)tricyclo[3.3.1.13,7]decan}4-yl)phenyl phosphate
EIA: Enzyme immunoassay
ELISA: Enzyme-linked immunosorbent assay
HRP: Horseradish peroxidase
Ig: Immunoglobulin
ITM: Immunological test method
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MG: 4-Methylumbelliferyl galactoside
NG: Nitrophenyl galactoside
OPD: o-Phenylenediamine dihydrochloride
PBS: Phosphate-buffered saline
pNPP: para-Nitrophenyl phosphate
PVDF: Polyvinylidene fluoride
TMB: 3,3′,5,5′-Tetramethylbenzidine
Appendix 2: Additional Sources of Information about Specific Topics in Validation and
Data Analysis

Means
Standard
deviations
Standard
errors
Non-normality
Nonconstant
variance
Outliers
Tests
Confidence
intervals
Validation
Combining
results from
multiple
assays

Analytical Data
—Interpretation
and Treatment
〈1010〉
X

Design and
Analysis of
Biological
Assays
〈111〉
—

Validation of
Compendial
Procedures
〈1225〉
—

Biological
Assay
Chapters
〈1032〉,
〈1033〉,
and 〈1034〉
—

X

—

—

—

X
X

—

—

—

—

—

X

X

—

—

X

—

X
—

X
X

X

X
—

X

2S (USP42)

—
2S (USP42)

—

—

—
—
X

X
X

—
X

X

1 C apture reagent binding, blocking, analyte binding, detector antibody binding, and analysis are the five basic
steps in an ELISA. C apture reagent binding, blocking, and analyte binding steps are each followed by a
washing step to remove unbound reagents before the addition of the next reagent. Before analysis an
appropriate substrate is added, followed by measurement of the substrate by appropriate equipment for
detection. Quantitation of unknowns takes place by comparison with a standard curve.
2 The type of ELISA format depends on the availability of reagents, the intended purpose of the assay, and
the physicochemical characteristics of the analyte of interest. For a Bridging ELISA, the capture and detector
antibodies recognize the same epitope, and therefore the target antigen must have at least two epitopes
available for binding.

Recent Official Publications:
Errata published: 01/26/2018
USP41–NF36 Page 7226
BRIEFING
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〈 1119〉 Near-Infrared Spectroscopy, USP 41 page 7337 and PF 43(4) [July–Aug. 2017].
The previous proposals which appeared in PF 41(1) and PF 43(4) are revised to address
comments received. The proposed changes have been made mainly for clarity. This chapter
provides practical information on topics such as sample preparation, instrumentation, qualitative
near-infrared (NIR) analysis, and quantitative NIR analysis.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCCA: K. Zaidi.)
Correspondence Number—C199058
Comment deadline: November 30, 2018
Change to read:

〈 1119〉 NEAR-INFRARED SPECTROSCOPY 〈 1856〉 NEAR-INFRARED
SPECTROSCOPY—THEORY AND PRACTICE
Add the following:
1. THEORY
2. TRANSMISSION, REFLECTION, AND TRANSFLECTION MODES
2.1 Transmission Mode
2.2 Reflection Modes
2.3 Transflection Mode
3. FACTORS THAT AFFECT NIR SPECTRA
3.1 Environmental Factors
3.2 Sampling Factors
4. PRETREATMENT OF NIR SPECTRAL DATA
5. INSTRUMENTATION
5.1 Apparatus
5.2 Specialized Techniques
5.3 Instrument Calibration Considerations
6. APPLICATIONS
6.1 Qualitative Analysis: Identification and Characterization
6.2 Trend Analysis
6.3 Quantitative Analysis
7. PROCEDURE VALIDATION
7.1 Ongoing Method Evaluation
7.2 Method Transfer
GLOSSARY
2S (USP42)

Change to read:

2S (USP42)
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INTRODUCTION
Near-infrared (NIR) spectroscopy is a branch of vibrational spectroscopy that shares many of
the principles that apply to other spectroscopic measurements. The NIR spectral region
comprises two subranges associated with detectors used in the initial development of NIR
instrumentation. The short-wavelength (Herschel or silicon region) extends from approximately
780 to 1100 nm (12,821–9000 cm–1); and longer wavelengths, between 1100 and 2500 nm,
compose the traditional (lead sulfide) NIR region. Applications of NIR spectroscopy use spectra
displayed in either wavelength or wavenumber units. As is the case with other spectroscopy
measurements, interactions between NIR radiation and matter provide information that can be
for both qualitative and quantitative assessment of the chemical composition of samples. In
addition, qualitative and quantitative characterization of a sample's physical properties can be
made because of the sample's influence on NIR spectra. Measurements can be made directly on
samples in situ in addition to applications during standard sampling and testing procedures.
Applications of qualitative analysis include identification of raw material, in-process sample, or
finished product. These applications often involve comparing an NIR spectrum from a sample to
reference spectra and assessing similarities against acceptance criteria developed and
validated for a specific application. In contrast, applications of quantitative analysis involve the
development of a predictive relationship between NIR spectral attributes and sample properties.
These applications typically use numerical models to quantitatively predict chemical and/or
physical properties of the sample on the basis of NIR spectral attributes.
Vibrational spectroscopy in the NIR region is dominated by overtones and combinations that
are much weaker than the fundamental mid-IR vibrations from which they originate. Because
molar absorptivities in the NIR range are low, radiation can penetrate several millimeters into
materials, including solids. Many materials, such as glass, are relatively transparent in this
region. Fiber-optic technology is readily implemented in the NIR range, which allows monitoring
of processes in environments that might otherwise be inaccessible.
The instrument qualification tests and acceptance criteria provided in this chapter may not
be appropriate for all instrument configurations. In such cases, alternative instrument
qualification and performance checks should be scientifically justified and documented. In
addition, validation parameters discussed in this chapter may not be applicable for all
applications of NIR spectroscopy. Validation parameters characterized for a specific NIR
application should demonstrate suitability of the NIR application for its intended use.
Transmission and Reflection
The most common measurements performed in the NIR spectral range are transmission and
reflection spectroscopy. Incident NIR radiation is absorbed or scattered by the sample and is
measured as transmittance or reflectance, respectively. Transflection spectrometry is a hybrid
of transmission and reflection wherein a reflector is placed behind the sample so that the
optical path through the sample and back to the detector is doubled compared to a
transmission measurement of a sample of the same thickness. Transflection is used to describe
any double-pass transmission technique. The light may be reflected from a diffuse or specular
(mirror) reflector placed behind the sample. This configuration can be adapted to share
instrument geometry with certain reflection or fiber-optic probe systems in which the source
and the detector are on the same side of the sample.
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transmittance, T, is a measure of the decrease in radiation intensity as a function of
wavelength when radiation is passed through a sample. The sample is placed in the optical
beam between the source and the detector. The results of both transmission and transflection
measurements are usually presented directly in terms of absorbance, i.e., log10 (1/T).
reflectance, R, is a measure of the ratio of the intensity of light reflected from the sample, I,
to that reflected from a background or reference reflective surface, IR. Most reflection
measurements in the NIR are made of scattering samples such as powders and slurries. For
such materials NIR radiation can penetrate a substantial distance into the sample, where it can
be absorbed when the wavelength of the radiation corresponds to a transition between the
ground vibrational state of the analyte and either a harmonic of a given vibrational mode (an
overtone) or the sum of two or more different modes (a combination band). Nonabsorbed
radiation is scattered back from the sample to the detector. NIR reflection spectra are
accessed by calculating and plotting log(1/R) versus wavelength. This logarithmic form is the
pseudo-absorbance of the material and is commonly called absorbance.
Factors That Affect NIR Spectra
The following list is not exhaustive, but it includes many of the major factors that affect NIR
spectra.
Sample Temperature—Sample temperature influences spectra obtained from aqueous
solutions and other hydrogen-bonded liquids, and a difference of a few degrees may result in
significant spectral changes. Temperature may also affect spectra obtained from less polar
liquids, as well as solids that contain solvents and/or water.
Moisture and Solvent—Moisture and solvent present in the sample material and analytical
system may change the spectrum of the sample. Both absorption by moisture and solvent and
their influence on hydrogen bonding of the APIs and excipients can change the NIR spectrum.
Sample Thickness—Sample thickness is a known source of spectral variability and must be
understood and/or controlled. The sample thickness in transmission mode is typically controlled
by using a fixed optical path length for the sample. In diffuse reflection mode, the sample
thickness is typically controlled by using samples that are “infinitely thick” relative to the
detectable penetration depth of NIR light into a solid material. Here “infinite thickness” implies
that the reflection spectrum does not change if the thickness of the sample is increased.
Sample Optical Properties—In solids, both surface and bulk scattering properties of
calibration standards and analytical samples must be taken into account. Surface morphology
and refractive index properties affect the scattering properties of solid materials. For powder
materials, particle size and bulk density influence scattering properties and the NIR spectrum.
Polymorphism—Variation in crystalline structure (polymorphism) from materials with the same
chemical composition can influence NIR spectral response. Different polymorphs and amorphous
forms of solid material may be distinguished from one another on the basis of their NIR spectral
properties. Similarly, different crystalline hydration or solvation states of the same material can
display different NIR spectral properties.
Age of Samples—Samples may exhibit changes in their chemical, physical, or optical properties
over time. Care must be taken to ensure that both samples and standards used for NIR analysis
are suitable for the intended application.
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INSTRUMENTATION
Apparatus
All NIR measurements are based on exposing material to incident NIR light radiation and
measuring the attenuation of the emerging (transmitted, scattered, or reflected) light. Several
spectrophotometers are available; they are based on different operating principles—for
example: filters, grating-based dispersive, acousto-optical tunable filter (AOTF),
Fourier–transform NIR (FT–NIR), and liquid crystal tunable filter (LCTF). Silicon, lead sulfide,
indium gallium arsenide, and deuterated triglycine sulfate are common detector materials.
Conventional cuvette sample holders, fiber-optic probes, transmission dip cells, and spinning or
traversing sample holders are common examples of sample interfaces for introducing the sample
to the optical train of a spectrometer.
The selection of specific NIR instrumentation and sampling accessories should be based on
the intended application, and particular attention should be paid to the suitability of the
sampling interface for the type of sample that will be analyzed.
Near-Infrared Reference Spectra
NIR references, by providing known stable measurements to which other measurements can
be compared, are used to minimize instrumental variations that would affect the measurement.
Transmittance—The measurement of transmittance requires a background reference spectrum
for determining the absorption by the sample relative to the background. Suitable transmittance
reference materials depend on the specific NIR application and include air, an empty cell, a
solvent blank, or a reference sample.
Reflectance—The measurement of reflectance requires the measurement of a reference
reflection spectrum to determine the attenuation of reflected light relative to the unattenuated
incident beam. The reflectance spectrum is calculated as the ratio of the single-beam spectrum
of the sample to that of the reference material. Suitable reflectance reference materials
depend on the specific NIR application and include ceramic, perfluorinated polymers, gold, and
other suitable materials.
Qualification of NIR Instruments
Qualification—Qualification of an NIR instrument can be divided into three elements:
Installation Qualification (IQ); Operational Qualification (OQ); and Performance Qualification
(PQ). For further discussion, see general information chapter Analytical Instrument
Qualification〈1058〉.
Installation Qualification—The IQ requirements help ensure that the hardware and software are
installed to accommodate safe and effective use of the instrument at the desired location.
Operational Qualification—In operational qualification, an instrument's performance is
characterized using standards to verify that the system operates within target specifications.
The purpose of operational qualification is to demonstrate that instrument performance is
suitable. Because there are so many different approaches for measuring NIR spectra,
operational qualification using standards with known spectral properties is recommended. Using
external traceable reference standard materials does not justify omitting the instrument's
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internal quality control procedures. As is the case with any spectroscopic device, wavelength
uncertainty, photometric linearity, and noise characteristics of NIR instruments should be
qualified against target specifications for the intended application.
Performance Qualification—Performance qualification demonstrates that the NIR measurement
consistently operates within target specifications defined by the user for a specific application;
it is often referred to as system suitability. Performance qualification for NIR measurements can
include comparing a sample or standard spectrum to previously recorded spectra. Comparisons
of spectra taken over time from identical and stable samples or reference standard materials
can form the basis for evaluating the long-term stability of an NIR measurement system. The
objective is to demonstrate that no abnormal wavelength shift or change in detector sensitivity
has occurred during ongoing analysis.
Characterizing Instrument Performance—Specific procedures, acceptance criteria, and time
intervals for characterizing NIR instrument performance depend on the instrument and intended
application. Many NIR applications use previously validated models that relate NIR spectral
response to a physical or chemical property of interest. Demonstrating stable instrument
performance over extended periods of time provides some assurance that reliable
measurements can be taken from sample spectra using previously validated NIR models.
Wavelength Uncertainty—NIR spectra from sample and/or reference standard materials can be
used to demonstrate an instrument's suitable wavelength dispersion performance against target
specifications. The USP Near IR System Suitability Reference Standard or the National Institute
of Standards and Technology (NIST) Standard Reference Material (SRM) 2036 for reflectance
measurement and NIST SRM 2035 for transmittance measurement can be used for wavelength
verification. Suitable materials for demonstrating wavelength dispersion performance include
polystyrene, mixtures of rare earth oxides, and absorption by water vapor for instruments that
use an interferometer for wavelength dispersion. With appropriate justification, alternative
standards may be used. Wavelength uncertainty typically is characterized from a single
spectrum (collected with the same spectral resolution to obtain the standard value) using a
minimum of three peaks that cover a suitable spectral range of the instrument. Typical
tolerances for agreement with standard values are ±1.0 nm below 2000 nm and ±1.5 nm from
2000 nm to 2500 nm. Alternative tolerances may be used when justified for specific
applications.
Photometric Linearity and Response Stability—NIR spectra from samples and/or reference
standard materials with known relative transmittance or reflectance can be used to
demonstrate a suitable relationship between NIR light attenuation (due to absorption) and
instrument response. For reflectance measurements, commercially available reflectance
standards with known reflectance properties are often used. Spectra obtained from reflection
standards are subject to variability as a result of the difference between the experimental
conditions under which they were factory calibrated and those under which they are
subsequently put to use. Hence, the reflectance values supplied with a set of calibration
standards may not be useful in the attempt to establish an “absolute” calibration for a given
instrument. Provided that (1) the standards do not change chemically or physically, (2) the
same reference background is also used to obtain the standard values, and (3) the instrument
measures each standard under identical conditions (including precise sample positioning), the
reproducibility of the photometric scale will be established over the range of standards.
Subsequent measurements on the identical set of standards give information on long-term
stability. Photometric linearity is typically characterized using a minimum of four reference
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standards in the range from 10% to 90% reflection (or transmission). NIR applications based on
measuring an absorbance larger than 1.0 may require standards with reflectivity properties
between 2% and 5% reflection (or transmission) for characterizing instrument performance at
low reflectance. The purpose is to demonstrate a linear relationship between NIR reflectance
and/or transmittance and instrument response over the scanning range of the instrument.
Typical tolerances for a linear relationship are 1.00 ± 0.05 for the slope and 0.00 ± 0.05 for the
intercept of a plot of the measured photometric response versus standard photometric
response. Alternative tolerances may occur when justified for specific applications.
Spectroscopic Noise—NIR instrument software may include built-in procedures to automatically
determine system noise and to provide a statistical report of noise or S/N over the instrument's
operating range. In addition, it may be desirable to supplement such checks with measurements
that do not rely directly on manufacturer-supplied procedures. Typical procedures involve
measuring spectra of traceable reference materials with high and low reflectance. Tolerances
for these procedures should demonstrate suitable S/N for the intended application.
high-flux noise—Instrument noise is evaluated at high-light flux by measuring reflectance or
transmittance of the reference standard, with the reference material (e.g., 99% reflection
standard) acting as both the sample and the background reference.
low-flux noise—The same procedure may be used with a lower-reflectivity reference material
(e.g., 10% reflectance standard) to determine system noise at reduced light flux. The source,
optics, detector, and electronics make significant contributions to the noise under these
conditions.
METHOD VALIDATION
Introduction
The objective of NIR method validation, as is the case with the validation of any analytical
procedure, is to demonstrate that the measurement is suitable for its intended purpose. NIR
spectroscopy is somewhat different from conventional analytical techniques because validation
of the former generally is achieved by the assessment of chemometric parameters, but these
parameters can still be related to the fundamental validation characteristics required for any
analytical method.
Data pretreatment is often a vital step in the chemometric analysis of NIR spectral data. Data
pretreatment can be defined as the mathematical transformation of NIR spectral data to
enhance spectral features and/or remove or reduce unwanted sources of variation prior to
using the spectrum. Calibration is the process of developing a mathematical relationship
between NIR spectral response and properties of samples. Many suitable chemometric
algorithms for data pretreatment and calibration exist; the selection should be based on sound
scientific judgment and suitability for the intended application.
Validation Parameters
Performance characteristics that demonstrate the suitability of NIR methods are similar to
those required for any analytical procedure. A discussion of the applicable general principles is
found in Validation of Compendial Procedures 〈1225〉. These principles should be considered
typical for NIR procedures, but exceptions should be dealt with on a case-by-case basis. For
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qualitative NIR methods, see chapter 〈1225〉, Data Elements Required for Validation, Category
IV assays. For quantitative NIR methods, see chapter 〈1225〉, Data Elements Required for
Validation, Category I and Category II assays. Specific acceptance criteria for each validation
parameter must be consistent with the intended use of the method. The samples for validation
should be independent of the calibration set.
Specificity—The extent of specificity testing depends on the intended application.
Demonstration of specificity in NIR methods is typically accomplished by using the following
approaches:
Qualitative—Identification testing is a common application of qualitative NIR spectroscopy.
Identification is achieved by comparing a sample spectrum to a reference spectrum or a library
of reference spectra. The specificity of the NIR identification method is demonstrated by
obtaining positive identification from samples coupled with negative results from materials that
should not meet criteria for positive identification. Materials to demonstrate specificity should
be based on sound scientific judgment and can include materials similar in visual appearance,
chemical structure, or name.
Quantitative—Quantitative applications of NIR spectroscopy typically involve establishing a
mathematical relationship between NIR spectral response and a physical or chemical property of
interest. Demonstrating specificity against a physical or chemical property of interest is based
on interpreting both NIR spectral attributes and chemometric parameters in terms of the
intended application and may include the following:
Spectral regions in the calibration model can be correlated to a known NIR spectral
response associated with the property of interest.
Wavelengths used by regression analysis for the calibration (e.g., for multiple linear
regression [MLR] models) or the loading vector for each factor (e.g., for partial least
squares [PLS] or principal component regression [PCR] models) can be examined to
verify relevant spectroscopic information that is used for the mathematical model.
Variation in spectra from samples for calibration can be examined and interpreted as
expected spectral observations.
Variation in material composition and sample matrix may be shown to have no significant
effect on quantification of the property of interest within the specified method range.
Linearity—Quantitative NIR methods generally attempt to demonstrate a linear relationship
between NIR spectral response and the property of interest. Although demonstrating a linear
response is not required for all NIR applications, the model chosen, whether linear or not, should
properly represent the relationship.
Validation of linearity in NIR methods may be accomplished by examining a plot of NIR spectral
response versus actual or accepted values for the property of interest. Many statistical
methods are available for evaluation of the goodness of fit of the linear relationship. Other
applicable statistics and graphical methods may be as appropriate.
The correlation coefficient, r, may not be an informative measure of linearity. The square of
the (Pearson) correlation coefficient is a measure of the fraction of the data's variation that is
adequately modeled by the equation. Linearity depends on the standard error of the calibration
equation (and hence the reference method) and on the range of the calibration data. Thus,
although values very near 1.00, such as 0.99 or greater, typically indicate a linear relationship,
lower values do not distinguish between nonlinearity and variability around the line.
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Range—The specified range of an NIR method depends on the specific application. The range
typically is established by confirming that the NIR method provides suitable measurement
capability (accuracy and precision) when applied to samples within extreme limits of the NIR
measurement. Controls must be used to ensure that results outside the validated range are not
accepted. In certain circumstances, it may not be possible or desirable to extend the validated
range to include sample variability outside the validated range. Extending the range of an NIR
method requires demonstration of suitable measurement capability within the limits of the
expanded range. Examples of situations in which only a limited sample range may be available
are samples from a controlled manufacturing process and in-process samples. A limited method
range does not preclude the use of an NIR method.
Accuracy—Accuracy in NIR methods is demonstrated by showing the closeness of agreement
between the value that is accepted as either a conventional true value or an accepted
reference value. Accuracy can be determined by direct comparison between NIR validation
results and actual or accepted reference values. Suitable agreement between NIR and
reference values is based on required measurement capability for a specific application. The
purpose is to demonstrate a linear relationship between NIR results and actual values. Accuracy
can be determined by agreement between the standard error of prediction (SEP) and the
standard error of the reference method for validation. The error of the reference method may
be known on the basis of historical data, through validation results specific to the reference
method, or by calculating the standard error of the laboratory (SEL). Suitable agreement
between SEP and SEL is based on required measurement capability for a specific application.
Precision—The precision of an NIR method expresses the closeness of agreement between a
series of measurements under prescribed conditions. Two levels of precision should be
considered: repeatability and intermediate precision. The precision of an NIR method typically is
expressed as the relative standard deviation of a series of NIR method results and should be
suitable for the intended application. Demonstration of precision in NIR methods may be
accomplished using the following approaches:
Repeatability—Repeatability can be demonstrated by the following:
Statistical evaluation of a number of replicate measurements of the sample without
repositioning the sample between each individual spectral acquisition, or
Statistical evaluation of multiple NIR method results, each result from a replicate
analysis of a sample subsequent to repositioning between spectral acquisitions
Intermediate Precision—Intermediate precision can be shown by the following:
Statistical evaluation of a number of replicate NIR measurements of the same or similar
samples in the Repeatability study by different analysts on different days.
Robustness—NIR measurement parameters selected to demonstrate robustness will vary
depending on the application and the sample's interface with the NIR instrument. Critical
measurement parameters associated with robustness often are identified and characterized
during method development. Typical measurement parameters include the following:
Effect of environmental conditions (e.g., temperature, humidity, and vibration)
Effect of sample temperature
Sample handling (e.g., probe depth, compression of material, sample depth/thickness,
sample presentation)
Influence of instrument changes (e.g., lamp change, warm-up time)
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Ongoing Method Evaluation
Validated NIR methods should be subject to ongoing performance evaluation, which may
include monitoring accuracy, precision, and other suitable method parameters. If performance is
unacceptable, corrective action is necessary. It involves conducting an investigation to identify
the cause of change in method performance and may indicate that the NIR method is not
suitable for continued use. Improving the NIR method to meet measurement suitability criteria
may require additional method development and documentation of validation experiments
demonstrating that the improved method is suitable for the intended application. The extent of
revalidation required depends on the cause of change in method performance and the nature of
corrective action required in order to establish suitable method performance. Appropriate
change controls should be implemented to document ongoing method improvement activities.
Revalidation of a qualitative model may be necessary as a result of the following:
Addition of a new material to the spectral reference library
Changes in the physical properties of the material
Changes in the source of material supply
Identification of previously unknown critical attribute(s) of material(s)
Revalidation of a quantitative model may be necessary as a result of the following:
Changes in the composition of the test sample or finished product
Changes in the manufacturing process
Changes in the sources or grades of raw materials
Changes in the reference analytical method
Major changes in instrument hardware
Outliers—Sample spectra that produce an NIR response that differs from the qualitative or
quantitative calibration model may produce an outlier. This does not necessarily indicate an
out-of-specification result; but rather an outlier indicates that further testing of the sample
may be required and is dependent on the particular NIR method. If subsequent testing of the
sample by an appropriate method indicates that the property of interest is within specifications,
then the sample meets its specifications. Outlier samples may be incorporated into an updated
calibration model subsequent to execution and documentation of suitable validation studies.
Method Transfer
Controls and measures for demonstrating the suitability of NIR method performance following
method transfer are similar to those required for any analytical procedure. Exceptions to
general principles for conducting method transfer for NIR methods should be justified on a caseby-case basis. The transfer of an NIR method is often performed by using an NIR calibration
model on a second instrument that is similar to the primary instrument used to develop and
validate the method. When a calibration model is transferred to another instrument, procedures
and criteria must be applied to demonstrate that the calibration model meets suitable
measurement criteria on the second instrument. The selection of an appropriate calibration
model transfer procedure should be based on sound scientific judgment.
GLOSSARY
absorbance, A, is represented by the equation:
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A = −log T = log(1/T)
where T is the transmittance of the sample. Absorbance is also frequently given as:
A = log(1/R)
where R is the reflectance of the sample.
background spectrum is used for generating a sample spectrum with minimal contributions
from instrument response. It is also referred to as a reference spectrum or background
reference. The ratio of the sample spectrum to the background spectrum produces a
transmittance or reflectance spectrum dominated by NIR spectral response associated with the
sample. In reflection measurements, a highly reflective diffuse standard reference material is for
the measurement of the background spectrum. For transmission measurement, the background
spectrum may be measured with no sample present in the spectrometer or using a cell with the
solvent blank or a cell filled with appropriate reference material.
calibration model is a mathematical expression to relate the response from an analytical
instrument to the properties of samples.
diffuse reflectance is the ratio of the spectrum of radiated light penetrating the sample
surface, interacting with the sample, passing back through the sample's surface, and reaching
the detector to the background spectrum. This is the component of the overall reflectance
that produces the absorption spectrum of the sample.
fiber-optic probes consist of two components: optical fibers that may vary in length and in
the number of fibers and a terminus, which contains specially designed optics for examination of
the sample matrix.
installation qualification is the documented collection of activities necessary to establish that
an instrument is delivered as designed and specified, is properly installed in the selected
environment, and that this environment is suitable for the instrument's intended purpose.
instrument bandwidth or resolution is a measure of the ability of a spectrometer to separate
radiation of similar wavelengths.
multiple linear regression is a calibration algorithm to relate the response from an analytical
instrument to the properties of samples. The distinguishing feature of this algorithm is the use
of a limited number of independent variables. Linear-least-squares calculations are performed to
establish a relationship between these independent variables and the properties of the samples.
operational qualification is the process by which it is demonstrated and documented that an
instrument performs according to specifications and that it can perform the intended task. This
process is required following any significant change such as instrument installation, relocation,
or major repair.
overall reflectance is the sum of diffuse and specular reflectance.
partial least squares (pls) is a calibration algorithm to relate instrument responses to the
properties of samples. The distinguishing feature of this algorithm is that data concerning the
properties of the samples for calibration are used in the calculation of the factors to describe
instrument responses.
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performance qualification is the process of using one or more well-characterized and stable
reference materials to verify consistent instrument performance. Performance qualification may
employ the same or different standards for different performance characteristics.
photometric linearity, also referred to as photometric verification, is the process of verifying
the response of the photometric scale of an instrument.
principal component regression (pcr) is a calibration algorithm to relate the response from an
analytical instrument to the properties of samples. This algorithm, which expresses a set of
independent variables as a linear combination of factors, is a method of relating these factors
to the properties of the samples for which the independent variables were obtained.
pseudo-absorbance, A, is represented by the equation:
A = −log R = log(1/R)
where R is the diffuse reflectance of the sample.
reference spectrum—See Background Spectrum.
reflectance is described by the equation:
R = I/IR
in which I is the intensity of radiation reflected from the surface of the sample and IR is the
intensity of radiation reflected from a background reference material and its incorporated losses
due to solvent absorption, refraction, and scattering.
root-mean-square (rms) noise is calculated by the equation:

in which AI is the absorbance for each data point; A is the mean absorbance over the spectral
segment; and N is the number of points per segment.
spectral reference library is a collection of spectra of known materials for comparison with
unknown materials. The term is commonly used in connection with qualitative methods of
spectral analysis (e.g., identification of materials).
specular (surface) reflectance is the reflectance of the front surface of the sample.
standard error of calibration (sec) is a measure of the capability of a model to fit reference
data. SEC is the standard deviation of the residuals obtained from comparing the known values
for each of the calibration samples to the values that are calculated from the calibration. SEC
should not be used as an assessment tool for the expected method accuracy (trueness and
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precision of prediction) of the predicted value of future samples. The method accuracy should
generally be verified by calculating the standard error of prediction (SEP), using an independent
validation set of samples. An accepted method is to mark a part of the calibration set as the
validation set. This set is not fully independent but can be used as an alternative for the
determination of the accuracy.
standard error of cross-validation (secv) is the standard deviation calculated using the leaveone-out method. In this method, one calibration sample is omitted from the calibration, and the
difference is found between the value for this sample calculated from its reference value and
the value obtained from the calibration calculated from all the other samples in the set. This
process is repeated for all samples in the set, and the SECV is the standard deviation of the
differences calculated for all the calibration samples. This procedure can also be performed with
a group of samples. Instead of leaving the sample out, a group of samples is left out. The SECV
is a measure of the model accuracy that one can expect when measuring future samples if not
enough samples are available for the SEP to be calculated from a completely independent
validation set.
standard error of the laboratory (sel) is a calculation based on repeated readings of one or
more samples to estimate the precision and/or accuracy of the reference laboratory method,
depending on how the data were collected.
standard error of prediction (sep) is a measure of model accuracy of an analytical method
based on applying a given calibration model to the spectral data from a set of samples different
from but similar to those used to calculate the calibration model. SEP is the standard deviation
of the residuals obtained from comparing the values from the reference laboratory to those
from the method under test for the specified samples. SEP provides a measure of the model
accuracy expected when one measures future samples.
surface reflectance, also known as specular reflection, is that portion of the radiation not
interacting with the sample but simply reflecting back from the sample surface layer (sample–air
interface).
transflection is a transmittance measurement technique in which the radiation traverses the
sample twice. The second time occurs after the radiation is reflected from a surface behind the
sample.
transmittance is represented by the equation:
T =I/I0 or T = 10A
in which I is the intensity of the radiation transmitted through the sample;I0 is the intensity of
the radiant energy incident on the sample and includes losses due to solvent absorption,
refraction, and scattering; and A is the absorbance.

1. THEORY
Near-infrared (NIR) spectroscopy is a technique with broad and varied applications in
pharmaceutical analysis. The NIR spectral region lies between the ultraviolet (UV)-visible and
infrared regions, and at one time was considered the forgotten region of the electromagnetic
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spectrum. It is a branch of vibrational spectroscopy that shares many of the principles that
apply to other spectroscopic techniques. The NIR spectral region comprises two sub-ranges
(see Figure 1) associated with detectors used in instrumentation. The short-wavelength
(Herschel or silicon
2S (USP42)

) region extends from approximately 780–1100 nm (12,821–9000 cm−1), and the longer
wavelengths, which fall between 1100 and 2500 nm (9000–4000 cm−1), compose the traditional
(lead sulfide)
2S (USP42)

NIR spectral region. It is common to express the wavelength (λ ) in nanometers (nm) and the
frequency (v) in reciprocal centimeters (wavenumber) as acquired by the instrument. Usually,
Fourier-transform (FT) spectrometers report the wavelength
x-axis 2S (USP42)
in wavenumber (cm−1), whereas a dispersive, monochromator-based instrument will show the
wavelength
y-axis 2S (USP42)
in nm
wavelength (nm). 2S (USP42)

Figure 1. NIR region of the electromagnetic radiation spectrum.
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NIR spectra are dominated by C-H, N-H, O-H, and S-H overtone resonances and combinations
of fundamental mid-infrared vibrational modes from which they originate. Because molar
absorptivities in the NIR range are low, radiation can penetrate several millimeters into
materials, including solids. Many materials, such as glass and plastic film, are relatively
transparent in this region.
2S (USP42) Fiber-optic technology is readily implemented in the NIR
range, which allows real-time, or near real-time, monitoring of processes in environments that
might otherwise be inaccessible. As is the case with other spectroscopy measurements,
interactions between NIR radiation and matter provide information that can be useful for both
qualitative and quantitative assessment of the chemical composition of samples. In addition,
qualitative and quantitative characterization of a sample’s physical properties can be made
because of the sample’s influence on NIR spectra.
Measurements can be made directly on samples in situ in addition to applications during
standard sampling and testing procedures. Applications of qualitative analysis include
identification of raw material, in-process control testing, and finished-product release testing.
NIR measurements can be performed off-line, but also at-line, in-line, and on-line for process
analytical technology. These applications often involve comparing an NIR spectrum from a
sample to a reference spectrum and assessing similarities against acceptance criteria developed
and validated for a specific application. In contrast, applications of quantitative analysis involve
the development of a predictive relationship between NIR spectral attributes and sample
properties. Because of the highly covariant nature of the NIR signal, these applications typically
use chemometrics models to quantitatively predict chemical and/or physical properties of the
sample on the basis of its spectral attributes.
Change to read:
2. TRANSMISSION, REFLECTION, AND TRANSFLECTION MODES
The most common measurements performed in the NIR spectral range are transmission and
reflection spectroscopy. Incident NIR radiation is absorbed or scattered by the sample and is
measured as transmittance or reflectance, respectively.
2.1Transmission Mode
Transmittance (T) is the intensity ratio of the transmitted radiation (I) to the incident
radiation (I0), which represents the decrease in intensity at given wavelengths when radiation
is passed through the sample. The sample is placed in the optical beam between the source
and the detector. The arrangement is analogous to that in many conventional
spectrophotometers, and the result can be presented directly in terms of transmittance and/or
absorbance (A). NIR spectra are usually measured in absorbance (A).
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I = intensity of transmitted radiation
I0 = intensity of incident radiation
The measurement of transmittance is dependent on a background transmittance spectrum for
its calculation. Examples of background references include air, a polymeric disc, an empty cell,
a solvent blank, or in special cases, a reference sample. The method generally applies to
gases, 2S (USP42)
liquids (diluted or undiluted), dispersions, solutions, and solids, including tablets and capsules.
For transmittance measurements of solids, a suitable sample accessory is to be used. Tablets
and capsules can be analyzed using suitably engineered holders, thereby ensuring reproducible
measurements. Liquid samples are examined in a cell of suitable path length (typically 0.5–4
mm) that is transparent to NIR radiation, or alternatively by immersion of a fiber-optic probe of
a suitable configuration.
Gases are usually measured using dedicated long path-length, multiple reflection cells.
2S (USP42)

2.2 Reflectance
Reflection 2S (USP42)
Modes
2.2.1 REFLECTANCE
Reflectance (R) is the ratio of the intensity of light reflected from the sample, I, to that
reflected from a background or reference reflective surface, IR.
It is composed of both the specular (mirror) and the diffuse components (see Figure 2).
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Figure 2. Specular and diffuse reflections
reflectances. 2S (USP42)
The determination of reflectance requires the measurement of a reference reflection
spectrum to determine the attenuation of reflected light relative to the unattenuated incident
beam. The reflectance spectrum is calculated as the ratio of the single-beam spectrum of the
sample to that of the reference material.
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I = intensity of light diffusively reflected from the sample
IR = intensity of light reflected from the background or reference reflective surface
Most reflection measurements in the NIR spectral region are made of scattering samples such
as powders and slurries. For such materials, NIR radiation can penetrate a substantial distance
into the sample, where it can be absorbed when the wavelength of the radiation corresponds
to a transition between the ground vibrational state of the analyte and either a harmonic of a
given vibrational mode (an overtone) or the sum of two or more different modes (a combination
band). Nonabsorbed radiation is scattered back from the sample to the detector. NIR
reflectance spectra
typically 2S (USP42)
are accessed by calculating and plotting log (1/R) versus wavelength.
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Other abscissa data transformations can also be used. 2S (USP42)
This logarithmic form is the pseudo-absorbance of the material and is commonly called
absorbance.
2.2.2 DIFFUSE REFLECTION
The diffuse reflection mode gives a measure of reflectance (R) (penetrating the sample
surface, interacting with the sample, and passing back through the sample’s surface), which is
the ratio of the intensity of light reflected from the sample (I) to that reflected from a
background or reference reflective surface (Ir), where by using careful instrumental design, the
specular component is often excluded. NIR radiation can penetrate a substantial distance into
the sample, where it can be absorbed by vibrational combinations and overtone resonances of
the analyte species present in the sample. Nonabsorbed radiation is partially reflected back
from the sample to the detector.
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I = intensity of light diffusively reflected from the sample
Ir = intensity of light reflected from the background or reference reflective surface
This mode generally applies to solids. The sample is examined in a suitable device. For
process monitoring, material can be analyzed through a polished glass (e.g., sapphire) window
interface, or using an in-line probe. Care must be taken to ensure that the measuring
conditions are as reproducible as possible from one sample to another. The reflected radiation
of a background reference is scanned to obtain the baseline, and then the reflectance of one
or more analytical samples is measured. Common reflectance references include ceramic tiles,
thermoplastic resins, and gold. Other suitable materials may be used. In some process-analysis
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situations, it may be impossible to remove a probe for reference background data collection; in
these cases, consider various options including internal referencing; measurement of a
background reference using a second detector; and others. Only spectra measured against a
background possessing the same optical properties can be compared directly with one another.
2.3 Transflection Mode
The term transflection (T*) is used to describe any double-pass transmission technique.
Transflection spectrometry is a hybrid of transmission and reflection wherein a reflector is
placed behind the sample so that the optical path through the sample and back to the detector
is doubled, compared with a transmission measurement of a sample of the same thickness.
Nonabsorbed radiation is reflected back from the sample to the detector. The light may be
reflected from a diffuse or specular (mirror) reflector placed behind the sample.

I
= intensity of transflected radiation measured with the sample
IT* = intensity of transflected radiation of the reference material as background
This mode generally applies to liquids and clear plastic materials. This configuration can be
adapted to share the same instrument geometry with reflectance and fiber-optic probe systems
where the source and the detector are on the same side of the sample. The sample is examined
through a cell with a mirror or a suitable diffusive reflector made of either metal or an inert
substance (e.g., dried titanium dioxide) not absorbing in the NIR region. Liquids can also be
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measured using in-line transflectance probes to increase intensity levels for more sensitive
applications.
Change to read:
3. FACTORS THAT AFFECT NIR SPECTRA
NIR spectroscopy is advantageous because, as a result of lower molar absorptivities in this
region of the electromagnetic spectrum, accurate measurements can often be made quickly
without destroying the sample, and with minimal or no sample preparation; this applies whether
the samples are solid, semi-solid, liquid, or gas. The NIR spectrum contains information on
overtone resonances and
of 2S (USP42)
fundamental vibrational modes of the sample that can yield both sample and process
understanding. Samples may be analyzed directly through packaging or directly in media that is
transparent to wavelengths in the NIR spectral region. In addition, by definition NIR spectra are
produced using the corresponding NIR radiation, and therefore standard glass/quartz and fiber
optics may be used.
The following discussion is not exhaustive, but it includes many of the major factors that
affect NIR spectra.
3.1 Environmental Factors
The environmental temperature and humidity must be considered before carrying out
measurements. Ideally, ambient conditions will be controlled to meet the operating
specifications of the instrument manufacturer. However, tighter controls may not always be
practical to the degree necessary for the application, and as such, another justifiable means of
accounting for the influence of the environment (e.g., spectral preprocessing) should be
utilized, with frequent verification. This is particularly relevant when considering the effect of
temperature when using fiber-optic probes.
3.2 Sampling Factors
Depending on the measurement mode, sample preparation and presentation can vary. The
following requirements must be met factors should be considered 2S (USP42) for all sampling
techniques:
Find the best suitable measurement mode for the intended application (transmission,
diffuse reflection, or transflection)
Find the best suitable accessory (e.g., transmission or immersion probes)
Optimize path length in transmission and transflection modes
Find a suitable spectroscopic background reference sample
Show that the background reference sample is reliable over time and that the
measurement of the background is reproducible and stable over time
When measuring moving materials or samples (for process-related measurements), it is
important to obtain a representative spectrum (e.g., by adjusting the measuring time or
number of scans, by co-adding individual spectra, or by increasing the beam size)
Ensure that there is not fouling of the sensor, for example, with build-up of material or
contamination
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When measuring through packaging material, consider the variability of content and
thickness

Where multiple crystalline forms are present, care must be taken to ensure that the
model calibration samples have a distribution of forms relevant to the intended
application
2S (USP42)

3.2.1 SAMPLE PRESENTATION AREA
The sample presentation area or probe end must be clean and free of residue prior to the
measurement. Similarly, the in-line or on-line interface to the sample should not have significant
product or contamination build-up, which would interfere with the desired measurement.
3.2.2 SAMPLE TEMPERATURE
Sample temperature influences spectra obtained from aqueous solutions and other hydrogenbonded liquids, and a difference of a few degrees may result in significant spectral changes.
Temperature may also affect spectra obtained from less polar liquids, as well as solids that
contain solvents and/or water.
3.2.3 MOISTURE AND SOLVENT
Moisture and solvent that are present in the sample material and analytical system may
change the spectrum of the sample. Both absorption by moisture and solvent, and their
influence on hydrogen bonding of the active pharmaceutical ingredients and excipients, can
change the NIR spectrum.
3.2.4 SAMPLE THICKNESS
Sample thickness is a known source of spectral variability and must be understood and/or
controlled, particularly for tablet and capsule analysis.in transmittance mode
2S (USP42)

The sample thickness in transmission mode is typically controlled by using a fixed optical path
length for the sample. In diffuse reflection mode, the sample thickness is typically
may be 2S (USP42)
controlled by using samples that are “infinitely thick” relative to the detectable penetration
depth of NIR light into a solid material. Here, the term “infinite thickness” implies that the
reflection spectrum does not change if the thickness of the sample is increased. For the
measurement of compressed powders, an infinite thickness is typically reached after 5 mm of
sample depth (e.g., in a filled vial).
3.2.5 SAMPLE OPTICAL PROPERTIES
With solids, both surface and bulk scattering properties of
model 2S (USP42)
calibration standards and analytical samples must be taken into account. Surface morphology
and refractive index properties affect the scattering properties of solid materials. For powdered
materials, particle size and bulk density influence scattering properties and the NIR spectrum.
The spectra of physically, chemically, or optically heterogeneous samples may require sample
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averaging, examination of multiple samples, or spinning the sample to obtain a representative
spectrum of the sample. Certain factors, such as differing degree of compaction or particle size
in powdered materials and surface finish, can cause significant spectral differences.
3.2.6 SOLID-STATE FORMS
The variations in solid-state forms (polymorphs, hydrates, solvates, and amorphous forms)
influence vibrational spectra. Hence, different crystalline forms as well as the amorphous form
of a solid may be distinguished from one another on the basis of their NIR spectra. Where
multiple crystalline forms are present, care must be taken to ensure that the calibration
samples have a distribution of forms relevant to the intended application.
3.2.7 AGE OF SAMPLES
Samples may exhibit changes in their chemical, physical, or optical properties over time.
Depending on the storage conditions, solid samples may either absorb or desorb water, and
portions of amorphous materials may crystallize. Materials used for NIR
model 2S (USP42)
calibration are representative of future samples and their matrix variables. Hence, care must be
taken to ensure that samples for NIR analysis are representative.
Change to read:
4. PRETREATMENT OF NIR SPECTRAL DATA
NIR spectral data to be used in qualitative or quantitative applications often need
preprocessing to attenuate environmental or sampling factors, enhance a certain signal, or for
other purposes that may include transformation, normalization, or other mathematical
treatment. Preprocessing of samples (rows of data) may include mean or median centering,
scaling, and other procedures. NIR responses (columns of data) also can be transformed,
centered, or scaled. Because of the highly covariant nature of the NIR signal, it is common to
remove linear or polynomial trends or apply filtering or smoothing techniques such as
derivatives, wavelets, or a Savitzky–Golay filter. Spectral pretreatment techniques may include
the numerical calculation of the first- or second-order derivative of the spectrum. Higher-order
derivatives are not recommended because of increased spectral noise.
Chemometrics 〈1039〉

2S (USP42)

Change to read:
5. INSTRUMENTATION
5.1 Apparatus
All NIR measurements result from exposing material to incident NIR light radiation and
measuring the attenuation of the emerging (transmitted, scattered, or reflected) light.
Spectrophotometers for measurement in the NIR region consist of a suitable light source, such
as a highly stable quartz–tungsten lamp, a monochromator or interferometer, and a detector.
Common monochromators are acousto-optical tunable filters, gratings, or prisms. Traditionally,
many NIR instruments have had a single-beam design, although some process instruments use
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internal referencing and can therefore be dual beam (for example, in diode array instruments).
Silicon, lead sulfide, and indium gallium arsenide are examples of detector materials. Examples of
sampling devices include conventional cuvette sample holders, fiber-optic probes, transmission
dip cells, neutral borosilicate vials, and spinning or traversing sample holders. The choice is
made on the basis of the intended application, with particular attention paid to the suitability of
the sampling system for the type of sample to be analyzed. Suitable data processing and
evaluation units (e.g., software and computer) are usually part of the system.
5.2 Specialized Techniques
In addition to conventional NIR spectrometry, there are several more specialized NIR-based
techniques.
5.2.1 IMAGING TECHNIQUES
Within a given material, the distribution of the various compounds can be characterized
three-dimensionally by using imaging. Use of NIR imaging allows for the collection of detailed
chemical information. NIR microscopy techniques have the following advantages:
No preparation of the sample required
Good spatial resolution
Clear image quality
Outstanding Excellent 2S (USP42) chemical differentiation
It is possible to collect a signal from the entire sample (e.g., a tablet), disperse it into a
spectrum using a spectrometer, and detect the spectrum using a multi-channel detector such
as a charge couple detector or photo-diode array. In this case, instead of obtaining trivial
cumulative information about the spot signal intensity, one can obtain a signal spectrum which
can be transformed into detailed information about the chemical composition of the given spot
on a sample. The three-dimensional array of data sets, two spatial and one spectral, recorded
in such an imaging measurement has become known as a hypercube or data cube. These
microscopy systems are capable of determining a spatial resolution down to approximately 1–5
µm.
NIR imaging systems are capable of characterizing the structure and distribution of the active
components, and excipients within formulations, dosage forms, and delivery devices, to name a
few. For example, chemical mapping for homogeneity testing of solid oral dosage forms, creams,
and ointments may be useful in select applications.
5.3
Instrument 2S (USP42)
Calibration Considerations
NIR instrument calibration involves three components: wavelength accuracy and uncertainty
(x-axis); photometric linearity and response stability (y-axis); and photometric noise. Table 1
provides an overview of performance verification criteria for a wide range of NIR systems.
5.3.1 PHOTOMETRIC NOISE
For any given method, the validation should include an estimation of the photometric noise of
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the system, as a change in this parameter may affect any future model calibration.

2S (USP42)

5.3.1
5.3.2 2S (USP42)
WAVELENGTH ACCURACY AND UNCERTAINTY (X-AXIS)
In the case of FT-NIR instruments, primary
instrument 2S (USP42)
wavelength-axis calibration is maintained, at least to a first approximation, with an internal
helium–neon laser. Suitable materials for demonstrating wavelength-dispersion accuracy
2S (USP42) performance include methylene chloride, talc R, spectral calibration lamps,
polystyrene, mixtures of rare earth oxides, and absorption by water vapor. for instruments that
use an interferometer for wavelength dispersion.
2S (USP42) A certified traceable standard
[Standard Reference Material (SRM) 2035a] is available from the National Institute of Standards
and Technology (NIST) for transmittance measurements
Certified traceable standards are available from the National Institute of Standards and
Technology (NIST) for transmittance measurements (SRM 2035a) and reflectance (SRM 2036)
2S (USP42)

and can be used for wavelength verification. Other suitable standards may also be used.
Instrument manufacturers may use polystyrene films (thickness of 0.75–2 mm) as an internal
standard for wavelength qualification and control. However, because of the weak asymmetric
signals emanating from polystyrene at short wavelengths, this material may not be suitable as a
reference standard across the whole NIR range. When choosing an appropriate reference
standard, it is important to confirm that the operating parameters (e.g., resolution, band width,
and others) are within the limits of the certified material.
The effect of temperature on assignment of wavelength must be taken into account.
Typically, standards are measured in environments near 25°, and the temperature at which
certified values were taken will be indicated. The effect of resolution can also have an impact
on the measured values. Resolution for
FT- 2S (USP42)
NIR spectrometers is typically 8 cm−1, but modern spectrometers are capable of higher
resolutions (2 cm−1 or 1 cm−1).
Standard certificates will indicate resolution and possibly even peak assessment algorithms.
The choice of reference standard for a performance test should always match the resolution
and environmental conditions expected for the execution of the test. Additional standards may
be necessary, depending on the range of wavelengths or reference standards meeting these
conditions.1 Refer to Table 1
and Table 2 2S (USP42)
for additional information.
5.3.2
5.3.3 2S (USP42)
PHOTOMETRIC LINEARITY AND RESPONSE STABILITY (Y-AXIS)
Calibration of the photometric axis can be critical for successful quantification. Both FT-NIR
and dispersive NIR spectrometers should undergo similar
instrument 2S (USP42)
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calibration procedures. The tolerance of photometric precision acceptable for a given
measurement should be assessed during the method development and validation stages.
NIR spectra from samples and/or reference standard materials with known relative
transmittance or reflectance can be used to demonstrate a suitable relationship between NIR
light attenuation (resulting from absorption) and instrument response. Verification of
photometric linearity and verification of photometric noise are not required for instruments using
methods to perform simple identifications that do not use the photometric absorbance as part
of the model strategy (e.g., simple correlation with absorbing wavelengths). The USP Near IR
System Suitability RS or the NIST SRM 2036 are
is 2S (USP42)
recommended, but other certified traceable standards exist in the market and may be used. For
reflectance measurements, commercially available reflectance standards with known
reflectance properties are often used.
Spectra obtained from reflection standards are subject to variability because the
experimental conditions under which they were factory calibrated differ from those under which
they are subsequently put to use. Hence, the reflectance values supplied with a set of
calibration standards may not be useful in the attempt to establish an “absolute” calibration for
a given instrument. The reproducibility of the photometric scale will be established over the
range of standards provided that 1) the standards do not change chemically or physically, 2)
the same reference background is also used to obtain the standard values, and 3) the
instrument measures each standard under identical conditions (including precise sample
positioning). Subsequent measurements on the identical set of standards provide information on
long-term stability. Refer to Table 1
and Table 2 2S (USP42)
for additional information. 2S (USP42)
Photometric linearity is demonstrated by using a set of transmission or reflection standards
with known values for percentage transmittance or reflectance. For reflectance measurements,
carbon-doped polymer standards are available. It is important to ensure that the absorbance of
the materials used is relevant to the intended linear working range of the method. Nonlinear
calibration models, which are acceptable, may be used, as long as the user can demonstrate
adequate justification for this approach.
Table 1. Control of Instrument Performance
Measurement
Mode

Verification of
wavelength
scale (except
for filter
apparatus)

Reflection
Transflection
Transmission
Typical tolerances for agreement with standard values are ±1.0 nm from
approximately 700–2000 nm and ±1.5 nm above 2000 nm to
approximately 2500 nm (±8 cm−1 below 5000 cm−1 and ±4 cm−1 from
5000 cm−1 to approximately 14,000 cm−1). For the reference material
used, apply the tolerance for the nearest wavelength (or wavenumber)
from the above for each peak used. For diode array instruments, most
often the pixel resolution (wavelength between pixels) can be as large
as 10 nm. The pixel resolution must be adapted to match the spectral
resolution. The peak-finding algorithms are critical to wavelength
accuracy. Practically, ±2 nm is appropriate for peak wavelength
accuracy using such instrumentation. Alternatively, refer to the
manufacturer’s specifications for acceptance.
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Measurement
Mode

Bench/mobile
instrument

Process
instrument
Verification of
wavelength
repeatability
(except for filter
apparatus)
Bench/mobile
instrument
Process
instrument

547

Reflection
Transflection
Transmission
Measure talc R via
a suitable medium
A suspension of 1.2 g
or by fiber-optic
of dry titanium dioxide
probe. Talc R has
R in about 4 mL of
suitable-formethylene chloride R
calibration,
is used directly
characteristic
through the cell or
peaks at 948,
using a probe.
1391, 2077, and
Titanium dioxide has
2312 nm.
no absorption in the
Alternatively,
NIR range. Spectra
other suitable
are recorded with a
standards may
maximum nominal
also be used that
instrument bandwidth
ensure
of 10 nm at 2500 nm
wavelength
(16 cm−1 at 4000
accuracy in the
region of working
cm−1). Methylene
methodology. For
chloride has
example, measure
characteristic sharp
an internal
bands at 1155, 1366,
polystyrene
1417, 1690, 1838,
Methylene chloride R
standard if built
1894, 2068, and 2245
may be used and has
in, or measure an
nm. Choose 3 peaks
characteristic sharp
NIST standard or
across the
bands at 1155, 1366,
other traceable
wavelength range for
1417, 1690, 1838, 1894,
material (e.g.,
calibration. Other
2068, and 2245 nm.
USP Near IR
suitable standards
Choose 3 peaks across
System Suitability
may also be used,
the wavelength range
RS) and assess 3
such as TS5 liquid
for calibration. Other
peaks across the
mixed with titanium
suitable standards may
wavelength range
dioxide or some other
also be used, such as
for calibration.
reflective medium.
TS5 liquid.
If it is not practically possible to measure a traceable standard material
at the point of sample measurement, use internal material such as
polystyrene, fiberglass, or solvent and/or water vapor. Alternatively,
adopt a second external fiber/probe. For FT instruments, the calibration
of the wavenumber scale may be performed using a narrow, isolated
water-vapor line, for example, the line at 7306.74 cm−1, or 7299.45
cm−1, or 7299.81 cm−1 or a narrow line from a certified reference
material.

The standard deviation of the wavelength is consistent with the
specifications of the instrument manufacturer, or otherwise scientifically
justified.
Verify the wavelength repeatability using a suitable external or internal
standard.
Verify the wavelength repeatability using a suitable external or internal
standard.
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Measurement
Mode
Verification of
photometric
linearity and
response
stability(1)

Bench/mobile
instrument

Process
instrument
Verification of
photometric
noise

Bench/mobile
instrument

548

Reflection

Transflection

Transmission

Measure 4 photometric standards across the working method
absorbance range.
Analyze 4 reference standards, for example, in the range of 10%–90%,
including 10%, 20%, 40%, and 80% with respective absorbance values
of 1.0, 0.7, 0.4, and 0.1. Evaluate the observed absorbance values
against the reference absorbance values, for example, perform a linear
regression. Acceptable tolerances are 1.00 ± 0.05 for the slope and
0.00 ± 0.05 for the intercept for the first verification of photometric
linearity of an instrument. Subsequent verifications of photometric
linearity can use the initial observed absorbance values as the
reference values.
Analyze 4 reference
standards to cover the
absorbance values over
the working absorbance
range of the modelled
data. Evaluate the
observed absorbance
values against the
reference absorbance
values, for example,
perform a linear
regression. Acceptable
tolerances are 1.00 ±
0.05 for the slope and
0.00 ± 0.05 for the
intercept for the first
verification of
If photometric reflectance standards
photometric linearity of
cannot be measured at the point of sample
an instrument.
measurement, use the manufacturer’s
Subsequent verifications
internal photometric standards. Process
of photometric linearity
instruments can use internal photometric
can use the initial
standards for photometric linearity. Follow
observed absorbance
the manufacturer’s verified tolerances in
values as the reference
such cases.
values.
Determine the photometric noise using a suitable reflectance standard,
for example, white reflective ceramic tiles or reflective thermoplastic
resins (for example, PTFE). Follow the manufacturer’s methodology and
specifications.
Scan the reflectance low-flux (e.g., 10% reflectance) standard over a
suitable wavelength range in accordance with the manufacturer’s
recommendation and calculate the photometric noise as peak-to-peak
noise.
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Mode
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Reflection

Transflection

Transmission
Scan the transmittance
high-flux standard over
a suitable
wavelength/wavenumber
range in accordance
with the manufacturer’s
recommendation and
As above, or if not practically possible, use
calculate the
Process
the manufacturer’s internal standard for
photometric noise as
instrument
noise testing and specifications.
peak-to-peak noise.
Spectra obtained from reflectance standards are subject to variability due to the differences
between the experimental conditions under which they were factory-calibrated and those under
which they are subsequently put to use. Hence, the percentage reflectance values supplied
with a set of calibration standards may not be useful in the attempt to establish an “absolute”
calibration for a given instrument. As long as the standards do not change chemically or
physically, and the same reference background is used as was used to obtain the certified
values, subsequent measurements of the same standards under identical conditions (including
precise sample positioning) give information on long-term stability of the photometric response.
Table 1. Control of Bench/Mobile Instrument Performance
Measurement
Mode
Reflection
Transflection
Transmission
a Burgess C, Hammond J. Wavelength standards for the near-infrared spectral region.
Spectroscopy. 2007;22(4):40–48.
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Measurement
Mode

Verification of
wavelength
scale (except
for filter
apparatus)
Verification of
wavelength
repeatability
(except for filter
apparatus)

550

Reflection
Transflection
Transmission
Measure talc via a
suitable medium or by
A suspension of 1.2 g of
fiber-optic probe. Talc
dry titanium dioxide in
has suitable-forabout 4 mL of methylene
calibration,
chloride is used directly
characteristic peaks
through the cell or using a
at 948, 1391, 2077,
probe. Titanium dioxide
and 2312 nm.
has no absorption in the
Alternatively, other
Methylene
NIR range. Spectra are
suitable standards
chloride may be
recorded with a maximum
may also be used that
used and has
nominal instrument
ensure wavelength
characteristic
nm at
accuracy in the region bandwidth of 10−1
sharp bands at
2500 nm (16 cm at 4000 1155, 1366,
of working
methodology. For
cm−1). Methylene chloride
1417, 1690,
example, measure an
has characteristic sharp
1838, 1894,
internal polystyrene
bands at 1155, 1366,
2068, and 2245
standard if built in, or
1417, 1690, 1838, 1894,
nm. Choose 3
measure an NIST
2068, and 2245 nm.
peaks across
standard or other
Choose 3 peaks across the
the wavelength
traceable material
wavelength range for
range for
(e.g., USP Near IR
calibration. Other suitable
calibration.
System Suitability RS)
standards may also be
Other suitable
and assess 3 peaks
used, such as TS5 liquid
standards may
across the
mixed with titanium dioxide
also be used,
wavelength range for
or some other reflective
such as TS5
calibration.
medium.
liquid.
The standard deviation of the wavelength is consistent with the
specifications of the instrument manufacturer, or otherwise scientifically
justified. Verify the wavelength repeatability using a suitable external or
internal standard. The calibration of the wavenumber scale may be
performed using a narrow, isolated water-vapor line (for example, the
line at 7306.74 cm−1, 7299.45 cm−1, or 7299.81 cm−1).
Measure 4 photometric standards across the working method
absorbance range. Analyze 4 reference standards, for example, in the
range of 10%–90%, including 10%, 20%, 40%, and 80% with respective
absorbance values of 1.0, 0.7, 0.4, and 0.1. Evaluate the observed
absorbance values against the reference absorbance values (for
example, perform a linear regression). Acceptable tolerances are 1.00 ±
0.05 for the slope and 0.00 ± 0.05 for the intercept for the first
verification of photometric linearity of an instrument. Subsequent
verifications of photometric linearity can use the initial observed
absorbance values as the reference values.

Verification of
photometric
linearity and
response
stabilitya
a Burgess C, Hammond J. Wavelength standards for the near-infrared spectral region.
Spectroscopy. 2007;22(4):40–48.
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Mode
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Reflection
Transflection
Transmission
Determine the photometric noise using a suitable reflectance or
transmittance standard (for example, white reflective ceramic tiles or
reflective thermoplastic resins [i.e., polytetrafluoroethylene (PTFE)]).
Follow the manufacturer’s methodology and specifications. Scan the
reflectance standard over a suitable wavelength range in accordance
with the manufacturer’s recommendation and calculate the photometric
noise as peak-to-peak noise.

Verification of
photometric
noise
a Burgess C, Hammond J. Wavelength standards for the near-infrared spectral region.
Spectroscopy. 2007;22(4):40–48.
Table 2. Control of Process Instrument Performance
Measurement
Mode

Verification of
wavelength
scale (except
for filter
apparatus)
Verification of
wavelength
repeatability
(except for filter
apparatus)

Verification of
photometric
linearity and
response
stabilitya

Reflection
Transflection
Transmission
If it is not practically possible to measure a traceable standard material
at the point of sample measurement, use internal material such as
polystyrene, fiberglass, or solvent and/or water vapor. Alternatively,
adopt a second external fiber/probe. For FT instruments, the calibration
of the wavenumber scale may be performed using a narrow, isolated
water-vapor line (for example, the line at 7306.74, 7299.45, or 7299.81
cm−1) or a narrow line from a certified reference material.
The standard deviation of the wavelength is consistent with the
specifications of the instrument manufacturer, or otherwise scientifically
justified. Verify the wavelength repeatability using a suitable external or
internal standard.
Measure 4 photometric standards across the working method
absorbance range.
Analyze 4 reference
standards to cover the
absorbance values over
the working absorbance
range of the modelled
data. Evaluate the
observed absorbance
values against the
reference absorbance
If photometric
values (for example,
reflectance standards
perform a linear
cannot be measured at
regression). Acceptable
the point of sample
tolerances are 1.00 ±
measurement, use the
0.05 for the slope and
manufacturer's internal
0.00 ± 0.05 for the
photometric standards.
intercept for the first
Process instruments
verification of photometric
can use internal
linearity of an instrument.
photometric standards
Subsequent verifications
for photometric
of photometric linearity
linearity. Follow the
can use the initial
manufacturer’s verified
observed absorbance
tolerances in such
values as the reference
cases.
values.
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Determine the photometric noise using a suitable reflectance or
transmittance standard [for example, white reflective ceramic tiles or
reflective thermoplastic resins (i.e., PTFE)]. Follow the manufacturer's
methodology and specifications.
Scan the transmittance
high-flux standard over a
suitable
wavelength/wavenumber
As above, or if not
range in accordance with
practically possible,
the manufacturer’s
use the manufacturer’s
recommendation and
internal standard for
calculate the photometric
noise testing and
noise as peak-to-peak
specifications.
noise.

Verification of
photometric
noise
a Burgess C, Hammond J. Wavelength standards for the near-infrared spectral region.
Spectroscopy. 2007;22(4):40–48.
2S (USP42)

5.3.3
5.3.4 2S (USP42)
EXTERNAL
INSTRUMENT 2S (USP42)
CALIBRATION
Detailed functional validation employing external reference standards is recommended to
demonstrate instrumental suitability of laboratory instruments, even for instruments that
possess an internal calibration approach. The use of external reference standards does not
obviate the need for internal quality-control procedures; rather, it provides independent
documentation of the fitness of the instrument for the specific analysis or purpose. For
instruments installed in a process location or in a reactor where positioning of an external
standard routinely is not possible, including those instruments that employ an internal
calibration approach, the relative performance of an internal versus an external calibration
approach should be evaluated periodically. The purpose of this test is to check for changes or
drifts in components (e.g., the process lens or fiber-optic probe) that might not be included in
the internal calibration method; this could, for example, affect the photometric calibration of
the optical system.
5.3.4
5.3.5 2S (USP42)
MULTI-INSTRUMENT CALIBRATION
There are many approaches for ensuring a transferable calibration across multiple instruments
of the same type (same make and model) and different types. This is an area of growing
interest because of the globalization of manufacturing and regulatory controls. Today,
reference standards have been developed to cover this region, but many deficiencies still exist
regarding wavelength uncertainty and photometric response curves. Therefore, verification of
compendial procedures, method transfers, and spectrometer platform changes is compromised
by the bias involved in differences between instruments. Understanding the risk associated with
these variations should be a part of any quality-by-design initiative to use NIR spectroscopic
procedures for product control.
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The use of appropriate certified reference materials can be helpful in establishing instrumental
variance and/or bias. As stated above, the value assignments included on the certification of
such materials will contain significant contributions to the overall expanded uncertainty budget
from the instrumental factors used in generating these values. For example, the optical
geometry, polarization, and other aspects of a reflectance measurement will significantly affect
the measured value, and therefore wherever possible these characteristics should be matched
to the required measurement configuration. However, by definition, a reference material should
have the essential characteristics of appropriate stability and homogeneity to at least allow
comparative measurements to be made, albeit they may be biased by known or unknown
factors.
Change to read:
6. APPLICATIONS
NIR spectroscopy has a wide variety of applications for chemical, physical, and process
analysis.
For chemical analysis, the applications include:
Identification of active substances, excipients, dosage forms, manufacturing
intermediates, chemical absorbance materials, and packaging materials
Qualification of ingredients, intermediates, and drug products, including batch-to-batch
spectral comparison and supplier change assessment
Quantification of active substances and excipients; determination of chemical values
such as hydroxyl value; determination of absolute water content; determination of
degree of hydroxylation; and control of solvent content
For physical analysis, the applications include:
Crystalline form and crystallinity, polymorphism, solvates, and particle size
Dissolution behavior, disintegration pattern, and hardness
Examination of film properties
For process analysis, the applications include:
Monitoring of unit operations such as synthesis, crystallization, blending, drying,
granulation, and coating, for the purpose of process control
Measurements in the NIR spectral region are influenced by many chemical and physical
factors. The reproducibility and relevance of the results depend on the control of these
factors. Usually, measurements are only valid for a defined system.
6.1 Qualitative Analysis: Identification and Characterization
6.1.1 ESTABLISHMENT OF A SPECTRAL REFERENCE LIBRARY
To establish a spectral reference library, record the spectra of a suitable number of
representative samples of the substance; the samples should have known, traceable identities.
These representative samples should exhibit the variation that is typical for the substance to
be analyzed (e.g., variation in solid-state form and particle size). The set of spectra obtained
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represents the information that can be used for chemical and/or physical identification of the
sample to be analyzed.
The collection of spectra in the library may be represented in different ways, which are
defined by the mathematical technique used for identification. These may be:
All individual spectra representing the substance
A mean spectrum of the measured batches for each chemical substance or physical
form
If necessary, a description of the variability within the substance spectra
The number of substances to be included in the library depends on the specific application.
All spectra in the library will have the same spectral range and number of data points;
technique of measurement; and data pretreatment. If subgroups (libraries) are created, the
above criteria should be applied independently to each group. Origin spectral data for the
preparation of the spectral library must be archived. Caution must be exercised when
performing any mathematical transformation, as artifacts can be introduced or essential
information can be lost. The suitability of the algorithm chosen should be demonstrated by
successful method validation, and in all cases, the rationale for the use of transformation must
be documented.
6.1.2 NIR REFERENCE SPECTRA
NIR references provide known, stable measurements to which other measurements can be
compared; thus, they are used to minimize instrumental and environmental variations that
would affect the measurement. Direct comparison of representative spectra of the substance
to be examined and a reference substance for qualitative chemical or physical identification
purposes may not require use of a reference spectral library, where specificity permits.
6.1.3 DATA EVALUATION
Direct comparison is made between the representative spectrum of the substance to be
examined and the individual or mean reference spectra of all substances in the database on the
basis of their mathematical correlation or other suitable algorithms. A set of known reference
mean spectra and the variability around this mean can be used with an algorithm for
classification; alternatively, this can be achieved visually by overlaying spectral data if
specificity is inherent. Different calibration techniques are available, such as principal
component analysis, cluster analysis, and soft independent application which has to be
validated according to the following
etc. 2S (USP42)
6.1.3.1 Validation of the model: Chemical or physical identification methods using direct
spectral comparison must be validated in accordance with identification method validation
procedures. The validation parameters for qualitative methods are robustness and specificity.
6.1.3.2 Relative comparison of spectra: A calibration is not required when comparing a set
of spectra for limit analysis purposes, such as determining the maximum or minimum absorbance
at which an analyte absorbs. Also, in-process control of a drying operation may use a
qualitative approach around a specific absorbing wavelength. Appropriate spectral ranges and
pretreatments (if used) must be shown to be fit for purpose.
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6.1.3.3 Specificity: The relative discriminatory power and selectivity of a limit test must be
demonstrated. The extent of specificity testing is dependent on the application and the risks
being controlled. Variations in matrix concentrations within the operating range of the method
must not affect the measurement.
6.1.4 VALIDATION OF THE MODEL
Chemical or physical identification methods using direct spectral comparison must be
validated in accordance with identification method validation procedures. The validation
parameters for qualitative methods are robustness and specificity.
6.1.5 RELATIVE COMPARISON OF SPECTRA
A
model 2S (USP42)
calibration is not required when comparing a set of spectra for limit analysis purposes, such as
determining the maximum or minimum absorbance at which an analyte absorbs. Also, in-process
control of a drying operation may use a qualitative approach around a specific absorbing
wavelength. Appropriate spectral ranges and pretreatments (if used) must be shown to be fit
for purpose.
6.1.6 SPECIFICITY
The relative discriminatory power and selectivity of a limit test must be demonstrated. The
extent of specificity testing is dependent on the application and the risks being controlled.
Variations in matrix concentrations within the operating range of the method must not affect
the measurement. 2S (USP42)
6.2 Trend Analysis
6.2.1 RELATIVE COMPARISON OF SPECTRA
A
model 2S (USP42)
calibration is not necessarily required when comparing a set of spectra for trend analysis
purposes, for example, using the moving-block approach to estimate statistical parameters
such as mean, median, and standard deviation. For example, blend-uniformity monitoring using
NIR spectroscopy has adopted such data analysis approaches. Appropriate spectral ranges and
algorithms must be used for trend analyses.
6.2.2 SPECIFICITY
The relative discriminatory power and selectivity for trend analysis must be demonstrated.
The extent of specificity testing is dependent on the application and the risks being controlled.
Variations in matrix concentrations within the operating range of the method must not affect
the trend analysis.
6.3 Quantitative Analysis
6.3.1 SPECTRAL REFERENCE LIBRARY FOR A CALIBRATION MODEL
Calibration is the process of constructing a mathematical model to relate the response from

PF 44(5): Sep.-Oct. 2018

556

an analytical instrument to the properties of the samples. Any calibration model that can be
defined clearly in a mathematical expression and gives suitable results can be used. Record the
spectra of a suitable number of representative samples with known or future-established values
of the attribute of interest (for example, content of water) throughout the range to be
measured. The number of samples for calibration will depend on the complexity of the sample
matrix and interferences (e.g., temperature, particle size, and others). It is encouraged to take
a risk management approach to identify critical interferences that may need to be assessed. All
samples must give quantitative results within a calibration interval as defined by the intended
purpose of the method. Multiple linear regression, principal component regression (PCR), and
partial least squares regression (PLS) are commonly used. For PLS or PCR calibrations, the
regression coefficients and/or the loadings should be plotted, and the regions of large
coefficients or loadings should be compared with the spectrum of the analyte. Predicted
residual error sum of squares plots or similar plots are useful for facilitating the optimization of
the number of PCR or PLS factors.
6.3.2 PRETREATMENT OF DATA
Wavelength selection, or exclusion of certain wavelength ranges, may enhance the efficiency
of calibration models. Wavelength compression (wavelength averaging) techniques,
multiplicative signal correction (MSC), standard normal variate transformation (SNV), and
derivatives 2S (USP42) may be applied to the data.
6.3.3 MODEL VALIDATION PARAMETERS
Analytical performance characteristics to be considered for demonstrating the validation of
NIR methods are similar to those required for any analytical procedure. Specific acceptance
criteria for each validation parameter must be consistent with the intended use of the method.
Validation parameters for quantitative methods are accuracy, linearity, precision (repeatability
and intermediate precision), robustness, and specificity.
6.3.4 ONGOING MODEL EVALUATION
NIR models validated for use are subjected to ongoing performance evaluation and monitoring
of validation parameters. If discrepancies are found, corrective action is necessary.
7. PROCEDURE VALIDATION
Validation of NIR methods will follow the same protocols described in Validation of Compendial
Procedures 〈1225〉 in terms of accuracy, precision, and other suitable parameters.
Detector linearity must be confirmed over the range of possible signal levels. Method precision
must also encompass sample position. The sample presentation is a critical factor for both
solids and liquids, and must be either tightly controlled or accounted for in the calibration
model. Sample-position sensitivity can often be minimized by appropriate sample preparation or
sample holder geometry, but will vary from instrument to instrument on the basis of excitation
and optical configuration. In addition, many suitable chemometric algorithms for data
pretreatment and calibration are available. Selection of an algorithm should be based on sound
scientific judgment and suitability for the intended application.
7.1Ongoing Method Evaluation
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Validated NIR methods should be subject to ongoing performance evaluation, which may
include monitoring accuracy, precision, and other suitable method parameters. If performance is
unacceptable, corrective action is necessary. This involves conducting an investigation to
identify the cause of change in method performance, and may indicate that the NIR method is
not suitable for continued use. Improving the NIR method to meet measurement suitability
criteria may require additional method development and documentation of validation
experiments demonstrating that the improved method is suitable for the intended application.
The extent of revalidation that is required depends on the cause of change in method
performance and the nature of corrective action needed to establish suitable method
performance. Appropriate change controls should be implemented to document ongoing method
improvement activities.
Revalidation of a qualitative model may be necessary as a result of the following:
Major changes in instrument hardware
Addition of a new material to the spectral reference library
Changes in the physical properties of the material
Changes in the source of material supply
Identification of previously unknown critical attribute(s) of material(s)
Revalidation of a quantitative model may be necessary as a result of the following:
Changes in the composition of the test sample or finished product
Changes in the manufacturing process
Changes in the sources or grades of raw materials
Changes in the reference analytical method
Major changes in instrument hardware
7.2 Method Transfer
Controls and measures for demonstrating the suitability of NIR method performance following
method transfer are similar to those required for any analytical procedure. Any exceptions to
general principles for conducting method transfer for NIR methods should be justified on a caseby-case basis. The transfer of an NIR method is often performed by using an NIR calibration
model on a second instrument that is similar to the primary instrument used to develop and
validate the method. When a calibration model is transferred to another instrument, procedures
and criteria must be applied to demonstrate that the calibration model meets suitable
measurement criteria on the second instrument. The selection of an appropriate calibrationmodel transfer procedure should be based on sound scientific judgment.
USP Reference Standards 〈11〉
USP Near IR System Suitability RS
GLOSSARY
Absorbance: Absorbance (A) is represented by the equation:
A = –log T = log (1/T)
where T is the transmittance of the sample. Absorbance is also frequently given as:
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A = log (1/R)
where R is the reflectance of the sample.
Background spectrum: This is used for generating a sample spectrum with minimal
contributions from instrument response; it is also referred to as a “reference spectrum” or
“background reference”. The ratio of the sample spectrum to the background spectrum
produces a transmittance or reflectance spectrum dominated by NIR spectral response
associated with the sample. In reflection measurements, a highly reflective, diffuse standard
reference material is used for the measurement of the background spectrum. For transmission
measurement, the background spectrum may be measured with no sample present in the
spectrometer or using a cell with the solvent blank or a cell filled with appropriate reference
material.
Diffuse reflectance: Ratio of the spectrum of radiated light (penetrating the sample surface,
interacting with the sample, and passing back through the sample’s surface) reaching the
detector to the background spectrum. This is the component of the overall reflectance that
produces the absorption spectrum of the sample.
Fiber-optic probe: This consists of two components: optical fibers that may vary in length
and number, and a terminus, which contains specially designed optics for examination of the
sample matrix.
Installation qualification: The documented collection of activities necessary to establish
that an instrument is delivered as designed and specified and is properly installed in the
selected environment, which is suitable for the instrument’s intended purpose.
Instrument bandwidth or resolution: A measure of the ability of a spectrometer to
separate radiation of similar wavelengths.
Operational qualification: The process of demonstrating and documenting that an
instrument performs according to specifications and that it can perform the intended task.
This process is required following any significant change, such as instrument installation,
relocation, or major repair.
Overall reflectance: The sum of diffuse and specular reflectance.
Performance qualification: The process of using one or more well-characterized and stable
reference materials to verify consistent instrument performance. Performance qualification
may employ the same or different standards for different performance characteristics.
Photometric linearity: Also referred to as “photometric verification”, it is the process of
verifying the response of the photometric scale of an instrument.
Pseudo-absorbance: A, is represented by the equation:
A = –log R = log (1/R)
where R is the diffuse reflectance of the sample.
Reference spectrum: See Background spectrum.
Reflectance: Is described by the equation:
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in which I is the intensity of radiation reflected from the surface of the sample and IR is the
intensity of radiation reflected from a background reference material and its incorporated
losses due to solvent absorption, refraction, and scattering.
Root-mean-square (RMS): Calculated using the equation:

559

PF 44(5): Sep.-Oct. 2018

560

where Â is the mean absorbance over the spectral segment; Ai is the absorbance for each
data point; and N is the number of points per segment.
Specular (surface) reflectance: The reflectance from the front surface of the sample,
where the angle of reflection matches the angle of incidence (mirror effect).
Standard error of calibration (SEC): A measure of the capability of a model to fit reference
data. SEC is the standard deviation of the residuals obtained from comparing the known
values for each of the calibration samples to the values that are calculated from the
calibration. SEC should not be used as an assessment tool for the expected method accuracy
(trueness and precision of prediction) of the predicted value of future samples. The method
accuracy should generally be verified by calculating the Standard error of prediction (SEP)
using an independent validation set of samples. An accepted method is to mark a part of the
calibration set as the validation set. This set is not fully independent but can be used as an
alternative for the determination of the accuracy.
Standard error of the laboratory (SEL): A calculation based on repeated readings of one or
more samples to estimate the precision and/or accuracy of the reference laboratory method,
depending on how the data were collected.
Standard error of prediction (SEP): A measure of model accuracy of an analytical method
based on applying a given calibration model to the spectral data from a set of samples
different from, but similar to, those used to calculate the calibration model. SEP is the
standard deviation of the residuals obtained from comparing the values from the reference
laboratory to those from the method under test for the specified samples. SEP provides a
measure of the model accuracy to be expected when one measures future samples.
Surface reflectance: Also known as “specular reflection”, it is that portion of the radiation
not interacting with the sample but simply reflecting back from the sample surface layer (i.e.,
the sample–air interface).
Transflection: A transmittance measurement technique in which the radiation traverses the
sample twice. The second time occurs after the radiation is reflected from a surface behind
the sample.
Transmittance: Represented by the equation:
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where I is the intensity of the radiation transmitted through the sample; I0 is the intensity of
the radiant energy incident on the sample and includes losses due to solvent absorption,
refraction, and scattering; and A is the absorbance.
2S (USP42)

1 Burgess C , Hammond J. Wavelength standards for the near-infrared spectral region. Spectroscopy.
2007;22(4):40–48. 2S (USP42)
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be removed once the current chapter is omitted from USP.
(GCPD: D. Hunt.)
Correspondence Number—C201902
Comment deadline: November 30, 2018
Delete the following:

〈 1136〉 PACKAGING AND REPACKAGING—SINGLE-UNIT CONTAINERS
SCOPE
This chapter provides guidance for the packaging and repackaging of single-unit containers,
and for the use and application of unit-of-use packaging. Although the chapter is intended for
use by drug manufacturers, repackagers, and pharmacists, the information in the chapter may
also be useful for suppliers of packages and packaging components. For the definition of
specific types of packaging, see Packaging and Storage Requirements 〈659〉.
SINGLE-UNIT CONTAINER
Single-unit containers that package a prescription drug to be dispensed directly to the
patient are required to be child-resistant. Single-unit packaging intended for institutional or
hospital use may or may not be required to be child-resistant. Single-unit containers that are
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child-resistant include supported blisters, such as separate, peel, push, and tear notch, and
enclosed or in-card blisters, such as pull tabs and slide packs.
PACKAGING MATERIALS
Materials used to manufacture single-unit packaging containers include glass and plastic.
Glass used as a primary packaging component should meet the requirements of
Containers—Glass 〈660〉. Plastic materials as a primary packaging component should meet the
requirements of Plastic Packaging Systems and Their Materials of Construction 〈661〉, Plastic
Materials of Construction 〈661.1〉, and Plastic Packaging Systems for Pharmaceutical Use
〈661.2〉. The test for moisture permeability may be carried out as described in general test
chapter Containers—Performance Testing 〈671〉.
PACKAGING CLOSURE TYPES
Reclosables and nonreclosables may be used for solid, semisolid, and liquid dosage forms. Both
must be packaged in compliance with the 16 CFR 1700.15 standards. The Poison Prevention
Packaging Act (PPPA) of 1970 requires in certain cases the use of special packaging—childresistant and senior-friendly. Child-resistant packaging protects children from serious injury or
illness resulting from ingesting or handling hazardous products including drugs.
Because drugs packaged in unit-of-use packaging are intended to be dispensed to the
consumer without repackaging by the pharmacist, the manufacturer or repackager is
responsible for the special packaging of PPPA-regulated substances in unit-of-use containers
(16 CFR 1701.1).
Reclosables
Reclosables are containers with suitable closures that may incorporate tamper evidence and
child-resistance capabilities. Reclosables may be used for glass or plastic containers.
Nonreclosables
Nonreclosables are containers with closures that are nonreclosable, such as blisters, sachets,
strips, and other single-unit containers. Nonreclosables may include packs such as cold-formed
foil blisters, foil strip packs, and PVC/Aclar® combining multilayer materials that are thermoformed or cold-formed foil blisters. Nonreclosables may be child resistant depending on the
intended use and place of use. Household nonreclosables are subject to the PPPA as defined in
16 CFR 1700.14. However, because of some unit-dose designs, not all unit-dose packages
comply with the PPPA.
Change to read:
UNIT-OF-USE
Unit-of-use packaging, when provided by the manufacturer, offers some of the following
attractive advantages. (1) A dosage form can be dispensed to a patient in the manufacturer’s
original container, a practice that recognizes that the suitability of the container has been
established on the basis of the manufacturer's stability studies. (2) The counting and
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repackaging of dosage units in the pharmacy is eliminated, thereby reducing the possibility of
human error. (3) The pharmacist is able to affix the label for the patient onto the unit-of-use
package and is free to use the manufacturer's expiration date as the beyond-use date. (4) The
number of dosage units in a single unit-of-use package may be determined on a case-by-case
basis. (5) Patient compliance is improved. (6) The unit-of use package can protect against
counterfeiting because traceability of product is ensured through bar coding techniques and
National Drug Code (NDC) numbers.
Unit-of-use packaging, when provided by repackagers, offers the same attractive advantages
as those offered by the manufacturer. However, unit-of-use repackagers should conform to all
requirements as presented in Good Repackaging Practices 〈1178〉. There are a number of
reasons why repackagers produce unit-of-use packaging, for example, (1) requests from
institutions, (2) better inventory control, (3) reduced dispensing times, and (4) variations in
some drug therapies.
The packaging of a unit-of-use system may be a multiple-unit or single-unit container. A
unit-of-use system may contain a drug product in a liquid, semisolid, or solid dosage form (see
also FDA Guidance for Industry, Container Closure Systems for Packaging Human Drugs and
Biologics). [Note—The terms “unit-of-use package” and “unit-of-use container” may be used
interchangeably.]
Unit-of-Use Labeling
The unit-of-use containers are labeled to include expiration dates, the manufacturer's lot
number, the NDC designation, and bar codes as provided in Labeling 〈7〉 and Good
Repackaging Practices 〈1178〉. (CN 1-May-2018) Some of the advantages of having bar codes on
the label include reduced medication errors, improved inventory control, and improved access
to medication identity. The labeling covers information placed in the container by the
manufacturer (see General Notices and Requirements). Acceptable labeling can range from full
labeling, such as that for multiple-unit containers, to abbreviated labeling when the container is
too small to include all of the text. Full labeling may also be provided on the carton if it is not
present on the immediate container.
Unit-of-Use—Repackaging and Reprocessing
Unit-of-use containers are reprocessed or repackaged as instructed by the manufacturer. A
unit-of-use package that is a blister package may not be reprocessed by a pharmacist once it
has been deblistered from a unit-dose container (see Labeling 〈7〉, Expiration Date and
Beyond-Use Date). (CN 1-May-2018) Deblistering is the process of removing medication from a
blister-type container. However, under current Good Manufacturing Practices (cGMPs) and tight
quality controls, the manufacturer or contract repackager may repackage and reprocess unitof-use containers.
Information from Manufacturers
The manufacturer should provide appropriate stability information that can be used to
determine appropriate labeling, storage, and shipping statements that will properly inform
patients and practitioners. The manufacturer may make other assurances based on product
information on packaging and distribution arrangements. In the event that a product is not to
be repackaged, the manufacturer may so state in the labeling. The manufacturer also includes
labeling and information necessary for optimal handling by the practitioner and the patient. The
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labeling and information should be bar coded to eliminate medication error and promote
medication traceability.
Responsibility of the Dispenser—Labeling
The labeling on a unit-of-use container also includes a label added at the dispensing stage by
the pharmacist. Prior to dispensing the unit-of-use package, the dispenser shall add label(s)
that provide the following information:
1. The name of the patient;
2. The name and strength of the drug product, the directions for use as prescribed by a
doctor or health-care provider, and the name of the prescriber; and
3. Any storage instruction, beyond-use date, and other information as deemed appropriate
by federal and state laws.
In the pharmacy setting, pharmacists are encouraged to use bar codes, in conjunction with
computerized prescription orders, to confirm that the right drug is being dispensed to the right
patient. Bar coding would minimize errors and create an opportunity for medication traceability
and accountability.
Quality Control of Packaging System
The packaging system shall meet the general considerations for system suitability, protection,
safety, and performance characteristics as described in FDA Guidance for Industry, Container
Closure Systems for Packaging Human Drugs and Biologics, and in Containers—Glass 〈660〉,
Plastic Packaging Systems and Their Materials of Construction 〈661〉, Plastic Materials of
Construction 〈661.1〉, Plastic Packaging Systems for Pharmaceutical Use 〈661.2〉, and
Containers—Performance Testing 〈671〉.
REPACKAGING A SINGLE SOLID ORAL DRUG PRODUCT INTO A UNIT-DOSE CONTAINER
Repackaging of solid oral drug products, such as tablets and capsules, into unit-dose
configurations is common practice both for the pharmacy that is dispensing drugs pursuant to a
prescription and for the pharmaceutical repackaging firm. The following section contains
minimum standards to be used as a guideline for repackaging practices.
Repackaging preparations into unit-dose configurations is an important aspect of
pharmaceutical care and of optimization of patient compliance. For purposes of this chapter,
there are two types of repackaging: the first involves pharmacies that dispense prescription
drugs, and the second concerns commercial pharmaceutical repackaging firms.
Materials
Blister packages offer a wide array of designs both in functionality and in appearance. Various
packaging materials are used to create blisters that are tailored to provide optimum
performance. The blister container consists of two components: the blister, which is the formed
cavity that holds the product, and the lid stock, which is the material that seals to the blister,
as shown below.
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Schematic Presentation of a Typical Blister Pack
Because of the variety of blister films available, film selection should be based upon the
degree of protection required. The choice of lid stock depends on how the blister is to be used,
but generally the lid stock is made of aluminum foil. The material used to form the cavity is
typically a plastic, which can be designed to protect the dosage form from moisture. There are
widely varying degrees of moisture protection now available. For purposes of this general
chapter, they are referred to as nominal, medium, high, and extreme moisture barrier properties.
POLYVINYL CHLORIDE
The most commonly used blister material is polyvinyl chloride (PVC). This material, which
provides a nominal or zero barrier to moisture, is used when the product does not require
effective moisture protection. PVC is available in a range of gauges and can be made opaque or
can be tinted with pigments to block out specific light wavelengths.
The thickness of the PVC used is determined by the depth and size of the cavity to be
formed. Because the plastic thins during the blister-forming process, care should be taken to
ensure that the finished blister provides sufficient protection from light (if required) and that it
is strong enough to adequately protect the dosage form. Common gauges of PVC used in the
pharmaceutical industry range from 7.5 to 15 mil (0.0075 to 0.015 inch).
BARRIER FILMS
Many drug preparations are extremely sensitive to moisture and therefore require high barrier
films. Several materials may be used to provide moisture protection. Barrier films commonly used
in the pharmaceutical industry are described below.
PVC/PCTFE laminations: Polychlorotrifluoroethylene (PCTFE) film1 is a thermoplastic film made
from polychlorotrifluoroethylene fluoropolymer. The PCTFE film is laminated to the PVC by an
adhesive layer between the PVC and the PCTFE film (duplex structure),

Duplex Structure
or by a layer of polyethylene (PE) between the PVC–adhesive and the PCTFE–adhesive layers
(triplex structure).
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Triplex Structure
By using various gauges of PCTFE film, medium to extreme moisture barriers can be obtained.
PVC/PVdC laminations: PVC/PVdC is a film in which the PVC is coated with an emulsion of
polyvinylidene chloride (PVdC), as shown in the duplex structure pictured below.

Duplex Structure
The PVdC layer is specified in g/m2 and can be constructed to provide medium to high barrier
protection. The coating weights commonly used in the pharmaceutical industry are 40, 60, and
90 g/m2, and the film is offered with or without a middle layer of polyethylene (PE), as shown in
the triplex structure below. The polyethylene is used with heavier coating weights, such as 60
and 90 g/m2, to improve the thermoforming characteristics of the blister cavity.

Triplex Structure
Polypropylene: Because of its morphology, polypropylene (PP) serves as a good moisture
barrier, its spherulitic structure creating an arduous path for water molecules to traverse.
Although not commonly used as a pharmaceutical blister film in the United States, PP provides
an economical alternative to medium barrier materials and is used in Europe as an alternative to
PVC.
Cold form foil: This material is used for products that are extremely hygroscopic or light
sensitive. It is an extreme moisture barrier and consists of three layers: PVC, aluminum foil, and
nylon.
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Cold Form Foil
LID STOCK
The lid stock is sealed to the molded blister as described above. Different designs of lid
stocks are available, and selection of a particular design depends on how the package will be
used. Standard designs—peelable, child-resistant peelable, and push-through—are described
below. The primary component of lid stock is typically aluminum, and its gauge varies from
18–25 µm (0.0078–0.001 inch). The side of the aluminum foil laminate in contact with the
product provides the heat-sealable layer that forms the seal to the blister material. The heatseal coating should be capable of forming an adequate seal with the blister film to which it is
intended to seal. The materials used in the makeup of the heat-seal layer meet the
requirements of 21 CFR 175 and 177.
Peelable: Peelable foil, commonly used in an institutional setting, consists of several layers, as
shown below, and can be peeled away from the blister. [Note—For child-resistant peelable foil,
a layer of polyester with the appropriate adhesives would be added.] With the peelable-foil lid
stock, which is used in conjunction with blister tooling, a three-step process is required to open
the blister.

Peelable Foil Construction
First, the blister cavity must be separated from the rest of the blister card. Next, the paper
and polyester layers are pulled back from an unsealed area. Finally, the product is pushed
through the remaining aluminum foil. It is important to note that use of this type of foil
structure helps make the package more child resistant. However, if child-resistant packaging is
required, the package design should be tested in accordance with the protocol described in 16
CFR 1700, the Poison Prevention Packaging Act.
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Child-Resistant Foil
Push-through: There are two commonly used types of push-through foil: one with a paper
outer layer separated from the aluminum by a layer of adhesive, and one without paper. The
paper outer layer serves as an aesthetic and makes it possible to print on the back of the
blister.

OTHER PACKAGE STYLES
Other types of packages used for unit-dose packaging of solid dosage forms are strip packs,
pouches, and sachets.

PROCESS
Unit-dose packages can be formed and sealed in a variety of ways. Larger scale repackagers
may use thermoformers that accomplish these functions in-line, while smaller repackagers may
purchase preformed blister material. This section begins with an overview of the process
involved in thermoforming a blister, the fundamental process that also applies to other unitdose package types such as pouches. The overview is not intended to be all-encompassing,
but it highlights the major operations along with their critical parameters.
Thermoforming a Blister Unit-Dose Package
The complete thermoforming process consists of four basic stations where the following
operations occur: forming, filling, sealing, and finishing. Thermoforming requires the use of heat
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and air in forming the blister. The lid stock material is sealed to the blister cavity material for a
defined time (the stroke of the machine) at the point where the heat plate closes on the two
materials.
FORMING STATION
Prior to entering the forming station, the blister material passes through a heating unit where
the blister material is heated uniformly in stages to ensure proper formation. Because different
plastics have different softening points, careful attention must be paid to determining the
proper temperature of the heating station, which often has multiple temperature zones. The
temperature, based on the blister material used and on the speed at which that material travels
through the heating station, is a critical parameter for optimal performance. At the forming
station, the blister material is heated to the point where the plastic softens sufficiently to allow
the cavity to be formed. The blister material is drawn from a reel-mounted roll (referred to as
the web) and pulled through the machine. A splicing table is located at the reel unwind to
provide room for a second roll of blister material to be readily available for splicing and
resumption of the packaging process. An unwind device may be installed to aid in moving the
blister material from the roll as adjusted for a specific index.
Once the blister material is properly heated, compressed air is generally used to form the
blister cavity. Upper and lower forming dies close on the blister material as air is introduced,
forming a blister that corresponds to the size of the cavity. A plug assist may be necessary,
depending on the material and size of the cavity. The plug assist ensures a uniform thinning of
the blister material to optimize the protective characteristics of the formed material. Once the
blister material is formed into the desired blister configuration, it is advanced to the filling
station.
FILLING STATION
The product is loaded into the blister cavity at this station. An automated filling device may
be used, or the cavities may be hand filled. The critical parameter at this station is proper filling
of the formed blisters.
SEALING STATION
At this station, the lid stock is sealed to the filled blister cavity, using heat and pressure for a
defined dwell time. The critical parameters to be considered at this station are temperature,
pressure, and dwell time.
The lid stock material is staged on a roll above the blister cavity and may be preprinted or
printed online. Lot numbers and expiration dates may be applied at this point. Preprinted lid
stock materials will require a print registration system to control the position of the printing
relative to the blister cavity. The critical parameters at this part of the station include legible
and correct labeling.
FINISHING STATION
The finishing station encompasses all other steps in the packaging process, including
embossing, perforation, and cutting. Embossing involves application of a lot number and
expiration date to the package. Steel type is used to emboss information on the edges of the
blister package. One of the critical parameters at this station is package integrity. It is
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important that the embossing, perforation, and cutting processes do not compromise the
blister, lid, or seal. The quality of the embossing is another critical parameter in the process.
The embossing must be legible and correct, and must include all required information.
Pouch Unit-Dose Packages
The pouch process is also a form, fill, and seal operation, but it does not provide a defined,
formed cavity as does the thermoforming process. Although the equipment used to form pouch
unit-dose packages may function differently from that described for thermoforming a blister,
the main operations (form, fill, and seal) and critical parameters at those stations are quite
similar. [Note—See the critical parameters defined in the section on thermoforming.]
The strip-pack process involves the drug product being dosed into a three-sided, formed
pouch. Once filled with the drug, the machine seals the pouch, forming a strip of sealed unitdose pouches. The basic flow of the process begins with the drug situated above the pouch
material. One roll of strip-pack material is used to form the pouch. This is accomplished by
moving the material over a device that forces the material to fold into two equal sides. The
sides and bottom are sealed prior to dosing. The strip pack may be cut later during the
equipment processing or roll continuously and be manually cut. Temperature and dwell time are
the main critical factors for this equipment.
Preformed Unit-Dose Packages
Preformed containers are sealed either by heat or by adhesion. Heat sealers may be manual
units requiring hand pressure application or automated units that provide a more controlled
pressure for sealing.
Heat sealing may be accomplished through the use of manual tabletop equipment, which is
generally operated at a set pressure. Critical parameters with these devices are pressure and
temperature control because undesirable variation in these parameters may yield inadequate
seals.
Critical Parameters
In order to ensure that the finished container performs as intended, qualification of critical
parameters should be determined. Typically, validation of a packaging line consists of
qualification of the installation, operation, and performance of a packaging system.
INSTALLATION QUALIFICATION
Equipment should be installed and found to be in proper working condition prior to use.
OPERATIONAL QUALIFICATION
Operational qualification should be performed to establish that the equipment operates within
the manufacturer's specified ranges. Incoming utilities for the equipment, such as air,
electricity, etc., should be monitored and checked periodically.
PERFORMANCE QUALIFICATION
Performance qualification should be done to establish that the equipment performs properly
with the required materials to produce a container that functions as intended. The critical
parameters include forming temperature and pressure, sealing temperature and pressure, and
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dwell time at the seal station. Qualified ranges should be readily available in a reference source
for the setup of equipment. Re-evaluation may be necessary with changes to equipment,
materials, or process.
In-Process Inspections
Strict controls covering the packaging and labeling processes should be in place. The final
container should be evaluated for performance in each of the stations previously described.
Specifically, the formed container should be inspected visually to ensure that it is properly
formed. Evaluation of the filling station should include a check to ensure that the unit dose is
properly filled (i.e., that the correct product is present). The sealing station should be
evaluated to ensure that a proper seal has been made and that the moisture permeation
specifications of the sealed container have been met. A visual examination of the package
should be performed to ensure that the final steps of the packaging process are acceptable.
Repackagers and dispensers should use a standard inspection plan to verify the adequacy of
the package. A visual inspection should be performed to verify that the correct product is in
the proper packaging materials with correct labeling. Seal integrity should be evaluated, using
vacuum testing,2 helium testing, tear testing, and other testing methods suitable to establish
whether seal integrity is maintained.
PERFORMANCE
The primary purpose of the unit-dose package used in the packaging of a drug preparation is
to ensure that, until its intended expiration date, there is adequate protection from the
environment as the dosage form is distributed and stored. It is also essential that the materials
used do not interact with the dosage form.
When determining what type of package to use in the repackaging operation, consideration
must be given to the dosage form’s sensitivities (if any) to the storage and distribution
environments (e.g., temperature, light, and moisture).
The properties of the finished container are defined by the materials used in constructing the
unit-dose container, and by the process used to form and seal the container. As discussed in
Materials, there is a wide variety of commercially available film structures that provide unitdose containers with a range of moisture and light protection. Suppliers of these materials
typically provide quantitative data, obtained from well-established test methods, to highlight
the protective properties of their material. These data are based on flat sheets of the film, not
on the formed container.
It is critical to understand that once the film is formed, protective properties change because
the overall thickness of the film decreases as the blister cavity is formed. Usually the change is
a decrease, especially in the case of barrier properties. However, the extent of change will vary
with the type of film structure used and is also highly dependent on the container-forming
process used (see Process). Further, a suboptimal seal on the formed container will decrease
the protective properties of the container. Insufficient temperature, time, or pressure during a
heat-seal operation may enable the passage of moisture or oxygen through the seal area over
time, which may have an effect on the dosage form. In addition, if the seal area is designed
with insufficient surface area, the same problem may occur. To ensure a good seal, a minimum
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sealing distance of 3 mm from the edge of the blister cavity to the nearest edge or perforation
is recommended. Therefore, it is important to measure the performance of the formed and
sealed container rather than the performance of the flat sheet.
Moisture is a critical factor in preparation integrity. Containers—Performance Testing 〈671〉
describes how to determine and classify moisture permeation rates. If the manufacturer’s
labeling includes “Protect From Moisture,” the repackager shall utilize a high barrier film.
If light protection is required for a drug preparation, the repackager should follow the
requirements for light transmission established under Containers—Performance Testing 〈671〉.
Again, this testing should be conducted on the formed container, because the light-protective
properties of the film are compromised once the film is thinned during the forming process. It is
recommended that these tests, in conjunction with any guidance provided by the
manufacturer, be considered appropriate for any container–closure system used in repackaging
a drug preparation.
Change to read:
BEYOND-USE-DATE
In the absence of stability data for the drug product in the repackaged container, the
beyond-use dating period is one year or the time remaining until the expiration date, whichever
is shorter. If current stability data are available for the drug product in the repackaged
container, the length of time established by the stability study may be used to establish the
beyond-use date, but must not exceed the manufacturer’s expiration date.
(CN 1-May-2018) The dispenser must maintain the facility where the dosage forms are
packaged and stored at a temperature such that the mean kinetic temperature is not greater
than 25°. The plastic material used in packaging the dosage forms must afford better
protection than polyvinyl chloride, which does not provide adequate protection against moisture
permeation. Records must be kept of the temperature of the facility where the dosage forms
are stored, and of the plastic materials used in packaging.

MINIMUM REQUIREMENTS
The previous sections serve as a general introduction to repackaging by providing a basic
understanding of materials selection, the form-fill-seal process, and the importance of
performance of the sealed container. In this section, certain minimum requirements for
repackaging, which must be met, are described in more detail.
Personnel
Each person with responsibility for the repackaging of a preparation shall have the education,
training, and experience, or any combination thereof, to perform assigned functions in a manner
such that the safety, identity, strength, quality, purity, potency, and pharmaceutical elegance
of the drug dosage form are retained. Training should be documented.
Personnel engaged in the repackaging of a preparation shall wear clean clothing appropriate
for the duties or processes performed.
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Facility
The repackaging facility may require areas of low relative humidity, and temperature
conditions should meet controlled room temperature requirements specified in Packaging and
Storage Requirements 〈659〉.
Equipment
Equipment used in the repackaging of a preparation shall be of appropriate design and
suitably located to facilitate operations for its intended use. Its design should allow for cleaning
to preclude cross-contamination as well as for maintenance to be performed. Equipment shall
be constructed so that those surfaces that contact components or a preparation are not
reactive, additive, or absorptive. Any substances required for operation, such as lubricants or
coolants, shall not come into contact with components or a preparation.
Equipment and utensils shall be cleaned, maintained, and sanitized at appropriate intervals to
prevent malfunctions or contamination. Preventive maintenance should be performed at
appropriate intervals in accordance with the equipment manufacturer's recommendation. Any
instruments used to monitor critical parameters should be calibrated on a defined schedule.
Process
Steps should be taken to determine the critical process parameters (e.g., seal temperature,
dwell time) in operating the equipment. Set points for these parameters should be documented
and procedures established to ensure that they are adhered to each time the equipment is
operated.
Labeling
The labeling requirements for a commercial repackager and a pharmacist are different. For
example, the commercial repackager must comply with 21 CFR 201.1, but the pharmacist or
dispenser does not have to comply with this requirement. If stability data are unavailable, the
dispenser shall repackage only an amount of stock sufficient for a limited time and shall include
product name and strength, lot number, manufacturer, and appropriate beyond-use date on the
label. When quantities are repackaged in advance of immediate needs, each preparation must
bear an identifying label, and the dispenser is required to maintain suitable repackaging records
showing the name of the manufacturer, lot number, expiration date, date of repackaging, and
designation of persons responsible for repackaging and for checking. The repackager or
dispenser will use documented controls to prevent labeling errors.
Materials
The repackager or dispenser shall place an appropriate beyond-use date on the label and
package in appropriate materials. Materials used by the repackager shall not be reactive,
additive, or absorptive, and must meet the requirements described in 21 CFR 175 and 177.
Storage
The dispenser shall rotate and monitor stock closely to ensure that the dispensing of
preparations is on a first-in-first-out (FIFO) basis. The repackager or dispenser shall store
preparations under required environmental conditions (e.g., controlled room temperature with a
mean kinetic temperature not higher than 25°).
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Drug Product
The repackager or dispenser shall examine preparations for evidence of instability such as
change in color or odor, and shall exercise professional judgment as to the acceptability of a
package.
Complaints
The repackager or dispenser will maintain written procedures describing the handling of
written and oral complaints regarding a drug product and will ensure that complaints are
investigated and appropriately resolved.
Returned Goods
Policies and procedures relating to returned goods should be developed to ensure proper
handling.
Reprocessing
Reprocessing of repackaged unit-dose containers (i.e., removing medication from one unitdose container and placing it into another unit-dose container) shall not be done. However,
reprocessing of the secondary package (e.g., removing the blister card from the cardboard
carrier and placing the blister card into another cardboard carrier) is allowed provided the
original beyond-use date is maintained, and provided the integrity of the blister is ensured.
Special Considerations
If a product is known to be oxygen sensitive or if it exhibits extreme moisture or light
sensitivity (e.g., cold form foil), it shall not be repackaged. If a product is refrigerated, it shall
not be repackaged unless proper environmental conditions and suitable materials are available.
Certain drug products (such as oncologic agents, hormones, or penicillin derivatives) require
special handling because they are considered very potent or toxic, and because transfer of any
portion of these products to another product could have deleterious effects.
Change to read:
REPACKAGING NONSTERILE SOLID AND LIQUID DOSAGE FORMS INTO SINGLE-UNIT
CONTAINERS AND UNIT-DOSE CONTAINERS
The following guidance is intended for those engaged in pharmaceutical dispensing, and does
not apply to commercial dispensing. An official dosage form is required to bear on its label an
expiration date assigned for the particular formulation and package of the article. This date
limits the time during which the product may be dispensed or used. Because the expiration date
stated on the original manufacturer's container–closure system has been determined for the
drug in that particular system and is not intended to apply to a product that has been
repackaged in a different container, repackaged drugs dispensed pursuant to a prescription are
exempt from using the expiration date from the original manufacturer's package. However,
under no circumstance should the repackaged pharmaceutical preparation's expiration date
exceed the original manufacturer's expiration date. It is necessary, therefore, that other
precautions be taken by the dispenser to preserve the strength, quality, and purity of drugs
that are repackaged for ultimate distribution or sale to patients.
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The following guidelines and requirements are applicable where official dosage forms are
repackaged into single-unit or unit-dose containers or mnemonic packs for dispensing pursuant
to prescription.
Labeling
It is the responsibility of the dispenser to place a suitable expiration date on the label, taking
into account the nature of the drug repackaged, any packaging and expiration dating
information in the manufacturer's product labeling, the characteristics of the containers, and
the storage conditions to which the article may be subjected. Repackaged dosage forms must
bear on their labels expiration dates as determined from information in the product labeling (see
Labeling 〈7〉, Expiration Date and Beyond-Use Date). (CN 1-May-2018) Each single-unit or unitdose container bears a separate label, unless the device holding the unit-dose form does not
allow for the removal or separation of the intact single-unit or unit-dose container therefrom.
Storage
Store the repackaged article in a humidity-controlled environment and at the temperature
specified in the individual monograph or in the product labeling. For further directions, see
Packaging and Storage Requirements 〈659〉.
A refrigerator or freezer shall not be considered to be a humidity-controlled environment.
Drugs that are to be stored at a cold temperature in a refrigerator or freezer must be protected
during storage in the refrigerator or freezer. An outer container may be necessary for such
protection; it is recommended that the drug monograph be referenced for storage.
Reprocessing
Reprocessing of repackaged unit-dose containers (i.e., removing a dosage unit from one unitdose container and placing it in another unit-dose container) shall not be done. However,
reprocessing of the secondary package (e.g., removing the blister card from the cardboard
carrier and placing the blister card into another cardboard carrier) is allowed provided that the
original expiration date is maintained.
CUSTOMIZED PATIENT MEDICATION PACKAGES
In lieu of dispensing two or more prescribed drug products in separate containers, a
pharmacist may, with the consent of the patient, the patient's caregiver, or a prescriber,
provide a customized patient medication package (patient med pak).3
A patient med pak, i.e., a package prepared by a pharmacist for a specific patient, comprises
a series of containers and contains two or more prescribed solid oral dosage forms. The patient
med pak is so designed, or each container is so labeled, as to indicate the day and time, or
period of time, that the container contents are to be taken.
It is the responsibility of the dispenser to instruct the patient or caregiver on the use of the
patient med pak.
Label
The patient med pak shall bear a label stating the following:
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1. The name of the patient;
2. A serial number for the patient med pak itself and a separate identifying serial number
for each of the prescription orders for each of the drug products contained therein;
3. The name, strength, physical description or identification, and total quantity of each
drug product contained therein;
4. The directions for use and cautionary statements, if any, contained in the prescription
order for each drug product therein;
5. Any storage instructions or cautionary statements required by the official compendia;
6. The name of the prescriber of each drug product;
7. The date of preparation of the patient med pak and the beyond-use date or period of
time assigned to the patient med pak (such beyond-use date or period of time shall be
not longer than the shortest recommended beyond-use date for any dosage form
included therein or not longer than 60 days from the date of preparation of the patient
med pak, and shall not exceed the shortest expiration date on the original
manufacturer's bulk containers for the dosage forms included therein); alternatively, the
package label shall state the date of the prescription(s) or the date of preparation of
the patient med pak, provided the package is accompanied by a record indicating the
start date and the beyond-use date;
8. The name, address, and telephone number of the dispenser (and the dispenser's
registration number where necessary); and
9. Any other information, statements, or warnings required for any of the drug products
contained therein.
If the patient med pak allows for the removal or separation of the intact containers
therefrom, each individual container shall bear a label identifying each of the drug products
contained therein.
Labeling
The patient med pak shall be accompanied by a patient package insert, in the event that any
medication therein is required to be dispensed with such insert as accompanying labeling.
Alternatively, such required information may be incorporated into a single, overall educational
insert provided by the pharmacist for the total patient med pak.
Packaging
In the absence of more stringent packaging requirements for any of the drug products
contained therein, each container of the patient med pak shall comply with the moisture
permeation requirements for a Class B single-unit or unit-dose container (see
Containers—Performance Testing 〈671〉). Each container shall be either nonreclosable or so
designed as to show evidence of having been opened.
Guidelines
It is the responsibility of the dispenser, when preparing a patient med pak, to take into
account any applicable compendial requirements or guidelines and the physical and chemical
compatibility of the dosage forms placed within each container, as well as any therapeutic
incompatibilities that may attend the simultaneous administration of the medications. In this
regard, pharmacists are encouraged to report to USP headquarters any observed or reported
incompatibilities. Once a medication has been placed in a patient med pak with another solid
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dosage form, it may not be returned to stock, redistributed, or resold if unused.
Recordkeeping
In addition to any individual prescription filing requirements, a record of each patient med pak
shall be made and filed. Each record shall contain, as a minimum:
1. The name and address of the patient;
2. The serial number of the prescription order for each drug product contained therein;
3. The name of the manufacturer or labeler and lot number for each drug product
contained therein;
4. Information identifying or describing the design, characteristics, or specifications of the
patient med pak sufficient to allow subsequent preparation of an identical patient med
pak for the patient;
5. The date of preparation of the patient med pak and the beyond-use date that was
assigned;
6. Any special labeling instructions; and
7. The name or initials of the pharmacist who prepared the patient med pak.
GLOSSARY
Dispenser: A dispenser is a licensed or registered practitioner who is legally responsible for
providing the patient with a preparation that is in compliance with a prescription or a
medication order and contains a specific patient label. In addition, dispensers may prepare
limited quantities in anticipation of a prescription or medication order from a physician.
Dispensers are governed by the board of pharmacy of the individual state.
Package: The term “package” is synonymous with the term “container”. See Packaging and
Storage Requirements 〈659〉.
Pharmacy: A pharmacy is an establishment that is legally responsible for providing the patient
with a drug preparation with a specific patient label, in compliance with a prescription or a
medication order. The terms “dispenser” and “pharmacy” are used interchangeably.
Repackaging: Repackaging is the act of removing a preparation from its original primary
container and placing it into another primary container, usually of smaller size.
Repackager: A repackager is an establishment that repackages drugs and sends them to a
second location in anticipation of a need. Repackaging firms repackage preparations for
distribution (e.g., for resale to distributors, hospitals, or other pharmacies), a function that is
beyond the regular practice of a pharmacy. Distribution is not patient specific in that there are
no prescriptions. Unlike dispensers, repackaging firms are required to register with the FDA and
to comply with the Current Good Manufacturing Practice regulations in 21 CFR 210 and 211.
2S (USP42)

1 PC TFE film is available from Allied Signal (as Aclar®) and from other sources.
2 Vacuum testing consists of placing samples from the packaging operation into a jar filled with water. A lid is
placed over the samples to fully immerse them in the water. A container lid is applied to create a seal effective
enough to create approximately 25 cm of vacuum. The vacuum pump is set, and the samples are tested for
approximately 1 minute, removed from the water, wiped down, and opened to determine whether the inside of
the unit-dose cavity or pouch is wet. This process should be adjusted until it is under control, and additional
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testing may be performed to ensure that the seal integrity is consistently acceptable. Wetness indicates a
defective seal and therefore the potential for the drug to degrade when exposed to the atmosphere. Defective
packages must be removed from further use.
3 It should be noticed that for patient med paks there is no special exemption from the requirements of the
Poison Prevention Packaging Act. Thus, the patient med pak, if it does not meet child-resistant standards, shall
be placed in an outer package that does comply, or the necessary consent of the purchaser or physician to
dispense in a container not intended to be child-resistant shall be obtained.

Recent Official Publications:
USP41–NF36 Page 7414
BRIEFING

〈 1177〉 Good Packaging Practices, USP 41 page 7492. It is proposed to omit this general
chapter from USP because the topics are covered elsewhere in the compendia. The relevant
content can be found in Packaging and Storage Requirements 〈659〉 and Labeling 〈7〉. The
reference to this chapter in Pharmaceutical Dosage Forms 〈1151〉, Quality Assurance in
Pharmaceutical Compounding 〈1163〉, and Vitamin A Oral Liquid Preparation will be removed
once the current chapter is omitted from USP.
(GCPD: D. Hunt.)
Correspondence Number—C201903
Comment deadline: November 30, 2018
Delete the following:

〈 1177〉 GOOD PACKAGING PRACTICES
This chapter provides general guidance on packaging considerations for Pharmacopeial
preparations that may be stored, transported, and distributed. It describes procedures that
should be considered to ensure that proper packaging practices are maintained. It does not
affect any applicable requirements under good manufacturing practices, state laws governing
pharmacy, the USP General Notices and Requirements or monographs, or provisions under
approved labeling.
Definitions for storage conditions and packaging are provided in 〈659〉 Packaging and Storage
Requirements. All equipment used for recording, monitoring, and maintaining these temperature
and humidity conditions should be calibrated on a regular basis. This calibration should be
traceable to national or international standards (see also the general information chapter
Monitoring Devices—Time, Temperature, and Humidity 〈1118〉).
CONTAINERS
The monograph packaging and storage statement specifies that the container (primary
package) should meet the requirements under Containers—Glass 〈660〉, Plastic Packaging
Systems and their Materials of Construction 〈661〉, Plastic Materials of Construction 〈661.1〉,
Plastic Packaging Systems for Pharmaceutical Use 〈661.2〉, and Containers—Performance
Testing 〈671〉, which include the stipulations for determining if a container is “tight” or “wellclosed.” In most cases, compendial preparations are expected to be packaged in “tight”
containers, especially if the article is moisture sensitive. In addition, where necessary, the
packaging component should protect the preparation from light, reactive gases, solvent loss,
microbial contamination, etc. “Tight” and “well-closed” containers are clearly defined in 〈659〉
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Packaging and Storage Requirements, whereas testing protocol and moisture permeation limits
to determine if the container meets either of these definitions can be found in
Containers—Glass 〈660〉, Plastic Packaging Systems and their Materials of Construction 〈661〉,
Plastic Materials of Construction 〈661.1〉, Plastic Packaging Systems for Pharmaceutical Use
〈661.2〉, and Containers—Performance Testing 〈671〉 for single-unit and multiple-unit containers.
A packaging system is composed of a container system with its closure. This system may
include several layers of protection for the Pharmacopeial preparation along with any sealing
devices, delivery devices, labeling, and package inserts. The General Notices section also
provides definitions for types of packaging systems that contain and protect a Pharmacopeial
preparation (e.g., single-unit containers, unit-dose containers, etc.). Stability testing is
conducted on the dosage forms packaged in the container–closure system proposed for
marketing.
One type of permeation test for multiple-unit containers is described in
Containers—Performance Testing 〈671〉. This test is intended for drug products being dispensed
on prescription in vials with a container–closure system. The results of the test reflect the
water vapor permeation through the container and through the closure. Limits have been
established to define whether a container for dispensing has tight or well-closed characteristics
with regard to water vapor permeation. FDA recommends that manufacturers perform this test
on the container–closure system, although it is not specified in USP. In this particular test, the
inner seal of the manufacturer's container–closure system is removed prior to testing.
Single-unit containers for capsules and tablets under Containers—Performance Testing 〈671〉
are measured for water vapor permeation according to the criteria for the four classes of
containers (classes A–D).
The USP recognizes several official container materials that can be selected on the basis of
their properties. Most containers are made of glass or plastic. Glass containers must be
evaluated for chemical resistance and light transmission (if indicated) as described in
Containers—Glass 〈660〉. In addition, injectable medication containers should be reviewed
according to the section Packaging and Storage Requirements 〈659〉, Injection Packaging.
Elastomeric closures should be evaluated separately as described in Elastomeric Closures for
Injections 〈381〉. Plastic containers should be assessed as described in Plastic Packaging
Systems and their Materials of Construction 〈661〉; Plastic Materials of Construction 〈661.1〉;
and Plastic Packaging Systems for Pharmaceutical Use 〈661.2〉. As articulated in these sections,
plastics should undergo testing for light transmission (if appropriate), water vapor permeation
(see also Containers—Performance Testing 〈671〉), extraction physiochemical testing, and
biological testing (see also Biological Reactivity Tests, In Vitro 〈87〉 and Biological Reactivity
Tests, In Vivo 〈88〉). For example, testing water vapor permeation for a PE container is
conducted by sealing the container with heat-sealed foil laminate and measuring the water
permeation in a humid atmosphere. Given that water vapor does not permeate the foil laminate,
this test assesses only the properties of the container. The level of protection provided by a
packaging system marketed with a heat-sealed foil laminate inner seal (prior to removal of the
foil) is approximated by this test. However, in the case of a PET bottle for liquid preparations,
water vapor permeation testing is done by filling containers with water and measuring the
water loss rate in a dry atmosphere. Additional testing may be required for certain
pharmaceutical dosage forms as well.
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The container–closure system for the storage or shipment of a bulk liquid drug substance is
typically plastic, stainless steel, a glass-lined metal container, or an epoxy-lined metal
container with a rugged, tamper-resistant closure. Qualification of the container–closure
system for these types of preparations includes evaluation for solvent and gas permeation, light
transmittance, closure integrity, ruggedness in shipment, protection against microbial
contamination through the closure, and compatibility and safety of the packaging components
as appropriate (see Containers—Glass 〈660〉, Plastic Packaging Systems and their Materials of
Construction 〈661〉, Plastic Materials of Construction 〈661.1〉, and Plastic Packaging Systems for
Pharmaceutical Use 〈661.2〉).
Other information on container–closure systems may be found in FDA's Guidance for Industry:
Container Closure System for Packaging Human Drugs and Biologics,www.fda.gov.
PACKAGING
Packaging for Pharmacopeial articles can be divided into categories according to terminology
generally accepted by industry. As mentioned earlier, the General Notices section provides
some definitions for different types of containers classified by their characteristics and uses. In
addition, the ASTM Committee D10 on packaging publishes terminology, practices, test
methods, specifications, guides, and classifications for testing and evaluating packaging (see
ASTM D99695, “Standard Terminology of Packaging and Distribution Environments”). Under
certain rules and guidelines (e.g., such as 49 CFR, Dangerous Goods, and others), however,
alternate terminology is used for the components described below. For terminology pertaining to
repackaging processes, refer to Packaging and Repackaging—Single-Unit Containers 〈1136〉.
Primary Container
This container is in direct contact with the Pharmacopeial preparation. The purpose of a
primary container, also referred to as an immediate container, is to protect the preparation
from environmental hazards during storage and handling. In some cases, the primary container
is also a specialized delivery system, such as an aerosol or a metered-dose dispenser (see
Pharmaceutical Dosage Forms 〈1151〉). For the majority of oral dosage forms, the primary
container consists of a cap and a bottle or a blister or pouch package that can be made from
many different materials, including glass, plastic, single or laminated flexible materials, and
metal. All components of the primary container must meet the requirements under 21 CFR for
direct food contact and, where applicable, the USP requirements under Containers—Glass 〈660〉,
Plastic Packaging Systems and their Materials of Construction 〈661〉, Plastic Materials of
Construction 〈661.1〉, Plastic Packaging Systems for Pharmaceutical Use 〈661.2〉, and
Containers—Performance Testing 〈671〉. A full description of the primary container is included
under the “Container/Closure System” section of the New Drug Application (NDA), Abbreviated
New Drug Application (ANDA), or other classes of FDA submissions.
Critical Secondary Container
This container is not in direct contact with the article, but it provides essential product
stability protection. For example, a primary container may be packed inside a critical secondary
container such as a pouch to provide moisture, gas, light, or microbial protection not afforded
by the primary container. A description of the critical secondary container is included under the
“Container/Closure System” section of the NDA, ANDA, or other classes of FDA submissions.
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Secondary Container
This container encloses one or more primary containers. A secondary container is not always
present. If used, it is usually designed for the final market presentation. Secondary containers
are often used simply to carry required labeling or to keep individual primary containers together
with delivery systems or other add-on features. Secondary containers can also provide
protection against damage in the handling and distribution system. The most common
secondary container is the standard folding carton. Some products, such as syringes, may be
placed in trays prior to packing in a carton. Secondary container materials are not included in
the container and closure description and require neither stability studies nor prior approval
when making a change in the materials used.
Additional Packaging
A wide variety of additional packaging, such as trays and display cartons, may be used to
hold primary containers.
Unit of Sale
This may be an individual bottle, a carton containing one or more bottles, or a tray with
multiple primary containers. A unit of sale may contain more than one item for individual sale.
For example, a display tray may have multiples of a single article or a variety of related articles
from a single manufacturer, each intended for individual sale. The individual item intended for
sale is referred to as a stock-keeping-unit (SKU). SKUs are distinguished by a discrete National
Drug Code (NDC). Over-the-counter (OTC) articles contain a Universal Product Code (UPC) for
all SKUs. A prescription SKU may be intended for final consumer use and may not be
repackaged by a pharmacy. Such packages, often called “unit of issue” or “unit of use,” require
child-resistant (CR) packaging as described under 16 CFR 1700, “Poison Prevention Packaging,”
except for packages exempted by the Consumer Product Safety Commission. The CR feature is
typically incorporated by the manufacturer (see Packaging and Repackaging—Single-Unit
Containers 〈1136〉). OTC articles are regulated under the same rule, but only if they contain
certain active ingredients above specified limits. Any regulated product shipped via the United
States Postal Service (USPS) must meet the USPS rules under 39 CFR 111.
Final Exterior Package
This is typically a corrugated fiberboard box (case) or a wrapper. The shipping case label is
affixed to this outermost layer and incorporates all of the bar codes required by the National
Wholesale Druggists' Association (NWDA). This final package is normally shipped on pallets to
distribution centers, wholesalers, and other large-volume customers. The manufacturer may or
may not intend that this package enter the small-package-shipping environment as an
individual unit without further protection.
Especially with fiberboard boxes, relative humidity (RH) may have a negative effect on the
compression strength of the box, causing loads to shift and potentially damage the article or
the outer and inner packaging. Articles stored in refrigerators or freezers, which are
environments with high RH, are prone to this type of damage when stacked. The problem may
be exacerbated by carton design, stacking pattern, or use of low edge-crush-test corrugated
fiberboard. Computer programs are available to determine the acceptable stack height and
patterns on the basis of carton weight, style, size, and material. If problems occur, the product
manufacturer should be contacted. Source materials and reference information on corrugated
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fiberboard boxes can be found in the “Fiber Box Handbook” published by the Fiber Box
Association.
A wholesaler or other reshipper should not assume that the package received from the
manufacturer is suitable for reuse. Many packages are customized for very specific routes and
modes of transportation and are not suitable for other applications. Like any other shipping
container, insulated cartons and inner protective packaging can be damaged during transit,
thus affecting package performance and possibly allowing damage to contents if reused.
ENVIRONMENTAL ISSUES
Packaging materials are regulated by a variety of federal, state, and local rules. In general,
most pharmaceutical packaging containers can be recycled within local programs. The use of
recycled material in primary containers is governed by the FDA, but it is generally not allowed.
Pharmaceutical manufacturers commonly follow the most current Coalition of Northeastern
Governors' rules (e.g., Model Toxics in Packaging Legislation) regarding heavy metals in
packaging and other environmental issues.
Certain classes of Pharmacopeial articles may require special handling. Such articles include
products classified as (1) Dangerous Goods under the Department of Transportation (DOT),
state, local, or carrier rules; (2) controlled drugs under the Drug Enforcement Administration
(DEA); or (3) scheduled substances under state regulations.
LABELING
The labeling of shipping containers by manufacturers must be in compliance with the
pertinent sections of FDA and DOT rules.
Dangerous Goods
The labeling of shipments classified as Dangerous Goods, including all information on the bill of
lading or airway bill, must follow the instructions provided by the DOT, the International Air
Transport Association (IATA), and the carrier. The exterior package must carry all of the
required standard symbols for the class of goods, and the shipping container must comply with
the performance standards for the articles enclosed. The shipper of record is responsible for
compliance with the Dangerous Goods requirements.
Controlled Substances
When Pharmacopeial preparations that contain DEA-scheduled controlled substances are
distributed to a patient directly via the USPS, these articles must be marked and labeled in
accordance with USPS Domestic Mail Manual, Regulation Article C023, Section 7.2. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 7492
BRIEFING

〈 1227〉 Validation of Microbial Recovery from Pharmacopeial Articles, USP 41 page
7672. This chapter provides guidelines for the validation of recovery methods for the estimation
of the number of viable microorganisms, the detection of indicators or specified microorganisms,
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and the sterility testing of pharmacopeial articles. The compendial tests under Antimicrobial
Effectiveness Testing 〈51〉, Sterility Tests 〈71〉, Microbial Enumeration Tests 〈61〉, and Tests for
Specified Microorganisms 〈62〉 are considered validated. However, what is required is
establishment of suitability of the method demonstrating recovery of the challenge organisms in
the presence of the product. Alternatives/modifications to these recovery procedures such as
dilution, chemical or enzymatic neutralization, and filtration require validation.
This proposed revision is aimed at removing inconsistencies between the current version of this
chapter and the compendial test chapters indicated above regarding method suitability
demonstration.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(GCM: R. Tirumalai.)
Correspondence Number—C204436
Comment deadline: November 30, 2018

〈 1227〉 VALIDATION OF MICROBIAL RECOVERY FROM PHARMACOPEIAL ARTICLES
Change to read:
INTRODUCTION
This chapter provides guidelines for the validation of methods for the estimation of the
number of viable microorganisms, for the detection of indicators or objectionable
microorganisms, for the validation of microbiological methods used in antimicrobial effectiveness
testing, and for the sterility testing of Pharmacopeial articles.
This chapter provides guidelines for the validation of recovery methods for the estimation of
the number of viable microorganisms, the detection of indicators or specified microorganisms,
and the sterility testing of pharmacopeial articles. The test procedures under Antimicrobial
Effectiveness Testing 〈51〉, Sterility Tests 〈71〉, Microbial Enumeration Tests 〈61〉, and Tests for
Specified Microorganisms 〈62〉 are considered validated. However, what is required is
establishment of suitability of the method demonstrating recovery of the challenge organisms in
the presence of the product. Alternatives/modifications to these recovery procedures beyond
what are described in these chapters (such as dilution, chemical or enzymatic neutralization,
and membrane filtration) require validation. 2S (USP42)
It is generally understood that if a product possesses antimicrobial properties because of the
presence of a specific preservative or because of its formulation, this antimicrobial property
must be neutralized to recover viable microorganisms. This neutralization may be achieved by
the use of a specific neutralizer, by dilution, by a combination of washing and
2S (USP42)

dilution,
filtration, and rinsing, 2S (USP42)
or by any combination of these methods.
The tests under Antimicrobial Effectiveness Testing 〈51〉, Sterility Tests 〈71〉, and Microbial
Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉 require the validation of
recovery methods. To ensure that the results of the tests are credible, neutralization of
antimicrobial properties of the test solution is required before estimating the number of viable
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microorganisms.

2S (USP42)

Change to read:
INFLUENTIAL FACTORS
Several factors affect the measurement of a test solution's antimicrobial activity, and these
must be considered in the validation design. They include the nature of the microorganisms
used as challenge organisms, preparation of the inoculum of challenge organisms, specific
conditions of the test, and conditions of recovery. These factors also affect the validation of
recovery methods for aqueous or nonaqueous products, irrespective of their antimicrobial
properties; thus, all test methods should be validated with these factors in mind.
The nature of the challenge microorganism exerts a strong effect upon the response to the
antimicrobial agent, and so upon the neutralization required for recovery. Represented among
these organisms in compendial tests are gram-positive bacteria, gram-negative bacteria,
anaerobic bacteria, 2S (USP42)
yeasts, and molds. Each organism to be used in the test must be included in the validation.
The preparation of the inoculum of challenge microorganisms also affects the testing of
products having antimicrobial properties. The growth and preparation of the challenge organism
determines the physiological state of the cell. This state has a direct influence on the results of
any test of antimicrobial efficacy. Microbial tests do not use individual cells; rather, populations
of cells are harvested for study. The data generated from these studies are less variable if the
cell populations are homogeneous. Liquid cultures or confluent growths on solid medium are
best suited for reproducible culture preparation. The conditions of organism preparation and
storage must be standardized for the neutralizer evaluation and should reflect the conditions of
the antimicrobial assay.
The specific conditions of the test, including buffers used, water, light conditions, and
temperature, must be reproduced in the validation study. All test conditions also should be
standardized and performed in the validation study exactly as performed in the test.
The conditions of microbial recovery are among the most crucial in accurately estimating the
number of microorganisms present in a test solution. The first consideration is the recovery
medium used to support the growth of survivors. This concern is discussed in detail below. The
second consideration is the incubation conditions. Optimal conditions for growth must be
present to ensure complete growth and reproducible results.
Change to read:
METHODS OF NEUTRALIZING ANTIMICROBIAL PROPERTIES
Three common methods are used to neutralize antimicrobial properties of a product: 1)
chemical inhibition, 2) dilution, and 3) filtration and washing
rinsing. 2S (USP42)
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Chemical Inhibition
Table 1 shows known neutralizers for a variety of chemical antimicrobial agents and the
reported toxicity of some chemical neutralizers to specific microorganisms. However, despite
potential toxicity, the convenience and quick action of chemical inhibitors encourage their use.
Chemical inhibition of bactericides is the preferred method for the antimicrobial efficacy test.
The potential of chemical inhibitors should be considered in the membrane filtration and the
direct transfer sterility tests. Antibiotics may not be susceptible to neutralization by chemical
means, but rather by enzymatic treatment (e.g., penicillinase). These enzymes may be used
where required.
Table 1. Some Common Neutralizers for Chemical Biocides
Potential Action of
Neutralizer
Biocide Class
Biocides
Bisulfate
Glutaraldehyde, Mercurials
Non-Sporing Bacteria
Dilution
Phenolics, Alcohol, Aldehydes, Sorbate
—
Glycine
Aldehydes
Growing Cells
Quaternary Ammonium Compounds (QACs),
Lecithin
Parabens, Bis-biguanides
Bacteria
Mg+2 or Ca+2
ions
Polysorbate

EDTA
QACS, Iodine, Parabens

Thioglycollate
Thiosulfate

Mercurials
Mercurials, Halogens, Aldehydes

—
—
Staphylococci and
Spores
Staphylococci

Dilution
A second approach to neutralizing antimicrobial properties of a product is by dilution, because
the concentration of a chemical bactericide exerts a large effect on its potency. The
relationship between concentration and antimicrobial effect differs among bactericidal agents
but is constant for a particular antimicrobial agent. This relationship is exponential in nature,
with the general formula:
Cηt = k
C = concentration
of the antimicrobial agent 2S (USP42)
η = concentration exponent
(dilution coefficient), 2S (USP42)
the slope of the plot of log t versus log C
t = time required to kill a standard inoculum
k = a constant
Antimicrobial agents with high η values are rapidly neutralized by dilution, whereas those with
low η values are not good candidates for neutralization by dilution
(see Table 2).
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Table 2. Concentration Exponents for Some Common Antimicrobial Agents
Increased time factor (x) to kill
microorganisms when the concentration is
reduced to:
Representative
η
Antimicrobial Agent
values
One-half
One-third
Phenolics
6
64
729
Alcohol
10
1024
59,000
Parabens
2.5
6
16
Chlorhexidine
2
4
8
Mercury compounds
1
2
3
Quaternary ammonium
compounds
1
2
3
Formaldehyde
1
2
3
2S (USP42)

Membrane Filtration
An approach that is often used, especially in sterility testing, is neutralization by membrane
filtration. This approach relies upon the physical retention of the microorganism on the
membrane filter, with the antimicrobial agent passing through the filter into the filtrate. The
filter is then incubated for recovery of viable microorganisms. However, filtration alone may not
remove sufficient quantities of the bactericidal agent to allow growth of surviving
microorganisms. Adherence of residual antimicrobial agents to the filter membrane may cause
growth inhibition. Filtration through a low-binding filter material, such as polyvinylidene
difluoride, helps to minimize this growth inhibition. Additionally, the preservative may be diluted
or flushed from the filter by rinsing with a benign fluid, such as diluting Fluid A (see Sterility
Tests 〈71〉, Diluting and Rinsing Fluids for Membrane Filtration for diluting fluid compositions).
Chemical neutralizers in the rinsing fluid can ensure that any antimicrobial residue on the
membrane does not interfere with the recovery of viable microorganisms.
Change to read:
VALIDATION OF NEUTRALIZATION METHODS—RECOVERY COMPARISONS
A validated method for neutralizing the antimicrobial properties of a product must meet two
criteria: neutralizer efficacy and neutralizer toxicity
non-toxicity. 2S (USP42)
The validation study documents that the neutralization method employed is effective in
inhibiting the antimicrobial properties of the product (neutralizer efficacy) without impairing the
recovery of viable microorganisms (
lack of 2S (USP42)
neutralizer toxicity). Validation protocols may meet these two criteria by comparing recovery
results for treatment groups.
The first is the test group, in which the product is subjected to the neutralization method,
then a low level of challenge microorganism [less than 100 colony-forming units (cfu)] is
inoculated for recovery. The second is the peptone control group, in which the neutralization
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method is used with peptone, or diluting Fluid A (see Sterility Tests 〈71〉, Diluting and Rinsing
Fluids for Membrane Filtration), as the test solution. The third is the viability group, in which
the actual inoculum is used without exposure to the neutralization scheme. Similar recovery
between the test group and the peptone group demonstrates adequate neutralizer efficacy;
similar recovery between the peptone group and the viability group demonstrates adequate
neutralizer toxicity
non-toxicity. 2S (USP42)
In principle, the protocol must show that recovery of a low inoculum (less than 100 cfu) is
not inhibited by the test sample and the neutralization method. Validation protocols may meet
these two criteria by comparing recovery among three distinct test groups: 1) neutralized
product with inoculum, 2) challenge inoculum control in buffered solution, and 3) inoculum in
the absence of product or neutralizer. This can be established by directly comparing the result
in the treated solution (1) to the inoculum (3) above. If the growth on the treated solution is
not comparable to the growth on the inoculum group, it should be determined whether the
neutralization method itself is toxic to the microorganisms.
Recovery on Agar Medium
In the tests under 〈51〉 and 〈61〉, and Tests for Specified Microorganisms 〈62〉
2S (USP42)

the number of viable challenge microorganisms in the product is estimated at various time
intervals
2S (USP42)

by calculating the concentration of cfu per milliliter by the plate count method. A design for
validating neutralization would incorporate the treatment groups as described under Validation
of Neutralization Methods—Recovery Comparisons. At least three independent replicates of the
experiment should be performed, and each should demonstrate that the average number of cfu
recovered from the challenge product is not less than 70% of that recovered from the inoculum
control.
a mean count of any of the test organisms not differing by a factor greater than 2, i.e.,
50%–200% recovery, from the value of the control in the absence of product. 2S (USP42)
If a greater number of replicates is required in the validation study, the comparisons may be
evaluated by transforming the numbers of cfu to their logarithmic values and analyzing the data
statistically by the Student t test (pairwise comparisons) or by analysis of variance (ANOVA)
(for comparing all groups). If ANOVA is used, and significant differences among the populations
are determined, a test such as Dunnett's test may be used, with the peptone group used as
the control group.
Recovery by Membrane Filtration
This validation follows the procedure described in Validation Test under 〈71〉
Sterility Tests 〈71〉, Method Suitability Test, 2S (USP42)
with the exception of plating on solid medium to quantitate recovery.
It should be emphasized that quantitative recovery is not required to demonstrate sterility
test suitability. It only requires a qualitative assessment (visual turbidity). 2S (USP42)
Three 100-mL rinses are assumed, but the volume and number of rinses are subject to
validation. Each validation run should be performed independently at least three times.
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In the test solution group, the product is passed through the membrane filter, followed by
two 100-mL portions of diluting-neutralizing fluid. After the second rinse has been filtered, a
final 100-mL portion containing less than 100 cfu of the specific challenge microorganism is
passed through the filter. This filter is then placed on the appropriate agar recovery medium
and incubated for recovery.
The inoculum is directly plated onto the solid medium. It is possible that filtration will lead to
reduced recovery of the challenge microorganism, either through inherent toxicity of the
membrane or by adherence of the microorganism to the filtration vessel walls. A control group
can be used to evaluate this component of membrane filtration validation. Diluting Fluid A is
used as the dilution medium without exposing the filter to the product. After addition of the
low-level inoculum to the final rinse, the filter is plated as above. Technique-specific loss of
microorganisms can be estimated by comparing the recovery in the diluting Fluid A (see Sterility
Tests 〈71〉, Diluting and Rinsing Fluids for Membrane Filtration) group to the inoculum count.
It is assumed in this discussion that the test sample can be filtered. If it is necessary to
solubilize the test sample, the effects of the solubilization method on viable microorganisms
must be determined. This situation can occur when testing ointments, suspensions, or other
articles.
The method can be considered validated if the recovery rate in the three independent
replicates is similar for the test solution and the diluting Fluid A (see Sterility Tests 〈71〉, Diluting
and Rinsing Fluids for Membrane Filtration) control.
Recovery in Liquid Medium
It is assumed in Sterility Tests 〈71〉, Test for Sterility of the Product to be Examined, Direct
Inoculation of the Culture Medium that the recovery medium will allow for growth of all
surviving microorganisms. The broth in that test must serve both to neutralize any antimicrobial
properties of the test solution and to support the growth of the microorganisms. The treatment
groups described under Validation of Neutralization Methods—Recovery Comparisons can be
used for validation of the recovery method, with the proportions of product and recovery
medium varied to achieve adequate neutralization. The method can be considered validated if
all groups show copious growth within 7 days for all microorganisms
clearly visible growth within the indicated time period in 〈71〉. 2S (USP42)
RECOVERY OF INJURED MICROORGANISMS
The validation studies described above use challenge microorganisms that have never been
exposed to antimicrobial agents, and thus are not identical to organisms seen in antimicrobial
effectiveness testing or when a sterility test is performed on a preserved product. If the use of
alternative media is desired, the recovery of injured microorganisms should be addressed in the
validation study. This may be done by directly comparing the recovery of each challenge
microorganism on the preferred medium and on the alternative medium, after exposure to the
product. This exposure should include at least two time periods showing survival of less than
100 cfu/mL, unless the rate of kill of the antimicrobial agent is such that no recovery is possible
even if the microorganism is plated within minutes of exposure. This comparison should be
performed at least three times. The alternative medium is validated if the recovery seen on
that medium is no less than that seen on the preferred medium, within an error of 0.5 log units.
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Change to read:
ESTIMATING THE NUMBER OF COLONY-FORMING UNITS
The accuracy of any estimate of viable cfu is affected by the number plated. As the number
of viable cells plated increases, crowding effects decrease the accuracy of the count, reducing
the estimate. As the number decreases, random error plays an increasing role in the estimate.
The accepted range for countable colonies on a standard agar plate is between 25 and 250
for most bacteria and Candida albicans. This range was established in the food industry for
counting coliform bacteria in milk. This range is acceptable for compendial organisms, except for
fungi. It is not optimal for counting all environmental isolates. The recommended counting range
for Aspergillus niger
brasiliensis 2S (USP42)
is between 8 and 80 cfu/plate. The use of membrane filtration to recover challenge
microorganisms, or the use of environmental isolates as challenge microorganisms in
antimicrobial effectiveness testing, requires validation of the countable range. This validation
may be performed by statistical comparison of estimated cfu from successive pairs in a dilution
series. Prepare a suspension so that plating will provide approximately 1000 cfu per plate, and
then dilute twofold to a theoretical concentration of approximately 1 cfu per plate. Plate all
dilutions in the series in duplicate, and incubate for recovery under the conditions of the
Antimicrobial Effectiveness Testing 〈51〉. Compare the estimates of cfu per mL from paired tubes
in the dilution series by the formula:

in which Lcfu is the number of colonies on the plate with the lower count (greater dilution), and
Hcfu is the number of colonies on the plate with the higher count (lesser dilution). The
estimates of the cfu per mL provided by Lcfu and Hcfu should agree within the limits of the
formula with a critical value of 1.96. The upper limit of plate counts is then defined as the
number (Hcfu) that reproducibly passes this test. This study should be independently repeated a
sufficient number of times to establish an upper limit of cfu for the particular plating conditions.
There is a lower limit at which the ability of the antimicrobial effectiveness test to recover
microorganisms becomes untenable. If the first plating is performed with 1 mL of a 10–1 dilution,
cfu in the range of 1 to 10 per mL would not be seen. On this dilution plating, only the lower
number of cfu may be reduced to 3, allowing as few survivors as 30 cfu per mL to be reported.

2S (USP42)
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Lower counting thresholds for the greatest dilution plating in series must be justified. Numbers
of colonies on a plate follow the Poisson distribution, so the variance of the mean value equals
the mean value of counts. Therefore, as the mean number of cfu per plate becomes lower, the
percentage error of the estimate increases (see Table 2
Table 3). For example, 2S (USP42)
3 cfu/plate at the 10–1 dilution provide an estimate of 30 cfu/mL, with an error of 58% of the
estimate.
Table 2
Table 3. 2S (USP42)
Error as a Percentage of Mean for Plate Counts
cfu/Plate
Standard Error
Error as % of Mean
30
5.48
18.3
29
5.39
18.6
28
5.29
18.9
27
5.20
19.2
26
5.10
19.6
25
5.00
20.0
24
4.90
20.4
23
4.80
20.9
22
4.69
21.3
21
4.58
21.8
20
4.47
22.4
19
4.36
22.9
18
4.24
23.6
17
4.12
24.3
16
4.00
25.0
15
3.87
25.8
14
3.74
26.7
13
3.61
27.7
12
3.46
28.9
11
3.32
30.2
10
3.16
31.6
9
3.00
33.3
8
2.83
35.4
7
2.65
37.8
6
2.45
40.8
5
2.24
44.7
4
2.00
50.0
3
1.73
57.7
2
1.41
70.7
1
1.00
100.0
Recent Official Publications:

PF 44(5): Sep.-Oct. 2018

591

USP41–NF36 Page 7672
BRIEFING

〈 1229.16〉 Prion Sterilization. Prions are transmissible agents comprised of abnormal
proteinaceous materials that lead to the precipitation of healthy protein within eukaryotic cells,
leading to cell death. Prions have been associated with transmissible spongiform
encephalopathies (TSE), fatal neurological diseases, that occur in humans and other animals.
This proposed chapter provides an overview of the methods used to destroy prions present in
articles.
(GCM: R. Tirumalai.)
Correspondence Number—C204435
Comment deadline: November 30, 2018
Add the following:

〈 1229.16〉 PRION STERILIZATION
INTRODUCTION
Prions are transmissible agents comprised of abnormal proteinaceous materials that lead to
the precipitation of healthy protein within eukaryotic cells, leading to cell death. Prions have
been associated with transmissible spongiform encephalopathies (TSE), fatal neurological
diseases, that occur in humans and other animals. Some examples of TSE are Creutzfeldt-Jakob
disease (CJD) in humans, scrapie in sheep, and bovine spongiform encephalopathy (BSE) in
cattle. Prions are considered highly resistant to most physical and chemical destruction agents,
and in many cases are more resistant than bacterial spores to these agents (1).
EFFECTIVE METHODS OF DESTRUCTION
Chemical Methods
Effective physical removal and prion degradation (or fragmentation) have been demonstrated
using a variety of alkaline cleaning formulations, typically at pH >9. The usefulness of these
harsh solutions varies considerably depending on the formulation, concentration, pH, and
cleaning process conditions (e.g., exposure time, temperature). Reported results regarding the
chemical inactivation of prions have been inconsistent because of numerous variables involving
the prion (e.g., strain, concentration, underlying tissue, test species) and the chemical
treatment (e.g., agent, concentration, process parameters). The known effective prioninactivating chemical agents include chlorine (delivered in various forms), phenolic compounds,
guanidine thiocyanate, and sodium hydroxide, among others (2).
Thermal Methods
The destruction of prions by moist heat has been reported across a wide range of
temperatures (from 100°–138°), which reflects the diversity of the challenge presented (2).
Empirical confirmation is recommended in the selection of any thermal process.
Combination Methods
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The combination of chemical and thermal methods provides the greatest confidence in prion
titer reduction. The most effective process for prion decontamination is moist heat (or
superheating under pressure) over time (e.g., 121° for ≥1 h, 132°–136° for ≥18 min) in
concentrated alkaline solutions such as sodium hydroxide (NaOH) at 1–2 N. Lower
concentrations of sodium hydroxide and potassium hydroxide have been shown to be effective
against surface prion contamination when used in combination with surfactants supplemented
with other chemical additives. An example is a disinfectant formulation containing 0.2% sodium
dodecyl sulfate (SDS), 0.3% sodium hydroxide, and 20% n-propanol; this combination has been
shown to be effective against prions, bacteria, and viruses. The effects of alkali and steam
sterilization on prions have been studied and shown to cause protein and peptide fragmentation
over time; these effects can be enhanced at increased concentrations of the alkali solution
and/or higher temperatures (1). When working with hazardous chemical methods, there are
practical problems that need to be considered, such as the potential exposure of operators
being splashed with sodium hydroxide, the eventual deleterious effects on the autoclave
chamber, and the potential detrimental effects on medical devices due to surface reactive
damage to metals and plastics. In addition to sodium hydroxide, sodium hypochlorite (chlorine)
solutions are widely used as anti-prion chemicals (3).
METHODS THAT ARE NOT EFFECTIVE
Although it would be ideal to use commercially available disinfection solutions to serve the
dual purpose of eliminating both microbial and prion contamination, this may not always be
possible. The following disinfectants or disinfection processes have been shown to be
ineffective for prion decontamination: formaldehyde, glutaraldehyde, alcohols, radiation (ionizing
or nonionizing), dry heat, ethylene oxide, most phenolics, quaternary ammonium compounds,
pasteurization, and boiling (4).
REFERENCES
1. Rutala W, Weber D. Creutzfeldt-Jakob disease: Recommendations for disinfection and
sterilization. Clin Infect Dis. 2001;32(9):1348–1356.
2. McDonnell GE. Mechanisms of microbial resistance. In: Antisepsis, Disinfection, and
Sterilization: Types, Action, and Resistance. 2nd ed. Sterling, VA:ASM
Press;2017:285–393.
3. McDonnell GE. Transmissible spongiform encephalopathies and decontamination. In:
Fraise AP, Maillard J, Sattar SA, eds. Principles and Practice of Disinfection,
Preservation, and Sterilization. 5th ed. Hoboken, NJ:Wiley-Blackwell;2012:208–228.
4. McDonnell GE. Decontamination of prions. In: Walker JH, ed. Decontamination in
Hospitals and Healthcare. Cambridge, UK: Woodhead Publishing;2014:346–369.
2S (USP42)

BRIEFING

〈 1236〉 Solubility Measurements, PF 43(2) [Mar.–Apr. 2017]. The previous proposal for this
new general information chapter in PF 43(2) has been canceled and is being replaced with a
new proposal. This proposed new chapter provides an overview of the concepts and equations
that are relevant to solubility measurements. The chapter also briefly describes typical
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experimental methods used to assess solubility of pharmaceutical materials and discusses the
use of solubility measurements to obtain biorelevant and species-dependent solubility for human
and veterinary products, respectively.
Additionally, minor editorial changes have been made to update this chapter to current USP
style.
(GCPA: A. Hernandez-Cardoso.)
Correspondence Number—C179619
Comment deadline: November 30, 2018
Add the following:

〈 1236〉 SOLUBILITY MEASUREMENTS
INTRODUCTION
BACKGROUND
Thermodynamic Equilibrium and Solubility
Methods of Estimating Aqueous Solubility
Factors that Affect Solubility and Solubility Measurements
EXPERIMENTAL METHODS
Methods for Determination of Equilibrium Solubility
METHODS FOR DETERMINATION OF APPARENT SOLUBILITY
Intrinsic Determination (Rotating Disk)
Potentiometric Titration
Turbidimetry
Physical Assessment of Solubility
SOLUBILITY MEASUREMENTS IN BIORELEVANT MEDIA
Human Fasted-State Simulated Gastric Fluid (FaSSGF)
Human Fed-State Simulated Gastric Fluid (FeSSGF)
Human Fasted-State Simulated Intestinal Fluid (FaSSIF-V2)
Human Fed-State Simulated Intestinal Fluid (FeSSIF-V2)
Human Simulated Colonic Fluid—Proimal Colon (SCoF2)
Human Simulated Colonic Fluid—Distal Colon (SCoF1)
Canine Fasted-State Simulated Gastric Fluid (FaSSGFc pH 1.2–2.5)
Canine Fasted-State Simulated Gastric Fluid (FaSSGFc pH 2.5–6.5)
Canine Fasted-State Simulated Intestinal Fluid (FaSSIFc)
Bovine Simulated Ruminal Fluids
GLOSSARY
REFERENCES
INTRODUCTION1
Solutes may differ in both the extent and the rate at which they dissolve in a solvent.
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Solubility is the capacity of the solvent to dissolve a solute whereas dissolution rate is how
quickly the solubility limit is reached. Equilibrium solubility is the concentration limit, at
thermodynamic equilibrium, to which a solute may be uniformly dissolved into a solvent when
excess solid is present. The apparent solubility may be either higher or lower than the
equilibrium solubility due to transient supersaturation or incomplete dissolution due to
insufficient time to reach equilibrium. Practically, solubility measurements may never truly be at
equilibrium, but we can define equilibrium as sufficiently converged that it no longer changes
significantly during a certain time frame. Solubility may be stated in units of concentration such
as molality, mole fraction, mole ratio, weight/volume, or weight/weight.
Solubility can be expressed in absolute as well as relative terms. One method of describing
the absolute solubility is the descriptive solubility defined in General Notices, 5.30 Description
and Solubility. Relative measures of the solubility are important for predicting the drug delivery
characteristics of a dosage form and characterizing a drug as either high solubility or low
solubility in the biopharmaceutics classification system (BCS) (1). For human administration, a
drug is considered highly soluble when the highest dose strength is soluble in 250 mL (or less)
over the entire pH 1–6.8 range at a temperature of 37°.
Accurate determination of the solubility of pharmaceutical materials is important for
understanding both quality control and drug delivery issues for pharmaceutical formulations.
The aqueous solubility (see the Glossary) of a material is affected by the physicochemical
properties of the material (e.g., surface area, particle size, crystal form), the properties of the
solubility media (e.g., pH, polarity, surface tension, added surfactants, co-solvents, salts), and
the control of the solubility measurement parameters (e.g., temperature, time, agitation
method). Control of these factors during solubility measurements is key to obtaining accurate,
reliable values for the equilibrium solubility of a material.
This chapter will begin with a discussion of the concepts and equations that are relevant to
solubility measurements. Understanding these relationships is fundamental to accurate
evaluation of solubility. This will be followed by a brief description of typical experimental
methods used to assess solubility of pharmaceutical materials. Finally, the use of solubility
measurements to obtain biorelevant solubility (for human products) and species-dependent
solubility (for veterinary products) will be discussed.
BACKGROUND
Thermodynamic Equilibrium and Solubility
The Gibbs free energy of mixing determines whether, and to what extent, two compounds mix
to form a homogeneous phase.

ΔGmix

= Gibbs free energy of mixing
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ΔHmix

= enthalpy of mixing; indicates if the mixing is an endothermic or exothermic
process
T
= temperature in degrees Kelvin
ΔSmix
= change in entropy (disorder) that results from mixing
If the change in the Gibbs free energy is negative, the mixing will be thermodynamically
favored. When equilibrium is reached, ΔG will be equal to zero. The enthalpy of mixing is due to
the breaking of cohesive interactions (solute–solute, solvent–solvent) and the creation of
adhesive interactions (solute–solvent). In other words:

ΔHmix
U
V

= enthalpy of mixing
= solute
= solvent

If the enthalpy change,
, is negative, the
mixing will be exothermic and reflect that the adhesive interactions are stronger than the
cohesive interactions. For an ideal system, ΔHmix is zero because the interactions between the
ideal solute and ideal solvent are identical. Therefore, for an ideal system:

R = gas constant
XU = concentration of the solute expressed as a mole fraction
When a crystalline solid is in equilibrium with a saturated solution of the same solute, the Gibbs
free energy of the solid and the saturated solution must be equal. Also, the Gibbs free energy
of the solution can be considered to be the result of mixing of the ideal solvent and the liquid of
the ideal solute. Therefore:

According to Kirchhoff’s law, the energy of an irreversible process is equal to the energy of a
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series of reversible processes between the same end points. Therefore, the process of
dissolution of the solid is equivalent to heating the solid to the melting point, followed by mixing
of the liquid solute with the solvent, and finally cooling of the solution back down. Using
Kirchhoff’s law and the above equation, it can be shown (2) that:

= mole fraction of the ideal solute soluble at a
temperature of 25°

MP

= melting point of the crystalline solid (in degrees
Celsius)
This equation illustrates how the melting point of a crystalline solid relates to the molar
solubility. Crystalline compounds with higher melting points have higher cohesive interactions
that must be overcome to convert them into liquids that can be mixed with the solvent as ideal
solutes.
Methods of Estimating Aqueous Solubility
Yalkowsky demonstrated (2,3) that a relatively simple general solubility equation (GSE) may
be used to empirically estimate the intrinsic solubility of compounds in water.

S0
= intrinsic solubility (of the unionized molecule)
MP
= melting point of the crystalline solid (in degrees Celsius)
KOW
= octanol–water partition coefficient; the temperature of the water is 25°
The GSE indicates that the aqueous solubility will be reduced for compounds with a higher
melting point and compounds with a higher tendency to partition into an oil phase (octanol).
The logarithm of the octanol–water partition in the GSE accounts for the difference between an
ideal solution and an aqueous solution due to the enthalpy of mixing (3). The GSE can also be
used to predict the solubility of ionizable compounds by combining it with the
Henderson–Hasselbalch equation if the pKa is known (see Effect of pH).
Use of GSE requires the measurement of the melting point and partition coefficient (and pKa
for ionizable compounds). There are several computer programs that will support the estimation
of the partition coefficient and the pKa for compounds based on structure (4), but this is not
the case for melting points. Efforts to develop computational methods to predict aqueous
solubilities have relied on training sets of molecules to search for correlations with properties
that can be more easily predicted from the structure (e.g., molecular weight, solvent-
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accessible surface area, number of rotatable bonds, etc.) (5). The success of these
computational approaches is often limited to molecules that are similar to the training set.
These calculational methods are adequate for providing assistance in prescreening synthetic
candidates, but are not sufficiently accurate to substitute for experimental solubility.
Factors that Affect Solubility and Solubility Measurements
EFFECT OF PH
The solubility of ionizable acids and bases is pH dependent because the charged species have
a higher affinity for the aqueous environment than the neutral form. The
Henderson–Hasselbalch equation relates the increase in the solubility to the pH of the solution
relative to the pKa (acidic) or pKa (basic) of the ionizable acid or base.

pKa
Ka
[A−]
[HA]

= −log(Ka)
= acid dissociation constant
= molar concentration of the acid’s conjugate base
= molar concentration of the undissociated weak acid

pKa
Ka
[B]
[BH+]

= −log(Ka)
= base dissociation constant
= molar concentration of the base’s conjugate base
= molar concentration of the dissociated base

The Henderson–Hasselbalch equation helps explain the increase in solubility at the first pKa,
but is not useful for modeling the behavior of multiprotic acids over a pH range incorporating
additional pKa values. Because ionizable molecules can differ in the number and type of ionizable
groups, it is important to explore solubility across a range of pH values. Figure 1 illustrates this
pH dependence of the solubility for a molecule with two ionization constants of 5.6 and 11.7.
The molecule is charged below pH 5.6 and above 11.7 and is neutral between these two pH
values. Where the molecule is unionized, the solubility is equal to the intrinsic solubility. For the
ionized molecule, the solubility increases on a log scale as the pH changes. The formation of a
salt will limit the solubility at a low or high pH (see Figure 1). If the acid used to adjust the pH
contributes the counter-ion for the salt, the common-ion effect will further suppress the
solubility as the counter-ion concentration is increased (see Figure 1). If the salt is dissolved
at higher pH, the salt may supersaturate the solution initially, but will eventually precipitate as
whatever solid form has lower solubility at that pH (6).
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Figure 1. Effect of pH on solubility for an ionizable compound. When the molecule is unionized,
the solubility is equal to the intrinsic solubility. For the ionized molecule, the solubility increases
on a log scale as the pH changes. The salt solubility limits the solubility at a low pH. If the acid
used to adjust the pH contributes the counter-ion for the salt, the common-ion effect will
further suppress the solubility as the counter-ion concentration is increased (apparent at pH <2
in the figure).
EFFECT OF SALTS AND COUNTER-IONS
Ionizable compounds can also form salts with an oppositely charged counter-ion (6). In a
solution, in the presence of the charged counter-ion, the solubility of the charged molecule is
given by the solubility product that describes this equilibrium reaction as follows:

The maximum solubility of the salt in a solution is also illustrated in Figure 1. As a result of
the formation of the salt, the actual solubility of the charged molecule is seen to plateau (at a
pH below the pKa of the drug in this example) instead of continuing to increase as predicted by
the Henderson–Hasselbalch equation. Because the solubility product, Ksp, is a constant, the
solubility of the ionizable moiety may drop even further if the acid being used to adjust the pH
increases the concentration of the oppositely charged counter-ion. The reduction in the
solubility of the charged molecule as the counter-ion concentration is increased is referred to
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as the common-ion effect (6). This is frequently seen when hydrochloric acid (HCl) is used to
reduce the pH, and the solubility of the chloride salt is reduced due to increasing chloride
concentration (e.g., at pH <2). Although not illustrated in Figure 1, salts may also limit the
solubility on the basic side of the plot (e.g., a sodium salt of an acid moiety), and the commonion effect may similarly affect the solubility at a high pH when the compound used to adjust the
pH has a common-ion (e.g., sodium hydroxide).
EFFECT OF CO-SOLVENTS
Water is often a poor solvent for many pharmaceutical ingredients, but water is miscible with
other solvents that may provide good solubility for these substances (e.g., ethanol, propylene
glycol, polyethylene glycol, etc.). According to the log-linear model (2), the log S of the solute
can generally be linearly interpolated between two miscible co-solvents. This relationship is
illustrated in Figure 2. When this solubility plot is switched to a linear scale, it becomes evident
that even low concentrations of the poor solvent (typically water) in the co-solvent mixture
can dramatically reduce the solubility for the solute. For this reason, solutions containing cosolvents are particularly prone to precipitation when diluted due to the significant change in
solubility. [Note—This simple model, as depicted in Figure 2, assumes that maximum solubility
occurs at 100% of the good solvent and this may not be the case for all co-solvent systems.]

Figure 2. Illustration of the log-linear model of Yalkowsky and co-workers (2). The log of
solubility appears to be linear as a function of the co-solvent fraction. When plotted on a linear
scale, it is apparent that the solubility drops exponentially as the poor solvent is added to the
better solvent.
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EFFECT OF SURFACTANTS
Above the critical micelle concentration (CMC), the number of micelles in a solution increases
linearly as the concentration of surfactant increases. If a pharmaceutical material is able to
partition into the micelle, its solubility will increase linearly as the number of micelles increases
(see Figure 3). The CMC for surfactants is affected by both temperature and ionic strength. As
an example, the CMC for sodium lauryl sulfate is 6 mM, and the CMC for polysorbate 80 is 0.012
mM, in pure water at 25°.

Figure 3. Solubility enhancement by surfactants. Solubilization requires the formulation of
micelles. Below the CMC, added surfactant results in monomers of surfactant dissolved in the
solvent and no solubility enhancement occurs. Above the CMC, the solubility increases linear.
The slope of this linear increase indicates the solubilization efficiency of the micelles.
As illustrated in Figure 3, the solubility in the presence of surfactants is the additive
combination of the amount dissolved in the aqueous phase plus the amount solubilized by the
micelles. The micelles will be larger than the solute and will diffuse more slowly than the solute.
Drug delivery in the presence of micelles will be due to the absorption of the free drug in
solution as well as drug delivery by micelle-mediated transport (5,6). Therefore, solubilization
by surfactants may not result in an enhancement in drug delivery that is directly proportional to
the increase in aqueous solubility (5,6).
EFFECT OF COMPLEXING AGENTS
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Complexing agents may form complexes with low-solubility materials and enhance the
solubility. Regardless of the ratio of ligand to solute in these complexes (e.g., 1:1, 2:1, 3:1,
etc.), the solubility enhancement is expected to increase as the concentration of the
complexing agent increases (7). This is very similar to solubilization by surfactants except there
will not be a minimum concentration of the complexing agent required. Complexes with highstability constants may bind solutes strongly enough to enhance aqueous stability.
Cyclodextrins are often used to enhance solubility by forming complexes with drug substances.
EFFECT OF SURFACE AREA (DISSOLUTION RATE)
The Noyes–Whitney equation (as expressed by Nernst and Brunner) states:

C = concentration of the solute in the solvent at time, t
D = diffusivity of the solute
A = surface area of the solute particles
CS = saturated solubility of the solute
h = thickness of the diffusion layer
For small particles, the diffusion layer thickness, h, is typically assumed to be equal to the
particle radius (= ½d). This equation indicates that the smaller particles will have greater
surface area and will dissolve more quickly. In order to reach the equilibrium solubility as quickly
as possible, the surface area should be kept as high as possible (i.e., smaller particles) and the
diffusion layer thickness kept as small as possible (i.e., good mixing) (8).
For spherical particles, the surface area, A, can be expressed as a function of the total mass,
M:

ρ
d

= density
= particle diameter

The dissolution rate of a material will not affect the equilibrium solubility, but will affect how
quickly this equilibrium is achieved.
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EFFECT OF SURFACE ENERGY
When the particle size of the solute is less than 1 micron, the surface energy of the particle
may affect the solubility. According to the Kelvin equation, smaller particles have higher
solubility than larger particles due to the effect of the surface energy on the total Gibbs free
energy of the system. The Kelvin equation quantifies this as:

S
S0

= apparent solubility
= solubility of an infinitely large particle
= surface energy of the solute
Vm
= molecular volume of the solute
R
= gas constant
T
= temperature
d
= diameter of the particle
Typically, this effect on solubility only becomes significant for particles smaller than 1 micron.
The solubility difference between smaller and larger particles leads to so-called Ostwald
ripening in polydisperse suspensions. The small particles dissolve and result in a solution that is
supersaturated relative to the solubility of the larger particles. This leads to recrystallization on
the surface of the larger particles. The larger particles grow in size while the smaller particles
dissolve resulting in an increase in the mean particle size of the suspension (9).
EXPERIMENTAL METHODS
Methods for Determination of Equilibrium Solubility
SATURATION SHAKE-FLASK METHOD
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The shake-flask method is based on the phase solubility technique that was developed 40
years ago and is still considered by most to be the most reliable and widely used method for
solubility measurement today (10–17). The shake-flask method should be used when equilibrium
solubility needs to be determined. Other methods may be used to evaluate apparent solubility,
but are not considered suitable for evaluation of true equilibrium solubility.
The solubility medium selected for solubility measurements should be selected to be relevant
to the application with efforts made to control the surfactant type and concentration, the ionic
strength of the buffer, and the types of counter-ions present in the buffer. When the results
are intended to predict absorption or bioavailability, it is recommended that one of the
biorelevant media solutions be used (see Solubility Measurements in Biorelevant Media). When
the results are intended to support the development of dissolution tests, it is recommended
that the dissolution medium be used. For research purposes, when the pH dependence of the
compound is being evaluated, a buffer that allows control of ionic strength and counter-ion
types over a wide pH range is recommended (e.g., Britton–Robinson or Sörensen buffers). For
solubility measurements that will be used for BCS classification, USP-recommended buffers
should be used (18).
Sample preparation: The test substance is typically prepared by adding an excess of solid to
the solubility medium, which is in a stoppered flask or vial. The amount of medium in the flask or
vial does not need to be measured accurately. It is recommended that the solid be added to
the solubility medium at about 1–2 mg/mL in excess of the estimated solubility. (For lowsolubility compounds, a concentration of 1–2 mg/mL may be sufficient.) The surface area of the
solid may be increased by grinding (e.g., in a mortar and pestle) prior to addition or by
sonication of the sample after addition of the solid to the medium. [Caution—It is advised to
use caution when employing high-energy methods to increase the surface area because it may
alter the solid form of the solute.] It is recommended that sample preparation be performed in
triplicate to provide at least 3 solubility results for each test condition.
Equilibration of solution: To facilitate dissolution of the solid, the suspension should be
actively mixed or agitated. As a good initial time of incubation, 24 h can be recommended;
however, the suitability of the selected equilibration time must be verified. The temperature of
the suspension should be well controlled during this dissolution phase (±0.5°). Following the
dissolution phase, it is recommended that the excess solid be allowed to sediment completely.
Sedimentation and decantation is recommended as the safest method for separation of the
solid from the saturated solution. For non-clarifying colloid solutions, centrifugation can be
used. Sampling of the supernatant should avoid incorporating any undissolved solid, as this will
significantly affect the solubility result. The transfer pipet needs to be pretreated with sample
solution before use, so that surface adsorption is not altering the transferred solution. If
filtration cannot be avoided, then it is essential that the proper filter type is selected. For
polar, ionized species hydrophobic (nylon) is recommended, while for unionized species the
hydrophilic type filters [polyvinylidene difluoride (PVDF), polyethersulfone (PES)] are
recommended. The filtration should be done after sedimentation, and not directly after
agitation. Presaturation of the filter is necessary (i.e., the initial portions of filtrate should be
discarded). The temperature of the suspension during the sedimentation and centrifugation
steps must also be well controlled (±0.5°) and be equivalent to the temperature at which
solubilization occurred.
Saturation (equilibrium) has been reached when multiple samples, assayed after different
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equilibration time periods, yield equivalent results (e.g., change by less than 5% over 24 h). To
confirm that the apparent solubility is the equilibrium solubility, it is recommended that the
same suspension be re-equilibrated via the same procedure (e.g., mix for an additional 24 h).
Analysis of solution: The requirements for the analytical method used to quantitate the
concentration of the solute, and the level of analytical validation required, should be
commensurate with the intended use of the solubility data. In general, the method should be
linear and specific. The supernatant solution may need to be diluted before analysis to be
within the linearity of the analytical method and to avoid possible precipitation. The solution
may be analyzed by UV-Vis spectrometry, or by liquid chromatography methods, to determine
the soluble concentration. The advantage of HPLC is that it can detect instability by resolving
drug-related impurities (12,19).
It is recommended that the excess solid in the suspension be analyzed at the end of the
solubility measurement to verify that the solid form has not changed. Powder X-ray diffraction
(PXRD), or Raman or near infrared (NIR) spectrometry or evaluation of the melting point by
differential scanning calorimetry (DSC) are examples of techniques that can be used to
evaluate the solid form. Solutes that are unstable (either chemically or physically) during the
equilibration time are not suitable for equilibrium solubility measurements by the shake-flask
method. For example, amorphous drugs that will convert to lower solubility salts or polymorphs
should be analyzed using one of the apparent solubility methods.
Reporting of solubility results: If a non-standard composition for the media is used in the
solubility determination, the details of the composition should be reported. The ionic strength of
the media used in the solubility determination should be calculated and reported with the
solubility result. The pH of the supernatant solution should be recorded (at the temperature of
the solubility measurement) when the sample is withdrawn for analysis. When using welldefined, standard media, it is recommended that the pH of the media not be adjusted to
compensate for alteration of the pH by the dissolving species, rather, the solubility value should
be reported at the pH value and temperature observed at the end of the equilibration step
(11,17). If the pH of the media is significantly affected by the dissolving species and solubility
at a particular pH is desirable, it is recommended to perform an additional solubility
measurement in a higher buffer-capacity medium. Report the mean temperature and the
precision of temperature control during the equilibration. If verification of the solid form
indicates that the solid has converted to another form, the solubility result should be reported
as a solubility measurement of the new solid form. In cases where the solid form has changed,
it is likely that the new solid form has a lower solubility than the initial solid form.
The precision of the reported equilibrium solubility should reflect the level of agreement
between the measurements rather than the precision of the solubility analysis. Standard
deviations in the measured solubility (based on averaging 3 or more independent samples)
should be included.
METHODS FOR DETERMINATION OF APPARENT SOLUBILITY
Intrinsic Determination (Rotating Disk)
The measurement of intrinsic dissolution is described more fully in Apparent Intrinsic
Dissolution—Dissolution Testing Procedures for Rotating Disk and Stationary Disk 〈1087〉. This
measurement technique may also be used to assess the solubility.
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To apply this method to the measurement of solubility, the dissolution experiment must be
continued to the point that the rate of dissolution is insignificant (e.g., less than 5%/24 h or
less than 0.2%/h).
All the requirements discussed for the shake flask method in Analysis of solution and
Reporting of solubility results will also apply to measurements using the intrinsic dissolution
apparatus.
Potentiometric Titration
The potentiometric acid–base titration for solubility measurements is based on a
characteristic shift in the middle of the titration curve that is caused by precipitation (20). For
the titration, accurate volumes of a standardized acid or base are added to a solution
containing an ionizable substance and a salt, for example, 0.15 M potassium chloride (KCl),
which is included to increase the accuracy of the measurements. Sparging (a technique that
involves bubbling a chemically inert gas, such as nitrogen, argon, or helium through a liquid)
with argon prevents carbon dioxide (CO2 ) from the atmosphere from influencing the pH value. A
glass electrode is used to monitor the pH value continuously. The potentiometric titration curve
is obtained by plotting the pH value against the consumed volume of acid/base (20).
Turbidimetry
Turbidimetry involves the dissolution of a compound in an organic solvent, for example,
dimethyl sulfoxide (DMSO). The resulting solution is added to a buffer solution in intervals
adequate to characterize changes in turbidity. Further aliquots of the solution are added after
the first detection of turbidity by light scattering. Subsequently, the volume added can be
plotted against the turbidity. The solubility is then estimated by back-extrapolation to the point
where precipitation began. This method can be used to measure as many as 50–300
samples/day. When using solvents such as DMSO, drawbacks include the increase in solubility
of the drug substance for the short duration of the experiment, which leads to a kinetic rather
than thermodynamic solubility, the formation of a super saturated solution, and the undefined
crystalline form of the precipitated solid (unless it is removed from the suspension and
characterized).
Physical Assessment of Solubility
For compounds with extremely high solubility, as well as for biologics and other molecules that
lack chromophores or are not easy to quantitate in solution, a physical assessment of solubility
may be used to assess apparent solubility. In this case, the principal of measurement is the
loss of solid material to the solution phase. Equilibrium may be assessed by both the stability of
the weight loss as well as the stability of the change in the physical properties of the resulting
solution (e.g., refractive index, density, osmolality, etc.). Because the physical assessment of
solubility does not involve a specific or stability-indicating assay, it is recommended that some
attempt be made to verify the stability and purity of the solute. Also, evaporation of the
solvent should be carefully monitored and controlled during the solubility measurement
performed by this method.
SOLUBILITY MEASUREMENTS IN BIORELEVANT MEDIA (21–25)
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The use of simple aqueous buffers to evaluate the aqueous solubility of a drug substance as
a function of pH may underestimate the bioavailability (21,22). The media recipes presented
here are examples that may be used to evaluate the solubility in simulated human, canine, and
bovine (ruminant) fluids to make improved estimates of bioavailability.
The temperature of the solubility medium should be controlled at ±0.5° during biorelevant
solubility measurements. Biorelevant solubility measurements should follow the shake-flask
method, including solubility measurements at multiple time points to confirm that equilibrium has
been achieved. The salt form of a drug added to the solubility medium may significantly affect
the composition of the medium (i.e., ionic strength, pH, etc.). Therefore, the solubility of a salt
and a free base of the same drug should not be assumed to be equivalent unless proven
through independent measurements starting with the different crystalline solids.
Human Fasted-State Simulated Gastric Fluid (FaSSGF) (23)
The pH is 1.6 at 37°. See Table 1 for the media composition.

Ingredient
Hydrochloric acid
Sodium chloride
Sodium taurocholate
Lecithin
Pepsin

Table 1
Concentration
(mM)
~31.3 (q.s. to pH 1.6)
34.2
0.08
0.02
—

Concentration
(g/L)
~1.14 (q.s. to pH 1.6)
2.00
0.04
0.015
0.1

Human Fed-State Simulated Gastric Fluid (FeSSGF) (23)
The pH is 5 at 37°. See Table 2 for the media composition.

Ingredient
Hydrochloric acid
Sodium hydroxide
Sodium chloride
Sodium acetate
Acetic acid
Milk, whole

Table 2
Concentration
(mM)
(q.s. to pH 5)
(q.s. to pH 5)
237.0
29.75
17.12
1:1

Concentration
(g/L)
(q.s. to pH 5)
(q.s. to pH 5)
13.85
4.048
1.028
1:1

Prepare buffer and then mix 1:1 with milk. Adjust to a pH of 5, if necessary.
Human Fasted-State Simulated Intestinal Fluid (FaSSIF-V2) (23)
The pH is 6.5 at 37°. See Table 3 for the media composition.
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Ingredient
Maleic acid
Sodium hydroxide
Sodium chloride
Sodium taurocholate
Lecithin

Table 3
Concentration
(mM)
19.12
34.8
68.6
3.0
3.0

Concentration
(g/L)
2.219
1.183
4.01
1.7
0.15

Human Fed-State Simulated Intestinal Fluid (FeSSIF-V2) (23)
The pH is 5.8 at 37°. See Table 4 for the media composition.

Ingredient
Maleic acid
Sodium hydroxide
Sodium chloride
Sodium taurocholate
Lecithin
Glyceryl monostearate
Sodium oleate

Table 4
Concentration
(mM)
55.02
81.65
125.5
10
2.0
5.0
0.8

Concentration
(g/L)
2.776
6.386
7.334
5.5
1.5
1.8
0.24

Human Simulated Colonic Fluid—Proimal Colon (SCoF2) (24)
The pH is 5.8 at 37°. See Table 5 for the media composition.

Ingredient
Sodium hydroxide
Acetic acid, glacial

Table 5
Concentration
(mM)
~159 (q.s. to pH 5.8)
170

Concentration
(g/L)
~5.4 (q.s. to pH 5.8)
10.2

Human Simulated Colonic Fluid—Distal Colon (SCoF1) (24)
The pH is 7.0 at 37°. See Table 6 for the media composition.
Table 6
Ingredient
Potassium chloride
Sodium chloride
Potassium phosphate, monobasic
Sodium phosphate, dibasic

Concentration
(g/L)
0.2
8
0.24
1.44

Canine Fasted-State Simulated Gastric Fluid (FaSSGFc pH 1.2–2.5) (25)
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Canine gastric pH can vary substantially. Due to interstudy variations in the canine gastric pH
estimates, solubility should be evaluated over a range of 1.2–6.5. The pH of this fluid is
adjusted by altering the amount of hydrochloric acid so that pH values in the range of 1.2–2.5
may be achieved. The pH is 1.2–2.5 at 37°. See Table 7 for the media composition.

Ingredient
Hydrochloric acid
Sodium chloride
Sodium taurocholate
Sodium taurodeoxycholate
Lecithin
Lysolecithin
Sodium oleate

Table 7
Concentration
(mM)
~3.6–82 (q.s. to pH 1.2–2.5)
14.5
0.10
0.10
0.025
0.025
0.025

Concentration
(mg/mL)
~0.13–3 (q.s. to pH 1.2–2.5)
0.847
0.055
0.054
0.019
0.012
0.0076

Canine Fasted-State Simulated Gastric Fluid (FaSSGFc pH 2.5–6.5) (25)
Canine gastric pH can vary substantially. Due to interstudy variations in the canine gastric pH
estimates, solubility should be evaluated over a range of 1.2–6.5. The pH of this fluid is
adjusted by altering the amount of sodium hydroxide so that pH values in the range of 2.5–6.5
may be achieved. The pH is 2.5–6.5 at 37°. See Table 8 for the media composition.

Ingredient
Maleic acid
Sodium hydroxide
Sodium chloride
Sodium taurocholate
Sodium
taurodeoxycholate
Lecithin
Lysolecithin
Sodium oleate

Table 8
Concentration
(mM)
21.68
~14.5–40 (q.s. to pH
2.5–6.5)
18.81
0.10

Concentration
(g/L)
2.516
~0.58–1.6 (q.s. to pH
2.5–6.5)
1.099
0.055

0.10
0.025
0.025
0.025

0.054
0.019
0.012
0.0076

Canine Fasted-State Simulated Intestinal Fluid (FaSSIFc) (25)
The pH is 7.5 at 37°. See Table 9 for the media composition.
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Table 9
Ingredient
Sodium dihydrogen phosphate, monohydrate
Sodium hydroxide
Sodium chloride
Sodium taurocholate
Sodium taurodeoxycholate
Lecithin
Lysolecithin
Sodium oleate

Concentration
(mM)
28.65
21.66
59.63
5.0
5.0
1.25
1.25
1.25

Concentration
(mg/mL)
3.953
0.7364
3.485
2.8
2.7
0.96
0.62
0.38

Bovine Simulated Ruminal Fluids (26–28)
The media defined here are suitable to represent bovine as well as other ruminant species.
The normal pH of a healthy reticulo-rumen is in the 5.5–6.8 range. High-grain diets typically
result in a lower ruminal pH (~5.5), whereas high-forage diets result in a higher ruminal pH
(~6.8).
In the abomasum (true stomach), the pH is about 2–3 and is similar to conditions observed in
monogastrics and humans. To represent the abomasum, one may use 0.01 M hydrochloric acid
(pH 2), 0.0033 M hydrochloric acid (pH 2.5), or 0.001 M hydrochloric acid (pH 3). Intestinal pH
in ruminants is similar to that observed in monogastrics and humans. The pH at the pylorus is
about 3.0 and increases to about 7.5 in the ileum. To represent the bovine intestinal fluids, one
may use one of the simulated intestinal fluids defined for human or canine.
The temperature is 39°. [Note—The pH of media should be confirmed at 39°.] See Table 10
for the media composition.
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Ingredient
Tryptone
Sodium bicarbonate
Potassium phosphate
monobasic anhydrous
Sodium phosphate dibasic
anhydrous
Ammonium bicarbonate
Magnesium sulfate
heptahydrate
Acetic acid
Propionic acid
Butyric acid
Sodium acetate trihydrate
Sodium propionate
Sodium butyrate
Micromineral stock solution
(see Table 11)
pH
Surface tension
Ionic strength
Buffer capacity

Ingredient
Water
Calcium chloride dihydrate
Manganese chloride tetrahydrate
Iron (III) chloride hexahydrate
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Table 10
High-Grain Diet
Simulated Rumen
2.5 g/L
4.0 g/L (47.6 mM)

High-Forage Diet
Simulated Rumen
2.5 g/L
8.75 g/L (104 mM)

1.55 g/L (11.4 mM)

1.55 g/L (11.4 mM)

1.425 g/L (10.0 mM)
1.0 g/L (12.6 mM)

1.425 g/L (10.0 mM)
1.0 g/L (12.6 mM)

0.15 g/L (0.6 mM)
2.40 g/L (40 mM)
2.59 g/L (35 mM)
1.32 g/L (15 mM)
—
—
—

0.15 g/L (0.6 mM)
1.42 g/L (24 mM)
—
—
6.26 g/L (46 mM)
1.44 g/L (15 mM)
1.10 g/L (10 mM)

125 µL
5.5

125 µL
6.8

~50 dynes/cm2
0.102 mol/L
47 mmol/L/pH

~50 dynes/cm2
0.240 mol/L
49 mmol/L/pH

Table 11
Micromineral Stock Solution Concentration
(g/100 mL)
q.s. to 100 mL
13.2
10.0
8.0
GLOSSARY

[Note—The following definitions are provided to clarify the use of these terms in the context
of this chapter. These definitions are not intended to supersede or contradict definitions found
elsewhere in USP and NF.]

Apparent solubility: The empirically determined solubility of a solute in a solvent system
where insufficient time is allowed for the system to approach equilibrium or where equilibrium
cannot be verified. The apparent solubility may be either higher or lower than the equilibrium
solubility due to transient supersaturation or incomplete dissolution and insufficient time to
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reach equilibrium.

Aqueous solubility: Solubility in a medium that is primarily comprised of water but may also
contain solubilization enhancement from co-solvents, surfactants, complexing agents, pH, or
other co-solutes. The term “aqueous solubility” is very general and should not be confused
with the water solubility. The aqueous solubility is significantly affected by the composition of
the aqueous medium.

Dissolution: The non-equilibrium process of approaching the solubility limit at
thermodynamic equilibrium (i.e., the solute and solvent forming a uniformly mixed solution).
The dissolution rate will affect the time required to reach equilibrium and may affect the
apparent solubility, but will not affect the final equilibrium solubility.

Equilibrium solubility: The concentration limit, at thermodynamic equilibrium, that a solute
can dissolve into a saturated solution when excess solid is present. Practically, solubility
measurements may never truly be at equilibrium, but equilibrium can be defined as sufficiently
converged that it no longer changes significantly during a certain time frame.

Intrinsic solubility: The solubility of the uncharged (neutral) moiety. Intrinsic solubility can
only be accurately measured in pH ranges where the distribution of species is dominated by
the uncharged molecule. For some compounds, it may be impossible to directly measure the
intrinsic solubility and it must be determined by fitting the solubility data as a function of pH.

Solubility: The extent to which a solute may be uniformly dissolved into a solvent. This
may be referred to as equilibrium (saturated) solubility to differentiate it from apparent
solubility. Solubility may be stated in units of concentration such as molality, mole fraction,
mole ratio, weight/volume, and weight/weight.

Water solubility: Solubility in pure water. Measurements of solubility in pure water are
problematic due to poor control of pH and ionic strength.
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1 The terms used in this chapter are defined in the Glossary.
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INTRODUCTION
This general information chapter provides approaches for the development of dissolution test
procedures for solid oral dosage forms intended for human and veterinary applications, which
are not covered by Disintegration 〈701〉, Dissolution 〈711〉, Drug Release 〈724〉, The Dissolution
Procedure: Development and Validation 〈1092〉, Capsules—Dissolution Testing and Related
Quality Attributes 〈1094〉, and Disintegration and Dissolution of Dietary Supplements 〈2040〉.
The solid oral dosage forms referred to, but not restricted to, in this chapter are:
effervescent tablets, chewable tablets, sublingual tablets, orally disintegrating tablets,
gastroretentive tablets, delayed-release dosage forms, granules or pellets that are administered
with food or beverages, suspensions, powder for suspension, granules for suspensions, tablets
for suspension, lozenges, oral pastes, oral gels, chewable gels, animal feed, and animal pre-mix.
DISSOLUTION PROCEDURE DEVELOPMENT
The dissolution test should be discriminative for the critical quality attributes of the product.
Generally, the compendial apparatus and procedures that can be used are described in 〈711〉,
〈724〉 and 〈2040〉. Any deviations from or modifications to the conditions stated in these
chapters are acceptable with appropriate justification. For additional information see also 〈1092〉
and In Vitro and In Vivo Evaluation of Dosage Forms 〈1088〉. Other useful documents are FDA
Guidance for Industry—Dissolution Testing of Immediate Release Solid Oral Dosage Forms (Aug.
1997) https://www.fda.gov/ucm/groups/fdagov-public/documents/document/ucm070237.pdf
and FDA Guidance for Industry—Extended Release Oral Dosage Forms: Development, Evaluation,
and Application of In Vitro/In Vivo Correlations (Sept. 1997)
https://www.fda.gov/ucm/groups/fdagov-public/@fdagov-drugsgen/documents/document/ucm070239.pdf.
The dissolution media to be evaluated should have pH values within the physiological range,
e.g. from 1.2–6.8. Dissolution media with pH values outside this range can be used with
appropriate justification. The dissolution media for veterinary applications may be animal
species specific.
Examples of dissolution tests can be found at the FDA Dissolution Methods database
https://www.accessdata.fda.gov/scripts/cder/dissolution/index.cfm and at the USP Dissolution
Methods database https://www.usp.org/resources/dissolution-methods-database.
Solid Oral Dosage Forms
The general descriptions of and definitions for solid oral dosage forms can be found in
Pharmaceutical Dosage Forms 〈1151〉.
TABLETS
Effervescent tablets
Effervescent tablets that result in a solution when treated according to the instructions to
the patient do not require a dissolution test. In this case, a disintegration test is to be
conducted.
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For effervescent tablets that result in a suspension after being treated according to the
instructions to the patient, a dissolution test should be developed. Depending on the size of
the tablet, it may be necessary to position the paddles of USP Apparatus 2 described in 〈711〉 at
a distance higher than 2.5 cm, to avoid having the dosage form being hit by the paddle.
Chewable tablets
The dissolution test should be conducted using intact tablets. Since these types of tablets
may be harder than the regular immediate-release tablets, the dissolution procedure may
require more aggressive conditions such as higher agitation speed or flow rate and longer test
time.
In the case of veterinary chewable tablets, when developing a disintegration test, it is
important to consider their size as they may be too big to fit in the equipment described in
〈701〉. An alternative is Apparatus B described in 〈2040〉. When developing a dissolution test,
depending on the size of the tablet, it may be necessary to position the paddles of USP
Apparatus 2 described in 〈711〉 at a distance higher than 2.5 cm, to avoid having the dosage
form being hit by the paddle.
In addition to dissolution testing, a disintegration test should be conducted using intact
tablets in an appropriate medium using the appropriate equipment described in 〈701〉 or 〈2040〉
[see FDA Draft Guidance for Industry—Quality Attribute Considerations for Chewable Tablets
(June 2016) https://www.fda.gov/ucm/groups/fdagov-public/@fdagov-drugsgen/documents/document/ucm507098.pdf].
Sublingual tablets
Typically, sublingual tablets are immediate release formulations which disintegrate very rapidly
and contain a drug substance that has a good solubility at the pH value representing the pH of
the buccal cavity. A dissolution test should be developed for this type of dosage form.
However, the dissolution test may be replaced by a disintegration test, when justified. It may
be advantageous to use a dissolution medium with a pH close to the saliva pH. Normal, healthy,
human saliva in the oral cavity has, typically, a pH between 6.7 and 7.4. Other media may be
used with appropriate justification.
Orally disintegrating tablets
The technological concept and manufacturing process have a great influence on the
disintegration behavior of orally disintegrating tablets. The tablets manufactured by
lyophilization will have a very short disintegration time, typically 1–3 s, when compared to orally
disintegrating tablets manufactured by conventional means that have a disintegration time of
around, or more than, 30 s.
Products labeled as orally disintegrating tablets require disintegration and dissolution tests
[see FDA Guidance for Industry—Orally Disintegrating Tablets (Dec. 2008)]
https://www.fda.gov/ucm/groups/fdagov-public/@fdagov-drugsgen/documents/document/ucm070578.pdf].
The evaluation of the amount of drug dissolved at early time points (less than 5 min) may be
useful.

PF 44(5): Sep.-Oct. 2018

616

Gastroretentive tablets
Gastroretentive tablets are tablets intended to be retained in the stomach for a sufficient
time while withstanding gastric mobility, and releasing the drug substance in a controlled
manner. The advantages of this type of dosage form are the enhanced bioavailability of drugs
having a narrow absorption window at the upper part of the gastrointestinal tract or drugs
showing a higher solubility, stability, or absorption at an acidic pH. They can also be
advantageous for drugs which are locally active in the gastric mucosa. Different strategies
have been proposed to prolong the gastric residence time, including floating, expanding, high
density and bioadhesive systems. The floating principle is the most frequently used formulation
approach. These formulations should float on the gastric contents preventing its passage
through the pylorus. Floating hydrodynamically balanced systems or effervescent matrix
systems are the most common approaches for floating dosage forms. Depending on the
formulation, a lag time may precede the dosage form floating. Gas-generating coated floating
tablets, which form balloon-like floating devices upon hydration, can have a shorter floating lag
time independent from surrounding pH (1).
The dissolution medium should be hydrochloric acid in the concentration of 0.1 N or 0.01 N.
Other dissolution media can be used with appropriate justification.
Besides the dissolution test, floating tablets may also require a buoyancy or a floating
strength test.
Delayed-Release Dosage Forms
Delayed-release dosage forms are formulated with acid-resistant, or enteric or gastroresistant coatings or matrices to protect acid-labile drug substances from the gastric
environment, to avoid absorption in the proximal segment of the gastrointestinal tract, to
prevent local adverse effects such as irritation, or to target drug release at the site of action
or where the absorption is desired (i.e., in the colon region).
If the release of the drug substance is intended to occur in the proximal portion of the
intestine, the procedures described in 〈711〉 should be followed. If the release of the drug
substance is intended for the lower portion of the intestine, the dissolution test consists of
three stages—one acid stage and two buffer stages.
Delayed-release dosage forms with no pH-dependent dissolution behavior may require
multivariate specifications [e.g., onset of the dissolution and amount dissolved at time (t)].
This is required for those formulations where the 1–2 h pH switch from acid to pH 6.8 may not
apply.
Granules or Pellets that are Administered with Food or Beverages
These granules or pellets are sprinkled, according to the instructions to the patient, into a
small amount of soft food (e.g., applesauce, fruit- or vegetable-based baby food, or yogurt) or
into a small amount of liquid (e.g., infant formula, apple juice, or pediatric electrolyte solution).
Granules or pellets that result in a solution when used according to the instructions to
patients do not require a dissolution test. In this case, a disintegration test is to be conducted.
For granules or pellets that result in a suspension when used according to the instructions to
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the patient, a dissolution test should be developed. In this case, the amount of sample to be
transferred to the dissolution equipment should be equivalent to one unit dose. If the product
has different doses according to body weight or age, the amount of sample to be transferred to
the dissolution equipment should correspond to the highest unit dose that can be administered.
Sometimes, such granules or pellets are filled in capsules, which are then opened prior to
being administered by the patient. In this case, the dissolution test needs to be conducted
only with the capsule contents.
Food and beverages may influence the bioavailability of the drug substance(s) incorporated
into the granules or pellets. However, adding food or beverage to the dissolution media is
typically not required.
Suspensions
The product needs to be re-suspended according to the instructions to the patient before
the test. The sample agitation procedure should be defined in order to ascertain a
homogeneous and representative sample and to avoid introducing too many bubbles into the
sample to ensure the precision of dosing. The sample preparation procedure should be well
described and standardized in the final version of the method.
The amount of sample to be transferred to the dissolution equipment should be equivalent to
one unit dose. If the product has different doses according to body weight or age, the amount
of sample to be transferred to the dissolution equipment should correspond to the highest unit
dose that can be administered at one time. If labeled for single use, each sample should come
from a different container/packet.
The sample should be transferred to the dissolution apparatus preferably by weight. Other
alternative procedures can be used.
The sample should be introduced into the dissolution medium in a way to be rapidly dispersed.
The dispensing point/place and the dispensing time should be evaluated and defined in a caseby-case approach during method development. The evaluation of the amount of drug dissolved
at early time points (5–10 min) may be useful.
Powders for Suspension, Granules for Suspension, or Tablets for Suspension
Powders, granules, or tablets for suspension are prepared according to the instructions to the
patient to constitute a suspension, and the resulting suspension is placed into the dissolution
equipment.
For additional information regarding dissolution test conditions for these type of dosage
forms, see Suspensions.
Lozenges
Lozenges can be, basically, manufactured in two ways: (1) molded, where the drug
substance(s) is/are dissolved in a hot mixture of sugars, syrups, and other ingredients, the final
mixture is transferred to molds and cooled down; and (2) compressed, where all the formulation
components, in the powder form, are compressed together.
In case of molded lozenges, a dissolution or disintegration test may not be required. In the
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case of compressed lozenges, the development of the dissolution or disintegration test should
follow the same steps as any other immediate release solid oral dosage form.
Oral Pastes and Oral Gels
In addition to the equipment described in 〈711〉 and 〈724〉, it may be useful to consider the
equipment and procedures described in Semisolid Drug Products—Performance Tests 〈1724〉.
Chewable Gels
The development of the dissolution test for chewable gels should follow the same steps as for
any other immediate release solid oral dosage form.
Animal Feed and Animal Pre-Mix
For definitions and general descriptions of animal feed containing drug substances, see Animal
Drugs for Use in Animal Feeds 〈1152〉.
Usually, dissolution testing is not required for animal feeds and pre-mixes but it may be
required to support waiver applications for generic products.
REFERENCES
1. Eisenacher F, Garbacz G, Mader K. Physiological relevant in vitro evaluation of polymer
coats for gastroretentive floating tablets. Eur. J. Pharm. Biopharm. 88(2014):778–786.
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 8024
BRIEFING
Aluminum Chloride Hexahydrate. It is proposed to add this new reagent used in the
Optical Rotation test in the monograph for Methyldopa.
(HDQ: M. Marques.)
Correspondence Number—C208418
Comment deadline: November 30, 2018
Add the following:
Aluminum Chloride Hexahydrate, AlCl3 ·6H2 O—241.43 [7784-13-6]—Use a suitable
grade with a content of NLT 99%. 2S (USP42)
BRIEFING
Eriochrome Black T, USP 41 page 5746 and PF 44(3) [May–June 2018]. It is proposed to
update the specification of this indicator and to harmonize the Sensitiveness test with the
procedure from the American Chemical Society (ACS) Reagent Chemicals, Suitability as
Complexometric Indicator.
Additionally, minor editorial changes have been made to update this indicator to current USP
style.
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(HDQ: M. Marques.)
Correspondence Number—C208234
Comment deadline: November 30, 2018
Change to read:
Eriochrome Black T [Sodium 1-(1-hydroxy-2-naphthylazo)5-nitro-2-naphthol-4-sulfonate],
C20 H12 N3 NaO7 S—461.38 [1787-61-7] 2S (USP42) —Brownish-black powder having a faint,
metallic sheen. Soluble in alcohol, in methanol, and in hot water.
Sensitiveness
Suitability as Complexometric Indicator 2S (USP42)
To 10 mL of a 1 in 200,000 solution in a mixture of equal parts of methanol and water add
sodium hydroxide solution (1 in 100) until the pH is 10: the solution is pure blue in color and
free from cloudiness. Add 0.01 mg of magnesium ion (Mg): the color of the solution changes to
red-violet, and with the continued addition of magnesium ion it becomes wine-red.
pH 10 ammoniacal buffer: Transfer 90 g of ammonium chloride to a 500-mL volumetric
flask containing 375 mL of ammonium hydroxide. Dilute with water to volume. [Note—The pH of
a 1:10 dilution with water should be about 10.]
2S (USP42)

Magnesium standard solution: Transfer 1.014 g of magnesium sulfate to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Dilute 10 mL of this solution with water to 1 L. 2S (USP42)
This solution contains 0.01 mg of magnesium per milliter.
Sample solution: Dissolve 0.1 g of eriochrome black T in 100 mL of water, warming if
necessary.
Procedure: In a suitable container, add 10 mL of pH 10 ammoniacal buffer to 100 mL of
water. Add 0.5 mL of the Sample solution and 10.0 mL of Magnesium standard solution.
Acceptance criteria: The reagent meets the criteria for its use as a complexometric indicator
if the color of the resulting solution is red-violet, and if turns into blue after the addition of 0.10
mL of 0.1 M edetate disodium VS. 2S (USP42)
CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, page 9053 of the Second Supplement to
USP 41.
(HDQ.)
Correspondence Number—C120790; C130922; C136088; C165222; C194503; C198417;
C204166; C205418; C205575; C205591; C205600; C205653; C205658; C205664; C205665;
C205666; C205674
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
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set forth in the individual monographs. It lists the capsules and tablets that are official in
the United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and
light-resistant (LR) specifications applicable to containers in which the drug that is
repackaged should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
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Monograph Title

Container
Specification

Add the following:
Abacavir, Lamivudine, and Zidovudine Tablets

T

2S (USP42)

Delete the following:
Astemizole Tablets

T

2S (USP42)

Add the following:
Atovaquone and Proguanil Hydrochloride Tablets

T, LR

2S (USP42)

Delete the following:
Atropine Sulfate Tablets

W

2S (USP42)

Delete the following:
Dehydrocholic Acid Tablets

W

2S (USP42)

Delete the following:
Demeclocycline Hydrochloride Capsules
Delete the following:
Dextroamphetamine Sulfate Capsules

T, LR
T

2S (USP42)

2S (USP42)

Delete the following:
Diazepam Capsules

T, LR

2S (USP42)

Delete the following:
Diazepam Extended-Release Capsules

T, LR

2S (USP42)

Delete the following:
Diethylstilbestrol Tablets

W

2S (USP42)

Delete the following:
Levodopa Capsules

T, LR

2S (USP42)

Delete the following:
Levodopa Tablets

T, LR

2S (USP42)

Delete the following:
Oxtriphylline Tablets

T

Delete the following:
Oxytetracycline and Nystatin Capsules
Delete the following:
Phensuximide Capsules
Delete the following:
Potassium Perchlorate Capsules

2S (USP42)

T, LR
T

2S (USP42)

2S (USP42)

T, LR

2S (USP42)

Add the following:
Pregabalin Capsules

T

2S (USP42)

Add the following:
Repaglinide and Metformin Hydrochloride Tablets

T

2S (USP42)
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BRIEFING
Description and Relative Solubility of USP and NF Articles, page 9067 of the Second
Supplement to USP 41.
(HDQ.)
Correspondence Number—C203578; C203579
Add the following:
Glyceryl Mono and Dicaprylate: Colorless or slightly yellow, oily liquid or semisolid. Very
soluble in alcohol; freely soluble in methylene chloride; practically insoluble in water. NF
categories: Lubricant; emulsifying agent. 2S (NF37)
Add the following:
Glyceryl Mono and Dicaprylocaprate: Colorless or slightly yellow, oily liquid or semisolid.
Very soluble in alcohol; freely soluble in methylene chloride; practically insoluble in water. NF
categories: Lubricant; emulsifying agent. 2S (NF37)
BRIEFING
Abacavir, Lamivudine, and Zidovudine Tablets. Because there is no existing USP
monograph for this drug product, a new monograph based on validated methods of analysis is
being proposed. The liquid chromatographic procedures in the Assay and the test for Organic
Impurities are based on analyses performed using the Inertsil ODS-3 brand of column with L1
packing. The typical retention times for lamivudine, zidovudine, and abacavir are about 13, 24,
and 31 min, respectively.
(CHM1: S. Shivaprasad.)
Correspondence Number—C120790
Comment deadline: November 30, 2018
Add the following:
Abacavir, Lamivudine, and Zidovudine Tablets
DEFINITION
Abacavir, Lamivudine, and Zidovudine Tablets contain an amount of abacavir sulfate,
lamivudine, and zidovudine equivalent to NLT 90.0% and NMT 110.0% each of the labeled
amounts of abacavir (C14 H18 N6 O), lamivudine (C8 H11 N3 O3 S), and zidovudine (C10 H13 N5 O4 ),
respectively.
IDENTIFICATION
• A. The retention times of the major peaks of the Sample solution correspond to those of
abacavir sulfate, lamivudine, and zidovudine from the Standard solution, as obtained in the
Assay.
• B. The UV absorption spectra of the major peaks of the Sample solution correspond to those
of abacavir sulfate, lamivudine, and zidovudine from the Standard solution, as obtained in
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the Assay.
ASSAY
• Procedure
Solution A: 1.9 g/L of ammonium acetate in water. Adjust with glacial acetic acid to a pH
of 3.9.
Solution B: Methanol
Mobile phase: See Table 1.
Time
(min)
0
8
19
27
33
45

Table 1
Solution A
(%)
97
97
76
76
40
40

Solution B
(%)
3
3
24
24
60
60

System suitability solution: Dissolve the contents of 1 vial of USP Lamivudine Resolution
Mixture C RS in 2.5 mL of Solution A. [Note—One vial of USP Lamivudine Resolution Mixture
C RS contains 0.8 mg of USP Lamivudine Resolution Mixture C RS.]
Standard solution: 0.35 mg/mL of USP Abacavir Sulfate RS, 0.15 mg/mL of USP Lamivudine
RS, and 0.30 mg/mL of USP Zidovudine RS in Solution A. Sonicate to dissolve prior to final
dilution.
Sample stock solution: Nominally 3 mg/mL of abacavir, 1.5 mg/mL of lamivudine, and 3
mg/mL of zidovudine in Solution A prepared as follows. Transfer NLT 5 Tablets to a suitable
volumetric flask. Add Solution A to about 50% of the final flask volume and shake for NLT
30 min to disperse the Tablets. Dilute with Solution A to volume. Pass through a suitable
filter.
Sample solution: Nominally 0.30 mg/mL of abacavir, 0.15 mg/mL of lamivudine, and 0.30
mg/mL of zidovudine in Solution A from Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm. For Identification B, use a diode array detector in the range of
220–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
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[Note—The relative retention times for lamivudine-S-oxide and lamivudine-R-oxide, in
relation to the lamivudine peak, are 0.36 and 0.40, respectively; the relative retention
times for lamivudine diastereomer and lamivudine are 0.96 and 1.0, respectively,
System suitability solution.]
Suitability requirements
Resolution: NLT 1.2 between lamivudine carboxylic acid and lamivudine-S-oxide; NLT
1.2 between lamivudine diastereomer and lamivudine, System suitability solution
Relative standard deviation: NMT 2.0% each for abacavir, lamivudine, and
zidovudine, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of abacavir (C14 H18 N6 O) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of abacavir from the Sample solution
rS = peak response of abacavir from the Standard solution
CS = concentration of USP Abacavir Sulfate RS in the Standard solution (mg/mL)
CU = nominal concentration of abacavir in the Sample solution (mg/mL)
Mr1 = molecular weight of abacavir multiplied by 2, 572.66
Mr2 = molecular weight of abacavir sulfate, 670.74
Calculate the percentage of the labeled amount of lamivudine (C8 H11 N3 O3 S) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of lamivudine from the Sample solution
rS = peak response of lamivudine from the Standard solution
CS = concentration of USP Lamivudine RS in the Standard solution (mg/mL)
CU = nominal concentration of lamivudine in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of zidovudine (C10 H13 N5 O4 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of zidovudine from the Sample solution
rS = peak response of zidovudine from the Standard solution
CS = concentration of USP Zidovudine RS in the Standard solution (mg/mL)
CU = nominal concentration of zidovudine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% each of the labeled amounts of abacavir, lamivudine,
and zidovudine
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PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 0.1 N hydrochloric acid, degassed; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Standard solution 1: 0.35 mg/mL of USP Abacavir Sulfate RS in Medium. Sonicate to
dissolve prior to final dilution.
Standard solution 2: 0.15 mg/mL of USP Lamivudine RS in Medium. Sonicate to dissolve
prior to final dilution.
Standard solution 3: 0.30 mg/mL of USP Zidovudine RS in Medium. Sonicate to dissolve
prior to final dilution.
Sample solution: Pass a portion of the solution under test through a suitable filter.
Instrumental conditions
Mode: UV
Wavelength range: 240–320 nm
Cell: 0.05 cm
Blank: Medium
Analysis: The calculations of the percentages dissolved are performed using multicomponent analysis software.
Samples: Standard solution 1, Standard solution 2, Standard solution 3, and Sample
solution
Calculate the percentage of the labeled amount each of abacavir, lamivudine, and
zidovudine dissolved.
Tolerances: NLT 80% (Q) each of the labeled amount of abacavir, lamivudine, and
zidovudine is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic impurities
Solution A, Solution B, Mobile phase, System suitability solution, Standard solution,
Sample stock solution, Sample solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of any individual abacavir related impurity and any unspecified
impurity in the portion of Tablets taken:
Result = rU/{Σ[rU × (1/F)] + rT} × (1/F) × 100
rU = peak response of each individual abacavir related impurity or any unspecified impurity
F = relative response factor for each individual impurity (see Table 2)
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rT = sum of the peak responses of abacavir, all abacavir related impurities, and all
unspecified impurities
Calculate the percentage of any individual lamivudine related impurity in the portion of
Tablets taken:
Result = (rU/rT) × 100
rU = peak response of each individual lamivudine related impurity
rT = sum of the peak responses of lamivudine and all lamivudine related impurities
Calculate the percentage of any individual zidovudine related impurity in the portion of
Tablets taken:
Result = rU/{Σ[rU × (1/F)] + rT} × (1/F) × 100
rU = peak response of each individual zidovudine related impurity
F = relative response factor for each individual zidovudine impurity (see Table 2)
rT = sum of the peak responses of zidovudine and all zidovudine related impurities
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.

Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Cytosinea,b

0.17

1.0

—

Uracila,b

0.23

1.0

—

Lamivudine carboxylic acida,b,c

0.31

1.0

—

Lamivudine-S-sulfoxidea,b,d

0.36

1.0

—

Lamivudine-R-sulfoxidea,b,e
3′-Amino-3′-deoxythymidinef

0.40
0.44

1.0
1.0

—

Thymineb,f
Lamivudine diastereomer (lamivudinetrans)a,b,g
Lamivudine

0.48

1.7

0.96
1.0

1.0
—

Thymidineb,f

1.1

1.0

—
—

Lamivudine–uracil derivativea,b,h

1.2

1.0

—

Cyclopropyldiaminopurineb,i,j

1.37

1.4

—

Salicylic acida,b

1.40

1.0

Descyclopropyl abacavirb,i,k
Zidovudine

1.6
1.8

1.0
—

Zidovudine related compound Bb,f ,l
Abacavir
Any unspecified impuritym

1.9
2.3
—

1.0
—
1.0

—
—
—
—
—
0.2

0.4
—
—
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—
—
Total abacavir related impuritiesn
1.0
—
—
Total lamivudine related impuritiesn
0.6
n
—
—
Total zidovudine related impurities
2.0
a Lamivudine related impurity.
b This is a process impurity and included for peak identification purposes only and not
included in the total impurities content.
c (2RS,5SR)-5-(Cytosine-1-yl)-1,3-oxathiolane-2-carboxylic acid.
d 1-[(2R,3S,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine S-oxide.
e 1-[(2R,3R,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine S-oxide.
f Zidovudine related impurity.
g 1-[(2RS,5RS)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine.
h 1-[(2RS,5SR)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]uracil.
i Abacavir related impurity.
j N6-Cyclopropyl-9H-purine-2,6-diamine.
k [(1S,4R)-4-(2,6-Diamino-9H-purin-9-yl)cyclopent-2-enyl]methanol.
l 3′–Chloro-3′-deoxythymidine.
m For any unspecified impurity, report the largest impurity observed, excluding
descyclopropyl abacavir, thymine, and other process impurities. Percent for any
unknown is based on total abacavir related peak areas.
n Drug process impurities are not included in the total impurities content, except
thymine and descyclopropyl abacavir, which are included in the total zidovudine
related impurities and total abacavir related impurities, respectively.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Abacavir Sulfate RS
USP Lamivudine RS
USP Lamivudine Resolution Mixture C RS
This is a mixture of lamivudine and the following impurities (other impurities may also be
present):
Uracil;
Pyrimidine-2,4(1H,3H)-dione.
C4 H4 N2 O2
112.09
Lamivudine-uracil derivative;
1-[(2RS,5SR)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]uracil.
C8 H10 N2 O4 S
230.24
Cytosine;
4-Aminopyrimidin-2(1H)-one.
C4 H5 N3 O
111.10
Lamivudine-S-sulfoxide;
1-[(2R,3S,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine S-oxide.
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C8 H11 N3 O4 S
245.26
Lamivudine-R-sulfoxide;
1-[(2R,3R,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine S-oxide.
C8 H11 N3 O4 S
245.26
Lamivudine carboxylic acid;
(2RS,5SR)-5-(Cytosine-1-yl)-1,3-oxathiolane-2-carboxylic acid.
C8 H9 N3 O4 S
243.24
Lamivudine diastereomer;
1-[(2RS,5RS)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine.
C8 H11 N3 O3 S
229.26
Salicylic acid;
2-Hydroxybenzoic acid.
C7 H6 O3
138.12
USP Zidovudine RS
2S (USP42)

BRIEFING
Arginine, USP 41 page 348. As part of USP monograph modernization efforts, the following
changes are proposed:
1. Replace the TLC Organic Impurities test with an HPLC Related Compounds test to
address the specificity issue and to improve the characterization of the impurities. The
HPLC method is based on analyses performed with the GL Sciences Inertsil ODS-3V and
the Phenomenex Luna C18(2) brands of columns with L1 packing. Typical retention
times for glutamic acid, citrulline, ornithine, lysine, and arginine are 4.5, 5.2, 26.1, 30.5,
and 42.4 min, respectively.
2. Add Identification B based on the retention time comparison of the arginine peaks
obtained in the test for Related Compounds.
3. Revise the USP Reference Standards section to include the new Reference Standards
used in the revised tests.
Additionally, minor editorial changes have been made to update this monograph to current USP
style.
(NBDS: F. Tadjimukhamedov.)
Correspondence Number—C161671
Comment deadline: November 30, 2018
Arginine
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174.20
[74-79-3].

DEFINITION
Arginine contains NLT 98.5% and NMT 101.5% of arginine (C6 H14 N4 O2 ), as l-arginine,
calculated on the dried basis.
IDENTIFICATION
Change to read:
•
A. 2S (USP42)
Infrared Absorption 〈197K〉
Add the following:
• B.
Sample solution: 5 µg/mL of Arginine in Diluent, prepared from the Sample solution in the
test for Related Compounds
Analysis: Proceed as directed in the test for Related Compounds.
Acceptance criteria: The retention time of the major peak of the Sample solution
corresponds to that of the arginine peak from the Standard solution, as obtained in the
test for Related Compounds. 2S (USP42)
ASSAY
• Procedure
Sample: 80 mg of Arginine
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Blank: 3 mL of formic acid and 50 mL of glacial acetic acid
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Analysis: Dissolve the Sample in a mixture of 3 mL of formic acid and 50 mL of glacial
acetic acid, and titrate with the Titrant.
Calculate the percentage of arginine (C6 H14 N4 O2 ) in the portion of Arginine taken:
Result = [(VS − VB) × NA × F × 100]/W
VS = volume consumed by the Sample (mL)
VB = volume consumed by the Blank (mL)
NA = actual normality of the Titrant (mEq/mL)
F = equivalency factor, 87.10 mg/mEq
W = weight of the Sample (mg)
Acceptance criteria: 98.5%–101.5% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.3%
• Chloride and Sulfate 〈221〉, Chloride: A 1.0-g portion shows no more chloride than
corresponds to 0.70 mL of 0.020 N hydrochloric acid (0.05%).
• Chloride and Sulfate 〈221〉, Sulfate: A 1.0-g portion shows no more sulfate than corresponds
to 0.30 mL of 0.020 N sulfuric acid (0.03%).
• Iron 〈241〉: NMT 30 ppm
Delete the following:
• Heavy Metals, Method I〈231〉: NMT 15 ppm

(O fficial 1-Jan-2018)

Delete the following:
• Organic Impurities
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Standard solution: 0.05 mg/mL of USP l-Arginine RS in 0.1 N hydrochloric acid.
[Note—This solution has a concentration equivalent to 0.5% of that of the Sample
solution.]
Sample solution: 10 mg/mL of Arginine in 2 N hydrochloric acid
System suitability solution: 0.4 mg/mL each of USP l-Arginine RS and USP l-Lysine
Hydrochloride RS in 0.1 N hydrochloric acid
Spray reagent: 2 mg/mL of ninhydrin in a mixture of butyl alcohol and 2 N acetic acid
(95:5)
Application volume: 5 µL
Developing solvent system: Isopropyl alcohol and ammonium hydroxide (7:3)
Analysis
Samples: Standard solution, Sample solution, and System suitability solution
Proceed as directed under Chromatography 〈621〉, Thin-Layer Chromatography. Dry the
plate between 100° and 105° until the ammonia disappears completely. Spray with
Spray reagent, and heat between 100° and 105° for about 15 min. Examine the plate
under white light. The chromatogram obtained from the System suitability solution
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exhibits two clearly separated spots.
Acceptance criteria
Individual impurities: Any secondary spot from the Sample solution is not larger or more
intense than the principal spot from the Standard solution, NMT 0.5%
Total impurities: NMT 2.0%
2S (USP42)

Add the following:
• Related Compounds
Buffer solution: 10 mM sodium 1-octanesulfonate and 50 mM potassium phosphate
monobasic in water, adjusted with phosphoric acid to a pH of 2.5
Solution A: Buffer solution and acetonitrile (95:5)
Solution B: Buffer solution and acetonitrile (85:15)
Mobile phase: See Table 1.
Time
(min)
0
5
40
50
55
65

Table 1
Solution A
(%)
100
100
0
0
100
100

Solution B
(%)
0
0
100
100
0
0

Diluent: 10 mL of phosphoric acid in 1000 mL of water
Standard solution: 5 µg/mL each of USP l-Arginine RS, USP l-Citrulline RS, and USP
Glutamic Acid RS; and 25 µg/mL each of USP l-Lysine Hydrochloride RS and USP l-Ornithine
Hydrochloride RS in Diluent
Sample solution: 5.0 mg/mL of Arginine in Diluent
Blank: Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 30 µL
System suitability
Samples: Standard solution and Blank
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[Note—See Table 2 for relative retention times.]
Suitability requirements
Blank interference: Compare the chromatogram of the Standard solution to that of the
Blank. Any peak from the Blank should not overlap or coelute with the related
compound peaks from the Standard solution.
Resolution: NLT 1.5 between the citrulline and glutamic acid peaks; NLT 1.5 between
arginine and adjacent peaks, Standard solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 5.0% for each peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate separately the percentages of citrulline and glutamic acid in the portion of
Arginine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of citrulline or glutamic acid from the Sample solution
rS = peak response of citrulline or glutamic acid from the Standard solution
CS = concentration of USP l-Citrulline RS or USP Glutamic Acid RS in the Standard solution
(mg/mL)
CU = concentration of Arginine in the Sample solution (mg/mL)
Calculate separately the percentages of lysine and ornithine in the portion of Arginine
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of lysine or ornithine from the Sample solution
rS = peak response of lysine or ornithine from the Standard solution
CS = concentration of USP l-Lysine Hydrochloride RS or USP l-Ornithine Hydrochloride RS
in the Standard solution (mg/mL)
CU = concentration of Arginine in the Sample solution (mg/mL)
Mr1 = molecular weight of lysine, 146.19; or ornithine, 132.16
Mr2 = molecular weight of lysine hydrochloride, 182.65; or ornithine hydrochloride, 168.62
Calculate the percentage of any unspecified impurity in the portion of Arginine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified impurity from the Sample solution
rS = peak response of arginine from the Standard solution
CS = concentration of USP l-Arginine RS in the Standard solution (mg/mL)
CU = concentration of Arginine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
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Table 2
Relative
Retention
Name
Time
Glutamic acid
0.10
Citrulline
0.12
Ornithine
0.61
Lysine
0.72
Arginine
1.00
Any unspecified impurity
—
Total impurities
—

Acceptance
Criteria,
NMT (%)
0.5
0.5
0.5
0.5
—
0.1
2.0

2S (USP42)

SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 80 mg/mL in 6 N hydrochloric acid
Acceptance criteria: +26.3° to +27.7°
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 〈11〉
USP l-Arginine RS
USP L-Citrulline RS
USP Glutamic Acid RS 2S (USP42)
USP l-Lysine Hydrochloride RS
USP L-Ornithine Hydrochloride RS
Recent Official Publications:
USP41–NF36 Page 348

2S (USP42)

BRIEFING
Arginine Hydrochloride, USP 41 page 349. As part of USP monograph modernization
efforts, the following changes are proposed:
1. Replace the TLC Chromatographic Purity test with an HPLC Related Compounds test to
address the specificity issue and to improve the characterization of the impurities. The
HPLC method is based on analyses performed with the GL Sciences Inertsil ODS-3V and
the Phenomenex Luna C18(2) brands of columns with L1 packing. Typical retention
times for glutamic acid, citrulline, ornithine, lysine, and arginine are 4.1, 4.8, 25.1, 29.8,
and 42.1 min, respectively.
2. Add Identification B based on the retention time comparison of the arginine peaks
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obtained in the test for Related Compounds.
3. Revise the USP Reference Standards section to include the new Reference Standards
used in the revised tests.
Additionally, minor editorial changes have been made to update this monograph to current USP
style.
(NBDS: F. Tadjimukhamedov.)
Correspondence Number—C161695
Comment deadline: November 30, 2018
Arginine Hydrochloride

C6 H14 N4 O2 ·HCl

210.66

l-Arginine monohydrochloride;
l-(+)-Arginine monohydrochloride

[1119-34-2].

DEFINITION
Arginine Hydrochloride contains NLT 98.5% and NMT 101.5% of arginine hydrochloride
(C6 H14 N4 O2 ·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Add the following:
• B.
Sample solution: 5 µg/mL of Arginine Hydrochloride in Buffer solution, prepared from the
Sample solution in the test for Related Compounds.
Analysis: Proceed as directed in the test for Related Compounds.
Acceptance criteria: The retention time of the major peak of the Sample solution
corresponds to that of the arginine peak from the Standard solution, as obtained in the
test for Related Compounds. 2S (USP42)
ASSAY
• Procedure
Sample: 100 mg of Arginine Hydrochloride
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Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Blank: 3 mL of 98% formic acid and 50 mL of glacial acetic acid. Add 6 mL of mercuric
acetate TS.
Analysis: Dissolve the Sample in a mixture of 3 mL of 98% formic acid and 50 mL of glacial
acetic acid. Add 6 mL of mercuric acetate TS, and titrate with the Titrant.
Calculate the percentage of arginine hydrochloride (C6 H14 N4 O2 ·HCl) in the portion of
Arginine Hydrochloride taken:
Result = [(VS − VB) × NA × F × 100]/W
VS = volume consumed by the Sample (mL)
VB = volume consumed by the Blank (mL)
NA = actual normality of the Titrant (mEq/mL)
F = equivalency factor, 105.3 mg/mEq
W = weight of the Sample (mg)
Acceptance criteria: 98.5%–101.5% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
• Chloride and Sulfate 〈221〉, Sulfate: A 1.6-g portion shows no more sulfate than corresponds
to 0.50 mL of 0.020 N sulfuric acid (0.03%).
Delete the following:
• Heavy Metals, Method I〈231〉
Test preparation: Proceed as directed in the chapter, except to dissolve 1.0 g in 20 mL of
water, add 2 mL of 1 N acetic acid, and dilute with water to 25 mL.
Acceptance criteria: NMT 20 ppm (O fficial 1-Jan-2018)
Delete the following:
• Chromatographic Purity
System suitability solution: 0.4 mg/mL each of USP Arginine Hydrochloride RS and USP lLysine Hydrochloride RS in water
Standard solution: 0.05 mg/mL of USP Arginine Hydrochloride RS in water. [Note—This
solution has a concentration equivalent to about 0.5% of that of the Sample solution.]
Sample solution: 10 mg/mL of Arginine Hydrochloride in water
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
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Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: Isopropyl alcohol and ammonium hydroxide (70:30)
Spray reagent: 2 mg/mL of ninhydrin in a mixture of butyl alcohol and 2 N acetic acid
(95:5)
Analysis
Samples: System suitability solution, Standard solution, and Sample solution
Proceed as directed in the chapter. Dry the plate between 100° and 105° until the
ammonia disappears completely. Spray with Spray reagent, and heat between 100° and
105° for about 15 min. Examine the plate under white light. The System suitability
solution exhibits two clearly separated spots.
Acceptance criteria: Any secondary spot from the Sample solution is not larger or more
intense than the principal spot from the Standard solution.
Individual impurities: NMT 0.5%
Total impurities: NMT 2.0%
2S (USP42)

Add the following:
• Related Compounds
Buffer solution: 10 mM sodium 1-octanesulfonate and 50 mM potassium phosphate
monobasic in water, adjusted with phosphoric acid to a pH of 2.5
Solution A: Buffer solution and acetonitrile (95:5)
Solution B: Buffer solution and acetonitrile (85:15)
Mobile phase: See Table 1.
Time
(min)
0
5
40
50
55
65

Table 1
Solution A
(%)
100
100
0
0
100
100

Solution B
(%)
0
0
100
100
0
0

Standard solution: 5 µg/mL each of USP Arginine Hydrochloride RS, USP l-Citrulline RS, and
USP Glutamic Acid RS; and 25 µg/mL each of USP l-Lysine Hydrochloride RS and USP lOrnithine Hydrochloride RS in Buffer solution
Sample solution: 5.0 mg/mL of Arginine Hydrochloride in Buffer solution
Blank: Buffer solution
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 30 µL
System suitability
Samples: Standard solution and Blank
[Note—See Table 2 for relative retention times.]
Suitability requirements
Blank interference: Compare the chromatogram of the Standard solution to that of the
Blank. Any peak from the Blank should not overlap or coelute with the related
compound peaks from the Standard solution.
Resolution: NLT 1.5 between the citrulline and glutamic acid peaks; NLT 1.5 between
the arginine and adjacent peaks, Standard solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 5.0% for each peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate separately the percentages of citrulline and glutamic acid in the portion of
Arginine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of citrulline or glutamic acid from the Sample solution
rS = peak response of citrulline or glutamic acid from the Standard solution
CS = concentration of USP l-Citrulline RS or USP Glutamic Acid RS in the Standard solution
(mg/mL)
CU = concentration of Arginine Hydrochloride in the Sample solution (mg/mL)
Calculate separately the percentages of lysine and ornithine in the portion of Arginine
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of lysine or ornithine from the Sample solution
rS = peak response of lysine or ornithine from the Standard solution
CS = concentration of USP l-Lysine Hydrochloride RS or USP l-Ornithine Hydrochloride RS
in the Standard solution (mg/mL)
CU = concentration of Arginine Hydrochloride in the Sample solution (mg/mL)
Mr1 = molecular weight of lysine, 146.19; or ornithine, 132.16
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Mr2 = molecular weight of lysine hydrochloride, 182.65; or ornithine hydrochloride, 168.62
Calculate the percentage of any unspecified impurity in the portion of Arginine Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified impurity from the Sample solution
rS = peak response of arginine from the Standard solution
CS = concentration of USP Arginine Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Arginine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Name
Time
Glutamic acid
0.10
Citrulline
0.11
Ornithine
0.60
Lysine
0.71
Arginine
1.00
Any unspecified impurity
—
Total impurities
—

Acceptance
Criteria,
NMT (%)
0.5
0.5
0.5
0.5
—
0.1
2.0

2S (USP42)

SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 80 mg/mL in 6 N hydrochloric acid
Acceptance criteria: +21.4° to +23.6° at 20°
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 0.2%
• Chloride Content
Sample: 350 mg of Arginine Hydrochloride
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Titrant: 0.1 N silver nitrate VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a porcelain casserole, and add 140 mL of water and 1 mL
of dichlorofluorescein TS. Mix and titrate with the Titrant until the silver chloride
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flocculates and the mixture acquires a faint pink color.
Calculate the percentage of chloride (Cl) in the portion of Arginine Hydrochloride taken:
Result = (VS × NA × F × 100)/W
VS = volume consumed by the Sample (mL)
NA = actual normality of the Titrant (mEq/mL)
F = equivalency factor, 35.45 mg/mEq
W = weight of the Sample (mg)
Acceptance criteria: 16.5%–17.1%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 〈11〉
USP Arginine Hydrochloride RS
USP L-Citrulline RS
USP Glutamic Acid RS 2S (USP42)
USP l-Lysine Hydrochloride RS
USP L-Ornithine Hydrochloride RS
Recent Official Publications:
USP41–NF36 Page 349

2S (USP42)

BRIEFING
Arginine Hydrochloride Compounded Oral Solution. A new compounded preparation
monograph is proposed based on a validated stability-indicating method used to assess
stability. The liquid chromatographic procedure in the Assay is based on analyses using the
Luna CN brand of column with L10 packing. The typical retention time for hydrochlorothiazide is
about 5.4 min.
Please submit comments to CompoundingSL@usp.org.
(CMP: B. Serumaga.)
Correspondence Number—C196030
Comment deadline: November 30, 2018
Add the following:
Arginine Hydrochloride Compounded Oral Solution
DEFINITION
Arginine Hydrochloride Compounded Oral Solution contains NLT 90.0% and NMT 110.0% of
the labeled amount of arginine hydrochloride (C6 H14 N4 O2 ·HCl).
Prepare Arginine Hydrochloride Compounded Oral Solution 100 mg/mL as follows (see
Pharmaceutical Compounding—Nonsterile Preparations 〈795〉).
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Arginine Hydrochloride powder
Methylparaben
Propylparaben
Purified Water, a sufficient quantity to make

10 g
0.05 g
0.025 g
100 mL

In an appropriately sized container, add the Methylparaben and Propylparaben to about 80
mL of Purified Water. Stir until dissolved. [Note—May heat up to 50° to facilitate
dissolution.]Dissolve the Arginine Hydrochloride powder in the previously prepared solution
of Methylparaben and Propylparaben. Bring to final volume with Purified Water.
ASSAY
• Procedure
Solution A: 20 mM ammonium acetate solution adjusted with glacial acetic acid to a pH of
6
Mobile phase: Acetonitrile and Solution A (22:78). Pass through a membrane filter of
0.22-µm pore size.
Standard solution: 0.5 mg/mL of arginine hydrochloride solution prepared from USP
Arginine Hydrochloride RS in water
Sample solution: Transfer 1 mL of Oral Solution to a 200-mL volumetric flask, add
approximately 160 mL of water, and vortex. Dilute with water to volume and mix.
Chromatographic system
(See Chromatography 〈621〉, System Suitability)
Mode: LC
Detection: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L10
Temperatures
Autosampler: 4°
Column: 30°
Flow rate: 1 mL/min
Injection volume: 60 µL
System suitability
Sample: Standard solution
[Note—The retention time for arginine hydrochloride is about 5.4 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of arginine hydrochloride (C6 H14 N4 O2 ·HCl) in
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the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of arginine hydrochloride from the Sample solution
rS = peak response of arginine hydrochloride from the Standard solution
CS = concentration of USP Arginine Hydrochloride RS in Standard solution (mg/mL)
CU = nominal concentration arginine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 5.0–6.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store in a refrigerator
or at controlled room temperature.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored in
a refrigerator or at controlled room temperature.
• Labeling: Label it to state the Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Arginine Hydrochloride RS
2S (USP42)

BRIEFING
Astemizole, USP 41 page 381. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Astemizole are currently marketed in the United
States.
2. Drug products containing Astemizole are currently not used in veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C204166
Comment deadline: November 30, 2018
Delete the following:
Astemizole
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458.57

1H-Benzimidazol-2-amine, 1-[(4-fluorophenyl)methyl]-N-[1-[2-(4-methoxyphenyl)ethyl]-4piperidinyl]-;
1-(p-Fluorobenzyl)-2-[[1-(p-methoxyphenethyl)-4-piperidyl]amino]benzimidazole
[68844-779].
DEFINITION
Astemizole contains NLT 98.0% and NMT 102.0% of astemizole (C28 H31 FN4 O), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
ASSAY
• Procedure
Mobile phase: Acetonitrile, methanol, diethylamine, and 0.13 M ammonium acetate (230:
470: 1.0: 300). Adjust with glacial acetic acid to a pH of 7.5.
Standard solution: 1.0 mg/mL of USP Astemizole RS in Mobile phase
Sample solution: 1.0 mg/mL of Astemizole in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 4000 theoretical plates
Tailing factor: NMT 1.8
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Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of astemizole (C28 H31 FN4 O) in the portion of Astemizole taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Astemizole RS in the Standard solution (mg/mL)
CU = concentration of Astemizole in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 10 ppm (O fficial 1-Jan-2018)
• Organic Impurities
Solution A: 17 g/L of tetrabutylammonium hydrogen sulfate in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
15
18
18.1
23

Table 1
Solution A
(%)
95
80
80
0
0

Solution B
(%)
5
20
20
100
100

[Note—Equilibrate the system for 5 min before every injection.]
System suitability solution: 25 µg/mL of USP Astemizole RS and 250 µg/mL of
ketoconazole in methanol
Standard solution: 25 µg/mL of USP Astemizole RS in methanol
Sample solution: 10 mg/mL of Astemizole in methanol
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 278 nm
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Column: 4.6-mm × 10-cm; contains base-deactivated 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between astemizole and ketoconazole
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Astemizole taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response for each impurity from the Sample solution
rS = peak response of astemizole from the Standard solution
CS = concentration of USP Astemizole RS in the Standard solution (mg/mL)
CU = concentration of Astemizole in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: NMT 0.25%
Total impurities: NMT 0.5%
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry under vacuum at 105° for 4 h.
Acceptance criteria: NMT 0.5%
• Melting Range or Temperature 〈741〉: 175°–178°
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 〈11〉
USP Astemizole RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 381
BRIEFING
Astemizole Tablets, USP 41 page 382. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Astemizole Tablets are currently marketed
in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
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(CHM5: M. Puderbaugh.)
Correspondence Number—C204166
Comment deadline: November 30, 2018
Delete the following:
Astemizole Tablets
DEFINITION
Astemizole Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of astemizole
(C28 H31 FN4 O).
IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution: 1 mg/mL of USP Astemizole RS in methanol
Sample solution: 1 mg/mL of Astemizole in methanol, prepared as follows. Transfer an
amount of finely ground Tablets equivalent to 100 mg of Astemizole to a 100-mL
volumetric flask, dilute with methanol to volume, and filter.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Toluene, dioxane, methanol, and ammonium hydroxide
(60:30:10:1)
Analysis
Samples: Standard solution and Sample solution
Remove the plate from the developing chamber when the solvent front has moved about
three-fourths of the length of the plate, mark the solvent front, air dry, and examine
under short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
ASSAY
• Procedure
Mobile phase: Acetonitrile, methanol, diethylamine, and 0.13 M ammonium acetate (230:
470: 1.0: 300). Adjust with glacial acetic acid to a pH of 7.5.
Standard solution: 1 mg/mL of USP Astemizole RS in Mobile phase
Sample solution: Nominally 1 mg/mL of astemizole in Mobile phase, prepared as follows.
Transfer an equivalent of 50 mg of astemizole from powdered Tablets (NLT 20) to a 50-mL
volumetric flask. Add 25 mL of Mobile phase, mix for 30 min, dilute with Mobile phase to
volume, and centrifuge. Use the supernatant.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 4000 theoretical plates
Tailing factor: NMT 1.8
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of astemizole (C28 H31 FN4 O) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of astemizole from the Sample solution
rS = peak response of astemizole from the Standard solution
CS = concentration of USP Astemizole RS in the Standard solution (mg/mL)
CU = nominal concentration of astemizole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: Simulated gastric fluid TS (without the enzyme); 800 mL
Apparatus 2: 100 rpm
Time: 45 min
Detector: UV maximum at about 285 nm
Standard solution: USP Astemizole RS in Medium
Sample solution: Sample per Dissolution 〈711〉. Dilute with Medium to a concentration that
is similar to that of the Standard solution.
Tolerances: NLT 80% (Q) of the labeled amount of astemizole (C28 H31 FN4 O) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
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• Organic Impurities
Mobile phase, Standard solution, Sample solution, Chromatographic system, and
System suitability: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rT) × 100
rU = peak response for each impurity
rT = sum of the responses of all of the peaks
Acceptance criteria
Individual impurities: NMT 0.25%
Total impurities: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 〈11〉
USP Astemizole RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 382
BRIEFING
Atovaquone and Proguanil Hydrochloride Tablets. Because there is no existing USP
monograph for this dosage form, a new monograph based on validated methods of analysis is
proposed.
1. The liquid chromatographic procedure in the Assay is based on analyses performed with
the Spherisorb 5 ODS 1 brand of column with L1 packing. The typical retention times for
proguanil hydrochloride and atovaquone are about 1.7 and 6 min, respectively.
2. The liquid chromatographic procedure in Dissolution Test 1 is based on analyses
performed with the YMC Pack Pro C8 brand of column with L7 packing. The typical
retention times for proguanil hydrochloride and atovaquone are about 4–7 and 12 min,
respectively.
3. The liquid chromatographic procedure in the test for Atovaquone Related Impurities is
based on analyses performed with the YMC Pack Pro C8 brand of column with L7
packing. The typical retention time for atovaquone is about 22 min.
4. The liquid chromatographic procedure in the test for Proguanil Related Impurities is
based on analyses performed with the YMC Pack Pro C8 brand of column with L7
packing. The typical retention time for proguanil hydrochloride is about 24 min.
(CHM1: S. Shivaprasad.)
Correspondence Number—C130922; C165222
Comment deadline: November 30, 2018
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Add the following:
Atovaquone and Proguanil Hydrochloride Tablets
DEFINITION
Atovaquone and Proguanil Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amount of atovaquone (C22 H19 ClO3 ) and NLT 90.0% and NMT 110.0% of the labeled
amount of proguanil hydrochloride (C11 H16 ClN5 ·HCl).
IDENTIFICATION
• A. The retention times of the atovaquone and proguanil peaks of the Sample solution
correspond to those of the Standard solution, as obtained in the Assay.
• B. The UV absorption spectra of the atovaquone and proguanil peaks of the Sample solution
correspond to those of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Protect all solutions containing atovaquone and proguanil from light.
Mobile phase: Acetonitrile, methanol, water, and phosphoric acid (480:160:360:2)
Diluent A: 4 g/L of sodium hydroxide in methanol. Sonicate until dissolved.
Diluent B: Methanol and water (50:50)
System suitability stock solution: 2 mg/mL of USP Atovaquone RS, 0.8 mg/mL of USP
Proguanil Hydrochloride RS, and 0.2 mg/mL of USP Atovaquone Related Compound A RS in
Diluent A
System suitability solution: 0.1 mg/mL of USP Atovaquone RS, 0.04 mg/mL of USP
Proguanil Hydrochloride RS, and 0.01 mg/mL of USP Atovaquone Related Compound A RS in
Diluent B from System suitability stock solution
Standard stock solution: 2 mg/mL of USP Atovaquone RS and 0.8 mg/mL of USP Proguanil
Hydrochloride RS in Diluent A
Standard solution: 0.1 mg/mL of USP Atovaquone RS and 0.04 mg/mL of USP Proguanil
Hydrochloride RS in Diluent B from Standard stock solution
Sample stock solution: Nominally 2.5 mg/mL of atovaquone and 1 mg/mL of proguanil
hydrochloride prepared as follows. Transfer NLT 8 Tablets to a suitable volumetric flask
and add about 5% of the flask volume of water. Swirl to disintegrate and disperse the
Tablets and place in a mechanical shaker for about 15 min. Dilute with Diluent A to about
80% of the flask volume and continue shaking for about 15 min. Sonicate for about 15 min
and allow to stand overnight. Dilute with Diluent A to volume. Pass through a suitable filter
of 0.45-µm pore size.
Sample solution: Nominally 0.1 mg/mL of atovaquone and 0.04 mg/mL of proguanil
hydrochloride in Diluent B from Sample stock solution
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm. For Identification B, use a diode array detector in the range of
190–400 nm.
Column: 4.6-mm × 12.5-cm; 5-µm packing L1
Flow rate: 3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.5 between atovaquone related compound A and atovaquone
Tailing factor: NMT 2.0 each for the atovaquone and proguanil peaks
Relative standard deviation: NMT 2.0% each for the atovaquone and proguanil peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amounts of atovaquone (C22 H19 ClO3 ) and proguanil
hydrochloride (C11 H16 ClN5 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of atovaquone or proguanil from the Sample solution
rS = peak response of atovaquone or proguanil from the Standard solution
CS = concentration of USP Atovaquone RS or USP Proguanil Hydrochloride RS in the
Standard solution (mg/mL)
CU = nominal concentration of atovaquone or proguanil hydrochloride in the Sample
solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amount of atovaquone; 90.0%–110.0%
of the labeled amount of proguanil hydrochloride
PERFORMANCE TESTS
• Dissolution 〈711〉
Test 1
Buffer: 6.8 g/L of potassium dihydrogen phosphate and 1.87 g/L of sodium hydroxide in
water. Adjust with 0.2 M sodium hydroxide solution to a pH of 8.0 ± 0.05.
Medium: Buffer and isopropyl alcohol (60:40); 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Solution A: Adjust water with perchloric acid to a pH of 2.0.
Solution B: Acetonitrile and methanol (50:50)
Mobile phase: See Table 1.
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Time
(min)
0
5
8
12
14
18

Table 1
Solution A
(%)
63
63
20
20
63
63

Solution B
(%)
37
37
80
80
37
37

Diluent: Acetonitrile, tetrahydrofuran, and water (40:50:10)
Standard stock solution A: 1.4 mg/mL of USP Atovaquone RS in Diluent. Sonicate with
intermittent shaking to dissolve prior to final dilution.
Standard stock solution B: 0.56 mg/mL of USP Proguanil Hydrochloride RS in Diluent.
Sonicate with intermittent shaking to dissolve prior to final dilution.
Standard solution: Prepare solutions of concentrations per Table 2, from Standard stock
solution A and Standard stock solution B in Medium.
Tablet
Strength
(mg)
250/100
62.5/25

Table 2
Concentration of
Atovaquone
(mg/mL)
0.28
0.07

Concentration of Proguanil
Hydrochloride
(mg/mL)
0.112
0.028

Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 30°
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 each for the atovaquone and proguanil peaks
Relative standard deviation: NMT 2.0% each for the atovaquone and proguanil
peaks
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amounts of atovaquone (C22 H19 ClO3 ) and
proguanil hydrochloride (C11 H16 ClN5 ·HCl) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response of atovaquone or proguanil from the Sample solution
rS = peak response of atovaquone or proguanil from the Standard solution
CS = concentration of USP Atovaquone RS or USP Proguanil Hydrochloride RS in the
Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = labeled amount of atovaquone or proguanil hydrochloride (mg/Tablet)
Tolerances: NLT 80% (Q) each of the labeled amounts of atovaquone (C22 H19 ClO3 ) and
proguanil hydrochloride (C11 H16 ClN5 ·HCl) is dissolved.
Test 2
Atovaquone
Buffer: 27.2 g/L of potassium dihydrogen phosphate in water. Adjust with 0.2 M sodium
hydroxide solution to a pH of 8.0 ± 0.1.
Medium: Buffer, isopropyl alcohol, and water (20:32:28); 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Standard solution: 0.07 mg/mL of USP Atovaquone RS in Medium. Sonicate, if
necessary, to dissolve. Protect this solution from light.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Instrumental conditions
Mode: UV
Analytical wavelength: 500 nm
Cell: 10 mm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of atovaquone (C22 H19 ClO3 ) dissolved:
Result = (AU/AS) × CS × V × (1/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Atovaquone RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = labeled amount of atovaquone (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of atovaquone (C22 H19 ClO3 ) is
dissolved.
Proguanil hydrochloride
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Medium: Water, degassed; 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Standard solution: 11 µg/mL of USP Proguanil Hydrochloride RS in water. Sonicate, if
necessary, to dissolve.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Instrumental conditions
Mode: UV
Analytical wavelength: 253 nm
Cell: 10 mm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of proguanil hydrochloride
(C11 H16 ClN5 ·HCl) dissolved:
Result = (AU/AS) × CS × V × (1/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Proguanil Hydrochloride RS in the Standard solution
(mg/mL)
V = volume of Medium, 900 mL
L = labeled amount of proguanil hydrochloride (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of proguanil hydrochloride
(C11 H16 ClN5 ·HCl) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Atovaquone Related Impurities
Protect all solutions containing atovaquone and proguanil hydrochloride from light.
Mobile phase: Acetonitrile, methanol, water, and phosphoric acid (500:120:380:5)
Diluent: Acetonitrile, tetrahydrofuran, and water (700:200:100)
Standard stock solution A: 1 mg/mL of USP Atovaquone RS in Diluent. Sonicate with
intermittent shaking to dissolve prior to final dilution.
Standard stock solution B: 0.1 mg/mL of USP Atovaquone Related Compound A RS in
Diluent. Sonicate with intermittent shaking to dissolve prior to final dilution.
System suitability solution: 1 mg/mL of USP Atovaquone RS and 0.002 mg/mL of USP
Atovaquone Related Compound A RS in Diluent prepared as follows. Transfer a weighed
quantity of USP Atovaquone RS to a suitable volumetric flask and add Diluent to fill 60% of
the flask volume. Sonicate with intermittent shaking to dissolve. Add an appropriate
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volume of Standard stock solution B and dilute with Diluent to volume.
Standard solution: 0.002 mg/mL of USP Atovaquone RS in Diluent from Standard stock
solution A
Sample solution: Nominally 1 mg/mL of atovaquone in Diluent prepared as follows. Transfer
a weighed quantity of crushed powder from NLT 10 Tablets equivalent to about 250 mg of
atovaquone into a 250-mL volumetric flask and add 200 mL of Diluent. Sonicate for 20 min
with intermittent shaking. Dilute with Diluent to volume. Pass through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 30°
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: NLT 3.2 times the retention time of atovaquone
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 3 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between the atovaquone related compound A and atovaquone
peaks, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual impurity from the Sample solution
rS = peak response of atovaquone from the Standard solution
CS = concentration of USP Atovaquone RS in the Standard solution (mg/mL)
CU = nominal concentration of atovaquone in the Sample solution (mg/mL)
Acceptance criteria: See Table 3. The reporting threshold is 0.05%.
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Table 3
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

—
Atovaquone related compound Aa
0.9
Atovaquone
1.0
—
Any other individual impurity
—
0.2
—
Total impuritiesb
1.5
a This is a process impurity and is controlled in the drug substance.
b The sum of all the impurities found in the tests for Atovaquone Related Impurities
and Proguanil Related Impurities.
• Proguanil Related Impurities
Solution A: 0.65 g/L of sodium 1-pentanesulfonate and 0.7 g/L of sodium perchlorate
monohydrate in water. Adjust with phosphoric acid to a pH of 2.5. Pass through a suitable
filter of 0.45-µm pore size.
Solution B: Acetonitrile and methanol (50:50)
Mobile phase: See Table 4.
Time
(min)
0
5
25
35
50
55
65

Table 4
Solution A
(%)
82
82
60
48
20
82
82

Solution B
(%)
18
18
40
52
80
18
18

Diluent: Methanol and water (90:10)
Standard stock solution A: 0.06 mg/mL of USP Proguanil Related Compound G RS in
Diluent. Sonicate to dissolve with occasional shaking prior to final dilution.
Standard stock solution B: 0.4 mg/mL of USP Proguanil Hydrochloride RS in Diluent.
Sonicate to dissolve with occasional shaking prior to final dilution.
System suitability solution: 0.4 mg/mL of USP Proguanil Hydrochloride RS and 0.6 µg/mL
of USP Proguanil Related Compound G RS in Diluent prepared as follows. Transfer a
weighed quantity of USP Proguanil Hydrochloride RS into a suitable volumetric flask. Add
Diluent to fill 70% of the volume of the flask. Sonicate with occasional shaking to dissolve.
Add an appropriate volume of Standard stock solution A and dilute with Diluent to volume.
Standard solution: 0.002 mg/mL of USP Proguanil Hydrochloride RS in Diluent from
Standard stock solution B
Sample solution: Nominally 0.4 mg/mL of proguanil hydrochloride in Diluent prepared as
follows. Transfer a weighed quantity of crushed powder from NLT 10 Tablets, equivalent
to 100 mg of proguanil hydrochloride, into a 250-mL volumetric flask and add 200 mL of
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Diluent. Sonicate for 20 min with intermittent shaking. Dilute with Diluent to volume. Pass
through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 30°
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: NLT 2.7 times the retention time of proguanil
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between the proguanil and proguanil related compound G peaks,
System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any degradation product in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each individual degradation product from the Sample solution
rS = peak response of proguanil from the Standard solution
CS = concentration of USP Proguanil Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of proguanil hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 5. The reporting threshold is 0.05%.
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Table 5
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

Proguanil related compound Aa,b

0.16

—

Proguanil related compound Dc,b

0.25

—

Proguanil related compound Ed,b
Proguanil
Proguanil related compound Gb

0.85
1.00
1.03

Proguanil related compound F e,b

1.26

—
—
—
—

Cf ,b

—
Proguanil related compound
1.35
Any individual degradation product
—
0.1
g
—
Total impurities
1.5
a 1-Cyano-3-isopropylguanidine.
b Process related impurity included in the table for identification only and not included
in the total impurities.
c 1,5-Diisopropylbiguanide.
d 1-(4-Chlorophenyl)-3-cyanoguanidine.
e 1-(3,4-Dichlorophenyl)-5-isopropylbiguanide.
f 1,5-Bis(4-chlorophenyl)biguanide.
g The sum of all the impurities found in the tests for Atovaquone Related Impurities
and Proguanil Related Impurities.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature.
• USP Reference Standards 〈11〉
USP Atovaquone RS
USP Atovaquone Related Compound A RS
2-[cis-4-(4-Chlorophenyl)cyclohexyl]-3-hydroxy-1,4-naphthoquinone.
C22 H19 ClO3
366.84
USP Proguanil Hydrochloride RS
USP Proguanil Related Compound G RS
1-(3-Chlorophenyl)-5-isopropylbiguanide hydrochloride.
C11 H16 ClN5·HCl
290.19
2S (USP42)

BRIEFING
Atropine Sulfate Tablets, USP 41 page 409. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Atropine Sulfate Tablets are currently
marketed in the United States.
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2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C204166
Comment deadline: November 30, 2018
Delete the following:
Atropine Sulfate Tablets
DEFINITION
Atropine Sulfate Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of atropine
sulfate [(C17 H23 NO3 )2 ·H2 SO4 ·H2 O].
IDENTIFICATION
• A. Identification—Organic Nitrogenous Bases 〈181〉
Sample: A quantity of Tablets, equivalent to 5 mg of atropine sulfate
Analysis: Triturate with 10 mL of water for a few min, and filter into a small separator.
Render the solution alkaline with 6 N ammonium hydroxide, and extract with 50 mL of
chloroform. Filter the chloroform layer, and evaporate to dryness.
Acceptance criteria: The residue meets the requirements.
• B. Identification Tests—General, Sulfate〈191〉: A filtered solution of Tablets meets the
requirements of the tests.
ASSAY
• Procedure
Buffer: 34.8 g of dibasic potassium phosphate in 900 mL of water. Adjust to a pH of 9.0 by
the addition of 3 M hydrochloric acid or 1 M sodium hydroxide, as necessary.
Internal standard solution: 0.5 mg/mL of homatropine hydrobromide in water.
[Note—Prepare fresh daily.]
Standard solution: 0.1 mg/mL of USP Atropine Sulfate RS in water. Pipet 10 mL of this
solution into a separator, add 2.0 mL of Internal standard solution and 5.0 mL of Buffer,
and adjust the solution in the separator with 1 M sodium hydroxide to a pH of 9.0. Extract
with two 10-mL portions of methylene chloride, filter the methylene chloride extracts
through 1 g of anhydrous sodium sulfate supported by a small cotton plug in a funnel into
a 50-mL beaker, and evaporate under a stream of nitrogen to near-dryness. Dissolve the
residue in 2.0 mL of methylene chloride
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 409
BRIEFING
Azatadine Maleate, USP 41 page 413. It is proposed to omit this monograph for the
following reasons:
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1. No drug products formulated with Azatadine Maleate are currently marketed in the
United States.
2. Drug products containing Azatadine Maleate are currently not used in veterinary
medicine in the United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C204166
Comment deadline: November 30, 2018
Delete the following:
Azatadine Maleate

C20 H22 N2 ·2C4 H4 O4

522.55

5H-Benzo[5,6]cyclohepta[1,2-b]pyridine, 6,11-dihydro-11-(1-methyl-4-piperidinylidene)-, (Z)2-butenedioate (1:2);
6,11-Dihydro-11-(1-methyl-4-piperidylidene)-5H-benzo[5,6]cyclohepta[1,2-b]pyridine maleate
(1:2)
[3978-86-7].
DEFINITION
Azatadine Maleate contains NLT 98.0% and NMT 102.0% of azatadine maleate
(C20 H22 N2 ·2C4 H4 O4 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197M〉
• B. Ultraviolet Absorption 〈197U〉
Medium: 0.25 N hydrochloric acid in methanol
Sample solution: 40 µg/mL in Medium
Acceptance criteria: Meets the requirements
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
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Solution A: 3.854 g/L of ammonium acetate in water. Adjust with 25% ammonium
hydroxide solution to a pH of 7.6 and pass through a suitable filter of 0.2-µm pore size.
Solution B: Acetonitrile and methanol (20:80)
Mobile phase: See Table 1.
Time
(min)
0
7.0
12.0
14.0
16.0
18.0
18.1
20.0

Table 1
Solution A
(%)
80
70
60
50
30
30
80
80

Solution B
(%)
20
30
40
50
70
70
20
20

Standard solution: 0.5 mg/mL of USP Azatadine Maleate RS in water
Sample solution: 0.5 mg/mL of Azatadine Maleate in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 237 nm
Column: 4.6-mm × 15-cm; 5-µm packing L11
Column temperature: 45°
Flow rate: 1.2 mL/min
Injection volume: 3 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of azatadine maleate (C20 H22 N2 ·2C4 H4 O4 ) in the portion of
Azatadine Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of azatadine from the Sample solution
rS = peak response of azatadine from the Standard solution
CS = concentration of USP Azatadine Maleate RS in the Standard solution (mg/mL)
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CU = concentration of Azatadine Maleate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
• Organic Impurities
Solution A, Solution B, Mobile phase, and Chromatographic system: Proceed as
directed in the Assay.
Standard stock solution: 1.0 mg/mL of USP Azatadine Maleate RS in water
Standard solution: 0.001 mg/mL of USP Azatadine Maleate RS in water from the Standard
stock solution
Sample solution: 1.0 mg/mL of Azatadine Maleate in water
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual unspecified impurity in the portion of Azatadine
Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual unspecified impurity from the Sample solution
rS = peak response of azatadine from the Standard solution
CS = concentration of USP Azatadine Maleate RS in the Standard solution (mg/mL)
CU = concentration of Azatadine Maleate in the Sample solution (mg/mL)
Acceptance criteria
Individual impurity: NMT 0.10%
Total impurities: NMT 2.0%. Disregard any impurity peak less than 0.05%.
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry under vacuum at 60° for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Azatadine Maleate RS
2S (USP42)
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Recent Official Publications:
USP41–NF36 Page 413
BRIEFING
Azithromycin for Oral Suspension, USP 41 page 428 and PF 43(4) [July–Aug. 2017]. As
part of USP monograph modernization efforts, it is proposed to add Identification B based on a
more specific Fourier-transform IR procedure.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: P. Pabba.)
Correspondence Number—C165337; C187450
Comment deadline: November 30, 2018
Azithromycin for Oral Suspension
DEFINITION
Azithromycin for Oral Suspension is a dry mixture of Azithromycin and one or more buffers,
sweeteners, diluents, anticaking agents, and flavors. It contains NLT 90.0% and NMT
110.0% of the labeled amount of azithromycin (C38 H72 N2 O12 ).
IDENTIFICATION
• A. The retention time of the azithromycin peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
Add the following:
• B. Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197A〉
Standard: 25 mg/mL of USP Azithromycin RS in acetonitrile. Pass the solution through a
suitable filter, and remove the solvent by natural evaporation.
Sample: Equivalent to 25 mg/mL of azithromycin from Azithromycin for Oral Suspension in
acetonitrile. Pass the solution through a suitable filter, and remove the solvent by natural
evaporation.
Analysis: Examine the spectra of the Standard and the Sample in the range between 3800
and 650 cm−1.
Acceptance criteria: The Sample exhibits bands at about 900, 995, 1165, 1376, 1456,
1725, and 2936 cm−1 similar to the spectrum from the Standard similarly obtained.
2S (USP42)

ASSAY
Change to read:
• Procedure
[Note—Use water that has a resistivity of NLT 18 Mohm-cm.]
Mobile phase: Dissolve 5.8 g of monobasic potassium phosphate in 2130 mL of water, and
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add 870 mL of acetonitrile. Adjust with about 6 mL of 10 N potassium hydroxide to a pH of
11.0 ± 0.1, and pass through a suitable filter.
Diluent: Dissolve 2.2 g of monobasic potassium phosphate in 1590 mL of water, and add
600 mL of isopropyl alcohol, 480 mL of alcohol, and 330 mL of acetonitrile. Adjust with 10
N potassium hydroxide to a pH of 8.4 ± 0.1, and shake by mechanical means for 30 min.
Standard stock solution: 0.165 mg/mL of USP Azithromycin RS in acetonitrile. Swirl, and
sonicate as necessary.
Standard solution: 3.3 µg/mL of USP Azithromycin RS from the Standard stock solution in
Mobile phase
System suitability stock solution: 0.16 mg/mL of USP Azaerythromycin A RS in
acetonitrile and Mobile phase (1:9). Dissolve first in acetonitrile using 10% of the final
volume. Swirl, and sonicate to dissolve. Dilute with Mobile phase to volume.
System suitability solution: 3.2 µg/mL of azaerythromycin A from the System suitability
stock solution and 3.3 µg/mL of azithromycin from the Standard stock solution in Mobile
phase
Sample stock solution 1 (where packaged in a single-unit container): 2 mg/mL of
azithromycin from Azithromycin for Oral Suspension in Diluent. Transfer the contents of a
container of Azithromycin for Oral Suspension to a suitable volumetric flask. Add Diluent
equal to 70% of the volume of the flask, and shake by mechanical means for 30 min.
Dilute with Diluent to volume. Transfer 40 mL of this suspension to a stoppered centrifuge
tube, and centrifuge for 20 min. Use the supernatant to prepare Sample solution 1.
Sample stock solution 2 (where packaged in a multiple-unit container): 0.4 mg/mL of
azithromycin from Azithromycin for Oral Suspension in Diluent. Constitute Azithromycin for
Oral Suspension as directed in the labeling. Transfer a suitable aliquot of the suspension
so obtained, freshly mixed and free from air bubbles, to a suitable volumetric flask to
obtain a final concentration of 0.4 mg/mL. Add Diluent equal to 70% of the final volume,
shake by mechanical means for 30 min, and dilute with Diluent to volume. Transfer 40 mL
of the suspension so obtained to a stoppered centrifuge tube, and centrifuge for 20 min.
Use the supernatant to prepare Sample solution 2.
Sample solution 1: 3.2 µg/mL of azithromycin from Sample stock solution 1 in Mobile
phase
Sample solution 2: 4 µg/mL of azithromycin from Sample stock solution 2 in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Amperometric electrochemical detector
Electrode: Dual glassy carbon
Mode: Oxidative screen mode
Electrode 1: +0.70 ± 0.05 V
Electrode 2: +0.82 ± 0.05 V
Background current: 85 ± 15 nanoamperes
Columns
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Guard: 4.6-mm × 5-cm; 5-µm packing L29
Analytical: 4.6-mm × 15-cm; 5-µm packing L29 or 3-µm packing L49 without the Guard
column
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for azaerythromycin A and azithromycin with the L29
column are 0.7 and 1.0, respectively; the relative retention times for azaerythromycin A
and azithromycin with the L49 column are 0.8 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.5 between azaerythromycin A and azithromycin, System suitability
solution
Column efficiency: NLT 1000 theoretical plates, Standard solution
Tailing factor: 0.9–1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution, Sample solution 1, or Sample solution 2
Where packaged in a single-unit container
Calculate the percentage of the labeled amount of azithromycin (C38 H72 N2 O12 ) in the
portion of Azithromycin for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response from Sample solution 1
rS = peak response from the Standard solution
CS = concentration of USP Azithromycin RS in the Standard solution (mg/mL)
CU = nominal concentration of azithromycin in Sample solution 1 (mg/mL)
P = potency of azithromycin in USP Azithromycin RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Where packaged in a multiple-unit container
Calculate the percentage of the labeled amount of azithromycin (C38 H72 N2 O12 ) in the
portion of Azithromycin for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response from Sample solution 2
rS = peak response from the Standard solution
CS = concentration of USP Azithromycin RS in the Standard solution(mg/mL)
CU = nominal concentration of azithromycin in Sample solution 2 (mg/mL)
P = potency of azithromycin in USP Azithromycin RS (µg/mg)
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F = conversion factor, 0.001 mg/µg

[Note—Solutions containing azithromycin are stable for up to 12 h at 10°.]
Solution A: Dissolve 8.7 g of dipotassium hydrogen phosphate anhydrous in 1000 mL of
water and adjust with potassium hydroxide or dilute orthophosphoric acid to a pH of 8.2.
Solution B: Acetonitrile
Mobile phase: Solution A and Solution B (30:70)
Diluent: Acetonitrile, methanol, and water (40:40:20)
Standard solution: 0.6 mg/mL of USP Azithromycin RS in Diluent. Sonicate in cool water to
dissolve as needed.
Sample solution: Nominally 0.6 mg/mL of azithromycin in Diluent prepared as follows.
Transfer an accurately measured portion of the constituted Azithromycin for Oral
Suspension to a suitable volumetric flask. Add Diluent equal to 50% of the volume of the
flask, and sonicate for 20 min with shaking in cool water. Dilute with Diluent to volume.
Pass a portion of this solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 10°
Column: 30°
Flow rate: 2 mL/min
Injection volume: 50 µL
Run time: NLT 2 times the retention time of azithromycin
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of azithromycin (C38 H72 N2 O12 ) in the
portion of Azithromycin for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response of azithromycin from the Sample solution
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rS = peak response of azithromycin from the Standard solution
CS = concentration of USP Azithromycin RS in the Standard solution (mg/mL)
CU = nominal concentration of azithromycin in the Sample solution (mg/mL)
P = potency of USP Azithromycin RS (µg/mg)
F = conversion factor, 0.001 mg/µg
USP42

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Deliverable Volume 〈698〉: Meets the requirements
• Uniformity of Dosage Units 〈905〉
For single-unit containers: Meets the requirements
Add the following:
• Dissolution 〈711〉
[Note—Solutions containing azithromycin are stable for up to 12 h at 10°.]
Medium: Sodium phosphate buffer at a pH of 6.0; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Solution A: Dissolve 8.7 g of dipotassium hydrogen phosphate anhydrous in 1000 mL of
water and adjust with potassium hydroxide or dilute orthophosphoric acid to a pH of 8.2.
Solution B: Acetonitrile
Mobile phase: Solution A and Solution B (35:65)
Standard stock solution: 0.55 mg/mL of USP Azithromycin RS prepared as follows.
Transfer an accurately weighed amount of USP Azithromycin RS to a suitable volumetric
flask. Add acetonitrile to fill 5% of the volume of the flask and sonicate in cool water for 5
min to dissolve completely. Dilute with Medium to volume.
Standard solution
For Azithromycin for Oral Suspension labeled to contain 100 mg/5 mL: 0.11 mg/mL
of USP Azithromycin RS in Medium from Standard stock solution
For Azithromycin for Oral Suspension labeled to contain 200 mg/5 mL: 0.22 mg/mL
of USP Azithromycin RS in Medium from Standard stock solution
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
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Autosampler: 10°
Column: 50°
Flow rate: 2 mL/min
Injection volume: 100 µL
Run time: NLT 2 times the retention time of azithromycin
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage (Q) of the labeled amount of azithromycin (C38 H72 N2 O12 )
dissolved:
Result = (rU/rS) × (CS/L) × D × (d/W) × V × 100
rU = peak response of azithromycin from the Sample solution
rS = peak response of azithromycin from the Standard solution
CS = concentration of USP Azithromycin RS in the Standard solution (mg/mL)
L = label claim of Azithromycin for Oral Suspension (mg/5 mL)
D = dilution factor, necessary only if the Sample solution requires dilution (mL/mL)
d = density of the Sample solution (g/mL)
W = weight of Azithromycin for Oral Suspension taken (g)
V = volume of Medium, 900 mL
Tolerances: NLT 75% (Q) of the labeled amount of azithromycin (C38 H72 N2 O12 ) is
dissolved. USP42
IMPURITIES
Add the following:
• Organic Impurities
Solution A: Dissolve 1.8 g of disodium hydrogen phosphate dihydrate in 1000 mL of water
and adjust with dilute phosphoric acid to a pH of 8.9.
Solution B: Acetonitrile and methanol (75:25)
Mobile phase: See Table 1.
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Time
(min)
0
25
30
80
81
90

Table 1
Solution A
(%)
50
45
40
25
50
50

Solution B
(%)
50
55
60
75
50
50

Buffer: Dissolve 1.73 g of ammonium dihydrogen phosphate in 1000 mL of water and adjust
with ammonia solution to a pH of 10.0 ± 0.05.
Diluent: Buffer, methanol, and acetonitrile (35:35:30)
System suitability solution: 0.015 mg/mL of USP Azithromycin Related Compound F RS
and 0.025 mg/mL of USP Desosaminylazithromycin RS in Diluent
Standard solution: 0.04 mg/mL of USP Azithromycin RS in Diluent. Sonicate in cool water
to dissolve as needed.
Sample solution: Nominally 4.0-mg/mL solution of azithromycin in Diluent prepared as
follows. Transfer a portion of the constituted Azithromycin for Oral Suspension, equivalent
to about 400.0 mg of azithromycin, to a 100-mL volumetric flask. Add 70 mL of Diluent and
sonicate in cool water for about 15 min. Dilute with Diluent to volume. Pass a portion of
this solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 10°
Column: 60°
Flow rate: 0.9 mL/min
Injection volume: 100 µL
Run time: NLT 2 times the retention time of azithromycin
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between desosaminylazithromycin and azithromycin related
compound F, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of each impurity in the portion of Azithromycin for Oral Suspension
taken:
Result = (rU/rS) × (CS/CU) × P × F 1 × (1/F 2) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of azithromycin from the Standard solution
CS = concentration of USP Azithromycin RS in the Standard solution (mg/mL)
CU = nominal concentration of azithromycin in the Sample solution (mg/mL)
P = potency of USP Azithromycin RS (µg/mg)
F 1 = conversion factor, 0.001 mg/µg
F 2 = relative response factor (see Table 2)
Acceptance criteria: See Table 2. Disregard any peaks at relative retention times before
0.29 and after 1.31.
Table 2
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Name

Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

A zithromycin N-oxidea

0.29

0.43

0.50

3′-(N,N-Didemethyl)-3′-N-formylazithromycinb

0.37

1.7

0.50

3′-(N,N-Didemethyl)azithromycin(aminoazithromycin)c
A zithromycin related compound F d

0.43

1.0

0.50

0.51

3.8

0.50

Desosaminylazithromycine
N-Demethylazithromycinf

0.54

1.0

0.30

0.61

1.0

0.50

A zithromycin C (3″-O-demethylazithromycin)g, h
3′-De(dimethylamino)-3′-oxoazithromycini

0.73

—

—

0.76

1.5

0.50

A zaerythromycin A h, j

0.83

—

—

Specified unidentified impurityh, k
A zithromycin

0.92
1.0

—

—

—

—

2-Desethyl-2-propylazithromycinh, l

1.23

—

—

3′-N-Demethyl-3′-N-[(4-methylphenyl)sulfonyl]azithromycinh, m
3-Deoxyazithromycin (azithromycin B)h, n

1.26

—

—

1.31
—
—

—

—

1.0
—

0.20
3.5

A ny individual unspecified degradation product
Total degradation products

a (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylazinoyl)-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
b (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-formamido-3,4,6-trideoxy-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
c (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-amino-3,4,6-trideoxy-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
d 3′-(N-Demethyl)-3′-N-formylazithromycin; (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-Cmethyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3(N-methyl)formamido-3,4,6-trideoxy-β-d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
e (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy-3,5,6,8,10,12,14-heptamethyl-11[[3,4,6-trideoxy-3-dimethylamino-β-d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
f (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-methylamino-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
g (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-α-l-ribo-hexopyranosyl)oxy]-2-ethyl3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
h Process impurities that are controlled in the drug substance are not to be reported. They are listed here for
information only. The unspecified impurities and total impurities limits do not include these impurities.
i (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3,3-dimethyl-α-l-ribo-hexopyranosyl)oxy]-2-ethyl3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-oxo-β-d-xylo-hexopyranosyl]oxy]-1-oxa6-azacyclopentadecan-15-one.
j 9-Deoxo-9a-aza-9a-homoerythromycin A .
k Specified unidentified impurity.
l (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]2-propyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylamino)-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one dihydrate.
m (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-[N-(4-methylphenylsulfonyl)-N-methylamino]3,4,6-trideoxy-β-d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
n (2R,3R,4S,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-l-ribo-hexopyranosyl)oxy]2-ethyl-4,10-dihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylamino)-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
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USP42

SPECIFIC TESTS
• pH 〈791〉
For a solid packaged in single-unit containers
Sample: The suspension constituted as directed in the labeling
Acceptance criteria: 9.0–11.0
For a solid packaged in multiple-unit containers
Sample: The suspension constituted as directed in the labeling
Acceptance criteria: 8.5–11.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 〈11〉
USP Azaerythromycin A RS
9-Deoxo-9a-aza-9a-homoerythromycin A;
6-Demethylazithromycin.
C37 H70 N2 O12
734.96
USP42

USP Azithromycin RS
USP Azithromycin Related Compound F RS
3′-(N-Demethyl)-3′-N-formylazithromycin;
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-Omethyl- α-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14heptamethyl-11-[[3-(N-methyl)formamido-3,4,6-trideoxy-β-d-xylo-hexopyranosyl]oxy]1-oxa-6-azacyclopentadecan-15-one.
C38 H70 N2 O13
762.97
USP Desosaminylazithromycin RS
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino-β-d-xylohexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
C30 H58 N2 O9
590.79
USP42

Recent Official Publications:
USP41–NF36 Page 428
BRIEFING
Baclofen Injection. Because there is no existing USP monograph for this drug product, a
new monograph based on validated methods of analysis is proposed. The liquid chromatographic
procedure used in the proposed Assay and test for Organic Impurities was validated using the
Nucleosil C18 brand of column with L1 packing. The typical retention time for baclofen ranges
from 9 to 13 min.
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(CHM4: H. Joyce.)
Correspondence Number—C196372
Comment deadline: November 30, 2018
Add the following:
Baclofen Injection
DEFINITION
Baclofen Injection is a sterile solution of Baclofen in Water for Injection. It contains NLT
95.0% and NMT 105.0% of the labeled amount of baclofen (C10 H12 ClNO2 ).
IDENTIFICATION
• A. The retention time of the Sample solution corresponds to that of the Standard solution,
as obtained in the Assay.
• B. The UV spectrum of baclofen in the Sample solution corresponds to that of the Standard
solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: 5.0 g/L of sodium dodecyl sulfate prepared as follows. Transfer a suitable
portion of sodium dodecyl sulfate to an appropriate volumetric flask. Add 50% of the flask
volume of water and then 0.5% of the flask volume of phosphoric acid. Add 40% of the
flask volume of acetonitrile. Dilute with water to volume.
System suitability stock solution 1: 200 µg/mL of USP Baclofen Related Compound A RS
prepared as follows. Transfer a suitable portion of USP Baclofen Related Compound A RS
to an appropriate volumetric flask. Dissolve in 10% of the flask volume of acetonitrile.
Dilute with water to volume.
System suitability stock solution 2: 20 µg/mL of USP Baclofen Related Compound A RS
from System suitability stock solution 1, in water
Standard stock solution: 500 µg/mL of USP Baclofen RS in water
System suitability solution: 0.5 µg/mL of USP Baclofen Related Compound A RS from
System suitability stock solution 2 and 50 µg/mL of USP Baclofen RS from Standard stock
solution in water
Standard solution: 50 µg/mL of USP Baclofen RS in water
Sample solution: Nominally 50 µg/mL of baclofen from Injection. Use a portion of Injection.
Dilute with water, if necessary.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 218 nm. For Identification B, use a diode array detector in the range of
210–400 nm.
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Column: 4.6-mm × 25-cm; 10-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 50 µL
Run time: NLT 1.6 times the retention time of baclofen
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 4.0 between baclofen related compound A and baclofen, System
suitability solution
Tailing factor: NMT 1.5 for baclofen, System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of baclofen (C10 H12 ClNO2 ) in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Baclofen RS in the Standard solution (µg/mL)
CU = nominal concentration of baclofen in the Sample solution (µg/mL)
Acceptance criteria: 95.0%–105.0%
IMPURITIES
• Organic Impurities
Mobile phase, System suitability stock solution 1, System suitability stock solution 2,
Standard stock solution, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.05 µg/mL of USP Baclofen RS in water
Standard solution: 0.5 µg/mL of USP Baclofen Related Compound A RS from System
suitability stock solution 2 and 0.25 µg/mL of USP Baclofen RS from Standard stock
solution in water
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 4.0 between baclofen related compound A and baclofen, System
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suitability solution
Relative standard deviation: NMT 5.0% each for baclofen related compound A and
baclofen, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of baclofen related compound A in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of baclofen related compound A from the Sample solution
rS = peak response of baclofen related compound A from the Standard solution
CS = concentration of USP Baclofen Related Compound A RS in the Standard solution
(µg/mL)
CU = nominal concentration of baclofen in the Sample solution (µg/mL)
Calculate the percentage of any other impurity in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any other impurity from the Sample solution
rS = peak response of baclofen from the Standard solution
CS = concentration of USP Baclofen RS in the Standard solution (µg/mL)
CU = nominal concentration of baclofen in the Sample solution (µg/mL)
Acceptance criteria: See Table 1. The reporting threshold is 0.1%.
Table 1
Relative
Retention
Name
Time
Baclofen related compound A
0.5
Baclofen
1.0
Any other impurity
—
Total impurities
—

Acceptance
Criteria,
NMT (%)
1.0
—
0.5
1.5

SPECIFIC TESTS
• pH 〈791〉: 5.5–6.8
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• Sterility Tests 〈71〉: Meets the requirements
• Osmolality and Osmolarity 〈785〉, Osmolality: 270–300 mOsm/kg
• Bacterial Endotoxins Test 〈85〉: Meets the requirements
• Other Requirements: Meets the requirements in Injections and Implanted Drug Products 〈1〉
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in well-closed containers. Do not freeze. Store at
controlled room temperature.
• USP Reference Standards 〈11〉
USP Baclofen RS
USP Baclofen Related Compound A RS
4-(4-Chlorophenyl)-2-pyrrolidinone.
C10 H10 ClNO
195.65
2S (USP42)

BRIEFING
Bisoprolol Fumarate, USP 41 page 542. On the basis of comments received and as part of
the USP monograph modernization efforts, the following revisions are proposed:
1. Revise Identification A to include 〈197A〉 and allow the flexibility of using either 〈197K〉 or
〈197A〉 for this test.
2. Replace the HPLC procedure in the Organic Impurities test with an HPLC procedure
based on analyses performed with the Inertsil ODS-3V brand of column with L1 packing
from GL Sciences. The typical retention time for bisoprolol is about 21 min. This
proposed procedure quantitates five specified impurities. The current procedure only
quantitates the total impurities.
3. Replace the HPLC procedure in the Assay with an HPLC procedure which is based on
analyses performed with the Inertsil ODS-3V brand of column with L1 packing from GL
Sciences. The typical retention time for bisoprolol is about 7 min. The System suitability
solution in the current Assay uses propranolol, a compound which is not structurally
related to bisoprolol.
4. Revise the Content of Fumaric Acid test to allow the flexibility of using a suitable
electrode system.
5. Add USP Bisoprolol Related Compound A RS, USP Bisoprolol Related Compound C RS, USP
Bisoprolol Related Compound D RS, USP Bisoprolol Related Compound E RS, and USP
Metoprolol Related Compound C RS to the USP Reference Standards section to support
the proposed Organic Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: W. Yang, S. Ramakrishna.)
Correspondence Number—C182798
Comment deadline: November 30, 2018
Bisoprolol Fumarate

(C18 H31 NO4 )2 ·C4 H4 O4

766.96
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2-Propanol, 1-[4-[[2-(1-methylethoxy)ethoxy]methyl]
phenoxy]-3-[(1-methylethyl)amino]-, (±)-, (E)-2-butenedioate (2:1) (salt);
(±)-1-[[α-(2-Isoproproxyethoxy)-p-tolyl]oxy]-3-(isopropylamino)-2-propanol fumarate (2:1)
(salt)
[104344-23-2].
DEFINITION
Bisoprolol Fumarate contains NLT 97.5% and NMT 102.0% of Bisoprolol Fumarate
(C18 H31 NO4 )2 ·C4 H4 O4 , calculated on the anhydrous basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉 or 〈197A〉
2S (USP42)

• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Diluent: Acetonitrile and water (35:65)
Mobile phase: Diluent, heptafluorobutyric acid, diethylamine, and formic acid
(100:0.5:0.5:0.25)
System suitability solution: 0.5 mg/mL of propranolol hydrochloride and 1 mg/mL of
Bisoprolol Fumarate in Diluent
Standard solution: 1 mg/mL of USP Bisoprolol Fumarate RS in Diluent
Sample solution: 1 mg/mL of Bisoprolol Fumarate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 273 nm
Column: 4.6-mm × 12.5-cm; packing L7
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 7.0 between bisoprolol and propranolol, System suitability solution
Tailing factor: NMT 2.0, Standard solution

675
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Relative standard deviation: NMT 2.0%, Standard solution
Solution A: Dissolve 4 g of monobasic potassium phosphate in 1000 mL of water, add 2
mL of triethylamine, and adjust with phosphoric acid to a pH of 4.5.
Mobile phase: Acetonitrile and Solution A (20:80)
Standard solution: 0.2 mg/mL of USP Bisoprolol Fumarate RS in Mobile phase
Sample solution: 0.2 mg/mL of Bisoprolol Fumarate in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
Run time: NLT 2.1 times the retention time of bisoprolol
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
2S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of bisoprolol fumarate [(C18 H31 NO4 )2 ·C4 H4 O4 ] in the portion of
Bisoprolol Fumarate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of bisoprolol from the Sample solution
rS = peak response of bisoprolol from the Standard solution
CS = concentration of USP Bisoprolol Fumarate RS in the Standard solution (mg/mL)
CU = concentration of Bisoprolol Fumarate in the Sample solution (mg/mL)
Acceptance criteria: 97.5%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals 〈231〉, Method I: 0.002%
Change to read:
• Organic Impurities

(O fficial 1-Jan-2018)
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Diluent, Mobile phase, System suitability solution, Standard solution, Sample
solution, Chromatographic system and System suitability: Proceed as directed in
the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of total impurities in the portion of Bisoprolol Fumarate taken:
Result = (rU/rT) × 100
rU = sum of areas for all the peaks, excluding the fumaric acid and bisoprolol peaks
rT = sum of the areas of all the peaks
Acceptance criteria: NMT 0.5%
Dilute phosphoric acid: Dilute 5.0 mL of phosphoric acid with water to 100 mL.
Solution A: Dissolve 4 g of monobasic potassium phosphate in 1000 mL of water. Adjust
with Dilute phosphoric acid to a pH of 4.3.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
20
30
40
45
46
55

Table 1
Solution A
(%)
95
80
60
40
40
95
95

Solution B
(%)
5
20
40
60
60
5
5

System suitability solution: 1.2 mg/mL of USP Bisoprolol Fumarate RS and 1.8 µg/mL of
USP Bisoprolol Related Compound D RS in Solution A. Sonicate to dissolve, if needed.
Sensitivity solution: 0.6 µg/mL of USP Bisoprolol Fumarate RS. Sonicate to dissolve, if
needed.
Standard solution: 1.2 µg/mL of USP Bisoprolol Fumarate RS, 1.8 µg/mL each of USP
Bisoprolol Related Compound A RS, USP Bisoprolol Related Compound C RS, USP Bisoprolol
Related Compound D RS, USP Bisoprolol Related Compound E RS, and 2.1 µg/mL of USP
Metoprolol Related Compound C RS (equivalent to 1.8 µg/mL of metoprolol related
compound C free base) in Solution A. Sonicate to dissolve, if needed.
Sample solution: 1.2 mg/mL of Bisoprolol Fumarate in Solution A. Sonicate to dissolve, if
needed.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 225 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 35°
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between bisoprolol and bisoprolol related compound D, System
suitability solution
Relative standard deviation: NMT 5% for bisoprolol, each of the bisoprolol related
compounds, and metoprolol related compound C, Standard solution
Signal-to-noise ratio: NLT 10 for bisoprolol, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified impurity, except metoprolol related compound C,
in the portion of Bisoprolol Fumarate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of the specified impurity from the Sample solution
rS = peak response of the corresponding specified impurity from the Standard solution
CS = concentration of the corresponding Reference Standard of the specified impurity in
the Standard solution (µg/mL)
CU = concentration of Bisoprolol Fumarate in the Sample solution (µg/mL)
Calculate the percentage of metoprolol related compound C free base in the portion of
Bisoprolol Fumarate taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of metoprolol related compound C from the Sample solution
rS = peak response of metoprolol related compound C from the Standard solution
CS = concentration of USP Metoprolol Related Compound C RS in the Standard solution
(µg/mL)
CU = concentration of Bisoprolol Fumarate in the Sample solution (µg/mL)
Mr1 = molecular weight of metoprolol related compound C free base, 237.30
Mr2 = molecular weight of metoprolol related compound C hydrochloride salt, 273.76
Calculate the percentage of any unspecified impurity in the portion of Bisoprolol Fumarate
taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response of any unspecified impurity from the Sample solution
rS = peak response of bisoprolol from the Standard solution
CS = concentration of USP Bisoprolol Fumarate RS in the Standard solution (µg/mL)
CU = concentration of Bisoprolol Fumarate in the Sample solution (µg/mL)
Acceptance criteria See Table 2. Reporting threshold is 0.05%.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

—
Fumaric acida
0.05
Bisoprolol related compound A
0.23
0.15
Metoprolol related compound Cb
0.36
0.15
Bisoprolol related compound C
0.79
0.15
Bisoprolol
1.0
—
Bisoprolol related compound D
1.1
0.15
Bisoprolol related compound E
1.5
0.15
Any unspecified impurity
—
0.10
Total impurities
—
0.50
a This peak is due to the fumarate counter-ion, and is included in the table for
identification only. It is not to be reported or included in the total impurities.
b 4-[2-Hydroxy-3-(isopropylamino)propoxy]benzaldehyde.
2S (USP42)

OTHER COMPONENTS
Change to read:
• Content of Fumaric Acid
Sample solution: Dissolve about 500 mg of Bisoprolol Fumarate in 70 mL of dehydrated
alcohol.
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Titrant: 0.1 N tetrabutylammonium hydroxide VS
Endpoint detection: Potentiometric, using a glass-calomel electrode system
using a suitable electrode system. [Note—A glass–calomel electrode system may be
used.] 2S (USP42)
Analysis: Add 8.0 mL of the Titrant to the Sample solution, and stir for 2 min. Titrate with
the Titrant. Perform a blank determination, and make any necessary correction. Each mL
of the Titrant is equivalent to 5.804 mg of fumaric acid.
Acceptance criteria: 14.8%-15.4% on the anhydrous basis
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SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 10 mg/mL, in methanol
Acceptance criteria: –2° to +2°
• Water Determination 〈921〉, Method I: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Bisoprolol Fumarate RS
USP Bisoprolol Related Compound A RS
1-[4-(Hydroxymethyl)phenoxy]-3-(isopropylamino)propan-2-ol.
C13 H21 NO3
239.32
USP Bisoprolol Related Compound C RS
1-(Isopropylamino)-3-(4-methylphenoxy)propan-2-ol.
C13 H21 NO2
223.32
USP Bisoprolol Related Compound D RS
1-(4-{[(2-Isopropoxyethoxy)methoxy]methyl}phenoxy)-3-(isopropylamino)propan-2-ol.
C19 H33 NO5
355.48
USP Bisoprolol Related Compound E RS
3,3'-(Isopropylazanediyl)bis(1-(4-((2-isopropoxyethoxy)methyl)phenoxy)propan-2-ol).
C33 H53 NO8
591.79
USP Metoprolol Related Compound C RS
4-[2-Hydroxy-3-(isopropylamino)propoxy]benzaldehyde hydrochloride.
C13 H19 NO3 ·HCl
273.76
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 542
BRIEFING
Bisoprolol Fumarate Tablets, USP 41 page 543. As part of the USP monograph
modernization efforts, the following revisions are proposed:
1. Replace the TLC procedure in Identification A with the retention time agreement
obtained from the proposed Assay.
2. Add Identification B based on UV spectrum agreement obtained from the proposed
Assay.
3. Replace the HPLC procedure in the Assay with an HPLC procedure based on analyses
performed with the Hypersil BDS C18 brand of column with L1 packing from Thermo
Scientific. The typical retention time for bisoprolol is about 5.8 min. The System
suitability solution in the current Assay uses propranolol, a compound which is not
structurally related to bisoprolol.
4. Add a calculation in Test 1 and clarify Test 2 in the test for Dissolution.
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5. Add the test for Organic Impurities using an HPLC procedure based on analyses
performed with the Inertsil ODS-3V brand of column with L1 packing from GL Sciences.
The typical retention time for bisoprolol is about 21 min.
6. Add USP Bisoprolol Related Compound A RS, USP Bisoprolol Related Compound D RS, USP
Bisoprolol Related Compound F RS, USP Bisoprolol Related Compound G RS, and USP
Metoprolol Related Compound C RS to the USP Reference Standards section to support
the proposed Organic Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: W. Yang, S. Ramakrishna.)
Correspondence Number—C127320
Comment deadline: November 30, 2018
Bisoprolol Fumarate Tablets
DEFINITION
Bisoprolol Fumarate Tablets contain NLT 90.0% and NMT 105.0% of the labeled amount of
bisoprolol fumarate [(C18 H31 NO4 )2 ·C4 H4 O4 ].
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Sample solution: Equivalent to 40 mg of bisoprolol fumarate, from powdered Tablets (NLT
5), in a 50-mL flask. Add about 20 mL of a mixture of dichloromethane and methanol (7:3),
shake for 30 min, centrifuge, and use the clear solution.
Application volume: 20 µL
Developing solvent system: Dichloromethane, methanol, and ammonia TS, stronger (70:
10: 0.8)
Analysis
Sample: Sample solution
Proceed as directed in the chapter, except to develop the chromatogram until the solvent
front has moved about two-thirds of the length of the plate and to dry the plate in a
current of cold air.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
Add the following:
• B The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
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Change to read:
• Procedure
Diluent: Acetonitrile and water (7:13)
Mobile phase: A 1-L portion of Diluent. Add 5 mL of heptafluorobutyric acid, 5 mL of
diethylamine, and 2.5 mL of formic acid.
System suitability solution: 0.5 mg/mL of propranolol hydrochloride and 1 mg/mL of
bisoprolol fumarate in Diluent
Standard solution: 1 mg/mL of USP Bisoprolol Fumarate RS in Diluent
Sample solution: Transfer an equivalent of 25 mg of bisoprolol fumarate, from powdered
Tablets (NLT 20), to a 25-mL volumetric flask. Add 10 mL of Diluent, and sonicate for 10
min. Cool, dilute with Diluent to volume , and mix. Centrifuge for 20 min, and use the clear
supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 273 nm
Column: 4.6-mm × 12.5-cm; packing L7
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 7.0 between bisoprolol and propranolol, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Solution A: Dissolve 4 g of monobasic potassium phosphate in 1000 mL of water, add 2
mL of triethylamine, and adjust with phosphoric acid to a pH of 4.5.
Mobile phase: Acetonitrile and Solution A (20:80)
Standard solution: 0.2 mg/mL of USP Bisoprolol Fumarate RS in Mobile phase
Sample stock solution: Nominally 1.0 mg/mL of bisoprolol fumarate in Mobile phase
prepared as follows. Transfer a quantity of finely powdered Tablets (NLT 20), equivalent
to 50 mg of bisoprolol fumarate, to a 50-mL volumetric flask. Add 30 mL of Mobile phase
and sonicate for about 20 min with intermittent shaking. Dilute with Mobile phase to
volume. Centrifuge and use the supernatant.
Sample solution: Nominally 0.2 mg/mL of bisoprolol fumarate in Mobile phase from Sample
stock solution. Pass through a suitable filter of 0.45-µm or finer pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 225 nm. For Identification B, use a diode array detector in the range of
200-400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of bisoprolol
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
2S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
bisoprolol fumarate 2S (USP42)
[(C18 H31 NO4 )2 ·C4 H4 O4 ] in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response
of bisoprolol 2S (USP42)
from the Sample solution
rS = peak response
of bisoprolol 2S (USP42)
from the Standard solution
CS = concentration of USP Bisoprolol Fumarate RS in the Standard solution (mg/mL)
CU = nominal concentration of bisoprolol fumarate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–105.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1
Medium: Water; 900 mL
Apparatus 2: 75 rpm
Time: 20 min
Determine the amount of (C18 H31 NO4 )2 ·C4 H4 O4 dissolved by using the following method.

2S (USP42)

Mobile phase: Methanol, triethylamine, and water (34:1:50). Adjust with phosphoric acid
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to a pH of 4.0 ± 0.1.
Diluent: Methanol, triethylamine, phosphoric acid, and water (160:5:2.5:35)
Standard stock solution: USP Bisoprolol Fumarate RS in water to obtain a solution
having a known concentration of about twice the concentration of bisoprolol fumarate in
the Sample solution
Standard solution: Standard stock solution and Diluent (1:1)
Sample solution: Sample per Dissolution 〈711〉.
2S (USP42)

Withdraw a portion of the solution under test, filter, and dilute with an equal volume of
Diluent.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 227 nm
Column: 4.6-mm × 33-mm; packing L7
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of bisoprolol fumarate [(C18 H31 NO4 )2 ·C4 H4 O4 ] dissolved:
Result = (rU/rS) × CS × D × V × (1/L) × 100
rU = peak response of bisoprolol from the Sample solution
rS = peak response of bisoprolol from the Standard solution
CS = concentration of USP Bisoprolol Fumarate RS in the Standard solution (mg/mL)
D = dilution factor of the Sample solution, 2
V = volume of Medium, 900 mL
L = label claim (mg/Tablet) 2S (USP42)
Tolerances: NLT 80% (Q) of the labeled amount of
bisoprolol fumarate 2S (USP42)
[(C18 H31 NO4 )2 ·C4 H4 O4 ] is dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.5 M sodium chloride; 900 mL
Apparatus 2: 75 rpm
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Time: 20 min
Analysis: Proceed as directed for Test 1 with the following modifications.
Diluent: Prepare a mixture of methanol, 0.1 N hydrochloric acid, triethylamine, and
phosphoric acid (160: 35: 5: 2.5). The dimensions of the column are 4.6 mm × 25 cm.
Diluent: Methanol, 0.1 N hydrochloric acid, triethylamine, and phosphoric acid
(160:35:5:2.5)
Mobile phase, Standard stock solution, Standard solution, Sample solution, and
Analysis: Proceed as directed in Test 1.
Chromatographic system: Proceed as directed in Test 1, except for the Column.
Column: 4.6-mm × 25-cm; packing L7
2S (USP42)

Tolerances: NLT 80% (Q) of the labeled amount of
bisoprolol fumarate 2S (USP42)
[(C18 H31 NO4 )2 ·C4 H4 O4 ] is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Dilute phosphoric acid: Dilute 5.0 mL of phosphoric acid with water to 100 mL.
Solution A: Dissolve 4 g of monobasic potassium phosphate in 1000 mL of water. Adjust
with Dilute phosphoric acid to a pH of 4.3.
Solution B: Acetonitrile
Mobile phase: See Table 1. [Note—Before the start of analysis, it is recommended to
equilibrate the column with Solution B for 30 min, followed by conditioning the column
using the Mobile phase for 55 min.]
Time
(min)
0
20
30
40
45
46
55

Table 1
Solution A
(%)
95
80
60
40
40
95
95

Solution B
(%)
5
20
40
60
60
5
5

System suitability solution: 1.2 mg/mL of USP Bisoprolol Fumarate RS and 6 µg/mL each
of USP Bisoprolol Related Compound D RS and USP Bisoprolol Related Compound F RS in
Solution A. Sonicate to dissolve, if needed.
Sensitivity solution: 0.6 µg/mL of USP Bisoprolol Fumarate RS in Solution A. Sonicate to
dissolve, if needed.
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Standard solution: 2.4 µg/mL of USP Bisoprolol Fumarate RS, 6 µg/mL each of USP
Bisoprolol Related Compound A RS, USP Bisoprolol Related Compound F RS, USP Bisoprolol
Related Compound G RS, and 6.9 µg/mL of USP Metoprolol Related Compound C RS
(equivalent to 6 µg/mL of metoprolol related compound C free base) in Solution A.
Sonicate to dissolve, if needed.
Sample solution: Nominally 1.2 mg/mL of bisoprolol fumarate in Solution A, prepared as
follows. Transfer a quantity of finely powdered Tablets (NLT 20), equivalent to 60 mg of
bisoprolol fumarate, to a 50-mL volumetric flask. Add 30 mL of Solution A and sonicate for
about 20 min with intermittent shaking. Dilute with Solution A to volume. Pass through a
suitable filter of 0.45-µm or finer pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 35°
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 2.0 between bisoprolol and bisoprolol related compound D; NLT 1.5
between bisoprolol related compound D and bisoprolol related compound F, System
suitability solution
Relative standard deviation: NMT 5.0% for bisoprolol, bisoprolol related compounds A,
F, G, and metoprolol related compound C, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified degradation product, except metoprolol related
compound C, in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each specified degradation product from the Sample solution
rS = peak response of each specified degradation product from the Standard solution
CS = concentration of the corresponding Reference Standard of the specified degradation
product in the Standard solution (µg/mL)
CU = nominal concentration of bisoprolol fumarate in the Sample solution (µg/mL)
Calculate the percentage of metoprolol related compound C free base in the portion of
Tablets taken:

PF 44(5): Sep.-Oct. 2018

687

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of metoprolol related compound C from the Sample solution
rS = peak response of metoprolol related compound C from the Standard solution
CS = concentration of USP Metoprolol Related Compound C RS in the Standard solution
(µg/mL)
CU = nominal concentration of bisoprolol fumarate in the Sample solution (µg/mL)
Mr1 = molecular weight of metoprolol related compound C free base, 237.30
Mr2 = molecular weight of metoprolol related compound C hydrochloride salt, 273.76
Calculate the percentage of any unspecified degradation product in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified degradation product from the Sample solution
rS = peak response of bisoprolol from the Standard solution
CS = concentration of USP Bisoprolol Fumarate RS in the Standard solution (µg/mL)
CU = nominal concentration of bisoprolol fumarate in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.
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Table 2

Name

Relative
Retention
Time

Fumaric acida
Bisoprolol related compound A
Metoprolol related compound Cb

0.05
0.23
0.36

compound Cc,d

0.79
1.0
1.07
1.09
1.3

Bisoprolol related
Bisoprolol
Bisoprolol related
Bisoprolol related
Bisoprolol related

compound Dc
compound F
compound G

Acceptance
Criteria,
NMT (%)
—
0.50
1.0
—
—
—
0.50
0.50
—
0.20
2.0

Bisoprolol related compound Ec,e
1.5
Each unspecified degradation product
—
Total degradation products
—
a This peak is due to the fumarate counter-ion, and is included in the table for
identification only. It is not to be reported or included in the total degradation
products.
b 4-[2-Hydroxy-3-(isopropylamino)propoxy]benzaldehyde.
c Process impurity included in the table for peak identification only. It is not to be
reported or included in the total degradation products.
d 1-(Isopropylamino)-3-(4-methylphenoxy)propan-2-ol.
e 3,3'-(Isopropylazanediyl)bis(1-(4-((2-isopropoxyethoxy)methyl)phenoxy)propan-2ol).
2S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Bisoprolol Fumarate RS
2-Propanol, 1-[4-[[2-(1-methylethoxy)ethoxy]methyl]phenoxy]-3-[(1methylethyl)amino]-, (±)-, (E)-2-butenedioate (2:1) (salt).
(C18H31NO4)2·C4H4O4
766.96
USP Bisoprolol Related Compound A RS
1-[4-(Hydroxymethyl)phenoxy]-3-(isopropylamino)propan-2-ol.
C13 H21 NO3
239.32
USP Bisoprolol Related Compound D RS
1-(4-{[(2-Isopropoxyethoxy)methoxy]methyl}phenoxy)-3-(isopropylamino)propan-2-ol.
C19 H33 NO5
355.48
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USP Bisoprolol Related Compound F RS
2-Isopropoxyethyl 4-[2-hydroxy-3-(isopropylamino)propoxy]benzoate.
C18 H29 NO5
339.43
USP Bisoprolol Related Compound G RS
4-[(2-Isopropoxyethoxy)methyl]phenol.
C12 H18 O3
210.27
USP Metoprolol Related Compound C RS
4-[2-Hydroxy-3-(isopropylamino)propoxy]benzaldehyde hydrochloride.
C13 H19 NO3 ·HCl
273.76
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 543
BRIEFING
Cetylpyridinium Chloride, page 8308 of the First Supplement to USP 41–NF 36. On the
basis of comments received and as a part of USP monograph modernization, the following
changes are proposed.
1. Two specified impurities are included in the test for Organic Impurities. The typical
retention times for myristylpyridinium chloride and stearylpyridinium chloride are about
1.4 and 4.9 min, respectively.
2. Two new Reference Standards, USP Myristylpyridinium Chloride RS and USP
Stearylpyridinium Chloride RS, are added to the USP Reference Standards section to
support the proposed changes.
Additionally, minor editorial changes are made to update the monograph to current USP style.
(CHM6: S. Ramakrishna.)
Correspondence Number—C179621
Comment deadline: November 30, 2018
Cetylpyridinium Chloride

C21 H38 ClN·H2 O
358.00
C21 H38 ClN
339.99
Pyridinium, 1-hexadecyl-, chloride, monohydrate;
1-Hexadecylpyridinium chloride monohydrate
[6004-24-6].
Anhydrous
[123-03-5].
DEFINITION
Cetylpyridinium Chloride contains NLT 98.0% and NMT 102.0% of cetylpyridinium chloride
(C21 H38 ClN), calculated on the anhydrous basis.
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IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Change to read:
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride
Sample solution: 2 mg/mL in water
Acceptance criteria: A 10-mL portion of the Sample solution meets the requirements of
test A, (CN 1-May-2018) except that when silver nitrate TS is added, turbidity is produced
rather than a curdy white precipitate.
ASSAY
• Procedure
Use 0.1% trifluoroacetic acid–rinsed glassware and silanized vials for all solutions
containing cetylpyridinium chloride, as cetylpyridinium may react with the surface.
Solution A: Trifluoroacetic acid and water (1:999)
Solution B: Acetonitrile and trifluoroacetic acid (999:1)
Mobile phase: Solution A and Solution B (62.5: 37.5)
Standard solution: 0.25 mg/mL of USP Cetylpyridinium Chloride RS in Solution A
Sample solution: 0.25 mg/mL of Cetylpyridinium Chloride in Solution A
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 258 nm
Column: 2.1-mm × 10-cm; 5-µm packing L78
Column temperature: 40°
Flow rate: 0.6 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cetylpyridinium chloride (C21 H38 ClN) in the portion of
Cetylpyridinium Chloride taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Cetylpyridinium Chloride RS in the Standard solution (mg/mL)
CU = concentration of Cetylpyridinium Chloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2% on the anhydrous basis
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Use 0.1% trifluoroacetic acid–rinsed glassware and silanized vials for all solutions
containing cetylpyridinium chloride, as cetylpyridinium may react with the surface.
Solution A, Solution B, Mobile phase, and Chromatographic system: Proceed as
directed in the Assay.
Sensitivity solution: 1 µg/mL of USP Cetylpyridinium Chloride RS in Solution A 2S (USP42)
Standard solution: 2.5 µg/mL of USP Cetylpyridinium Chloride RS
and 0.0125 mg/mL each of USP Myristylpyridinium Chloride RS and USP Stearylpyridinium
Chloride RS 2S (USP42)
in Solution A
Sample solution: 2.5 mg/mL of Cetylpyridinium Chloride in Solution A
System suitability
Samples:
Sensitivity solution 2S (USP42)
and Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%,
Standard solution 2S (USP42)
Signal-to-noise ratio: NLT 10, Sensitivity solution 2S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of myristylpyridinium chloride and stearylpyridinium chloride in
the portion of Cetylpyridinium Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of myristylpyridinium or stearylpyridinium from the Sample solution
rS = peak response of myristylpyridinium or stearylpyridinium from the Standard solution
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CS = concentration of USP Myristylpyridinium Chloride RS or USP Stearylpyridinium Chloride
RS in the Standard solution (mg/mL)
CU = concentration of Cetylpyridinium Chloride in the Sample solution (mg/mL) 2S (USP42)
Calculate the percentage of each unspecified impurity in the portion of Cetylpyridinium
Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of cetylpyridinium from the Standard solution
CS = concentration of USP Cetylpyridinium Chloride RS in the Standard solution (mg/mL)
CU = concentration of Cetylpyridinium Chloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any impurity peaks less than 0.04%.

Name
Cetylpyridinium chloride

Table 1
Relative
Retention
Time
1.0

Any unspecified
—
impurity
Total impurities
—
See Table 1. The reporting threshold is 0.05%.
Table 1
Relative
Retention
Name
Time
Myristylpyridinium
0.53
Cetylpyridinium
1.0
Stearylpyridinium
2.1
Any unspecified
—
impurity
Total impurities
—

Acceptance
Criteria,
NMT (%)
—
0.1 (Postponed
indefinitely) (RB 1-Aug-2017)
1.0

Acceptance
Criteria,
NMT (%)
0.45
—
0.15
0.1
1.0

2S (USP42)

SPECIFIC TESTS
• Acidity
Sample: 500 mg
Analysis: Dissolve the Sample in 50 mL of water, add phenolphthalein TS, and titrate with
0.020 N sodium hydroxide.
Acceptance criteria: NMT 2.5 mL is required for neutralization.
• Water Determination 〈921〉, Method I: 4.5%–5.5%
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 〈11〉
USP Cetylpyridinium Chloride RS
USP Myristylpyridinium Chloride RS
1-Tetradecylpyridinium chloride.
C19 H34 ClN
311.94
USP Stearylpyridinium Chloride RS
1-Octadecylpyridinium chloride.
C23 H42 ClN
368.05
2S (USP42)

Recent Official Publications:
Revision Bulletin published: 07/28/2017
USP41–NF36 Supplement: No. 1 Page 8308
USP41–NF36 Page 857
BRIEFING
Chlorambucil Compounded Oral Suspension. A new compounded preparation monograph
is proposed based on a validated stability-indicating method used to assess stability. The liquid
chromatographic procedure in the Assay is based on analyses validated using the Ultracarb ODS
brand of column with L1 packing. The typical retention time for chlorambucil is about 3.6 min.
Please submit comments to CompoundingSL@usp.org
(CMP: B. Serumaga.)
Correspondence Number—C196030
Comment deadline: November 30, 2018
Add the following:
Chlorambucil Compounded Oral Suspension
DEFINITION
Chlorambucil Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the
labeled amount of chlorambucil (C14 H19 Cl2 NO2 ).
Prepare Chlorambucil Compounded Oral Suspension 2 mg/mL as follows (see Pharmaceutical
Compounding—Nonsterile Preparations 〈795〉).
200 mg of
Chlorambucil tablets,a equivalent to
chlorambucil
b
b
Vehicle: a 1:1 mixture of Ora Plus and Ora-Sweet, a sufficient
quantity to make
100 mL
a Chlorambucil 2-mg tablets, GlaxoSmithKline, Research Triangle Park, NC.
b Perrigo, Allegan, MI.
Place the Chlorambucil tablets into a suitable container and triturate to a fine powder. Add a
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small amount of Vehicle to form a smooth paste. Add a sufficient amount of Vehicle to make
the contents pourable. Transfer contents stepwise and quantitatively to a calibrated
container using the remainder of the Vehicle. Add sufficient Vehicle to bring to final volume.
Shake to mix well.
ASSAY
• Procedure
Solution A: 0.2% (v/v) glacial acetic acid in water
Mobile phase: Methanol and Solution A (65:35)
Standard solution: 0.2 mg/mL of USP Chlorambucil RS in methanol
Sample solution: Transfer 1.0 mL of Oral Suspension into a 10-mL volumetric flask, add
methanol to volume, and filter. [Note—Standard solution and Sample solution must be
used within 6 h of preparation.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability)
Mode: LC
Detector: UV 258 nm
Column: 4.6–mm × 25–cm; 5-µm packing L1
Temperatures
Autosampler: 15°
Column: 40°
Flow rate: 2.0 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
[Note—The retention time for chlorambucil is about 3.6 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of chlorambucil (C14 H19 Cl2 NO2 ) in the
portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of chlorambucil from the Sample solution
rS = peak response of chlorambucil from the Standard solution
CS = concentration of USP Chlorambucil RS in the Standard solution (mg/mL)
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CU = nominal concentration of chlorambucil in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 3.5–4.5
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store in a refrigerator.
• Beyond-Use Date: NMT 14 days after the day on which it was compounded when stored in
a refrigerator.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Chlorambucil RS
2S (USP42)

BRIEFING
Chloramphenicol Compounded Oral Suspension, Veterinary. A new compounded
preparation monograph is proposed based on a validated stability-indicating method used to
assess stability. The liquid chromatographic procedure in the Assay is based on analyses
validated using the Zorbax Eclipse Plus C18 brand of column with L1 packing. The typical
retention time for chloramphenicol is about 6.3 min.
Please submit comments to CompoundingSL@usp.org
(CMP: B. Serumaga.)
Correspondence Number—C196030
Comment deadline: November 30, 2018
Add the following:
Chloramphenicol Compounded Oral Suspension, Veterinary
DEFINITION
Chloramphenicol Compounded Oral Suspension, Veterinary contains NLT 90.0% and NMT
120.0% of the labeled amount of chloramphenicol (C11 H12 Cl2 N2 O5 ).
Prepare Chloramphenicol Compounded Oral Suspension, Veterinary 200 mg/mL as follows (see
Pharmaceutical Compounding—Nonsterile Preparations 〈795〉).
Chloramphenicol tablets,a equivalent to
20 g of chloramphenicol
Purified Water
30 mL
b
Ora-Blend, a sufficient quantity to make
100 mL
a Chloramphenicol 1-g tablets, Bimeda, Inc., Le Seuer, MN.
b Perrigo, Allegan, MI.
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Place the Chloramphenicol tablets in a suitable container and cover with Purified Water.
Allow the tablets to soak for 15 to 20 min. Add 30 mL of Ora-Blend and triturate to a
smooth paste. Add a sufficient amount of Ora-Blend to make the contents pourable.
Transfer contents stepwise and quantitatively to a calibrated container using the remainder
of the Ora-Blend. Add sufficient Ora-Blend to bring to final volume. Shake to mix well.
ASSAY
• Procedure
Solution A: Mix 500 mL of methanol and 600 mL of water. Add 1 mL of glacial acetic acid.
Solution B: Add 0.5 mL of glacial acetic acid to 500 mL of methanol.
Mobile phase: See Table 1.
Time
(min)
0
6
10
10
15

Table 1
Solution A
(%)
100
100
40
100
100

Solution B
(%)
0
0
60
0
0

Standard solution: Transfer 20 mg of USP Chloramphenicol RS into a 200-mL volumetric
flask. Add approximately 160 mL of Solution A, sonicate for 5 min, then dilute with Solution
A to volume.
Sample solution: Transfer 1 mL of Oral Suspension, Veterinary into a 200-mL volumetric
flask. Add approximately 160 mL of Solution A, sonicate for 15 min, then dilute with
Solution A to volume. Transfer 1 mL of this solution into a 10-mL volumetric flask. Dilute
with Solution A to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Autosampler: 4°
Column: 30°
Flow rate: 1.0 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The retention time for chloramphenicol is about 6.3 min.]
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Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of chloramphenicol (C11 H12 Cl2 N2 O5 ) in the
portion of Oral Suspension, Veterinary taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of chloramphenicol from the Sample solution
rS = peak response of chloramphenicol from the Standard solution
CS = concentration of USP Chloramphenicol RS in the Standard solution (mg/mL)
CU = nominal concentration of chloramphenicol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–120.0%
SPECIFIC TESTS
• pH 〈791〉: 4.7–5.7
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store in a refrigerator
or at controlled room temperature.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
in a refrigerator or at controlled room temperature.
• Labeling: Label it to indicate that it is for veterinary use only. Label it to indicate that it is
to be well-shaken before use, and to state the Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Chloramphenicol RS
2S (USP42)

BRIEFING
Chlordiazepoxide, USP 41 page 870. It is proposed to modernize the monograph as follows:
1. Update Identification A to allow flexibility for the use of either 〈197K〉 or 〈197A〉.
2. Remove the nonspecific classic wet chemistry test in Identification C because the other
Identification tests are sufficient.
3. Revise the Assay to include the particle size of the column (10 µm) and a Run time
requirement, to update the Relative standard deviation requirement for consistency with
the performance of modern chromatographic systems and supporting data, and to
remove the system suitability requirement for Column efficiency. The remaining system
suitability requirements are sufficient.
4. Replace the test for Organic Impurities based on TLC with a more specific LC
procedure. The proposed procedure was validated using the Nucleosil C18 brand of
column with L1 packing manufactured by Macherey-Nagel. The typical retention time for
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chlordiazepoxide is about 5 min. An Inertsil ODS-3V brand of column with L1 packing
manufactured by GL Sciences may also be suitable.
5. Add a storage temperature requirement to the Packaging and Storage section for
consistency with supporting information.
6. Update the chemical information in the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C186849
Comment deadline: November 30, 2018
Chlordiazepoxide

C16 H14 ClN3 O

299.75

3H-1,4-Benzodiazepin-2-amine, 7-chloro-N-methyl-5-phenyl-, 4-oxide;
7-Chloro-2-(methylamino)-5-phenyl-3H-1,4-benzodiazepine 4-oxide
[58-25-3].
DEFINITION
Chlordiazepoxide contains NLT 98.0% and NMT 102.0% of chlordiazepoxide (C16 H14 ClN3 O),
calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉 or 〈197A〉
2S (USP42)

• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Delete the following:
• C.
Solution A: 1 mg/mL of sodium nitrite in water
Solution B: 5 mg/mL of ammonium sulfamate in water

698
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Solution C: 1 mg/mL of N-(1-naphthyl)ethylenediamine dihydrochloride in water
Sample: 20 mg of Chlordiazepoxide
Analysis: Add 5 mL of hydrochloric acid and 10 mL of water to the Sample, and heat to
boiling to effect hydrolysis. Allow the solution to cool. Add 2 mL of Solution A, shake, add
1 mL of Solution B, shake for 2 min, and add 1 mL of Solution C.
Acceptance criteria: A reddish-violet color is produced. 2S (USP42)
ASSAY
Change to read:
• Procedure
Use low-actinic glassware.
Protect solutions containing chlordiazepoxide from light.

2S (USP42)

Mobile phase: Methanol and water (60:40)
Standard solution: 0.2 mg/mL of USP Chlordiazepoxide RS in Mobile phase
Sample stock solution: 2 mg/mL of Chlordiazepoxide in Mobile phase prepared as follows.
Transfer a suitable portion of Chlordiazepoxide to an appropriate volumetric flask, and
dissolve in Mobile phase. Sonicate for 5 min, and dilute with Mobile phase to volume. Pass
through a membrane filter of 0.5-µm or finer pore size.
Sample solution: 0.2 mg/mL of Chlordiazepoxide from Sample stock solution in Mobile
phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm;
10-µm 2S (USP42)
packing L1
Flow rate: 1 mL/min
Injection volume: 5 µL
Run time: NLT 1.6 times the retention time of chlordiazepoxide
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 3600 theoretical plates
2S (USP42)

Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
0.73% 2S (USP42)

2S (USP42)
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of chlordiazepoxide (C16 H14 ClN3 O) in the portion of
Chlordiazepoxide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Chlordiazepoxide RS in the Standard solution (mg/mL)
CU = concentration of Chlordiazepoxide in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Standard solution A: 100 µg/mL of USP Chlordiazepoxide Related Compound A RS in
acetone
Standard solution B: 10 µg/mL of USP 2-Amino-5-chlorobenzophenone RS in acetone
Sample solution: Transfer 50.0 mg of Chlordiazepoxide to a 10-mL conical flask, add 2.5
mL of acetone, and shake. Allow any undissolved particles to settle, and use the
supernatant.
Chromatographic system
(See Chromatography 〈621〉.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volumes
Standard solution A and Standard solution B: 10 µL
Sample solution: 50 µL
Developing solvent system: Ethyl acetate
Spray reagent A: 2 N sulfuric acid
Spray reagent B: 1 mg/mL of sodium nitrite in water
Spray reagent C: 5 mg/mL of ammonium sulfamate in water
Spray reagent D: 1 mg/mL of N-(1-naphthyl)ethylenediamine dihydrochloride in water
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
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Develop the chromatogram in a chromatographic chamber (not previously saturated with the
Developing solvent system) using the Developing solvent system until the solvent front
has moved about three-fourths of the length of the plate. Remove the plate from the
developing chamber, mark the solvent front, and allow the solvent to evaporate. Locate
the spots on the plate by lightly spraying with Spray reagent A, drying at 105° for 15 min,
and then spraying in succession with Spray reagent B, Spray reagent C, and Spray
reagent D.
Acceptance criteria: Any spots from the Sample solution are not greater in size or
intensity than the spots at the respective RF values produced by the Standard solutions,
corresponding to NMT 0.1% of chlordiazepoxide related compound A, and NMT 0.01% of
2-amino-5-chlorobenzophenone.
Protect solutions containing chlordiazepoxide from light.
Mobile phase: Acetonitrile and water (50:50)
System suitability solution: 200 µg/mL of USP Chlordiazepoxide RS and 0.4 µg/mL of USP
Chlordiazepoxide Related Compound A RS in Mobile phase
Sensitivity solution: 0.1 µg/mL of USP Chlordiazepoxide RS in Mobile phase
Standard solution: 0.4 µg/mL each of USP Chlordiazepoxide Related Compound A RS, USP
Chlordiazepoxide RS, and USP 2-Amino-5-chlorobenzophenone RS in Mobile phase
Sample solution: 200 µg/mL of Chlordiazepoxide in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Autosampler temperature: 4°
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 5 times the retention time of chlordiazepoxide
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 4.0 between chlordiazepoxide related compound A and
chlordiazepoxide, System suitability solution
Relative standard deviation: NMT 5.0% each for chlordiazepoxide related compound
A, chlordiazepoxide, and 2-amino-5-chlorobenzophenone, Standard solution
Signal-to-noise ratio: NLT 10 for chlordiazepoxide, Sensitivity solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of chlordiazepoxide related compound A and 2-amino-5chlorobenzophenone in the portion of Chlordiazepoxide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of chlordiazepoxide related compound A or 2-amino-5chlorobenzophenone from the Sample solution
rS = peak response of chlordiazepoxide related compound A or 2-amino-5chlorobenzophenone from the Standard solution
CS = concentration of USP Chlordiazepoxide Related Compound A RS or USP 2-Amino-5chlorobenzophenone RS in the Standard solution (µg/mL)
CU = concentration of Chlordiazepoxide in the Sample solution (µg/mL)
Calculate the percentage of any other individual impurity in the portion of Chlordiazepoxide
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any other individual impurity from the Sample solution
rS = peak response of chlordiazepoxide from the Standard solution
CS = concentration of USP Chlordiazepoxide RS in the Standard solution (µg/mL)
CU = concentration of Chlordiazepoxide in the Sample solution (µg/mL)
Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
Table 1
Relative
Retention
Time
0.60
1.0
1.8
2.8
—
—

Acceptance
Criteria,
NMT (%)
0.20
—
0.10
0.20
0.10
0.50

Name
Chlordiazepoxide related compound A
Chlordiazepoxide
2-Chloromethyl analoga
2-Amino-5-chlorobenzophenone
Any other individual impurity
Total impurities
a 6-Chloro-2-(chloromethyl)-4-phenylquinazoline 3-oxide.
2S (USP42)

SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 0.3%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
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Store at controlled room temperature.

2S (USP42)

Change to read:
• USP Reference Standards 〈11〉
USP 2-Amino-5-chlorobenzophenone RS
2-Amino-5-chlorobenzophenone. 2S (USP42)
C13 H10 ClNO
231.68
USP Chlordiazepoxide RS
USP Chlordiazepoxide Related Compound A RS
7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one 4-oxide.
C15 H11 ClN2 O2
286.72
286.71 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 870
BRIEFING
Chlordiazepoxide Hydrochloride, USP 41 page 874. It is proposed to modernize the
monograph as follows:
1. Update Identification A to allow flexibility for the use of either 〈197K〉 or 〈197A〉.
2. Replace the nonspecific classic wet chemistry test in Identification C for the active
moiety with a test for the counterion.
3. Revise the Assay to include the particle size of the column (10 µm) and a Run time
requirement, to update the Relative standard deviation requirement for consistency with
the performance of modern chromatographic systems and supporting data, and to
remove the system suitability requirement for Column efficiency. The remaining system
suitability requirements are sufficient.
4. Replace the test for Organic Impurities based on TLC with a more specific LC
procedure. The proposed procedure was validated using the Nucleosil C18 brand of
column with L1 packing manufactured by Macherey-Nagel. The typical retention time for
chlordiazepoxide is about 5 min. An Inertsil ODS-3V brand of column with L1 packing
manufactured by GL Sciences may also be suitable.
5. Remove the test for Melting Range or Temperature because the proposed test for
Organic Impurities will provide sufficient control of impurities.
6. Delete all references to sterility in this monograph because there are no injectable drug
products marketed in the United States. These references are included in the sections
for Sterility Tests, Bacterial Endotoxins Test, Other Requirements, and Labeling.
7. Add a storage temperature requirement to the Packaging and Storage section for
consistency with supporting information.
8. Update the chemical information in the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C186849
Comment deadline: November 30, 2018
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Chlordiazepoxide Hydrochloride

C16 H14 ClN3 O·HCl

336.22

3H-1,4-Benzodiazepin-2-amine, 7-chloro-N-methyl-5-phenyl-, 4-oxide, monohydrochloride;
7-Chloro-2-(methylamino)-5-phenyl-3H-1,4-benzodiazepine 4-oxide monohydrochloride
[438-41-5].
DEFINITION
Chlordiazepoxide Hydrochloride contains NLT 98.0% and NMT 102.0% of chlordiazepoxide
hydrochloride (C16 H14 ClN3 O·HCl), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉 or 〈197A〉
2S (USP42)

• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Delete the following:
• C.
Solution A: 1 mg/mL of sodium nitrite in water
Solution B: 5 mg/mL ammonium sulfamate in water
Solution C: 1 mg/mL of N-(1-naphthyl)ethylenediamine dihydrochloride in water
Sample: 20 mg of Chlordiazepoxide Hydrochloride
Analysis: Add 5 mL of hydrochloric acid and 10 mL of water to the Sample, and heat to
boiling to effect hydrolysis. Allow the solution to cool. Add 2 mL of Solution A, 1 mL of
Solution B, and 1 mL of Solution C.
Acceptance criteria: A reddish-violet color is produced. 2S (USP42)
Add the following:
• C. Identification Tests—General 〈191〉, Chloride: Meets the requirements of test A
2S (USP42)

ASSAY
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Change to read:
• Procedure
Use low-actinic glassware.
Protect solutions containing chlordiazepoxide hydrochloride from light.

2S (USP42)

Mobile phase: Methanol and water (60:40)
Standard solution: 0.2 mg/mL of USP Chlordiazepoxide Hydrochloride RS in Mobile phase
Sample stock solution: 2 mg/mL of Chlordiazepoxide Hydrochloride in Mobile phase
prepared as follows. Transfer a suitable portion of Chlordiazepoxide Hydrochloride to an
appropriate volumetric flask, and dissolve in Mobile phase. Sonicate for 5 min, and dilute
with Mobile phase to volume. Pass through a membrane filter of 0.5-µm or finer pore size.
Sample solution: 0.2 mg/mL of Chlordiazepoxide Hydrochloride from Sample stock solution
in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm;
10-µm 2S (USP42)
packing L1
Flow rate: 1 mL/min
Injection volume: 5 µL
Run time: NLT 1.6 times the retention time of chlordiazepoxide
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 3600 theoretical plates

2S (USP42)

2S (USP42)

Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
0.73% 2S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of chlordiazepoxide hydrochloride (C16 H14 ClN3 O·HCl) in the portion
of Chlordiazepoxide Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
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rS = peak response from the Standard solution
CS = concentration of USP Chlordiazepoxide Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Chlordiazepoxide Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Standard solution A: 100 µg/mL of USP Chlordiazepoxide Related Compound A RS in
acetone
Standard solution B: 10 µg/mL of USP 2-Amino-5-chlorobenzophenone RS in acetone
Sample solution: Transfer 50.0 mg of Chlordiazepoxide Hydrochloride to a 10-mL conical
flask, add 2.5 mL of acetone, and shake. Allow any undissolved particles to settle, and
use the supernatant.
Chromatographic system
(See Chromatography 〈621〉.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volumes
Standard solution A and Standard solution B: 10 µL
Sample solution: 50 µL
Developing solvent system: Ethyl acetate
Spray reagent A: 2 N sulfuric acid
Spray reagent B: 1 mg/mL of sodium nitrite in water
Spray reagent C: 5 mg/mL of ammonium sulfamate in water
Spray reagent D: 1 mg/mL of N-(1-naphthyl)ethylenediamine dihydrochloride in water
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatogram in a chromatographic chamber (not previously saturated with the
Developing solvent system) using the Developing solvent system until the solvent front
has moved about three-fourths of the length of the plate. Remove the plate from the
developing chamber, mark the solvent front, and allow the solvent to evaporate. Locate
the spots on the plate by lightly spraying with Spray reagent A, drying at 105° for 15 min,
and then spraying in succession with Spray reagent B, Spray reagent C, and Spray
reagent D.
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Acceptance criteria: Any spots from the Sample solution are not greater in size or
intensity than the spots at the respective RF values produced by the Standard solutions,
corresponding to NMT 0.1% of chlordiazepoxide related compound A, and NMT 0.01% of
2-amino-5-chlorobenzophenone.
Protect solutions containing chlordiazepoxide hydrochloride from light.
Mobile phase: Acetonitrile and water (50:50)
System suitability solution: 200 µg/mL of USP Chlordiazepoxide Hydrochloride RS and 0.4
µg/mL of USP Chlordiazepoxide Related Compound A RS in Mobile phase
Sensitivity solution: 0.1 µg/mL of USP Chlordiazepoxide Hydrochloride RS in Mobile phase
Standard solution: 0.4 µg/mL each of USP Chlordiazepoxide Related Compound A RS, USP
Chlordiazepoxide Hydrochloride RS, and USP 2-Amino-5-chlorobenzophenone RS in Mobile
phase
Sample solution: 200 µg/mL of Chlordiazepoxide Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Autosampler temperature: 4°
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 5 times the retention time of chlordiazepoxide
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 4.0 between chlordiazepoxide related compound A and
chlordiazepoxide, System suitability solution
Relative standard deviation: NMT 5.0% each for chlordiazepoxide related compound
A, chlordiazepoxide, and 2-amino-5-chlorobenzophenone, Standard solution
Signal-to-noise ratio: NLT 10 for chlordiazepoxide, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of chlordiazepoxide related compound A and 2-amino-5chlorobenzophenone in the portion of Chlordiazepoxide Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response of chlordiazepoxide related compound A or 2-amino-5chlorobenzophenone from the Sample solution
rS = peak response of chlordiazepoxide related compound A or 2-amino-5chlorobenzophenone from the Standard solution
CS = concentration of USP Chlordiazepoxide Related Compound A RS or USP 2-Amino-5chlorobenzophenone RS in the Standard solution (µg/mL)
CU = concentration of Chlordiazepoxide Hydrochloride in the Sample solution (µg/mL)
Calculate the percentage of any other individual impurity in the portion of Chlordiazepoxide
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any other individual impurity from the Sample solution
rS = peak response of chlordiazepoxide from the Standard solution
CS = concentration of USP Chlordiazepoxide Hydrochloride RS in the Standard solution
(µg/mL)
CU = concentration of Chlordiazepoxide Hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
Table 1
Relative
Retention
Time
0.60
1.0
1.8
2.8
—
—

Acceptance
Criteria,
NMT (%)
0.20
—
0.10
0.20
0.10
0.50

Name
Chlordiazepoxide related compound A
Chlordiazepoxide
2-Chloromethyl analoga
2-Amino-5-chlorobenzophenone
Any other individual impurity
Total impurities
a 6-Chloro-2-(chloromethyl)-4-phenylquinazoline 3-oxide.
2S (USP42)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class I〈741〉: 212°–218°, with decomposition
• Loss on Drying 〈731〉
Analysis: Dry under vacuum over phosphorus pentoxide at 60° for 4 h.
Acceptance criteria: NMT 0.5%

2S (USP42)

Delete the following:
• Sterility Tests 〈71〉: Where the label states that Chlordiazepoxide Hydrochloride is sterile,
it meets the requirements 2S (USP42)
Delete the following:
• Bacterial Endotoxins Test 〈85〉: Where the label states that Chlordiazepoxide
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Hydrochloride is sterile or must be subjected to further processing during the preparation of
injectable dosage forms, it contains NMT 3.57 USP Endotoxin Units/mg of Chlordiazepoxide
Hydrochloride. 2S (USP42)
Delete the following:
• Other Requirements: Where the label states that Chlordiazepoxide Hydrochloride is
sterile, it meets the requirements in Labeling 〈7〉, Labels and Labeling for Injectable
Products. 2S (USP42)
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature. 2S (USP42)
Delete the following:
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label
states that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms. 2S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP 2-Amino-5-chlorobenzophenone RS
2-Amino-5-chlorobenzophenone. 2S (USP42)
C13 H10 ClNO
231.68
USP Chlordiazepoxide Hydrochloride RS
USP Chlordiazepoxide Related Compound A RS
7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one 4-oxide.
C15 H11 ClN2 O2
286.72
286.71 2S (USP42)
(CN 1-May-2018)

Recent Official Publications:
USP41–NF36 Page 874
BRIEFING
Clonidine Hydrochloride Compounded Oral Suspension. A new compounded preparation
monograph is proposed based on a validated stability-indicating method used to assess
stability. The liquid chromatographic procedure in the Assay is based on analyses validated
using the Zorbax SB-Aq brand of column with L96 packing. The typical retention time for
clonidine hydrochloride is about 71.3 min.
Please submit comments to CompoundingSL@usp.org
(CMP: B. Serumaga.)
Correspondence Number—C196030
Comment deadline: November 30, 2018
Add the following:
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Clonidine Hydrochloride Compounded Oral Suspension
DEFINITION
Clonidine Hydrochloride Compounded Oral Suspension contains NLT 90.0% and NMT 110.0%
of the labeled amount of clonidine hydrochloride (C9 H9 Cl2 N3 ·HCl).
Prepare Clonidine Hydrochloride Compounded Oral Suspension 0.01 mg/mL as follows (see
Pharmaceutical Compounding—Nonsterile Preparations 〈795〉).
Clonidine Hydrochloride tabletsa equivalent to 1 mg of clonidine hydrochloride
Ora-Blend,b a sufficient quantity to make
100 mL
a Clonidine Hydrochloride 0.2-mg tablets, Qualitest, Huntsville, AL.
b Perrigo, Allegan, MI.
Place the Clonidine Hydrochloride Tablets in a suitable container and triturate to a fine
powder. Add a small amount of Ora-Blend and mix well to form a smooth paste. Add a
sufficient amount of Ora-Blend to make the mortar contents pourable. Transfer contents
stepwise and quantitatively to a calibrated container using the remainder of the Ora-Blend.
Add sufficient Ora-Blend to bring to final volume. Shake to mix well.
ASSAY
• Procedure
Solution A: 10 mM of monobasic potassium phosphate adjusted with 6 N potassium
hydroxide to a pH of 8.0
Mobile phase: See Table 1.
Time
(min)
0
60
60.1
75
75.1
85

Table 1
Solution A
(%)
98
98
70
70
98
98

Acetonitrile
(%)
2
2
30
30
2
2

Standard stock solution: 0.1 mg/mL of USP Clonidine Hydrochloride RS in water
Standard solution: Transfer 0.5 mL of Standard stock solution to a 50-mL volumetric flask
and dilute with water to volume.
Sample solution: Transfer 1.0 mL of Oral Suspension into a 10-mL volumetric flask and
dilute with water to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L96
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
[Note—The retention time for clonidine hydrochloride is about 71.3 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clonidine hydrochloride (C9 H9 Cl2 N3 · HCl)
in the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of clonidine hydrochloride from the Sample solution
rS = peak response of clonidine hydrochloride from the Standard solution
CS = concentration of USP Clonidine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of clonidine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–100.0%
SPECIFIC TESTS
• pH 〈791〉: 4.0–5.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store at controlled
room temperature or in a refrigerator.
• Beyond-Use Date: NMT 14 days after the date on which it was compounded when stored
at controlled room temperature. NMT 90 days after the date on which it was compounded
when stored in a refrigerator.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Clonidine Hydrochloride RS
2S (USP42)

BRIEFING
Clozapine, USP 41 page 1052. As part of the USP monograph modernization efforts, it is
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proposed to make the following changes:
1. Revise Identification A to use Infrared Absorption 〈197K〉 or 〈197A〉.
2. Revise the Relative standard deviation requirement in the Assay to be more consistent
with modern system suitability expectations and supporting data.
3. Revise the test for Organic Impurities to improve specificity and to update the System
suitability requirements to be more consistent with modern system suitability
expectations and supporting data.
a. The Buffer, Mobile phase, Column temperature, Flow rate, and Injection volume
are modified to improve specificity and support the inclusion of another impurity.
b. The System suitability solution is revised, and a System suitability stock solution
is added to support updated Resolution requirements.
c. A Sensitivity solution is added to support the inclusion of a Signal-to-noise ratio
requirement and reporting threshold.
d. The updated procedure was validated using the Inertsil ODS-3 brand of column
with L1 packing manufactured by GL Sciences. The Symmetry C18 brand of
column with L1 packing manufactured by Waters may be suitable.
e. The typical retention time for clozapine is about 12 min.
4. Update the USP Reference Standards section and the references to the contents of the
USP Clozapine Resolution Mixture RS throughout the monograph.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C168717
Comment deadline: November 30, 2018
Clozapine

C18 H19 ClN4

326.82

5H-Dibenzo[b,e][1,4]diazepine, 8-chloro-11-(4-methyl-1-piperazinyl)-;
8-Chloro-11-(4-methyl-1-piperazinyl)-5H-dibenzo[b,e][1,4]diazepine
[5786-21-0].
DEFINITION
Clozapine contains NLT 98.0% and NMT 102.0% of clozapine (C18 H19 ClN4 ), calculated on the
dried basis.
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IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
or 〈197A〉 2S (USP42)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol triethylamine,
2S (USP42)

and water (800: 0.75: 200)
(80:20). To each liter add 0.75 mL of triethylamine. 2S (USP42)
Diluent: Methanol and water (80:20)
System suitability stock solution: Transfer 10 mg of USP Clozapine RS to a suitable
container, add 5 mL of 0.1 N hydrochloric acid
0.1 N hydrochloric acid VS 2S (USP42)
and heat for 2 h at 90°. Transfer this solution to a 100-mL volumetric flask, add 15 mL of
water, and dilute with methanol to volume.
Standard solution: 0.1 mg/mL of USP Clozapine RS in Diluent
System suitability solution: System suitability stock solution and Standard solution (1:1)
(50:50) 2S (USP42)
Sample solution: 0.1 mg/mL of Clozapine in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection size
volume: 2S (USP42)
10 µL
Run time:
NLT 2S (USP42)
3 times the retention time of clozapine
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between clozapine and any other peak, System suitability solution
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Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%
NMT 0.73%, 2S (USP42)
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clozapine (C18 H19 ClN4 ) in the portion of Clozapine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of clozapine from the Sample solution
rS = peak response of clozapine from the Standard solution
CS = concentration of USP Clozapine RS in the Standard solution (mg/mL)
CU = concentration of Clozapine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: 20 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Buffer: 2.0 g/L of monobasic potassium phosphate
in water. 2S (USP42)
Adjust with phosphoric acid (85%)
phosphoric acid 2S (USP42)
to a pH of 2.4 [Note—The pH of this solution must not be below 2.4.]
2.4–2.5. 2S (USP42)
Solution A: Filtered and degassed mixture of acetonitrile, methanol, and Buffer (1:1:8)
Acetonitrile, methanol, and Buffer (10:10:80) 2S (USP42)
Solution B: Filtered and degassed mixture of acetonitrile, methanol, and Buffer (4:4:2)
Acetonitrile, methanol, and Buffer (40:40:20) 2S (USP42)
Mobile phase: See Table 1.
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Time
(min)
0
4
24
29
40
30 2S (USP42)
34

2S (USP42)

Table 1
Solution A
(%)
100
100
0
0

Solution B
(%)
0
0
100
100

100
100

2S (USP42)

0
0

2S (USP42)

Diluent: Methanol and water (80:20)
System suitability stock solution: 100 µg/mL of clozapine N-oxide prepared as follows.
Transfer a suitable quantity of clozapine N-oxide to an appropriate volumetric flask.
Dissolve in 80% of the flask volume of methanol. Dilute with water to volume. 2S (USP42)
System suitability solution: Dissolve 4 mg of USP Clozapine Resolution Mixture RS in 4 mL
of methanol, add 1 mL of water, and dilute with Diluent to 10 mL.
750 µg/mL USP Clozapine Resolution Mixture RS and 0.75 µg/mL of clozapine N-oxide
from System suitability stock solution prepared as follows. Transfer a suitable quantity of
USP Clozapine Resolution Mixture RS to an appropriate volumetric flask. Dissolve in 80% of
the flask volume of methanol. Add a suitable portion of System suitability stock solution.
Dilute with water to volume. 2S (USP42)
Standard solution: 0.75 µg/mL of USP Clozapine RS in Diluent
Sensitivity solution: 0.38 µg/mL of USP Clozapine RS from Standard solution in Diluent
2S (USP42)

Sample solution: 0.75 mg/mL
750 µg/mL of Clozapine 2S (USP42)
prepared as follows. Transfer a suitable quantity of Clozapine to a suitable volumetric
flask. Dissolve in 80% of the flask volume of methanol,
sonicate for about 3 min, 2S (USP42)
and dilute with water to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 35 ± 5° 2S (USP42)
Flow rate: 1.2
1 2S (USP42)
mL/min
Injection size
volume: 2S (USP42)
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20
10 2S (USP42)
µL
System suitability
Samples: System suitability solution, and
2S (USP42)

Standard solution,
and Sensitivity solution

2S (USP42)

[Note—The relative retention times are provided in Table 2.
See Table 2 for the relative retention times. 2S (USP42)
]
Suitability requirements
Resolution: NLT 2.5 between Impurity C and clozapine;
NLT 1.5 between benzoyl methylpiperazine analog and clozapine N-oxide; NLT 1.5
between chlorodibenzodiazepinone and didiazepinyl piperazine, System suitability
solution 2S (USP42)
Relative standard deviation: NMT 5.0% for clozapine, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution 2S (USP42)
Analysis
Samples: Standard solution and Sample solution
[Note—Disregard any peak with an area less than 0.5 times the area of the clozapine
peak from the Standard solution.]

2S (USP42)

Calculate the percentage of each related compound and any unknown impurity in the
portion of Clozapine taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of any impurity from the Sample solution
rS = peak response of clozapine from the Standard solution
CS = concentration of USP Clozapine RS from the Standard solution (mg/mL)
(µg/mL) 2S (USP42)
CU = concentration of Clozapine from the Sample solution (mg/mL)
(µg/mL) 2S (USP42)
F = relative response factor of the impurity (see Table 2)
Acceptance criteria: See Table 2.
The reporting threshold is 0.05%.

2S (USP42)
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Table 2
Name
Impurity C a
Demethyl clozapinea
Clozapine
Impurity D b

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.9
1.0

1.0
—

0.3
—

2S (USP42)

Benzoyl methylpiperazine analogb
Clozapine N-oxidec
Impurity A c

Relative
Retention
Time

2S (USP42)

1.10
1.13

2S (USP42)

Chlorodibenzodiazepinoned 2S (USP42)
Impurity Bd
Didiazepinyl piperazinee 2S (USP42)
2-A mino-4-chlorofenamic acidf
Individual unspecified impurity
Total impurities

2S (USP42)

2S (USP42)

1.6
1.7
1.9

2S (USP42)

—
—

0.35
0.36 2S (USP42)
0.87

2S (USP42)

1.2
1.0
0.92 2S (USP42)
0.44 2S (USP42)
1.0
—

0.2
0.10

0.1
0.2
0.10 2S (USP42)
0.10
0.6

a 8-Chloro-11-(piperazin-1-yl)-5H-dibenzo[b,e][1,4]diazepine.
b 4-Chloro-N1-(2-[(4-methylpiperazin-1-yl)carbonyl]phenyl)benzene-1,2-diamine.
c 8-Chloro-5,10-dihydro-11H-dibenzo[b,e][1,4]diazepin-11-one.
d 11,11′-(Piperazine-1,4-diyl)bis(8-chloro-5H-dibenzo[b,e][1,4]diazepine).

a 8-Chloro-11-(piperazin-1-yl)-5H-dibenzo[b,e][1,4]diazepine.
b 1-[2-[(2-A mino-4-chlorophenyl)amino]benzoyl]-4-methylpiperazine.
c 4-(8-Chloro-5H-dibenzo[b,e][1,4]diazepin-11-yl)-1-methylpiperazine 1-oxide.
d 8-Chloro-5,10-dihydro-11H-dibenzo[b,e][1,4]diazepin-11-one.
e 1,4-Bis(8-chloro-5H-dibenzo[b,e][1,4]diazepin-11-yl)piperazine.
f 2-[(2-A mino-4-chlorophenyl)amino]benzoic acid 2S (USP42)

SPECIFIC TESTS
Change to read:
• Loss on Drying 〈731〉 Dry a sample at 105° for 4 h: it loses NMT 0.5% of its weight.
Sample: Dry at 105° for 4h.
Acceptance criteria: NMT 0.5%

2S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 〈11〉
USP Clozapine RS
USP Clozapine Resolution Mixture RS
Contains the following components:
Clozapine.
Impurity A: 8-chloro-5,10-dihydro-11H-dibenzo[b,e][1,4]diazepin-11-one.

2S (USP42)
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Impurity B: 11,11′-(piperazine-1,4-diyl)bis(8-chloro-5H-dibenzo[b,e][1,4]dizepine).
Impurity C: 8-chloro-11-(piperazin-1-yl)-5H-dibenzo[b,e][1,4]diazepine.
Impurity D: 4-chloro-N1-(2-[(4-methylpiperazin-1-yl)carbonyl]phenyl)benzene-1,2diamine.
Clozapine.
Chlorodibenzodiazepinone;
8-Chloro-5,10-dihydro-11H-dibenzo[b,e][1,4]diazepin-11-one.
C13 H9 ClN2 O
244.68
Didiazepinyl piperazine;
1,4-Bis(8-chloro-5H-dibenzo[b,e][1,4]diazepin-11-yl)piperazine.
C30 H24 Cl2 N6
539.46
Demethyl clozapine;
8-Chloro-11-(piperazin-1-yl)-5H-dibenzo[b,e][1,4]diazepine.
C17 H17 ClN4
312.80
Benzoyl methylpiperazine analog;
1-[2-[(2-Amino-4-chlorophenyl)amino]benzoyl]-4-methylpiperazine.
C18 H21 ClN4 O
344.84
[Note—The contents have previously been referred to as clozapine, Impurity A, Impurity
B, Impurity C, and Impurity D, respectively.] 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 1052
BRIEFING
Clozapine Tablets, USP 41 page 1054. As part of the USP monograph modernization efforts,
it is proposed to make the following changes:
1. Replace the nonspecific TLC procedure in Identification A with the use of a photodiode
array detector and the existing Assay to strengthen the public standard.
2. Revise the Assay to support the revision proposed to Identification A, to provide the
particle size for the column, to include a Run time requirement, and to update the
Relative standard deviation requirement to be more consistent with modern system
suitability expectations and supporting data.
3. Clarify the Dissolution test by rephrasing the preparation of the Medium and the
Standard solution and by adding a calculation to determine the percentage of the
labeled amount of clozapine dissolved.
4. Revise the test for Organic Impurities to be consistent with the LC procedure which is
being proposed for the Clozapine monograph appearing elsewhere in this issue of PF.
The updated procedure was validated using the Inertsil ODS-3 brand of column with L1
packing manufactured by GL Sciences. The Symmetry C18 brand of column with L1
packing manufactured by Waters may be suitable. The typical retention time for
clozapine is about 12 min. Manufacturers are encouraged to submit their approved
specifications to USP if they are different from those proposed in this revision.
5. Revise the Packaging and Storage section to be consistent with approved drug
products.
6. Update the USP Reference Standards section and the references to the contents of the
USP Clozapine Resolution Mixture RS throughout the monograph.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C168717
Comment deadline: November 30, 2018
Clozapine Tablets
DEFINITION
Clozapine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of clozapine
(C18 H19 ClN4 ).
IDENTIFICATION
Change to read:
• A. The RF value of the principal spot of the Sample solution corresponds to those of the
principal spots of the Standard solutions, as obtained in the test for Organic Impurities.
The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol triethylamine,
2S (USP42)

and water (800: 0.75: 200)
(80:20). To each liter add 0.75 mL of triethylamine. 2S (USP42)
System suitability stock solution: Transfer 10 mg of clozapine to a suitable container,
add 5 mL of 0.1 N hydrochloric acid
0.1 N hydrochloric acid VS, 2S (USP42)
and heat for 2 h at 90°. Transfer this solution to a 100-mL volumetric flask, add 15 mL of
water, and dilute with methanol to volume.
Standard solution: 0.125 mg/mL of USP Clozapine RS prepared as follows. Transfer the
required amount of USP Clozapine RS to a suitable volumetric flask.
a suitable portion of USP Clozapine RS to an appropriate volumetric flask. 2S (USP42)
Dissolve in 80% of the flask volume of methanol. [Note—Dissolve the Reference Standard
in methanol, and dilute with water to obtain the final concentration. The final solvent
composition of methanol and water is about 8:2.]
Dilute with water to volume. 2S (USP42)
System suitability solution: System suitability stock solution and Standard solution (1:1)
(50:50) 2S (USP42)
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Sample solution: Transfer 125 mg of clozapine from a quantity of finely powdered Tablets
(NLT 20) to a 1-L volumetric flask. Dissolve in 640 mL of methanol, sonicate for 10 min,
dilute with water to volume, mix, and filter.
Nominally 0.125 mg/mL of clozapine from Tablets prepared as follows. Finely powder NLT
20 Tablets and transfer a portion of powder equivalent to 125 mg of clozapine to a 1-L
volumetric flask. Dissolve in 640 mL of methanol, sonicate for 10 min, and dilute with
water to volume. Pass the resulting solution through an appropriate filter and use the
filtrate. 2S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 257 nm
For Identification A, use a diode array detector in the range of 210–400 nm.
Column: 4.0-mm × 25-cm;
10-µm 2S (USP42)
packing L7
Flow rate: 1 mL/min
Injection size
volume: 2S (USP42)
10 µL
Run time: NLT 3 times the retention time of clozapine 2S (USP42)
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between the clozapine peak and any other peak, System
suitability solution
Column efficiency: NLT 1500 theoretical plates, Standard solution
Relative standard deviation: NMT 2.0%
1.0 2S (USP42)
for replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution

2S (USP42)

Calculate the percentage of clozapine (C18 H19 ClN4 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response
of clozapine 2S (USP42)
from the Sample solution
rS = peak response
of clozapine 2S (USP42)
from the Standard solution
CS = concentration of USP Clozapine RS in the Standard solution (mg/mL)
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CU = nominal concentration of clozapine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: pH 4.0 acetate buffer prepared as follows.
2S (USP42)

(Dissolve 2 g of sodium hydroxide in 450 mL of water. Adjust with glacial acetic acid to a
pH of 4.0. Dilute
with water 2S (USP42)
to 1 L); 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Standard solution: USP Clozapine RS in Medium in a concentration similar to the one
expected in the Sample solution
(L/900) mg/mL of USP Clozapine RS in Medium, where L is the label claim, in mg/Tablet.
Dilute with Medium, if necessary. 2S (USP42)
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
with Medium, if necessary.
Instrumental conditions
Mode: UV
Analytical wavelength: 290 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clozapine (C18 H19 ClN4 ) dissolved.
Calculate the percentage of the labeled amount of clozapine (C18 H19 ClN4 ) dissolved:
Result = (AU/AS) × CS × V × D × (1/L) × 100
AU = absorbance of clozapine from the Sample solution
AS = absorbance of clozapine from the Standard solution
CS = concentration of USP Clozapine RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
D = dilution factor, if needed
L = label claim (mg/Tablet) 2S (USP42)
Tolerances: NLT 85% (Q) of the labeled amount of clozapine (C18 H19 ClN4 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
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• Organic Impurities
Diluent: Chloroform and methanol (4:1)
Standard stock solution: 5.0 mg/mL of USP Clozapine RS in Diluent
Standard solutions: Dilute portions of the Standard stock solution with Diluent to obtain
the following solutions.

Standard solution
A
B
C
D
E

Dilution
1 in 200
1 in 250
1 in 333
1 in 500
1 in 1000

Concentration
(µg/mL of RS)
25
20
15
10
5

Percentage
(for
comparison
with Sample)
0.5
0.4
0.3
0.2
0.1

Sample solution: Transfer an equivalent to 125 mg of clozapine from a portion of finely
powdered Tablets (NLT 20) to a 25-mL volumetric flask. Dissolve in 20 mL of Diluent,
shake by mechanical means for 15 min, dilute with Diluent to volume, and filter.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: n-Heptane, chloroform, dehydrated alcohol, and ammonium
hydroxide (30:30:30:1)
Analysis
Samples: Standard solution and Sample solution
Examine the plate under short-wavelength UV light, and compare the intensities of any
secondary spots of the Sample solution with those of the principal spots of the
Standard solutions.
Acceptance criteria: No secondary spot of the Sample solution is larger or more intense
than the principal spot of Standard solution A (NMT 0.5%), and the sum of the intensities
of the secondary spots from the Sample solution corresponds to NMT 2.0%.
Buffer: 2.0 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 2.4–2.5.
Solution A: Acetonitrile, methanol, and Buffer (10:10:80)
Solution B: Acetonitrile, methanol, and Buffer (40:40:20)
Mobile phase: See Table 1.
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Time
(min)
0
4
24
29
30
34

Table 1
Solution A
(%)
100
100
0
0
100
100

Solution B
(%)
0
0
100
100
0
0

Diluent: Methanol and water (80:20)
System suitability stock solution: 100 µg/mL of clozapine N-oxide prepared as follows.
Transfer a suitable quantity of clozapine N-oxide to an appropriate volumetric flask.
Dissolve in 80% of the flask volume of methanol. Dilute with water to volume.
System suitability solution: 750 µg/mL USP Clozapine Resolution Mixture RS and 0.75
µg/mL of clozapine N-oxide from System suitability stock solution prepared as follows.
Transfer a suitable quantity of USP Clozapine Resolution Mixture RS to an appropriate
volumetric flask. Dissolve in 80% of the flask volume of methanol. Add a suitable portion of
System suitability stock solution. Dilute with water to volume.
Standard solution: 0.75 µg/mL of USP Clozapine RS in Diluent
Sensitivity solution: 0.38 µg/mL of USP Clozapine RS from Standard solution in Diluent
Sample stock solution: Nominally 3000 µg/mL of clozapine from Tablets prepared as
follows. Finely powder NLT 10 Tablets. Transfer a suitable quantity of the powder to an
appropriate volumetric flask. Dissolve in 80% of the flask volume of methanol, and
sonicate for 10 min. Dilute with water to volume.
Sample solution: Nominally 750 µg/mL of clozapine from Sample stock solution prepared as
follows. Transfer a suitable volume of Sample stock solution to an appropriate volumetric
flask. Dissolve in Diluent. Centrifuge the resulting solution and use the supernatant.
[Note—A centrifuge speed of 10,000 rpm for 10 min may be suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 35 ± 5°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
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Resolution: NLT 1.5 between benzoyl methylpiperazine analog and clozapine N-oxide;
NLT 1.5 between chlorodibenzodiazepinone and didiazepinyl piperazine, System
suitability solution
Relative standard deviation: NMT 5.0% for clozapine, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each related compound and any unknown impurity in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of any impurity from the Sample solution
rS = peak response of clozapine from the Standard solution
CS = concentration of USP Clozapine RS in the Standard solution (µg/mL)
CU = nominal concentration of clozapine in the Sample solution (µg/mL)
F = relative response factor of the impurity (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.

Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Demethyl clozapinea
0.9
1.0
0.3
Clozapine
1.0
—
—
b
Benzoyl methylpiperazine analog
1.10
0.36
0.2
Clozapine N-oxidec
1.13
0.87
0.2
d
Chlorodibenzodiazepinone
1.6
1.2
0.2
Didiazepinyl piperazinee
1.7
0.92
0.2
f
2-Amino-4-chlorofenamic acid
1.9
0.44
0.2
Individual unspecified impurity
—
1.0
0.2
Total impurities
—
—
0.6
a 8-Chloro-11-(piperazin-1-yl)-5H-dibenzo[b,e][1,4]diazepine.
b 1-[2-[(2-Amino-4-chlorophenyl)amino]benzoyl]-4-methylpiperazine.
c 4-(8-Chloro-5H-dibenzo[b,e][1,4]diazepin-11-yl)-1-methylpiperazine 1-oxide.
d 8-Chloro-5,10-dihydro-11H-dibenzo[b,e][1,4]diazepin-11-one.
e 1,4-Bis(8-chloro-5H-dibenzo[b,e][1,4]diazepin-11-yl)piperazine.
f 2-[(2-Amino-4-chlorophenyl)amino]benzoic acid.
2S (USP42)

ADDITIONAL REQUIREMENTS
Change to read:
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• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. 2S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Clozapine RS
USP Clozapine Resolution Mixture RS
Clozapine.
Chlorodibenzodiazepinone;
8-Chloro-5,10-dihydro-11H-dibenzo[b,e][1,4]diazepin-11-one.
C13 H9 ClN2 O
244.68
Didiazepinyl piperazine;
1,4-Bis(8-chloro-5H-dibenzo[b,e][1,4]diazepin-11-yl)piperazine.
C30 H24 Cl2 N6
539.46
Demethyl clozapine;
8-Chloro-11-(piperazin-1-yl)-5H-dibenzo[b,e][1,4]diazepine.
C17 H17 ClN4
312.80
Benzoyl methylpiperazine analog;
1-[2-[(2-Amino-4-chlorophenyl)amino]benzoyl]-4-methylpiperazine.
C18 H21 ClN4 O
344.84
[Note—The contents have previously been referred to as clozapine, Impurity A, Impurity
B, Impurity C, and Impurity D, respectively.]
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1054
BRIEFING
Dehydrocholic Acid Tablets, USP 41 page 1164. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Dehydrocholic Acid Tablets are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM3: M. Puderbaugh.)
Correspondence Number—C205653
Comment deadline: November 30, 2018
Delete the following:
Dehydrocholic Acid Tablets
DEFINITION
Dehydrocholic Acid Tablets contain NLT 94.0% and NMT 106.0% of the labeled amount of
C24 H34 O5 .
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IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Sample: Mix a quantity of finely powdered Tablets equivalent to 500 mg of dehydrocholic
acid with 15 mL of water, and add slowly, with stirring, 2 mL of sodium carbonate TS.
Filter, and add to the filtrate 3 N hydrochloric acid (about 2 mL) dropwise until no more
precipitate is formed. Filter the precipitate, wash with small portions of cold water until
free from chloride, and dry at 105° for 2 h. [Note—Reserve a portion of the material
obtained for use in Identification test B.]
• B. Melting Range or Temperature 〈741〉: 231°–242°, but the range between beginning and
end of melting does not exceed 3°.
Sample: Use the material reserved from Identification test A.
ASSAY
• Procedure
Sample: Finely powder NLT 20 Tablets. Transfer a portion of the powder equivalent to 500
mg of dehydrocholic acid to a 300-mL conical flask. Add 60 mL of neutralized alcohol, and
warm on a steam bath for 10 min. Allow to cool.
Analysis: Add phenolphthalein TS and 20 mL of water. Titrate with 0.1 N sodium hydroxide
VS, adding 100 mL of water shortly before the endpoint is reached. Each mL of 0.1 N
sodium hydroxide is equivalent to 40.25 mg of C24 H34 O5 .
Acceptance criteria: 94.0%–106.0%
PERFORMANCE TESTS
• Disintegration 〈701〉
Time: NMT 30 min
• Uniformity of Dosage Units 〈905〉: Meet the requirements
SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉andTests for Specified Microorganisms 〈62〉: Meets the
requirements of the test for absence of Salmonella species
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Dehydrocholic Acid RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1164
BRIEFING
Demeclocycline, USP 41 page 1165. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Demeclocycline are currently marketed in the United
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1. No drug products formulated with Demeclocycline are currently marketed in the United
States.
2. Drug products containing Demeclocycline are currently not used in veterinary medicine
in the United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C205656
Comment deadline: November 30, 2018
Delete the following:
Demeclocycline

C21 H21 ClN2 O8

464.85

2-Naphthacenecarboxamide, 7-chloro-4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,6,10,12,12a-pentahydroxy-1,11-dioxo-, [4S-(4α,4aα,5aα,6β,12aα)]-.
7-Chloro-4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,6,10,12,12a-pentahydroxy1,11-dioxo-2-naphthacenecarboxamide [127-33-3].
Sesquihydrate
[13215-10-6].

491.88

» Demeclocycline has a potency equivalent to not less than 970 µg of
demeclocycline hydrochloride (C 21 H 21 ClN 2 O 8 ·HCl) per mg, calculated on the
anhydrous basis.
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Demeclocycline Hydrochloride RS
Identification—
A: Transfer about 40 mg, accurately weighed, to a 250-mL volumetric flask, add 2 mL of 0.1 N
hydrochloric acid to dissolve, dilute with water to volume, and mix. Transfer 10.0 mL of this
solution to a 100-mL volumetric flask, add about 75 mL of water and 5.0 mL of 5 N sodium
hydroxide, dilute with water to volume, and mix: the UV absorption spectrum of this solution,
measured at 6 minutes, accurately timed, after the addition of the sodium hydroxide, exhibits
maxima and minima at the same wavelengths as that of a similar solution of USP Demeclocycline
Hydrochloride RS, concomitantly measured, and the absorptivity, calculated on the anhydrous
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basis, at the wavelength of maximum absorbance at about 380 nm is between 103.5% and
111.3% of that of the USP Demeclocycline Hydrochloride RS, the potency of the Reference
Standard being taken into account.
B: Transfer 40 mg, accurately weighed, to a 200-mL volumetric flask, add 100 mL of 0.1 N
hydrochloric acid, shake to dissolve, dilute with 0.1 N hydrochloric acid to volume, and mix.
Transfer 5.0 mL of this solution into each of two 50-mL volumetric flasks (Solutions 1 and 2).
Prepare similar solutions of USP Demeclocycline Hydrochloride RS (Solutions 3 and 4). To
Solutions 1 and 3, add 10 mL of 6 N hydrochloric acid, and to Solutions 2 and 4, add 10 mL of 3
N hydrochloric acid. Heat the four flasks in a water bath for 20 minutes, cool, dilute the
contents with water to volume, and mix. Determine the absorbances of Solutions 1 and 3 at the
wavelength of maximum absorbance at about 430 nm, with a suitable spectrophotometer, using
Solutions 2 and 4, respectively, as the blanks. Determine the absorbances of Solutions 2 and 4
at the wavelength of maximum absorbance at about 368 nm, using Solutions 1 and 3,
respectively, as the blanks. Calculate the ratio:
(WSP/1000)(A368 + A430 )U/WU(A368 + A430 )S
in which WS is the weight, in mg, of USP Demeclocycline Hydrochloride RS taken, calculated on
the dried basis; P is the potency, in µg per mg, of the USP Demeclocycline Hydrochloride RS;
WU is the weight, in mg, of specimen taken, calculated on the anhydrous basis; and the final
two parenthetic expressions are the absorbances of the four solutions at the wavelengths
indicated by the subscripts for the specimen (U) and the Standard (S): the ratio is between
0.97 and 1.17.
Crystallinity 〈695〉: meets the requirements.
pH 〈791〉: between 4.0 and 5.5, in a solution containing 10 mg per mL.
Water Determination, Method I 〈921〉: between 4.3% and 6.7%.
Assay—
Mobile phase— Transfer 80 g of tertiary butyl alcohol to a 1000-mL volumetric flask with the aid
of 200 mL of water, add 100 mL of 0.2 M pH 9.0 phosphate buffer (prepared by mixing
appropriate volumes of 0.2 M dibasic potassium phosphate and 0.2 M monobasic potassium
phosphate), 150 mL of 0.02 M tetrabutylammonium hydrogen sulfate (adjusted with sodium
hydroxide TS to a pH of 9.0), and 100 mL of 0.01 M edetate disodium (adjusted with sodium
hydroxide TS to a pH of 9.0). Dilute with water to volume, mix, and degas. Make adjustments if
necessary (see System Suitability under Chromatography 〈621〉). Decreasing the amount of
tertiary butyl alcohol increases the resolution.
Standard preparation— Dissolve an accurately weighed quantity of USP Demeclocycline
Hydrochloride RS in 0.01 N hydrochloric acid to obtain a solution having a known concentration
of about 1 mg per mL.
Assay preparation— Transfer about 45 mg of Demeclocycline, accurately weighed, to a 50-mL
volumetric flask, dissolve in 0.01 N hydrochloric acid, dilute with 0.01 N hydrochloric acid to
volume, and mix.
Resolution solution— Prepare a solution of USP Demeclocycline Hydrochloride RS in 0.01 N
hydrochloric acid, and allow to stand for 3 hours.
Chromatographic system (see Chromatography 〈621〉)—The liquid chromatograph is equipped

PF 44(5): Sep.-Oct. 2018

729

with a 254-nm detector and a 4.6-mm × 25-cm column containing packing L21 and maintained
at 60 ± 0.5°. The flow rate is about 1 mL per minute. Chromatograph the Resolution solution,
and record the responses as directed for Procedure: the relative retention times are about 0.7
for epidemethylchlortetracycline and 1.0 for demeclocycline; and the resolution between the
epidemethylchlortetracycline peak and the demeclocycline peak is not less than 3.0.
Chromatograph the Standard preparation, and record the responses as directed for Procedure:
the relative standard deviation for replicate injections is not more than 2.0%.
Procedure— [Note—Use peak areas where peak responses are indicated.] Separately inject
equal volumes (about 20 µL) of the Standard preparation and the Assay preparation into the
chromatograph, record the chromatograms, and measure the responses for the major peaks.
Calculate the quantity, in µg, of demeclocycline hydrochloride (C21 H21 ClN2 O8 ·HCl) equivalent in
each mg of the Demeclocycline taken by the formula:
50(CE / W)(rU / rS)
in which C is the concentration, in mg per mL, of USP Demeclocycline Hydrochloride RS in the
Standard preparation; E is the demeclocycline hydrochloride equivalent, in µg per mg, of USP
Demeclocycline Hydrochloride RS; W is the quantity, in mg, of the Demeclocycline taken; and rU
and rS are the demeclocycline peak responses obtained from the Assay preparation and the
Standard preparation, respectively. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 1165
BRIEFING
Demeclocycline Oral Suspension, USP 41 page 1166. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Demeclocycline Oral Suspension are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C205657
Comment deadline: November 30, 2018
Delete the following:
Demeclocycline Oral Suspension

» Demeclocycline Oral Suspension contains the equivalent of not less than
90.0 percent and not more than 125.0 percent of the labeled amount of
demeclocycline hydrochloride (C 21 H 21 ClN 2 O 8 ·HCl). It may contain one or more
suitable buffers, preservatives, stabilizers, and suspending agents.
Packaging and storage—Preserve in tight containers, protected from light.
USP Reference standards 〈11〉—
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USP Demeclocycline Hydrochloride RS
Identification—To an accurately measured volume of Oral Suspension, equivalent to about 50
mg of demeclocycline hydrochloride, add 50 mL of methanol, shake, and allow the mixture to
settle. Using the clear supernatant as the Test Solution, proceed as directed for Method II
under Identification—Tetracyclines 〈193〉.
Uniformity of dosage units 〈905〉—
for oral suspension packaged in single-unit containers: meets the requirements.
Deliverable volume 〈698〉—
for oral suspension packaged in multiple-unit containers: meets the requirements.
pH 〈791〉: between 4.0 and 5.8.
Assay—
Mobile phase, Standard preparation, Resolution solution, and Chromatographic system—
Prepare as directed in the Assay under Demeclocycline.
Assay preparation— Transfer an accurately weighed quantity of Oral Suspension, freshly mixed
and free from air bubbles, equivalent to about 50 mg of demeclocycline hydrochloride
(C21 H21 ClN2 O8 · HCl), to a 50-mL volumetric flask, dilute with 0.01 N hydrochloric acid to
volume, and mix. Sonicate for 5 minutes, and centrifuge for 5 minutes. Pass a portion of the
supernatant through a suitable filter having a 1.5-µm or finer porosity, and use the clear filtrate
as the Assay preparation.
Procedure— Proceed as directed for Procedure in the Assay under Demeclocycline. Calculate
the quantity, in mg, of demeclocycline hydrochloride (C21 H21 ClN2 O8 ·HCl) equivalent in each mL
of Oral Suspension taken by the formula:
0.05(CE / V)(rU / rS)
in which V is the volume, in mL, of Oral Suspension taken; and the other terms are as defined
therein. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 1166
BRIEFING
Demeclocycline Hydrochloride Capsules, USP 41 page 1167. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Demeclocycline Hydrochloride Capsules
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C205658
Comment deadline: November 30, 2018
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Delete the following:
Demeclocycline Hydrochloride Capsules

» Demeclocycline Hydrochloride Capsules contain not less than 90.0 percent
and not more than 125.0 percent of the labeled amount of demeclocycline
hydrochloride (C 21 H 21 ClN 2 O 8 ·HCl).
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Demeclocycline Hydrochloride RS
Identification—Shake a suitable quantity of Capsule contents with methanol to obtain a
solution containing about 1 mg of demeclocycline hydrochloride per mL, and filter. Using the
filtrate as the Test Solution, proceed as directed for Method II under
Identification—Tetracyclines 〈193〉.
Dissolution 〈711〉—
Medium: water; 900 mL.
Apparatus 2: 75 rpm.
Time: 45 minutes.
Procedure— Determine the amount of C21 H21 ClN2 O8 dissolved from UV absorption at the
wavelength of maximum absorbance at about 274 nm on filtered portions of the solution under
test, suitably diluted with Dissolution Medium, if necessary, in comparison with a Standard
solution having a known concentration of USP Demeclocycline Hydrochloride RS in the same
Medium.
Tolerances— Not less than 75% (Q) of the labeled amount of demeclocycline (C21 H21 ClN2 O8 ) is
dissolved in 45 minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Loss on drying 〈731〉—Dry about 100 mg of Capsule contents, accurately weighed, in a
capillary-stoppered bottle in vacuum at 60° for 3 hours: the material loses not more than 2.0%
of its weight, except that if the Capsules contain starch the material loses not more than 8.0%
of its weight.
Assay—
Mobile phase, Standard preparation, Resolution solution, and Chromatographic system—
Prepare as directed in the Assay under Demeclocycline.
Assay preparation— Remove, as completely as possible, the contents of not fewer than 10
Capsules, and weigh. Mix, and transfer an accurately weighed portion of the powder, equivalent
to about 50 mg of demeclocycline hydrochloride (C21 H21 ClN2 O8 ·HCl), to a 50-mL volumetric
flask, dilute with 0.01 N hydrochloric acid to volume, and mix. Sonicate for 5 minutes, and
centrifuge for 5 minutes. Pass a portion of the supernatant through a suitable filter having a
1.5-µm or finer porosity, and use the clear filtrate as the Assay preparation.
Procedure— Proceed as directed for Procedure in the Assay under Demeclocycline. Calculate

PF 44(5): Sep.-Oct. 2018

732

the quantity, in mg, of demeclocycline hydrochloride (C21 H21 ClN2 O8 ·HCl) in the portion of
Capsule contents taken by the formula:
0.05CE(rU / rS)
in which the terms are as defined therein.

2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1167
BRIEFING
Deslanoside, USP 41 page 1175. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Deslanoside are currently marketed in the United
States.
2. Drug products containing Deslanoside are currently not used in veterinary medicine in
the United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C205659
Comment deadline: November 30, 2018
Delete the following:
Deslanoside

C47 H74 O19

943.08

Card-20(22)-enolide, 3-[(O-β-d-glucopyranosyl-(1→4)-O-2,6-dideoxy-β-d-ribo-hexopyranosyl(1→4)-O-2,6-dideoxy-β-d-ribo-hexopyranosyl-(1→4)-2,6-dideoxy-β-d-ribohexopyranosyl)oxy]-12,14-dihydroxy-, (3β,5β,12β)-;
Deacetyllanatoside C
[17598-65-1].
DEFINITION
Deslanoside contains NLT 95.0% and NMT 103.0% of deslanoside (C47 H74 O19 ), calculated on
the dried basis.
[Caution—Handle Deslanoside with exceptional care, because it is highly potent.]
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IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution: 4 mg/mL of USP Deslanoside RS in methanol
Sample solution: 4 mg/mL in methanol
Chromatographic system
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 5 µL
Developing solvent system: Methylene chloride, methanol, and water (130:36:3)
Spray reagent: Dilute perchloric acid (1 in 20)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram in the Developing solvent system
until the solvent has moved three-fourths of the length of the plate. Remove the plate,
mark the solvent front, and allow the solvent to evaporate. Locate the spots on the
plate by lightly spraying with Spray reagent and heating at about 100° for 3 min. Cool,
and examine under UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
ASSAY
• Procedure
Standard solution: 0.2 mg/mL of USP Deslanoside RS in alcohol
Sample solution: 0.2 mg/mL of Deslanoside in alcohol
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: 590 nm (λ max)
Cell: 1 cm
Blank: Alcohol
Analysis
Samples: Standard solution, Sample solution, and Blank
Transfer 3.0 mL each of the Standard solution, Sample solution, and Blank to separate 25mL conical flasks. Evaporate each with gentle warming and with the aid of a current of
air just to dryness, and cool in a vacuum desiccator for 30 min. Add 15.0 mL of acid
ferric chloride TS to each flask, and mix by swirling. Allow the mixtures to stand
protected from light, swirling them frequently, at a temperature not exceeding 30°, for
15 min. Pass each solution through separate fine glass wool filters. Concomitantly
determine the absorbances of the solutions, using the Blank to set the instrument.
Repeat the measurements at 2-min intervals until maximum absorbance readings have
been obtained.
Calculate the percentage of deslanoside (C47 H74 O19 ) in the portion of Deslanoside taken:
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Result = (AU/AS) × (CS/CU) × 100
AU = maximum absorbance of the Sample solution
AS = maximum absorbance of the Standard solution
CS = concentration of USP Deslanoside RS in the Standard solution (mg/mL)
CU = concentration of Deslanoside in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–103.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 〈781S〉
Sample solution: 20 mg/mL in anhydrous pyridine
Acceptance criteria: +7.0° to +8.5°
• Loss on Drying 〈731〉
Sample: 0.5 g
Analysis: Dry the Sample under vacuum at 100° to constant weight.
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature.
• USP Reference Standards 〈11〉
USP Deslanoside RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1175
BRIEFING
Desmopressin Acetate, USP 41 page 1182 and PF 44(2) [Mar.–Apr. 2018]. The PF 44(2)
proposal has been canceled because of the chemical structure being deleted in error. To
correct the error and as part of the USP monograph modernization effort, the following revisions
are proposed:
1. The chemical structure image is added.
2. The chemical names and associated attributes are revised to allow for variability in the
number of acetate and water molecules.
3. In Identification A, the Mass Spectral Analysis test is modified to cite Mass
Spectrometry 〈736〉 instead of only one experimental approach.
4. In the Assay, USP Oxytocin RS is added to the System suitability solution.
5. In the Desmopressin-Related Impurities test, the preparation instructions for the
Standard solution are revised.
6. In the Assay and the Desmopressin-Related Impurities test, the word “calculated” is
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added to the CS definition in the calculation for clarity.
The Labeling section is removed.
The Packaging and Storage section is revised to include “and moisture” after “protected
from light”.
The Bacterial Endotoxins Test is updated to reflect current USP practices.
In the USP Reference Standards section, a reference for USP Oxytocin RS is added.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO1: E. Curti.)
Correspondence Number—C207535
Comment deadline: November 30, 2018
Desmopressin Acetate
Change to read:

C48 H68 N14 O14 S2 C48 H68 N14 O14 S2 · xH2 O (anhydrous)
Anhydrous
1129.27
[62288-83-9].
Vasopressin, 1-(3-mercaptopropanoic acid)-8-d-arginine-, monoacetate (salt);
1-(3-Mercaptopropionic acid)-8-d-arginine-vasopressin monoacetate (salt).
Trihydrate
1183.31
[62357-86-2].

C46 H64 N14 O12 S2 ·xC2 H4 O2 ·yH2 O

1069.22 (anhydrous, free base)

Vasopressin, 1-(3-mercaptopropanoic acid)-8-d-arginine-, acetate (salt) hydrate;
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1-(3-Mercaptopropionic acid)-8-d-arginine-vasopressin, acetate (salt) hydrate.
x(acetate), y(water).
Monoacetate trihydrate[62357-86-2].
Monoacetate anhydrous[62288-83-9]. 2S (USP42)
DEFINITION
Desmopressin Acetate is a synthetic octapeptide hormone having the property of
antidiuresis. It is a synthetic analog of vasopressin. It contains NLT 95.0% and NMT
105.0% of desmopressin (C46 H64 N14 O12 S2 ), calculated on the anhydrous, acetic acid-free
basis.
IDENTIFICATION
Change to read:
• A. Mass Spectral Analysis
Mobile phase: Water and methanol (1:1)
Standard solution: 5 µg/mL of USP Desmopressin Acetate RS in Mobile phase
Sample solution: 5 µg/mL of Desmopressin Acetate in Mobile phase. [Note—The final
concentration of the Standard solution and the Sample solution can be adjusted
depending on the sensitivity of the mass spectrometer used in the testing.]
Instrumental conditions
(See Mass Spectrometry 〈736〉.)
Mode: LC/MS spectrometer
Interface/detection: Infusion system connected to an electrospray interface (positive
ion)
Analysis
Samples: Standard solution and Sample solution
Separately infuse the Standard solution and the Sample solution at about 5 µL/min into the
mass spectrometer. Obtain optimized MS spectrum of the peak with a mass-to-charge
ratio of 1069.4.
Acceptance criteria: MS spectra contain the major peak with a mass-to-charge ratio of
1069.4.
The monoisotopic mass by Mass Spectrometry 〈736〉 is 1068.4 ± 0.5 mass units.
2S (USP42)

• B.
Buffer solution, Mobile phase, Standard solution, and Sample solution: Prepare as
directed in the Assay.
Identity sample solution: 10 µg/mL each of USP Desmopressin Acetate RS and
Desmopressin Acetate in Mobile phase
Acceptance criteria: The retention time of the major peak of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay. The major peaks
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of the Identity sample solution coelute.
ASSAY
Change to read:
• Procedure
Buffer solution: Dissolve 3.4 g of monobasic potassium phosphate and 2.0 g of sodium 1heptanesulfonic acid in 1000 mL of water. Adjust with phosphoric acid or sodium hydroxide
to a pH of 4.50 ± 0.05, as needed. Pass through a filter of 0.45-µm pore size.
Mobile phase: Mix acetonitrile and Buffer solution (22:78), and degas. Make adjustments,
if necessary (see Chromatography 〈621〉, System Suitability). [Note—The retention time of
desmopressin is very sensitive to the composition of the Mobile phase.]
Standard solution: 20 µg/mL of USP Desmopressin Acetate RS in Mobile phase
Sample solution: 20 µg/mL of Desmopressin Acetate in Mobile phase
System suitability solution: Dissolve about 1 mg of oxytocin
USP Oxytocin RS, 2S (USP42)
accurately weighed, in a 50-mL volumetric flask, dilute with Mobile phase to volume, and
mix. Transfer 5.0 mL each of the resulting solution and the Sample solution to a 100-mL
volumetric flask, dilute with Mobile phase to volume, and mix.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between desmopressin and oxytocin, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0% for the desmopressin peak area for replicate
injections, Standard solution
Chromatogram similarity: The desmopressin peak elutes before the oxytocin peak,
System suitability solution.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of desmopressin (C46 H64 N14 O12 S2 ) in the portion of Desmopressin
Acetate taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Desmopressin Acetate RS
(calculated 2S (USP42)
on the anhydrous, acetic acid-free basis) in the Standard solution (mg/mL)
CU = concentration of Desmopressin Acetate (calculated on the anhydrous, acetic acidfree basis) in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0% on the anhydrous, acetic acid-free basis
IMPURITIES
Change to read:
• Desmopressin-Related Impurities
Mobile phase and System suitability solution: Prepare as directed in the Assay.
Standard solution: 1 µg/mL of USP Desmopressin Acetate RS in Mobile phase,
prepared by diluting 0.5 mL of the Standard solution from the Assay with Mobile phase
to 10 mL 2S (USP42)
Sample solution: 200 µg/mL of Desmopressin Acetate in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1.0 mL/min
Injection volume: 200 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between desmopressin and oxytocin, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0% for the desmopressin peak area for replicate
injections, Standard solution
Chromatogram similarity: The desmopressin peak elutes before the oxytocin peak,
System suitability solution.
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms, and measure the response for each peak, except for the main
desmopressin peak of the Sample solution.
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Calculate the percentage of each individual impurity in the portion of Desmopressin Acetate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of desmopressin from the Standard solution
CS = concentration of USP Desmopressin Acetate RS
(calculated 2S (USP42)
on the anhydrous, acetic acid-free basis) in the Standard solution (mg/mL)
CU = concentration of Desmopressin Acetate (calculated on the anhydrous, acetic acidfree basis) in the Sample solution (mg/mL)
Acceptance criteria
Any individual impurity: NMT 0.5%
Total impurities: NMT 1.5%
OTHER COMPONENTS
• Acetic Acid in Peptides 〈503〉: 3.0%–8.0%
SPECIFIC TESTS
Change to read:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 100
102 2S (USP42)
cfu/g.
• Water Determination 〈921〉, Method I, Method Ic: NMT 6.0%
Change to read:
• Bacterial Endotoxins Test 〈85〉: It contains NMT 500 USP Endotoxin Units/mg of
Desmopressin Acetate.
The level of bacterial endotoxins is such that the requirement under the relevant dosage
form monograph(s) in which Desmopressin Acetate is used can be met. Where the label
states Desmopressin Acetate must be subjected to further processing during the
preparation of injectable dosage forms, the level of bacterial endotoxins is such that the
requirement under the relevant dosage form monograph(s) in which Desmopressin Acetate
is used can be met. 2S (USP42)
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, preferably of Type I glass, protected
from light
and moisture. 2S (USP42)
Store at a temperature not exceeding 25°, preferably between 2° and 8°.
Delete the following:
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• Labeling: Label it to state the strength, in mcg per mL, of desmopressin.

2S (USP42)

Change to read:
• USP Reference Standards 〈11〉
USP Desmopressin Acetate RS
(CN 1-May-2018)

USP Oxytocin RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1182
BRIEFING
Dexamethasone Acetate Injectable Suspension, USP 41 page 1200. It is proposed to
omit this monograph for the following reasons:
1. No drug products formulated as defined under Dexamethasone Acetate Injectable
Suspension are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205661
Comment deadline: November 30, 2018
Delete the following:
Dexamethasone Acetate Injectable Suspension

» Dexamethasone Acetate Injectable Suspension is a sterile suspension of
Dexamethasone Acetate in W ater for Injection. It contains an amount of
dexamethasone acetate monohydrate (C 24 H 31 FO 6 ·H 2 O) equivalent to not less
than 90.0 percent and not more than 110.0 percent of the labeled amount of
dexamethasone (C 22 H 29 FO 5 ).
Packaging and storage—Preserve in single-dose or multiple-dose containers, preferably of
Type I glass.
Change to read:
USP Reference standards 〈11〉—
USP Dexamethasone Acetate RS
(CN 1-May-2018)

Identification, Infrared Absorption 〈197M〉—Obtain the test specimen as follows. Transfer the
contents of a well-shaken container of Injectable Suspension to a fine-porosity, sintered-glass
vacuum filter, filter, and wash with several 10-mL portions of water. Remove the powder from
the filter and allow to air-dry. [Note—Do not use heat to dry the specimen. Total or partial
dehydration may occur. Use a similar undried preparation of USP Dexamethasone Acetate RS.]
Bacterial Endotoxins Test 〈85〉 —It contains not more than 21.7 USP Endotoxin Units per mg
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of dexamethasone acetate.
pH 〈791〉: between 5.0 and 7.5.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
Assay—
Mobile phase, pH 6.0 Buffer solution, Diluent, and Chromatographic system— Proceed as
directed in the Assay under Dexamethasone Acetate.
Standard preparation— Dissolve an accurately weighed quantity of USP Dexamethasone
Acetate RS in Diluent to obtain a solution having a known concentration of about 0.09 mg per
mL.
Assay preparation— Transfer an accurately measured volume of well-shaken Injectable
Suspension, equivalent to about 40 mg of dexamethasone, to a 100-mL volumetric flask. Add
75 mL of Diluent, and sonicate until a clear solution is obtained. Dilute with Diluent to volume,
and mix. Transfer 10.0 mL of this solution to a 50-mL volumetric flask, dilute with Diluent to
volume, and mix.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard preparation (before
and after injections of the Assay preparation) and the Assay preparation into the
chromatograph, record the chromatograms, and measure the responses for the major peaks.
Calculate the quantity, in mg, of dexamethasone (C22 H29 FO5 ) in each mL of the Injectable
Suspension taken by the formula:
(392.47 / 434.51)(500C / V)(rU / rS)
in which 392.47 and 434.51 are the molecular weights of dexamethasone and anhydrous
dexamethasone acetate, respectively; C is the concentration, in mg per mL, of USP
Dexamethasone Acetate RS in the Standard preparation;V is the volume, in mL, of Injectable
Suspension taken; and rU and rS are the peak responses obtained from the Assay preparation
and the Standard preparation, respectively. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 1200
BRIEFING
Dexamethasone Sodium Phosphate Cream, USP 41 page 1203. It is proposed to omit
this monograph for the following reasons:
1. No drug products formulated as defined under Dexamethasone Sodium Phosphate Cream
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205662
Comment deadline: November 30, 2018
Delete the following:
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Dexamethasone Sodium Phosphate Cream
DEFINITION
Dexamethasone Sodium Phosphate Cream contains an amount of dexamethasone sodium
phosphate (C22 H28 FNa2 O8 P) equivalent to NLT 90.0% and NMT 115.0% of the labeled amount
of dexamethasone phosphate (C22 H30 FO8 P).
IDENTIFICATION
• A. Thin-Layer Chromatography
Solution A: Dissolve 3.1 g of boric acid, 203 mg of magnesium chloride, and 860 mg of
sodium hydroxide in enough water to make 1000 mL.
Solution B: 1 mg/mL of alkaline phosphatase enzyme in Solution A
Standard solution: 300 µg/mL of USP Dexamethasone RS in methylene chloride
Sample solution: Transfer 5 mL of Solution B to a glass-stoppered, 50-mL tube containing
5 mL of the Sample solution from the Assay. Incubate at 37° for 45 min, then add 25 mL
of methylene chloride and shake for 2 min. Evaporate 15 mL of the methylene chloride
extract on a steam bath to dryness, and dissolve the residue in 1 mL of methylene
chloride.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture (20- × 20-cm plate)
Application volume: 5 µL
Developing solvent system: Chloroform, acetone, and water (50:50:1)
Spray reagent: Dilute sulfuric acid (1 in 2)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram using the Developing solvent system
in a tank completely lined with filter paper, until the solvent front has moved about threefourths of the length of the plate. Remove the plate from the developing tank, mark the
solvent front, and allow the spots to dry. Spray the plate with Spray reagent, and heat at
105° until brown or black spots appear.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Dissolve 0.29 g of dibasic sodium phosphate in 450 mL of water, add 550 mL of
alcohol, and mix.
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Solution B: 6.9 g/L of monobasic sodium phosphate in water
Mobile phase: Methanol and Solution B (52:48)
Standard solution: 33 µg/mL of freshly prepared USP Dexamethasone Sodium Phosphate
RS in Solution A
Sample solution: Nominally 30 µg/mL of dexamethasone phosphate, prepared as follows.
Transfer a portion of Cream, equivalent to 3 mg of dexamethasone phosphate, to a 150mL beaker. Add 65 mL of Solution A, and heat just to boiling. Pour the contents of the
beaker into a 125-mL separator containing 45 mL of isooctane. After shaking for 1 min,
decant the lower layer into a 100-mL volumetric flask with the aid of a glass funnel. Rinse
the 150-mL beaker with two 15-mL portions of Solution A, extracting the remaining
isooctane in the separator with each portion and decanting the lower layer from each
extraction into the 100-mL volumetric flask. Dilute with Solution A to volume. Pass through
a suitable membrane filter before injecting.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for dexamethasone phosphate is about 8.5 min.]
Suitability requirements
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dexamethasone phosphate (C22 H30 FO8 P)
in the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Dexamethasone Sodium Phosphate RS in the Standard
solution (µg/mL)
CU = nominal concentration of dexamethasone phosphate in the Sample solution (µg/mL)
Mr1 = molecular weight of dexamethasone phosphate, 472.44
Mr2 = molecular weight of dexamethasone sodium phosphate, 516.40
Acceptance criteria: 90.0%–115.0%
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PERFORMANCE TESTS
• Minimum Fill 〈755〉: Meets the requirements
SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉and Tests for Specified Microorganisms 〈62〉: Meets the
requirements of the tests for absence of Staphylococcus aureus and Pseudomonas
aeruginosa
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in collapsible tubes or tight containers.
• USP Reference Standards 〈11〉
USP Dexamethasone RS
USP Dexamethasone Sodium Phosphate RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1203
BRIEFING
Dexamethasone Sodium Phosphate Ophthalmic Ointment, USP 41 page 1206. It is
proposed to omit this monograph for the following reasons:
1. No drug products formulated as defined under Dexamethasone Sodium Phosphate
Ophthalmic Ointment are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205663
Comment deadline: November 30, 2018
Delete the following:
Dexamethasone Sodium Phosphate Ophthalmic Ointment
DEFINITION
Dexamethasone Sodium Phosphate Ophthalmic Ointment is a sterile ointment containing an
amount of dexamethasone sodium phosphate (C22 H28 FNa2 O8 P) equivalent to NLT 90.0% and
NMT 115.0% of the labeled amount of dexamethasone phosphate (C22 H30 FO8 P).
IDENTIFICATION
• A. Thin-Layer Chromatography
Solution A: Dissolve 3.1 g of boric acid, 203 mg of magnesium chloride, and 860 mg of
sodium hydroxide in water to make 1000 mL.
Solution B: 1 mg/mL of alkaline phosphatase enzyme in Solution A
Standard solution: 300 µg/mL of USP Dexamethasone RS in methylene chloride
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Sample solution: Transfer 5 mL of the Sample solution obtained in the Assay to a 50-mL
glass-stoppered tube. Add 5 mL of Solution B, incubate at 37° for 45 min, then add 25 mL
of methylene chloride, and shake for 2 min. Evaporate 15 mL of the methylene chloride
extract on a steam bath to dryness. Dissolve the residue in 1 mL of methylene chloride.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel (20-cm × 20-cm plate)
Application volume: 5 µL
Developing solvent system: Chloroform, acetone, and water (50:50:1)
Spray reagent: Dilute sulfuric acid (1 in 2)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram in a tank completely lined with a
strip of filter paper, using the Developing solvent system, until the solvent front has
moved about three-fourths of the length of the plate. Remove the plate from the
developing tank, mark the solvent front, and allow the spots to dry. Spray the plate with
Spray reagent, and heat at 105° until brown or black spots appear.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 6.9 g/L of monobasic sodium phosphate in water
Mobile phase: Methanol and Buffer (52:48)
Diluent: Dissolve 0.29 g of dibasic sodium phosphate in 450 mL of water, and add 550 mL
of alcohol.
Standard solution: 33 µg/mL of freshly prepared USP Dexamethasone Sodium Phosphate
RS in Solution A
Sample solution: Nominally 30 µg/mL of dexamethasone phosphate prepared as follows.
Transfer a portion of Ophthalmic Ointment, equivalent to 3 mg of dexamethasone
phosphate, to a 150-mL beaker. Add 65 mL of Diluent, and heat just to boiling. Pour the
contents of the beaker into a 125-mL separator containing 45 mL of isooctane. After
shaking for 1 min, decant the lower layer into a 100-mL volumetric flask with the aid of a
glass funnel. Rinse the 150-mL beaker with two 15-mL portions of Diluent, extracting the
remaining isooctane in the separator with each portion, and decanting the lower layer
from each extraction into the 100-mL volumetric flask. Dilute with Diluent to volume, and
pass through a membrane filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time for dexamethasone phosphate is about 8.5 min.]
Suitability requirements
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dexamethasone phosphate (C22 H30 FO8 P)
in the portion of Ophthalmic Ointment taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Dexamethasone Sodium Phosphate RS in the Standard
solution (µg/mL)
CU = nominal concentration of dexamethasone phosphate in the Sample solution (µg/mL)
Mr1 = molecular weight of dexamethasone phosphate, 472.44
Mr2 = molecular weight of dexamethasone sodium phosphate, 516.40
Acceptance criteria: 90.0%–115.0%
SPECIFIC TESTS
• Other Requirements: It meets the requirements for Particulate and Foreign Matter and
Container ContentsinOphthalmic Products—Quality Tests 〈771〉, Drug Product Quality,
Universal Tests, Particulate and Foreign Matter and Container Contents.
• Sterility Tests 〈71〉: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes. Store between
8° and 27°.
• USP Reference Standards 〈11〉
USP Dexamethasone RS
USP Dexamethasone Sodium Phosphate RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1206
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BRIEFING
Dextroamphetamine Sulfate Capsules, USP 41 page 1228. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Dextroamphetamine Sulfate Capsules are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205664
Comment deadline: November 30, 2018
Delete the following:
Dextroamphetamine Sulfate Capsules
DEFINITION
Dextroamphetamine Sulfate Capsules contain NLT 90.0% and NMT 110.0% of the labeled
amount of dextroamphetamine sulfate [(C9 H13 N)2 ·H2 SO4 ].
IDENTIFICATION
• A.
Solution A: Benzoyl chloride and anhydrous ethyl ether (1:2)
Sample: Nominally 50 mg of dextroamphetamine sulfate from Capsule contents
Analysis: Mix the Sample with 10 mL of water for 30 min, and filter into a small flask. Cool
the filtrate to 15°, and add 3 mL of 1 N sodium hydroxide, then add 1 mL of Solution A,
and shake for 2 min. Filter the precipitate, wash with 15 mL of cold water, and
recrystallize twice from diluted alcohol to obtain the benzoyl derivative of
dextroamphetamine. Dry the crystals at 105° for 1 h.
Acceptance criteria: The crystals melt between 154° and 160°.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Dilute glacial acetic acid (14 in 100)
Mobile phase: Dissolve 1.1 g of sodium 1-heptanesulfonate in 525 mL of water. Add 25 mL
of Solution A and 450 mL of methanol. Adjust dropwise, if necessary, with glacial acetic
acid to a pH of 3.3 ± 0.1. The volume of methanol may be adjusted so that the retention
time for dextroamphetamine is about 5 min. Pass through a membrane filter of 0.5-µm pore
size.
Diluent: 0.12 N phosphoric acid
Standard solution: 0.3 mg/mL of USP Dextroamphetamine Sulfate RS in Diluent
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Sample solution: Nominally 0.3 mg/mL of dextroamphetamine sulfate prepared as follows.
Remove, as completely as possible, the contents of NLT 20 Capsules. Transfer a portion of
the contents, equivalent to 15 mg of dextroamphetamine sulfate, to a 50-mL volumetric
flask. Add 40 mL of Diluent, sonicate for 15 min, and dilute with Diluent to volume. Pass
through a membrane filter of 0.5-µm pore size, discarding the first 20 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% for 3 replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dextroamphetamine sulfate
[(C9 H13 N)2 ·H2 SO4 ] in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Dextroamphetamine Sulfate RS in the Standard solution
(mg/mL)
CU = nominal concentration of dextroamphetamine sulfate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Procedure for a pooled sample
Medium: Water; 500 mL
Apparatus 1: 100 rpm
Time: 45 min
Mobile phase, Standard solution, Chromatographic System, and System suitability:
Proceed as directed in the Assay.
Sample solution: Proceed as directed in the general chapter for the test specimen.
Analysis
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Samples: Standard solution and Sample solution
Determine the amount of dextroamphetamine sulfate [(C9 H13 N)2 ·H2 SO4 ] dissolved.
Tolerances: NLT 75% (Q) of the labeled amount of dextroamphetamine sulfate
[(C9 H13 N)2 ·H2 SO4 ] is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 〈11〉
USP Dextroamphetamine Sulfate RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1228
BRIEFING
Diatrizoate Sodium, USP 41 page 1239. On the basis of comments received, it is proposed
to clarify the Standard stock solution preparation in the test for Limit of Free Aromatic Amine.
This monograph uses very old procedures such as TLC for Identification and a titrimetric
procedure for the Assay. There is no organic impurities procedure in the monograph. The TLC
Identification procedure uses chloroform which is not a very desirable solvent. The titrimetric
Assay procedure is an indirect procedure that requires the decomposition of the bound iodine
and titrates the liberated iodide ions with silver nitrate, and it lacks selectivity. USP is
interested in receiving submissions from the manufacturers of Diatrizoate Sodium, Diatrizoic
Acid, and similar such monographs to modernize the whole family of monographs with more
current modern procedures.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: R. Ravichandran.)
Correspondence Number—C191582
Comment deadline: November 30, 2018
Diatrizoate Sodium

C11 H8 I3 N2 NaO4

635.90

PF 44(5): Sep.-Oct. 2018

750

Benzoic acid, 3,5-bis(acetylamino)-2,4,6-triiodo-, monosodium salt;
Monosodium 3,5-diacetamido-2,4,6-triiodobenzoate
[737-31-5].
DEFINITION
Diatrizoate Sodium contains NLT 98.0% and NMT 102.0% of diatrizoate sodium
(C11 H8 I3 N2 NaO4 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Solution A: Sodium hydroxide in methanol (0.8 in 1000)
Standard solution: 1 mg/mL of USP Diatrizoic Acid RS in Solution A
Sample solution: 1 mg/mL of Diatrizoate Sodium in Solution A
Developing solvent system: Methanol, chloroform, and ammonium hydroxide (10:20:2)
Analysis
Samples: Standard solution and Sample solution
Locate the spots using short-wavelength UV light.
Acceptance criteria: Meets the requirements
• B. A 5-mg/mL solution in water imparts an intense yellow color to a nonluminous flame
confirming the presence of sodium.
ASSAY
• Procedure
Sample solution: Transfer 300 mg of Diatrizoate Sodium to a glass-stoppered, 125-mL
conical flask, add 30 mL of 1.25 N sodium hydroxide and 500 mg of powdered zinc,
connect the flask to a reflux condenser, and reflux the mixture for 1 h. Cool the flask to
room temperature, rinse the condenser with 20 mL of water, disconnect the flask from the
condenser, and filter the mixture. Rinse the flask and filter thoroughly, adding the rinsings
to the filtrate. Add 5 mL of glacial acetic acid and 1 mL of tetrabromophenolphthalein
ethyl ester TS.
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Titrant: 0.05 N silver nitrate VS
Endpoint detection: Visual
Analysis: Titrate the Sample solution with the Titrant until the yellow precipitate just
turns green.
Calculate the percentage of diatrizoate sodium (C11 H8 I3 N2 NaO4 ) in the portion of
Diatrizoate Sodium taken:
Result = [(V × N × F)/W] × 100
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V = sample Titrant volume (mL)
N = Titrant normality (mEq/mL)
F = equivalent weight of diatrizoate sodium, 212 mg/mEq
W = weight of Diatrizoate Sodium (mg)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
Delete the following:
• Heavy Metals 〈231〉
Standard solution: To 2.0 mL of Standard Lead Solution (20 µg of Pb) in a 50-mL colorcomparison tube, add 5 mL of 1 N sodium hydroxide, and dilute with water to 40 mL.
Sample solution: Dissolve 1.0 g of Diatrizoate Sodium in 20 mL of water and 5 mL of 1 N
sodium hydroxide, transfer the solution to a 50-mL color-comparison tube, and dilute with
water to 40 mL.
Analysis: To each of the tubes containing the Standard solution and the Sample solution,
add 10 mL of sodium sulfide TS, allow to stand for 5 min, and view downward over a white
surface.
Acceptance criteria: The color of the solution from the Sample solution is not darker than
that of the solution from the Standard solution (0.002%). (O fficial 1-Jan-2018)
Change to read:
• Limit of Free Aromatic Amine
Solution A: 1 mg/mL of N-(1-naphthyl)ethylenediamine dihydrochloride in a mixture of
propylene glycol and water (70:30)
Standard stock solution: 0.5 mg/mL of USP Diatrizoic Acid Related Compound A RS in 0.1
N sodium hydroxide
prepared as follows. Transfer 5 mg of USP Diatrizoic Acid Related Compound A RS to a
10-mL volumetric flask. Add 0.2 mL of 0.1 N sodium hydroxide. Dilute with water to
volume. 2S (USP42)
Standard solution: Transfer 4 mL of water, 10 mL of 0.1 N sodium hydroxide, and 1.0 mL
of Standard stock solution to a 50-mL volumetric flask.
Sample solution: Transfer 1.0 g of Diatrizoate Sodium to a 50-mL volumetric flask, and
add 5 mL of water and 10 mL of 0.1 N sodium hydroxide.
Blank solution: Transfer 5 mL of water and 10 mL of 0.1 N sodium hydroxide to a 50-mL
volumetric flask.
Instrumental conditions
Mode: Vis
Analytical wavelength: 465 nm
Cell: 1 cm
Analysis
Samples: Standard solution, Sample solution, and Blank solution
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Treat the Samples as follows. Add 25 mL of dimethylsulfoxide. Place the flask in an ice bath
for 5 min. Add 2 mL of hydrochloric acid, and allow to stand in the ice bath for 5 min. Add
2.0 mL of sodium nitrite solution (20 mg/mL), and allow to stand in the ice bath for 5 min.
Remove the flask from the ice bath, add 1.0 mL of sulfamic acid solution (80 mg/mL), and
allow to stand in the ice bath for 5 min. [Caution—Considerable pressure is produced.]
Add 2.0 mL of Solution A. Remove the flasks from the ice bath and allow to stand in a
water bath at room temperature. Shake occasionally, releasing the pressure by loosening
the stopper. Dilute with water to volume. Within 5 min, measure the absorbances of the
Standard solution and Sample solution against the blank.
Acceptance criteria: The absorbance of the Sample solution is NMT that of the Standard
solution (NMT 0.05% of free aromatic amine).
SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 10.0%
• Limit of Iodine and Iodide
Standard solution: Dissolve 0.5 mg of potassium iodide in 24 mL of water in a 50-mL
stoppered centrifuge tube.
Sample solution: Transfer 2.0 g to a 50-mL stoppered centrifuge tube, dilute with water
to 24 mL, and shake to dissolve.
Analysis
Samples: Standard solution and Sample solution
Treat the Samples as follows. Add 5 mL of toluene and 5 mL of 2 N sulfuric acid, shake, and
centrifuge. The toluene layer shows no red color. Add 1 mL of sodium nitrite solution (1 in
50), shake, and centrifuge.
Acceptance criteria
1. The Sample solution does not show any red color in the toluene layer prior to addition
of the sodium nitrite solution.
2. The red color of the toluene layer in the Sample solution after the addition of sodium
nitrite solution is not darker than the Standard solution (NMT 0.02% of iodide).
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• USP Reference Standards 〈11〉
USP Diatrizoic Acid RS
USP Diatrizoic Acid Related Compound A RS
5-Acetamido-3-amino-2,4,6-triiodobenzoic acid.
C9 H7 I3 N2 O3
571.88
Recent Official Publications:
USP41–NF36 Page 1239
BRIEFING
Diazepam Capsules, USP 41 page 1243. It is proposed to omit this monograph for the
following reasons:
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1. No drug products formulated as defined under Diazepam Capsules are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205665
Comment deadline: November 30, 2018
Delete the following:
Diazepam Capsules

» Diazepam Capsules contain not less than 90.0 percent and not more than
110.0 percent of the labeled amount of diazepam (C 16 H 13 ClN 2 O).
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Diazepam RS
USP Nordazepam RS
7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one.
C15 H11 ClN2 O
270.72
Identification—
A: The retention time of the major peak in the chromatogram of the Assay preparation
corresponds to that of the Standard preparation, as obtained in the Assay.
B: Transfer an accurately weighed amount of Capsule contents, equivalent to about 10 mg of
diazepam, to a 50-mL centrifuge tube, and add 2 mL of acetone. Place the centrifuge tube in
an ultrasonic bath for 5 minutes, and centrifuge. Using 100 µL of the supernatant as the test
solution, and 100 µL of a solution of USP Diazepam RS in acetone containing 5 mg per mL as
the Standard solution, proceed as directed for Identification test B under Diazepam.
Dissolution 〈711〉—
Medium: 0.01 N hydrochloric acid; 900 mL.
Apparatus 1: 100 rpm.
Time: 45 minutes.
Procedure— Determine the amount of C16 H13 ClN2 O dissolved by employing UV absorption at the
wavelength of maximum absorbance at about 284 nm on filtered portions of the solution under
test, suitably diluted with Dissolution Medium, if necessary, in comparison with a Standard
solution having a known concentration of USP Diazepam RS in the same Medium.
Tolerances— Not less than 85% (Q) of the labeled amount of C16 H13 ClN2 O is dissolved in 45
minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
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Assay—
Mobile phase, System suitability solution, Standard preparation, and Chromatographic
system— Proceed as directed in the Assay under Diazepam.
Assay preparation— Weigh and mix the contents of not less than 20 Capsules. Transfer an
accurately weighed portion of the capsule contents, equivalent to about 10 mg of diazepam, to
a 100-mL volumetric flask. Add 50 mL of methanol, sonicate for 5 minutes, shake by mechanical
means for 5 minutes, dilute with methanol to volume, mix, and filter, discarding the first few mL
of the filtrate.
Procedure— Separately inject equal volumes (about 10 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. Calculate the quantity, in mg, of diazepam (C16 H13 ClN2 O) in the
portion of Capsules taken by the formula:
100C(rU / rS)
in which C is the concentration, in mg per mL, of USP Diazepam RS in the Standard preparation,
and rU and rS are the peak responses obtained from the Assay preparation and the Standard
preparation, respectively. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 1243
BRIEFING
Diazepam Extended-Release Capsules, USP 41 page 1244. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Diazepam Extended-Release Capsules are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205666
Comment deadline: November 30, 2018
Delete the following:
Diazepam Extended-Release Capsules

» Diazepam Extended-Release Capsules contain not less than 90.0 percent
and not more than 110.0 percent of the labeled amount of diazepam
(C 16 H 13 ClN 2 O).
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Diazepam RS
USP Ethylparaben RS

PF 44(5): Sep.-Oct. 2018

755

Identification—
A: The retention time of the major peak in the chromatogram of the Assay preparation
corresponds to that in the chromatogram of the Standard preparation, both relative to the
internal standard, as obtained in the Assay.
B: Accurately weigh a quantity of Capsule contents, equivalent to 10 mg of diazepam, place in
a 50-mL centrifuge tube, and add 2 mL of acetone. Place the centrifuge tube in an ultrasonic
bath for 5 minutes, remove from the ultrasonic bath, and centrifuge. Using 100 µL of the
supernatant as the test solution, and 100 µL of a solution of USP Diazepam RS in acetone
containing 5 mg per mL as the Standard solution, proceed as directed in Identification test B
under Diazepam.
Dissolution 〈711〉—
Medium: simulated gastric fluid TS, prepared without enzymes; 900 mL.
Apparatus 1: 100 rpm.
Times: 1, 4, 8, and 12 hours.
Mobile phase— Prepare a suitable degassed and filtered mixture of methanol and water (65:35).
Make adjustments if necessary (see System Suitability under Chromatography 〈621〉).
Buffer solution— Dissolve 77.1 g of ammonium acetate in water to make 1000 mL of solution,
and adjust with ammonium hydroxide to a pH of 8.7.
Standard solution— Dissolve an accurately weighed quantity of USP Diazepam RS in Medium,
dilute quantitatively with Medium to obtain a solution having a known concentration of about
0.15 mg per mL, and mix. Transfer 2.0-, 5.0-, 8.0-, and 10.0-mL aliquots of this solution to
separate 100-mL volumetric flasks, add Medium to volume, and mix. Pipet 1.0 mL of each
solution and 1.0 mL of Buffer solution into individual small vials, mix, and allow to stand at room
temperature for about 10 minutes.
Test solution— Wrap each Capsule in a coil made from a 10-cm piece of 18-gauge copper wire
weighing approximately 750 mg, so that the wire encircles the Capsule 4 times. The Capsule
enclosed in the coil remains at the bottom of the basket (it should not float). Pass a portion of
the solution under test, obtained at each time interval, through a suitable filter having a
0.6-µm porosity. Pipet 1.0 mL of each solution and 1.0 mL of Buffer solution into individual small
vials, mix, and allow to stand at room temperature for about 10 minutes.
Chromatographic system (see Chromatography 〈621〉)—The liquid chromatograph is equipped
with a 254-nm detector and an 8-mm × 10-cm column that contains packing L1. The flow rate
is about 5.0 mL per minute. Chromatograph the appropriate Standard solution, and record the
peak responses as directed for Procedure: the tailing factor is not greater than 1.7; and the
relative standard deviation for replicate injections is not more than 2.0%.
Procedure— Separately inject equal volumes (about 100 µL) of the Standard solution and the
Test solution into the chromatograph, record the chromatograms, and measure the responses
for the major peaks. Determine the amount of C16 H13 ClN2 O dissolved from peak responses of
diazepam obtained from the Test solution and the Standard solution.
Tolerances— The percentage of the labeled amount of C16 H13 ClN2 O dissolved is within the
range stated at each of the following times.
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Time (hours)
1
4
8
12

Amount dissolved
between 15% and 27%
between 49% and 66%
between 76% and 96%
between 85% and 115%

Uniformity of dosage units 〈905〉: meet the requirements.
Assay—
Mobile phase and Chromatographic system— Prepare as directed in the Assay under Diazepam.
Internal standard solution— Dissolve an accurately weighed quantity of USP Ethylparaben RS in
methanol to obtain a solution having a known concentration of about 1.5 mg per mL.
Standard preparation— Dissolve an accurately weighed quantity of USP Diazepam RS in
methanol, quantitatively dilute with methanol to obtain a solution having a known concentration
of about 1 mg per mL, and mix. Transfer 15.0 mL of this solution and 5.0 mL of Internal
standard solution to a 100-mL volumetric flask, dilute with methanol to volume, and mix.
Assay preparation— Weigh and mix the contents of not fewer than 20 Capsules. Transfer an
accurately weighed portion of the mixture, equivalent to about 15 mg of diazepam, to a 100-mL
volumetric flask. Add 5.0 mL of Internal standard solution and about 45 mL of methanol. Shake
by mechanical means for 30 minutes, dilute with methanol to volume, and mix. Centrifuge about
30 mL of this solution for 5 minutes, and filter.
Procedure— Separately inject equal volumes (about 10 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. The tailing factor for diazepam is not more than 2.0; and the
relative standard deviation for the diazepam peak for replicate injections is not more than
2.0%. [Note—For the purpose of identification, the relative retention times are about 0.5 for
ethylparaben and 1.0 for diazepam.] Calculate the quantity, in mg, of diazepam (C16 H13 ClN2 O)
in the portion of Capsules taken by the formula:
100C(RU / RS)
in which C is the concentration, in mg per mL, of USP Diazepam RS in the Standard
preparation; and RU and RS are the peak response ratios obtained from the Assay preparation
and the Standard preparation, respectively. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 1244
BRIEFING
Dichloralphenazone, USP 41 page 1251. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated with Dichloralphenazone are currently marketed in the
United States.
2. Drug products containing Dichloralphenazone are currently not used in veterinary
medicine in the United States.

PF 44(5): Sep.-Oct. 2018

757

(CHM4: M. Puderbaugh.)
Correspondence Number—C205670
Comment deadline: November 30, 2018
Delete the following:
Dichloralphenazone

C15 H18 Cl6 N2 O5

519.03

1,2-Dihydro-1,5-dimethyl-2-phenyl-3H-pyrazol-3-one, compound with 2,2,2-trichloro-1,1ethanediol (1:2);
Antipyrine, compound with chloral hydrate (1:2)
[480-30-8].
DEFINITION
Dichloralphenazone contains NLT 97.0% and NMT 100.5% of dichloralphenazone
(C15 H18 Cl6 N2 O5 ), determined by both Assay procedures.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B.
Sample: 0.1 g of Dichloralphenazone
Analysis: Dissolve the Sample in 10 mL of water containing 0.1 g of sodium nitrite. Add 1
mL of 2 N sulfuric acid.
Acceptance criteria: A green color is produced.
ASSAY
• Procedure 1
Sample: 1500 mg of Dichloralphenazone
Titrimetric system
Titrant A: 0.5 N sulfuric acid VS
Titrant B: 0.1 N silver nitrate VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a beaker. Add 10 mL of water and 20.0 mL of 0.5 N
sodium hydroxide VS. Allow to stand for 2 min, and titrate with Titrant A to a colorless
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phenolphthalein endpoint. Titrate this neutralized solution with Titrant B, using potassium
chromate TS as the indicator. To the volume of Titrant A used to reach the first endpoint
add four-fifteenths of the volume of Titrant B used to reach the second endpoint.
Subtract the sum so obtained from the volume of 0.5 N sodium hydroxide added. Each mL
of 0.5 N sodium hydroxide represented by the difference is equivalent to 129.8 mg of
dichloralphenazone (C15 H18 Cl6 N2 O5 ).
Acceptance criteria: 97.0%–100.5%
• Procedure 2
Solution A: Sodium acetate in water (1 in 10)
Sample: 400 mg of Dichloralphenazone
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Residual titration
Titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 125-mL conical flask. Add 20 mL of Solution A, and
swirl to dissolve. Add 25.0 mL of 0.1 N iodine VS, and allow to stand in the dark for 20
min, gently swirling occasionally. Add 10 mL of chloroform, rinsing the walls of the flask,
and swirl until the precipitate is dissolved. Titrate the excess iodine with Titrant, adding 3
mL of starch TS as the endpoint is approached. Perform a blank titration. The difference
between the titrations represents the amount of iodine consumed. Each mL of 0.1 N iodine
consumed is equivalent to 25.95 mg of dichloralphenazone (C15 H18 Cl6 N2 O5 ).
Acceptance criteria: 97.0%–100.5%; the difference between the percentages calculated
from Procedure 1 and Procedure 2 is NMT 1.5%.
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 10 ppm

(O fficial 1-Jan-2018)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Dichloralphenazone RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1251
BRIEFING
Dicloxacillin Sodium for Oral Suspension, USP 41 page 1267. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Dicloxacillin Sodium for Oral Suspension
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are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C205671
Comment deadline: November 30, 2018
Delete the following:
Dicloxacillin Sodium for Oral Suspension
DEFINITION
Dicloxacillin Sodium for Oral Suspension is a dry mixture of Dicloxacillin Sodium and one or more
suitable buffers, colors, flavors, and preservatives. It contains NLT 90.0% and NMT 120.0% of
the labeled amount of dicloxacillin (C19 H17 Cl2 N3 O5 S).
IDENTIFICATION
• A. The retention time of the dicloxacillin peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer A: 2.72 g/L of monobasic potassium phosphate in water, adjusted with 8 N
potassium hydroxide to a pH of 5.0 ± 0.1
Buffer B: Proceed as directed in Antibiotics—Microbial Assays 〈81〉, Media and Solutions for
Buffer B.1.
Mobile phase: Acetonitrile and Buffer A (50:150)
Standard solution: 1 mg/mL of USP Dicloxacillin Sodium RS, prepared as follows. Transfer a
suitable portion of USP Dicloxacillin Sodium RS to a suitable volumetric flask. Add
dimethylformamide, alcohol, and Buffer B, using 20%, 5%, and 20% of the final volume,
respectively. Stir for 5 min using a magnetic stirrer. Dilute with Buffer B to volume. Use
the Standard solution promptly, or refrigerate and use on the day prepared.
Sample solution: Nominally 1 mg/mL of dicloxacillin in Buffer B, prepared as follows.
Constitute Dicloxacillin Sodium for Oral Suspension as directed in the labeling. Transfer a
portion of the constituted suspension, freshly mixed, free from air bubbles, and containing
nominally about 125 mg of dicloxacillin to a 200-mL volumetric flask. Add 20.0 mL of
dimethylformamide and 5.0 mL of alcohol, and stir for 15 min. Add 50.0 mL of Buffer B, and
stir for an additional 15 min. Add another 50.0 mL of Buffer B, and stir for a third period of
15 min. Centrifuge this mixture for 15 min, and filter 30 mL of the supernatant, discarding
the first 5 mL of the filtrate. Use the clear filtrate. Use the Sample solution promptly, or
refrigerate and use on the day prepared.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 700 theoretical plates
Tailing factor: NMT 2.0
Capacity factor: 4–11
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dicloxacillin (C19 H17 Cl2 N3 O5 S) in the
portion of Dicloxacillin for Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak area from the Sample solution
rS = peak area from the Standard solution
CS = concentration of USP Dicloxacillin Sodium RS in the Standard solution (mg/mL)
CU = nominal concentration of dicloxacillin in the Sample solution (mg/mL)
P = potency of dicloxacillin in USP Dicloxacillin Sodium RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–120.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉
For solids packaged in single-unit containers
Acceptance criteria: Meets the requirements
• Deliverable Volume 〈698〉: Meets the requirements
SPECIFIC TESTS
• pH 〈791〉
Sample solution: Constitute as directed in the labeling.
Acceptance criteria: 4.5–7.5
• Water Determination 〈921〉, Method I: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
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• USP Reference Standards 〈11〉
USP Dicloxacillin Sodium RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1267
BRIEFING
Diethylstilbestrol Injection, USP 41 page 1280. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Diethylstilbestrol Injection are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205673
Comment deadline: November 30, 2018
Delete the following:
Diethylstilbestrol Injection

» Diethylstilbestrol Injection is a sterile solution of Diethylstilbestrol in a
suitable vegetable oil. It contains not less than 90.0 percent and not more
than 110.0 percent of the labeled amount of C 18 H 20 O 2 .
Packaging and storage—Preserve in light-resistant, single-dose or multiple-dose containers,
preferably of Type I glass.
Change to read:
USP Reference standards 〈11〉—
USP Diethylstilbestrol RS
(CN 1-May-2018)

Identification—The absorption spectrum, in the range of 250 to 450 nm, of the yellow solution
obtained in the Assay after irradiation of the Assay preparation exhibits inflections only at the
same wavelengths as that of the solution obtained after irradiation of the Standard
preparation.
Bacterial Endotoxins Test 〈85〉 —It contains not more than 0.7 USP Endotoxin Unit per mg of
diethylstilbestrol.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
Assay—
Standard preparation— Dissolve an accurately weighed quantity of USP Diethylstilbestrol RS in
alcohol, and dilute quantitatively and stepwise with alcohol to obtain a solution having a known
concentration of about 20 µg per mL. Mix 25.0 mL of this solution with an equal volume of
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dibasic potassium phosphate solution (1 in 55).
Assay preparation— Transfer an accurately measured volume of Injection, equivalent to not
less than 1 mg and not more than 50 mg of diethylstilbestrol, to a 125-mL separator containing
75 mL of isooctane. Extract the solution with one 20-mL and two 10-mL portions of 1 N sodium
hydroxide. Wash the combined alkaline extracts with two 10-mL portions of chloroform.
Transfer the alkaline solution to a 150-mL beaker, and with the careful addition of 2.5 M
phosphoric acid adjust the pH of the solution to 9.5. Transfer the adjusted solution, with the
aid of a small volume of water, to a 125-mL separator, and extract with four 20-mL portions of
chloroform. Filter the extracts into a 100-mL volumetric flask through a chloroform-wetted
pledget of cotton, washing the filter with several small portions of chloroform to adjust the
solution to volume. If necessary, dilute the solution quantitatively and stepwise with chloroform
so that it contains about 10 µg of diethylstilbestrol per mL. Transfer 20 mL of this solution to a
50-mL conical flask, and evaporate with the aid of gentle heating in a current of air to about 5
mL. Complete the evaporation of the solvent in the air current without further application of
heat. Dissolve the residue in 10.0 mL of alcohol, add 10.0 mL of dibasic potassium phosphate
solution (1 in 55), and mix.
Procedure— [Caution—Protect the eyes from direct rays of UV light throughout this
procedure.]Transfer 4 mL of the Standard preparation to a stoppered, 1-cm quartz cell, place
about 5 cm from a low-pressure, short-wave mercury lamp rated at from 2 to 20 watts, and
irradiate for about 5 minutes. Place the cell in the sample compartment of a
spectrophotometer, and measure the absorbance at the wavelength of maximum absorbance at
about 418 nm, using water as the blank. Continue irradiation for successive 1- to 3-minute
intervals, measuring at 418 nm until the maximum absorbance (about 0.7) has been obtained. If
necessary, adjust the geometry of the irradiation apparatus so as to obtain maximum,
reproducible absorbance at 418 nm. Similarly irradiate a 4-mL portion of the Assay preparation,
recording the absorbance at 418 nm, at successive short intervals until maximum absorbance is
obtained. Concomitantly determine the absorbances of the Assay preparation and the Standard
preparation in 1-cm cells at 418 nm, using water as the blank, and subtract these values from
those for the respective irradiated solutions to obtain the corrected maximum absorbances.
Calculate the quantity, in µg, of diethylstilbestrol (C18 H20 O2 ) in each mL of the Assay
preparation taken by the formula:
C(AU / AS)
in which C is the concentration, in µg per mL, of USP Diethylstilbestrol RS in the Standard
preparation, and AU and AS are the corrected maximum absorbances of the irradiated Assay
preparation and Standard preparation, respectively. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 1280
BRIEFING
Diethylstilbestrol Tablets, USP 41 page 1281. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Diethylstilbestrol Tablets are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
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(CHM3: M. Puderbaugh.)
Correspondence Number—C205674
Comment deadline: November 30, 2018
Delete the following:
Diethylstilbestrol Tablets

» Diethylstilbestrol Tablets contain not less than 90.0 percent and not more
than 110.0 percent of the labeled amount of C 18 H 20 O 2 .
Packaging and storage—Preserve in well-closed containers.
USP Reference standards 〈11〉—
USP Diethylstilbestrol RS
Identification—The Tablets respond to Identification test B under Diethylstilbestrol.
Disintegration 〈701〉: 30 minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Assay—
Diluent, Mobile phase, System suitability solution, Standard preparation, and Chromatographic
system— Proceed as directed in the Assay under Diethylstilbestrol.
Assay preparation— Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed portion of the powder, equivalent to about 5 mg of diethylstilbestrol, to a
50-mL volumetric flask. Add about 35 mL of Diluent, and sonicate until the powder is dissolved
(about 2 hours). Dilute with Diluent to volume, and mix. Allow the mixture to stand until a clear
supernatant is obtained. Pipet 10.0 mL of the supernatant into a 50-mL volumetric flask, dilute
with Diluent to volume, and mix.
Procedure— Proceed as directed for Procedure in the Assay under Diethylstilbestrol. Calculate
the quantity, in mg, of diethylstilbestrol (C18 H20 O2 ) in the portion of Tablets taken by the
formula:
250C(rt, U + 1.26rc, U) / (rt, S + 1.26rc, S)
in which the terms are as defined therein.

2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1281
BRIEFING
Diphenhydramine Hydrochloride Oral Powder, PF 43(5) [Sept.–Oct. 2017]. On the basis
of comments received, the proposal previously published in PF 43(5) has been canceled and
replaced with a revised submission. This proposal addresses the need to better align the
Acceptance criteria of the impurities in the test for Organic Impurities with currently accepted
values. As part of USP monograph modernization efforts, the following changes are proposed:
1. The liquid chromatographic procedure in the Assay is based on analyses performed with
the Waters BEH Shield RP18 brand of column with L1 packing. The typical retention time
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for diphenhydramine is about 3 min.
2. The liquid chromatographic procedure in the test for Organic Impurities is also based on
analyses performed with the Waters BEH Shield RP18 brand of column with L1 packing.
The typical retention time for diphenhydramine is about 3 min.
3. USP Diphenhydramine Related Compound A RS, USP Benzophenone RS, USP Benzhydrol
RS, and USP Diphenhydramine N-Oxide RS are added to the USP Reference Standards
section to support the proposed methods in the Assay and test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: C.M. Anthony.)
Correspondence Number—C200708
Comment deadline: November 30, 2018
Add the following:
Diphenhydramine Hydrochloride Oral Powder
DEFINITION
Diphenhydramine Hydrochloride Oral Powder contains NLT 90.0% and NMT 110.0% of the
labeled amount of diphenhydramine hydrochloride (C17 H21 NO·HCl).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
[Note—The System suitability solution, Standard solution, and Sample solution should be
passed through a polytetrafluoroethylene (PTFE) filter of 0.2-µm pore size.]
Buffer: 5.52 g/L of monobasic potassium hexafluorophosphate in water. Sonicate for 2–3
min, if necessary.
Solution A: Buffer and 0.05% phosphoric acid, prepared by adding 0.5 mL of phosphoric
acid to 1 L of Buffer
Solution B: Acetonitrile, Buffer, and 0.05% phosphoric acid (700: 300: 0.5)
Mobile phase: See Table 1.
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Time
(min)
0
0.5
3.4
4.3
4.6
4.7
5.3

Table 1
Solution A
(%)
70
70
45
20
20
70
70

Solution B
(%)
30
30
55
80
80
30
30

Diluent: Acetonitrile, water, and acetic acid (30:70:1)
System suitability solution: 0.0025 mg/mL each of USP Diphenhydramine Hydrochloride
RS, USP Diphenhydramine Related Compound A RS, and USP Benzhydrol RS in Diluent
Standard solution: 0.25 mg/mL of USP Diphenhydramine Hydrochloride RS in Diluent
Sample solution: Nominally 0.25 mg/mL of diphenhydramine hydrochloride in Diluent
prepared as follows. Remove the contents of NLT 5 pouches as completely as possible,
and weigh. Transfer a portion of the composite powder, equivalent to 50 mg of
diphenhydramine hydrochloride, to a 200-mL volumetric flask. Dilute with Diluent to
volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm. For Identification B, use a diode array detector in the range of
210–400 nm.
Column: 2.1-mm × 5-cm; 1.7-µm packing L1
Column temperature: 40 °
Flow rate: 0.9 mL/min
Injection volume: 2.5 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—For the relative retention times, see Table 2.]
System suitability
Resolution: NLT 2.0 between benzhydrol and diphenhydramine related compound A;
NLT 2.0 between diphenhydramine related compound A and diphenhydramine, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of diphenhydramine hydrochloride
(C17 H21 NO·HCl) in the portion of Oral Powder taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of diphenhydramine from the Sample solution
rS = peak response of diphenhydramine from the Standard solution
CS = concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of diphenhydramine hydrochloride in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Buffer, Solution A, Solution B, Mobile phase, Diluent, System suitability solution,
Sample solution, and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.5 µg/mL each of USP Diphenhydramine Hydrochloride RS and USP
Benzophenone RS, 0.00125 mg/mL of USP Diphenhydramine Related Compound A RS, and
0.0025 mg/mL each of USP Benzhydrol RS and USP Diphenhydramine N-Oxide RS in Diluent
System suitability
Samples: System suitability solution and Standard solution
[Note—For the relative retention times, see Table 2.]
Suitability requirements
Resolution: NLT 2.0 between benzhydrol and diphenhydramine related compound A;
NLT 2.0 between diphenhydramine related compound A and diphenhydramine, System
suitability solution
Relative standard deviation: NMT 5.0% for each peak, Standard solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of diphenhydramine related compound A, benzhydrol,
benzophenone, or diphenhydramine N-oxide in the portion of Oral Powder taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of diphenhydramine related compound A, benzhydrol, benzophenone,
or diphenhydramine N-oxide from the Sample solution
rS = peak response of diphenhydramine related compound A, benzhydrol, benzophenone,
or diphenhydramine N-oxide from the Standard solution
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CS = concentration of USP Diphenhydramine Related Compound A RS, USP Benzhydrol RS,
USP Benzophenone RS, or USP Diphenhydramine N-Oxide RS in the Standard solution
(mg/mL)
CU = nominal concentration of diphenhydramine hydrochloride in the Sample solution
(mg/mL)
Calculate the percentage of any unspecified degradation product in the portion of Oral
Powder taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified degradation product from the Sample solution
rS = peak response of diphenhydramine from the Standard solution
CS = concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of diphenhydramine hydrochloride in the Sample solution
(mg/mL)
Acceptance criteria: See Table 2.
Table 2

Name
Benzhydrol
Diphenhydramine related compound A
Diphenhydramine
Diphenhydramine N-oxide
Benzophenone
Any unspecified degradation products
Total degradation products

Relative
Retention
Time
0.8
0.9
1.0
1.1
1.2
—
—

Acceptance
Criteria,
NMT (%)
1.0
0.2
—
1.0
0.2
0.2
3.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, unit-dose containers. Store at controlled room
temperature
• USP Reference Standards 〈11〉
USP Benzhydrol RS
Diphenylmethanol.
C13 H12 O
184.23
USP Benzophenone RS
Diphenylmethanone.
C13 H10 O
182.22
USP Diphenhydramine Hydrochloride RS
USP Diphenhydramine Related Compound A RS
2-(Diphenylmethoxy)-N-methylethanamine hydrochloride.
C16 H19 NO·HCl
277.79
USP Diphenhydramine N-Oxide RS
2-(Benzhydryloxy)-N,N-dimethylethan-1-amine oxide hydrochloride.
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307.82
BRIEFING

Doxazosin Tablets, USP 41 page 1404. As part of USP monograph modernization efforts, it
is proposed to revise the monograph as follows:
1. Add Identification B based on the UV spectrum agreement of the major peak of the
Sample solution and the Standard solution, as obtained in the Assay.
2. Revise the Assay to:
Clarify the preparations of the Standard solution, Sample stock solution, and
Sample solution.
Revise the Chromatographic system to update the Detector information to
support the proposed Identification B and to include the Run time.
Delete the Capacity factor and Column efficiency requirements because the
remaining System suitability requirements are adequate to ensure the system
suitability.
Clarify the definitions of variables for the equation in the Analysis section.
3. In the Dissolution test, revise the Analysis to include an equation for calculation and
correct the tolerance as for the percentage of the labeled amount of doxazosin.
4. Add a stability-indicating HPLC procedure to the test for Organic Impurities. The liquid
chromatographic procedure is based on analyses performed with the Agilent Zorbax
StableBond-CN brand of column with L10 packing. The typical retention time for
doxazosin is about 27.5 min.
5. Include a temperature requirement in the Packaging and Storage section based on the
information for the approved drug products.
6. Add USP Doxazosin Related Compound A RS and USP Terazosin Related Compound A RS
and a new USP Doxazosin Related Compound G RS to the USP Reference Standards
section to support the proposed test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: E. Chang.)
Correspondence Number—C197753
Comment deadline: November 30, 2018
Doxazosin Tablets
DEFINITION
Doxazosin Tablets contain an amount of Doxazosin Mesylate equivalent to NLT 90.0% and
NMT 110.0% of the labeled amount of doxazosin (C23 H25 N5 O5 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: Transfer 3.4 g of potassium phosphate, monobasic into a 1-L flask, and add 800 mL
of water and 4.0 mL of triethylamine to dissolve. Adjust with phosphoric acid to a pH of
4.5, and dilute with water to volume.
Mobile phase: Methanol and Buffer (55:45)
Diluent: Methanol and 0.1 N hydrochloric acid (90:10)
Standard solution: 0.049 mg/mL of USP Doxazosin Mesylate RS in Diluent.
Sonicate to dissolve as needed. 2S (USP42)
Sample stock solution:
Nominally (L/25) mg/mL of doxazosin prepared as follows, where L is the label claim in
mg/Tablet. 2S (USP42)
Transfer 10 Tablets, whole or ground, into a 250-mL volumetric flask, add 10 mL of water,
and sonicate until the Tablets are disintegrated. Add 150 mL of Diluent, sonicate for 30
min, and dilute with Diluent to volume.
Sample solution: Nominally 0.04 mg/mL of doxazosin in Diluent from Sample stock solution.
For Tablets labeled to contain 1 mg, use the corresponding Sample stock solution
directly. Centrifuge a portion of the solution and use the filtrate. 2S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 245 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 1.6 times the retention time of doxazosin 2S (USP42)
System suitability
Sample: Standard solution
Suitability requirements
Capacity factor, k′: NLT 2.0
Column efficiency: NLT 1000 theoretical plates
2S (USP42)

2S (USP42)

PF 44(5): Sep.-Oct. 2018

770

Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of doxazosin (C23 H25 N5 O5 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of doxazosin from the Sample solution
rS = peak response of doxazosin from the Standard solution
CS = concentration of
USP Doxazosin Mesylate RS 2S (USP42)
in the Standard solution (mg/mL)
CU = nominal concentration of
doxazosin 2S (USP42)
in the Sample solution (mg/mL)
Mr1 = molecular weight of doxazosin, 451.48
Mr2 = molecular weight of doxazosin mesylate, 547.58
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: 0.01 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Standard solution: A known concentration of USP Doxazosin Mesylate RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
with Medium as needed.
Instrumental conditions
Mode: UV
Analytical wavelength: 246 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of doxazosin mesylate
2S (USP42)

(C23 H25 N5 O5 ) ·CH4 SO3
2S (USP42)

dissolved: by comparing the UV absorption of the Sample solution and Standard solution.
Result = (A U/A S) × C S × V × (Mr1/Mr2) × (1/L) × 100
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A U = absorbance of the Sample solution
A S = absorbance of the Standard solution
C S = concentration of USP Doxazosin Mesylate RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
Mr1 = molecular weight of doxazosin, 451.48
Mr2 = molecular weight of doxazosin mesylate, 547.58
L = label claim of doxazosin (mg/Tablet) 2S (USP42)
Tolerances: NLT 70% (Q) of the labeled amount of doxazosin mesylate
2S (USP42)

(C23 H25 N5 O5 ) ·CH4 SO3
2S (USP42)

is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities: Protect the solutions containing doxazosin from light.
Buffer: 3.4 g/L of potassium phosphate, monobasic, prepared by dissolving 3.4 g of
potassium phosphate, monobasic in 1 L of water
Solution A: Mix 90 mL of acetonitrile with 920 mL of Buffer. Add 1 mL of triethylamine and
adjust with phosphoric acid to a pH of 3.0.
Solution B: Mix 500 mL of acetonitrile with 500 mL of Buffer. Add 1 mL of triethylamine and
adjust with phosphoric acid to a pH of 3.0.
Mobile phase: See Table 1.
Time
(min)
0
7.0
35.0
45.0
45.1
65.0

Table 1
Solution A
(%)
100
100
0
0
100
100

Solution B
(%)
0
0
100
100
0
0

Diluent: Methanol, phosphoric acid, and water (500:1:500)
System suitability solution: 2 µg/mL each of USP Doxazosin Related Compound A RS and
USP Doxazosin Related Compound G RS in Diluent
Standard stock solution A: 24 µg/mL of USP Doxazosin Mesylate RS in Diluent. Sonicate
to dissolve as needed.
Standard stock solution B: 25 µg/mL of USP Terazosin Related Compound A RS
(equivalent to 20 µg/mL of terazosin related compound A free base) in Diluent. Sonicate
to dissolve as needed.
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Sensitivity solution: 0.6 µg/mL of USP Doxazosin Mesylate RS in Diluent from Standard
stock solution A
Standard solution: 2.4 µg/mL of USP Doxazosin Mesylate RS and 6.25 µg/mL of USP
Terazosin Related Compound A RS (equivalent to 5 µg/mL of terazosin related compound A
free base) in Diluent from Standard stock solution A and Standard stock solution B.
Sonicate to dissolve and pass through a PVDF filter or other suitable filter of 0.45-µm pore
size as needed.
Sample solution: Nominally 1 mg/mL of doxazosin prepared as follows. Transfer a nominal
amount of 5 mg of doxazosin from NLT 20 finely powdered Tablets to a suitable tube. Add
5 mL of Diluent. Vortex and sonicate for 15 min.
[Note—If needed, centrifuge the solution and pass the supernatant through a PVDF filter or
other suitable filter of 0.45-µm pore size. Discard NLT 3 mL of the filtrate.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L10
Flow rate: 1 mL/min
Injection volume: 30 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 1 between the doxazosin related compound G and doxazosin related
compound A peaks, System suitability solution
Tailing factor: NMT 1.5 for the doxazosin peak, Standard solution
Relative standard deviation: NMT 5.0% for the doxazosin and terazosin related
compound A peaks, Standard solution
Signal-to-noise ratio: NLT 10 for the doxazosin peak, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of terazosin related compound A free base in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of terazosin related compound A from the Sample solution
rS = peak response of terazosin related compound A from the Standard solution
CS = concentration of USP Terazosin Related Compound A RS in the Standard solution
(µg/mL)
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CU = nominal concentration of doxazosin in the Sample solution (µg/mL)
Mr1 = molecular weight of terazosin related compound A free base, 289.34
Mr2 = molecular weight of terazosin related compound A, 362.25
Calculate the percentage of any other specified and unspecified impurities in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100
rU = peak response of each corresponding impurity from the Sample solution
rS = peak response of doxazosin from the Standard solution
CS = concentration of USP Doxazosin Mesylate RS in the Standard solution (µg/mL)
CU = nominal concentration of doxazosin in the Sample solution (µg/mL)
F = relative response factor (see Table 2)
Mr1 = molecular weight of doxazosin free base, 451.48
Mr2 = molecular weight of doxazosin mesylate, 547.58
Acceptance criteria: See Table 2.

Name

Table 2
Relative
Retention
Time

Terazosin related compound Aa
0.20
Doxazosin related compound Gb
0.26
c
Doxazosin related compound A
0.30
Doxazosin related compound Dd
0.57
Doxazosin
1.00
e
Doxazosin related compound F
1.36
Any unspecified degradation
product
—
Total impurities
—
a 6,7-Dimethoxy-2-(piperazin-1-yl)quinazolin-4-amine.
b 4-Amino-6,7-dimethoxyquinazolin-2-ol.
c N-1,4-Benzodioxane-2-carbonyl piperazine.
d 1,4-Benzodioxane-2-carboxylic acid.
e N,N'-Bis(1,4-benzodioxane-2-carbonyl)piperazine.
2S (USP42)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 2S (USP42)
Change to read:

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

—
0.81
0.64
0.47
—
0.97

0.5
0.2
0.25
0.25
—
0.25

1.00
—

0.2
1.0
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• USP Reference Standards 〈11〉
USP Doxazosin Mesylate RS
USP Doxazosin Related Compound A RS
N-1,4-Benzodioxane-2-carbonyl piperazine hydrochloride.
C13 H16 N2 03 · HCl
284.74
USP Doxazosin Related Compound G RS
4-Amino-6,7-dimethoxyquinazolin-2(1H)-one hydrochloride.
C10 H11 N3 O3 · HCl
257.67
USP Terazosin Related Compound A RS
6,7-Dimethoxy-2-(piperazin-1-yl)quinazolin-4-amine dihydrochloride.
C14 H19 N5 O2 · 2HCl
362.25
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1404
BRIEFING
Enalapril Maleate, USP 41 page 1499. As part of USP monograph modernization efforts, it is
proposed to revise the monograph as follows:
1. Revise Identification A to allow the flexibility for the use of either 〈197M〉 or 〈197A〉.
2. Revise the Assay to:
Clarify the preparations of Buffer 1 and Buffer 2.
Add the particle size to the Column.
Add the Tailing factor requirement to the System suitability requirement.
Revise the Relative standard deviation requirement based on supporting data.
Remove the non-value added System suitability solution and the Resolution
requirement because the retention times of enalapril and enalapril
diketopiperazine are very different, and the revised System suitability criteria
are adequate to evaluate the system suitability.
3. Revise the test for Organic Impurities to replace the existing method with a stabilityindicating liquid chromatographic method that lists specified impurities and the
Acceptance criteria. The liquid chromatographic procedure was validated using the
Phenomenex Luna C8(2) brand of column with L7 packing. The typical retention time for
enalapril is about 19.4 min.
4. Add USP Moexipril Related Compound F RS to the USP Reference Standards section to
support the proposed test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: E. Chang.)
Correspondence Number—C202782
Comment deadline: November 30, 2018
Enalapril Maleate
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492.52

l-Proline, 1-[N-[1-(ethoxycarbonyl)-3-phenylpropyl]-l-alanyl]-, (S)-, (Z)-2-butenedioate
(1:1);
1-[N-[(S)-1-Carboxy-3-phenylpropyl]-l-alanyl]-l-proline, 1′-ethyl ester, maleate (1:1)
[76095-16-4].
DEFINITION
Enalapril Maleate contains NLT 98.0% and NMT 102.0% of enalapril maleate
(C20 H28 N2 O5 ·C4 H4 O4 ), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197M〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197M〉 or 〈197A〉
2S (USP42)

• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer 1: 2.8 g of sodium phosphate, monobasic in 900 mL of water in a 1000-mL
volumetric flask. Adjust with a 9 M sodium hydroxide solution to a pH of about
2S (USP42)

6.8, and dilute with water to volume.
Buffer 2: 2.8 g of sodium phosphate, monobasic in 900 mL of water in a 1000-mL
volumetric flask. Adjust with phosphoric acid to a pH of about
2S (USP42)

2.5, and dilute with water to volume.
Solution A: Acetonitrile and Buffer 1 (5:95)
Solution B: Acetonitrile and Buffer 1 (66:34)
Mobile phase: See Table 1.
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Time
(min)
0
20
25
26
30

Table 1
Solution A
(%)
95
40
40
95
95

Solution B
(%)
5
60
60
5
5

Diluent: Acetonitrile and Buffer 2 (5:95)
Standard solution: 0.3 mg/mL of USP Enalapril Maleate RS in Diluent
System suitability stock solution: Carefully place 20 mg of USP Enalapril Maleate RS in a
100-mL beaker to form a mound on the bottom of the beaker. Place the beaker on a hot
plate at about one-half the maximum hot plate temperature setting. Heat for about 5–10
min until the solid is melted. Immediately remove the beaker from the hot plate, and allow
to cool. Avoid overheating to prevent heat-induced degradation, which would give rise to
a brown color. To the cooled residue in the beaker add 50 mL of acetonitrile, and sonicate
for a few min to dissolve. The solution typically contains 0.2–0.4 mg/mL of enalapril
diketopiperazine.
System suitability solution: Add 1.0 mL of System suitability stock solution to a 50-mL
portion of Standard solution.
2S (USP42)

Sample solution: 0.3 mg/mL of Enalapril Maleate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.1-mm × 15-cm;
5-µm 2S (USP42)
packing L21
Column temperature: 70°
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution and System suitability solution
[Note—The relative retention times for enalapril and enalapril diketopiperazine are 1.0 and
2.1, respectively.]

2S (USP42)

Suitability requirements
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Resolution: NLT 3.5 between enalapril and enalapril diketopiperazine
Tailing factor: NMT 2.0 2S (USP42)
Relative standard deviation: NMT 1.0%
0.73% 2S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of enalapril maleate (C20 H28 N2 O5 ·C4 H4 O4 ) in the portion of
Enalapril Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of enalapril from the Sample solution
rS = peak response of enalapril from the Standard solution
CS = concentration of USP Enalapril Maleate RS in the Standard solution (mg/mL)
CU = concentration of Enalapril Maleate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%
Delete the following:
• Heavy Metals, Method II〈231〉: 10 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Buffer 1, Buffer 2, Solution A, Solution B, Diluent, Mobile phase, System suitability
stock solution, System suitability solution, Sample solution, Chromatographic
system, and System suitability: Proceed as directed in the Assay.
Standard solution: 3 µg/mL of USP Enalapril Maleate RS in Diluent
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each impurity in the portion of Enalapril Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of enalapril from the Standard solution
CS = concentration of USP Enalapril Maleate RS in the Standard solution (mg/mL)
CU = concentration of Enalapril Maleate in the Sample solution (mg/mL)
Acceptance criteria: NMT 1.0% of any impurity having a relative retention time of about
1.10
Any other individual impurity: NMT 0.3%
Total impurities: NMT 2%
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Buffer: 0.14 g/L of potassium phosphate, monobasic in water. Adjust with phosphoric
acid to a pH of 2.0.
Solution A: Acetonitrile and Buffer (10:90)
Solution B: Acetonitrile and Buffer (80:20)
Mobile phase: See Table 2.
Time
(min)
0
5
21
30
40
50

Table 2
Solution A
(%)
100
100
80
15
100
100

Solution B
(%)
0
0
20
85
0
0

Diluent: Acetonitrile and Buffer (20:80)
System suitability solution: 1 mg/mL of USP Enalapril Maleate RS and 3 µg/mL of USP
Moexipril Related Compound F RS in Diluent. Sonicate to dissolve as needed.
Standard solution: 0.01 mg/mL of USP Enalapril Maleate RS in Diluent
Sensitivity solution: 0.5 µg/mL of USP Enalapril Maleate RS in Diluent from the Standard
solution
Sample solution: 1 mg/mL of Enalapril Maleate in Diluent. Sonicate to dissolve as needed.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Temperatures
Autosampler: 20°
Column: 70°
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 3 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.0 between moexipril related compound F and enalapril, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
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Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Enalapril Maleate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of enalapril from the Standard solution
CS = concentration of USP Enalapril Maleate RS in the Standard solution (mg/mL)
CU = concentration of Enalapril Maleate in the Sample solution (mg/mL)
F = relative response factor (see Table 3)
Acceptance criteria: See Table 3. The reporting threshold is 0.05%.

Name

Table 3
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

acida

—
—
Maleic
0.13
Enalaprilat b
0.55
1.41
0.3
Moexipril related compound F
0.93
0.85
0.3
Enalapril
1.00
—
—
Enalapril cyclohexyl analogc
1.33
0.45
0.3
d
Enalapril related compound D
1.48
1.27
0.3
Any unspecified impurity
—
1.00
0.10
Total impurities
—
—
2.0
a This peak is due to the counterion and is not to be reported or included in the total
impurities.
b 1-[N-[(S)-1-Carboxy-3-phenylpropyl]-l-alanyl]-l-proline.
c 1-{N-[(S)-1-Ethoxycarbonyl-3-cyclohexylpropyl]-l-alanyl}-l-proline.
d (S)-Ethyl 2-[(3S,8aS)-3-methyl-1,4-dioxohexahydropyrrolo[1,2- α]pyrazin-2(1H)-yl]4-phenylbutanoate.
2S (USP42)

SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 10 mg/mL in methanol
Acceptance criteria: −41.0° to −43.5°
• Loss on Drying 〈731〉
Analysis: Dry under vacuum at a pressure not exceeding 5 mm of mercury at 60° for 2 h.
Acceptance criteria: NMT 1.0%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Enalapril Maleate RS
USP Moexipril Related Compound F RS
(S)-2-[(S)-1-Ethoxy-1-oxo-4-phenylbutan-2-ylamino]propanoic acid;
Also known as N-[(S)-1-Ethoxycarbonyl-3-phenylpropyl]-l-alanine.
C15 H21 NO4
279.33
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1499
BRIEFING
Epinephrine Bitartrate, USP 41 page 1532. As part of USP monograph modernization
efforts, the following changes are proposed:
1. Revise the content of epinephrine bitartrate under the Definition from 97.0%–102.0% to
97.0%–103.0% to be consistent with the FDA-approved application.
2. Replace the nonspecific wet chemistry-based Identification test with two orthogonal
specific identification tests.
3. Add Identification A based on IR spectrum matching using Spectroscopic Identification
Tests 〈197A〉 or 〈197K〉.
4. Add Identification B based on retention time agreement of the major peak in the Sample
solution and the Standard solution, as obtained in the Assay.
5. Replace the nonspecific titration-based Assay and the two UV- and TLC-based limit
tests with a validated liquid chromatographic Organic Impurities procedure using the
Hypersil ODS brand of column with L1 packing. The typical retention time for epinephrine
is about 5 min.
6. Delete the Optical Rotation test.
7. Add a liquid chromatographic-based Enantiomeric Purity test. The liquid
chromatographic procedure is validated using the Chiralpak CBH brand of column with
L108 packing. The typical retention times for epinephrine R-isomer and S-isomer are
about 2.0 and 2.5 min, respectively.
8. Revise the acceptance criteria for Residue on Ignition to NMT 0.1% to be consistent
with the FDA-approved application.
9. Delete the nonspecific test for Melting Range or Temperature because all the other
tests in the monograph can adequately monitor the quality of the drug substance.
10. Revise the Loss on Drying procedure to be consistent with the FDA-approved
application.
11. Two Reference Standards, USP Adrenalone Hydrochloride RS and USP Racepinephrine
Hydrochloride RS, are added to the USP Reference Standards section in support of the
proposed changes.
Additionally, minor editorial changes have been made to update the monograph to current USP
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style.
(CHM6: S. Ramakrishna, Y.Yang.)
Correspondence Number—C189557
Comment deadline: November 30, 2018
Epinephrine Bitartrate

C9 H13 NO3 ·C4 H6 O6

333.29

1,2-Benzenediol, 4-[1-hydroxy-2-(methylamino)ethyl]-, (R)-, [R-(R*,R*)]-2,3dihydroxybutanedioate (1:1) (salt);
(-)-3,4-Dihydroxy- α-[(methylamino)methyl]benzyl alcohol (+)-tartrate (1:1) salt

[51-42-3].

DEFINITION
Change to read:
Epinephrine Bitartrate contains NLT 97.0% and NMT 102.0%
103.0% 2S (USP42)
of Epinephrine Bitartrate (C9 H13 NO3 ·C4 H6 O6 ), calculated on the dried basis.
IDENTIFICATION
Delete the following:
• Procedure
Sample: 500 mg
Analysis: Dissolve the Sample in 20 mL of water containing 100 mg of sodium bisulfite. Add
6 N ammonium hydroxide until the solution has a distinct odor of ammonia, and allow to
stand in a refrigerator for 1 h. Filter the precipitate, wash it with three 2-mL portions of
cold water, then with 5 mL of cold alcohol, and finally with 5 mL of cold ether, and dry in
vacuum over silica gel for 3 h. To 5 mL of pH 4.0 acid phthalate buffer, add 0.5 mL of a
slightly acid solution of above obtained Epinephrine (1 in 1000) and 1.0 mL of 0.1 N iodine,
and allow to stand for 5 min. Add 2 mL of sodium thiosulfate solution (1 in 40). (See
Reagents, Indicators, and Solutions–Buffer Solutions.)
Acceptance criteria: A deep red color is produced. 2S (USP42)
Add the following:
• A. Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197A〉 or 〈197K〉
2S (USP42)

Add the following:
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• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Sample solution: 25 mg/mL of Epinephrine Bitartrate in glacial acetic acid
[Note—Warm slightly, if necessary to dissolve.]
Analysis: Add crystal violet TS to the Sample solution, and titrate with 0.1 N perchloric
acid VS. Perform a blank determination, and make any necessary correction. Each mL of
0.1 N perchloric acid is equivalent to 33.33 mg of epinephrine bitartrate
(C9 H13 NO3 ·C4 H6 O6 ).
Acceptance criteria: 97.0%–102.0% on the dried basis
Protect the Standard solution and Sample solution from light.
Buffer: 5.0 g/L of potassium dihydrogen phosphate and 2.6 g/L sodium octanesulfonate in
water. Adjust with phosphoric acid to a pH of 2.8. Dilute with water to volume.
Solution A: Acetonitrile and Buffer (5:95)
Solution B: Acetonitrile and Buffer (45:55)
Mobile phase: See Table 1.
Time
(min)
0
20
21
23
30

Table 1
Solution A
(%)
95
50
50
95
95

Solution B
(%)
5
50
50
5
5

Standard solution: 0.91 mg/mL of USP Epinephrine Bitartrate RS in Solution A
Sample solution: 0.91 mg/mL of Epinephrine Bitartrate in Solution A
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Temperatures
Autosampler: 4°
Column: 50°
Flow rate: 1.2 mL/min
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Injection volume: 5 µL
Run time: NLT 5.6 times the retention time of epinephrine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.1%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of epinephrine bitartrate (C9 H13 NO3 ·C4 H6 O6 ) in the portion of
Epinephrine Bitartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of epinephrine from the Sample solution
rS = peak response of epinephrine from the Standard solution
CS = concentration of USP Epinephrine Bitartrate RS in the Standard solution (mg/mL)
CU = concentration of Epinephrine Bitartrate in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis

2S (USP42)

IMPURITIES
Change to read:
• Residue on Ignition 〈281〉: Negligible, from 100 mg.
NMT 0.1% 2S (USP42)
Delete the following:
• Limit of Adrenalone
Sample: 4 mg/mL of Epinephrine Bitartrate in dilute hydrochloric acid (1 in 200)
Instrument conditions
Mode: UV
Analytical Wavelength: 310nm
Cell: 1cm
Analysis: Determine absorptivity.
Acceptance criteria: NMT 0.2 2S (USP42)
Delete the following:
• Limit of Norepinephrine Bitartrate
Standard stock solution A: 200 mg/mL of USP Epinephrine Bitartrate RS in water
Standard solution A: 20 mg/mL of USP Epinephrine Bitartrate RS in methanol,
fromStandard stock solution A
Standard stock solution B: 8.0 mg/mL of USP Norepinephrine Bitartrate RS in water

PF 44(5): Sep.-Oct. 2018

784

Standard solution B: 0.80 mg/mL of USP Norepinephrine Bitartrate RS in methanol,
fromStandard stock solution B
Sample solution: 20 mg/mL of Epinephrine Bitartrate in a mixture of methanol and water
(90:10)
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Spray reagent: Folin-Ciocalteu Phenol TS, followed by sodium carbonate solution (1 in
10)
Developing solvent system: n-Butanol, water, and formic acid (70:20:10)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Spray the plate. The RF value of the principal spot of the Sample solution corresponds to
that of Standard solution A. Any spot of the Sample solution is not larger nor more
intense than the spot with the same RF value of Standard solution B.
Acceptance criteria: NMT 4.0% of norepinephrine

2S (USP42)

Add the following:
• Organic Impurities
Protect the Standard solution and Sample solution from light.
Buffer, Solution A, Solution B, and Mobile phase: Prepare as directed in the Assay.
Standard stock solution: 1.5 mg/mL of USP Epinephrine Bitartrate RS in a mixture of 0.1 M
hydrochloric acid and Solution A (10:90). [Note—If necessary, sequentially add 0.1 M
hydrochloric acid to 10% of the flask volume, then dilute with Solution A, to aid in
complete dissolution.]
System suitability solution: 15 µg/mL each of USP Norepinephrine Bitartrate RS, USP
Adrenalone Hydrochloride RS, and USP Epinephrine Bitartrate RS, prepared as follows.
Transfer a suitable amount of USP Norepinephrine Bitartrate RS and USP Adrenalone
Hydrochloride RS into a suitable volumetric flask. Add a suitable volume of Standard stock
solution into the volumetric flask. Dilute with Solution A to volume.
Standard solution: 1.5 µg/mL of USP Epinephrine Bitartrate RS. Dilute with Solution A from
the Standard stock solution.
Sensitivity solution: 0.75 µg/mL of USP Epinephrine Bitartrate RS in Solution A from the
Standard solution
Sample solution: 1.5 mg/mL of Epinephrine Bitartrate in a mixture of 0.1 M hydrochloric
acid and Solution A (10:90). [Note—If necessary, sequentially add 0.1 M hydrochloric acid
to 10% of the flask volume, then dilute with Solution A, to aid in complete dissolution.]
Chromatographic system: Proceed as directed in the Assay, except for the Injection
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volume.
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements:
Resolution: NLT 3.0 between norepinephrine and epinephrine, System suitability
solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified or any unspecified impurity in the portion of
Epinephrine Bitartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each specified or any unspecified from the Sample solution
rS = peak response of epinephrine from the Standard solution
CS = concentration of USP Epinephrine Bitartrate RS in the Standard solution (mg/mL)
CU = concentration of Epinephrine Bitartrate in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.

Name

Table 2
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Norepinephrinea
0.8
0.10
Epinephrine
1.0
—
Adrenaloneb
1.3
0.2
c
Unidentified impurity peak 1
3.2
0.3
Any unspecified impurity
—
0.10
Total impurities
—
0.6
a (R)-4-(2-Amino-1-hydroxyethyl) benzene-1,2-diol.
b 3′,4′-Dihydroxy-2-(methylamino)acetophenone.
c Unknown structure, and identified based on relative retention time.
2S (USP42)

Add the following:
• Enantiomeric Purity
Protect the Standard solution and Sample solution from light.
Buffer: Dissolve 1.2 g of monobasic sodium phosphate in 900 mL of water and adjust with
dilute sodium hydroxide to a pH of 5.8. Dilute with water to 1000 mL. Add 18.6 mg of
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EDTA disodium salt dihydrate and mix.
Mobile phase: Isopropyl alcohol and Buffer (5: 95)
Standard stock solution A: 1.8 mg/mL of USP Epinephrine Bitartrate RS in 1 N hydrochloric
acid and Mobile phase (2:98)
Standard stock solution B: 0.96 mg/mL of USP Racepinephrine Hydrochloride RS in Mobile
phase
System suitability solution: 1.8 mg/mL of USP Epinephrine Bitartrate RS and 0.072 mg/mL
of USP Racepinephrine Hydrochloride RS prepared as follows. Transfer a suitable amount of
USP Epinephrine Bitartrate RS into a suitable volumetric flask. Add Standard stock solution
B to 7.5% of the flask volume and 1 N hydrochloric acid to 2% of the flask volume. Dilute
with Mobile phase to volume.
Standard solution: 0.054 mg/mL of USP Epinephrine Bitartrate RS in Mobile phase from
Standard stock solution A
Sample solution: 1.8 mg/mL of Epinephrine Bitartrate in a mixture of 1 N hydrochloric acid
and Mobile phase (2:98)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.0-mm × 10-cm; 5-µm packing L108
Autosampler temperature: 4°
Flow rate: 0.9 mL/min
Injection volume: 10 µL
Run time: NLT 10 times the retention time of S-epinephrine
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times of R-epinephrine and S-epinephrine are about 1.0 and
1.25, respectively.]
Suitability requirements
Resolution: NLT 1.5 between R-epinephrine and S-epinephrine, System suitability
solution
Relative standard deviation: NMT 2.0% for R-epinephrine, Standard solution
Analysis
Sample: Sample solution
Calculate the percentage of S-epinephrine bitartrate in the portion of Epinephrine Bitartrate
taken:
Result = (rU/rT) × 100
rU = peak response of S-epinephrine
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rT = sum of the peak responses of R-epinephrine and S-epinephrine
Acceptance criteria: NMT 3.0%

2S (USP42)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature 〈741〉: 147°–152°, with decomposition

2S (USP42)

Change to read:
• Loss on Drying 〈731〉 :Dry it in vacuum over silica gel for 3 h: it loses NMT 0.5% of its
weight.
Sample: 1 g
Analysis: Dry under vacuum for 18 h or until constant weight.
Acceptance criteria: NMT 0.5% 2S (USP42)
Delete the following:
• Optical Rotation, Specific Rotation〈781S〉: −50.0° to −53.5°
Sample solution: 20 mg/mL of above obtained epinephrine, in hydrochloric acid solution (1
in 20) 2S (USP42)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 〈11〉
USP Adrenalone Hydrochloride RS
3′,4′-Dihydroxy-2-(methylamino)acetophenone hydrochloride.
C9 H11 NO3 ·HCl
217.65
2S (USP42)

USP Epinephrine Bitartrate RS
USP Norepinephrine Bitartrate RS
USP Racepinephrine Hydrochloride RS
(RS)-4-(1-Hydroxy-2-(methylamino)ethyl)benzene-1,2-diol hydrochloride.
C9 H13 NO3 · HCl
219.67
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1532
BRIEFING
Ezetimibe, USP 41 page 1670. On the basis of comments received and as part of USP
monograph modernization efforts, it is proposed to revise the monograph as follows:
1. Revise Identification A to allow flexibility for the use of either 〈197M〉 or 〈197A〉.
2. Add a Note to the Standard solution in the Assay to clarify that the Standard solution
contains a detectable level of o-fluorobenzene isomer for the use of the determination
of the resolution in Organic Impurities, Procedure 1.
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3. Clarify the Tailing factor requirement in the Assay and Organic Impurities, Procedure 1
is for ezetimibe.
4. Clarify the Relative standard deviation requirement in Assay, Organic Impurities,
Procedure 1, and Organic Impurities, Procedure 2 is for ezetimibe.
5. In Organic Impurities, Procedure 1:
Remove the System suitability solution because it is not needed.
Replace the System suitability solution with the Standard solution for the
determination of Resolution.
The description of "Disregard peaks less than" is replaced with "Reporting
threshold" to be consistent with the current USP style.
6. Add the reporting threshold in Organic Impurities, Procedure 2.
7. Remove the terms “achiral” and “chiral” from the Acceptance criteria for Organic
Impurities, Procedure 1 and Procedure 2 because they are not needed.
8. Move the limit of Total impurities for all the impurities from Organic Impurities,
Procedure 1 and Procedure 2 from Table 3 to the end of the Organic Impurities,
Procedure 2 for added clarity.
9. Remove the chemical names of o-fluorobenzene isomer from Table 2 and R,R,S-ezetimibe
from Table 3 to avoid redundancy. These chemical names are listed under the USP
Reference Standards section.
10. Clarify USP Ezetimibe RS containing a very small amount of o-fluorobenzene isomer in
the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: E. Chang.)
Correspondence Number—C204290
Comment deadline: November 30, 2018
Ezetimibe

C24 H21 F 2 NO3

409.43

2-Azetidinone, 1-(4-fluorophenyl)-3-[3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)-, [3R-[3α(S*),4β]]-;
(3R,4S)-1-(p-Fluorophenyl)-3-[(3S)-3-(p-fluorophenyl)-3-hydroxypropyl]-4-(p-hydroxyphenyl)2-azetidinone;
(3R,4S)-1-(4-Fluorophenyl)-3-[(S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-hydroxyphenyl)-
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[163222-33-1].

DEFINITION
Ezetimibe contains NLT 98.0% and NMT 102.0% of ezetimibe (C24 H21 F 2 NO3 ), calculated on
the anhydrous and solvent-free basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197M〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197M〉 or 〈197A〉
2S (USP42)

• B. The ratio of the retention time of the ezetimibe peak of the Sample solution to that of the
System suitability solution obtained in Organic Impurities, Procedure 2 is between 0.97
and 1.03.
ASSAY
Change to read:
• Procedure
Solution A: Water
Solution B: Acetonitrile
Solution C: Methanol
Mobile phase: See Table 1.
Time
(min)
0.0
37.0
60.0
70.0
80.0
90.0
90.1
100.0

Table 1
Solution A
Solution B
(%)
(%)
63
27
63
27
40
50
40
50
10
80
10
80
63
27
63
27

Solution C
(%)
10
10
10
10
10
10
10
10

Diluent: Acetonitrile, methanol, and water (270:100:630). Add 1.0 mL of glacial acetic acid
per liter of the mixture.
Standard solution: 0.25 mg/mL of USP Ezetimibe RS prepared as follows. Dissolve a
suitable amount of USP Ezetimibe RS in acetonitrile at about 1%–2% of the total volume in
a suitable volumetric flask, and dilute with Diluent to volume.
[Note—The Standard solution contains a detectable level of o-fluorobenzene isomer
(approximately 0.04%) from USP Ezetimibe RS.] 2S (USP42)
Sample solution: 0.25 mg/mL of Ezetimibe prepared as follows. Dissolve a suitable amount
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of Ezetimibe in acetonitrile at about 1%–2% of the total volume in a suitable volumetric
flask, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detectors
0–5 min: UV 215 nm
5–100 min: UV 248 nm
Column: 4.6-mm × 15-cm; 5-µm packing L43
Flow rate: 2 mL/min
Injection volume: 60 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
for ezetimibe 2S (USP42)
Relative standard deviation: NMT 0.73%
for ezetimibe 2S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ezetimibe (C24 H21 F 2 NO3 ) in the portion of Ezetimibe taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of ezetimibe from the Sample solution
rS = peak response of ezetimibe from the Standard solution
CS = concentration of USP Ezetimibe RS in the Standard solution (mg/mL)
CU = concentration of Ezetimibe in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%
Change to read:
• Organic Impurities, Procedure 1
Mobile phase, Diluent, Standard solution, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.
System suitability solution: 0.25 mg/mL of USP Ezetimibe System Suitability Mixture RS
prepared as follows. Dissolve a suitable amount of USP Ezetimibe System Suitability
Mixture RS in acetonitrile at about 1%–2% of the total volume in a suitable volumetric
flask, and dilute with Diluent to volume.
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2S (USP42)

Sensitivity solution: 0.125 µg/mL of USP Ezetimibe RS in Diluent from the Standard
solution
System suitability
Samples: Standard solution System suitability solution,
2S (USP42)

and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between ezetimibe and o-fluorobenzene isomer,
System suitability solution (ERR 1-Apr-2017)
Standard solution 2S (USP42)
Tailing factor: NMT 1.5
for ezetimibe, 2S (USP42)
Standard solution
Relative standard deviation: NMT 10%
for ezetimibe, 2S (USP42)
Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each specified and any unspecified impurity in the portion of
Ezetimibe taken:
Result = (rU/rT) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rT = sum of all peak responses from the Sample solution
F = relative response factor from Table 2
Acceptance criteria: See Table 2. Disregard peaks less than
The reporting threshold is 2S (USP42)
0.05%.
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Desfluoroaniline analoga
Ezetimibe diastereomersb
o-Fluorobenzene isomerc
2S (USP42)

Ezetimibe
m-Flouroaniline analogc
Ezetimibe ketoned
Any unspecified impurity
Total achiral
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Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.72
0.77

1.0
1.0

0.2
—

0.89
1.0
1.13
1.42
—

1.0
—
1.0
1.5
1.0

0.2
—
0.2
0.1
0.10

—
—
2S (USP42)
impurities
0.6
a (3R,4S)-3-[(S)-3-(4-Fluorophenyl)-3-hydroxypropyl]-4-(4-hydroxyphenyl)-1phenylazetidin-2-one.
b The two ezetimibe diastereomers, R,R,R- and S,S,S-, elute as one peak and are
quantitated using Procedure 2.
c (3R,4S)-1-(4-Fluorophenyl)-3-[(S)-3-(2-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
2S (USP42)

c (3R,4S)-1-(3-Fluorophenyl)-3-[(S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
d (3R,4S)-1-(4-Fluorophenyl)-3-[3-(4-fluorophenyl)-3-oxopropyl]-4-(4hydroxyphenyl)azetidin-2-one.
Change to read:
• Organic Impurities, Procedure 2
Mobile phase: Acetonitrile and water (45:55)
Diluent: Acetonitrile with 0.1% glacial acetic acid (v/v)
System suitability solution: 0.4 mg/mL of USP Ezetimibe System Suitability Mixture RS in
Diluent
Sensitivity solution: 0.2 µg/mL of USP Ezetimibe RS in Diluent
Sample solution: 0.4 mg/mL of Ezetimibe in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 248 nm
Column: Two columns in series of 4.6-mm × 15-cm; 5-µm packing L93
Column temperature: 5°
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Flow rate: 0.35 mL/min
Injection volume: 10 µL
Run time: NLT 1.4 times the retention time of the ezetimibe peak
System suitability
Samples: System suitability solution and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between ezetimibe and R,R,S-ezetimibe diastereomer, System
suitability solution
Tailing factor: NMT 1.5 for ezetimibe, System suitability solution
Relative standard deviation: NMT 10%
for ezetimibe, 2S (USP42)
Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each enantiomeric or diastereomeric impurity in the portion of
Ezetimibe taken:
Result = (rU/rT) × 100
rU = peak response of each impurity from the Sample solution
rT = sum of all peak responses from the Sample solution
Acceptance criteria: See Table 3.
The reporting threshold is 0.05%.

2S (USP42)
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Name
S,S,S-Ezetimibea
R,R,R-Ezetimibeb
Desfluoroaniline analogc
R,R,S-Ezetimibed
2S (USP42)

Ezetimibe
S,S,R-Ezetimibed
R,S,R-Ezetimibee
Total chiral
2S (USP42)

impurities
Total impuritiesg
2S (USP42)

Table 3
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

0.76
0.82
0.89

0.2
0.1
—

0.93
1.00
1.12
1.22

0.4
—
0.1
0.1

—
—
2S (USP42)

0.5
0.9
2S (USP42)

a (3S,4S)-1-(4-Fluorophenyl)-3-[(S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
b (3R,4R)-1-(4-Fluorophenyl)-3-[(R)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
c Desfluoroaniline analog impurity is quantitated using Procedure 1.
d (3R,4S)-1-(4-Fluorophenyl)-3-[(R)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
2S (USP42)

d (3S,4R)-1-(4-Fluorophenyl)-3-[(S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
e (3S,4R)-1-(4-Fluorophenyl)-3-[(R)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
g Include all impurities from Procedure 1 and Procedure 2.
2S (USP42)

Total impurities: NMT 0.9% for the sum of all impurities from Organic Impurities,
Procedure 1 and Procedure 2 2S (USP42)
SPECIFIC TESTS
• Water Determination 〈921〉, Method I, Method Ia or Method Ic: NMT 0.6%
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 10 mg/mL of Ezetimibe previously dried for NLT 16 h over anhydrous
calcium sulfate in methanol
Temperature: 20°
Acceptance criteria: −25.0° to −30.0°
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Protect from moisture and store below 25°.
Change to read:
• USP Reference Standards 〈11〉
USP Ezetimibe RS
It also contains a very small amount of o-fluorobenzene isomer.
(3R,4S)-1-(4-Fluorophenyl)-3-[(S)-3-(2-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
C24 H21 F 2 NO3
409.43 2S (USP42)
USP Ezetimibe System Suitability Mixture RS
It contains ezetimibe and the following impurities (It may also contain desfluoroaniline
analog):
o-fluorobenzene isomer;
(3R,4S)-1-(4-Fluorophenyl)-3-[(S)-3-(2-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
C24 H21 F 2 NO3
409.43
2S (USP42)

R,R,S-ezetimibe;
(3R,4S)-1-(4-Fluorophenyl)-3-[(R)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4hydroxyphenyl)azetidin-2-one.
C24 H21 F 2 NO3
409.43
Recent Official Publications:
USP41–NF36 Page 1670
BRIEFING
Felodipine, USP 41 page 1689. On the basis of comments received and as part of the USP
monograph modernization efforts, it is proposed to revise the monograph as follows:
1. Revise the chemical information section to update the chemical name for Felodipine and
remove the second CAS number.
2. Revise Identification A to allow the flexibility for the use of either 〈197K〉 or 〈197A〉.
3. Revise the preparation of the System suitability stock solution in the Assay and in the
test for Organic Impurities to include the use of USP Felodipine Related Compound A RS
(felodipine oxidation product). This will reduce the time needed to prepare the System
suitability stock solution by eliminating the steps to generate the felodipine oxidation
product in situ. Consequently, the felodipine oxidation product is replaced with
felodipine related compound A for the System suitability solution and the Resolution
requirement.
4. Revise the Assay to:
Clarify the preparation of the Buffer, Standard solution, and Sample solution.
Include the Run time from the test for Organic Impurities.
Remove the requirement of adjusting the instrumentation sensitivity because
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8.
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this is not needed for the modern instruments.
Include the information for relative retention times for felodipine related
compound A and felodipine.
Add the Relative standard deviation requirement and delete the Column
efficiency and Capacity factor requirements because the revised System
suitability requirements are adequate to evaluate the system suitability.
Add a test for Limit of Ethyl 3-Aminocrotonate to the Impurities section. The proposed
liquid chromatographic procedure is based on analyses performed with the Waters
Symmetry C18 brand of column with L1 packing. The retention time for ethyl 3aminocrotonate is about 2.6 min.
Revise the test for Organic Impurities to:
Include the Sensitivity solution and the Relative standard deviation
requirements.
Incorporate the relative response factor into the calculation of each impurity.
Revise the Acceptance criteria to include the reporting threshold and limits for
specified and unspecified impurities.
The definition of total impurities is revised to reflect the sum of all impurities
from the tests for Organic Impurities and Limit of Ethyl 3-Aminocrotonate.
The liquid chromatographic procedure used in the Assay and the test for Organic
Impurities is based on analyses performed with the Waters Symmetry C18 brand of
column with L1 packing. The typical retention time for felodipine is about 15 min.
Clarify the Sample solution in the test for Color of Solution.
Add two new Reference Standards, USP Ethyl 3-Aminocrotonate RS and USP Felodipine
Related Compound A RS, to the USP Reference Standards section to support the
proposed test for Limit of Ethyl 3-Aminocrotonate and the proposed revisions in the
Assay and the test for Organic Impurities.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: E. Chang.)
Correspondence Number—C193302
Comment deadline: November 30, 2018
Felodipine
Change to read:

C18 H19 Cl2 NO4

384.25
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3,5-Pyridinedicarboxylic acid 4-(2,3-dichlorophenyl)-1,4-dihydro-2,6-dimethyl-, ethyl methyl
ester, (±)-;
(±)-Ethyl methyl 4-(2,3-dichlorophenyl)-1,4-dihydro-2,6-dimethyl-3,5-pyridinedicarboxylate
Ethyl methyl 4-(2,3-dichlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate
2S (USP42)

[72509-76-3; 86189-69-7
2S (USP42)

].
DEFINITION
Felodipine contains NLT 98.0% and NMT 101.0% of felodipine (C18 H19 Cl2 NO4 ), calculated on
the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉 or 〈197A〉
2S (USP42)

• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: Dissolve 6.9 g of sodium phosphate monobasic dihydrate in 400 mL of water, add
8.0 mL of 1 M phosphoric acid, and dilute with water to 1 L.
[Note—The pH of this solution is around 3.0.] 2S (USP42)
Mobile phase: Acetonitrile, methanol, and Buffer (40:20:40)
System suitability stock solution: 0.05 mg/mL of USP Felodipine RS and 0.1 mg/mL of
felodipine oxidation product
USP Felodipine Related Compound A RS 2S (USP42)
in Mobile phase prepared as follows. Dissolve 150 mg of Felodipine in a mixture of 50 mL of
tertiary butyl alcohol and 1 N perchloric acid (1:1). Add 10 mL of 0.1 M ceric sulfate, and
allow to stand for 15 min. Add 3.5 mL of 10 N sodium hydroxide, and neutralize with 2 N
sodium hydroxide. Shake the mixture with 25 mL of methylene chloride in a separator.
Draw off the lower layer, and evaporate it to dryness under a stream of nitrogen on a
water bath. Dissolve and dilute 10 mg of the residue (felodipine oxidation product) and 5
mg of USP Felodipine RS, with Mobile phase to 100 mL.
2S (USP42)

System suitability solution: 0.5 µg/mL of USP Felodipine RS and 1 µg/mL of felodipine
oxidation product
USP Felodipine Related Compound A RS 2S (USP42)
in Mobile phase from the System suitability stock solution.
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[Note—Pass the solution through a suitable filter of 0.2-µm pore size.] 2S (USP42)
Standard solution: 0.3 mg/mL of USP Felodipine RS in Mobile phase. [Note—Prepare fresh
before analysis.
Pass the solution through a suitable filter of 0.2-µm pore size. 2S (USP42)
]
Sample solution: 0.3 mg/mL of Felodipine in Mobile phase. [Note—Prepare fresh before
analysis.
Pass the solution through a suitable filter of 0.2-µm pore size. 2S (USP42)
]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL for the System suitability solution and 40 µL for the Standard
solution and the Sample solution
Run time: NLT 2 times the retention time of felodipine 2S (USP42)
System suitability
Samples: System suitability solution and Standard solution
Adjust the sensitivity of the system so that the heights of the two peaks in the
chromatogram are 20% of the recorder full scale.
[Note—The relative retention times for felodipine related compound A and felodipine are
0.83 and 1.00, respectively.] 2S (USP42)
Suitability requirements
Resolution: NLT 2.5 between the first peak (felodipine oxidation product) and the
second peak (felodipine)
felodipine related compound A and felodipine, 2S (USP42)
System suitability solution
Capacity factor, k′: NLT 5.0, Standard solution
Column efficiency: NLT 1500 theoretical plates, Standard solution
2S (USP42)

Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 0.37%, Standard solution
Analysis
Samples: Standard solution and Sample solution

2S (USP42)

Calculate the percentage of felodipine (C18 H19 Cl2 NO4 ) in the portion of Felodipine taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak response of felodipine from the Sample solution
rS = peak response of felodipine from the Standard solution
CS = concentration of USP Felodipine RS in the Standard solution (mg/mL)
CU = concentration of Felodipine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm

(O fficial 1-Jan-2018)

Add the following:
• Limit of Ethyl 3-Aminocrotonate
Buffer: 2.84 g/L of sodium phosphate, dibasic, anhydrous in water prepared as follows.
Dissolve 2.84 g of sodium phosphate, dibasic, anhydrous in 1000 mL of water. Adjust with
phosphoric acid to a pH of 7.0.
Mobile phase: Acetonitrile and Buffer (57:43)
Standard solution: 30 µg/mL of USP Ethyl 3-Aminocrotonate RS in Mobile phase. Prepare
fresh before analysis.
Sample solution: 20 mg/mL of Felodipine in Mobile phase. Sonicate the solution for 10 min.
Prepare fresh before analysis. [Note—Pass the solution through a suitable filter of 0.2-µm
pore size.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Column: 35°
Detector: 35°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 4 times the retention time of ethyl 3-aminocrotonate for the Standard
solution; NLT 8 times the retention time of ethyl 3-aminocrotonate for the Sample
solution
System suitability
Sample: Standard solution
Requirements
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Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ethyl 3-aminocrotonate in the portion of Felodipine taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of ethyl 3-aminocrotonate from the Sample solution
rS = peak response of ethyl 3-aminocrotonate from the Standard solution
CS = concentration of USP Ethyl 3-Aminocrotonate RS in the Standard solution (mg/mL)
CU = concentration of Felodipine in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.15%

2S (USP42)

Change to read:
• Organic Impurities
Buffer, Mobile phase, System suitability solution,
Standard solution, 2S (USP42)
Sample solution,
and Chromatographic system: 2S (USP42)
Proceed as directed in the Assay.
Sensitivity solution: 0.15 µg/mL of USP Felodipine RS in Mobile phase from the Standard
solution. [Note—Prepare fresh before analysis.] 2S (USP42)
Chromatographic system: Proceed as directed in the Assay, except use a run time of
NLT 2 times the retention time of felodipine.
2S (USP42)

System suitability
Samples: System suitability solution
and Sensitivity solution
[Note—See Table 1 for the relative retention times.]

2S (USP42)

Suitability requirements
Resolution: NLT 2.5 between the felodipine related compound A and felodipine,
System suitability solution
Relative standard deviation: NMT 10.0%, Sensitivity solution 2S (USP42)
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Felodipine taken:
Result = (rU/rT)
× (1/F) 2S (USP42)
× 100
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rU = peak response for each impurity
rT = sum of all the peak responses
= relative response factor (see Table 1)

2S (USP42)

F
Acceptance criteria:
Individual impurities: NMT 1.0%
Total impurities: NMT 1.5%
See Table 1. The reporting threshold is 0.05%.

Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Methyl benzylidene acetoacetatea
0.55
1.17
0.15
—
Dimethyl felodipineb
0.70
1.0
Felodipine related compound A
0.83
0.44
0.15
Felodipine
1.00
1.0
—
—
Diethyl felodipinec
1.44
1.0
Sum of dimethyl felodipine and diethyl
—
—
felodipine
1.0
Any unspecified impurity
—
1.0
0.10
d
—
—
Total impurities
1.5
a Methyl 2-(2,3-dichlorobenzylidene)-3-oxobutanoate.
b Dimethyl 4-(2,3-dichlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate.
c Diethyl 4-(2,3-dichlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate.
d Total impurities include the sum of the results from the tests for Organic Impurities
and Limit of Ethyl 3-Aminocrotonate.
2S (USP42)

SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 0.5%
Change to read:
• Color of Solution
Sample solution: 20 mg/mL
of Felodipine 2S (USP42)
in methanol
Instrumental conditions
Mode: Vis
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Analytical wavelength: 440 nm
Cell: 5 cm
Blank: Methanol
Acceptance criteria: NMT 0.2 absorbance
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Ethyl 3-Aminocrotonate RS
Ethyl 3-aminobut-2-enoate.
C6 H11 NO2
129.16
2S (USP42)

USP Felodipine RS
USP Felodipine Related Compound A RS
3-Ethyl 5-methyl 4-(2,3-dichlorophenyl)-2,6-dimethylpyridine-3,5-dicarboxylate.
C18 H17 Cl2 NO4
382.24
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 1689
BRIEFING
Fenoldopam Mesylate Injection, USP 41 page 1703. As part of USP monograph
modernization efforts, the following changes are proposed:
1. Revise the Definition based on the label for an approved product.
2. Replace the Thin-Layer Chromatographic Identification Test in Identification A with UV
spectrum agreement as obtained in the Assay to eliminate the use of chloroform.
Update the Detector in the Chromatographic system in the Assay to support such
change.
3. Correct the preparations of the Diluent and Solution A in the Assay.
4. Remove the non-value added System suitability solution from the Assay and revise the
Standard solution and system suitability requirements accordingly in the Assay.
5. Revise the Sample solution in the Assay to provide flexibility.
6. Include the column particle size, temperature, and Run time in the Assay.
7. Remove the Column treatment details from the Assay.
8. Remove the Capacity factor and Column efficiency requirements from the Assay as the
rest of the system suitability criteria are sufficient.
9. Clarify the calculation in the Assay, which is for the percentage of the labeled amount
of fenoldopam, not fenoldopam mesylate.
10. Clarify the Standard solution and revise the system suitability requirements in the
Organic Impurities test.
11. Clarify the calculation by correcting the molecular weight conversion from fenoldopam
related compound B to its free base in the Organic Impurities test.
12. Update the heading for the Content of Sodium Metabisulfite test to provide flexibility in
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use of preservative. Clarify the Analysis based on original validation data.
13. Revise the requirement in the Bacterial Endotoxins Test section to remove the numerical
limit and refer to Bacterial Endotoxins Test 〈85〉 for calculation of limits.
14. Update the chemical name, formula, and molecular weight based on the IUPAC
nomenclature for USP Fenoldopam Related Compound B RS in the USP Reference
Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: Y. Yang.)
Correspondence Number—C185050
Comment deadline: November 30, 2018
Fenoldopam Mesylate Injection
DEFINITION
Change to read:
Fenoldopam Mesylate Injection is a sterile solution of Fenoldopam Mesylate
(C16 H16 ClNO3 ·CH4 SO3 ). It contains NLT 90.0% and NMT 110.0% of the labeled amount of
fenoldopam mesylate (C16 H16 ClNO3 ·CH4 SO3 ).
an amount of fenoldopam mesylate, equivalent to NLT 90.0% and NMT 110.0% of the labeled
amount of fenoldopam (C16 H16 ClNO3 ). 2S (USP42)
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: 1 mg/mL in methanol
Sample solution: Pipet 1.0 mL of Injection into a 10-mL volumetric flask. Dilute to volume
with methanol, and mix.
Application volume: 20 µL
Developing solvent system: Acetone, chloroform, acetic acid, and water (6:2:1:1)
Place the mixture in a paper-lined chromatographic chamber, and equilibrate for about 15
min before use.
Analysis: Proceed as directed in the chapter, and then dry the plate under a current of
warm air until completely dry. Place the plate into a second chromatographic chamber
containing iodine crystals, and examine the plate.
Acceptance criteria: Meets the requirements. 2S (USP42)
Add the following:
• A. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
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Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: 1.38 g/L of monobasic sodium phosphate monohydrate and 1.88 g/L of sodium
hexanesulfonate in water. Adjust with a phosphoric acid (1 in 9)
10% v/v phosphoric acid 2S (USP42)
solution to a pH of 2.5.
Mobile phase: Methanol and Solution A (33:67)
Diluent: 1.38 g/L of monobasic sodium phosphate monohydrate in water. Adjust with a
phosphoric acid (1 in 9)
10% v/v phosphoric acid 2S (USP42)
solution to a pH of 2.5.
System suitability solution: 27.4 µg/mL of USP Fenoldopam Related Compound B RS in
Diluent
2S (USP42)

Standard solution: 0.263 mg/mL of USP Fenoldopam Mesylate RS and 0.274 µg/mL of USP
Fenoldopam Related Compound B RS
2S (USP42)

in Diluent
Sample solution: Accurately pipet about 0.5 mL of Injection into a 25-mL volumetric flask,
dilute with Diluent to volume, and mix.
Nominally 0.2 mg/mL of fenoldopam in Diluent from Injection 2S (USP42)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Column treatment
[Note—This treatment is required for new columns only.]
Pump a solution of 1 mg/mL cyclam through the new column for about 3 h at a flow rate
of about 1 mL/min, and then pump Mobile phase for at least 2 h at the same flow rate.

2S (USP42)

Mode: LC
Detector: UV 225 nm.
For Identification A, use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 25-cm;
5-µm 2S (USP42)
packing L1
Column temperature: 33° 2S (USP42)

2S (USP42)
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Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of fenoldopam
System suitability
Sample: System suitability solution and

2S (USP42)

2S (USP42)

Standard solution
Suitability requirements
Capacity factor, k': 1–3, System suitability solution; 4–6, Standard solution
Column efficiency: NLT 1800 theoretical plates, System suitability solution and
Standard solution
2S (USP42)

Tailing factor: NMT 2.5 for fenoldopam related compound B peak, System suitability
solution;
2S (USP42)

NMT 2.0 for the fenoldopam peak
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fenoldopam mesylate
2S (USP42)

(C16 H16 ClNO3 ·CH4 SO3
2S (USP42)

) in the portion of Injection taken:
Result = (rU /rS) × (CS/CU ) × (Mr1/Mr2) × 100
rU = peak response of fenoldopam from the Sample solution
rS = peak response of fenoldopam from the Standard solution
CS = concentration of USP Fenoldopam Mesylate RS in the Standard solution (mg/mL)
CU = nominal concentration of fenoldopam in the Sample solution (mg/mL)
Mr1 = molecular weight of fenoldopam, 305.76
Mr2 = molecular weight of fenoldopam mesylate, 401.86
Acceptance criteria: 90.0%–110.0%
OTHER COMPONENTS
Change to read:
• Content of Sodium Metabisulfite
(if present) 2S (USP42)
Sample: Transfer 10.0 mL of Injection to a glass-stoppered conical flask containing 5.0 mL
of 0.1 N iodine VS, and swirl to dissolve. Allow to stand for exactly 5 min, protected from
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light.
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Endpoint detection: Visual
2S (USP42)

Analysis: Add 0.5 mL of hydrochloric acid. Titrate the excess iodine with 0.05 N sodium
thiosulfate VS
until the solution is pale yellow. 2S (USP42)
Add 0.5 mL of starch TS
as indicator and complete the titration to a colorless endpoint. 2S (USP42)
Perform a blank determination
using 10 mL of water, 2S (USP42)
and make any necessary correction. Each mL of 0.05 N sodium thiosulfate is equivalent to
2.3763 mg of sodium metabisulfite.
Acceptance criteria: NLT 0.25 mg/mL of Injection
IMPURITIES
Change to read:
• Organic Impurities
Solution A, Mobile phase, Diluent, System suitability solution, Standard solution,
2S (USP42)

Sample solution, and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.263 mg/mL of USP Fenoldopam Mesylate RS and 0.274 µg/mL of
USP Fenoldopam Related Compound B RS in Diluent 2S (USP42)
System suitability
Sample: System suitability solution and
2S (USP42)

Standard solution
Suitability requirements
Tailing factor: NMT 2.5 for the fenoldopam related compound B peak; System
suitability solution;
2S (USP42)

NMT 2.0 for the fenoldopam peak
Relative standard deviation: NMT 2.0%
for the fenoldopam related compound B and fenoldopam peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fenoldopam related compound B
free base 2S (USP42)
in the portion of Injection taken:

2S (USP42)
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Result = (rU /rS) × (CS/CU ) × F
(Mr1/Mr2) 2S (USP42)
× 100
rU
rS
CS

= peak response of fenoldopam related compound B from the Sample solution
= peak response of fenoldopam related compound B from the Standard solution
= concentration of USP Fenoldopam Related Compound B RS in the Standard
solution (mg/mL)
CU = nominal concentration of fenoldopam in the Sample solution (mg/mL)
F
= conversion factor from the fenoldopam mesylate to the free base, 0.7610
= molecular weight of fenoldopam related compound B free base, 271.32
Mr1
Mr2 = molecular weight of fenoldopam related compound B, 367.42 2S (USP42)
Acceptance criteria: NMT 0.6%
SPECIFIC TESTS
Change to read:
• Bacterial Endotoxins Test 〈85〉: NMT 84 USP Endotoxin Units/mg of fenoldopam mesylate
Meets the requirements 2S (USP42)
• Sterility Tests 〈71〉: Meets the requirements
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
• pH 〈791〉: 2.8–3.8
• Other Requirements: Meets the requirements under Injections and Implanted Drug
Products 〈1〉
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described in Packaging and Storage Requirements
〈659〉, Injection Packaging, preferably of Type I glass. Store in a refrigerator or at
controlled room temperature.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Fenoldopam Mesylate RS
USP Fenoldopam Related Compound B RS
1H-3-Benzazepine-7,8-diol, 2,3,4,5-tetrahydro-1-(4-hydroxyphenyl)-,
methanesulfonate (salt);
C16 H16 NO3 ·CH4 SO3
366.42
Also known as
1-(4-Hydroxyphenyl)-2,3,4,5-tetrahydro-1H-benzo[d]azepine-7,8-diol
methanesulfonate.
C16 H17 NO3 ·CH4 SO3
367.42 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 1703
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BRIEFING
Hard Gelatin Capsule Shell, PF 43(6) [Nov.–Dec. 2017]. On the basis of comments
received, it is proposed to make the following changes:
1. In the Definition, include the descriptive wording “or other suitable shape” and “It may
have surface marking.”
2. Replace the two Identification tests with identification by infrared spectrophotometry.
3. In the test for Loss on Drying, change the amount of Sample to be used, replace “to
constant weight” with 3 h, and revise the Acceptance criteria.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(GCDF: M. Marques.)
Correspondence Number—C195065; C202844
Comment deadline: November 30, 2018
Add the following:
Hard Gelatin Capsule Shell
DEFINITION
Change to read:
Hard Gelatin Capsule Shell consists of two overlapping pieces (cap and body). One end of
each piece is rounded
,or other suitable shape, 2S (USP42)
and closed while the other is open. The cap overlaps the body and maintains a tight
closure. Hard Gelatin Capsule Shell is composed of NF Gelatin and water, and may also
contain additives such as plasticizers, surfactants, dispersing agents, flavoring agents,
antimicrobial agents, and sweeteners. It may contain opacifiers, colorants, and/or
processing aids. It may be externally coated and imprinted.
It may have surface marking. 2S (USP42)
IDENTIFICATION
Change to read:
• A.
Sample solution: Dissolve an amount of Hard Gelatin Capsule Shell equivalent to 1 g in 100
mL of carbon dioxide-free water at about 55°. Let the solution stand for a period of time
to allow any suspended solids to settle to the bottom of the vessel.
Analysis: To 2 mL of the supernatant of the Sample solution add 0.05 mL of a 125-g/L
solution of copper sulfate pentahydrate. Mix, and add 0.5 mL of an 85-g/L solution of
sodium hydroxide.
Acceptance criteria: A violet color is produced.
• Spectrophotometric Identification Tests 〈197〉, Infrared Spectroscopy: 〈197A〉
Acceptance criteria: A gelatin characteristic peak at 1630 cm−1 is observed.

2S (USP42)
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Delete the following:
• B.
Sample: A quantity of Hard Gelatin Capsule Shells equivalent to 0.5 g
Analysis: Place the Sample in a test tube of about 15-mm internal diameter and add 10 mL
of water. Allow to stand for 10 min and then heat to 60° for 15 min. Keep the tube upright
and store at 0° 2°–8° 2S (USP42) for up to 2S (USP42) 6 h. Invert the tube.
Acceptance criteria: The contents of the tube do not flow out immediately. 2S (USP42)
SPECIFIC TESTS
Change to read:
• Loss on Drying 〈731〉
Sample: 1.5 ± 0.5 g
1–2 g 2S (USP42)
Analysis: Dry the Sample in an oven at 105 ± 2° to constant weight
for 3 h. 2S (USP42)
Acceptance criteria: 11.0%–16.0%
13.0%–16.0% 2S (USP42)
• Disintegration 〈701〉
Medium: Water
Analysis: Fill each Hard Gelatin Capsule Shell body to capacity with lactose or other
suitable material. Place the cap onto the body and press the cap and body together to
lock. Place the Hard Gelatin Capsule Shell in the basket and add disks.
For capsules larger than 18 mm: Use the apparatus described in Disintegration and
Dissolution 〈2040〉.
Acceptance criteria: NMT 15 min
Change to read:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
bacteria aerobic microbial 2S (USP42) count does not exceed 103 cfu/g, and the total
combined 2S (USP42) yeasts and molds count does not exceed 102 cfu/g. Meets the
requirements of the test for absence of Escherichia coli. 2S (USP42)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in tightly closed containers at 15°–25° and at a relative
humidity of 35%–65%, unless moisture-impermeable containers are used. Protect from
light. 2S (USP42)
BRIEFING
Hydrochlorothiazide Compounded Oral Suspension. A new compounded preparation
monograph is proposed based on a validated stability-indicating method used to assess
stability. The liquid chromatographic procedure in the Assay is based on analyses validated
using the Inertsil ODS-3 brand of column with L1 packing. The typical retention time for
hydrochlorothiazide is about 4.8 min.
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Please submit comments to CompoundingSL@usp.org
(CMP: B. Serumaga.)
Correspondence Number—C196030
Comment deadline: November 30, 2018
Add the following:
Hydrochlorothiazide Compounded Oral Suspension
DEFINITION
Hydrochlorothiazide Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of
the labeled amount of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ).
Prepare Hydrochlorothiazide Compounded Oral Suspension 2.5 mg/mL and 10 mg/mL as
follows (see Pharmaceutical Compounding—Nonsterile Preparations 〈795〉).
For Hydrochlorothiazide Compounded Oral Suspension containing 2.5 mg/mL
Hydrochlorothiazide powder
0.25 g
Ora-Blend,a a sufficient quantity to make 100 mL
a Perrigo, Allergan, MI.
For Hydrochlorothiazide Compounded Oral Suspension 10 mg/mL
Hydrochlorothiazide powder
1g
Ora-Blend,a a sufficient quantity to make 100 mL
a Perrigo, Allergan, MI.
Place the Hydrochlorothiazide powder in a suitable container and triturate to a fine powder.
Add a small amount of Ora-Blend and mix well to form a smooth paste. Add a sufficient
amount of Ora-Blend to make the contents pourable. Transfer contents stepwise and
quantitatively to a calibrated container using the remainder of the Ora-Blend. Add sufficient
Ora-Blend to bring to final volume. Shake to mix well.
ASSAY
• Procedure
Solution A: 80 mM of monobasic sodium phosphate monohydrate adjusted with phosphoric
acid to a pH of 2.9
Solution B: Methanol and water (20:80)
Mobile phase: See Table 1.

PF 44(5): Sep.-Oct. 2018

811

Time
(min)
0
6
6.5
11.5
12
17

Table 1
Solution A
(%)
80
80
50
50
80
80

Solution B
(%)
20
20
50
50
20
20

Standard solution: Transfer 20 mg of USP Hydroclorothiazide RS to a 200-mL volumetric
flask. Add 40 mL of methanol and sonicate for 20 min. Dilute with water to volume and
mix.
Sample solution
For Oral Suspension 2.5 mg/mL: Transfer 2 mL of Oral Suspension to a 50-mL
volumetric flask, add 10 mL of methanol, and sonicate for 20 min. Dilute with water to
volume and mix. Centrifuge an aliquot for 10 min and transfer the supernatant to an
HPLC vial.
For Oral Suspension 10 mg/mL: Transfer 1 mL of Oral Suspension to a 100-mL
volumetric flask, add 20 mL of methanol, and sonicate for 20 min. Dilute with water to
volume and mix. Centrifuge an aliquot for 10 min and transfer the supernatant to an
HPLC vial.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 227 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 4°
Column: 25°
Flow rate: 2.0 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The retention time for hydrochlorothiazide is about 4.8 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) in
the portion of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of hydrochlorothiazide from the Sample solution
rS = peak response of hydrochlorothiazide from the Standard solution
CS = concentration of USP Hydrochlorothiazide RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrochlorothiazide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 3.7–4.7
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store in a refrigerator
or at controlled room temperature.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
in a refrigerator or at controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standard 〈11〉
USP Hydrochlorothiazide RS
2S (USP42)

BRIEFING
Hydrocortisone, USP 41 page 2057. As part of the USP monograph modernization initiative,
it is proposed to make the following changes:
1. Update the molecular weight of Hydrocortisone in the chemical information section.
2. Replace the UV absorption procedure in Identification B with an Identification test based
on the retention time agreement in the proposed Assay.
3. Replace the procedure in the Assay with a liquid chromatographic procedure that uses
the same chromatographic system as the proposed Organic Impurities test to be
operationally efficient.
4. Replace the test for Organic Impurities with a procedure developed and validated with
specified impurities. The proposed procedure in the Organic Impurities test is based on
analyses performed with the ACE C18-AR brand of column with L1 packing. The typical
retention time for hydrocortisone is about 11 min.
5. Add USP Hydrocortisone Acetate RS and USP Prednisolone RS to the USP Reference
Standards section to support the proposed revisions for the Assay and the test for
Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(CHM5: G. Hsu.)
Correspondence Number—C189010
Comment deadline: November 30, 2018
Hydrocortisone
Change to read:

C21 H30 O5

362.46

362.47
2S (USP42)

Pregn-4-ene-3,20-dione, 11,17,21-trihydroxy-, (11β)-;
Cortisol
[50-23-7].
DEFINITION
Hydrocortisone contains NLT 97.0% and NMT 102.0% of hydrocortisone (C21 H30 O5 ),
calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197M〉
Delete the following:
• B. Ultraviolet Absorption 〈197U〉
Analytical wavelength: 242 nm
Sample solution: 10 µg/mL in methanol
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 2.5%. 2S (USP42)
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
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• Procedure
Mobile phase: Acetonitrile, methanol, and water (25:25:50)
Diluent: Methanol and water (1:1)
Internal standard solution: 1 mg/mL of propylparaben in methanol
Standard stock solution: 1 mg/mL of USP Hydrocortisone RS in methanol
Standard solution: 2.0 mL of Standard stock solution and 2.0 mL of Internal standard
solution. Dilute with Diluent to 50 mL.
Sample stock solution: 1 mg/mL of Hydrocortisone in methanol
Sample solution: 2.0 mL of Sample stock solution and 2.0 mL of Internal standard
solution. Dilute with Diluent to 50 mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for hydrocortisone and propylparaben are about 1.0
and 1.8, respectively.]
Suitability requirements
Resolution: NLT 9.0 between the hydrocortisone and propylparaben peaks
Column efficiency: NLT 3000 theoretical plates for hydrocortisone
Tailing factor: NMT 1.2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of hydrocortisone (C21 H30 O5 ) in the portion of Hydrocortisone
taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of hydrocortisone to the internal standard from the Sample
solution
RS = peak response ratio of hydrocortisone to the internal standard from the Standard
solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = concentration of Hydrocortisone in the Sample solution (mg/mL)
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Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0.0
11.0
20.0
30.0
30.1
35.0

Table 1
Solution A
(%)
74
74
55
30
74
74

Solution B
(%)
26
26
45
70
26
26

Diluent: Acetonitrile, glacial acetic acid, and water (40:1:60)
System suitability solution: 0.2 mg/mL of USP Hydrocortisone RS and 4 µg/mL of USP
Prednisolone RS in Diluent. Sonicate to dissolve, if necessary.
Standard solution: 0.2 mg/mL of USP Hydrocortisone RS in Diluent. Sonicate to dissolve, if
necessary.
Sample solution: 0.2 mg/mL of Hydrocortisone in Diluent. Sonicate to dissolve, if
necessary.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 246 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 30°
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between hydrocortisone and prednisolone, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of hydrocortisone (C21 H30 O5 ) in the portion of Hydrocortisone
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taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of hydrocortisone from the Sample solution
rS = peak response of hydrocortisone from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = concentration of Hydrocortisone in the Sample solution (mg/mL)
2S (USP42)

Acceptance criteria: 97.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉
Sample: 100 mg
Acceptance criteria: NMT 0.5%
Change to read:
• Organic Impurities
Mobile phase: Butyl chloride, tetrahydrofuran, methanol, glacial acetic acid, and water
(890: 56: 28: 24: 0.4)
Diluent: Butyl chloride, tetrahydrofuran, methanol, and glacial acetic acid (81.5: 10: 8:
0.5)
Standard solution: 40 µg/mL of USP Hydrocortisone RS in Diluent. [Note—Sonicate for 5
min.]
Sample solution: 2 mg/mL of Hydrocortisone in Diluent. [Note—Sonicate for 5 min.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 3-µm packing L3
Flow rate: 1.5 mL/min
Injection size: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 5%
Analysis
Samples: Standard solution, Sample solution, and Diluent. [Note—Ignore artifact peaks.]
Calculate the percentage of impurities in the portion of Hydrocortisone taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = individual impurity peak area from the Sample solution
rS = peak area from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = concentration of Hydrocortisone in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: NMT 0.5%
Total impurities: NMT 2.0%
Solution A, Solution B, Mobile phase, Diluent, and System suitability solution:
Prepare as directed in the Assay.
Sensitivity solution: 0.2 µg/mL of USP Hydrocortisone RS in Diluent. Sonicate to dissolve,
if necessary.
Standard solution: 0.002 mg/mL each of USP Hydrocortisone RS, USP Hydrocortisone
Acetate RS, and USP Prednisolone RS in Diluent. Sonicate to dissolve, if necessary.
Sample solution: 0.4 mg/mL of Hydrocortisone in Diluent. Sonicate to dissolve, if
necessary.
Chromatographic system: Proceed as directed in the Assay, except for the Detector.
Detector: UV 246 nm, and 260 nm for hydrocortisone-6-ene
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between hydrocortisone and prednisolone, System suitability
solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of hydrocortisone acetate or prednisolone in the portion of
Hydrocortisone taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each specified impurity from the Sample solution
rS = peak response of the corresponding impurity from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(mg/mL)
CU = concentration of Hydrocortisone in the Sample solution (mg/mL)
Calculate the percentage of cortisone, 6β-hydroxyhydrocortisone, cortodoxone,
hydrocortisone glyoxal analog, or 7α-hydroxyhydrocortisone in the portion of
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Hydrocortisone taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each specified impurity from the Sample solution
rS = peak response of hydrocortisone from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = concentration of Hydrocortisone in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Calculate the percentage of hydrocortisone-6-ene in the portion of Hydrocortisone taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of hydrocortisone-6-ene at 260 nm from the Sample solution
rS = peak response of hydrocortisone at 260 nm from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = concentration of Hydrocortisone in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Calculate the percentage of each unspecified impurity in the portion of Hydrocortisone
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of hydrocortisone from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = concentration of Hydrocortisone in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
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Table 2
Name

Relative
Retention
Time

Detector
Wavelength
(nm)

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

6β-Hydroxyhydrocortisonea
7α-Hydroxyhydrocortisoneb

0.27

246

0.68

0.5

0.33

246

0.85

0.5

Hydrocortisone glyoxal analogc
Hydrocortisone-6-ened

0.81

246

0.88

0.5

0.87
0.95
1.00

260
246
246

0.89
—
—

0.5
0.5
—

1.16

246

0.95

0.5

1.79
1.92
—
—

246
246
246
—

1.06
—
—
—

0.5
0.5
0.5
2.0

Prednisolone
Hydrocortisone
Cortisonee
Cortodoxonef
Hydrocortisone acetate
A ny individual unspecified impurity
Total impurities

a 6β,11β,17,21-Tetrahydroxypregn-4-ene-3,20 dione.
b 7α,11β,17,21-Tetrahydroxypregn-4-ene-3,20-dione.
c 11β,17-Dihydroxy-3,20-dioxopregn-4-en-21-al.
d 11β,17,21-Trihydroxypregna-4,6-diene-3,20-dione.
e 17,21-Dihydroxypregna-4-ene-3,11,20-trione.
f 17,21-Dihydroxypregn-4-ene-3,20-dione.
2S (USP42)

SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 10 mg/mL, in dioxane
Acceptance criteria: +150° to +156°
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Hydrocortisone RS
USP Hydrocortisone Acetate RS
USP Prednisolone RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 2057
BRIEFING
Hard Hypromellose Capsule Shell, PF 44(1) [Jan.–Feb. 2018]. On the basis of comments
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received, it is proposed to make the following revisions:
1. In the Definition, include the descriptive wording “or other suitable shape.”
2. Revise the text in Identification A for clarity.
3. In the test for Loss on Drying, change the time to 3 h and the Acceptance criteria to
NMT 10.0%.
4. In the Packaging and Storage section, change the packaging conditions and change the
relative humidity range to 35%–65%.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(GCDF: M. Marques.)
Correspondence Number—C182562; C208603
Comment deadline: November 30, 2018
Add the following:
Hard Hypromellose Capsule Shell
DEFINITION
Change to read:
Hard Hypromellose Capsule Shell consists of two overlapping pieces (cap and body). One end
of each piece is rounded
,or other suitable shape, 2S (USP42)
and closed while the other end is open. The cap overlaps the body and maintains a tight
closure. Hard Hypromellose Capsule Shells are composed of USP Hypromellose and water,
and may also contain additives such as plasticizers, surfactants, gelling agents, dispersing
agents, flavoring agents, antimicrobial agents, and sweeteners. They may contain
opacifiers, colorants, and/or processing aids. They may be externally coated. They may be
imprinted.
IDENTIFICATION
Change to read:
• A.
Sample: A quantity of empty capsules
Hard Hypromellose Capsule Shells 2S (USP42)
equivalent to about 1 g.
Analysis: Add the Sample to 100 mL of hot water (about 90°), and stir the mixture using a
magnetic stirrer. In cases where the color of the capsules may interfere with Identification
B, decant the aqueous part of the slurry and wash again with 100 mL of hot water.
Repeat this washing procedure until the aqueous layer does not have more than a faint
color.
Acceptance criteria: A slurry is formed, but the material does not dissolve. Cool the slurry
to 10 ± 2°, and stir using a magnetic stirrer: the resulting liquid is clear or a slightly
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2S (USP42)

turbid viscous solution.
• B.
Solution A: Sulfuric acid and water (9 in 10)
Sample solution: 0.1 mL of the solution prepared for Identification A
Analysis: To the Sample solution add 9 mL of Solution A and shake. Heat in a water bath
at 65 ± 2° for exactly 3 min, immediately cool in an ice bath, and carefully add 0.6 mL of
ninhydrin TS. Shake, and allow to stand at 25°.
Acceptance criteria: A red color develops at first that changes to purple within 100 min.
SPECIFIC TESTS
Change to read:
• Loss on Drying 〈731〉
Sample: 1.5 ± 0.5 g
Analysis: Dry the Sample in an oven at 105 ± 2° to constant weight
for 3 h. 2S (USP42)
Acceptance criteria: 1.0%–10.0%
NMT 10.0% 2S (USP42)
• Disintegration 〈701〉
Medium: Water
Analysis: Fill each Capsule Shell body to capacity with lactose or other suitable material.
Place the cap onto the body and press the cap and body together to lock. Place the
Capsule Shell in the basket and add disks.
For capsules larger than 18 mm: Use the apparatus described in Disintegration and
Dissolution 〈2040〉.
Acceptance criteria: NMT 30 min
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic bacteria count does not exceed 103 cfu/g, and the total combined yeasts and
molds count does not exceed 102 cfu/g. Meets the requirements of the test for absence of
Escherichia coli.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Store in tight, light-resistant containers
tightly closed containers, protected from light, 2S (USP42)
at 15°–25°. and
Store 2S (USP42)
at a relative humidity of 35%–70%
65%, 2S (USP42)
unless moisture impermeable containers are used. 2S (USP42)
BRIEFING
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Levodopa Capsules, USP 41 page 2393. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Levodopa Capsules are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205418
Comment deadline: November 30, 2018
Delete the following:
Levodopa Capsules
DEFINITION
Levodopa Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of levodopa
(C9 H11 NO4 ).
IDENTIFICATION
• A. Infrared Absorption 〈197M〉
Sample: Shake a quantity of the contents of the Capsules, equivalent to about 500 mg of
levodopa, with 25 mL of 3 N hydrochloric acid, and filter. Adjust the acidity of the filtrate
with 6 N ammonium hydroxide to a pH of 3, added dropwise with stirring, and allow to
stand protected from light for several h. Filter, wash the precipitate with water, and dry
at 105°.
Acceptance criteria: The residue meets the requirements.
ASSAY
• Procedure
Standard solution: 35 µg/mL of USP Levodopa RS in 0.1 N hydrochloric acid
Sample stock solution: 1.75 mg/mL of levodopa in 0.1 N hydrochloric acid, from the
contents of NLT 20 Capsules. Shake the mixture by mechanical means for 5 min, and filter
discarding the first 20 mL of the filtrate.
Sample solution: 35 µg/mL of levodopa in 0.1 N hydrochloric acid from the Sample stock
solution
Blank: 0.1 N hydrochloric acid
Instrumental conditions
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 280 nm
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of levodopa (C9 H11 NO4 ) in the portion of
Capsule contents taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Levodopa RS in the Standard solution (µg/mL)
CU = nominal concentration of levodopa in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 0.01 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum at about 280 nm
Standard solution: USP Levodopa RS in Medium
Sample solution: Sample per Dissolution 〈711〉. Dilute with Medium to a concentration that
is similar to that of the Standard solution.
Tolerances: NLT 75% (Q) of the labeled amount of levodopa (C9 H11 NO4 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
[Note—Use low-actinic glassware for all volumetric solutions.]
Diluent: Dissolve 100 mg of sodium metabisulfite in 10 mL of 1.2 N hydrochloric acid, and
dilute with acetone to 100 mL.
Standard solution A: 10 µg/mL of USP Levodopa Related Compound A RS and 10 mg/mL of
USP Levodopa RS in Diluent
Standard solution B: 50 µg/mL of USP Levodopa Related Compound B RS in Diluent
Sample solution: Just prior to application, dissolve 100 mg of the residue obtained in the
Identification test in 10.0 mL of Diluent.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
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Adsorbent: Thin-layer chromatographic plate, coated with a 0.25-mm layer of
microcrystalline cellulose
Predevelop a plate in Developing solvent until the solvent front has moved NLT 18 cm from
the origin. Remove the plate from the chamber, and dry in a current of air for about 10
min.
[Note—The plate may be developed overnight: solvent overflow during predevelopment is
of no consequence.]
Application volume: 10 µL
Developing solvent: Butyl alcohol, methanol, glacial acetic acid, and water
(150:15:75:75)
Spray reagent: Just before use, mix 2 volumes of ferric chloride solution (100 mg/mL)
with 1 volume of potassium ferricyanide solution (50 mg/mL) to obtain about 100 mL of
solution.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples at separate points about 3 cm from the bottom of the plate. Dry the
spots in a stream of nitrogen, and develop the chromatogram in a suitable low-actinic
chamber equilibrated for 5 min with a freshly mixed portion of Developing solvent until the
solvent front has moved about 15 cm from the line of application. Remove the plate from
the chamber, mark the solvent front, and dry in a current of air for about 10 min. Spray
the plate with Spray reagent. Levodopa related compound A produces a spot at an RF of
about 0.25, and levodopa related compound B at an RF of about 0.5.
Acceptance criteria: No spot at RF 0.25 from the Sample solution is greater in size or
intensity than the corresponding spot from Standard solution A corresponding to NMT
0.1% levodopa related compound A. No spot at RF 0.5 from the Sample solution is greater
in size or intensity than the corresponding spot from Standard solution B corresponding to
NMT 0.5% of levodopa related compound B. [Note—Disregard the bleached spot, which is
an artifact resulting from the development of sodium metabisulfate from Diluent. It may
appear at an RF value of about 0.6.]
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, in a dry place, and
prevent exposure to excessive heat.
• USP Reference Standards 〈11〉
USP Levodopa RS
USP Levodopa Related Compound A RS
3-(3,4,6-Trihydroxyphenyl)alanine.
C9 H11 NO5
213.19
USP Levodopa Related Compound B RS
3-Methoxytyrosine.
C10 H13 NO4
211.22
2S (USP42)

Recent Official Publications:
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USP41–NF36 Page 2393
BRIEFING
Levodopa Tablets, USP 41 page 2394. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Levodopa Tablets are currently marketed
in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205418
Comment deadline: November 30, 2018
Delete the following:
Levodopa Tablets
DEFINITION
Levodopa Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of levodopa
(C9 H11 NO4 ).
IDENTIFICATION
• A. Infrared Absorption 〈197M〉
Sample: Shake a quantity of powdered Tablets equivalent to 500 mg of levodopa with 25
mL of 3 N hydrochloric acid, and filter. Adjust the acidity of the filtrate with 6 N ammonium
hydroxide, added dropwise with stirring, and allow to stand, protected from light, for
several h. Filter, wash the precipitate with water, and dry at 105°.
Acceptance criteria: The residue meets the requirements.
ASSAY
• Procedure
Protect all solutions from light, and maintain them at 10° until they are injected into the
chromatograph.
Mobile phase: 0.01 M monobasic potassium phosphate; adjust with phosphoric acid and
acetonitrile (97:3) to a pH of 2.0.
Standard solution: 0.4 mg/mL of USP Levodopa RS in Mobile phase
Sample solution: 0.4 mg/mL of levodopa in Mobile phase, from finely powdered Tablets
(NLT 20). Filter. Sonicate for 5 min.
System suitability solution: 10 µg/mL each of USP Levodopa RS, USP Levodopa Related
Compound B RS, and USP Levodopa Related Compound A RS in Mobile phase
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.0-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for levodopa related compound A, levodopa, and
levodopa related compound B are 0.7, 1.0, and 2.8, respectively.]
Suitability requirements
Resolution: NLT 3.5 between levodopa related compound A and levodopa
Relative standard deviation: NMT 2.0% for levodopa
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of levodopa (C9 H11 NO4 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Levodopa RS in the Standard solution (mg/mL)
CU = nominal concentration of levodopa in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 0.01 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Detector: UV maximum at about 280 nm
Standard solution: USP Levodopa RS in Medium
Sample solution: Sample per Dissolution 〈711〉. Dilute with Medium to a concentration that
is similar to that of the Standard solution.
Tolerances: NLT 75% (Q) of the labeled amount of levodopa (C9 H11 NO4 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
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• Organic Impurities
Protect all solutions from light, and maintain them at 10° until they are injected into the
chromatograph.
Mobile phase, System suitability solution, Standard solution, Sample solution,
Chromatographic system, and System suitability: Prepare as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak area for any impurity from the Sample solution
rS = peak area for levodopa from the Standard solution
CS = concentration of USP Levodopa RS in the Standard solution (mg/mL)
CU = nominal concentration of levodopa in the Sample solution (mg/mL)
F = relative response factor of the impurity (see Table 1)
Acceptance criteria: See Table 1.

Name
Levodopa related compound A
Levodopa
Levodopa related compound B
5,6-Dihydroxy-indole-2-carboxylic
acid

Table 1
Relative
Retention
Time
0.9
1.0
2.8
6.0

Relative
Response
Factor
0.83
—
0.83
2.5

—
Unknown impurities
Total impurities

—

1.0
—

Acceptance
Criteria,
NMT (%)
0.1
—
0.5
0.1
0.1
individual
0.3 total
unknown
1.1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, in a dry place, and
prevent exposure to excessive heat.
• USP Reference Standards 〈11〉
USP Levodopa RS
USP Levodopa Related Compound A RS
3-(3,4,6-Trihydroxyphenyl)alanine.
C9 H11 NO5
213.19
USP Levodopa Related Compound B RS
3-Methoxytyrosine.
C10 H13 NO4
211.22
2S (USP42)
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Recent Official Publications:
USP41–NF36 Page 2394
BRIEFING
Levofloxacin Tablets, USP 41 page 2398. As part of the USP monograph modernization
efforts and based on the comments received, the following changes are proposed:
1. Add Identification B based on UV spectrum matching as obtained in the Assay. The
chromatographic system in the Assay is updated to include the UV detector range to
support the identification test.
2. Update the Standard solution preparation in the test for Organic Impurities to separate
solutions of levofloxacin and levofloxacin related compound A.
3. Update Table 2 in the test for Organic Impurities to revise the relative response factor
for N-oxide impurity.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: S. Shivaprasad.)
Correspondence Number—C192422
Comment deadline: November 30, 2018
Levofloxacin Tablets
DEFINITION
Levofloxacin Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
levofloxacin (C18 H20 FN3 O4 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV absorption spectrum of the major peak of the Sample solution corresponds to
that of the Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Diluent: Acetonitrile and water (20:80)
Mobile phase: Transfer 874 mg of cupric sulfate, 918 mg of l-isoleucine, and 5.94 g of
ammonium acetate to a suitable container. Add 700 mL of water, and mix until dissolved.
Add 300 mL of methanol.
Standard stock solution: 2 mg/mL of USP Levofloxacin RS in Diluent.
Sonicate, if necessary, to dissolve prior to final dilution. 2S (USP42)
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Standard solution: 0.2 mg/mL of USP Levofloxacin RS in Mobile phase from the Standard
stock solution
Sample stock solution: Nominally 5 mg/mL of levofloxacin prepared as follows. Transfer
intact Tablets (NLT 5) to a volumetric flask, add 75% of the final volume of Diluent, and
allow to stand for 15 min. Shake for 30 min, and dilute with Diluent to volume. Pass a
portion of the solution through a suitable filter of 0.45-µm pore size, discarding the first 1–
2 mL of the filtrate.
Sample solution: Nominally 0.2 mg/mL of levofloxacin in Mobile phase from the Sample
stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 360 nm.
For Identification B, use a diode array detector in the range of 220–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 45°
Flow rate: 0.8 mL/min
Injection volume: 25 µL
Run time: 2 times the retention time of levofloxacin
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.8
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution

2S (USP42)

Calculate the percentage of the labeled amount of levofloxacin (C18 H20 FN3 O4 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of levofloxacin from the Sample solution
rS = peak response of levofloxacin from the Standard solution
CS = concentration of USP Levofloxacin RS in the Standard solution (mg/mL)
CU = nominal concentration of levofloxacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Test 1
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Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Standard solution: 0.56 mg/mL of USP Levofloxacin RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 294 nm
Cell length: 0.1 mm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage (Q) of the labeled amount of levofloxacin (C18 H20 FN3 O4 )
dissolved:
Result = (AU/AS) × CS × V × D × (1/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (mg/mL)
V = volume of Medium, 900 mL
D = dilution factor of the Sample solution
L = label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of levofloxacin (C18 H20 FN3 O4 ) is
dissolved.
Test 2
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Standard solution: L/900 mg/mL of USP Levofloxacin RS in Medium. Mix to obtain
solutions with known concentrations as indicated in Table 1, where L is the label claim in
mg/Tablet.
Sample solution: Pass a portion of the solution under test having a concentration similar
to that of the Standard solution through a suitable filter of 0.45-µm pore size.
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Table 1
Tablet Label Claim
Final Concentration
(mg)
(mg/mL)
250
0.27
500
0.55
750
0.83
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 293 nm
Cell length: 0.1 mm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage (Q) of the labeled amount of levofloxacin (C18 H20 FN3 O4 )
dissolved:
Result = (AU/AS) × CS × V × D × (1/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (mg/mL)
V = volume of Medium, 900 mL
D = dilution factor of the Sample solution
L = label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of levofloxacin (C18 H20 FN3 O4 ) is
dissolved.
Test 3
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Standard solution: L/900 mg/mL of USP Levofloxacin RS in Medium. Mix to obtain
solutions with known concentrations as indicated in Table 1, where L is the label claim in
mg/Tablet.
Sample solution: Pass a portion of the solution under test having the same
concentration as that of the Standard solution through a suitable filter of 0.45-µm pore
size.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
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Analytical wavelength: 326 nm
Cell length: 1 mm for a 250-mg Tablet, 0.5 mm for a 500-mg Tablet, and 0.2 mm for a
750-mg Tablet
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage (Q) of the labeled amount of levofloxacin (C18 H20 FN3 O4 )
dissolved:
Result = (AU/AS) × CS × V × D × (1/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (mg/mL)
V = volume of Medium, 900 mL
D = dilution factor of the Sample solution
L = label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of levofloxacin (C18 H20 FN3 O4 ) is
dissolved.
Test 4
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Standard solution: 16 µg/mL of USP Levofloxacin RS in Medium
Sample solution: Pass a portion of the solution under test having the same
concentration as that of the Standard solution through a suitable filter of 0.45-µm pore
size.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 332 nm
Cell length: 1 cm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage (Q) of the labeled amount of levofloxacin (C18 H20 FN3 O4 )
dissolved:
Result = (AU/AS) × CS × V × D × (1/L) × 100
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AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (mg/mL)
V = volume of Medium, 900 mL
D = dilution factor of the Sample solution
L = label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of levofloxacin (C18 H20 FN3 O4 ) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Diluent, Mobile phase, Standard stock solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.2 mg/mL of USP Levofloxacin RS from the Standard stock solution
and 1 µg/mL of USP Levofloxacin Related Compound A RS in Mobile phase
Standard solution A: 0.2 mg/mL of USP Levofloxacin RS in Mobile phase from the
Standard stock solution
Standard solution B: 0.001 mg/mL of USP Levofloxacin Related Compound A RS in Mobile
phase 2S (USP42)
System suitability
Sample: Standard solution
Standard solution A 2S (USP42)
Suitability requirements
Tailing factor: NMT 1.8 for the levofloxacin peak
2S (USP42)

Relative standard deviation: NMT 2.0% for the levofloxacin peak
2S (USP42)

Analysis
Samples: Sample solution, Standard solution
Standard solution A, and Standard solution B

2S (USP42)

Calculate the percentage of levofloxacin related compound A in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of levofloxacin related compound A from the Sample solution
rS = peak response of levofloxacin related compound A from the Standard solution
Standard solution B 2S (USP42)
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CS = concentration of USP Levofloxacin Related Compound A RS in the Standard solution
Standard solution B 2S (USP42)
(mg/mL)
CU = nominal concentration of levofloxacin in the Sample solution (mg/mL)
Calculate the percentage of any other impurities in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of any impurity from the Sample solution
rS = peak response of levofloxacin from the Standard solution
Standard solution A 2S (USP42)
CS = concentration of USP Levofloxacin RS in the Standard solution
Standard solution A 2S (USP42)
(mg/mL)
CU = nominal concentration of levofloxacin in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2.
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Name
Decarboxy
levofloxacina
Levofloxacin related compound
Ab
Diamine derivativec
Levofloxacin N-oxided
9-Desfluoro levofloxacine,f
Levofloxacin
Dextrofloxacing,f
Levofloxacin
9-piperazino isomerh,f

Table 2
Relative
Retention
Time

Relative
Response
Factor

0.38

0.60
—

0.47
0.52
0.63
0.73
1.00
1.23
1.69
—
—

0.83
0.68
1.0

Acceptance
Criteria,
NMT (%)
0.3
0.7
0.3

—
—
—

0.7
—
—
—

—

—

2S (USP42)

Any unspecified impurity
1.0
0.2
Total impurities
—
1
a (S)-9-Fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7Hpyrido[1,2,3-de][1,4]benzoxazine.
b (S)-9-Fluoro-3-methyl-10-(piperazin-1-yl)-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carboxylic acid.
c (S)-9-Fluoro-2,3-dihydro-3-methyl-10-[2-(methylamino)ethylamino]-7-oxo-7Hpyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid.
d (S)-4-(6-Carboxy-9-fluoro-2,3-dihydro-3-methyl-7-oxo-7H-pyrido-[1,2,3-de]
[1,4]benzoxazine-10-yl)-1-methylpiperazine 1-oxide.
e (S)-2,3-Dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carboxylic acid.
f Process impurity, for information only.
g (R)-9-Fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7Hpyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid.
h (S)-10-fluoro-3-methyl-9-(4-methylpiperazin-1-yl)-7-oxo-3,7-dihydro-7Hpyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 〈11〉
USP Levofloxacin RS
USP Levofloxacin Related Compound A RS
(S)-9-Fluoro-3-methyl-10-(piperazin-1-yl)-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carboxylic acid.
C17 H18 FN3 O4
347.34
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Recent Official Publications:
USP41–NF36 Page 2398
BRIEFING
Lidocaine, Racepinephrine, and Tetracaine Hydrochlorides Compounded Topical Gel.
A new compounded preparation monograph is proposed based on a validated stability-indicating
method used to assess stability. The liquid chromatographic procedure in the Assay is based on
analyses validated using the Symmetry C18 brand of column with L1 packing. The typical
retention times for racepinephrine hydrochloride, lidocaine hydrochloride, and tetracaine
hydrochloride are about 6.2, 17.8, and 21.4 min, respectively.
Please submit comments to CompoundingSL@usp.org.
(CMP: B. Serumaga.)
Correspondence Number—C196030
Comment deadline: November 30, 2018
Add the following:
Lidocaine, Racepinephrine, and Tetracaine Hydrochlorides Compounded Topical Gel
DEFINITION
Lidocaine, Racepinephrine, and Tetracaine Hydrochlorides Compounded Topical Gel, contains
NLT 90.0% and NMT 110.0% of the labeled amount of lidocaine hydrochloride
(C14 H22 N2 O·HCl), racepinephrine hydrochloride (C9 H13 NO3·HCl), and tetracaine
hydrochloride (C15 H24 N2 O2·HCl).
Prepare Lidocaine, Racepinephrine, and Tetracaine Hydrochlorides Compounded Topical Gel
containing 40 mg/mL of lidocaine hydrochloride, 1 mg/mL of racepinephrine hydrochloride,
and 10 mg/mL of tetracaine hydrochloride as follows (see Pharmaceutical
Compounding—Sterile Preparations 〈797〉. For this preparation, a Paraben Solution needs to
be separately prepared.
Methylparaben
Propylparaben
Purified Water, a sufficient quantity to make

50 mg
25 mg
100 mL

Prepare a Paraben Solution by dissolving the Methylparaben and Propylparaben in a sufficient
amount of Purified Water to bring to final volume.
Lidocaine Hydrochloride powder
Racepinephrine Hydrochloride powder
Tetracaine Hydrochloride powder
Sodium Bisulfite powder
Hydroxyethyl Cellulose 5000
Paraben Solution, a sufficient quantity to make

4g
0.1 g
1g
300 mg
2g
100 mL

[Note—Racepinephrine Hydrochloride is a racemic mixture of the hydrochlorides of the
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enantiomorphs of epinephrine.]
Dissolve the Lidocaine Hydrochloride, Tetracaine Hydrochloride, Racepinephrine
Hydrochloride, and Sodium Bisulfite powder in 75 mL of the Paraben Solution. Add sufficient
Paraben Solution to bring to final volume and mix well.
Protect from light by covering with aluminum foil. Sprinkle in the Hydroxyethyl Cellulose 5000
through a strainer. Cover the container and stir with a stir bar. Allow to sit until a clear
homogenous gel is formed. Slowly stir to avoid introducing air into the gel.
ASSAY
• Procedure
Solution A: 0.23% (v/v) trifluoroacetic acid in water
Mobile phase: See Table 1.
Time
(min)
0
5
30
31
40

Table 1
Acetonitrile
(%)
1
1
75
1
1

Solution A
(%)
99
99
25
99
99

Standard solution: 0.2 mg/mL of lidocaine hydrochloride, 0.04 mg/mL of racepinephrine
hydrochloride, and 0.05 mg/mL of tetracaine hydrochloride from USP Lidocaine
Hydrochloride RS, USP Racepinephrine Hydrochloride RS, and USP Tetracaine Hydrochloride
RS in water. [Note—Standard solution must be prepared fresh daily.]
Sample solution
For Lidocaine Hydrochloride and Tetracaine Hydrochloride: Add approximately 20 mL
of water to a 200-mL volumetric flask. Transfer 1.0 mL of Topical Gel into the volumetric
flask and mix well. Dilute with water to final volume. [Note—Sample solution for
Tetracaine Hydrochloride must be prepared fresh daily.]
For Racepinephrine Hydrochloride: Add approximately 20 mL of water to a 250-mL
volumetric flask. Transfer 10 mL of Topical Gel into the volumetric flask and mix well.
Dilute with water to final volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 4°
Column: 30°
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Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention times for lidocaine hydrochloride, racepinephrine hydrochloride, and
tetracaine hydrochloride are about 17.8, 6.2, and 21.4 min, respectively.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lidocaine hydrochloride (C14 H22 N2 O·HCl)
in the portion of Topical Gel:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of lidocaine hydrochloride from the Sample solution
rS = peak response of lidocaine hydrochloride from the Standard solution
CS = concentration of USP Lidocaine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of racepinephrine hydrochloride
(C9 H13 NO3·HCl) in the portion of Topical Gel:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of racepinephrine hydrochloride from the Sample solution
rS = peak response of racepinephrine hydrochloride from the Standard solution
CS = concentration of USP Racepinephrine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of racepinephrine hydrochloride in the Sample solution
(mg/mL)
Calculate the percentage of the labeled amount of tetracaine hydrochloride
(C15 H24 N2 O2·HCl) in the portion of Topical Gel:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of tetracaine hydrochloride from the Sample solution
rS = peak response of tetracaine hydrochloride from the Standard solution
CS = concentration of USP Tetracaine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of tetracaine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% for each compound
SPECIFIC TESTS
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• pH 〈791〉: 3.2–4.2
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in a tight, light-resistant suitable calibrated dispenser.
Store at controlled room temperature or in a refrigerator.
• Beyond-Use Date: NMT 60 days after the date on which it was compounded when stored
at controlled room temperature or in a refrigerator.
• Labeling: Label it to state the Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Lidocaine Hydrochloride RS
USP Racepinephrine Hydrochloride RS
USP Tetracaine Hydrochloride RS
2S (USP42)

BRIEFING
Loracarbef, USP 41 page 2459. It is proposed to omit this monograph for the following
reasons.
1. No drug products formulated with Loracarbef are currently marketed in the United
States.
2. Drug products containing Loracarbef are currently not used in veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C196225
Comment deadline: November 30, 2018
Delete the following:
Loracarbef

C16 H16 ClN3 O4 ·H2 O

367.78

1-Azabicyclo[4.2.0][oct-2-ene-2-carboxylic acid, 7-[(aminophenylacetyl)amino]-3-chloro-8oxo-, monohydrate, [6R-[6α,7β(R*)]]-.
(6R,7S)-7-[(R)-2-Amino-2-phenylacetamido]-3-chloro-8-oxo-l-azabicyclo[4.2.0]oct-2-ene-2-
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[121961-22-6].

349.78

» Loracarbef contains not less than 960 µg and not more than 1020 µg of
anhydrous loracarbef (C 16 H 16 ClN 3 O 4 ) per mg, calculated on the anhydrous
basis.
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Cefaclor RS
USP Loracarbef RS
USP Loracarbef l-Isomer RS
Identification—
A: Infrared Absorption 〈197K〉.
B: The retention time of the loracarbef peak in the chromatogram of the Assay preparation
corresponds to that in the chromatogram of the Standard preparation, as obtained in the
Assay.
Specific rotation 〈781S〉: between +27° and +33°, calculated on the anhydrous basis,
determined in a solution in 0.1 N hydrochloric acid containing 10 mg in each mL.
Crystallinity 〈695〉: meets the requirements.
pH 〈791〉: between 3.0 and 5.5, in a suspension (1 in 10).
Water Determination, Method I 〈921〉: between 3.5% and 6.0%.
Related compounds—
Solution A— Dissolve 6.9 g of monobasic ammonium phosphate in 1960 mL of water. Adjust with
phosphoric acid to a pH of 2.5, add 40 mL of acetonitrile, and mix. Filter, if necessary, to obtain
a clear solution, and degas.
Solution B— Dissolve 6.9 g of monobasic ammonium phosphate in 600 mL of water. Adjust with
phosphoric acid to a pH of 2.5, add 1400 mL of acetonitrile, and mix. Filter, if necessary, to
obtain a clear solution, and degas.
Mobile phase— Use variable mixtures of Solution A and Solution B as directed for
Chromatographic system.
[Note—When preparing the System suitability solution, the Standard solution, and the Test
solution, if necessary, sonicate and mix on a vortex mixer to aid in dissolution. Use the
solutions immediately after preparation or refrigerate and use within 24 hours.]
Phenylglycine solution— Dissolve an accurately weighed quantity of phenylglycine in Solution A
to obtain a solution having a known concentration of about 0.0075 mg per mL.
System suitability solution— Dissolve accurately weighed quantities of USP Loracarbef RS and
USP Cefaclor RS in Solution A to obtain a solution having known concentrations of about 0.01
mg of each per mL.
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Standard solution— Dissolve an accurately weighed quantity of USP Loracarbef RS in Solution A
to obtain a solution having a known concentration of about 0.01 mg per mL.
Test solution— Transfer about 50 mg of Loracarbef, accurately weighed, to a 10-mL volumetric
flask, add about 8 mL of Solution A, and dissolve. Dilute with Solution A to volume, and mix.
Filter, if necessary, to obtain a clear solution.
Chromatographic system (see Chromatography 〈621〉)—The liquid chromatograph is equipped
with a 220-nm detector and a 4.6-mm × 15-cm column that contains 5-µm packing L1. The
flow rate is about 2 mL per minute, and is maintained at a constant temperature of about 40°.
The chromatograph is programmed as follows. Initially it is equilibrated with Solution A, then the
proportion of Solution B is increased linearly from 0% to 14.5% over 9.5 minutes, then increased
from 14.5% to 100% over 7.5 minutes, and held at 100% for an additional 1.5 minutes. Finally,
the composition of the Mobile phase is changed to 100% Solution A, and is allowed to reequilibrate for about 4 minutes or until a stable baseline is obtained. Chromatograph the System
suitability solution, and record the peak responses as directed for Procedure: the relative
retention times are about 0.9 for cefaclor and 1.0 for loracarbef; the resolution, R, between the
cefaclor peak and the loracarbef peak is between 4.0 and 8.0; and the tailing factor for the
loracarbef peak is not more than 1.3. Calculate the recovery of loracarbef from the System
suitability solution by the formula:
100(C/L)(rL/rS)
in which C is the concentration, in mg per mL, of USP Loracarbef RS in the Standard solution; L
is the concentration, in mg per mL, of USP Loracarbef RS in the System suitability solution; and
rL and rS are the loracarbef responses in the chromatograms obtained from the System
suitability solution and the Standard solution, respectively: the recovery is between 95% and
105%.
Procedure— Separately inject equal volumes (about 20 µL) of Solution A, the Phenylglycine
solution, the Standard solution, and the Test solution into the chromatograph, record the
chromatograms, and measure the peak responses. Disregard any peak responses in the
chromatograms that correspond to those in the chromatogram obtained from Solution A, and
identify any peak in the chromatogram of the Test solution that corresponds to the peak for
phenylglycine in the chromatogram obtained from the Phenylglycine solution. Separately
calculate the percentage of each related compound in the portion of Loracarbef taken by the
formula:
100(C/Y)(rY/rS)
in which Y is the concentration, in mg per mL, of Loracarbef in the Test solution; rY is the
response of any related compound in the chromatogram obtained from the Test solution; and C
and rS are as defined above: not more than 0.15% of phenylglycine is found, not more than
0.5% of any other related compound is found, and the sum of all other related compounds is
not more than 2.0%.
Assay—
Mobile phase— Dissolve 2.0 g of sodium 1-pentanesulfonate in 1560 mL of water, add 20 mL of
triethylamine, and adjust with phosphoric acid to a pH of 2.5. Add 440 mL of methanol, mix, and
pass through a filter having a porosity of 0.5 µm or finer, and degas. Make adjustments if
necessary (see System Suitability under Chromatography 〈621〉).
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Standard preparation— Transfer about 10 mg of USP Loracarbef RS, accurately weighed, to a
50-mL volumetric flask, dissolve in Mobile phase, using sonication, if necessary, to achieve
dissolution, dilute with Mobile phase to volume, and mix.
Assay preparation— Transfer about 10 mg of Loracarbef, accurately weighed, to a 50-mL
volumetric flask, dissolve in Mobile phase, using sonication, if necessary, to achieve dissolution,
dilute with Mobile phase to volume, and mix.
Resolution solution— Prepare a solution in Mobile phase containing about 0.2 mg each of USP
Loracarbef RS and of USP Loracarbef L-Isomer RS in each mL.
Chromatographic system (see Chromatography 〈621〉)—The liquid chromatograph is equipped
with a 265-nm detector and a 4.6-mm × 25-cm column that contains 5-µm packing L1. The
flow rate is about 1.5 mL per minute. Chromatograph the Resolution solution, and record the
responses as directed for Procedure: the relative retention times are about 0.6 for loracarbef lisomer and 1.0 for loracarbef; and the resolution, R, between the loracarbef l-isomer peak and
the loracarbef peak is not less than 6.0. Chromatograph the Standard preparation, and record
the responses as directed for Procedure: the capacity factor for the loracarbef peak is not less
than 5 and not more than 8; the tailing factor is not less than 0.8 and not more than 1.3; the
column efficiency, determined from the loracarbef peak, is not less than 2500 theoretical
plates; and the relative standard deviation for replicate injections is not more than 2.0%.
Procedure— [Note—Use peak areas where peak responses are indicated.] Separately inject
equal volumes (about 20 µL) of the Standard preparation and the Assay preparation into the
chromatograph, record the chromatograms, and measure the responses for the major peaks.
Calculate the quantity, in µg, of anhydrous loracarbef (C16 H16 ClN3 O4 ) in each mg of the
Loracarbef taken by the formula:
(WP/w)(rU/rS)
in which W is the quantity, in mg, of USP Loracarbef RS taken to prepare the Standard
preparation; P is the assigned potency, in µg of anhydrous loracarbef (C16 H16 ClN3 O4 ) in each
mg of USP Loracarbef RS; w is the quantity, in mg, of Loracarbef taken to prepare the Assay
preparation; and rU and rS are the loracarbef peak responses obtained from the Assay
preparation and the Standard preparation, respectively. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 2459
BRIEFING
Magnesium Citrate, USP 41 page 2505. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1. Replace Identification A with the retention time agreement of magnesium ions from the
proposed ion chromatographic procedure in the Assay.
2. Replace the Assay titration procedure with an ion chromatographic procedure, which is
validated with the Dionex IonPac CS16 brand of analytical column with L84 packing and
Dionex IonPac CG16 brand of guard column with L84 packing. The typical retention time
for the magnesium peak is about 8 min.
3. Replace the atomic absorption procedure in the Limit of Calcium test with an ion
chromatographic procedure similar to that proposed in the Assay. The typical retention
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time for the calcium peak is about 11 min.
4. Add the USP Reference Standards section to include USP Calcium Carbonate RS and USP
Magnesium Citrate RS to support the proposed Assay and Limit of Calcium test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: M. Chang.)
Correspondence Number—C194577
Comment deadline: November 30, 2018
Magnesium Citrate

C12 H10 Mg3 O14

451.11

1,2,3-Propanetricarboxylic acid, hydroxy-, magnesium salt (2:3);
Magnesium citrate (3:2)
[3344-18-1].
DEFINITION
Magnesium Citrate contains NLT 14.5% and NMT 16.4% of magnesium (Mg), calculated on
the dried basis.
IDENTIFICATION
• A. Identification Tests—General 〈191〉, Chemical Identification Tests, Magnesium
Sample: 10 mg/mL
Acceptance criteria: Meets the requirements
The retention time of the magnesium peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 2S (USP42)
• B. Identification Tests—General 〈191〉, Chemical Identification Tests, Citrate
Sample solution: 80 mg/mL of Magnesium Citrate in water
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
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• Procedure
Sample: 400 mg
Analysis: Dissolve the Sample in 50 mL of water. Add 20 mL of ammonia–ammonium
chloride buffer TS and 0.1 mL of eriochrome black TS. Titrate with 0.05 M edetate
disodium VS to a blue endpoint. Perform a blank determination (see Titrimetry 〈541〉), and
make any necessary correction. From the volume of 0.05 M edetate disodium consumed,
deduct the volume of 0.05 M edetate disodium corresponding to the amount of calcium in
the portion of Magnesium Citrate taken, based on the amount of calcium found in the test
for Limit of Calcium. Each mg of Ca is equivalent to 0.25 mL of 0.05 M edetate disodium.
The difference is the volume of 0.05 M edetate disodium consumed by the magnesium.
Each mL of 0.05 M edetate disodium is equivalent to 1.215 mg of Mg.
Use water with a resistivity of NLT 18 megohm-cm to prepare the solutions.
Mobile phase: 48 mM methanesulfonic acid. [Note—It is recommended to use suitable
cation trapping techniques to ensure the Mobile phase is free of all cationic impurities.]
Diluent: 0.02 N hydrochloric acid
System suitability solution: 120 µg/mL of USP Magnesium Citrate RS and 5 µg/mL of USP
Calcium Carbonate RS in Diluent
Standard stock solution: 6 mg/mL of USP Magnesium Citrate RS prepared as follows.
Transfer an appropriate portion of USP Magnesium Citrate RS to a suitable volumetric
flask. Add about 20% of the final volume of 6 N hydrochloric acid, and dissolve. Dilute with
water to volume.
Standard solution: 120 µg/mL of USP Magnesium Citrate RS in water from the Standard
stock solution
Sample stock solution: 6 mg/mL of Magnesium Citrate from the previously dried
Magnesium Citrate prepared as directed for the Standard stock solution
Sample solution: 120 µg/mL of Magnesium Citrate in water from the Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity with suppression
Columns
Guard: 5-mm × 5-cm; 5.5-µm packing L84
Analytical: 5-mm × 25-cm; 5.5-µm packing L84
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of magnesium
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the magnesium and calcium ions are 1.0 and 1.3,
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respectively.]
Suitability requirements
Resolution: NLT 3.0 between the magnesium and calcium ions, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of magnesium (Mg) in the portion of Magnesium Citrate taken:
Result = (rU/rS) × (CS/CU) × (Ar/Mr) × F × 100
rU = peak response of magnesium from the Sample solution
rS = peak response of magnesium from the Standard solution
CS = concentration of USP Magnesium Citrate RS in the Standard solution (µg/mL)
CU = concentration of Magnesium Citrate in the Sample solution (µg/mL)
Ar = atomic weight of magnesium, 24.31
Mr = molecular weight of magnesium citrate, 451.11
F = number of magnesium ions in one mole of magnesium citrate, 3
2S (USP42)

Acceptance criteria: 14.5%–16.4% on the dried basis
IMPURITIES
• Chloride and Sulfate 〈221〉, Chloride
Standard solution: 0.20 mL of 0.020 N hydrochloric acid VS
Sample: 300 mg of Magnesium Citrate
Acceptance criteria: The Sample shows no more chloride than the Standard solution
(0.05%).
• Chloride and Sulfate 〈221〉, Sulfate
Standard solution: 0.20 mL of 0.020 N sulfuric acid VS
Sample: 100 mg of Magnesium Citrate
Acceptance criteria: The Sample shows no more sulfate than the Standard solution
(0.2%).
• Arsenic 〈211〉, Procedures, Method I: NMT 3 ppm
Delete the following:
• Heavy Metals, Method I〈231〉
Test preparation: Dissolve 0.4 g in 25 mL of water, and proceed as directed in the
chapter, except use glacial acetic acid to adjust the pH.
Acceptance criteria: NMT 50 ppm (O fficial 1-Jan-2018)
• Iron 〈241〉
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Sample solution: Boil 50 mg of Magnesium Citrate with 5 mL of 2 N nitric acid for 1 min.
Cool, dilute with water to 45 mL, and add 2 mL of hydrochloric acid.
Acceptance criteria: NMT 200 ppm
Change to read:
• Limit of Calcium
[Note—A commercially available atomic absorption standard solution for calcium may be
used where preparation of a calcium standard stock solution is described below.
Concentrations of the Standard solutions and the Sample solution may be modified to fit
the linear or working range of the instrument.]
Dilute hydrochloric acid: Dilute 100 mL of hydrochloric acid with water to 1000 mL.
Lanthanum solution: To 58.65 g of lanthanum oxide add 400 mL of water, and add,
gradually with stirring, 250 mL of hydrochloric acid. Stir until dissolved, and dilute with
water to 1000 mL.
Standard solutions: Transfer 249.7 mg of calcium carbonate, previously dried at 300° for
3 h and cooled in a desiccator for 2 h, to a 100-mL volumetric flask. Dissolve in a
minimum amount of hydrochloric acid, and dilute with water to volume. Transfer 1.0, 5.0,
10.0, and 15.0 mL of this stock solution to separate 1000-mL volumetric flasks, each
containing 20 mL of Lanthanum solution and 40 mL of Dilute hydrochloric acid. Dilute with
water to volume. These Standard solutions contain 1.0, 5.0, 10.0, and 15.0 µg/mL of
calcium, respectively.
Sample solution: Transfer 250 mg of Magnesium Citrate to a beaker, add 30 mL of Dilute
hydrochloric acid, and stir until dissolved. Transfer the solution to a 200-mL volumetric
flask containing 4 mL of Lanthanum solution, and dilute with water to volume.
Blank solution: Transfer 4 mL of Lanthanum solution and 10 mL of Dilute hydrochloric
acid to a 200-mL volumetric flask, and dilute with water to volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Calcium emission line at 422.7 nm
Lamp: Calcium hollow–cathode
Flame: Nitrous oxide–acetylene
Analysis
Samples: Standard solutions, Sample solution, and Blank solution
Determine the concentration, C, in µg/mL, of calcium in the Sample solution using the
calibration graph.
Calculate the percentage of calcium in the portion of Magnesium Citrate taken:
Result = (V/W × C × F) × 100
V = volume of the Sample solution (mL)
W = weight of Magnesium Citrate taken (mg)
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C = concentration of calcium in the Sample solution (µg/mL)
F = conversion from µg/mL to mg/mL, 0.001
Mobile phase, Diluent, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 3.0 µg/mL of USP Calcium Carbonate RS in Diluent
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the magnesium and calcium ions are 1.0 and 1.3,
respectively.]
Suitability requirements
Resolution: NLT 3.0 between the magnesium and calcium ions, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5%, Standard solution
Analysis
Samples: Sample solution and Standard solution
Measure the response for the calcium peak.
2S (USP42)

Acceptance criteria: NMT 1.0% on the dried basis.
The peak response of calcium from the Sample solution does not exceed that of the
Standard solution. 2S (USP42)
SPECIFIC TESTS
• pH 〈791〉
Sample solution: 50 mg/mL of Magnesium Citrate suspension in water
Acceptance criteria: 5.0–9.0
• Loss on Drying 〈731〉
Sample: 1 g of Magnesium Citrate
Analysis: Dry the Sample in a mechanical convection oven at 135° for 16 h, then to
constant weight.
Acceptance criteria: NMT 29% for Magnesium Citrate; NMT 2.0% for Magnesium Citrate
where it is labeled as anhydrous
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Magnesium Citrate that loses NMT 2.0% of its weight in the test for Loss on
Drying may be labeled as Anhydrous Magnesium Citrate.
Add the following:
• USP Reference Standards 〈11〉
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USP Calcium Carbonate RS
USP Magnesium Citrate RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 2505
BRIEFING
Memantine Hydrochloride Oral Solution. Because there is no existing USP monograph for
this drug product, a new monograph based on validated methods of analysis is being proposed.
1. The isocratic HPLC procedure in the Assay is based on analyses performed with the
Luna C18(2) brand of column with L1 packing. Detection of memantine is optimized by
derivatization with an o-phthalaldehyde reagent prior to injection onto the column. The
typical retention time for memantine is about 4.5 min.
2. The gradient HPLC procedure in the test for Limit of Memantine Related Compound F is
based on analyses performed with the Luna C18(2) brand of column with L1 packing.
Detection of 7-hydroxymemantine is optimized by derivatization with an ophthalaldehyde reagent prior to injection onto the column and the use of a fluorescence
detector. The typical retention time for 7-hydroxymemantine is about 17 min.
3. The GC procedure in the test for Organic Impurities is based on analyses performed
with the HP-5MS brand of column with phase G27 in which memantine elutes at around
6 min.
(CHM4: M. Koleck.)
Correspondence Number—C153435
Comment deadline: November 30, 2018
Add the following:
Memantine Hydrochloride Oral Solution
DEFINITION
Memantine Hydrochloride Oral Solution contains an amount of memantine hydrochloride
equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of memantine
hydrochloride (C12 H21 N·HCl).
IDENTIFICATION
• A. The retention time of the memantine peak of
the memantine peak of the Standard solution,
• B. The retention time of the memantine peak of
the memantine peak of the Standard solution,
Impurities.

the Sample solution corresponds to that of
as obtained in the Assay.
the Sample solution corresponds to that of
as obtained in the test for Organic

ASSAY
• Procedure
Buffer A: 3.75 g/L of ammonium acetate in water. Adjust with glacial acetic acid to a pH of
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5.0.
Buffer B: 25 g/L of boric acid in water. Adjust with 1N sodium hydroxide to a pH of 10.4.
Mobile phase: Methanol and Buffer A (80:20)
Derivatization solution: 1 mg/mL of o-phthalaldehyde prepared as follows. Transfer a
suitable amount of o-phthalaldehyde to a suitable volumetric flask, add about 60% of the
flask volume of Buffer B, and shake to dissolve. Add 0.6% of the flask volume of 3mercaptopropionic acid and dilute with Buffer B to volume. Pass through a Teflon filter of
0.45-µm pore size. Prepare fresh daily.
Standard stock solution: 1 mg/mL of USP Memantine Hydrochloride RS in water
Standard solution: 50 µg/mL of USP Memantine Hydrochloride RS from the Standard stock
solution in water
Sample solution: Nominally 50 µg/mL of memantine hydrochloride from Oral Solution in
water
Blank: Water
Derivatization procedure: To separate 25-mL volumetric flasks transfer 2.5 mL of the
Standard solution, 2.5 mL of the Sample solution, and 2.5 mL of the Blank. To each flask
add 15.0 mL of the Derivatization solution. Vortex the flasks for 2 min and dilute with
acetonitrile to volume. The acetonitrile must be added NMT 20 min after the addition of
the Derivatization solution. The solutions thus obtained are the Derivatized standard
solution, Derivatized sample solution, and Derivatized blank solution, respectively.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 340 nm
Column: 4.6-mm × 10-cm, 3-µm packing L1
Column temperature: 45°
Flow rate: 1.5 mL/min
Injection volume: 25 µL
Run time: NLT 2.8 times the retention time of memantine
System suitability
Sample: Derivatized standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution, Sample solution, Derivatized standard solution, Derivatized
sample solution, and Derivatized blank solution
Identify the solvent and reagent peaks using the Derivatized blank solution.
Calculate the percentage of the labeled amount of memantine hydrochloride (C12 H21 N·HCl)
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in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of memantine from the Derivatized sample solution
rS = peak response of memantine from the Derivatized standard solution
CS = concentration of USP Memantine Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of memantine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Deliverable Volume 〈698〉: Meets the requirements
IMPURITIES
• Limit of Memantine Related Compound F
Buffer A, Buffer B, and Derivatization solution: Prepare as directed in the Assay.
Solution A: Methanol and Buffer A (20:80)
Solution B: Methanol
Mobile phase: See Table 1.
Time
(min)
0
17
19
27
29
35

Table 1
Solution A
(%)
45
45
5
5
45
45

Solution B
(%)
55
55
95
95
55
55

Standard stock solution: 0.1 mg/mL of USP Memantine Related Compound F RS in water
Standard solution: 4 µg/mL of USP Memantine Related Compound F RS from the Standard
stock solution in water
Sensitivity solution: 0.2 µg/mL of USP Memantine Related Compound F RS from the
Standard stock solution in water
Sample solution: Oral Solution
Blank: Water
Derivatization procedure: To separate 25-mL volumetric flasks transfer 3.0 mL of the
Standard solution, 3.0 mL of the Sensitivity solution, 3.0 mL of the Sample solution, and
3.0 mL of the Blank. To each flask add 15.0 mL of the Derivatization solution and dilute
with acetonitrile to volume. Vortex vigorously for 5 min, followed by 5 min of stirring. The
acetonitrile must be added NMT 20 min after the addition of the Derivatization solution.
The solutions thus obtained are the Derivatized standard solution, Derivatized sensitivity
solution, Derivatized sample solution, and Derivatized blank solution, respectively.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Fluorescence with excitation at 340 nm and emission at 450 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Column temperature: 35°
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Samples: Derivatized standard solution and Derivatized sensitivity solution
Suitability requirements
Tailing factor: NMT 2.0, Derivatized standard solution
Relative standard deviation: NMT 2.0%, Derivatized standard solution
Signal-to-noise ratio: NLT 3.0, Derivatized sensitivity solution
Analysis
Samples: Standard solution, Sample solution, Derivatized standard solution, Derivatized
sample solution, and Derivatized blank solution
Identify the solvent and reagent peaks using the Derivatized blank solution.
Calculate the percentage of memantine related compound F in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of memantine related compound F from the Derivatized sample
solution
rS = peak response of memantine related compound F from the Derivatized standard
solution
CS = concentration of USP Memantine Related Compound F RS in the Standard solution
(µg/mL)
CU = nominal concentration of memantine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: NMT 0.2%
• Organic Impurities
Solution A: 1 N sodium hydroxide
Internal standard solution: 50 µg/mL of USP Amantadine Hydrochloride RS in water
Peak identification stock solution A: 5 µg/mL each of USP Memantine Hydrochloride RS,
USP Memantine Related Compound G RS, USP Memantine Related Compound H RS, and
USP Memantine Related Compound I RS in water
Peak identification stock solution B: 5 µg/mL of USP Memantine Related Compound E RS
in hexane
Peak identification solution: Transfer 4.0 mL each of Peak identification stock solution A
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and Internal standard solution to a 10-mL volumetric flask. Dilute with water to volume
and mix well. Transfer 4.0 mL of the resulting solution into a 25-mL volumetric flask. Add
4.0 mL each of Peak identification stock solution B and Solution A and tightly cap the
flask. Vortex, sonicate, and shake for 20 min. Let the solution stand in a vertical position
for 5 min. Transfer the hexane layer (top layer) into a centrifuge tube and centrifuge for
about 10 min. Use the clear solution.
Standard stock solution: 50 µg/mL of USP Memantine Hydrochloride RS in water
Sensitivity stock solution: 1 µg/mL of USP Memantine Hydrochloride RS from the Standard
stock solution in water
Sensitivity solution: Transfer 4.0 mL each of the Sensitivity stock solution and Internal
standard solution to a 10-mL volumetric flask. Dilute with water to volume and mix well.
Transfer 4.0 mL of the resulting solution into a 25-mL volumetric flask. Add 4.0 mL each of
hexane and Solution A and tightly cap the flask. Vortex, sonicate, and shake for 20 min.
Let the solution stand in a vertical position for 5 min. Transfer the hexane layer (top
layer) into a centrifuge tube and centrifuge for about 10 min. Use the clear solution.
Standard solution: Transfer 4.0 mL each of the Standard stock solution and Internal
standard solution to a 10-mL volumetric flask. Dilute with water to volume and mix well.
Transfer 4.0 mL of the resulting solution into a 25-mL volumetric flask. Add 4.0 mL each of
hexane and Solution A and tightly cap the flask. Vortex, sonicate, and shake for 20 min.
Let the solution stand in a vertical position for 5 min. Transfer the hexane layer (top
layer) into a centrifuge tube and centrifuge for about 10 min. Use the clear solution.
Sample stock solution: Oral Solution
Sample solution: Transfer 4.0 mL each of the Sample stock solution and Internal standard
solution to a 10-mL volumetric flask. Dilute with water to volume and mix well. Transfer
4.0 mL of the resulting solution into a 25-mL volumetric flask. Add 4.0 mL each of hexane
and Solution A and tightly cap the flask. Vortex, sonicate, and shake for 20 min. Let the
solution stand in a vertical position for 5 min. Transfer the hexane layer (top layer) into a
centrifuge tube and centrifuge for about 10 min. Use the clear solution.
Blank: Transfer 4.0 mL each of water and the Internal standard solution to a 10-mL
volumetric flask. Dilute with water to volume and mix well. Transfer 4.0 mL of the resulting
solution into a 25-mL volumetric flask. Add 4.0 mL each of hexane and Solution A and
tightly cap the flask. Vortex, sonicate, and shake for 20 min. Let the solution stand in a
vertical position for 5 min. Transfer the hexane layer (top layer) into a centrifuge tube and
centrifuge for about 10 min. Use the clear solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m; 0.25-µm phase G27
Temperatures
Injection port: 250°
Detector: 300°
Oven: See Table 2.
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Table 2
Initial
Temperature
(°)
115
115

Temperature
Ramp
(°/min)
0
20

Final
Temperature
(°)
115
200

Hold Time at Final
Temperature
(min)
6
1.75

Carrier gas: Helium
Flow rate: 1.6–2.0 mL/min
Injection volume: 1 µL
Injection type: Split ratio, 16:1
System suitability
Samples: Sensitivity solution and Standard solution
[Note—See Table 3 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between memantine and amantadine, Standard solution
Tailing factor: NMT 2.0 for memantine, Standard solution
Relative standard deviation: NMT 6.0% for the peak area ratio of memantine to
amantadine, Standard solution
Signal-to-noise ratio: NLT 3 for memantine, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual unspecified degradation product in the portion of
Oral Solution taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak area ratio of any individual unspecified degradation product to amantadine from
the Sample solution
RS = peak area ratio of memantine to amantadine from the Standard solution
CS = concentration of USP Memantine Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of memantine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 3.
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Table 3

Name

Relative
Retention
Time
0.92
0.97
1.00
1.03
1.3
1.8
—
—

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

Amantadine
Memantine related compound Ga
Memantine
Memantine related compound Ha
Memantine related compound Ia
Memantine related compound Ea
Any individual unspecified degradation product
Total degradation productsb
a Process impurity included for identification only. Process impurities are controlled in
the drug substance and are not to be reported or included in the total degradation
products for the drug product.
b Includes memantine related compound F monitored in the test for Limit of
Memantine Related Compound F.
SPECIFIC TESTS
• pH 〈791〉: 4.5–6.5
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 102 cfu/mL. The total yeasts and molds count
does not exceed 102 cfu/mL. It meets the requirements of the tests for the absence of
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, and Salmonella
species.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 〈11〉
USP Amantadine Hydrochloride RS
USP Memantine Hydrochloride RS
USP Memantine Related Compound E RS
N-(3,5-Dimethyladamantan-1-yl)formamide.
C13 H21 NO
207.31
USP Memantine Related Compound F RS
7-Hydroxy memantine hydrochloride;
3-Amino-5,7-dimethyladamantan-1-ol hydrochloride.
C12 H21 NO·HCl
231.76
USP Memantine Related Compound G RS
3-Methyl amantadine hydrochloride;
3-Methyladamantan-1-amine hydrochloride.
C11 H19 N·HCl
201.74
USP Memantine Related Compound H RS
7-Methyl memantine hydrochloride;
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3,5,7-Trimethyladamantan-1-amine hydrochloride.
C13 H23 N·HCl
229.79
USP Memantine Related Compound I RS
3-Ethyl amantadine hydrochloride;
3-Ethyladamantan-1-amine hydrochloride.
C12 H21 N·HCl
215.76
2S (USP42)

BRIEFING
Methacholine Chloride, USP 41 page 2624. On the basis of comments received, it is
proposed to revise the monograph as follows.
1. Revise the composition of the System suitability solution and Standard solution, and add
a Sensitivity solution and a Reporting threshold in the test for Organic Impurities.
System suitability requirements are also updated.
2. Specify an Autosampler temperature in the test for Organic Impurities and in the
Assay.
3. Revise the calculations in the test for Organic Impurities to include USP BetaMethylcholine Chloride RS as a quantitative Reference Standard.
4. Revise Identification A to allow more flexibility in performing the analysis.
5. Specify a Run time in the Assay.
6. Specify a particle size for the analytical and guard columns used in the Assay and in the
test for Organic Impurities.
7. Replace the test for Loss on Drying with Water Determination. Methacholine Chloride is
very hygroscopic and the water content is more accurately determined by using Water
Determination 〈921〉. Revise the Acceptance criteria from NMT 1.5% to NMT 0.5%.
8. Revise the Definition from “on the dried basis” to “on the anhydrous basis” to reflect the
change in the test for water content.
9. Add USP Beta-Methylcholine Chloride RS to the USP Reference Standards section in
support of the proposed changes to the test for Organic Impurities.
10. Remove the cross-reference to footnote 1 from the column packing designation in the
test for Organic Impurities because the footnote references the Suppressor.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: M. Koleck.)
Correspondence Number—C189314
Comment deadline: November 30, 2018
Methacholine Chloride
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195.69

1-Propanaminium, 2-(acetyloxy)-N,N,N-trimethyl-, chloride, (±)-;
(±)-(2-Hydroxypropyl)trimethylammonium chloride acetate
[62-51-1].
DEFINITION
Change to read:
Methacholine Chloride contains NLT 98.0% and NMT 101.0% of methacholine chloride
(C8 H18 ClNO2 ), calculated on the dried
anhydrous 2S (USP42)
basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197M〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy : 〈197M〉 or 〈197A〉
2S (USP42)

• B. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride
Sample solution: 20 mg/mL
Acceptance criteria: Meets the requirements
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: 0.5 g/L of methanesulfonic acid in water
Standard solution: 50 µg/mL of USP Methacholine Chloride RS in water
System suitability solution: 10 µg/mL of USP Acetylcholine Chloride RS in Standard
solution
Sample solution: 50 µg/mL of Methacholine Chloride in water
Chromatographic system

856
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(See Chromatography 〈621〉, System Suitability.)
Mode: IC
Detector: Conductivity
Columns
Guard: 4.0-mm × 50-mm;
7-µm 2S (USP42)
packing L77
Analytical: 4.0-mm × 25-cm;
7-µm 2S (USP42)
packing L77
Autosampler temperature: 4°

2S (USP42)

Suppressor: Ion-exchange membrane autosuppressor1 or a suitable chemical suppression
system
Suppressant: Autosuppression
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of methacholine 2S (USP42)
System suitability
Samples: Standard solution and System suitability solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2 between acetylcholine and methacholine, System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methacholine chloride (C8 H18 ClNO2 ) in the portion of
Methacholine Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Methacholine Chloride RS in the Standard solution (µg/mL)
CU = concentration of Methacholine Chloride in the Sample solution (µg/mL)
Acceptance criteria: 98.0%–101.0% on the dried
anhydrous 2S (USP42)
basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
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Delete the following:
• Heavy Metals, Method II 〈231〉: NMT 20 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Mobile phase: 0.5 g/L of methanesulfonic acid in water
System suitability solution: 1 mg/mL of USP Methacholine Chloride RS, 1 µg/mL of USP
Acetylcholine Chloride RS,
and 1 µg/mL of USP Beta-Methylcholine Chloride RS 2S (USP42)
in water
Sensitivity solution: 0.5 µg/mL each of USP Methacholine Chloride RS, USP
Acetylcholine Chloride RS, and USP Beta-Methylcholine Chloride RS in water 2S (USP42)
Standard solution: 1 µg/mL each of USP Methacholine Chloride RS,
USP Acetylcholine Chloride RS, and USP Beta-Methylcholine Chloride RS 2S (USP42)
in water
Sample solution: 1 mg/mL of Methacholine Chloride in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: IC
Detector: Conductivity
Columns
Guard: 4.0-mm × 50-mm;
7-µm 2S (USP42)
packing L771
2S (USP42)

Analytical: 4.0-mm × 25-cm;
7-µm 2S (USP42)
packing L771
2S (USP42)

Autosampler temperature: 4°

2S (USP42)

Suppressor: Ion-exchange membrane autosuppressor1 or a suitable chemical suppression
system
Suppressant: Autosuppression
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time:
NLT 2S (USP42)
2 times the retention time of methacholine
System suitability
Samples: System suitability solution
and Sensitivity solution 2S (USP42)
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[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2 between acetylcholine and methacholine;
NLT 2 between acetylcholine and beta-methylcholine, System suitability solution
Tailing factor: NMT 1.5 each for acetylcholine, beta-methylcholine, and methacholine,
Sensitivity solution
Relative standard deviation: NMT 5.0% each for acetylcholine, beta-methylcholine,
and methacholine, Sensitivity solution 2S (USP42)
Signal-to-noise ratio: NLT 2 for acetylcholine
10 each for acetylcholine, beta-methylcholine, and methacholine, Sensitivity solution
2S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of beta-methylcholine in the portion of Methacholine Chloride
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of beta-methylcholine from the Sample solution
rS = peak response of beta-methylcholine from the Standard solution
CS = concentration of USP Beta-Methylcholine Chloride RS in the Standard solution
(µg/mL)
CU = concentration of Methacholine Chloride in the Sample solution (µg/mL) 2S (USP42)
Calculate the percentage of beta-methylcholine or
2S (USP42)

acetylcholine in the portion of Methacholine Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of beta-methylcholine or
2S (USP42)

acetylcholine from the Sample solution
rS = peak response of methacholine chloride from the Standard solution
CS = concentration of USP Methacholine Chloride RS in the Standard solution (µg/mL)
CU = concentration of Methacholine Chloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 1.
The reporting threshold is 0.05%.

2S (USP42)
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Table 1
Relative
Retention
Name
Time
Beta-methylcholine
0.6
Acetylcholine
0.8
Methacholine
1.0

Acceptance
Criteria,
NMT (%)
0.10
0.10
—

SPECIFIC TESTS
Delete the following:
• Loss on Drying 〈731〉
Analysis: Dry a sample at 105° for 4 h.
Acceptance criteria: NMT 1.5% 2S (USP42)
Add the following:
• Water Determination 〈921〉, Method I, Method Ia: NMT 0.5%

2S (USP42)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 〈11〉
USP Acetylcholine Chloride RS
USP Beta-Methylcholine Chloride RS
2-Hydroxy-N,N,N-trimethylpropan-1-aminium chloride.
C6 H16 ClNO
153.65
2S (USP42)

USP Methacholine Chloride RS
1 Available as C ation Self-Regenerating Suppressor (C SRS) from Dionex Inc., or equivalent.

Recent Official Publications:
USP41–NF36 Page 2624
BRIEFING
Oxtriphylline Oral Solution, USP 41 page 3090. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Oxtriphylline Oral Solution are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205574
Comment deadline: November 30, 2018
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Delete the following:
Oxtriphylline Oral Solution
DEFINITION
Oxtriphylline Oral Solution contains an amount of Oxtriphylline equivalent to NLT 90.0% and
NMT 110.0% of the labeled amount of anhydrous theophylline (C7 H8 N4 O2 ).
IDENTIFICATION
• A. The retention time of the theophylline peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
• B.
Sample solution: Place a volume of Oral Solution, equivalent to 100 mg of oxtriphylline, in
a 60-mL separator containing 1 mL of glacial acetic acid and 40 mL of chloroform. Shake
for 1 min, allow the phases to separate, and filter the lower phase through dry cotton into
a 100-mL beaker.
Analysis: Transfer a portion of the Sample solution, equivalent to 10 mg of oxtriphylline, to
a porcelain dish, and evaporate on a steam bath with the aid of a current of dry air to
dryness. Add 1 mL of hydrochloric acid and 100 mg of potassium chlorate. Evaporate on a
steam bath to dryness, and invert the dish over a vessel containing a few drops of 6 N
ammonium hydroxide.
Acceptance criteria: The residue acquires a purple color.
ASSAY
• Procedure
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust with 0.1 N potassium
hydroxide to a pH of 5.8 ± 0.1.
Mobile phase: Methanol and Buffer (1:4)
System suitability solution: 60 µg/mL of USP Oxtriphylline RS and 30 µg/mL of
theobromine in water
Standard solution: 0.1 mg/mL of USP Oxtriphylline RS in water
Sample solution: Nominally 0.1 mg/mL of oxtriphylline, equivalent to 0.0636 mg/mL of
theophylline, prepared by diluting Oral Solution with water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
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Samples: System suitability solution and Standard solution
[Note—The relative retention times for theobromine and theophylline are about 0.7 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 3.0 between the theobromine and theophylline peaks, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of theophylline (C7 H8 N4 O2 ) in the portion of
Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of theophylline from the Sample solution
rS = peak response of theophylline from the Standard solution
CS = concentration of USP Oxtriphylline RS in the Standard solution (mg/mL)
CU = nominal concentration of theophylline in the Sample solution (mg/mL)
Mr1 = molecular weight of anhydrous theophylline, 180.17
Mr2 = molecular weight of oxtriphylline, 283.33
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 6.4–9.0
• Alcohol Determination, Method I〈611〉(if present): 90.0%–115.0% of the labeled amount,
the labeled amount being NMT 20.0% of alcohol (C2 H5 OH)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label Oral Solution to state both the content of oxtriphylline and the content of
anhydrous theophylline.
• USP Reference Standards 〈11〉
USP Oxtriphylline RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 3090
BRIEFING
Oxtriphylline Tablets, USP 41 page 3091. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Oxtriphylline Tablets are currently
marketed in the United States.
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2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205575
Comment deadline: November 30, 2018
Delete the following:
Oxtriphylline Tablets
DEFINITION
Oxtriphylline Tablets contain an amount of Oxtriphylline equivalent to NLT 90.0% and NMT
110.0% of the labeled amount of anhydrous theophylline (C7 H8 N4 O2 ).
IDENTIFICATION
• A. The retention time of the theophylline peak of the Sample solution corresponds to that of
the Standard solution, obtained as directed in the Assay.
ASSAY
• Procedure
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust with 0.1 N potassium
hydroxide to a pH of 5.8 ± 0.1.
Mobile phase: Methanol and Buffer (1:4)
System suitability solution: 60 µg/mL of USP Oxtriphylline RS and 30 µg/mL of
theobromine in water
Standard solution: 0.1 mg/mL of USP Oxtriphylline RS in water
Sample stock solution: Place 10 Tablets in a 1000-mL volumetric flask, and add 700 mL of
water. Heat on a steam bath, with occasional shaking, until the Tablets have
disintegrated. Cool to room temperature, dilute with water to volume, and filter.
Sample solution: Nominally 0.1 mg/mL of oxtriphylline, equivalent to 0.0636 mg/mL of
theophylline, prepared by diluting the Sample stock solution with water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
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[Note—The relative retention times for theobromine and theophylline are about 0.7 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 3.0 between the theobromine and theophylline peaks, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of theophylline (C7 H8 N4 O2 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of theophylline from the Sample solution
rS = peak response of theophylline from the Standard solution
CS = concentration of USP Oxtriphylline RS in the Standard solution (mg/mL)
CU = nominal concentration of theophylline in the Sample solution (mg/mL)
Mr1 = molecular weight of anhydrous theophylline, 180.17
Mr2 = molecular weight of oxtriphylline, 283.33
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Standard solution: Prepare a solution having a known concentration of USP Oxtriphylline
RS in Medium.
Sample solution: A filtered portion of the solution under test, suitably diluted with Medium
if necessary
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum at about 270 nm
Analysis
Samples: Standard solution and Sample solution
Determine the percentage of the labeled amount of theophylline (C7 H8 N4 O2 ) dissolved.
Tolerances: NLT 80% (Q) of the labeled amount of theophylline (C7 H8 N4 O2 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in tight containers.
• Labeling: Label Tablets to state both the content of oxtriphylline and the content of
anhydrous theophylline.
• USP Reference Standards 〈11〉
USP Oxtriphylline RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 3091
BRIEFING
Oxycodone Hydrochloride Extended-Release Tablets, USP 41 page 3104. As part of the
USP monograph modernization efforts and based on the comments received, it is proposed to
make the following changes:
1. Add Identification B based on the UV spectrum match, as obtained in the Assay, to
strengthen the monograph. The Detector in the Assay is revised accordingly to include
the information to run Identification B.
2. Clarify the preparation of the Sample stock solution in the Assay based on the initial
validation data.
3. Add “nominally” to Sample solution in both the Assay and the test for Limit of
Oxycodone Related Compound B (Oxycodone N-Oxide) to be consistent with the current
USP language practice used in specifying the concentration of the sample solution for
drug product monographs.
4. Add the particle size to the HPLC column and the Run time to the Assay based on the
initial validation data.
5. Clarify and update the Analysis sections for the Assay, Dissolution Test 1, and
Dissolution Test 2.
6. Correct the preparation of Buffer in the test for Limit of Oxycodone Related Compound
B (Oxycodone N-Oxide) based on the initial validation data.
7. Correct the chemical name of USP Oxycodone Related Compound B RS in the USP
Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: H. Cai.)
Correspondence Number—C204968
Comment deadline: November 30, 2018
Oxycodone Hydrochloride Extended-Release Tablets
DEFINITION
Oxycodone Hydrochloride Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of
the labeled amount of oxycodone hydrochloride (C18 H21 NO4 ·HCl).
IDENTIFICATION
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• A. The retention time of the oxycodone peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the oxycodone peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Buffer solution: 2 g/L of sodium heptanesulfonate in water. Add 13.3 mL/L of glacial acetic
acid, and adjust with 5 N sodium hydroxide solution to a pH of 3.50 ± 0.05.
Mobile phase: Acetonitrile and Buffer solution (1:3)
Standard solution: 0.036 mg/mL of USP Oxycodone RS in Mobile phase
Sample stock solution: Transfer 10 Tablets into an appropriate
a 1000-mL 2S (USP42)
volumetric flask, and add a volume
500 mL 2S (USP42)
of a mixture of methanol and acetonitrile (1:1). equivalent to 50% of the volumetric flask
volume.
2S (USP42)

Sonicate for 10 min, and stir for 20 min. Dilute with Buffer solution to volume.
Sample solution:
Nominally 2S (USP42)
0.04 mg/mL of oxycodone hydrochloride from the Sample stock solution, diluted with
Mobile phase to volume. Pass through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm.
For Identification B, use a diode array detector in the range of 220–380 nm.
Column: 4.6-mm × 15-cm;
5-µm 2S (USP42)
packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 µL
Run time: NLT 1.4 times the retention time of oxycodone 2S (USP42)
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 4000 theoretical plates

2S (USP42)
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Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
the labeled amount of 2S (USP42)
oxycodone hydrochloride (C18 H21 NO4 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response
of oxycodone 2S (USP42)
from the Sample solution
rS = peak response
of oxycodone 2S (USP42)
from the Standard solution
CS = concentration of USP Oxycodone RS in the Standard solution (mg/mL)
CU = nominal concentration of
oxycodone hydrochloride 2S (USP42)
in the Sample solution (mg/mL)
Mr1 = molecular weight of oxycodone hydrochloride, 351.82
Mr2 = molecular weight of oxycodone base, 315.37
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1
Medium: Simulated gastric fluid (without enzymes); 900 mL
Apparatus 1: 100 rpm
Times
For Tablets labeled to contain 10, 20, or 40 mg: 1, 2, 4, 6, and 8 h
For Tablets labeled to contain 80 mg: 1, 2, 4, and 6 h
Standard stock solution
For Tablets labeled to contain 10 mg: 398 µg/mL of USP Oxycodone RS in Medium
For Tablets labeled to contain 20, 40, or 80 mg: 796 µg/mL of USP Oxycodone RS in
Medium
Standard solution: Dilute the appropriate Standard stock solution with Medium to obtain
solutions containing (L/900) mg/mL, with L as the label claim in mg/Tablet.
Sample solution: Pass a portion of the solution under test through a suitable filter.
Dilute with Medium, if necessary.
Instrumental conditions

PF 44(5): Sep.-Oct. 2018

868

(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: About 226 nm (shoulder)
Cell
For Tablets labeled to contain 10, 20, or 40 mg: 1.0 cm
For Tablets labeled to contain 80 mg: 0.5 cm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of oxycodone hydrochloride (C18 H21 NO4 ·HCl) in the
sample withdrawn from the vessel at each time point (i):
Result i = (AU/AS) × CS × D × (Mr1/Mr2)
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of
USP Oxycodone RS in 2S (USP42)
the Standard solution (mg/mL)
D = dilution factor for the Sample solution
Mr1 = molecular weight of oxycodone hydrochloride, 351.82
Mr2 = molecular weight of oxycodone base, 315.37
For Tablets labeled to contain 10, 20, or 40 mg, calculate
the percentage of 2S (USP42)
the labeled amount of oxycodone hydrochloride (C18 H21 NO4 ·HCl) released at each time
point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Result 4 = ({C4 × [V − (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100
Result 5 = ({C5 × [V − (4 × VS)]} + [(C4 + C3 + C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of oxycodone hydrochloride in the portion of sample withdrawn at
time point, i (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of the Sample solution withdrawn from the Medium (mL)
For Tablets labeled to contain 80 mg, calculate
the percentage of 2S (USP42)
the labeled amount of oxycodone hydrochloride (C18 H21 NO4 ·HCl) released at each time
point (i):
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Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Result 4 = ({C4 × [V − (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of oxycodone hydrochloride in the portion of sample withdrawn at
time point, i (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of the Sample solution withdrawn from the Medium (mL)
Tolerances: See Table 1 for Tablets labeled to contain 10, 20, or 40 mg; see Table 2 for
Tablets labeled to contain 80 mg.
Time Point
(i)
1
2
3
4
5

Table 1
Time
Amount Released
(h)
(%)
1
20–40
2
35–55
4
55–75
6
70–90
8
NLT 80

Time Point
(i)
1
2
3
4

Table 2
Time
Amount Released
(h)
(%)
1
25–45
2
45–65
4
65–85
6
NLT 80

The percentages of the labeled amount of oxycodone hydrochloride (C18 H21 NO4 ·HCl),
released at the times specified, conform to Dissolution 〈711〉, Acceptance Table 2.
Test 2: If the product complies with this test, the labeling indicates that the product meets
USP Dissolution Test 2.
Medium: Simulated gastric fluid (without enzymes); 900 mL
Apparatus 1: 100 rpm
Times: 1, 4, and 12 h
0.85% phosphoric acid: 10 mL/L of phosphoric acid in water
Mobile phase: Weigh 23.1 g of monobasic potassium phosphate into a 4-L flask, and
dissolve with 3400 mL of water. Add 4 mL of triethylamine, and adjust with 0.85%
phosphoric acid to a pH of 3.0 ± 0.1. Add 600 mL of methanol and 20 mL of tert-butyl
methyl ether, and mix well.
Standard stock solution: 0.9 mg/mL of USP Oxycodone RS in 0.85% phosphoric acid
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Standard solution: Dilute the Standard stock solution, quantitatively and stepwise, with
Medium to obtain a solution with a concentration of 40% of the Tablet label claim. [Note
—This solution is stable for 2 weeks at room temperature.]
Sample solution: Pass the solution under test through a suitable filter of 0.45-µm pore
size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Column temperature: 60°
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Capacity factor: NLT 0.5
Tailing factor: 0.75–1.5
Relative standard deviation: NMT 2%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of oxycodone hydrochloride (C18 H21 NO4 ·HCl) in the
sample withdrawn from the vessel at each time point (i):
Result i = (rU/rS) × CS × (Mr1/Mr2)
rU = peak response
of oxycodone 2S (USP42)
from the Sample solution
rS = peak response
of oxycodone 2S (USP42)
from the Standard solution
CS = concentration of
USP Oxycodone RS in 2S (USP42)
the Standard solution (mg/mL)
Mr1 = molecular weight of oxycodone hydrochloride, 351.82
Mr2 = molecular weight of oxycodone base, 315.37
Calculate
the percentage of 2S (USP42)
the labeled amount of oxycodone hydrochloride (C18 H21 NO4 ·HCl) released at each time
point (i):
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Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of oxycodone hydrochloride in the portion of sample withdrawn at
time point, i (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of the Sample solution withdrawn from the Medium (mL)
Tolerances: See Table 3 for Tablets labeled to contain 10 mg; see Table 4 for Tablets
labeled to contain 20 mg; see Table 5 for Tablets labeled to contain 40 mg; see Table 6
for Tablets labeled to contain 80 mg.
Time Point
(i)
1
2
3

Table 3
Time
Amount Released
(h)
(%)
1
29–49
4
58–78
12
NLT 85

Time Point
(i)
1
2
3

Table 4
Time
Amount Released
(h)
(%)
1
33–53
4
63–83
12
NLT 85

Time Point
(i)
1
2
3

Table 5
Time
Amount Released
(h)
(%)
1
37–57
4
68–88
12
NLT 85

Time Point
(i)
1
2
3

Table 6
Time
Amount Released
(h)
(%)
1
31–51
4
61–81
12
NLT 85

The percentages of the labeled amount of oxycodone hydrochloride (C18 H21 NO4 ·HCl),
released at the times specified, conform to Dissolution 〈711〉, Acceptance Table 2.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES

PF 44(5): Sep.-Oct. 2018

872

Change to read:
• Limit of Oxycodone Related Compound B (Oxycodone N-Oxide)
Diluent: 10 mL/L of phosphoric acid in water
Buffer: 6.8 g/L of monobasic potassium phosphate. Add 1.2 mL of triethylamine
to 1000 mL of the resulting monobasic potassium solution, 2S (USP42)
and adjust with Diluent to a pH of 3.0 ± 0.1.
Mobile phase: Methanol, tert-butyl methyl ether, and Buffer (30:1:170)
Standard solution: 0.18 mg/mL of USP Oxycodone RS and 0.002 mg/mL of USP Oxycodone
Related Compound B RS in Diluent. [Note—Prepare fresh daily.]
Sample stock solution: Transfer 10 Tablets into a 500-mL volumetric flask, add 50 mL of
Diluent and 50 mL of alcohol, and sonicate for 90 min to extract the active ingredient.
Dilute with Diluent to volume.
Sample solution:
Nominally 2S (USP42)
0.2 mg/mL of oxycodone hydrochloride from the Sample stock solution in Diluent. Pass a
portion of the solution through a suitable filter and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Column temperature: 60°
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 4.5 between the oxycodone and oxycodone related compound B peaks
Relative standard deviation: NMT 3.0% for oxycodone related compound B
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxycodone related compound B in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of oxycodone related compound B from the Sample solution
rS = peak area of oxycodone related compound B from the Standard solution
CS = concentration of USP Oxycodone Related Compound B RS in the Standard solution
(mg/mL)
CU = nominal concentration of oxycodone hydrochloride in the Sample solution (mg/mL)
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Acceptance criteria: NMT 1%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Oxycodone RS
USP Oxycodone Related Compound B RS
4,5a
α 2S (USP42)

-Epoxy-14-hydroxy-3-methoxy-17-methylmorphinan-6-one N-oxide.
C18 H21 NO5
331.36
Recent Official Publications:
USP41–NF36 Page 3104
BRIEFING
Oxytetracycline and Nystatin Capsules, USP 41 page 3125. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Oxytetracycline and Nystatin Capsules
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(BIO4: Y. Han.)
Correspondence Number—C198417
Comment deadline: November 30, 2018
Delete the following:
Oxytetracycline and Nystatin Capsules

» Oxytetracycline and Nystatin Capsules contain not less than 90.0 percent
and not more than 120.0 percent of the labeled amount of oxytetracycline
(C 22 H 24 N 2 O 9 ), and not less than 90.0 percent and not more than 135.0
percent of the labeled amount of USP Nystatin Units.
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Nystatin RS
USP Oxytetracycline RS
Identification—Shake a suitable quantity of Capsule contents with methanol to obtain a
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solution containing about 1 mg of oxytetracycline per mL, and filter. Using the filtrate as the
Test Solution, proceed as directed for Method II under Identification—Tetracyclines 〈193〉.
Dissolution 〈711〉—
Medium: 0.1 N hydrochloric acid; 900 mL.
Apparatus 1: 100 rpm.
Time: 45 minutes.
Procedure— Determine the amount of oxytetracycline (C22 H24 N2 O9 ) dissolved from UV
absorbances at the wavelength of maximum absorbance at about 353 nm of filtered portions of
the solution under test, suitably diluted with Dissolution Medium, if necessary, in comparison
with a Standard solution having a known concentration of USP Oxytetracycline RS in the same
medium.
Tolerances— Not less than 75% (Q) of the labeled amount of C22 H24 N2 O9 is dissolved in 45
minutes.
Uniformity of dosage units 〈905〉: meet the requirements for Weight Variation with respect to
oxytetracycline.
Water Determination, Method I 〈921〉: not more than 7.5%.
Assay for oxytetracycline—Place not less than 5 Capsules in a high-speed glass blender jar
containing an accurately measured volume of 0.1 N hydrochloric acid, and blend for 3 to 5
minutes, so that the stock solution so obtained contains not less than 150 µg of
oxytetracycline (C22 H24 N2 O9 ) per mL. Proceed as directed under Antibiotics—Microbial Assays
〈81〉, using an accurately measured volume of this stock solution diluted quantitatively and
stepwise with water to yield a Test Dilution having a concentration of oxytetracycline assumed
to be equal to the median dose level of the Standard.
Assay for nystatin—Proceed as directed for Nystatin under Antibiotics—Microbial Assays 〈81〉,
blending not less than 5 Capsules for 3 to 5 minutes in a high-speed blender with a sufficient
accurately measured volume of dimethylformamide to obtain a solution of convenient
concentration. Dilute an accurately measured portion of this solution quantitatively with
dimethylformamide to obtain a stock solution containing about 400 USP Nystatin Units per mL.
Dilute this stock solution quantitatively with Buffer B.6 to obtain a Test Dilution having a
concentration of nystatin assumed to be equal to the median dose level of the Standard.
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 3125
BRIEFING
Oxytetracycline and Nystatin for Oral Suspension, USP 41 page 3126. It is proposed to
omit this monograph for the following reasons:
1. No drug products formulated as defined under Oxytetracycline and Nystatin for Oral
Suspension are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(BIO4: Y. Han.)
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Correspondence Number—C198418
Comment deadline: November 30, 2018
Delete the following:
Oxytetracycline and Nystatin for Oral Suspension

» Oxytetracycline and Nystatin for Oral Suspension is a dry mixture of
Oxytetracycline and Nystatin with one or more suitable buffers, colors,
diluents, flavors, suspending agents, and preservatives. W hen constituted
as directed in the labeling, it contains not less than 90.0 percent and not
more than 120.0 percent of the labeled amount of oxytetracycline
(C 22 H 24 N 2 O 9 ), and not less than 90.0 percent and not more than 135.0
percent of the labeled amount of USP Nystatin Units.
Packaging and storage—Preserve in tight, light-resistant containers, at controlled room
temperature.
USP Reference standards 〈11〉—
USP Nystatin RS
USP Oxytetracycline RS
Identification—To a quantity of Oxytetracycline and Nystatin for Oral Suspension (powder),
equivalent to about 50 mg of oxytetracycline, add 50 mL of methanol, shake, and allow the
mixture to settle. Using the clear supernatant as the Test Solution, proceed as directed for
Method II under Identification—Tetracyclines 〈193〉.
Uniformity of dosage units 〈905〉—
for solid packaged in single-unit containers: meets the requirements for Content Uniformity
with respect to oxytetracycline and nystatin.
Deliverable volume 〈698〉: meets the requirements.
pH 〈791〉: between 4.5 and 7.5, in the suspension constituted as directed in the labeling.
Water Determination, Method I 〈921〉: not more than 2.0%.
Assay for oxytetracycline—Constitute Oxytetracycline and Nystatin for Oral Suspension as
directed in the labeling. Transfer an accurately measured volume of the suspension so
obtained, freshly mixed and free from air bubbles, to a suitable volumetric flask, dilute with 0.1
N hydrochloric acid to volume so that the stock solution so obtained contains not less than 150
µg of oxytetracycline per mL, and mix. Proceed as directed for oxytetracycline under
Antibiotics—Microbial Assays 〈81〉, using an accurately measured volume of the stock solution
diluted quantitatively and stepwise with water to yield a Test Dilution having a concentration
assumed to be equal to the median dose level of the Standard.
Assay for nystatin—Constitute Oxytetracycline and Nystatin for Oral Suspension as directed
in the labeling. Transfer an accurately measured volume of the suspension so obtained, freshly
mixed and free from air bubbles, to a blender jar containing a sufficient, accurately measured
volume of dimethylformamide to yield a solution of convenient concentration, and blend at high
speed for 3 to 5 minutes. Dilute an accurately measured volume of this solution quantitatively
with dimethylformamide to obtain a stock solution containing about 400 USP Nystatin Units per
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mL. Proceed as directed for nystatin under Antibiotics—Microbial Assays 〈81〉, using an
accurately measured volume of this solution diluted quantitatively with Buffer B.6 to yield a
Test Dilution having a concentration of nystatin assumed to be equal to the median dose level
of the Standard. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 3126
BRIEFING
Oxytetracycline Calcium, USP 41 page 3126. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated with Oxytetracycline Calcium are currently marketed in the
United States.
2. Drug products containing Oxytetracycline Calcium are currently not used in veterinary
medicine in the United States.
(BIO4: Y. Han.)
Correspondence Number—C198419
Comment deadline: November 30, 2018
Delete the following:
Oxytetracycline Calcium
C44 H46 CaN4 O18
958.93
2-Naphthacenecarboxamide, 4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,6,10,12,12a-hexahydroxy-6-methyl-1,11-dioxo-, calcium salt, [4S(4α,4aα,5α,5aα,6β,12aα)]-.
4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,5,6,10,12,12a-hexahydroxy-6-methyl1,11-dioxo 2-naphthacenecarboxamide calcium salt [15251-48-6].

» Oxytetracycline Calcium has a potency equivalent to not less than 865 µg
of oxytetracycline (C 22 H 24 N 2 O 9 ) per mg, calculated on the anhydrous basis.
Packaging and storage—Preserve in tight, light-resistant containers, and store in a cool
place.
USP Reference standards 〈11〉—
USP Oxytetracycline RS
Identification—Dissolve a suitable quantity in methanol to obtain a Test Solution containing 1
mg of oxytetracycline per mL, and proceed as directed for Method II under
Identification—Tetracyclines 〈193〉.
Crystallinity 〈695〉: meets the requirements.
pH 〈791〉: between 6.0 and 8.0, in an aqueous suspension containing 25 mg per mL.
Water Determination, Method I 〈921〉: between 8.0% and 14.0%.
Calcium content—Proceed as directed under Residue on Ignition 〈281〉, except to ignite at 550
± 50° instead of at 800 ± 25°: the weight of residue so obtained, multiplied by 0.2944, gives
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the equivalent of calcium in the Oxytetracycline Calcium taken. The calcium content is between
3.85% and 4.35%, calculated on the anhydrous basis.
Assay—Dissolve an accurately weighed quantity of Oxytetracycline Calcium in an accurately
measured volume of 0.1 N hydrochloric acid to obtain a stock solution having a concentration
of about 1000 µg of oxytetracycline per mL. Proceed as directed for oxytetracycline under
Antibiotics—Microbial 〈81〉, using an accurately measured volume of the stock solution diluted
quantitatively and stepwise with water to yield a Test Dilution having a concentration assumed
to be equal to the median dose level of the Standard. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 3126
BRIEFING
Oxytetracycline Calcium Oral Suspension, USP 41 page 3127. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Oxytetracycline Calcium Oral Suspension
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(BIO4: Y. Han.)
Correspondence Number— C198420
Comment deadline: November 30, 2018
Delete the following:
Oxytetracycline Calcium Oral Suspension

» Oxytetracycline Calcium Oral Suspension contains the equivalent of not
less than 90.0 percent and not more than 120.0 percent of the labeled
amount of oxytetracycline (C 22 H 24 N 2 O 9 ). It contains one or more suitable
buffers, colors, flavors, preservatives, stabilizers, and suspending agents. In
addition, it may contain N-acetylglucosamine.
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Oxytetracycline RS
Identification—Shake a suitable quantity of Oral Suspension with methanol to obtain a solution
containing 1 mg of oxytetracycline per mL, and filter. Using the filtrate as the Test Solution,
proceed as directed for Method II under Identification—Tetracyclines 〈193〉.
Uniformity of dosage units 〈905〉—
for solid packaged in single-unit containers: meets the requirements.
Deliverable volume 〈698〉: meets the requirements.
pH 〈791〉: between 5.0 and 8.0.
Assay—Transfer an accurately measured quantity of Oral Suspension, freshly mixed and free
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from air bubbles, equivalent to about 150 mg of oxytetracycline, to a 1000-mL volumetric flask,
dilute with 0.1 N hydrochloric acid to volume, and mix. Proceed as directed for oxytetracycline
under Antibiotics—Microbial Assays 〈81〉, using an accurately measured volume of this stock
solution diluted quantitatively and stepwise with water to yield a Test Dilution having a
concentration assumed to be equal to the median dose level of the Standard. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 3127
BRIEFING
Phensuximide, USP 41 page 3267. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Phensuximide are currently marketed in the United
States.
2. Drug products containing Phensuximide are currently not used in veterinary medicine in
the United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205590
Comment deadline: November 30, 2018
Delete the following:
Phensuximide

C11 H11 NO2

189.21

2,5-Pyrrolidinedione, 1-methyl-3-phenyl-, (±)-.
(±)-N-Methyl-2-phenylsuccinimide [86-34-0].

» Phensuximide contains not less than 97.0 percent and not more than 103.0
percent of C 11 H 11 NO 2 , calculated on the anhydrous basis.
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Phensuximide RS
Identification—
A: Infrared Absorption 〈197K〉.
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B: Ultraviolet Absorption 〈197U〉—
Solution: 400 µg per mL.
Medium: alcohol.
Melting range, Class I 〈741〉: between 68° and 74°.
Water Determination, Method I 〈921〉: not more than 1.0%.
Residue on ignition 〈281〉: not more than 0.5%.
Limit of cyanide—Dissolve 1.0 g in 10 mL of warm alcohol, and add 3 drops of ferrous sulfate
TS, 1 mL of 1 N sodium hydroxide, and a few drops of ferric chloride TS. Warm gently, and
finally acidify with 2 N sulfuric acid: no blue precipitate or blue color is formed within 15
minutes.
Ordinary impurities 〈466〉—
Test solution: 200 mg of phensuximide per mL in methylene chloride.
Standard solutions: 1.0, 2.0, and 4.0 mg per mL in methylene chloride.
Application volume: 5 µL.
Eluant: a mixture of ethyl acetate and hexanes (1:1).
Visualization: 6.
Assay—Transfer about 200 mg of Phensuximide, accurately weighed, to a 50-mL volumetric
flask. Dissolve in 40 mL of alcohol, dilute with alcohol to volume, and mix. Transfer 5.0 mL of
this solution to a 50-mL volumetric flask, dilute with alcohol to volume, and mix. Concomitantly
determine the absorbances of this solution and of a Standard solution of USP Phensuximide RS,
in the same medium having a known concentration of about 400 µg per mL, in 1-cm cells at the
wavelength of maximum absorbance at about 258 nm, with a suitable spectrophotometer, using
alcohol as the blank. Calculate the quantity, in mg, of C11 H11 NO2 in the Phensuximide taken by
the formula:
0.5C(AU / AS)
in which C is the concentration, in µg per mL, of USP Phensuximide RS in the Standard solution,
and AU and AS are the absorbances of the solution from Phensuximide and the Standard
solution, respectively. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 3267
BRIEFING
Phensuximide Capsules, USP 41 page 3268. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Phensuximide Capsules are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
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Correspondence Number—C205591
Comment deadline: November 30, 2018
Delete the following:
Phensuximide Capsules

» Phensuximide Capsules contain not less than 93.0 percent and not more
than 107.0 percent of the labeled amount of C 11 H 11 NO 2 .
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Phensuximide RS
Identification—
A: The contents of Capsules respond to Identification test A under Phensuximide.
B: The retention time exhibited by phensuximide in the chromatogram of the Assay preparation
corresponds to that of phensuximide in the chromatogram of the Standard preparation, as
obtained in the Assay.
Dissolution 〈711〉—
Medium: water; 900 mL.
Apparatus 1: 100 rpm.
Time: 120 minutes.
Procedure— Determine the amount of C11 H11 NO2 dissolved, employing the procedure set forth
in the Assay, making any necessary modifications.
Tolerances— Not less than 75% (Q) of the labeled amount of C11 H11 NO2 is dissolved in 120
minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Assay—
Mobile phase— Prepare a filtered and degassed mixture of water and acetonitrile (55:45). Make
adjustments if necessary (see System Suitability under Chromatography 〈621〉).
Standard preparation— Dissolve an accurately weighed quantity of USP Phensuximide RS in
Mobile phase to obtain a solution having a known concentration of about 1 mg per mL.
Assay preparation— Place 10 Capsules in a 500-mL volumetric flask, and add 280 mL of water.
Sonicate in a water bath at 40° to 50°, with occasional shaking, until the Capsules have
broken, and cool to room temperature. Dilute with acetonitrile to volume, mix, and filter.
Transfer an accurately measured volume of this specimen solution, equivalent to about 50 mg
of Phensuximide, to a 50-mL volumetric flask, dilute with Mobile phase to volume, and mix.
Chromatographic system (see Chromatography 〈621〉)—The liquid chromatograph is equipped
with a 254-nm detector and a 3.9-mm × 30-cm column that contains packing L1. The flow rate
is about 1 mL per minute. Chromatograph the Standard preparation, and record the peak
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responses as directed for Procedure: the column efficiency determined from the analyte peak is
not less than 2100 theoretical plates, and the relative standard deviation for replicate
injections is not more than 1.5%.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. Calculate the quantity, in mg, of C11 H11 NO2 per Capsule taken
by the formula:
2500(C / V)(rU / rS)
in which C is the concentration, in mg per mL, of USP Phensuximide RS in the Standard
preparation, V is the volume, in mL, of specimen solution taken for the Assay preparation, and
rU and rS are the phensuximide peak responses obtained from the Assay preparation and the
Standard preparation, respectively. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 3268
BRIEFING
Phenytoin Compounded Topical Gel. A new compounded preparation monograph is
proposed based on a validated stability-indicating method used to assess stability. The liquid
chromatographic procedure in the Assay is based on analyses validated using the Acquity UPLC
BEH C18 brand of column with L1 packing. The typical retention time for phenytoin is about 1.3
min.
Please submit comments to CompoundingSL@USP.org
(CMP: B. Serumaga.)
Correspondence Number—C196030
Comment deadline: November 30, 2018
Add the following:
Phenytoin Compounded Topical Gel
DEFINITION
Phenytoin Compounded Topical Gel contains NLT 95.0% and NMT 105.0% of the labeled
amount of phenytoin (C15 H12 N2O2).
Prepare Phenytoin Compounded Topical Gel 10 mg/g to 50 mg/g as follows (see
Pharmaceutical Compounding—Nonsterile Preparations 〈795〉).
For Phenytoin Compounded Topical Gel containing 10 mg/g of phenytoin:
Phenytoin
Polyethylene Glycol 300
PCCA Spira-Wash Gela, a sufficient quantity to make
a PCCA, Houston, TX.

1g
10 g
100 g
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For Phenytoin Compounded Topical Gel containing 50 mg/g of phenytoin:
Phenytoin
Polyethylene Glycol 300
PCCA Spira-Wash Gela, a sufficient quantity to make
a PCCA, Houston, TX.

5g
10 g
100 g

In an appropriately sized electronic mortar and pestle container, add Phenytoin, Polyethylene
Glycol 300, and sufficient PCCA Spira-Wash Gel to bring to final weight. Mix the mixture with
an electronic mortar and pestle for 3 min at a speed of about 1450 rpm. Process through an
ointment mill once at the middle setting and once at the finest setting to reduce the
particle size of the active ingredient and reduce air content of the preparation. Return the
mixture to the electronic mortar and pestle and mix again for 1 min at a speed of about
1130 rpm. Package in a light-resistant calibrated dispenser.
ASSAY
• Procedure
Solution A: 0.1% trifluoroacetic acid in acetonitrile
Solution B: 0.1% trifluoroacetic acid in water
Mobile phase: See Table 1.
Time
(min)
0
1.5
1.6
2.0

Table 1
Solution A
(%)
3
55
3
3

Solution B
(%)
97
45
97
97

Standard solution: 0.05 mg/mL of USP Phenytoin RS in methanol
Sample solution
For Topical Gel 10 mg/g: Transfer 0.5 g of Topical Gel into a 50-mL centrifuge tube,
add 19.5 mL of methanol, and vortex for 1 min. Sonicate for 2 min and vortex for 1 min.
Centrifuge the mixture for 10 min at 6000 rpm. Transfer 2 mL of the supernatant to a
10-mL volumetric flask and dilute with methanol to volume. Centrifuge for 10 min at
14,000 rpm.
For Topical Gel 50 mg/g: Transfer 0.5 g of Topical Gel into a 50-mL centrifuge tube,
add 19.5 mL of methanol, and vortex for 1 min. Sonicate for 2 min and vortex for 1 min.
Centrifuge the mixture for 10 min at 6000 rpm. Transfer 0.4 mL of the supernatant to a
10-mL volumetric flask and dilute with methanol to volume. Centrifuge for 10 min at
14,000 rpm.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 210 nm
Column: 2.1-mm × 5-cm; 1.7-µm packing L1
Temperatures
Autosampler: 8°
Column: 65°
Flow rate: 1 mL/min
Injection volume: 1 µL
System suitability
Sample: Standard solution
[Note—The retention time for phenytoin is about 1.3 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phenytoin (C15 H12 N2 O2 ) in the portion of
Topical Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of phenytoin from the Sample solution
rS = peak response of phenytoin from the Standard solution
CS = concentration of USP Phenytoin RS in the Standard solution (mg/mL)
CU = nominal concentration of phenytoin in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
SPECIFIC TESTS
• pH 〈791〉: 7.2–8.2
• Viscosity—Rotational Methods 〈912〉: 500–3500 mPa·s
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in a tight, light-resistant calibrated dispenser. Store at
controlled room temperature or in a refrigerator.
• Beyond-Use Date: NMT 180 days after the date on which it was compounded when stored
at controlled room temperature or in a refrigerator.
• Labeling: Label it to indicate that it is for external use only and to state the Beyond-Use
Date.
• USP Reference Standards 〈11〉
USP Phenytoin RS
2S (USP42)
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BRIEFING
Physostigmine Salicylate Ophthalmic Solution, USP 41 page 3297. It is proposed to omit
this monograph for the following reasons:
1. No drug products formulated as defined under Physostigmine Salicylate Ophthalmic
Solution are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205595
Comment deadline: November 30, 2018
Delete the following:
Physostigmine Salicylate Ophthalmic Solution
DEFINITION
Physostigmine Salicylate Ophthalmic Solution is a sterile, aqueous solution of physostigmine
salicylate. It contains NLT 90.0% and NMT 110.0% of the labeled amount of physostigmine
salicylate (C15 H21 N3 O2 ·C7 H6 O3 ). It may contain suitable antimicrobial agents, buffers, and
stabilizers and suitable additives to increase its viscosity.
IDENTIFICATION
• A. Identification—Organic Nitrogenous Bases 〈181〉
Analysis: Use 1 g of sodium bicarbonate instead of 2 mL of 1 N sodium hydroxide.
Acceptance criteria: Meets the requirements
• B. Identification Tests—General, Salicylate 〈191〉: Meets the requirements
ASSAY
• Procedure
Buffer: 3.85 g/L of ammonium acetate in water adjusted, if necessary, with glacial acetic
acid or ammonium hydroxide to a pH of 6 ± 0.1
Mobile phase: Acetonitrile and Buffer (50:50)
Standard solution: 0.03 mg/mL of USP Physostigmine Salicylate RS in acetonitrile
Sample solution: Nominally 0.03 mg/mL of physostigmine salicylate from a volume of
Ophthalmic Solution containing NLT 3 mg of physostigmine salicylate diluted with
acetonitrile
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
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Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1200 theoretical plates
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of physostigmine salicylate
(C15 H21 N3 O2 ·C7 H6 O3 ) in the portion of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Physostigmine Salicylate RS in the Standard solution (mg/mL)
CU = nominal concentration of physostigmine salicylate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• Sterility Tests 〈71〉: Meets the requirements
• pH 〈791〉: 2.0–4.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 〈11〉
USP Physostigmine Salicylate RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 3297
BRIEFING
Piroxicam, USP 41 page 3336. On the basis of comments received and as part of the USP
monograph modernization efforts, the following revisions are proposed:
1. Revise Identification A to replace 〈197M〉 with 〈197K〉, and to include 〈197A〉 to allow the
flexibility of using either 〈197K〉 or 〈197A〉 for this test. On the basis of comments
received, mineral oil used in 〈197M〉 has background peaks which interfere with the IR
spectrum of piroxicam.
2. Delete the nonspecific Identification B based on UV absorption.
3. Remove the TLC-based Identification C and add Identification B based on the HPLC
retention time agreement obtained from the proposed Assay.
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4. Replace the HPLC procedure in the Assay with an HPLC procedure that uses the same
chromatographic conditions as in the proposed Limit of Piroxicam Related Compound B
test. The typical retention time for piroxicam is about 6 min.
5. Add the Limit of Piroxicam Related Compound B test which is an HPLC procedure based
on analyses performed with the ZORBAX Eclipse Plus C18 brand of column with L1
packing. The typical retention time for piroxicam related compound B is about 5 min.
6. Add the Organic Impurities test which is an HPLC procedure based on analyses
performed with the ZORBAX Eclipse Plus C18 brand of column with L1 packing. The
typical retention time for piroxicam is about 11 min.
7. Add USP Piroxicam Related Compound A RS, USP Piroxicam Related Compound B RS, USP
Piroxicam Related Compound D RS, USP Piroxicam Related Compound G RS, and USP
Piroxicam Related Compound J RS to the USP Reference Standards section to support
the proposed revisions.
The proposed acceptance criteria in the Limit of Piroxicam Related Compound B and Organic
Impurities tests are based on the acceptance criteria in the Piroxicam monograph in European
Pharmacopoeia 8.0. Manufacturers are encouraged to submit their FDA-approved acceptance
criteria for consideration.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: W. Yang.)
Correspondence Number—C116097
Comment deadline: November 30, 2018
Piroxicam

C15 H13 N3 O4 S

331.35

2H-1,2-Benzothiazine-3-carboxamide, 4-hydroxy-2-methyl-N-2-pyridinyl-, 1,1-dioxide;
4-Hydroxy-2-methyl-N-2-pyridyl-2H-1,2-benzothiazine-3-carboxamide 1,1-dioxide
[3632290-4].
DEFINITION
Piroxicam contains NLT 97.0% and NMT 103.0% of piroxicam (C15 H13 N3 O4 S).
IDENTIFICATION
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Change to read:
• A. Infrared Absorption 〈197M〉: Do not dry specimens.• Spectroscopic Identification
Tests 〈197〉, Infrared Spectroscopy: 〈197K〉 or 〈197A〉 2S (USP42)
Delete the following:
• B. Ultraviolet Absorption 〈197U〉
Solution: 10 µg/mL
Medium: Hydrochloric acid in methanol (1 in 1200)
Acceptance criteria: Meets the requirements 2S (USP42)
Delete the following:
• C. Thin-Layer Chromatography 〈201〉
Diluent: Chloroform and methanol (1:1)
Standard solution: 1 mg/mL of USP Piroxicam RS in Diluent
Sample solution: 1 mg/mL in Diluent
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Absorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 20 µL
Developing solvent system: Toluene and glacial acetic acid (95:5)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram in the Developing solvent system
until the solvent front has moved about three-fourths of the length of the plate.
Remove the plate from the developing chamber, and air-dry. Place the plate in the
developing chamber, and develop as before. Remove the plate from the chamber, mark
the solvent front, and air-dry. Locate the spots on the plate by viewing under shortwavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution. 2S (USP42)
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Solution A: Dissolve 7.72 g of anhydrous citric acid in 400 mL of water.
Solution B: Dissolve 5.35 g of dibasic sodium phosphate in 100 mL of water.
Solution C: Add Solution B to Solution A, and dilute with water to 1000 mL.
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Mobile phase: Methanol and Solution C (450:550)
Diluent: 0.01 N methanolic hydrochloric acid
Standard stock solution: 0.25 mg/mL of USP Piroxicam RS in Diluent
Standard solution: 0.05 mg/mL of USP Piroxicam RS prepared as follows. Transfer 10.0 mL
of Standard stock solution to a 50-mL volumetric flask, add about 25 mL of Diluent and
10.0 mL of water, and dilute with Diluent to volume.
Sample stock solution: 0.5 mg/mL of Piroxicam in Diluent
Sample solution: Transfer 10.0 mL of Sample stock solution to a second 100-mL
volumetric flask, add about 50 mL of Diluent and 20.0 mL of water, and dilute with Diluent
to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1.2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 500 theoretical plates
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Solution A: Mix 1 mL of phosphoric acid with 1000 mL of water.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0.0
2.0
6.0
6.1
11.0

Table 1
Solution A
(%)
65
65
5
65
65

Solution B
(%)
35
35
95
35
35

Diluent: Methanol
Standard solution: 0.05 mg/mL of USP Piroxicam RS in Diluent. Sonicate to dissolve, if
needed.
Sample solution: 0.05 mg/mL of Piroxicam in Diluent. Sonicate to dissolve, if needed.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 340 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Temperatures
Autosampler: 4°
Column: 35°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
2S (USP42)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of piroxicam (C15 H13 N3 O4 S) in the portion of Piroxicam taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of piroxicam from the Sample solution
rS = peak response of piroxicam from the Standard solution
CS = concentration of USP Piroxicam RS in the Standard solution (mg/mL)
CU = concentration of Piroxicam in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0%
IMPURITIES
Add the following:
• Limit of Piroxicam Related Compound B
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system: Proceed
as directed in the Assay.
System suitability solution: 1000 µg/mL of USP Piroxicam RS and 10 µg/mL each of USP
Piroxicam Related Compound B RS and USP Piroxicam Related Compound G RS in Diluent.
Sonicate to dissolve, if needed. Use freshly prepared solution.
Standard solution: 2 µg/mL of USP Piroxicam Related Compound B RS in Diluent. Sonicate
to dissolve, if needed. Use freshly prepared solution.
Sample solution: 1.0 mg/mL of Piroxicam in Diluent. Sonicate to dissolve, if needed. Use
freshly prepared solution.
System suitability
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Samples: System suitability solution and Standard solution
[Note—The relative retention times for piroxicam related compound B, piroxicam related
compound G, and piroxicam are 0.89, 0.95, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between piroxicam related compound B and piroxicam related
compound G, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of piroxicam related compound B in the portion of Piroxicam taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of piroxicam related compound B from the Sample solution
rs = peak response of piroxicam related compound B from the Standard solution
CS = concentration of USP Piroxicam Related Compound B RS in the Standard solution
(µg/mL)
CU = concentration of Piroxicam in the Sample solution (µg/mL)
Acceptance criteria: NMT 0.2%

2S (USP42)

Add the following:
• Organic Impurities
Solution A: 0.5% of glacial acetic acid in water. Adjust with ammonium hydroxide to a pH
of 6.2.
Solution B: Acetonitrile
Mobile phase: See Table 2.
Time
(min)
0.0
3.0
5.0
10.0
15.0
15.1
20.0

Table 2
Solution A
(%)
95
95
77
77
40
95
95

Solution B
(%)
5
5
23
23
60
5
5

Sensitivity solution: 0.5 µg/mL of USP Piroxicam RS in methanol. Sonicate to dissolve, if
needed. Use freshly prepared solution.
Standard solution: 2 µg/mL each of USP Piroxicam RS, USP Piroxicam Related Compound A
RS, USP Piroxicam Related Compound D RS, USP Piroxicam Related Compound G RS, and
USP Piroxicam Related Compound J RS in methanol. Sonicate to dissolve, if needed. Use
freshly prepared solution.

PF 44(5): Sep.-Oct. 2018

891

Sample solution: 1.0 mg/mL of Piroxicam in methanol. Sonicate to dissolve, if needed. Use
freshly prepared solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 235 nm for quantitation of piroxicam, piroxicam related compound A,
piroxicam related compound D, and any unspecified impurity; UV 355 nm for quantitation
of piroxicam related compound G, and piroxicam related compound J.
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Temperatures
Autosampler: 4°
Column: 30°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Resolution: NLT 5.0 between piroxicam and piroxicam related compound G, Standard
solution
Relative standard deviation: NMT 5.0% for piroxicam and piroxicam related
compounds A, D, G, and J; Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of piroxicam related compounds A, D, G, and J in the portion of
the Piroxicam taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of piroxicam related compound A, D, G, or J from the Sample solution
rs = peak response of piroxicam related compound A, D, G, or J from the Standard
solution
CS = concentration of corresponding Reference Standard in the Standard solution (µg/mL)
CU = concentration of Piroxicam in the Sample solution (µg/mL)
Calculate the percentage of any unspecified impurity in the portion of the Piroxicam taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified impurity from the Sample solution
rs = peak response of piroxicam from the Standard solution
CS = concentration of USP Piroxicam RS in the Standard solution (µg/mL)
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CU = concentration of Piroxicam in the Sample solution (µg/mL)
Acceptance criteria: See Table 3.
Table 3
Relative
Retention
Time
0.35
0.86
1.0
1.2
1.36
1.42
—
—

Acceptance
Criteria,
NMT (%)
0.2
0.2
—
—
0.2
0.2
0.10
0.4

Name
Piroxicam related compound A
Piroxicam related compound G
Piroxicam
Piroxicam related compound Ba
Piroxicam related compound D
Piroxicam related compound J
Any unspecified impurity
Total impuritiesb
a For peak identification only; quantitated by the test for Limit of Piroxicam Related
Compound B.
b Total impurities is the sum of piroxicam related compound B from the test for Limit
of Piroxicam Related Compound B and each specified and any unspecified impurities
from the Organic Impurities test.
2S (USP42)

• Residue on Ignition 〈281〉: NMT 0.3%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 50 ppm

(O fficial 1-Jan-2018)

SPECIFIC TESTS
• Water Determination 〈921〉, Method I : NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 〈11〉
USP Piroxicam RS
USP Piroxicam Related Compound A RS
Pyridin-2-amine.
C5 H6 N2
94.11
USP Piroxicam Related Compound B RS
4-Hydroxy-N-(pyridin-2-yl)-2H-benzothiazine-3-carboxamide 1,1-dioxide.
C14 H11 N3 O4 S
317.32
USP Piroxicam Related Compound D RS
Methyl 2-[1,1-dioxido-3-oxobenzoisothiazol-2(3H)-yl]acetate.
C10 H9 NO5 S
255.25
USP Piroxicam Related Compound G RS
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Methyl 4-hydroxy-2H-benzothiazine-3-carboxylate 1,1-dioxide.
C10 H9 NO5 S
255.25
USP Piroxicam Related Compound J RS
Methyl 4-hydroxy-2-methyl-2H-benzothiazine-3-carboxylate 1,1-dioxide.
C11 H11 NO5 S
269.27
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 3336
BRIEFING
Potassium Perchlorate Capsules, USP 41 page 3385. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Potassium Perchlorate Capsules are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205600
Comment deadline: November 30, 2018
Delete the following:
Potassium Perchlorate Capsules

» Potassium Perchlorate Capsules contain not less than 90.0 percent and not
more than 110.0 percent of the labeled amount of potassium perchlorate
(KClO 4 ).
Packaging and storage—Preserve in tight, light-resistant containers.
Identification—
A: Dissolve the contents of 5 Capsules in 20 mL of water, and filter: the filtrate responds to the
tests for Potassium 〈191〉.
B: Add a few drops of methylene blue solution (1 in 1000) to the filtrate obtained in
Identification test A: a violet-colored precipitate is obtained.
Disintegration 〈701〉: 30 minutes, 1 N hydrochloric acid maintained at 37 ± 2° being used as
the immersion fluid.
Uniformity of dosage units 〈905〉: meet the requirements for Content Uniformity.
Assay—
Mobile phase, Standard preparation, and Chromatographic system— Proceed as directed in the
Assay under Potassium Perchlorate.
Assay preparation— Mix the contents of not less than 10 Capsules, and transfer an accurately
weighed portion of the mixed powder, equivalent to about 200 mg of potassium perchlorate, to
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a 200-mL volumetric flask, dilute with water to volume, and mix. Pass through a filter having
0.22-µm pore size, transfer 10.0 mL of the clear filtrate to a 100-mL volumetric flask, dilute
with water to volume, and mix.
Procedure— Proceed as directed in the Assay under Potassium Perchlorate. Calculate the
quantity, in mg, of potassium perchlorate (KClO4 ) in the portion of Capsules taken by the
formula:
2000C(rU / rS)
in which the terms are as defined therein.

2S (USP42)

Recent Official Publications:
USP41–NF36 Page 3385
BRIEFING
Pregabalin Capsules. Because there is no existing USP monograph for this drug product, a
new monograph based on validated methods of analysis is proposed. The liquid chromatographic
procedure in the Assay and test for Dissolution is based on analyses performed with the
Symmetry C18 brand of column with L1 packing. The typical retention time for pregabalin is
about 9 min. The liquid chromatographic procedure in the test for Organic Impurities is based
on analyses performed with the Inertsil ODS-3V brand of column with L1 packing. The typical
retention time for pregabalin is about 6 min.
The monograph is contingent on FDA approval of a product that meets the proposed
monograph.
(CHM2: H. Cai.)
Correspondence Number—C136088
Comment deadline: November 30, 2018
Add the following:
Pregabalin Capsules
DEFINITION
Pregabalin Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of pregabalin
(C8 H17 NO2 ).
IDENTIFICATION
• A. Spectrophotometric Identification Tests 〈197〉, Infrared Absorption: 〈197K〉 or 〈197A〉
Sample: Add 20 mL of methanol to the contents of NLT 4 Capsules nominally equivalent to
100 mg of pregabalin, and sonicate for 5 min. Pass this solution through a filter paper to
obtain a clear filtrate. Evaporate the filtrate to dryness. Use the residue for analysis.
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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ASSAY
• Procedure
Buffer: 1.4 g/L of anhydrous dibasic sodium phosphate and adjust with phosphoric acid to
a pH of 5.5.
Mobile phase: Acetonitrile and Buffer (5:95).
Standard solution: 1.5 mg/mL of USP Pregabalin RS in Mobile phase
Sample solution: Nominally 1.5 mg/mL of pregabalin in Mobile phase prepared as follows.
Transfer a suitable amount of pregabalin powder from NLT 20 Capsules to a suitable
volumetric flask. Add about 70% of the final volume of Mobile phase, and sonicate in cold
water for 20 min with intermittent shaking. Equilibrate to room temperature and dilute with
Mobile phase to volume. Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 10°
Column: 30°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
Run time: NLT 1.6 times the retention time of pregabalin
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pregabalin (C8 H17 NO2 ) in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of pregabalin from the Sample solution
rS = peak response of pregabalin from the Standard solution
CS = concentration of USP Pregabalin RS in the Standard solution (mg/mL)
CU = nominal concentration of pregabalin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
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PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 0.06 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Buffer, Mobile phase, and Chromatographic system: Proceed as directed in the Assay,
except for the Injection volume.
Injection volume: 100 µL
Standard stock solution: 1.4 mg/mL of USP Pregabalin RS in Medium. Sonicate in cold
water for 5 min to dissolve prior to final dilution.
Standard solution: (L/900) mg/mL of USP Pregabalin RS in Medium from the Standard
stock solution, where L is the label claim in mg/Capsule
Sample solution: At the time specified, withdraw 10 mL of the solution under test, and
pass through a suitable filter of 0.45-µm pore size.
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage (Q) of the labeled amount of pregabalin (C8 H17 NO2 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response of pregabalin from the Sample solution
rS = peak response of pregabalin from the Standard solution
CS = concentration of USP Pregabalin RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Capsule)
Tolerances: NLT 80% (Q) of the labeled amount of pregabalin (C8 H17 NO2 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Buffer: 0.04 M dibasic ammonium phosphate. Adjust with phosphoric acid to a pH of 6.5.
Solution A: Acetonitrile, methanol, and Buffer (10:10:80). [Note—Filtration is not
recommended.]
Solution B: Acetonitrile. [Note—Filtration is not recommended.]
Mobile phase: See Table 1.
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Time
(min)
0
6
50
55
65

Table 1
Solution A
(%)
100
100
65
100
100

Solution B
(%)
0
0
35
0
0

Standard solution: 0.05 mg/mL of USP Pregabalin RS and 0.025 mg/mL of USP Pregabalin
Related Compound C RS in Solution A
Sample solution: Nominally 5 mg/mL of pregabalin in Solution A prepared as follows.
Transfer a suitable amount of pregabalin powder from NLT 20 Capsules to a suitable
volumetric flask. Add 70% of the final volume of Solution A, and sonicate in cold water for
10 min with intermittent shaking. Equilibrate to room temperature and dilute with Solution
A to volume. Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1.
Temperatures
Autosampler: 10°
Column: 30°
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for pregabalin
Relative standard deviation: NMT 5.0% for pregabalin
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of pregabalin related compound C and any unspecified degradation
product in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of pregabalin related compound C or any unspecified degradation
product from the Sample solution
rS = peak response of pregabalin from the Standard solution
CS = concentration of USP Pregabalin RS in the Standard solution (mg/mL)
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CU = nominal concentration of pregabalin in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2.
Table 2
Acceptance
Criteria,
NMT (%)

Name
Pregabalin
Pregabalin
related
compound C
Any unspecified
degradation
product
Total
degradation
products

Relative
Retention
Time
1.0

5.6

Relative
Response
Factor
1.0

For 25-,
50-, and
75-mg
Capsules
—

For 100-, 150-,
200-, 225-, and
300-mg
Capsules
—

20

0.5

0.3

20

0.2

0.2

—

1.0

1.0

—

—

SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count is NMT 103 cfu/g, and the total combined yeasts and molds count
is NMT 102 cfu/g. Meet the requirements of the test for absence of Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at 25°, excursions permitted
between 15° and 30°.
• USP Reference Standards 〈11〉
USP Pregabalin RS
(S)-3-(Aminomethyl)-5-methylhexanoic acid.
C8 H17 NO2
159.23
USP Pregabalin Related Compound C RS
4-Isobutylpyrrolidin-2-one.
C8 H15 NO
141.21
(TBD)

BRIEFING
Propoxycaine Hydrochloride, USP 41 page 3490. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated with Propoxycaine Hydrochloride are currently marketed in
the United States.
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2. Drug products containing Propoxycaine Hydrochloride are currently not used in
veterinary medicine in the United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205620
Comment deadline: November 30, 2018
Delete the following:
Propoxycaine Hydrochloride

C16 H26 N2 O3 ·HCl

330.85

Benzoic acid, 4-amino-2-propoxy-, 2-(diethylamino)ethyl ester, monohydrochloride.
2-(Diethylamino)ethyl 4-amino-2-propoxybenzoate monohydrochloride [550-83-4].

» Propoxycaine Hydrochloride, dried at 105° for 3 hours, contains not less
than 98.0 percent and not more than 102.0 percent of C 16 H 26 N 2 O 3 ·HCl.
Packaging and storage—Preserve in well-closed, light-resistant containers.
USP Reference standards 〈11〉—
USP Propoxycaine Hydrochloride RS
Identification—
A: Infrared Absorption 〈197K〉.
B: Ultraviolet Absorption 〈197U〉—
Solution: 10 µg per mL.
Medium: water.
Absorptivities at 303 nm, calculated on the dried basis, do not differ by more than 3.0%.
C: A solution (1 in 100) responds to the tests for Chloride 〈191〉.
Melting range, Class I 〈741〉: between 146° and 151°.
Loss on drying 〈731〉—Dry it at 105° for 3 hours: it loses not more than 0.5% of its weight.
Residue on ignition 〈281〉: not more than 0.2%.
Chromatographic purity—
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Solvent— Prepare a mixture of chloroform and methanol (9:1).
Standard preparations— Dissolve a quantity of USP Propoxycaine Hydrochloride RS in Solvent,
and dilute quantitatively, and stepwise if necessary, with Solvent to obtain a solution
containing 0.5 mg per mL. Dilute quantitatively with Solvent to obtain Standard preparations
having the following compositions:
Standard
preparation
A
B
C

Dilution
1 in 2
1 in 5
1 in 10

Concentration
(mg RS per mL)
0.25
0.10
0.05

Percentage (%, for comparison
with test specimen)
0.5
0.2
0.1

Test preparation— Dissolve an accurately weighed quantity of Propoxycaine Hydrochloride in
Solvent to obtain a solution containing 50 mg per mL.
Procedure— Apply separately 5 µL of the Test preparation and 5 µL of each Standard
preparation to a suitable thin-layer chromatographic plate (see Chromatography 〈621〉) coated
with a 0.25-mm layer of chromatographic silica gel mixture. Position the plate in a
chromatographic chamber, and develop the chromatograms in a solvent system consisting of a
mixture of chloroform, methanol, and isopropylamine (96:2:2) until the solvent front has moved
about three-fourths of the length of the plate. Remove the plate from the developing chamber,
mark the solvent front, and allow the solvent to evaporate, with the aid of warm circulating air.
Examine the plate under short-wavelength UV light, and again after exposing the plate to iodine
vapors for a few minutes and spraying it with 7 N sulfuric acid. In each instance, compare the
intensities of any secondary spots observed in the chromatogram of the Test preparation with
those of the principal spots in the chromatograms of the Standard preparations: no secondary
spot is more intense than the principal spot obtained from Standard preparation A (0.5%), and
the sum of the intensities of all secondary spots obtained from the Test preparation does not
exceed 1.0%.
Assay—Dissolve about 500 mg of Propoxycaine Hydrochloride, previously dried and accurately
weighed, in 200 mL of ice-cold water containing 1 g of potassium bromide and 2.5 mL of
hydrochloric acid, and titrate with 0.1 M sodium nitrite VS, using starch iodide paper as an
external indicator. Perform a blank determination, and make any necessary correction. Each mL
of 0.1 M sodium nitrite is equivalent to 33.09 mg of C16 H26 N2 O3 ·HCl. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 3490
BRIEFING
Propyliodone Injectable Oil Suspension, USP 41 page 3501. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Propyliodone Injectable Oil Suspension are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205624
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Comment deadline: November 30, 2018
Delete the following:
Propyliodone Injectable Oil Suspension

» Propyliodone Injectable Oil Suspension is a sterile suspension of
Propyliodone in Peanut Oil. It contains not less than 57.0 percent and not
more than 63.0 percent of C 10 H 11 I 2 NO 3 .
Packaging and storage—Preserve in single-dose, light-resistant containers.
Identification—Mix 1 g of Injectable Oil Suspension with 20 mL of solvent hexane, filter the
diluted suspension through a fine-porosity, sintered-glass crucible, and wash the residue free
from peanut oil with the solvent hexane: the residue responds to the Identification tests under
Propyliodone, and, after being dried at 105° to constant weight, melts between 187° and 190°.
Weight per mL—Transfer 60 to 70 mL of well-shaken Injectable Oil Suspension to a 250-mL
beaker, place in a vacuum desiccator, and cautiously apply vacuum. When vigorous frothing
has ceased, apply a pressure of about 10 mm of mercury for 15 minutes. Remove the specimen,
mix gently with a spatula without stirring in any air bubbles, adjust its temperature to about
20°, and fill a clean, dry, tared 50-mL pycnometer with it. Adjust the temperature of the filled
pycnometer to 25°, remove any excess of the specimen, weigh, and calculate the net weight.
The weight per mL is between 1.236 g and 1.276 g.
Iodine and iodide—Disperse 3.3 mL in 125 mL of alcohol-free chloroform, add 25 mL of sodium
hydroxide solution (1 in 2500), and shake. Separate the aqueous layer, shake it with 125 mL of
alcohol-free chloroform, and discard the chloroform. Proceed with 10 mL of the aqueous layer
as directed in the test for Iodine and iodide under Propyliodone, beginning with “add 1 mL of 2
N nitric acid.”
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
Assay—Open 1 container of Injectable Oil Suspension, stir the contents with a glass rod until
mixed, replace the closure, and shake. Quickly transfer about 30 mg of Injectable Oil
Suspension to a tared combustion capsule, and weigh accurately. Using this as the assay
specimen, proceed as directed in the Assay under Iodoquinol. Each mL of 0.02 N sodium
thiosulfate is equivalent to 0.7450 mg of C10 H11 I2 NO3 . From the weight of Injectable Oil
Suspension taken and the observed Weight per mL, calculate the weight of propyliodone in
each mL of Injectable Oil Suspension. 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 3501
BRIEFING
Quinine Sulfate Capsules, USP 41 page 3558. As part of USP monograph modernization
efforts, it is proposed to make the following revisions:
1. Delete Identification B, which is a TLC-based procedure, to support the proposed
revision to the Organic Impurities test.
2. For clarity, update the particle size (10 µm) information of the Column used in the
Assay procedure based on the available supporting information.
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3. Include the molecular weight ratio in the Assay calculation to be consistent with the
Definition and with the FDA-approved drug product.
4. Add a calculation formula to the Dissolution test to be consistent with current USP
style.
5. Replace the current TLC procedure in the Organic Impurities test with a validated
stability-indicating HPLC procedure. Organic Impurities, Procedure 1 uses the Inertsil
ODS 3V brand of column with L1 packing. The typical retention time for quinine is about
28 min. Organic Impurities, Procedure 2 uses the Inertsil C8 brand of column with L7
packing. The typical retention time for quinine is about 14 min.
6. Revise the test for Uniformity of Dosage Units.
7. Include the storage temperature in the Packaging and Storage section based on an
approved drug label.
8. Delete USP Quininone RS from the USP Reference Standards section to support the
proposed revision to the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: P. Pabba.)
Correspondence Number—C164142
Comment deadline: November 30, 2018
Quinine Sulfate Capsules
DEFINITION
Quinine Sulfate Capsules contain amounts of quinine sulfate and dihydroquinine sulfate
totaling NLT 90.0% and NMT 110.0% of the labeled amount of quinine sulfate, calculated as
[(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O].
IDENTIFICATION
• A.
Sample: Nominally 100 mg of quinine sulfate from the contents of Capsules
Analysis: Shake the Sample with 100 mL of dilute sulfuric acid (1 in 350), and filter.
Acceptance criteria: An appropriate dilution of the filtrate exhibits a vivid blue
fluorescence. On the addition of a few drops of hydrochloric acid, the fluorescence
disappears.
Delete the following:
• B. The RF value of the principal spot from the Sample solution corresponds to that from
Standard solution A, as obtained in the test for Organic Impurities. 2S (USP42)
Change to read:
• C.
B. 2S (USP42)
Identification Tests—General 〈191〉, Chemical Identification Tests, Sulfate
Sample: Nominally 20 mg of quinine sulfate from the contents of Capsules
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Analysis: Shake the Sample with 10 mL of dilute hydrochloric acid (1 in 100), and filter.
Acceptance criteria: The filtrate meets the requirements.
Change to read:
• D.
C. 2S (USP42)
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: Add 35.0 mL of methanesulfonic acid to 20.0 mL of glacial acetic acid, and
dilute with water to 500 mL.
Solution B: Dissolve 10.0 mL of diethylamine in water to obtain 100 mL of solution.
Mobile phase: Acetonitrile, Solution A, Solution B, and water (100:20:20:860). Adjust with
Solution B to a pH of 2.6 if the pH is found to be lower.
System suitability solution: 0.2 mg/mL each of USP Quinine Sulfate RS and
dihydroquinine, dissolved in 10% of the final volume of methanol. Dilute with Mobile phase
to volume.
Standard solution: 0.2 mg/mL of USP Quinine Sulfate RS in Mobile phase
Sample stock solution: Nominally 1.6 mg/mL of quinine sulfate in methanol prepared as
follows. Transfer an amount, equivalent to 160 mg of quinine sulfate from the contents of
NLT 20 Capsules, to a 100-mL volumetric flask, add 80 mL of methanol, and shake the
flask by mechanical means for 30 min. Dilute with methanol to volume, and filter,
discarding the first 10 mL of the filtrate.
Sample solution: Nominally 0.2 mg/mL of quinine sulfate in Mobile phase from the Sample
stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 3.9-mm × 30-cm;
10-µm 2S (USP42)
packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for quinine and dihydroquinine are 1 and 1.5,
respectively.]
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Suitability requirements
Resolution: NLT 1.2 between quinine and dihydroquinine
Relative standard deviation: NMT 2.0% for the quinine peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of quinine sulfate
[(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O], calculated as the sum of quinine sulfate and dihydroquinine
sulfate, in the portion of Capsules taken:
Result = [(rb,U + rd,U)/(rb,S + rd,S)] × (CS/CU)
× (Mr1/Mr2) 2S (USP42)
× 100
rb,U
rd,U
rb,S
rd,S
CS
CU

= peak response of quinine from the Sample solution
= peak response of dihydroquinine from the Sample solution
= peak response of quinine from the Standard solution
= peak response of dihydroquinine from the Standard solution
= concentration of USP Quinine Sulfate RS in the Standard solution (mg/mL)
= nominal concentration of quinine sulfate in the Sample solution (mg/mL)
= molecular weight of quinine sulfate, 782.94

Mr1
Mr2 = molecular weight of anhydrous quinine sulfate, 746.92

2S (USP42)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Detector: UV maximum at about 248 nm
Standard solution: Prepare a solution of known concentration of USP Quinine Sulfate RS
in Medium.
Sample solution: A filtered portion of the solution under test, suitably diluted with
Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of quinine sulfate
[(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O] dissolved:
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Result = (rU/rS) × (CS/L) × (Mr1/Mr2) × D × V × 100
rU = sum of the peak responses of quinine and dihydroquinine from the Sample solution
rS = sum of the peak responses of quinine and dihydroquinine from the Standard
solution
CS = concentration of USP Quinine Sulfate RS in the Standard solution (mg/mL)
L = label claim (mg/Capsule)
Mr1 = molecular weight of quinine sulfate, 782.94
Mr2 = molecular weight of anhydrous quinine sulfate, 746.92
D = dilution factor of the Sample solution
V = volume of Medium, 900 mL 2S (USP42)
Tolerances: NLT 75% (Q) of the labeled amount of quinine sulfate
[(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O] is dissolved.
Test 2: If the product complies with this test, the labeling indicates that the product meets
USP Dissolution Test 2.
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Solution A: Add 7.0 mL of methanesulfonic acid to 4.0 mL of glacial acetic acid, and
dilute with water to 100 mL.
Solution B: Dissolve 10.0 mL of diethylamine in water to obtain 100 mL of solution.
Mobile phase: Water, acetonitrile, Solution A, and Solution B (81:15:2:2). Adjust with
Solution B to a pH of 3.0.
Standard solution: Prepare a solution of known concentration of USP Quinine Sulfate RS
in Medium.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size, and suitably dilute with Medium.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the quinine peak
Relative standard deviation: NMT 2.0% for the sum of the quinine and
dihydroquinine peaks
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of quinine sulfate
[(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O] dissolved.
Result = (rU/rS) × (CS/L) × (Mr1/Mr2) × D × V × 100
rU = sum of the peak responses of quinine and dihydroquinine from the Sample solution
rS = sum of the peak responses of quinine and dihydroquinine from the Standard
solution
CS = concentration of USP Quinine Sulfate RS in the Standard solution (mg/mL)
L = label claim (mg/Capsule)
Mr1 = molecular weight of quinine sulfate, 782.94
Mr2 = molecular weight of anhydrous quinine sulfate, 746.92
D = dilution factor for the Sample solution
V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of quinine sulfate
[(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O] is dissolved.
Change to read:
• Uniformity of Dosage Units 〈905〉: Meet the requirements
Procedure for content uniformity
Diluent: Hydrochloric acid (1 in 100)
Standard solution: 40 µg/mL of USP Quinine Sulfate RS in Diluent
Sample solution: Transfer the contents of one Capsule to a 250-mL volumetric flask,
add 175 mL of Diluent, and shake by mechanical means for 30 min. Add Diluent to
volume. Filter a portion of the mixture, discarding the first 20 mL of the filtrate.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Cell: 1 cm
Analytical wavelength: Maximum at about 345 nm
Blank: Water
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of quinine sulfate
[(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O] in the Capsule taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
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CS = concentration of USP Quinine Sulfate RS in the Standard solution (mg/mL)
CU = nominal concentration of quinine sulfate in the Sample solution (mg/mL)

2S (USP42)

IMPURITIES
Delete the following:
• Organic Impurities
Standard stock solution: 6 mg/mL of USP Quinine Sulfate RS in diluted alcohol
Standard solution A: 0.06 mg/mL of USP Quinine Sulfate RS from the Standard stock
solution in diluted alcohol
Standard solution B: 0.05 mg/mL of USP Quininone RS (corresponding to 0.06 mg/mL of
the sulfate) and 0.10 mg/mL of cinchonidine (corresponding to 0.12 mg/mL of the sulfate)
in diluted alcohol
Sample solution: Nominally 6 mg/mL of quinine sulfate in diluted alcohol prepared as
follows. Shake the equivalent of 150 mg of quinine sulfate from the contents of Capsules
with 25 mL of diluted alcohol for 10 min, and filter.
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Chloroform, acetone, and diethylamine (50:40:10).
[Note—The solvent chamber being used without previous equilibration.]
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed in Chromatography 〈621〉, General Procedures, Thin-Layer
Chromatography. Allow the spots to dry, and develop the chromatogram using a solvent
chamber without previous equilibration. When the solvent front has moved about 15 cm,
remove the plate from the chamber, mark the solvent front, and allow the solvent to
evaporate. Locate the spots on the plate by spraying with glacial acetic acid, and
examine under long-wavelength UV light.
Acceptance criteria: Any spot produced by the Sample solution at the RF value of a spot
produced by Standard solution B is not greater in size or intensity than that corresponding
spot. Apart from these spots and from the spot appearing at the RF value of quinine
sulfate, any additional fluorescent spot is not greater in size or intensity than the spot
from Standard solution A. Spray the plate with potassium iodoplatinate TS. Any spot
produced by the Sample solution is not greater in size or intensity than a corresponding
spot from Standard solution B. 2S (USP42)
Add the following:
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• Organic Impurities, Procedure 1
Perform both Organic Impurities, Procedure 1 and Organic Impurities, Procedure 2.
[Note—The Standard solution, Sample solution, and Sensitivity solution are stable for up to
24 h at 10°.]
Mobile phase: 14.25 g of anhydrous potassium phosphate, monobasic in 1800 mL of water,
and add 8 mL of hexylamine. Adjust with diluted phosphoric acid to a pH of 2.3 ± 0.01.
Add 30 mL of acetonitrile and dilute with water to 2000 mL.
Diluent: Mobile phase
Standard solution: 0.02 mg/mL of USP Quinine Sulfate RS in Diluent. Sonicate in cold
water to dissolve completely.
Sensitivity solution: 0.002 mg/mL of USP Quinine Sulfate RS from the Standard solution in
Diluent
Sample solution: Nominally 2 mg/mL of quinine sulfate dihydrate in Diluent prepared as
follows. Weigh accurately 20 Capsules and transfer the Capsule contents, equivalent to
200 mg of quinine sulfate, into a 100-mL volumetric flask. Add 70 mL of Diluent, and
sonicate for about 15 min in cold water with intermittent shaking. Cool to room
temperature and dilute with Diluent to volume. Pass through a suitable filter of 0.45-µm
pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 316 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Autosampler: 10°
Column: 25°
Flow rate: 1.5 mL/min
Injection volume: 50 µL
Run time: NLT 3 times the retention time of quinine
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Tailing factor: NMT 2.5, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of cinchonidine sulfate and any individual unspecified impurity in
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the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU = peak response of each corresponding impurity from the Sample solution
rS = peak response of quinine from the Standard solution
CS = concentration of USP Quinine Sulfate RS in the Standard solution (mg/mL)
CU = nominal concentration of quinine sulfate in the Sample solution (mg/mL)
Mr1 = molecular weight of quinine sulfate, 782.94
Mr2 = molecular weight of anhydrous quinine sulfate, 746.92
F = relative response factor for each impurity (see Table 1)
Acceptance criteria: See Table 1. The reporting threshold is 0.10%.
Table 1
Relative
Retention
Time

Name
Cinchonidine sulfatea
Dihydrocinchonidine

sulfateb,c

0.43
0.64

Quinidine sulfated,c
Quinine sulfate

0.79
1.0

Dihydroquinidine sulfatee,c

1.29

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

2.5
—

2.0
—

—
1.0
—

—
—
—

sulfatef ,g

—
—
Dihydroquinine
1.68
Any individual unspecified impurity
—
1.0
0.20
h
—
—
Total impurities
2.5
a R-Quinolin-4-yl[(2S,4S,5R)-5-vinylquinuclidin-2-yl]methanol sulfate.
b (R)-[(2S,4S,5R)-5-Ethylquinuclidin-2-yl](quinolin-4-yl)methanol sulfate.
c Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
impurities for the drug product.
d S-(6-Methoxyquinolin-4-yl)[(2R,4S,5R)-5-vinylquinuclidin-2-yl]methanol sulfate
dihydrate.
e S-[(1S,2S,4S,5R)-5-Ethylquinuclidin-2-yl](6-methoxyquinolin-4-yl)methanol sulfate.
f R-[(2S,4S,5R)-5-Ethylquinuclidin-2-yl](6-methoxyquinolin-4-yl)methanol sulfate.
g Dihydroquinine sulfate is part of the drug substance and not to be included in the
total impurities.
h Includes quinicine sulfate and quininone sulfate from Organic Impurities, Procedure
2.
2S (USP42)

Add the following:
• Organic Impurities, Procedure 2
Organic Impurities, Procedure 2 is applicable only for the impurities quinicine sulfate and
quininone sulfate.
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[Note—The Standard solution and Sample solution are stable for up to 25 h at 10°.]
Buffer: 2.72 g/L of anhydrous potassium dihydrogen orthophosphate in water. Add 2 mL of
triethylamine and adjust with dilute orthophosphoric acid to a pH of 7.0 ± 0.01.
Solution A: Acetonitrile, methanol, and Buffer (23:10:67)
Solution B: Acetonitrile and Buffer (70:30)
Diluent: Solution A
Mobile phase: See Table 2.
Time
(min)
0
20
40
45
50

Table 2
Solution A
(%)
100
100
40
100
100

Solution B
(%)
0
0
60
0
0

Standard stock solution: 0.5 mg/mL of USP Quinine Sulfate RS in Diluent. Sonicate in cold
water to dissolve completely.
Standard solution: 0.01 mg/mL of USP Quinine Sulfate RS in Diluent from Standard stock
solution
Sample solution: Nominally 1 mg/mL of quinine sulfate dihydrate in Diluent prepared as
follows. Weigh accurately 20 Capsules and transfer the Capsule contents, equivalent to
100 mg of quinine sulfate, into a 100-mL volumetric flask. Add 70% of the final volume of
Diluent, and sonicate for about 15 min in cold water with intermittent shaking. Cool to
room temperature and dilute with Diluent to volume. Pass through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Temperatures
Autosampler: 10°
Column: 50°
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.5
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Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of quinine from the Standard solution
CS = concentration of USP Quinine Sulfate RS in the Standard solution (mg/mL)
CU = nominal concentration of quinine sulfate in the Sample solution (mg/mL)
Mr1 = molecular weight of quinine sulfate, 782.94
Mr2 = molecular weight of anhydrous quinine sulfate, 746.92
F = relative response factor for each impurity (see Table 3)
Acceptance criteria: See Table 3.

Name

Table 3
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Quinicine sulfatea
0.45
0.63
0.15
Quinine sulfate
1.0
1.0
—
b
Quininone sulfate
2.54
0.77
1.0
a 1-(6-Methoxyquinolin-4-yl)-3-[(3R,4R)-3-vinylpiperidin-4-yl]propan-1-one sulfate.
b (6-Methoxyquinolin-4-yl)[(2S,4S,5R)-5-vinylquinuclidin-2-yl]methanone sulfate.
2S (USP42)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 2S (USP42)
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Quinine Sulfate RS
USP Quininone RS
Cinchonan-9-one, 6′-methoxy-, (8α)-.
C20 H22 N2 O2
322.40
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 3558
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BRIEFING
Repaglinide and Metformin Hydrochloride Tablets. Because there is no existing USP
monograph for this drug product, a new monograph based on validated methods of analysis is
being proposed.
1. The liquid chromatographic procedures in the Assay, Procedure 1: Repaglinide and the
Dissolution, Test for repaglinide are based on analyses performed with the Inertsil ODS3V brand of column with L1 packing. The typical retention times for the repaglinide peak
in the Assay, Procedure 1: Repaglinide and the Dissolution, Test for repaglinide are 12
and 4 min, respectively.
2. The liquid chromatographic procedure in the Assay, Procedure 2: Metformin
Hydrochloride is based on analyses performed with the Inertsil ODS-3V brand of column
with L1 packing. The typical retention time for the metformin peak is 10 min.
3. The liquid chromatographic procedure in the test for Organic Impurities, Procedure 1:
Repaglinide is based on analyses performed with the XTerra RP18 brand of column with
L1 packing. The typical retention time for the repaglinide peak is about 15 min.
4. The liquid chromatographic procedure in the test for Organic Impurities, Procedure 2:
Metformin Hydrochloride is based on analyses performed with a 4.6-mm × 30-cm; 10µm Inertsil ODS-3 column with L1 packing. Alternatively, a 4.6-mm × 15-cm; 5-µm
Inertsil ODS-3 column with L1 packing can be used. The typical retention times for the
metformin peak are about 13 and 4 min for column 1 and column 2, respectively.
(CHM3: B. Almasi.)
Correspondence Number—C194503
Comment deadline: November 30, 2018
Add the following:
Repaglinide and Metformin Hydrochloride Tablets
DEFINITION
Repaglinide and Metformin Hydrochloride Tablets contain NLT 92.5% and NMT 107.5% of the
labeled amount of repaglinide (C27 H36 N2 O4 ) and NLT 95.0% and NMT 105.0% of the labeled
amount of metformin hydrochloride (C4 H11 N5 ·HCl).
IDENTIFICATION
• A. Repaglinide: The retention time of the repaglinide peak of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay, Procedure
1:Repaglinide.
• B. Repaglinide: The UV spectrum of the repaglinide peak of the Sample solution corresponds
to that of the Standard solution, as obtained in the Assay, Procedure 1: Repaglinide.
• C. Metformin Hydrochloride: The retention time of the metformin peak of the Sample
solution corresponds to that of the Standard solution, as obtained in the Assay, Procedure
2: Metformin Hydrochloride.
• D. Metformin Hydrochloride: The UV spectrum of the metformin peak of the Sample
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solution corresponds to that of the Standard solution, as obtained in the Assay, Procedure
2: Metformin Hydrochloride.
ASSAY
• Procedure 1: Repaglinide
Buffer: 3 g/L of potassium phosphate, monobasic in water. Adjust with 1 N sodium
hydroxide solution to a pH of 7.0.
Solution A: Buffer
Solution B: Methanol
Mobile phase: See Table 1.
Time
(min)
0
2
8
12
15
16
20

Table 1
Solution A
(%)
50
30
30
5
5
50
50

Solution B
(%)
50
70
70
95
95
50
50

Diluent: Methanol and water (80:20)
Standard solution: 0.02 mg/mL of USP Repaglinide RS in Diluent. Sonicate, if necessary, to
dissolve.
Sample solution: Nominally 0.02 mg/mL of repaglinide in Diluent, prepared as follows. Place
NLT 10 Tablets in a suitable volumetric flask, and add Diluent equivalent to 40% of the
final volume. Sonicate for NLT 20 min with intermittent shaking until the Tablets are
completely dispersed. Dilute with Diluent to volume. Centrifuge a portion of this solution
and pass the supernatant through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Autosampler: 10°
Column: 45°
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
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Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of repaglinide (C27 H36 N2 O4 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of repaglinide from the Sample solution
rS = peak response of repaglinide from the Standard solution
CS = concentration of USP Repaglinide RS in the Standard solution (mg/mL)
CU = nominal concentration of repaglinide in the Sample solution (mg/mL)
Acceptance criteria: 92.5%–107.5%
• Procedure 2: Metformin Hydrochloride
Buffer: 1.77 g/L of sodium phosphate, dibasic, anhydrous and 1.0 g/L of sodium 1octanesulfonate, anhydrous in water. Pass through a suitable filter of 0.45-µm pore size.
Mobile phase: Methanol and Buffer (25:75). Adjust with 10% phosphoric acid to a pH of
6.0.
Diluent: Methanol and water (80:20)
Standard stock solution: 0.5 mg/mL of USP Metformin Hydrochloride RS in Diluent.
Sonicate, if necessary, to dissolve.
Standard solution: 0.1 mg/mL of USP Metformin Hydrochloride RS in Mobile phase
Sample stock solution: Nominally 10 mg/mL of metformin hydrochloride from NLT 10
Tablets in Diluent, prepared as follows. Transfer 10 Tablets into a 500-mL volumetric flask,
add about 200 mL of Diluent and sonicate for NLT 20 min with intermittent shaking until
the Tablets are completely dispersed. Centrifuge this solution and use the supernatant to
make the Sample solution.
Sample solution: Nominally 0.1 mg/mL of metformin hydrochloride from Sample stock
solution in Mobile phase. Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 232 nm. For Identification D, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 10°
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Column: 40°
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of metformin from the Sample solution
rS = peak response of metformin from the Standard solution
CS = concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of metformin hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Test for repaglinide
Medium: 10.2 g/L of citric acid and 18.16 g/L of sodium phosphate, dibasic, dihydrate in
water. Adjust to a pH of 5.0 with 1% citric acid solution in water or 1% sodium
hydroxide solution in water; 900 mL
Apparatus 2: 50 rpm
Times
For Tablets labeled to contain 1 mg/500 mg: 30 min
For Tablets labeled to contain 2 mg/500 mg: 15 min
Buffer: 2 g/L of ammonium phosphate, monobasic in water. Adjust with phosphoric acid
to a pH of 2.5. Pass through a suitable filter of 0.45-µm pore size.
Mobile phase: Acetonitrile and Buffer (60:40)
Standard stock solution: 0.02 mg/mL of USP Repaglinide RS in methanol. Sonicate, if
necessary, to dissolve.
Standard solution: (L/900) mg/mL of USP Repaglinide RS from Standard stock solution in
Medium, where L is the label claim of repaglinide in mg/Tablet. Sonicate, if necessary, to
dissolve.
Sample solution: Use the solution under test, and do not filter the sample.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Autosampler: 10°
Column: 40°
Flow rate: 1.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of repaglinide (C27 H36 N2 O4 ) in the portion
of Tablets dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU = peak response of repaglinide from the Sample solution
rS = peak response of repaglinide from the Standard solution
CS = concentration of USP Repaglinide RS in the Standard solution (mg/mL)
L = label claim of repaglinide (mg/Tablet)
V = volume of Medium, 900 mL
Tolerances
For Tablets labeled to contain 1 mg/500 mg: NLT 70% (Q) of the labeled amount of
repaglinide (C27 H36 N2 O4 ) is dissolved.
For Tablets labeled to contain 2 mg/500 mg: NLT 80% (Q) of the labeled amount of
repaglinide (C27 H36 N2 O4 ) is dissolved.
Test for metformin hydrochloride
Medium: 10.2 g/L of citric acid and 18.16 g/L of sodium phosphate, dibasic, dihydrate in
water. Adjust to a pH of 5.0 with 1% citric acid solution in water or 1% sodium
hydroxide solution in water; 900 mL
Apparatus 2: 50 rpm
Time: 15 min
Standard solution: 0.011 mg/mL of USP Metformin Hydrochloride RS in Medium.
Sonicate, if necessary, to dissolve.
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Sample solution: Pass a portion of the solution under test through a suitable filter.
Transfer 2.0 mL of the filtrate into a 100-mL volumetric flask and dilute with Medium to
volume.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 232 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
in the portion of Tablets dissolved:
Result = (AU/AS) × (CS/L) × D × V × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
L = label claim of metformin hydrochloride (mg/Tablet)
D = dilution factor for the Sample solution, 50
V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of metformin hydrochloride
(C4 H11 N5 ·HCl) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements for metformin hydrochloride and
repaglinide
IMPURITIES
• Organic Impurities, Procedure 1: Repaglinide
Buffer: 3.0 g/L of potassium phosphate, monobasic in water. Adjust with phosphoric acid
to a pH of 2.0. Pass through a suitable filter of 0.45-µm pore size.
Solution A: Buffer
Solution B: Methanol
Mobile phase: See Table 2.
Time
(min)
0
3
18
24
30
Diluent: Methanol and water (80:20)

Table 2
Solution A
(%)
60
50
50
60
60

Solution B
(%)
40
50
50
40
40
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Sensitivity solution: 0.2 µg/mL of USP Repaglinide RS in Diluent
Standard solution: 0.002 mg/mL of USP Repaglinide RS in Diluent. Sonicate, if necessary.
Sample solution: Nominally 0.2 mg/mL of repaglinide from NLT 10 Tablets in Diluent,
prepared as follows. Transfer NLT 10 Tablets to a suitable volumetric flask, and add
Diluent equivalent to 60% of the final volume. If necessary, sonicate for NLT 20 min with
intermittent shaking in cool water until the Tablets are completely dispersed. Dilute with
Diluent to obtain a solution containing 0.2 mg/mL of repaglinide, based on the label claim.
Centrifuge this solution and pass the supernatant through a suitable filter of 0.45-µm pore
size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 10°
Column: 35°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each repaglinide related impurity in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of repaglinide from the Standard solution
CS = concentration of USP Repaglinide RS in the Standard solution (mg/mL)
CU = nominal concentration of repaglinide in the Sample solution (mg/mL)
F = relative response factor (see Table 3)
Acceptance criteria: See Table 3. The reporting threshold is 0.1%.
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Table 3
Relative
Retention
Time
0.37
1.0

Relative
Response
Factor
2.0
—

Acceptance
Criteria,
NMT (%)
—
—

Repaglinide related compound Aa,b
1.2
0.2
—
Any individual unspecified impurity
—
1.0
0.20
Total impurities
—
—
0.50
a Process-related impurity, but considered an unspecified impurity and included in
total impurities.
b (S)-3-Methyl-1-[2-(1-piperidinyl)phenyl]butylamine, N-acetyl-L-glutamate.
• Organic Impurities, Procedure 2: Metformin Hydrochloride
Buffer: 0.5 g/L each of sodium 1-heptanesulfonate and sodium chloride in water. Adjust
with 0.06 M phosphoric acid to a pH of 3.85.
Mobile phase: Acetonitrile and Buffer (10:90)
Diluent: Acetonitrile and water (10:90)
Sensitivity solution: 0.1 µg/mL of USP Metformin Hydrochloride RS in Diluent
Standard solution: 0.005 mg/mL of USP Metformin Hydrochloride RS in Diluent. Sonicate, if
necessary.
Sample stock solution: Nominally 5 mg/mL of metformin hydrochloride in Diluent, prepared
as follows. Transfer a suitable quantity from NLT 20 powdered Tablets, equivalent to
about 1000 mg of metformin hydrochloride, to a 200-mL volumetric flask. Add about 120
mL of Diluent, and sonicate for NLT 20 min with intermittent shaking. Dilute with Diluent to
volume. Pass through a suitable filter.
Sample solution: Nominally 0.5 mg/mL of metformin hydrochloride in Diluent from Sample
stock solution. Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 218 nm
Column: 4.6-mm × 30-cm; 10-µm packing L1 (column 1). [Note—Alternatively, a 4.6-mm
× 15-cm column with 5-µm packing L1 (column 2) can be used.]
Temperatures
Autosampler: 10°
Column: 30°
Flow rate: 1 mL/min for column 1 or 1.5 mL/min for column 2
Injection volume: 20 µL
System suitability
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Samples: Sensitivity solution and Standard solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each metformin related impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of metformin from the Standard solution
CS = concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of metformin hydrochloride in the Sample solution (mg/mL)
F = relative response factor (see Table 4)
Acceptance criteria: See Table 4.

Name
Metformin related compound Aa
Metformin
Any individual unspecified impurity
Total impurities
a 1-Cyanoguanidine.

Table 4
Relative
Retention
Time
0.30
1.0
—
—

Relative
Response
Factor
3.7
—
1.0
—

Acceptance
Criteria,
NMT (%)
0.02
—
0.10
0.60

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature
and protect from moisture.
• USP Reference Standards 〈11〉
USP Metformin Hydrochloride RS
USP Repaglinide RS
2S (USP42)

BRIEFING
Rifampin, USP 41 page 3608. As part of USP monograph modernization efforts, it is proposed
to make the following changes:
1. Add Identification B based on the retention time agreement in the Assay.
2. Delete the Column efficiency requirement from the Assay because the remaining criteria
are adequate to evaluate the System suitability.
3. Under the Assay calculation, delete the requirement to calculate the concentration of
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USP Rifampin RS on the dried basis, to be consistent with the RS label.
4. Revise the test for Organic Impurities using a validated LC procedure to obtain a better
sensitivity and peak shape for the added new impurities. The chromatographic
procedure is based on analyses performed with the GL Sciences Inertsil C8-3 brand of
column with L7 packing. The typical retention time for the rifampin peak in the Organic
Impurities test is about 23.5 min.
5. Update the USP Reference Standards section to include USP Rifampin-N-Oxide RS to
support the revised test for Organic Impurities. Chemical information for USP Rifampin
Quinone RS is added.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C163129
Comment deadline: November 30, 2018
Rifampin

C43 H58 N4 O12

822.94

Rifamycin, 3-[[(4-methyl-1-piperazinyl)imino]methyl]-;
5,6,9,17,19,21-Hexahydroxy-23-methoxy-2,4,12,16,18,20,22-heptamethyl-8-[N-(4-methyl-1piperazinyl)formimidoyl]-2,7-(epoxypentadeca[1,11,13]trienimino)naphtho[2,1-b]furan1,11(2H)-dione 21-acetate
[13292-46-1].
DEFINITION
Rifampin contains NLT 95.0% and NMT 103.0% of rifampin (C43 H58 N4 O12 ), calculated on the
dried basis.
IDENTIFICATION
Change to read:
• Infrared Absorption 〈197M〉
A. Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197M〉

2S (USP42)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
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2S (USP42)

ASSAY
Change to read:
• Procedure
Buffer: Dissolve 136.1 g of monobasic potassium phosphate in 500 mL of water, add 6.3 mL
of phosphoric acid, and dilute with water to 1000 mL.
Mobile phase: Acetonitrile, Buffer, 1.0 M citric acid, 0.5 M sodium perchlorate, and water
(350:100:20:20:510)
Diluent: Acetonitrile, 1.0 M dibasic potassium phosphate, 1.0 M monobasic potassium
phosphate, 1.0 M citric acid, and water (250:77:23:10:640)
System suitability stock solution: 0.1 mg/mL each of USP Rifampin RS and USP Rifampin
Quinone RS, in acetonitrile
System suitability solution: 0.01 mg/mL each of USP Rifampin RS and USP Rifampin
Quinone RS from the System suitability stock solution, in Diluent
Standard stock solution: 0.2 mg/mL of USP Rifampin RS in acetonitrile. Sonicate, for 30 s,
2S (USP42)

if necessary, to ensure dissolution. [Note—Use this solution within 5 h.]
Standard solution: 0.02 mg/mL of USP Rifampin RS in Diluent from the Standard stock
solution.
[Note—Prepare this final dilution immediately before injection into the chromatograph.]
Sample stock solution: 0.2 mg/mL of Rifampin in acetonitrile. Sonicate, for 30 s,
2S (USP42)

if necessary, to ensure dissolution.
Sample solution: 0.02 mg/mL of Rifampin in Diluent from the Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 10-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for rifampin quinone and rifampin are about 0.6 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between rifampin quinone and rifampin, System suitability solution
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Column efficiency: NLT 1000 theoretical plates, determined from the rifampin peak,
Standard solution
2S (USP42)

Relative standard deviation: NMT 1.0% for replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of rifampin (C43 H58 N4 O12 ) in the portion of Rifampin taken:
Result = (rU/rS ) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Rifampin RS calculated on the dried basis,
2S (USP42)

in the Standard solution (mg/mL)
CU = concentration of Rifampin in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–103.0% on the dried basis
IMPURITIES
Change to read:
• Organic Impurities
Buffer, Diluent, Mobile phase, System suitability solution, System suitability and
Chromatographic system: Proceed as directed in the Assay.
Sample stock solution: 2.0 mg/mL of Rifampin acetonitrile. Sonicate for 30 s, if necessary,
to ensure dissolution. [Note—Use this solution within 2 h.]
Sample solution: 0.2 mg/mL of Rifampin from Sample stock solution, in Diluent
[Note—Prepare this solution immediately before injection into the chromatograph.]
Diluted sample solution: Transfer 10.0 mL of the Sample stock solution to a 100-mL
volumetric flask and dilute with acetonitrile to volume. Transfer 5.0 mL of the resulting
solution to a 50-mL volumetric flask, and dilute with acetonitrile to volume. Transfer 5.0
mL of this solution to another 50-mL volumetric flask, and dilute with Diluent to volume.
[Note—Prepare this final dilution immediately before injection into the chromatograph.]
Analysis
Samples: Sample solution and Diluted sample solution
Calculate the percentage of each related substance in the portion of Rifampin taken:
Result = rTi/(rD + 0.01ΣrTi)
rTi = peak area for the any individual related substance from Sample solution
rD = peak area for rifampin from Diluted sample solution
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ΣrTi = sum of the areas of all peaks for the related substances from Sample solution
Acceptance criteria
Rifampin quinone: NMT 1.5%
Any other individual related substance: NMT 1.0%
Total of all individual related substances (other than rifampin quinone) having
retention times of up to 3 in relation to the retention time of rifampin: NMT 3.5%
Buffer: Dissolve 136.1 g of monobasic potassium phosphate in 500 mL of water, add 6.3
mL of phosphoric acid, and dilute with water to 1000 mL.
Solution A: Acetonitrile, Buffer, 1.0 M citric acid, 0.5 M sodium perchlorate, and water
(175:50:10:10:255)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
15
30
40
45
46
50

Table 1
Solution A
(%)
100
100
90
75
75
100
100

Solution B
(%)
0
0
10
25
25
0
0

Diluent: Acetonitrile, 1.0 M monobasic potassium phosphate, 1.0 M dibasic potassium
phosphate, 1.0 M citric acid solution, and water (250:23:77:10:640)
System suitability stock solution: 0.8 mg/mL of USP Rifampin RS and 0.32 mg/mL of USP
Rifampin-N-Oxide RS, in acetonitrile. Sonicate to dissolve if necessary.
System suitability solution: 0.2 mg/mL of USP Rifampin RS and 0.08 mg/mL of USP
Rifampin-N-Oxide RS in Diluent from the System suitability stock solution
Standard stock solution: 0.1 mg/mL of USP Rifampin RS in acetonitrile. Sonicate to
dissolve if necessary. [Note—Use this solution within 5 h.]
Standard solution: 0.008 mg/mL of USP Rifampin RS in Diluent from the Standard stock
solution. [Note—Prepare this final dilution immediately before injection into the
chromatograph.]
Sample stock solution: 2 mg/mL of Rifampin in acetonitrile. Sonicate if necessary, to
ensure dissolution.
Sample solution: 0.8 mg/mL of Rifampin in Diluent from the Sample stock solution.
[Note—Prepare this final dilution immediately before injection into the chromatograph.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 45°
Flow rate: 1.8 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2 between rifampin and rifampin-N-oxide, System suitability solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Rifampin taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of individual impurity from the Sample solution
rS = peak response of rifampin from the Standard solution
CS = concentration of USP Rifampin RS in the Standard solution (mg/mL)
CU = concentration of Rifampin in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.5%.
Table 2

Name

Relative
Retention
Time
0.62
1.0
1.1
1.7
—
—

Acceptance
Criteria,
NMT (%)
1.5
—
1.0
1.0
1.0
3.5

Rifampin quinone
Rifampin
Rifampin-N-oxide
3-Formyl rifampina
Any individual unspecified impurity
Total impurities (excluding rifampin quinone)
a (9E,19E,21Z)-26-Formyl-2,15,17,27,29-pentahydroxy-11-methoxy3,7,12,14,16,18,22-heptamethyl-6,23-dioxo-8,30-dioxa-24azatetracyclo[23.3.1.14,7.05,28]triaconta-1(28),2,4,9,19,21,25(29),26-octaen-13-yl
acetate.
2S (USP42)

SPECIFIC TESTS
• Crystallinity 〈695〉: Meets the requirements
• pH 〈791〉
Sample: 10 mg/mL suspension
Acceptance criteria: 4.5–6.5
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• Loss on Drying 〈731〉
Sample: 100 mg
Analysis: Dry the Sample in a capillary-stoppered bottle in a vacuum at 60° for 4 h
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, protected from
excessive heat.
Change to read:
• USP Reference Standards 〈11〉
USP Rifampin RS
USP Rifampin Quinone RS
1,4-Dideoxy-1,4-dihydro-3-[[[4-methyl-1-piperazinyl]imino]methyl]-1,4-dioxorifamycin.
C43 H56 N4 O12
820.9
USP Rifampin-N-Oxide RS
3-[[(4-Methyl-1-piperazinyl)imino]methyl]rifamycin N-4′-oxide.
C43 H58 N4 O13
838.95
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 3608
BRIEFING
Rifampin Capsules, USP 41 page 3609. As part of USP monograph modernization efforts, it
is proposed to make the following changes:
1. Replace the TLC-based Identification A with a spectroscopic procedure based on the UV
spectral match, as obtained in the Assay and reorder the Identifications.
2. Revise the Assay to add the use of a diode array detector to support the proposed
Identification B.
3. Under the Assay calculation, delete the requirement to calculate the concentration of
USP Rifampin RS on the dried basis, to be consistent with the RS label.
4. Add a calculation for the Dissolution test to determine the percentage of the labeled
amount of rifampin dissolved.
5. Add the test for Organic Impurities using a validated LC procedure. The
chromatographic procedure is based on analyses performed with the GL Sciences Inertsil
C8-3 brand of column with L7 packing. The typical retention time for the rifampin peak
is about 23 min.
6. Add storage temperature to the Packaging and Storage section.
7. Update the USP Reference Standards section to include USP Rifampin-N-Oxide RS to
support the test for Organic Impurities. Chemical information for USP Rifampin Quinone
RS is added.
Manufacturers are encouraged to submit their FDA-approved organic impurities specifications to
USP if they are different from those proposed in this revision.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C156322
Comment deadline: November 30, 2018
Rifampin Capsules
DEFINITION
Rifampin Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of rifampin
(C43 H58 N4 O12 ).
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatography
Standard solution: 10 mg/mL
Sample solution: Equivalent to 50 mg of rifampin from Capsule contents. Triturate with 5
mL of chloroform and filter.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 3 µL
Developing solvent system: Chloroform and methanol (9:1)
Analysis: Apply the Standard solution and the Sample solution to a suitable thin-layer
chromatographic plate. Develop the chromatogram in an equilibrated chromatographic
chamber containing the Developing solvent system until the solvent front has moved onehalf the length of the plate. Locate the red spots on the plate.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution. 2S (USP42)
Change to read:
• B
A. 2S (USP42)
The chromatogram of the Sample solution exhibits a major peak for rifampin, the retention
time of which corresponds to that of the Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
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Change to read:
• Procedure
Buffer: Dissolve 136.1 g of monobasic potassium phosphate in 500 mL of water, add 6.3 mL
of phosphoric acid, and dilute with water to 1000 mL (pH 3.1 ± 0.1).
Mobile phase: Acetonitrile, Buffer, 1.0 M citric acid, 0.5 M sodium perchlorate, and water
(350:100:20:20:510)
Diluent A: Acetonitrile and methanol (1:1)
Diluent B: Acetonitrile, 1.0 M dibasic sodium phosphate, 1.0 M monobasic potassium
phosphate, 1.0 M citric acid, and water (250:77:23:10:640)
System suitability stock solution: 0.1 mg/mL of USP Rifampin Quinone RS in Diluent A
Standard stock solution: 0.3 mg/mL of USP Rifampin RS prepared as follows. Prepare a
solution containing 1.5 mg/mL of USP Rifampin RS in Diluent A, and sonicate for 30 s, if
necessary, to ensure dissolution. [Note—Use this solution within 5 h.]
System suitability solution: 0.003 mg/mL of USP Rifampin Quinone RS and 0.03 mg/mL of
USP Rifampin RS prepared as follows. Transfer 1.5 mL of the System suitability stock
solution and 5.0 mL of the Standard stock solution to a 50-mL volumetric flask, and dilute
with Diluent B to volume.
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 50-mL volumetric
flask, and dilute with Diluent B to volume. This solution contains 0.03 mg/mL of USP
Rifampin RS. [Note—Prepare this final dilution immediately before injection into the
chromatograph.]
Sample stock solution: Nominally 0.3 mg/mL of rifampin prepared as follows. Remove, as
completely as possible, the contents of NLT 20 Capsules and weigh. Mix the Capsule
contents and transfer a portion containing nominally 300 mg of rifampin to a 200-mL
volumetric flask. Add 180 mL of Diluent A, sonicate for 5 min, allow to equilibrate to room
temperature, and dilute with Diluent A to volume. Transfer 10.0 mL of this solution to a
50-mL volumetric flask, and dilute with acetonitrile to volume. [Note—Use this solution
within 5 h.]
Sample solution: Nominally 0.03 mg/mL of rifampin in Diluent B from Sample stock solution
prepared as follows. Transfer 5.0 mL of the Sample stock solution to a 50-mL volumetric
flask, and dilute with Diluent B to volume. [Note—Inject this solution into the
chromatograph within 30–60 s after preparation.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 10-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability

2S (USP42)
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Samples: System suitability solution and Standard solution
[Note—The relative retention times for rifampin quinone and rifampin are about 0.6 and
1.0, respectively, System suitability solution.]
Suitability requirements
Resolution: NLT 4.0 between rifampin quinone and rifampin, System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of rifampin (C43 H58 N4 O12 ) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Rifampin RS calculated on the dried basis
2S (USP42)

in the Standard solution (mg/mL)
CU = nominal concentration of rifampin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Standard solution: USP Rifampin RS in Medium
Sample solution: Dilute with Medium if necessary.
Instrumental conditions
Mode: UV
Analytical wavelength: Wavelength of maximum absorbance at about 475 nm
Analysis Determine the amount of C43 H58 N4 O12 dissolved from absorbances of filtered
portions of the Sample solution, suitably diluted, if necessary, with Medium, in comparison
with the Standard solution having a known concentration of USP Rifampin RS, prepared
concomitantly and held in the water bath for the time specified.
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of rifampin (C43 H58 N4 O12 ) dissolved:
(AU/AS) × CS × D × (V/L) × 100

PF 44(5): Sep.-Oct. 2018

930

AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (mg/mL)
D = dilution factor of the Sample solution, if needed
V = volume of Medium, 900 mL
L = label claim (mg/Tablet) 2S (USP42)
Tolerances: NLT 75% (Q) of the labeled amount of C43 H58 N4 O12 is dissolved.
• Uniformity of Dosage Units 〈905〉
Procedure for content uniformity
Mobile phase, Diluent A, Diluent B, System suitability stock solution, Standard
stock solution, System suitability solution, Standard solution, and
Chromatographic system: Proceed as directed in the Assay.
Sample stock solution: Remove the contents of 1 Capsule, and dilute to contain 1.5
mg/mL of rifampin as follows. Rinse the Capsule shell with a small quantity of Diluent A,
and add the washing to the volumetric flask being used to create the solution. Add
Diluent A until the flask is four-fifths full and sonicate for 5 min, allow to equilibrate to
room temperature, and dilute with Diluent A to volume. Transfer 10.0 mL of this solution
to a 50-mL volumetric flask, and dilute with acetonitrile to volume. [Note—Use this
solution within 5 h.]
Sample solution: Transfer 5.0 mL of the Sample stock solution to a 50-mL volumetric
flask, and dilute with Diluent B to volume. [Note—Inject this solution into the
chromatograph within 30–60 s after preparation.]
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of rifampin (C43 H58 N4 O12 ) in the
Capsule content:
Result = (rU/rS) × (L × CS/D) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
L = labeled quantity of rifampin in the Capsule (mg/Capsule)
CS = concentration of USP Rifampin RS in the Standard solution (mg/mL)
D = nominal concentration of rifampin in the Sample solution (mg/mL)
Acceptance criteria: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Buffer: Dissolve 136.1 g of monobasic potassium phosphate in 500 mL of water, add 6.3 mL
of phosphoric acid, and dilute with water to 1000 mL.
Solution A: Acetonitrile, Buffer, 1.0 M citric acid, 0.5 M sodium perchlorate, and water
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(175:50:10:10:255)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
15
30
40
45
46
50

Table 1
Solution A
(%)
100
100
90
75
75
100
100

Solution B
(%)
0
0
10
25
25
0
0

Diluent: Acetonitrile, 1.0 M monobasic potassium phosphate, 1.0 M dibasic potassium
phosphate, 1.0 M citric acid solution, and water (250:23:77:10:640)
System suitability stock solution: 0.8 mg/mL of USP Rifampin RS and 0.32 of mg/mL USP
Rifampin-N-Oxide RS in acetonitrile. Sonicate to dissolve if necessary.
System suitability solution: 0.2 mg/mL of USP Rifampin RS and 0.08 mg/mL of USP
Rifampin-N-Oxide RS in Diluent from System suitability stock solution
Standard stock solution: 0.1 mg/mL of USP Rifampin RS in acetonitrile. Sonicate to
dissolve if necessary. [Note—Use this solution within 5 h.]
Standard solution: 0.008 mg/mL of USP Rifampin RS in Diluent from Standard stock
solution. [Note—Prepare this final dilution immediately before injection into the
chromatograph.]
Sample stock solution: Nominally 2 mg/mL of rifampin prepared as follows. Mix the Capsule
contents and transfer a portion of mixed Capsule contents containing nominally 40 mg of
rifampin to a 20-mL volumetric flask. Add 16 mL of acetonitrile and sonicate for 1 min.
Dilute with acetonitrile to volume. [Note—Use this solution within 5 h.]
Sample solution: 0.8 mg/mL of Rifampin in Diluent from the Sample stock solution.
[Note—Inject this solution into the chromatograph within 30–60 s after preparation.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 45°
Flow rate: 1.8 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
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Suitability requirements
Resolution: NLT 2 between rifampin and rifampin-N-oxide
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Rifampin taken::
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual impurity from the Sample solution
rS = peak response of rifampin from the Standard solution
CS = concentration of USP Rifampin RS in the Standard solution (mg/mL)
CU = nominal concentration of rifampin in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2

Name

Relative
Retention
Time
0.62
1.0
1.1
1.7
—
—

Acceptance
Criteria,
NMT (%)
4
—
1.5
1.0
1.0
3.5

Rifampin quinone
Rifampin
Rifampin-N-oxide
3-Formyl rifampina
Any individual unspecified impurity
Total impurities (excluding rifampin quinone)
a (9E,19E,21Z)-26-Formyl-2,15,17,27,29-pentahydroxy-11-methoxy3,7,12,14,16,18,22-heptamethyl-6,23-dioxo-8,30-dioxa-24azatetracyclo[23.3.1.14,7.05,28]triaconta-1(28),2,4,9,19,21,25(29),26-octaen-13-yl
acetate.
2S (USP42)

SPECIFIC TESTS
• Loss on Drying 〈731〉
Sample: 100 mg of Capsule contents
Analysis: Dry the Sample in a capillary-stoppered bottle under vacuum at 60° for 3 h.
Acceptance criteria: NMT 3.0%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers, protected from
excessive heat.
Store at controlled room temperature 2S (USP42)
Change to read:
• USP Reference Standards 〈11〉
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USP Rifampin RS
USP Rifampin Quinone RS
1,4-Dideoxy-1,4-dihydro-3-[[[4-methyl-1-piperazinyl]imino]methyl]-1,4-dioxorifamycin.
C43 H56 N4 O12
820.9
USP Rifampin-N-Oxide RS
3-[[(4-Methyl-1-piperazinyl)imino]methyl]rifamycin N-4′-oxide.
C43 H58 N4 O13
838.95
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 3609
BRIEFING
Rifampin for Injection, USP 41 page 3610. As part of USP monograph modernization efforts,
it is proposed to make the following changes:
1. Replace the TLC-based Identification A with the UV spectral match, as obtained in the
Assay, and reorder the Identification tests.
2. Revise the Assay to add the use of a diode array detector to support the proposed
Identification B.
3. Delete the Column efficiency requirement from the Assay because the remaining criteria
are adequate to evaluate the system suitability.
4. Under the Assay calculation, delete the requirement to calculate the concentration of
USP Rifampin RS on the dried basis, to be consistent with the RS label.
5. Add the test for Organic Impurities using a validated HPLC procedure. The
chromatographic procedure is based on analyses performed with the GL Sciences Inertsil
C8-3 brand of column with L7 packing. The typical retention time for the rifampin peak
is about 23 min.
6. Revise the requirement in the Bacterial Endotoxins Test section to remove the numerical
limit and refer to Bacterial Endotoxins Test 〈85〉 for calculation limits.
7. Revise the Sterility Tests section to add flexibility.
8. Add storage temperature to the Packaging and Storage section based on the
manufacturer's drug package insert.
9. Update the USP Reference Standards section to include USP Rifampin-N-oxide RS to
support the test for Organic Impurities. Chemical information for USP Rifampin Quinone
RS is added.
Manufacturers are encouraged to submit their FDA-approved organic impurities specifications to
USP if they are different from those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: R.S. Prasad.)
Correspondence Number—C156324
Comment deadline: November 30, 2018
Rifampin for Injection
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DEFINITION
Rifampin for Injection contains NLT 90.0% and NMT 115.0% of the labeled amount of rifampin
(C43 H58 N4 O12 ).
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test
Standard solution: 10 mg/mL of USP Rifampin RS in chloroform
Sample solution: Nominally 10 mg/mL of rifampin prepared as follows. Dissolve the
contents of a container in chloroform to obtain a solution containing 10 mg/mL.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 3 µL
Developing solvent system: Chloroform and methanol (90:10)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram in an equilibrated chromatographic chamber containing the
Developing solvent system until the solvent front has moved one-half the length of the
plate. Remove the plate from the developing chamber, mark the solvent front, and allow
the solvent to evaporate. Locate the red spots on the plate.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution. 2S (USP42)
Change to read:
• B.
A. 2S (USP42)
The retention time of the rifampin peak of Sample solution 1 or Sample solution 2
corresponds to that of the Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of Sample solution 1 or Sample solution 2
corresponds to that of the Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Buffer: Dissolve 136.1 g of monobasic potassium phosphate in 500 mL of water, add 6.3 mL
of phosphoric acid, and dilute with water to 1000 mL.
Mobile phase: Acetonitrile, Buffer, 1.0 M citric acid, 0.5 M sodium perchlorate, and water
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(350:100:20:20:510)
Diluent: Acetonitrile, 1.0 M dibasic sodium phosphate, 1.0 M monobasic potassium
phosphate, 1.0 M citric acid, and water (250:77:23:10:640)
System suitability stock solution: 0.1 mg/mL each of USP Rifampin RS and USP Rifampin
Quinone RS in acetonitrile
System suitability solution: 0.01 mg/mL each of USP Rifampin RS and USP Rifampin
Quinone RS in Diluent from the System suitability stock solution
Standard stock solution: 0.2 mg/mL of USP Rifampin RS in acetonitrile. Sonicate for 30 s,
if necessary, to ensure dissolution. [Note—Use this solution within 5 h.]
Standard solution: 0.02 mg/mL of USP Rifampin RS in acetonitrile from Standard stock
solution. Transfer 10.0 mL of the Standard stock solution to a suitable volumetric flask,
and dilute with Diluent to volume. [Note—Prepare this final dilution immediately before
injection into the chromatograph.]
Constituted solution 1
(Where represented as being in a single-dose container)
Sample stock solution 1: Nominally 6 mg/mL of rifampin prepared as follows. Constitute
a container of Rifampin for Injection in a volume of water corresponding to the volume of
diluent specified in the labeling. [Note—Use this solution within 2 h.] Withdraw all of the
withdrawable contents using a hypodermic needle and syringe, and transfer to a suitable
volumetric flask. Dilute with acetonitrile to volume. [Note—Use this stock solution within
5 h.]
Sample solution 1: Nominally 0.02 mg/mL of rifampin in Diluent from Sample stock
solution 1. [Note—Prepare this final dilution immediately before injection into the
chromatograph.]
Constituted solution 2
(Where label states the quantity of rifampin in a given volume of constituted solution)
Sample stock solution 2: Nominally 0.2 mg/mL of rifampin prepared as follows.
Constitute a container of Rifampin for Injection in a volume of water equivalent to the
volume of diluent specified in the labeling. [Note—Use this solution within 2 h.] Dilute a
portion of the constitution solution with acetonitrile. [Note—Use this stock solution
within 5 h.]
Sample solution 2: Nominally 0.02 mg/mL of rifampin in Diluent from Sample stock
solution 2. [Note—Prepare this final dilution immediately before injection into the
chromatograph.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 10-cm; 5 µm packing L7

2S (USP42)
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Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for rifampin quinone and rifampin are about 0.6 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between rifampin quinone and rifampin, System suitability solution
Column efficiency: NLT 1000 theoretical plates, determined from the rifampin peak,
Standard solution
2S (USP42)

Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution, Sample solution 1, or Sample solution 2
Calculate the percentage of labeled amount of rifampin (C43 H58 N4 O12 ) in the constituted
Rifampin for Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of rifampin from Sample solution 1 or Sample solution 2
rS = peak response of rifampin from the Standard solution
CS = concentration of USP Rifampin RS, calculated on the dried basis
2S (USP42)

in the Standard solution (mg/mL)
CU = nominal concentration of rifampin in Sample solution 1 or Sample solution 2 (mg/mL)
Acceptance criteria: 90.0%–115.0%
IMPURITIES
Add the following:
• Organic Impurities
Buffer: Dissolve 136.1 g of monobasic potassium phosphate in 500 mL of water, add 6.3 mL
of phosphoric acid, and dilute with water to 1000 mL.
Solution A: Acetonitrile, Buffer, 1.0 M citric acid, 0.5 M sodium perchlorate, and water
(175:50:10:10:255)
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0
15
30
40
45
46
50

Table 1
Solution A
(%)
100
100
90
75
75
100
100

Solution B
(%)
0
0
10
25
25
0
0

Diluent: Acetonitrile, 1.0 M monobasic potassium phosphate, 1.0 M dibasic potassium
phosphate, 1.0 M citric acid solution, and water (250:23:77:10:640)
System suitability stock solution: 0.8 mg/mL of USP Rifampin RS and 0.32 mg/mL of USP
Rifampin-N-Oxide RS, in acetonitrile. Sonicate to dissolve if necessary.
System suitability solution: 0.2 mg/mL of USP Rifampin RS and 0.08 mg/mL of USP
Rifampin-N-Oxide RS in Diluent from System suitability stock solution
Standard stock solution: 0.1 mg/mL of USP Rifampin RS in acetonitrile. Sonicate to
dissolve if necessary. [Note—Use this solution within 5 h.]
Standard solution: 0.008 mg/mL of USP Rifampin RS in Diluent from Standard stock
solution. [Note—Prepare this final dilution immediately before injection into the
chromatograph.]
Sensitivity solution: 0.4 µg/mL of USP Rifampin RS in Diluent from Standard solution
Sample stock solution: Nominally 2 mg/mL of rifampin prepared as follows. As per the
label, constitute a container of Rifampin for Injection in an accurately measured 10-mL
volume of water. Carefully transfer the entire constituted solution into a 100-mL
volumetric flask and dilute with acetonitrile to volume (equivalent to 6 mg/mL of Rifampin).
Transfer 3.3 mL of this solution to a 10-mL volumetric flask, dilute with acetonitrile to
volume and mix well. [Note—Use this solution within 5 h.]
Sample solution: Nominally 0.8 mg/mL of Rifampin in Diluent from the Sample stock
solution. [Note—Prepare this final dilution immediately before injection into the
chromatograph.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 45°
Flow rate: 1.8 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Sensitivity solution
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Suitability requirements
Resolution: NLT 2 between rifampin and rifampin-N-oxide, System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Rifampin for Injection
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual impurity from the Sample solution
rS = peak response of rifampin from the Standard solution
CS = concentration of USP Rifampin RS in the Standard solution (mg/mL)
CU = nominal concentration of rifampin in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.
Table 2

Name

Relative
Retention
Time
0.62
1.0
1.1
1.7
—
—

Acceptance
Criteria,
NMT (%)
4
—
1.5
1.0
1.0
3.5

Rifampin quinone
Rifampin
Rifampin-N-oxide
3-Formyl rifampina
Any individual unspecified impurity
Total impurities (excluding rifampin quinone)
a (9E,19E,21Z)-26-Formyl-2,15,17,27,29-pentahydroxy-11-methoxy3,7,12,14,16,18,22-heptamethyl-6,23-dioxo-8,30-dioxa-24azatetracyclo[23.3.1.14,7.05,28]triaconta-1(28),2,4,9,19,21,25(29),26-octaen-13-yl
acetate.
2S (USP42)

SPECIFIC TESTS
Change to read:
• Bacterial Endotoxins Test 〈85〉:
Sample solution: 0.12 mg/mL of rifampin from Rifampin for Injection in endotoxin-free
water
Acceptance criteria: NMT 0.5 USP Endotoxin Unit/mg of rifampin
Meets the requirements

2S (USP42)

Change to read:
• Sterility Tests 〈71〉: Meets the requirements when tested as directed for Membrane
Filtration under Test for Sterility of the Product to Be Examined.
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2S (USP42)

• pH 〈791〉
Sample solution: 60 mg/mL of rifampin
Acceptance criteria: 7.8–8.8
• Water Determination 〈921〉, Method I: NMT 1.0%
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume injections
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve as described in Packaging and Storage Requirements
〈659〉, Injection Packaging, Packaging for Constitution.
Store at controlled room temperature. 2S (USP42)
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Rifampin RS
USP Rifampin Quinone RS
1,4-Dideoxy-1,4-dihydro-3-[[[4-methyl-1-piperazinyl]imino]methyl]-1,4-dioxorifamycin.
C43 H56 N4 O12
820.9
USP Rifampin-N-Oxide RS
3-[[(4-Methyl-1-piperazinyl)imino]methyl]rifamycin N-4′-oxide.
C43 H58 N4 O13
838.95
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 3610
BRIEFING
Sodium Fluoride Tablets, USP 41 page 3790. As part of the USP monograph modernization
initiative, the following revisions are proposed:
1. Replace the current chemical identification of fluoride in Identification B with the
retention time agreement of fluoride ions from the proposed ion chromatographic
procedure in the Assay.
2. Replace the current ion-selective electrode (ISE) procedure with a more specific ion
chromatographic procedure in the Assay. The procedure is based on analyses performed
and validated with the Metrohm Metrosep A Supp 16 Guard brand of guard column and
Metrosep A Supp 16 brand of analytical column, both with L91 packing. The typical
retention time for the fluoride peak is about 4.6 min.
3. Update the Packaging and Storage section based on approved manufacturer’s package
inserts.
4. Add USP Sodium Acetate RS to the USP Reference Standards section to support the
proposed Assay procedure.
Additionally, minor editorial changes have been made to update the monograph to current USP
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style.
(CHM6: M. Chang.)
Correspondence Number—C196228
Comment deadline: November 30, 2018
Sodium Fluoride Tablets
DEFINITION
Sodium Fluoride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of sodium
fluoride (NaF).
IDENTIFICATION
• A. Identification Tests—General 〈191〉, Chemical Identification Tests, Sodium
Sample solution: Disperse 20 finely powdered Tablets in 25 mL of water, shake, and filter.
Use the filtrate.
Acceptance criteria: The filtrate meets the requirements.
Change to read:
• B.
Sample solution: Evaporate a 10-mL portion of the filtrate obtained in Identification test A
to dryness.
Analysis: To the residue add a mixture of 0.1 mL of freshly prepared 1 mg/mL sodium
alizarinsulfonate solution and 0.1 mL of 1 mg/mL zirconyl nitrate in 7 N hydrochloric acid.
Acceptance criteria: A yellow color is produced.
The retention time of the fluoride peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
[Note—Store all solutions, except Buffer, in plastic containers.]
Buffer: Dissolve 57 mL of glacial acetic acid, 58 g of sodium chloride, and 4 g of (1,2cyclohexylenedinitrilo)tetraacetic acid in 500 mL of water. Adjust with 5 N sodium
hydroxide to a pH of 5.25 ± 0.25, and dilute with water to 1000 mL.
Standard solution A: 420 µg/mL of USP Sodium Fluoride RS, equivalent to 190 µg/mL of
fluoride ion (10−2 M)
Standard solution B: 19 µg/mL of fluoride ion (10−3 M), from Standard solution A
Standard solution C: 1.9 µg/mL of fluoride ion (10−4 M), from Standard solution B
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder
equivalent to 10 mg of fluoride to a plastic 500-mL conical flask containing 400 mL of
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water. Heat on a steam bath for 25 min with occasional shaking, and cool to room
temperature. Transfer to a 500-mL volumetric flask, and dilute with water to volume.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Pipet 20 mL of each Standard solution and of the Sample solution into separate plastic
beakers each containing a plastic-coated stirring bar. Pipet 20 mL of Buffer into each
beaker. Concomitantly measure the potentials (see pH 〈791〉), in mV, of the solutions from
the Standard solutions and of the solution from the Sample solution, with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ionindicating electrode and a suitable reference electrode.
[Note—When taking measurements, immerse the electrodes in the solution, stir on a
magnetic stirrer having an insulated top until equilibrium is attained (1–2 min), and record
the potential. Rinse and dry the electrodes between measurements, taking care to avoid
damaging the crystal of the specific-ion electrode.]
Plot the logarithms of the fluoride-ion concentrations, in µg/mL, of the Standard solutions
versus potential, in mV. From the measured potential of the Sample solution and the
standard response line, determine the concentration, C, in µg/mL, of fluoride ion in the
Sample solution.
Calculate the percentage of the labeled amount of fluoride ion in the portion of the Tablets
taken:
Result = (C/CU) × 100
C = concentration of fluoride ion in the Sample solution (µg/mL)
CU = nominal concentration of fluoride ion in the Sample solution (µg/mL)
Calculate the percentage of the labeled amount of sodium fluoride in the portion of the
Tablets taken:
Result = (C/CU) × (Mr/Ar) × 100
C = concentration of fluoride ion in the Sample solution (µg/mL)
CU = nominal concentration of sodium fluoride in the Sample solution (µg/mL)
Mr = molecular weight of sodium fluoride, 41.99
Ar = atomic weight of fluoride, 19.00
[Note—Store all solutions in plastic containers. It is recommended to use plastic HPLC
vials. Use water with a resistivity of NLT 18 megohm-cm to prepare the solutions.]
Solution A: 100 mM of potassium hydroxide in water
Solution B: Water
Mobile phase: See Table 1. Alternatively, Mobile phase can be generated electrolytically
using an automatic eluant generator.
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Time
(min)
0.0
7.0
8.0
15.0
15.1
25.0

Table 1
Solution A
(%)
15
15
80
80
15
15

Solution B
(%)
85
85
20
20
85
85

System suitability solution: 2.0 µg/mL of USP Sodium Fluoride RS and 1.0 µg/mL of USP
Sodium Acetate RS in water
Standard solution: 2.0 µg/mL of USP Sodium Fluoride RS in water
Sample stock solution: Nominally 20 µg/mL of sodium fluoride prepared as follows. Finely
powder NLT 20 Tablets and transfer an appropriate portion of the powder to a suitable
volumetric flask. Add about 40% of the final volume of water. Shake for about 30 min and
dilute with water to volume.
Sample solution: Nominally 2.0 µg/mL of sodium fluoride in water from the Sample stock
solution prepared as follows. Transfer an appropriate amount of well-mixed Sample stock
solution to a suitable volumetric flask. Dilute with water to volume and mix well. Centrifuge
a portion of the solution and use the clear supernatant. [Note—Centrifuging at a speed of
8000 rpm for 10 min may be suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity with suppression
Columns
Guard: 4.0-mm × 0.5-cm; 4.6-µm packing L91
Analytical: 4.0-mm × 25-cm; 4.6-µm packing L91
Column temperature: 40°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for fluoride and acetate ions are 1.0 and 1.3,
respectively.]
Suitability requirements
Resolution: NLT 1.5 between fluoride and acetate ions, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sodium fluoride (NaF) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fluoride ion from the Sample solution
rS = peak response of fluoride ion from the Standard solution
CS = concentration of USP Sodium Fluoride RS in the Standard solution (µg/mL)
CU = nominal concentration of sodium fluoride in the Sample solution (µg/mL)
2S (USP42)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration 〈701〉: NMT 15 min
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 2S (USP42)
• Labeling: Label the Tablets in terms of the content of sodium fluoride (NaF) and in terms of
the content of fluoride ion. Tablets that are to be chewed may be labeled as Sodium
Fluoride Chewable Tablets.
Change to read:
• USP Reference Standards 〈11〉
USP Sodium Acetate RS
2S (USP42)

USP Sodium Fluoride RS
Recent Official Publications:
USP41–NF36 Page 3790
BRIEFING
Thioridazine Oral Suspension, USP 41 page 4063. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Thioridazine Oral Suspension are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205492
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Comment deadline: November 30, 2018
Delete the following:
Thioridazine Oral Suspension
DEFINITION
Thioridazine Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
thioridazine (C21 H26 N2 S2 ).
[Note—Throughout the following procedures, protect the samples, the Reference Standard, and
the solutions containing them by conducting the procedures without delay, under subdued
light, or by using low-actinic glassware.]
IDENTIFICATION
• A. Thin-Layer Chromatograpic Identification Test
Standard solution: 4 mg/mL of USP Thioridazine RS in chloroform
Sample solution: Transfer 40 mL of the combined chloroform extracts obtained for the
Assay to a 50-mL beaker, and reduce the volume to 1 mL by evaporating the chloroform
with the aid of a stream of nitrogen.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 25 µL
Developing solvent system: Toluene, acetone, solvent hexane, and diethylamine
(15:15:15:1)
Analysis
Samples: Standard solution and Sample solution
Apply the Sample solution and Standard solution to a thin-layer chromatographic plate.
Allow the spots to dry, and develop the chromatogram in the Developing solvent system
until the solvent front has moved about 10 cm from the origin. Remove the plate from
the developing chamber, mark the solvent front, and locate the spots on the plate by
viewing under short-wavelength and long-wavelength UV light.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution.
ASSAY
• Procedure
Standard solution: 5 µg/mL of USP Thioridazine RS in chloroform
Sample stock solution: Transfer a measured volume of Oral Suspension, freshly mixed but
free from air bubbles, equivalent to 100 mg of thioridazine, to a 125-mL separator. Render
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the mixture alkaline by adding several drops of ammonium hydroxide, and mix. Extract with
six 30-mL portions of chloroform, and filter the extracts through anhydrous sodium sulfate,
collecting the combined filtrates in a 200-mL volumetric flask. Dilute a portion of the
extract with chloroform to obtain a solution with a nominal concentration of 100 µg/mL of
thioridazine. [Note—Reserve a 40-mL portion of this solution for the Identification test.]
Sample solution: Nominally 5 µg/mL thioridazine in chloroform, from Sample stock solution
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: 266 nm
Cell: 1 cm
Blank: Chloroform
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the percentage of thioridazine (C21 H26 N2 S2 ) in each mL of Oral Suspension taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Thioridazine RS in the Standard solution (µg/mL)
CU = nominal concentration of thioridazine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements for Oral Suspension packaged in
single-unit containers
• Deliverable Volume 〈698〉: Meets the requirements for Oral Suspension packaged in
multiple-unit containers
SPECIFIC TESTS
• Specific Gravity 〈841〉: 1.180–1.310
• pH 〈791〉: 8.0–10.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at a
temperature not exceeding 30°.
• USP Reference Standards 〈11〉
USP Thioridazine RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 4063
BRIEFING
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Timolol Maleate, USP 41 page 4096. As part of USP monograph modernization efforts, it is
proposed to make the following changes:
1. Revise Identification A to allow flexibility for the use of either 〈197M〉 or 〈197A〉.
2. Add a Signal-to-noise ratio requirement and the Sensitivity solution to the Organic
Impurities test.
3. Correct the calculation of two specified impurities using the right molecular weight
conversion formula in the Organic Impurities test. Clarify the impurity table.
4. Change the total degradation products to total impurities in the Organic Impurities test
on the basis of a comment received.
5. Revise the system suitability requirements for the Enantiomeric Purity test to be
consistent with common chromatographic practice.
6. Change the Packaging and Storage section based on European Pharmacopoeia 9.0 and
related products storage conditions from approved product inserts.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: Y. Yang.)
Correspondence Number—C205809
Comment deadline: November 30, 2018
Timolol Maleate

C13 H24 N4 O3 S·C4 H4 O4

432.49

2-Propanol, 1-[(1,1-dimethylethyl)amino]-3-[[4-(4-morpholinyl)-1,2,5-thiadiazol-3-yl]oxy]-,
(S)-, (Z)-2-butenedioate (1:1) (salt);
(−)-1-(tert-Butylamino)-3-[(4-morpholino-1,2,5-thiadiazol-3-yl)oxy]-2-propanol maleate (1:1)
(salt)
[26921-17-5].
DEFINITION
Timolol Maleate contains NLT 98.0% and NMT 102.0% of timolol maleate
(C13 H24 N4 O3 S·C4 H4 O4 ), calculated on the dried basis.
IDENTIFICATION
Change to read:
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• A. Infrared Absorption 〈197M〉
Spectrophotometric Identification Tests 〈197〉, Infrared Spectroscopy: 〈197M〉 or
〈197A〉 2S (USP42)
Change to read:
• B. The retention time of the
System suitability solution,

timolol peak of the Sample solution corresponds to that of the
(ERR 1-Jun-2017) as obtained in the Enantiomeric Purity test.

ASSAY
• Procedure
Solution A: Dilute 0.5 mL of trifluoroacetic acid with water to 1 L.
Solution B: Dilute 0.5 mL of trifluoroacetic acid with acetonitrile to 1 L.
Mobile phase: See Table 1.
Time
(min)
0
2.4
8
8.1
11

Table 1
Solution A
(%)
84
84
20
84
84

Solution B
(%)
16
16
80
16
16

Diluent: Methanol and water (60:40)
System suitability solution: 100 µg/mL of USP Timolol Maleate RS and 10 µg/mL of USP
Timolol Related Compound D RS in Diluent
Standard solution: 100 µg/mL of USP Timolol Maleate RS in Diluent
Sample solution: 100 µg/mL of Timolol Maleate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 295 nm
Column: 2.1-mm × 10-cm; 2.6-µm packing L1
Autosampler temperature: 4°
Flow rate: 0.4 mL/min
Injection volume: 2.5 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2 between timolol and timolol related compound D, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
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Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of timolol maleate (C13 H24 N4 O3 S·C4 H4 O4 ) in the portion of Timolol
Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of timolol from the Sample solution
rS = peak response of timolol from the Standard solution
CS = concentration of USP Timolol Maleate RS in the Standard solution (µg/mL)
CU = concentration of Timolol Maleate in the Sample solution (µg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals 〈231〉, Method II: 20 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system: Proceed
as directed in the Assay.
Sensitivity solution: 0.5 µg/mL of USP Timolol Maleate RS in Diluent 2S (USP42)
System suitability solution: 100 µg/mL each of USP Timolol Maleate RS, USP Timolol
Related Compound B RS, USP Timolol Related Compound C RS, USP Timolol Related
Compound D RS, USP Timolol Related Compound E RS, and USP Timolol Related Compound
F RS in Diluent. [Note—Prepare fresh and analyze immediately as USP Timolol Related
Compound E RS degrades rapidly.]
Standard solution: 1 µg/mL of USP Timolol Maleate RS and 4 µg/mL each of USP Timolol
Related Compound B RS, USP Timolol Related Compound C RS, USP Timolol Related
Compound D RS, USP Timolol Related Compound E RS, and USP Timolol Related Compound
F RS in Diluent. Sonicate if needed for 0.5 min.
Sample solution: 1 mg/mL of Timolol Maleate in Diluent
System suitability
Samples:
Sensitivity solution, 2S (USP42)
System suitability solution, and Standard solution
Suitability requirements
Resolution: NLT 2.0 between timolol and timolol related compound D, System suitability
solution
Relative standard deviation: NMT 4.0% for timolol, Standard solution
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Signal-to-noise ratio: NLT 10 for timolol, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution

2S (USP42)

Calculate the percentage of timolol maleate ester (free base of timolol related compound
E) in the portion of Timolol Maleate taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of timolol maleate ester from the Sample solution
rS = peak response of timolol maleate ester from the Standard solution
CS = concentration of USP Timolol Related Compound E RS in the Standard solution
(µg/mL)
CU = concentration of Timolol Maleate in the Sample solution (µg/mL)
Mr1 = molecular weight of timolol maleate ester, 414.48
Mr2 = molecular weight of timolol related compound E, 530.55
Calculate the percentage of timolol bisthiadiazol analog (free base of timolol related
compound C) in the portion of Timolol Maleate taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of timolol bisthiadiazol from the Sample solution
rS = peak response of timolol bisthiadiazol from the Standard solution
CS = concentration of USP Timolol Related Compound C RS in the Standard solution
(µg/mL)
CU = concentration of Timolol Maleate in the Sample solution (µg/mL)
Mr1 = molecular weight of timolol bisthiadiazol, 485.62
Mr2 = molecular weight of timolol related compound C, 601.69 2S (USP42)
Calculate the percentage of each specified impurity
timolol related compound B, D, or F 2S (USP42)
in the portion of Timolol Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each specified impurity
timolol related compound B, D, or F 2S (USP42)
from the Sample solution
rS = peak response of the corresponding USP Reference Standard
timolol related compound B, D, or F 2S (USP42)
from the Standard solution
CS = concentration of the corresponding USP
USP Timolol Related Compound B RS, USP Timolol Related Compound D RS, or USP
Timolol Related Compound F RS 2S (USP42)
in the Standard solution (µg/mL)
CU = concentration of Timolol Maleate in the Sample solution (µg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Timolol
Maleate taken:

PF 44(5): Sep.-Oct. 2018

950

Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual unspecified impurity from the Sample solution
rS = peak response of timolol from the Standard solution
CS = concentration of USP Timolol Maleate RS in the Standard solution (µg/mL)
CU = concentration of Timolol Maleate in the Sample solution (µg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peaks less than 0.05%.
The reporting threshold is 0.05%. 2S (USP42)
Table 2

Name
Timolol related compound B
Timolol related compound D
Timolol maleate
Timolol related compound E
Timolol maleate estera 2S (USP42)
Timolol related compound C
Timolol bisthiadiazol analogb 2S (USP42)
Timolol related compound F
Any individual unspecified impurity
Total degradation products
Total impurities 2S (USP42)

Relative
Retention
Time
0.5
0.8
1.0

Acceptance
Criteria,
NMT (%)
0.4
0.4
—

1.4

0.4

1.8
2.0
—

0.4
0.4
0.10

—

1.0

a (S)-3-(tert-Butylamino)-1-(4-morpholino-1,2,5-thiadiazol-3-yloxy)propan-2-yl
hydrogen maleate.
b N-(tert-Butyl)-2,3-bis(4-morpholino-1,2,5-thiadiazol-3-yloxy)propan-1-amine.
2S (USP42)

Change to read:
• Enantiomeric Purity
Prepare all solutions in low-actinic glassware protected from light.
Mobile phase: Diethylamine, 2-propanol, and hexane (2:40:960)
Diluent: Methylene chloride and 2-propanol (25:75)
System suitability solution: 0.03 mg/mL each of USP Timolol Maleate RS and USP Timolol
Related Compound A RS in Diluent
Standard solution: 0.03 mg/mL of USP Timolol Related Compound A RS in Diluent
Sample solution: 3 mg/mL of Timolol Maleate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 297 nm
Column: 4.6-mm × 25-cm; 5-µm packing L40
(ERR 1-Jun-2017)

Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Samples: System suitability solution
and Standard solution 2S (USP42)
Suitability requirements
Resolution: NLT 4.0 between the timolol related compound A and timolol peaks, System
suitability solution
Relative standard deviation: NMT 1.5% for both peaks
the timolol related compound A peak, Standard solution 2S (USP42)
Signal-to-noise ratio: NLT 10 for the timolol related compound A peak, System
suitability solution
Standard solution 2S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of timolol related compound A in the portion of Timolol Maleate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of timolol related compound A from the Sample solution
rS = peak response of timolol related compound A from the Standard solution
CS = concentration of USP Timolol Related Compound A RS in the Standard solution
(mg/mL)
CU = concentration of Timolol Maleate in the Sample solution (mg/mL)
Acceptance criteria: NMT 1.0%
SPECIFIC TESTS
• pH 〈791〉
Sample solution: 20 mg/mL of Timolol Maleate in water
Acceptance criteria: 3.8–4.3
• Loss on Drying 〈731〉
Analysis: Dry under vacuum at 100° to constant weight.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers,
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2S (USP42)

Change to read:
• USP Reference Standards 〈11〉
USP Timolol Maleate RS
USP Timolol Related Compound A RS
(R)-1-(tert-Butylamino)-3-(4-morpholino-1,2,5-thiadiazol-3-yloxy)propan-2-ol
maleate.
C13 H24 N4 O3 S· C4 H4 O4
432.49 (ERR 1-Feb-2018)
USP Timolol Related Compound B RS
3-(tert-Butylamino)-2-(4-morpholino-1,2,5-thiadiazol-3-yloxy)propan-1-ol.
C13 H24 N4 O3 S
316.42
USP Timolol Related Compound C RS
N-(tert-Butyl)-2,3-bis(4-morpholino-1,2,5-thiadiazol-3-yloxy)propan-1-amine
maleate.
C19 H31 N7 O4 S2 · C4 H4 O4
601.69 (ERR 1-Feb-2018)
USP Timolol Related Compound D RS
4-Morpholino-1,2,5-thiadiazol-3-ol.
C6 H9 N3 02 S (ERR 1-Feb-2018)
187.22
USP Timolol Related Compound E RS
(S, Z)-4-({1-(tert-Butylamino)-3-[(4-morpholino-1,2,5-thiadiazol-3-yl)oxy]propan-2yl}oxy)-4-oxobut-2-enoic acid maleate salt (1:1).
C17 H26 N4 O6 S · C4 H4 O4
530.55 (ERR 1-Feb-2018)
USP Timolol Related Compound F RS
3-Chloro-4-morpholino-1,2,5-thiadiazol.
C6 H8 ClN3 OS
205.67
Recent Official Publications:
Errata published: 01/26/2018
Errata published: 07/28/2017
USP41–NF36 Page 4096
BRIEFING
Torsemide Compounded Oral Suspension. A new compounded preparation monograph is
proposed based on a validated stability-indicating method used to assess stability. The liquid
chromatographic procedure in the Assay is based on analyses validated using the Inertsil ODS-3
brand of column with L1 packing. The typical retention time for torsemide is about 9.6 min.
Please submit comments to CompoundingSL@usp.org.
(CMP: B. Serumaga.)
Correspondence Number—C196030
Comment deadline: November 30, 2018
Add the following:
Torsemide Compounded Oral Suspension
DEFINITION
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Torsemide Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of torsemide (C16 H20 N4 O3 S).
Prepare Torsemide Compounded Oral Suspension 5 mg/mL as follows (see Pharmaceutical
Compounding—Nonsterile Preparations 〈795〉).
Torsemide Tablets,a equivalent to
Sodium Hydroxide (2 N)
Vehicle: 1:1 mixture of Ora-Sweet SF b and Ora-Plus,b a sufficient
quantity to make
a Torsemide 10-mg tablets, Camber, Piscataway NJ.
b Perrigo, Allegan, MI.

500 mg of
torsemide
Adjust to pH of
8.3
100 mL

Place the Torsemide Tablets in a suitable container and triturate to a fine powder. Add a
small amount of Vehicle and mix well to form a smooth paste. Add a sufficient amount of
Vehicle to make the container contents pourable. Transfer the contents stepwise and
quantitatively to a calibrated container using the remainder of the Vehicle. Add sufficient
Vehicle to bring to final volume. Shake to mix well. Add Sodium Hydroxide (2 N) dropwise to
adjust the pH to 8.3.
ASSAY
• Procedure
Solution A: 10 mM of monobasic potassium phosphate adjusted with phosphoric acid to a
pH of 4
Mobile phase: Methanol and Solution A (45:55)
Diluent: 50% methanol in water
Standard solution: Transfer 20 mg of USP Torsemide RS into a 200-mL volumetric flask.
Add approximately 150 mL of Diluent and sonicate for 15 min, then dilute with Diluent to
volume.
Sample solution: Transfer 1 mL of Oral Suspension into a 50-mL volumetric flask. Add
approximately 40 mL of Diluent and sonicate for 15 min, then dilute with Diluent to volume.
Filter 1 mL of this solution, discard the first 3 drops, then transfer into an HPLC vial.
Chromatographic system
(See Chromatography 〈621〉, System Suitability)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
Autosampler: 4°
Column: 40°
Flow rate: 1.0 mL/min
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Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for torsemide is about 9.6 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of torsemide (C16 H20 N4 O3 S) in the portion
of Oral Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of torsemide from the Sample solution
rS = peak response of torsemide from the Standard solution
CS = concentration of USP Torsemide RS in the Standard solution (mg/mL)
CU = nominal concentration of torsemide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 8.0–9.5
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant plastic containers. Store at
controlled room temperature or in a refrigerator.
• Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored
in a refrigerator. NMT 30 days after the date on which it was compounded, when stored at
controlled room temperature.
• Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Torsemide RS
2S (USP42)

BRIEFING
Tranexamic Acid, USP 41 page 4169. As part of USP monograph modernization efforts, the
following changes are proposed:
1. Add Identification B based on retention time agreement from the proposed Assay to
strengthen the public standard.
2. Replace the titration based Assay procedure with a stability-indicating HPLC procedure.

PF 44(5): Sep.-Oct. 2018

3.
4.

5.

6.

7.
8.

9.

955

The analysis is performed using the Inertsil ODS-3V brand of column with L1 packing
manufactured by GL Sciences. The typical retention time for tranexamic acid is about 8
min.
Widen the acceptance criteria in the Assay and Definition to be consistent with the
precision of typical liquid chromatographic assay procedures.
Replace the use of diluted phosphoric acid with phosphoric acid for the Mobile phase
preparation in the Organic Impurities test to be consistent with the Assay based on the
supporting data.
Delete the extraneous concentration of tranexamic acid related compound C in the
Resolution requirement and add the Relative standard deviation requirement to the
system suitability requirements in the Organic Impurities test based on the supporting
data.
Update the calculation for the impurities content in the Organic Impurities test to be
consistent with the current USP style and revise the relative response factors to reflect
the updated form of the calculation.
Revise the names of the impurities to be consistent with those in the dosage form
monograph.
Propose acceptance criteria of NMT 0.10% for any unspecified impurity based on the
ICH Q3A(R2) guideline and the Tranexamic Acid monograph in European Pharmacopoeia
9.0. Manufacturers are encouraged to submit their FDA-approved specification for
consideration.
Update the molecular weight of USP Tranexamic Acid Related Compound C RS in the USP
Reference Standards section.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: Y. Yang.)
Correspondence Number—C162044
Comment deadline: November 30, 2018
Tranexamic Acid

C8 H15 NO2

157.21

trans-4-(Aminomethyl)cyclohexanecarboxylic acid;
Cyclohexanecarboxylic acid, 4-(aminomethyl)-, trans

[1197-18-8].
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DEFINITION
Change to read:
Tranexamic Acid contains NLT 99.0%
98.0% 2S (USP42)
and NMT 101.0%
102.0% 2S (USP42)
of tranexamic acid (C8 H15 NO2 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Sample solution: 140 mg of Tranexamic Acid in 20 mL of glacial acetic acid
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis
Sample: Sample solution
Titrate with 0.1 N perchloric acid VS, determining the endpoint potentiometrically. Carry out
a blank titration.
Each mL of 0.1 N perchloric acid is equivalent to 15.72 mg of C8 H15 NO2 .
Acceptance criteria: 99.0%–101.0% on the dried basis
Buffer: Dissolve 11 g of monobasic sodium phosphate in 500 mL of water, and add 5 mL
of triethylamine. Add 1.4 g of sodium lauryl sulfate and adjust with phosphoric acid to a
pH of 2.5. Dilute with water to 600 mL.
Mobile phase: Methanol and Buffer (40:60)
Standard solution: 1 mg/mL of USP Tranexamic Acid RS in water
Sample solution: 1 mg/mL of Tranexamic Acid in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 2.5 times the retention time of tranexamic acid
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of tranexamic acid (C8 H15 NO2 ) in the portion of Tranexamic Acid
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of tranexamic acid from the Sample solution
rS = peak response of tranexamic acid from the Standard solution
CS = concentration of USP Tranexamic Acid RS in the Standard solution (mg/mL)
CU = concentration of Tranexamic Acid in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

2S (USP42)

IMPURITIES
• Residue on Ignition 〈281〉
Sample: 1 g
Acceptance criteria: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 10 ppm (O fficial 1-Jan-2018)
• Chloride and Sulfate 〈221〉, Chloride
Standard solution: 0.1 mL of 0.020 N hydrochloric acid
Sample: 0.51 g of Tranexamic Acid
Acceptance criteria: NMT 0.014%
Change to read:
• Organic Impurities
Mobile phase: Dissolve 11.0 g of anhydrous monobasic sodium phosphate in 500 mL of
water, and add 5 mL of triethylamine, followed by 1.4 g of sodium lauryl sulfate. Adjust
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with diluted phosphoric acid (10% w/w) to a pH of 2.5, and dilute with water to 600 mL.
Mix this solution with 400 mL of methanol.
Buffer and Mobile phase: Prepare as directed in the Assay. 2S (USP42)
System suitability solution: 0.2 mg/mL of USP Tranexamic Acid RS and 0.002 mg/mL of
USP Tranexamic Acid Related Compound C RS in water
Standard solution: 50 µg/mL of USP Tranexamic Acid RS in water
Sample solution: 10 mg/mL of Tranexamic Acid in water
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 3 times the retention time of tranexamic acid
System suitability
Samples: System suitability solution
and Standard solution 2S (USP42)
Suitability requirements
Resolution: NLT 2.0 between tranexamic acid and 0.002 mg/mL of
2S (USP42)

tranexamic acid related compound C, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution 2S (USP42)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each specified or unspecified impurity in the portion of
Tranexamic Acid taken:
Result = (rU/rS) × (CS/CU) × (0.1F)
1/F × 100 2S (USP42)
rU = peak response for each specified or unspecified impurity from the Sample solution
rS = peak response for tranexamic acid from the Standard solution
CS = concentration of USP Tranexamic Acid RS in the Standard solution (µg
mg 2S (USP42)
/mL)
CU = concentration of Tranexamic Acid in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1. [Note—Disregard any peak less than 0.025%.]
The reporting threshold is 0.025%. 2S (USP42)
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Table 1
Relative
Retention
Time

Relative
Response
Factor

Name
Tranexamic acid related compound
Aa
2.1
1
Tranexamic acid related compound
Bb
1.5
1.2
Tranexamic acid related compound
Cc
1.1
0.005
-Tranexamic acid
1.0
1.0
Tranexamic acid related compound
Dd
1.3
0.006
atrans,trans-4,4′-(Iminodimethylene)di(cyclohexanecarboxylic)acid.
bcis-4-(Aminomethyl)cyclohexanecarboxylic acid.
c(RS)-4-(Aminomethyl) cyclohex-1-enecarbocylic acid.
d4-Aminomethyl benzoic acid.

Table 1
Relative
Retention
Time
1.0

Relative
Response
Factor
1.0

Name
Tranexamic acid
Tranexamic acid related compound
C
1.1
200.0
a
Aminomethylbenzoic acid
1.3
166.7
cis-Tranexamic acidb
1.5
0.83
c
Ditranexamic acid amine
2.1
1.0
Any unspecified impurity
—
1.0
Total impurities
—
—
a 4-Aminomethyl benzoic acid.
b cis-4-(Aminomethyl)cyclohexanecarboxylic acid.
c trans,trans-4,4′-(Iminodimethylene)di(cyclohexanecarboxylic)acid.
2S (USP42)

SPECIFIC TESTS
• Loss on Drying 〈731〉
Sample: 1.00 g
Analysis: Dry the Sample at 105° under vacuum for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS

Acceptance
Criteria,
NMT (%)
0.1
0.2
0.1
—
0.1

Acceptance
Criteria,
NMT (%)
—
0.1
0.1
0.2
0.1
0.10
0.2
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• Packaging and Storage: Preserve in tight containers, and store at a temperature not
exceeding 30°.
Change to read:
• USP Reference Standards 〈11〉
USP Tranexamic Acid RS
USP Tranexamic Acid Related Compound C RS
(RS)-4-(Aminomethyl)cyclohex-1-enecarboxylic acid.
C8 H13 NO2
155
155.19 2S (USP42)
Recent Official Publications:
USP41–NF36 Page 4169
BRIEFING
Triamcinolone Acetonide Cream, USP 41 page 4187. On the basis of comments received
and as part of USP monograph modernization efforts, the following revisions are proposed:
1. Replace the TLC-based Identification A with a retention time agreement based on the
proposed Assay.
2. Add Identification B with a UV spectrum agreement based on the proposed Assay.
3. Replace the current chromatographic procedure in the Assay, which uses an Internal
standard solution, with a chromatographic procedure similar to that proposed in the
Organic Impurities test. The HPLC procedure is based on analyses performed with the
Inertsil ODS-3 brand of column with L1 packing. The typical retention time of
triamcinolone acetonide is about 15 min.
4. Add the test for Organic Impurities with a liquid chromatographic procedure based on a
validated method.
5. Include proposed Acceptance criteria for specified and unspecified degradation products
in the Organic Impurities test based on International Council for Harmonisation (ICH)
specifications. Manufacturers are strongly encouraged to submit their specifications to
USP if they are different from those proposed in this revision.
6. Add Acceptance criteria for the Microbial Enumeration Tests section.
7. Revise the storage conditions in the Packaging and Storage section based on the
manufacturer's information.
8. Add new Reference Standards to the USP Reference Standards section to support the
proposed Assay and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.H.-Yeh.)
Correspondence Number—C183309
Comment deadline: November 30, 2018
Triamcinolone Acetonide Cream
DEFINITION
Triamcinolone Acetonide Cream is Triamcinolone Acetonide in a suitable cream base. It
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Triamcinolone Acetonide Cream is Triamcinolone Acetonide in a suitable cream base. It
contains NLT 90.0% and NMT 115.0% of the labeled amount of triamcinolone acetonide
(C24 H31 FO6 ).
IDENTIFICATION
Change to read:
• A.
Standard solution: 100 µg/mL of USP Triamcinolone Acetonide RS in chloroform
Sample solution: Nominally 100 µg/mL of triamcinolone acetonide prepared as follows.
Place 2 g of Cream in a conical flask, add 50 mL of chloroform and 15 g of anhydrous
sodium sulfate, and swirl to dissolve the specimen. Filter the solution and clarify the
filtrate, if necessary, by further addition of anhydrous sodium sulfate and a second
filtration. Evaporate the filtrate to near dryness, and dissolve the residue in chloroform to
obtain a solution containing 100 µg/mL.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 10 µL
Developing solvent system: Chloroform, benzene, and methanol (100:40:20)
Spray reagent: Mix equal volumes of sodium hydroxide solution (1 in 5) and a solution (1
in 500) of blue tetrazolium in methanol.
Analysis
Samples: Standard solution and Sample solution
Apply the Standard solution and Sample solution at a line about 1.5 cm from the bottom
edge of a TLC plate. Develop the chromatogram in a developing chamber containing and
equilibrated with the Developing solvent system until the solvent front has moved about
12 cm above the line of application. Remove the plate, allow the solvent to evaporate,
and spray with the Spray reagent.
Acceptance criteria: The intensity of the blue color and the RF of the spot obtained with
the Sample solution are similar to those of the spot obtained with the Standard solution.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
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Mobile phase: Acetonitrile and water (30:70)
Internal standard solution: 50 µg/mL of fluoxymesterone in isopropyl alcohol
Standard stock solution: 75 µg/mL of USP Triamcinolone Acetonide RS in Internal
standard solution
Standard solution: 37.5 µg/mL of USP Triamcinolone Acetonide RS in Mobile phase, from
Standard stock solution
Sample solution: Transfer a quantity of Cream equivalent to 1.5 mg of triamcinolone
acetonide to a screw-cap tube. Add 20.0 mL of the Internal standard solution, and cap
securely. Heat for 5 min at 60°, then swirl vigorously for NLT 30 s. Repeat the heating and
swirling sequence three times. Cool in a methanol–ice bath for 15–20 min, then centrifuge
for 15 min at −5°. Mix equal volumes of the supernatant and Mobile phase. Cool in a
methanol–ice bath for 10–15 min, with occasional agitation. Filter first through a pledget
of glass wool or a prefilter disk and then through a 0.45-µm pore size membrane to obtain
a clear solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1
Flow rate: Adjust the operating parameters with Mobile phase on the column so that the
separation of triamcinolone acetonide and internal standard is optimized, with a
retention time of about 14.5 min for triamcinolone acetonide.
Injection volume: 15–25 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between triamcinolone acetonide and fluoxymesterone
Coefficient of variation: NMT 3.0% from five replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of triamcinolone acetonide (C24 H31 FO6 ) in the portion of Cream
taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak height ratio of triamcinolone acetonide to the internal standard from the
Sample solution
RS = peak height ratio of triamcinolone acetonide to the internal standard from the
Standard solution
CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (µg/mL)
CU = nominal concentration of triamcinolone acetonide in the Sample solution (µg/mL)
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[Note—Protect solutions containing triamcinolone acetonide from light.]
Solution A: 0.01% formic acid in water
Solution B: 0.1% formic acid in acetonitrile
Solution C: Acetonitrile and Solution A (40:60)
Mobile phase A: Acetonitrile and Solution A (30:70). See Table 1.
Mobile phase B: Solution B and water (65:35). See Table 1.
Time
(min)
0
20
40
40.1
45

Table 1
Mobile phase A
(%)
100
100
0
100
100

Mobile phase B
(%)
0
0
100
0
0

Diluent: Tetrahydrofuran and Solution C (10:90)
System suitability solution: 50 µg/mL of USP Triamcinolone Acetonide RS and 3 µg/mL of
USP Triamcinolone Acetonide Related Compound B RS in Diluent. Sonication may be
needed to aid dissolution.
Standard solution: 50 µg/mL of USP Triamcinolone Acetonide RS in Diluent. Sonication may
be needed to aid dissolution.
Sample solution: Nominally 50 µg/mL of triamcinolone acetonide in Diluent prepared as
follows. Transfer a quantity of Cream, equivalent to 1.0 mg of triamcinolone acetonide, to
a suitable glass centrifuge tube. Add 2.0 mL of tetrahydrofuran to the tube and mix with a
vortex mixer for 2–3 min or until the sample is thoroughly dispersed. Add 18.0 mL of
Solution C and sonicate for 10 min with intermittent vortexing and shaking. Cool the
resulting solution in an ice bath for NLT 30 min and centrifuge the solution for 30 min. Pass
the supernatant through a suitable filter of 0.2-µm pore size. [Note—A centrifuge with a
speed of 3500 rpm may be suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm. For Identification B, use a diode array detector in the range of
210–400 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
Autosampler: 4°
Column: 40°
Flow rate: 1.2 mL/min
Injection volume: 80 µL
System suitability
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Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between triamcinolone acetonide related compound B and
triamcinolone acetonide, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of triamcinolone acetonide (C24 H31 FO6 ) in
the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (µg/mL)
CU = nominal concentration of triamcinolone acetonide in the Sample solution (µg/mL)
2S (USP42)

Acceptance criteria: 90.0%–115.0%
PERFORMANCE TESTS
• Minimum Fill 〈755〉: Meets the requirements
IMPURITIES
Add the following:
• Organic Impurities
[Note—Protect solutions containing triamcinolone acetonide from light.]
Solution A, Solution B, Solution C, Mobile phase A, Mobile phase B, Diluent, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
System suitability solution: 50 µg/mL of USP Triamcinolone Acetonide RS and 3 µg/mL
each of USP Triamcinolone Acetonide Related Compound B RS and USP Triamcinolone
Acetonide Related Compound C RS in Diluent. Sonication may be needed to aid dissolution.
Standard solution: 0.1 µg/mL of USP Triamcinolone Acetonide RS in Diluent. Sonication
may be needed to aid dissolution.
Sensitivity solution: 0.05 µg/mL of USP Triamcinolone Acetonide RS from Standard
solution in Diluent
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
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Suitability requirements
Resolution: NLT 2.0 between triamcinolone acetonide related compound B and
triamcinolone acetonide; NLT 1.5 between triamcinolone acetonide related compound C
and triamcinolone acetonide related compound B, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each degradation product in the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of triamcinolone acetonide from the Standard solution
CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (µg/mL)
CU = nominal concentration of triamcinolone acetonide in the Sample solution (µg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.
Table 2

Name
Triamcinolone
Triamcinolone acetonide related compound C
Triamcinolone acetonide related compound B
Triamcinolone acetonide
Any individual unspecified degradation product
Total degradation products

Relative
Retention
Time
0.2
0.7
0.8
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.2
0.2
0.2
—
0.2
0.8

2S (USP42)

SPECIFIC TESTS
Change to read:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉:
The total aerobic microbial count is NMT 102 cfu/mL; and the total combined yeasts and
molds count is NMT 101 cfu/mL. 2S (USP42)
It meets the requirements of the tests for absence of Staphylococcus aureus and
Pseudomonas aeruginosa.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 2S (USP42)
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Change to read:
• USP Reference Standards 〈11〉
USP Triamcinolone Acetonide RS
USP Triamcinolone Acetonide Related Compound B RS
9-Fluoro-11,21-dihydroxy-16,17-[(1-methylethylidene)bis(oxy)]-(11β,16α)-pregna1,4,14-triene-3,20-dione.
C24 H29 FO6
432.48
USP Triamcinolone Acetonide Related Compound C RS
9-Fluoro-11,21,21-trihydroxy-16,17-[(1-methylethylidene)bis(oxy)]-(11β,16α)-pregna1,4-diene-3,20-dione.
C24 H31 FO7
450.50
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 4187
BRIEFING
Triamcinolone Acetonide Dental Paste, USP 41 page 4188. On the basis of comments
received and as part of USP monograph modernization efforts, the following revisions are
proposed:
1. Replace the TLC-based Identification A with a retention time agreement based on the
proposed Assay.
2. Add Identification B with a UV spectrum agreement based on the proposed Assay.
3. Replace the current chromatographic procedure in the Assay, which uses an Internal
standard solution, with a chromatographic procedure similar to that proposed in the
Organic Impurities test. The HPLC procedure is based on analyses performed with the
Inertsil ODS-3 brand of column with L1 packing. The typical retention time of
triamcinolone acetonide is about 15 min.
4. Add the test for Organic Impurities with a liquid chromatographic procedure based on a
validated method.
5. Include proposed Acceptance criteria for specified and unspecified degradation products
in the test for Organic Impurities based on International Council for Harmonisation (ICH)
specifications. Manufacturers are strongly encouraged to submit their specifications to
USP if they are different from those proposed in this revision.
6. Add Acceptance criteria in the Microbial Enumeration Tests section and the test for
absence of Escherichia coli in the Tests for Specified Microorganisms.
7. Revise the storage conditions in the Packaging and Storage section based on the
manufacturer's information.
8. Add new Reference Standards to the USP Reference Standards section to support the
proposed Assay and test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.H.-Yeh.)
Correspondence Number—C183309
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Comment deadline: November 30, 2018
Triamcinolone Acetonide Dental Paste
DEFINITION
Triamcinolone Acetonide Dental Paste is Triamcinolone Acetonide in a suitable emollient
paste. It contains NLT 90.0% and NMT 115.0% of the labeled amount of triamcinolone
acetonide (C24 H31 FO6 ).
IDENTIFICATION
Change to read:
• A.
Standard solution: 100 µg/mL of USP Triamcinolone Acetonide RS in chloroform
Sample solution: Nominally 100 µg/mL of triamcinolone acetonide prepared as follows.
Place a 2-g quantity of Dental Paste in a conical flask, add 50 mL of chloroform and 15 g
of anhydrous sodium sulfate, and swirl to dissolve the specimen. Filter the solution and
clarify the filtrate, if necessary, by the further addition of anhydrous sodium sulfate and a
second filtration. Evaporate the filtrate to near dryness, and dissolve the residue in
chloroform to obtain a solution containing 100 µg/mL.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 10 µL
Developing solvent system: Chloroform, benzene, and methanol (100:40:20)
Spray reagent: Mix equal volumes of sodium hydroxide solution (1 in 5) and a solution (1
in 500) of blue tetrazolium in methanol.
Analysis
Samples: Standard solution and Sample solution
Apply the Standard solution and Sample solution at a line about 1.5 cm from the bottom
edge of a TLC plate. Develop the chromatogram in a developing chamber containing and
equilibrated with the Developing solvent system until the solvent front has moved about
12 cm above the line of application. Remove the plate, allow the solvent to evaporate,
and spray with the Spray reagent.
Acceptance criteria: The intensity of the blue color and the RF of the spot obtained with
the Sample solution are similar to those of the spot obtained with the Standard solution.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
Add the following:
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• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP42)
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and water (30:70)
Internal standard solution: 50 µg/mL of fluoxymesterone in isopropyl alcohol
Standard stock solution: 75 µg/mL of USP Triamcinolone Acetonide RS in Internal
standard solution
Standard solution: 37.5 µg/mL of USP Triamcinolone Acetonide RS in Mobile phase, from
Standard stock solution
Sample solution: Transfer a quantity of Dental Paste equivalent to 1.5 mg of triamcinolone
acetonide to a screw-cap tube. Add 20.0 mL of the Internal standard solution, cap, and
place in a sonic bath for 15–20 min. Heat for 5 min in a water bath at 70°, then swirl for 1
min. Repeat the heating and swirling sequence once. Cool in a methanol–ice bath for 15
min, then centrifuge for 10 min at −5°. Mix equal volumes of the supernatant and Mobile
phase. Cool in a methanol–ice bath for 15 min, then centrifuge for 15 min. Draw off and
discard the upper phase. Filter the lower phase to obtain a clear solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1
Flow rate: Adjust the operating parameters with Mobile phase on the column so that the
separation of triamcinolone acetonide and internal standard is optimized, with a
retention time of about 14.5 min for triamcinolone acetonide.
Injection volume: 15–25 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between triamcinolone acetonide and fluoxymesterone
Coefficient of variation: NMT 3.0% from five replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of triamcinolone acetonide (C24 H31 FO6 ) in the portion of Dental
Paste taken:
Result = (RU/RS) × (CS/CU) × 100
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RU = peak height ratio of triamcinolone acetonide to the internal standard from the
Sample solution
RS = peak height ratio of triamcinolone acetonide to the internal standard from the
Standard solution
CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (µg/mL)
CU = nominal concentration of triamcinolone acetonide in the Sample solution (µg/mL)
[Note—Protect solutions containing triamcinolone acetonide from light.]
Solution A: 0.01% formic acid in water
Solution B: 0.1% formic acid in acetonitrile
Solution C: Acetonitrile and Solution A (60:30)
Mobile phase A: Acetonitrile and Solution A (30:70). See Table 1.
Mobile phase B: Solution B and water (65:35). See Table 1.
Time
(min)
0
20
40
40.1
45

Table 1
Mobile phase A
(%)
100
100
0
100
100

Mobile phase B
(%)
0
0
100
0
0

Diluent: Acetonitrile, tetrahydrofuran, and Solution A (60:10:30)
System suitability solution: 100 µg/mL of USP Triamcinolone Acetonide RS and 6 µg/mL
of USP Triamcinolone Acetonide Related Compound B RS in Diluent. Sonication may be
needed to aid dissolution.
Standard solution: 100 µg/mL of USP Triamcinolone Acetonide RS in Diluent. Sonication
may be needed to aid dissolution.
Sample solution: Nominally 100 µg/mL of triamcinolone acetonide prepared as follows.
Transfer a quantity of Dental Paste, equivalent to 1.0 mg of triamcinolone acetonide, to a
suitable glass centrifuge tube. Add 1.0 mL of tetrahydrofuran to the tube and mix with a
vortex mixer for 2–3 min or until the sample is thoroughly dispersed. Add 9.0 mL of Solution
C and sonicate for 10 min with intermittent vortexing and shaking. Centrifuge the resulting
solution for 30 min. Pass the supernatant through a suitable filter of 0.2-µm pore size.
[Note—A centrifuge with a speed of 3500 rpm may be suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 240 nm. For Identification B, use a diode array detector in the range of
210–400 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Temperatures
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Autosampler: 4°
Column: 40°
Flow rate: 1.2 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between triamcinolone acetonide related compound B and
triamcinolone acetonide, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of triamcinolone acetonide (C24 H31 FO6 ) in
the portion of Dental Paste taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (µg/mL)
CU = nominal concentration of triamcinolone acetonide in the Sample solution (µg/mL)
2S (USP42)

Acceptance criteria: 90.0%–115.0%
PERFORMANCE TESTS
• Minimum Fill 〈755〉: Meets the requirements
IMPURITIES
Add the following:
• Organic Impurities
[Note—Protect solutions containing triamcinolone acetonide from light.]
Solution A, Solution B, Solution C, Mobile phase A, Mobile phase B, Diluent, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
System suitability solution: 100 µg/mL of USP Triamcinolone Acetonide RS and 6 µg/mL
each of USP Triamcinolone Acetonide Related Compound B RS and USP Triamcinolone
Acetonide Related Compound C RS in Diluent. Sonication may be needed to aid dissolution.
Standard solution: 0.2 µg/mL of USP Triamcinolone Acetonide RS in Diluent. Sonication
may be needed to aid dissolution.
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Sensitivity solution: 0.1 µg/mL of USP Triamcinolone Acetonide RS from the Standard
solution in Diluent
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between triamcinolone acetonide related compound C and
triamcinolone acetonide related compound B; NLT 2.0 between triamcinolone acetonide
related compound B and triamcinolone acetonide, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each degradation product in the portion of Dental Paste
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of triamcinolone acetonide from the Standard solution
CS = concentration of USP Triamcinolone Acetonide RS in the Standard solution (µg/mL)
CU = nominal concentration of triamcinolone acetonide in the Sample solution (µg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.
Table 2

Name
Triamcinolone
Triamcinolone acetonide related compound C
Triamcinolone acetonide related compound B
Triamcinolone acetonide
Any individual unspecified degradation product
Total degradation products

Relative
Retention
Time
0.2
0.7
0.8
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.2
0.2
0.2
—
0.2
0.8

2S (USP42)

SPECIFIC TESTS
Change to read:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉:
The total aerobic microbial count is NMT 102 cfu/mL; and the total combined yeasts and
molds count is NMT 101 cfu/mL. 2S (USP42)
It meets the requirements of the tests for absence of
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Escherichia coli, 2S (USP42)
Staphylococcus aureus, and Pseudomonas aeruginosa.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 2S (USP42)
Change to read:
• USP Reference Standards 〈11〉
USP Triamcinolone Acetonide RS
USP Triamcinolone Acetonide Related Compound B RS
9-Fluoro-11,21-dihydroxy-16,17-[(1-methylethylidene)bis(oxy)]-(11β,16α)-pregna1,4,14-triene-3,20-dione.
C24 H29 FO6
432.48
USP Triamcinolone Acetonide Related Compound C RS
9-Fluoro-11,21,21-trihydroxy-16,17-[(1-methylethylidene)bis(oxy)]-(11β,16α)-pregna1,4-diene-3,20-dione.
C24 H31 FO7
450.50
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 4188
BRIEFING
Vancomycin, USP 41 page 4282. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Vancomycin are currently marketed in the United
States.
2. Drug products containing Vancomycin are currently not used in veterinary medicine in
the United States.
(BIO4: Y. Han.)
Correspondence Number—C103136
Comment deadline: November 30, 2018
Delete the following:
Vancomycin
C66 H75 Cl2 N9 O24

1449.25

Vancomycin
(Sa)-(3S,6R,7R,22R,23S,26S,36R,38aR)-44-[[2-O-(3-Amino-2,3,6-trideoxy-3-C-methyl- αL-lyxo-hexopyranosyl)-β-d-glucopyranosyl]oxy]-3-(carbamoylmethyl)-10,19-dichloro2,3,4,5,6,7,23,24,25,26,36,37,38,38a-tetradecahydro-7,22,28,30,32-pentahydroxy-6-[(2R)-4methyl-2-(methylamino)valeramido]-2,5,24,38,39-pentaoxo-22H−8,11:18,21-dietheno-23,36(iminomethano)-13,16:31,35-dimetheno-1H,16H-[1,6,9]oxadiazacyclohexadecino[4,5-m]
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[10,2,16]-benzoxadiazacyclotetracosine-26-carboxylic acid;
[3S-[3R*,6S*(S*),7S*,22S*,23R*,26R*,36S*,38aS*]]-3-(2-Amino-2-oxoethyl)-44-[[2-O-(3amino-2,3,6-trideoxy-3-C-methyl- α-L-lyxo-hexopyranosyl)-β-d-glucopyranosyl]oxy]-10,19dichloro-2,3,4,5,6,7,23,24,25,26,36,37,38,38a-tetra-decahydro-7,22,28,30,32-pentahydroxy6-[[4-methyl-2-(methylamino)-1-oxopentyl]amino]-2,5,24,38,39-pentaoxo-22H−8,11:18,21dietheno-23,36-(iminomethano)-13,16:31,35-dimetheno-1H, 16H[1,6,9]oxadiazacyclohexadecino[4,5-m][10,2,16]-benzoxadiazacyclotetraine-26-carboxylic
acid
[1404-90-6].
DEFINITION
Vancomycin has a potency equivalent to NLT 950 µg/mg of C66 H75 Cl2 N9 O24 , calculated on the
anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. Identification Tests—General, Chloride〈191〉: It does not meet the requirements of the
test.
ASSAY
• Antibiotics—Microbial Assays 〈81〉
Sample solution: Transfer 100 mg of Vancomycin to a 100-mL volumetric flask. Add 50 mL
of water and 1 mL of 0.1 N hydrochloric acid, and swirl to dissolve, using sonication if
necessary. Dilute with water to volume. Dilute a volume of this solution with Buffer B.4 to
yield a Test Dilution having a concentration assumed to be equal to that of the median
dose of the standard.
Analysis: Proceed as directed for Vancomycin in the chapter.
Acceptance criteria: NLT 950 µg/mg of vancomycin on the anhydrous basis
IMPURITIES
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 30 ppm

(O fficial 1-Jan-2018)

SPECIFIC TESTS
• Composition of Vancomycin
Buffer: Triethylamine and water (1:500). Adjust with phosphoric acid to a pH of 3.2.
Solution A: Acetonitrile, tetrahydrofuran, and Buffer (7:1:92)
Solution B: Acetonitrile, tetrahydrofuran, and Buffer (29:1:70)
Mobile phase: See Table 1. Make adjustments if necessary, changing the acetonitrile
proportion in Solution A to obtain a retention time of 7.5–10.5 min for the main
vancomycin peak.
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Time
(min)
0
12
20
22
23
30

Table 1
Solution A
(%)
100
100
0
0
100
100

Solution B
(%)
0
0
100
100
0
0

System suitability solution: 0.5 mg/mL of USP Vancomycin Hydrochloride RS in water.
Heat at 65° for 48 h, and allow to cool.
Sample stock solution: Transfer 250 mg of Vancomycin to a 25-mL volumetric flask. Add
5 mL of Solution A, then add 0.1 N hydrochloric acid dropwise with swirling until dissolution
is achieved. Dilute with Solution A to volume.
Sample solution: Dilute 2.0 mL of the Sample stock solution to 50 mL with Solution A.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection size: 20 µL
System suitability
Sample: System suitability solution
[Note—The elution order is compound 1, vancomycin B, and compound 2. Compound 2
elutes 3–6 min after the start of the period when the percentage of Solution B is
increasing from 0% to 100%.]
Suitability requirements
Resolution: NLT 3.0 between compound 1 and vancomycin B
Column efficiency: NLT 1500 theoretical plates for the vancomycin B peak
Analysis
Samples: Sample stock solution and Sample solution
Where baseline separation is not achieved, peak areas are defined by vertical lines extended
from the valleys between peaks to the baseline. The main component peak may include a
fronting shoulder, which is attributed to monodechlorovancomycin. This shoulder should
not be integrated separately.
Correct any peak observed in the chromatograms obtained from the Sample stock solution
and Sample solution by subtracting the area response of any peak observed in the
chromatogram of Solution A at the corresponding retention time.
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Calculate the percentage of vancomycin B in the portion of Vancomycin taken:
Result = {(D × rB)/[(D × rB) + rA]} × 100
D = dilution factor, Sample stock solution to Sample solution, 25
rB = corrected peak area response of the main peak from the Sample solution
rA = sum of the corrected peak area responses of all the peaks, other than the main
peak, from the Sample stock solution
Calculate the percentage of any individual peak, other than the main peak, in the portion of
Vancomycin taken:
Result = {ri/[(D × rB) + rA]} × 100
ri = corrected peak area response of any individual peak, other than the main peak, from
the Sample stock solution
D = dilution factor, Sample stock solution to Sample solution, 25
rB = corrected peak area response of the main peak from the Sample solution
rA = sum of the corrected peak area responses of all the peaks, other than the main
peak, from the Sample stock solution
Acceptance criteria: NLT 92% of vancomycin B; NMT 3% of any individual peak other
than the main peak
• Water Determination, Method I〈921〉: NMT 20%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 〈11〉
USP Vancomycin Hydrochloride RS
2S (USP42)

Recent Official Publications:
USP41–NF36 Page 4282
BRIEFING
Bael Tree Fruit. A new USP monograph for this dietary ingredient is being proposed. The
liquid chromatographic procedure in the test for Content of Marmelosin is conducted using the
Supelco Ascentis Express C18 brand of column with 2.7-µm L1 packing. The typical retention
time for marmelosin is 11.7 min.
(BDSHM: N.-C. Kim.)
Correspondence Number—C190056
Comment deadline: November 30, 2018
Add the following:
Bael Tree Fruit
DEFINITION
Bael Tree Fruit consists of the dried ripe or unripe fruit of Aegle marmelos (L.) Corrêa (Family
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Rutaceae). The fruits are harvested and processed during summer. It contains NLT 0.2% of
marmelosin on the dried basis and no aegeline is present.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.1 mg/mL of USP Marmelosin RS in methanol
Standard solution B: 10 mg/mL of USP Aegle marmelos Fruit Dry Extract RS in methanol.
Sonicate for 5 min, centrifuge or filter, and use the supernatant or the filtrate.
Sample solution: Sonicate about 1 g of Bael Tree Fruit, finely powdered, in 10 mL of
methanol for 10 min, centrifuge or filter, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture with an average particle size of 5 µm
Application volume: 10 µL of Standard solution A and 5 µL each of Standard solution B
and Sample solution, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Toluene, ethyl acetate, methanol, and acetic acid (40: 10:
1.25: 1)
Developing distance: 6 cm
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber (30 min with
filter paper), remove the plate from the chamber, and dry in air. Examine under UV light at
254 and 365 nm.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Under UV 254 nm light, Standard solution B exhibits about
seven black bands with the most intense and uppermost band similar in RF and color to
the marmelosin band from the chromatogram of Standard solution A. Under UV 365 nm
light, Standard solution B exhibits a pale greenish-blue band at an RF near 0.6,
corresponding in color to the marmelosin band from Standard solution A. One pale blue
band and a pale green band appear above the marmelosin band. Right below the
marmelosin band, one blue band appears along with several other bands, at decreasing
RF, as follows: one pale green band, two pale blue bands, one bright blue band, two pale
blue bands, one green band, one pale green band, and one light blue band.
Acceptance criteria: Under UV 254 nm light, the Sample solution exhibits the most intense
and uppermost band similar in RF and color to the marmelosin band from the chromatogram
of Standard solution A. Two minor black bands appear in one-third of the chromatogram
(between RF 0.3 and 0.4). Under UV 365 nm light, the Sample solution exhibits a pale
greenish-blue band at an RF near 0.6, corresponding in color to the marmelosin band from
the chromatogram of Standard solution A. One pale blue band and a pale green band
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appear above the marmelosin band. Right below the marmelosin band, one blue band
appears along with several other bands, at decreasing RF, as follows: one pale green
band, two pale blue bands, one bright blue band, two pale blue bands, one green band,
one pale green band, and one light blue band.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Marmelosin.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at retention
times corresponding to the peaks due to marmelosin in Standard solution B.
COMPOSITION
• Content of Marmelosin
Solution A: 0.2% acetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
20
24
27
30

Table 1
Solution A
(%)
60
40
40
60
60

Solution B
(%)
40
60
60
40
40

Standard solution A: 0.01 mg/mL of USP Marmelosin RS in methanol
Standard solution B: Dissolve 0.1 g of USP Aegle marmelos Fruit Dry Extract RS in 100 mL
of methanol, sonicate, and pass through a membrane filter of 0.45-µm or finer pore size.
Sample solution: Transfer 0.2 g of Bael Tree Fruit, finely powdered and accurately
weighed, to a 250-mL flask and add 30 mL of methanol. Reflux at 80° for 30 min and
decant the extract into a 100-mL volumetric flask. Repeat the extraction process with
another 20 mL of methanol, and add the extract to the volumetric flask. Dilute with
methanol to volume. Pass through a membrane filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 300 nm
Column: 4.6-mm × 10-cm; 2.7-µm packing L1
Column temperature: 40°
Flow rate: 0.6 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
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Suitability requirements
Resolution: NLT 2.0 between the marmelosin peak and the peak that follows, Standard
solution B
Tailing factor: NMT 2.0 for the marmelosin peak, Standard solution A
Relative standard deviation: NMT 2.0% for the marmelosin peak in repeated
injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Aegle marmelos Fruit Dry Extract
RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Aegle marmelos Fruit Dry Extract RS being
used, identify the retention times of the peaks corresponding to marmelosin in the Sample
solution.
Calculate the percentage of marmelosin in the portion of Bael Tree Fruit taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of marmelosin from the Sample solution
rS = peak area of marmelosin from Standard solution A
CS = concentration of USP Marmelosin RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Bael Tree Fruit used to prepare the Sample solution (mg)
Acceptance criteria: NLT 0.2% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Limit of Aegeline
Method 1: HPTLC
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in Identification A.
Standard solution: 0.1 mg/mL each of USP Marmelosin RS and aegeline in methanol
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Analysis
Samples: Sample solution and Standard solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber (30 min with
filter paper), remove the plate from the chamber, and dry in air. Examine under UV light
at 254 nm.
Acceptance criteria: No dark band corresponding to aegeline at an RF near 0.26 is
observed.
Method 2: HPLC
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in the test for Content of Marmelosin, except for the Detector.
Detector: UV 274 nm
Standard solution: 0.1 mg/mL of aegeline in methanol
Analysis
Samples: Sample solution and Standard solution
Using the chromatogram of the Standard solution, identify the retention time of the peak
corresponding to aegeline in the Sample solution.
Acceptance criteria: No peak corresponding to aegeline is observed.
• Botanical Characteristics
Macroscopic: Fruit, sub-globose, 5–18 cm in diameter, externally greenish when young,
yellowish-brown when ripe; rind about 1.5–3 mm thick, hard and woody, surface smooth
or slightly granular bearing a circular scar at the point of attachment with peduncle;
carpels 10–15 in number, central, each containing several hairy seeds embedded in
yellowish-brown, extremely sticky mucilage; seeds oblong, woody, having white hair; fresh
pulp of ripe fruit, brown, sticky; dried pulp, hard and pale to dark red, frequently breaks
away from the rind during drying, leaving a thin layer attached to it. The pulp is deskinned or de-peeled into spheres or hemispheres or quadrants of spheres that are stony,
hard, tough, and brittle but not easy to break and generally around 5–6 cm in size. Color
is pale yellow to golden yellow, or pale brown to reddish or reddish-brown, or nearly
blackish, with pleasant odor and slightly bitter marmalade taste. The shapes are variable,
from perfect or irregular spheres or ellipsoids to some triangular and a few amoeboid.
Almost all the pieces show deep or shallow longitudinal groves, which are the gaps
between the locules. Some of the chopped pieces are disk shaped. When the fruits are
cut transversely they show a central core of hard tissue with a ring of pale-colored
vascular traces and another ring of seed cavities with seeds near the periphery. However,
vertically cut pieces show long elongated groves or locules with 5–8 seeds in each.
Generally the seed locules are filled with dried, transparent, crystalline, brownish to
reddish mucilage. From the cut ends, seeds are visible in the seed cavities. The seeds are
hard; buff or white to yellowish; oblong, flattened, acuminate; and about 0.75 cm × 0.5
cm in size. The seed surface is rough and covered with trichomes. The seeds are nonendospermic, attached with a delicate funicle. The cut ends of the seeds show an outer
seed coat and inner buff-to-white colored, two-seed cotyledons.
Microscopic: Cross section of a portion of the fruit pulp shows loosely arranged, polygonal
or circular or elliptical, thick-walled parenchyma cells 50–100 µm in size with large-sized

PF 44(5): Sep.-Oct. 2018

•
•
•
•

•
•

980

intercellular spaces. Sometimes the oil from cotyledons get spilled on the parenchyma
cells. Regular dicotyledonous vascular bundles are scattered throughout the pulp. Both
simple and compound starches are observed in the parenchymatous cells. Cells are
spherical, polygonal, or angular, 2–5 µm in size with distinct hilum. The cross section of
seed shows an outer testa and an inner tegmen, which in turn enclose the cotyledons.
The testa can be distinguished into outer, middle, and the inner layers. The outermost
layer of testa is sclerotic and ornamented with elongated, thick-walled, sclerotic epidermal
hairs followed by 3–6 layers of parenchymatous cells usually containing oil globules. The
inner testa is made of two layers of thick-walled sclerenchymatous cells. Inside, the
tegmen is distinguished into outer, middle, and the inner layers. The outermost layer of
tegmen is thick-walled followed by 6–8 layers of polygonal to irregularly shaped
parenchymatous cells. The inner layers of tegmen consist of 1–2 layers of circular to ovalshaped cells containing large and distinct oil globules. The cotyledon is made of an outer
single-layered epidermis and the inner parenchymatous tissue. The epidermal cells are
relatively smaller and slightly transversely elongated. Inner parenchymatous cells are oval
to polygonal in shape. Most of these cells are filled with oil globules. Simple starch grains
similar to those in the pulp are rarely observed.
Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 2.0%
Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 30.0%
Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method
2: NLT 10.0%
Loss on Drying 〈731〉
Sample: 2 g of Bael Tree Fruit, finely powdered
Analysis: Dry the Sample at 105° for 5 h.
Acceptance criteria: NMT 10%
Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 10.0%
Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 2.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at controlled room temperature.
• Labeling: The label states the Latin binomial and part(s) of the plant from which the article
was derived.
• USP Reference Standards 〈11〉
USP Aegle marmelos Fruit Dry Extract RS
USP Marmelosin RS
2S (USP42)

BRIEFING
Bael Tree Fruit Dry Extract. A new USP monograph for this dietary supplement is being
proposed. The liquid chromatographic procedure in the test for Content of Marmelosin is
conducted using the Supelco Ascentis Express C18 brand of column with 2.7-µm L1 packing.
The typical retention time for marmelosin is 11.7 min.

PF 44(5): Sep.-Oct. 2018

981

(BDSHM: N.-C. Kim.)
Correspondence Number—C190056
Comment deadline: November 30, 2018
Add the following:
Bael Tree Fruit Dry Extract
DEFINITION
Bael Tree Fruit Dry Extract is prepared from the dried ripe or unripe fruit of Aegle marmelos
(L.) Corrêa (Family Rutaceae) by extraction with alcohol. It contains NLT 90% and NMT
110% of the labeled amount of marmelosin on the dried basis and no aegeline is present.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.1 mg/mL of USP Marmelosin RS in methanol
Standard solution B: 10 mg/mL of USP Aegle marmelos Fruit Dry Extract RS in methanol.
Sonicate for 5 min, centrifuge or filter, and use the supernatant or the filtrate.
Sample solution: Sonicate about 0.1 g of Bael Tree Fruit Dry Extract in 10 mL of methanol
for 10 min, centrifuge or filter, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture with an average particle size of 5 µm
Application volume: 10 µL of Standard solution A and 5 µL each of Standard solution B
and Sample solution, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Toluene, ethyl acetate, methanol, and acetic acid (40: 10:
1.25: 1)
Developing distance: 6 cm
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber (30 min with
filter paper), remove the plate from the chamber, and dry in air. Examine under UV light at
254 and 365 nm.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Under UV 254 nm light, Standard solution B exhibits about
seven black bands with the most intense and uppermost band similar in RF and color to
the marmelosin band from the chromatogram of Standard solution A. Under UV 365 nm
light, Standard solution B exhibits a pale greenish-blue band at an RF near 0.6,
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corresponding in color to the marmelosin band from Standard solution A. One pale blue
band and a pale green band appear above the marmelosin band. Right below the
marmelosin band, one blue band appears along with several other bands, at decreasing
RF, as follows: one pale green band, two pale blue bands, one bright blue band, two pale
blue bands, one green band, one pale green band, and one light blue band.
Acceptance criteria: Under UV 254 nm light, the Sample solution exhibits the most intense
and uppermost band similar in RF and color to the marmelosin band from the chromatogram
of Standard solution A. Six minor black bands appear below the marmelosin band. Under UV
365 nm light, the Sample solution exhibits a pale greenish-blue band at an RF near 0.6,
corresponding in color to the marmelosin band from the chromatogram of Standard solution
A. One pale blue band and a pale green band appear above the marmelosin band. Right
below the marmelosin band, one blue band appears along with several other bands, at
decreasing RF, as follows: one pale green band, two pale blue bands, one bright blue band,
two pale blue bands, one green band, one pale green band, and one light blue band.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Marmelosin.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at retention
times corresponding to the peaks due to marmelosin in Standard solution B.
COMPOSITION
• Content of Marmelosin
Solution A: 0.2% acetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
20
24
27
30

Table 1
Solution A
(%)
60
40
40
60
60

Solution B
(%)
40
60
60
40
40

Standard solution A: 0.02 mg/mL of USP Marmelosin RS in methanol
Standard solution B: 1 mg/mL of USP Aegle marmelos Fruit Dry Extract RS in methanol.
Sonicate, and pass through a membrane filter of 0.45-µm or finer pore size.
Sample solution: Transfer 0.1 g of Bael Tree Fruit Dry Extract to a 100-mL flask and add
50 mL of methanol. Sonicate to dissolve. Transfer the solution to a 100-mL volumetric
flask and dilute with methanol to volume. Pass through a membrane filter of 0.45-µm pore
size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 300 nm
Column: 4.6-mm × 10-cm; 2.7-µm packing L1
Column temperature: 40°
Flow rate: 0.6 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 2.0 between the marmelosin peak and the peak that follows, Standard
solution B
Tailing factor: NMT 2.0 for the marmelosin peak, Standard solution A
Relative standard deviation: NMT 2.0% for the marmelosin peak in repeated
injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Aegle marmelos Fruit Dry Extract
RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Aegle marmelos Fruit Dry Extract RS being
used, identify the retention times of the peaks corresponding to marmelosin in the Sample
solution.
Calculate the percentage of marmelosin in the portion of Bael Tree Fruit Dry Extract taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of marmelosin from the Sample solution
rS = peak area of marmelosin from Standard solution A
CS = concentration of USP Marmelosin RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Bael Tree Fruit Dry Extract used to prepare the Sample solution (mg)
Calculate the percentage of the labeled amount of marmelosin in the portion of Bael Tree
Fruit Dry Extract taken:
Result = (P/L) × 100
P = content of marmelosin in the Sample solution as previously determined (%)
L = label claim of marmelosin (%)
Acceptance criteria: 90%–110% of the labeled amount of marmelosin on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
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• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Limit of Aegeline
Method 1: HPTLC
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in Identification A.
Standard solution: 0.1 mg/mL each of USP Marmelosin RS and aegeline in methanol
Analysis
Samples: Sample solution and Standard solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber (30 min with
filter paper), remove the plate from the chamber, and dry in air. Examine under UV light
at 254 nm.
Acceptance criteria: No dark band corresponding to aegeline at an RF near 0.26 is
observed.
Method 2: HPLC
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in the test for Content of Marmelosin, except use the Detector.
Detector: UV 274 nm
Standard solution: 0.1 mg/mL of aegeline in methanol
Analysis
Samples: Sample solution and Standard solution
Using the chromatogram of the Standard solution, identify the retention time of the peak
corresponding to aegeline in the Sample solution.
Acceptance criteria: No peak corresponding to aegeline is observed.
• Loss on Drying 〈731〉
Sample: 2 g of Bael Tree Fruit Dry Extract
Analysis: Dry the Sample at 105° for 5 h.
Acceptance criteria: NMT 6%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at controlled room temperature.
• Labeling: The label states the Latin binomial and part(s) of the plant from which the article
was derived.
• USP Reference Standards 〈11〉
USP Aegle marmelos Fruit Dry Extract RS
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USP Marmelosin RS
2S (USP42)

BRIEFING
Bael Tree Fruit Powder. A new USP monograph for this dietary ingredient is being proposed.
The liquid chromatographic procedure in the test for Content of Marmelosin is conducted using
the Supelco Ascentis Express C18 brand of column with 2.7-µm L1 packing. The typical
retention time for marmelosin is 11.7 min.
(BDSHM: N.-C. Kim.)
Correspondence Number—C190056
Comment deadline: November 30, 2018
Add the following:
Bael Tree Fruit Powder
DEFINITION
Bael Tree Fruit Powder consists of the dried ripe or unripe fruit of Aegle marmelos (L.) Corrêa
(Family Rutaceae), reduced to powder or very fine powder. It contains NLT 0.2% of
marmelosin on the dried basis and no aegeline is present.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.1 mg/mL of USP Marmelosin RS in methanol
Standard solution B: 10 mg/mL of USP Aegle marmelos Fruit Dry Extract RS in methanol.
Sonicate for 5 min, centrifuge or filter, and use the supernatant or the filtrate.
Sample solution: Sonicate about 1 g of Bael Tree Fruit Powder in 10 mL of methanol for 10
min, centrifuge or filter, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture with an average particle size of 5 µm
Application volume: 10 µL of Standard solution A and 5 µL each of Standard solution B
and Sample solution, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Toluene, ethyl acetate, methanol, and acetic acid (40: 10:
1.25: 1)
Developing distance: 6 cm
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber (30 min with
filter paper), remove the plate from the chamber, and dry in air. Examine under UV light at
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254 and 365 nm.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Under UV 254 nm light, Standard solution B exhibits about
seven black bands with the most intense and uppermost band similar in RF and color to
the marmelosin band from the chromatogram of Standard solution A. Under UV 365 nm
light, Standard solution B exhibits a pale greenish-blue band at an RF near 0.6,
corresponding in color to the marmelosin band from Standard solution A. One pale blue
band and a pale green band appear above the marmelosin band. Right below the
marmelosin band, one blue band appears along with several other bands, at decreasing
RF, as follows: one pale green band, two pale blue bands, one bright blue band, two pale
blue bands, one green band, one pale green band, and one light blue band.
Acceptance criteria: Under UV 254 nm light, the Sample solution exhibits the most intense
and uppermost band similar in RF and color to the marmelosin band from the chromatogram
of Standard solution A. Two minor black bands appear in one-third of the chromatogram
(between RF 0.3 and 0.4). Under UV 365 nm light, the Sample solution exhibits a pale
greenish-blue band at an RF near 0.6, corresponding in color to the marmelosin band from
the chromatogram of Standard solution A. One pale blue band and a pale green band
appear above the marmelosin band. Right below the marmelosin band, one blue band
appears along with several other bands, at decreasing RF, as follows: one pale green
band, two pale blue bands, one bright blue band, two pale blue bands, one green band,
one pale green band, and one light blue band.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Marmelosin.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at retention
times corresponding to the peaks due to marmelosin in Standard solution B.
COMPOSITION
• Content of Marmelosin
Solution A: 0.2% acetic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
20
24
27
30

Table 1
Solution A
(%)
60
40
40
60
60

Solution B
(%)
40
60
60
40
40

Standard solution A: 0.01 mg/mL of USP Marmelosin RS in methanol
Standard solution B: Dissolve 0.1 g of USP Aegle marmelos Fruit Dry Extract RS in 100 mL
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of methanol, sonicate, and pass through a membrane filter of 0.45-µm or finer pore size.
Sample solution: Transfer 0.2 g of Bael Tree Fruit Powder to a 250-mL flask and add 30
mL of methanol. Reflux at 80° for 30 min and decant the extract into a 100-mL volumetric
flask. Repeat the extraction process with another 20 mL of methanol, and add the extract
to the volumetric flask. Dilute with methanol to volume. Pass through a membrane filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 300 nm
Column: 4.6-mm × 10-cm; 2.7-µm packing L1
Column temperature: 40°
Flow rate: 0.6 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 2.0 between the marmelosin peak and the peak that follows, Standard
solution B
Tailing factor: NMT 2.0 for the marmelosin peak, Standard solution A
Relative standard deviation: NMT 2.0% for the marmelosin peak in repeated
injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Aegle marmelos Fruit Dry Extract
RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Aegle marmelos Fruit Dry Extract RS being
used, identify the retention times of the peaks corresponding to marmelosin in the Sample
solution.
Calculate the percentage of marmelosin in the portion of Bael Tree Fruit Powder taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of marmelosin from the Sample solution
rS = peak area of marmelosin from Standard solution A
CS = concentration of USP Marmelosin RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Bael Tree Fruit Powder used to prepare the Sample solution (mg)
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Acceptance criteria: NLT 0.2% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Limit of Aegeline
Method 1: HPTLC
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in Identification A.
Standard solution: 0.1 mg/mL each of USP Marmelosin RS and aegeline in methanol
Analysis
Samples: Sample solution and Standard solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber (30 min with
filter paper), remove the plate from the chamber, and dry in air. Examine under UV light
at 254 nm.
Acceptance criteria: No dark band corresponding to aegeline at an RF near 0.26 is
observed.
Method 2: HPLC
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in the test for Content of Marmelosin, except for the Detector.
Detector: UV 274 nm
Standard solution: 0.1 mg/mL of aegeline in methanol
Analysis
Samples: Sample solution and Standard solution
Using the chromatogram of the Standard solution, identify the retention time of the peak
corresponding to aegeline in the Sample solution.
Acceptance criteria: No peak corresponding to aegeline is observed.
• Botanical Characteristics
Macroscopic: Yellow powder
Microscopic: Powdered dry fruit pulp is yellowish in color with spots of pale, browncolored, dotted structures, sticky and nearly hygroscopic. Thick-walled, polygonal and
irregularly shaped parenchyma cells from the pulp are a major component. Stone cells
along with the parenchymatous cells derived from the mesocarp are observed here and
there. The vascular elements and sclerotic hairs are also observed frequently. Most of the
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fields show oil globules from the cotyledon cells. Most
cells show both simple and compound starches.
Articles of Botanical Origin 〈561〉, Methods of Analysis,
1: NLT 30.0%
Articles of Botanical Origin 〈561〉, Methods of Analysis,
2: NLT 10.0%
Loss on Drying 〈731〉
Sample: 2 g of Bael Tree Fruit Powder
Analysis: Dry the Sample at 105° for 5 h.
Acceptance criteria: NMT 10%
Articles of Botanical Origin 〈561〉, Methods of Analysis,
Articles of Botanical Origin 〈561〉, Methods of Analysis,

of the intact or broken parenchyma
Alcohol-Soluble Extractives, Method
Water-Soluble Extractives, Method

Total Ash: NMT 10.0%
Acid-Insoluble Ash: NMT 2.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at controlled room temperature.
• Labeling: The label states the Latin binomial and part(s) of the plant from which the article
was derived.
• USP Reference Standards 〈11〉
USP Aegle marmelos Fruit Dry Extract RS
USP Marmelosin RS
2S (USP42)

BRIEFING
Cobamamide, PF 42(3) [May–June 2016]. On the basis of comments received, the proposal
for a new monograph previously published in PF 42(3) has been canceled and is replaced by a
new proposal with the following changes:
1. Replace the spectrophotometric procedure in the Assay with an HPLC procedure that
uses the same chromatographic system as the test for Hydroxocobalamin and Other
Related Compounds. The liquid chromatographic procedures are based on analyses
performed with the Phenomenex Kinetex C18 brand of column with L1 packing. The
typical retention times for hydroxocobalamin, cyanocobalamin, cobamamide, and
methylcobalamin are 2.2, 5.8, 14.4, and 21.1 min, respectively.
2. Add USP Cyanocobalamin RS and USP Methylcobalamin RS as additional components of
the System suitability solution and as external standards to characterize cobamamide
impurities.
3. Replace the Loss on Drying test with a Water Determination test to reflect a change in
the Assay calculation from “on the dried basis” to “on the anhydrous basis.”
4. Add Identification C to strengthen the Identification section of the monograph.
5. Add Acceptance criteria for cyanocobalamin and methylcobalamin impurities to the test
for Hydroxocobalamin and Other Related Compounds.
Additionally, minor editorial changes have been made to update this monograph to current USP
style.
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(NBDS: H. Dinh.)
Correspondence Number—C189731
Comment deadline: November 30, 2018
Add the following:
Cobamamide

C72 H100 CoN18 O17 P

1579.58

5,6-Dimethylbenzimidazolyl-Co-5'-deoxyadenosylcobamide;
Adenosylcobalamin
[13870-90-1].
DEFINITION
Cobamamide contains NLT 96.0% and NMT 102.0% of cobamamide (C72 H100 CoN18 O17 P),
calculated on the anhydrous basis.
IDENTIFICATION
• A. Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉
• B. Spectroscopic Identification Tests 〈197〉, Ultraviolet-Visible Spectroscopy: 〈197U〉
[Note—Use low-actinic glassware, and protect the Sample solution from exposure to light.]
Wavelength range: 200–700 nm
Buffer solution: Dissolve 6.8 g of monobasic potassium phosphate in 950 mL of water.
Adjust with 50% sodium hydroxide solution to a pH of 7.0.
Dilute with water to 1000 mL.
Sample solution: 50 µg/mL in Buffer solution
Acceptance criteria: The absorption spectrum exhibits maxima at 260, 288, 376, and 524
nm. The absorbance ratio A260 /A524 is 4.1–4.5; the absorbance ratio A376 /A260 is
0.29–0.33.
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY

PF 44(5): Sep.-Oct. 2018

991

• Procedure
Solution A: Methanol
Solution B: Dissolve 6.8 g of monobasic potassium phosphate in 950 mL of water. Adjust
with 10% phosphoric acid to a pH of 3.2. Dilute with water to 1000 mL. Pass this solution
through a filter of 0.2-µm pore size.
Mobile phase: See Table 1.
Time
(min)
0
2
2.5
8
10
22
24
30
31
40
40.5
45

Table 1
Solution A
(%)
15
15
20
23
25
30
35
35
70
70
15
15

Solution B
(%)
85
85
80
77
75
70
65
65
30
30
85
85

Diluent: Methanol and water (1:3)
[Note—Use low-actinic glassware, and protect the following solutions from exposure to
light.]
System suitability solution: 0.05 mg/mL each of USP Cobamamide RS, USP
Cyanocobalamin RS, USP Hydroxocobalamin Chloride RS, and USP Methylcobalamin RS in
Diluent
Standard solution: Allow an appropriate portion of the USP Cobamamide RS to equilibrate
at room relative humidity and protected from light, until its weight shows no changes. The
equilibration time may be up to 60 min or more depending on the room relative humidity.
Use the equilibrated material to prepare a 1 mg/mL solution in Diluent. Concurrently
determine the water content of the equilibrated sample and use it for the Assay
correction.
Sample solution: Prepare as directed for the Standard solution, except replace USP
Cobamamide RS with Cobamamide.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L1
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Column temperature: 40°
Flow rate: 1.2 mL/min
Injection volume: 5 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for cobamamide, hydroxocobalamin, cyanocobalamin,
and methylcobalamin are 1.00, 0.15, 0.40, and 1.47, respectively, System suitability
solution.]
Suitability requirements
Column efficiency: NLT 22,000 theoretical plates for the cobamamide peak, Standard
solution
Tailing factor: NMT 2.0 for the cobamamide peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cobamamide (C72 H100 CoN18 O17 P) in the portion of Cobamamide
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of cobamamide from the Sample solution
rS = peak response of cobamamide from the Standard solution
CS = concentration of USP Cobamamide RS (corrected for water content) in the Standard
solution (mg/mL)
CU = concentration of Cobamamide (corrected for water content) in the Sample solution
(mg/mL)
Acceptance criteria: 96.0%–102.0% on the anhydrous basis
IMPURITIES
• Hydroxocobalamin and Other Related Compounds
Mobile phase, Diluent, System suitability solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
[Note—Use low-actinic glassware, and protect the following solutions from exposure to
light.]
Hydroxocobalamin chloride standard solution: 10 µg/mL of USP Hydroxocobalamin
Chloride RS in Diluent
Cyanocobalamin standard solution: 20 µg/mL of USP Cyanocobalamin RS in Diluent
Methylcobalamin standard solution: 20 µg/mL of USP Methylcobalamin RS in Diluent
Analysis
Samples: Sample solution and Standard solutions
Calculate the percentage of hydroxocobalamin in the portion of Cobamamide taken:
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Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of hydroxocobalamin from the Sample solution
rS = peak response of hydroxocobalamin from the Hydroxocobalamin chloride standard
solution
CS = concentration of USP Hydroxocobalamin Chloride RS in the Hydroxocobalamin
chloride standard solution (mg/mL)
CU = concentration of Cobamamide (corrected for water content) in the Sample solution
(mg/mL)
Mr1 = molecular weight of hydroxocobalamin, 1346.4
Mr2 = molecular weight of hydroxocobalamin chloride, 1382.8
Calculate separately the percentages of cyanocobalamin and methylcobalamin in the portion
of Cobamamide taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of cyanocobalamin or methylcobalamin from the Sample solution
rS = peak response of cyanocobalamin or methylcobalamin from the Cyanocobalamin
standard solution or Methylcobalamin standard solution
CS = concentration of USP Cyanocobalamin RS or USP Methylcobalamin RS in the
Cyanocobalamin standard solution or Methylcobalamin standard solution (mg/mL)
CU = concentration of Cobamamide (corrected for water content) in the Sample solution
(mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Cobamamide
taken:
Result = (rU/rT) × 100
rU = peak response of any individual unspecified impurity from the Sample solution
rT = sum of all the peak responses from the Sample solution
Acceptance criteria
Hydroxocobalamin: NMT 1.0% on the anhydrous basis
Cyanocobalamin: NMT 2.0% on the anhydrous basis
Methylcobalamin: NMT 2.0% on the anhydrous basis
Individual unspecified impurities: NMT 2.0% on the anhydrous basis
Total impurities: NMT 5.0% on the anhydrous basis
SPECIFIC TESTS
• Water Determination 〈921〉, Method I, Method Ia: NMT 12.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards 〈11〉
USP Cobamamide RS
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USP Cyanocobalamin RS
USP Hydroxocobalamin Chloride RS
USP Methylcobalamin RS
2S (USP42)

BRIEFING
Coptis Species Rhizome. A new USP monograph for this plant material as a dietary
ingredient is being proposed. Validation for the HPTLC Identification test was performed with
plates of Yantai silica gel, Merck silica gel 60, and Macherey-Nagel Nano-Durasil-20. With
Yantai plates, the typical RF for jatrorrhizine, columbamine, palmatine, berberine, epiberberine,
and coptisine are 0.21, 0.23, 0.27, 0.37, 0.54, and 0.78, respectively. With Merck and
Macherey-Nagel plates, the typical RF for palmatine, berberine, epiberberine, and coptisine are
0.30, 0.50, 0.67, and 0.79, respectively. Validation data for the liquid chromatographic
procedure in the test for Content of Quaternary Protoberberine Alkaloids were obtained using
the Agilent Zorbax SB C18 brand of column with L1 packing. The typical retention times for
columbamine, jatrorrhizine, epiberberine, coptisine, palmatine, and berberine are 19, 20, 21, 25,
31, and 37 min, respectively.
(BDSHM: C. Ma.)
Correspondence Number—C196531
Comment deadline: November 30, 2018
Add the following:
Coptis Species Rhizome
DEFINITION
Coptis Species Rhizome consists of the dried rhizome of Coptis chinensis Franch., Coptis
deltoidea C.Y.Cheng & P.K.Hsiao, or Coptis teeta Wall. (Family Ranunculaceae), with roots
removed, collected in autumn. It contains NLT 9.0% and NMT 20% of total quaternary
protoberberine alkaloids calculated on the dried basis as the sum of columbamine
(C20 H20 NO4 +), jatrorrhizine (C20 H20 NO4 +), epiberberine (C20 H18 NO4 +), coptisine
(C19 H14 NO4 +), palmatine (C21 H22 NO4 +), and berberine (C20 H18 NO4 +); and NLT 5.0% and
NMT 15% of berberine on the dried basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.025 mg/mL of USP Coptisine Chloride RS and 0.05 mg/mL of USP
Berberine Chloride RS in methanol. Sonicate to dissolve.
Standard solution B: 1 mg/mL of USP Coptis chinensis Rhizome Dry Extract RS in
methanol. Sonicate for 15 min, centrifuge, and use the supernatant.
Sample solution: 10 mg/mL of finely powdered Coptis Species Rhizome in methanol.
Sonicate for 15 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
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Application volume: 5 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Cyclohexane, ethyl acetate, isopropyl alcohol, methanol,
water, and triethylamine (3: 3.5: 1: 1.5: 0.5: 1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a chamber that has been saturated
with developing solvent and concentrated ammonia that is located in an opened vessel.
Remove the plate from the chamber, and dry in a vacuum hood. Examine under UV light at
365–366 nm.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Standard solution A exhibits, from the bottom to the top of
the chromatogram, a green band due to berberine in the second quarter and a yellow
band due to coptisine in the fourth quarter. Standard solution B exhibits, from the
bottom to the top of the chromatogram, two faint dark-green bands in the first quarter
due to columbamine and jatrorrhizine; two green bands in the second quarter—one
corresponding in RF and color to berberine in Standard solution A, and the other (below
berberine and above the two faint dark-green bands) due to palmatine; and two yellow
bands in the upper half—one corresponding in RF and color to coptisine in Standard
solution A, and the other (between berberine and coptisine) due to epiberberine.
Acceptance criteria: The Sample solution exhibits, from the bottom to the top of the
chromatogram, two faint dark-green bands in the first quarter corresponding in RF and
color to columbamine and jatrorrhizine in Standard solution B; two green bands in the
second quarter—one corresponding in RF and color to berberine in Standard solution A and
Standard solution B, and the other (below berberine) corresponding in RF and color to
palmatine in Standard solution B; two yellow bands in the upper half—one corresponding
to coptisine in Standard solution A and Standard solution B, and the other (between
berberine and coptisine) corresponding in RF and color to epiberberine in Standard solution
B. Relative to coptisine, the intensity of the epiberberine band is similar in C. chinensis,
weaker in C. deltoidea, and more faint in C. teeta.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Quaternary Protoberberine
Alkaloids.
Acceptance criteria: The Sample solution exhibits the most intense peak corresponding to
the retention time of berberine, and the second most intense peak corresponding to the
retention time of coptisine in Standard solution A and Standard solution B. The Sample
solution also exhibits a peak between berberine and coptisine that has a lower intensity
than coptisine and is due to palmatine. Three adjacent minor peaks ahead of coptisine
correspond to columbamine, jatrorrhizine, and epiberberine in Standard solution B. The
relative intensity of columbamine, jatrorrhizine, and epiberberine peaks varies with the
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species: C. chinensis shows epiberberine as the most intense peak; C. deltoidea shows
jatrorrhizine as the most intense peak with epiberberine having a peak similar in intensity
to columbamine; C. teeta shows jatrorrhizine as the most intense peak with epiberberine
having a very minor or nondetectable peak. No other peak in the chromatogram between
the peaks of columbamine and berberine is more intense than the peak corresponding to
columbamine. The relative content to total quaternary protoberberine alkaloids content is
about 1/2 or more for berberine; about 1/5–1/7 for coptisine; and about 1/5–1/10 for the
sum content of the three minor peaks. The content ratios of each alkaloid relative to
berberine are within the ranges listed in Table 1.
Alkaloid
Columbamine
Jatrorrhizine
Epiberberine
Coptisine
Palmatine
Berberine

Table 1
Content Ratio Relative to Berberine
C. chinensis C. deltoidea
C. teeta
0.06–0.11
0.03–0.08
0.01–0.03
0.05–0.11
0.12–0.34
0.08–0.22
0.13–0.24
0.02–0.09
∼0
0.25–0.46
0.16–0.48
0.1–0.3
0.18–0.30
0.10–0.22
0.03–0.08
1.0
1.0
1.0

COMPOSITION
• Content of Quaternary Protoberberine Alkaloids
Mobile phase: A mixture of water containing 0.05 mol/L of monobasic potassium phosphate
and acetonitrile (64:36). Add 25.24 g/L of sodium 1-heptanesulfonate, and adjust with
phosphoric acid to a pH of 4.0.
Solvent 1: Methanol and water (7:3)
Solvent 2: 1% hydrochloric acid in methanol
Standard stock solution: 0.40 mg/mL of USP Berberine Chloride RS and 0.20 mg/mL of USP
Coptisine Chloride RS in Solvent 1
Standard solution A: 0.04 mg/mL of USP Berberine Chloride RS and 0.02 mg/mL of USP
Coptisine Chloride RS from Standard stock solution diluted with Solvent 1.
Standard solution B: About 0.5 mg/mL of USP Coptis chinensis Rhizome Dry Extract RS
prepared as follows. Transfer a weighed amount of USP Coptis chinensis Rhizome Dry
Extract RS into a suitable volumetric flask, add Solvent 2 to 70% of the final volume, and
sonicate for 30 min. Cool to room temperature, add water to the volume, and mix well.
Before injection, pass through a suitable membrane filter of 0.45-µm or finer pore size.
Sample solution: Transfer about 40 mg of finely powdered Coptis Species Rhizome,
accurately weighed, into a 50-mL volumetric flask, add 40 mL of Solvent 2, and sonicate
for 30 min. Cool to room temperature, add water to the volume, and mix well. Before
injection, pass through a suitable membrane filter of 0.45-µm or finer pore size and discard
the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 345 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 0.5 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 1.3 between columbamine and jatrorrhizine; NLT 1.3 between
jatrorrhizine and epiberberine, Standard solution B
Tailing factor: NMT 1.5 for coptisine and berberine, Standard solution A
Relative standard deviation: NMT 2.0% for berberine and coptisine in repeated
injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Coptis chinensis Rhizome Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Coptis chinensis Rhizome Dry Extract RS being
used, identify the peaks corresponding to columbamine, jatrorrhizine, epiberberine,
coptisine, palmatine, and berberine in the Sample solution.
Calculate separately the percentages of berberine, jatrorrhizine, columbamine, and
palmatine against berberine in USP Berberine Chloride RS; also calculate separately the
percentages of coptisine and epiberberine against coptisine in USP Coptisine Chloride RS.
[Note—The relative response factors for berberine, jatrorrhizine, columbamine, and
palmatine are similar, thus all of these alkaloids can be calculated as berberine. The
relative response factors for epiberberine and coptisine are similar, thus these two
alkaloids can be calculated as coptisine.]
Calculate the percentage of each alkaloid in the portion of Coptis Species Rhizome taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of berberine or coptisine from Standard solution A
CS = concentration of berberine from USP Berberine Chloride RS or coptisine from USP
Coptisine Chloride RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Coptis Species Rhizome used to prepare the Sample solution (mg)
Calculate the content of total quaternary protoberberine alkaloids as the sum of the
percentages of berberine, palmatine, coptisine, epiberberine, jatrorrhizine, and
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columbamine.
Acceptance criteria
Total quaternary protoberberine alkaloids: 9.0%–20% on the dried basis
Berberine: 5.0%–15% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: The whole rhizome with roots and rootlets removed; the outer surface is
rough, yellowish-gray or yellowish-brown, with irregular nodular protrusions and rootlet
remains. The apex shows remains of stems and petioles. The texture is hard; the fracture
uneven with reddish-orange or dark brown bark; the wood is bright yellow or
orange–yellow, radially arranged, and clefts may be present. The pith is often similar in
color to the bark and sometimes hollowed. The rhizome of C. chinensis is curved, usually
with a few rhizomes joined together at the crown; 3–6 cm long and 3–8 mm in diameter.
The rhizome of C. deltoidea is usually single, somewhat cylindrical and curved, with
smooth and relatively long internodes; about 4–8 cm long and 0.5–1 cm in diameter. The
rhizome of C. teeta is single, distinctly hook-shaped, and narrow.
Microscopic
Transverse section: The cork is composed of several layers of cells. Cortex is broad.
Pericycle fibers are yellow, present in bundles, and usually accompanied by sclereids.
Collateral vascular bundles arranged in a ring. Xylem lignified, yellow, with welldeveloped lignified fibers. Pith composed of parenchyma cells. In C. chinensis, sclereids
are scattered singly or in groups throughout the cortex but absent in the pith. In C.
deltoidea, sclereids are observed in both cortex and pith. In C. teeta, sclereids are
absent in both the cortex and the pith.
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 2.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 25.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method
2: NLT 16.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 5.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 2.5%
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• Loss on Drying 〈731〉
Sample: Rhizomes, finely powdered
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 12.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store at controlled room temperature.
• Labeling: The label states the Latin binomial of the plant species contained in the article (C.
chinensis, C. deltoidea, or C. teeta) following the official name.
• USP Reference Standards 〈11〉
USP Berberine Chloride RS
USP Coptis chinensis Rhizome Dry Extract RS
USP Coptisine Chloride RS
2S (USP42)

BRIEFING
Coptis Species Rhizome Dry Extract. A new USP monograph for this plant extract as a
dietary supplement is being proposed. Validation for the HPTLC Identification test was
performed with Yantai, Merck, and Macherey-Nagel plates. With Yantai plates, the typical RF
for jatrorrhizine, columbamine, palmatine, berberine, epiberberine, and coptisine are 0.21, 0.23,
0.27, 0.37, 0.54, and 0.78, respectively. With Merck and Macherey-Nagel plates, the typical RF
for palmatine, berberine, epiberberine, and coptisine are 0.30, 0.50, 0.67, and 0.79,
respectively. Validation data for the liquid chromatographic procedure in the test for Content of
Quaternary Protoberberine Alkaloids were obtained using the Agilent Zorbax SB C18 brand of
column with L1 packing. The typical retention times for columbamine, jatrorrhizine, epiberberine,
coptisine, palmatine, and berberine are 19, 20, 21, 25, 31, and 37 min, respectively.
(BDSHM: C. Ma.)
Correspondence Number—C196533
Comment deadline: November 30, 2018
Add the following:
Coptis Species Rhizome Dry Extract
DEFINITION
Coptis Species Rhizome Dry Extract is prepared from the dried rhizome of Coptis species
(Coptis chinensis Franch., Coptis deltoidea C.Y.Cheng & P.K.Hsiao, or Coptis teeta Wall.) by
extraction with water or hydroalcoholic mixtures. It contains NLT 90% and NMT 110% of
labeled amount of total quaternary protoberberine alkaloids calculated as the sum of
columbamine (C20 H20 NO4 +), jatrorrhizine (C20 H20 NO4 +), epiberberine (C20 H18 NO4 +),
coptisine (C19 H14 NO4 +), palmatine (C21 H22 NO4 +), and berberine (C20 H18 NO4 +) on the dried
basis. The berberine content is about 50% or above 50% of the total quaternary
protoberberine alkaloids content calculated on the dried basis. It may contain suitable
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added substances as carriers.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.025 mg/mL of USP Coptisine Chloride RS and 0.05 mg/mL of USP
Berberine Chloride RS in methanol. Sonicate to dissolve.
Standard solution B: 1 mg/mL of USP Coptis chinensis Rhizome Dry Extract RS in
methanol. Sonicate for 15 min, centrifuge, and use the supernatant.
Sample solution: 1 mg/mL of Coptis Species Rhizome Dry Extract in methanol. Sonicate for
15 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 5 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Cyclohexane, ethyl acetate, isopropyl alcohol, methanol,
water, and triethylamine (3: 3.5: 1: 1.5: 0.5: 1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a chamber that has been saturated
with developing solvent and concentrated ammonia that is located in an opened vessel.
Remove the plate from the chamber, and dry in a vacuum hood. Examine under UV light
at 365–366 nm.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Standard solution A exhibits, from the bottom to the top of
the chromatogram, a green band due to berberine in the second quarter and a yellow
band due to coptisine in the fourth quarter. Standard solution B exhibits, from the
bottom to the top of the chromatogram, two faint dark-green bands in the first quarter
due to columbamine and jatrorrhizine; two green bands in the second quarter—one
corresponding in RF and color to berberine in Standard solution A, and the other (below
berberine and above the two faint dark-green bands) due to palmatine; and two yellow
bands in the upper half—one corresponding in RF and color to coptisine in Standard
solution A, and the other (between berberine and coptisine) due to epiberberine.
Acceptance criteria: The Sample solution exhibits, from the bottom to the top of the
chromatogram, two faint dark-green bands in the first quarter corresponding in RF and
color to columbamine and jatrorrhizine in Standard solution B; two green bands in the
second quarter—one corresponding in RF and color to berberine in Standard solution A and
Standard solution B, and the other (below berberine) corresponding in RF and color to
palmatine in Standard solution B; two yellow bands in the upper half—one corresponding
to coptisine in Standard solution A and Standard solution B, and the other (between
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berberine and coptisine) corresponding in RF and color to epiberberine in Standard solution
B. Relative to coptisine, the intensity of the epiberberine band is similar in C. chinensis,
weaker in C. deltoidea, and more faint in C. teeta.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Quaternary Protoberberine
Alkaloids.
Acceptance criteria: The Sample solution exhibits the most intense peak corresponding to
the retention time of berberine, and the second most intense peak corresponding to the
retention time of coptisine in Standard solution A and Standard solution B. The Sample
solution also exhibits a peak between berberine and coptisine that has a lower intensity
than coptisine and is due to palmatine. Three adjacent minor peaks ahead of coptisine
correspond to columbamine, jatrorrhizine, and epiberberine in Standard solution B. The
relative intensity of the columbamine, jatrorrhizine, and epiberberine peaks varies with the
species: C. chinensis shows epiberberine as the most intense peak; C. deltoidea shows
jatrorrhizine as the most intense peak with epiberberine having a peak similar in intensity
to columbamine; C. teeta shows jatrorrhizine as the most intense peak with epiberberine
having a very minor or nondetectable peak. No other peak in the chromatogram between
the peaks of columbamine and berberine is more intense than the peak corresponding to
columbamine. The relative content to total quaternary protoberberine alkaloids content is
about 1/2 or more for berberine and about 1/5–1/7 for coptisine. The content ratios of
each alkaloid relative to berberine for C. chinensis are within the ranges listed in Table 1.
Alkaloid
Columbamine
Jatrorrhizine
Epiberberine
Coptisine
Palmatine
Berberine

Table 1
Content Ratio Relative to Berberine
(C. chinensis)
0.05–0.11
0.04–0.11
0.13–0.24
0.25–0.40
0.20–0.32
1.0

COMPOSITION
• Content of Quaternary Protoberberine Alkaloids
Mobile phase: A mixture of water containing 0.05 mol/L of monobasic potassium phosphate
and acetonitrile (64:36). Add 25.24 g/L of sodium 1-heptanesulfonate, and adjust with
phosphoric acid to a pH of 4.0.
Solvent 1: Methanol and water (7:3)
Solvent 2: 1% hydrochloric acid in methanol
Standard stock solution: 0.40 mg/mL of USP Berberine Chloride RS and 0.20 mg/mL of USP
Coptisine Chloride RS in Solvent 1
Standard solution A: 0.04 mg/mL of USP Berberine Chloride RS and 0.02 mg/mL of USP
Coptisine Chloride RS from Standard stock solution diluted with Solvent 1
Standard solution B: About 0.5 mg/mL of USP Coptis chinensis Rhizome Dry Extract RS
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prepared as follows. Transfer a weighed amount of USP Coptis chinensis Rhizome Dry
Extract RS into a suitable volumetric flask, add Solvent 2 to 70% of the final volume, and
sonicate for 30 min. Cool to room temperature, add water to the volume, and mix well.
Before injection, pass through a suitable membrane filter of 0.45-µm or finer pore size.
Sample solution: Transfer about 20 mg of Coptis Species Rhizome Dry Extract, accurately
weighed, into a 50-mL volumetric flask, add 35 mL of Solvent 2, and sonicate for 30 min.
Cool to room temperature, add water to the volume, and mix well. Before injection, pass
through a suitable membrane filter of 0.45-µm or finer pore size and discard the first
portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 345 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 0.5 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 1.3 between columbamine and jatrorrhizine; NLT 1.3 between
jatrorrhizine and epiberberine, Standard solution B
Tailing factor: NMT 1.5 for coptisine and berberine, Standard solution A
Relative standard deviation: NMT 2.0% for berberine and coptisine in repeated
injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Coptis chinensis Rhizome Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Coptis chinensis Rhizome Dry Extract RS being
used, identify the peaks corresponding to columbamine, jatrorrhizine, epiberberine,
coptisine, palmatine, and berberine in the Sample solution.
Calculate separately the percentages of berberine, jatrorrhizine, columbamine, and
palmatine against berberine in USP Berberine Chloride RS; also calculate separately the
percentages of coptisine and epiberberine against coptisine in USP Coptisine Chloride RS.
[Note—The relative response factors for berberine, jatrorrhizine, columbamine, and
palmatine are similar, thus all of these alkaloids can be calculated as berberine. The
relative response factors for epiberberine and coptisine are similar, thus these two
alkaloids can be calculated as coptisine.]
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Calculate the percentage of each alkaloid in the portion of Coptis Species Rhizome Dry
Extract taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of berberine or coptisine from Standard solution A
CS = concentration of berberine from USP Berberine Chloride RS or coptisine from USP
Coptisine Chloride RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Coptis Species Rhizome Dry Extract used to prepare the Sample solution
(mg)
Calculate the content of total quaternary protoberberine alkaloids as the sum of the
percentages of berberine, palmatine, coptisine, epiberberine, jatrorrhizine, and
columbamine.
Calculate the percentage of the labeled amount of total quaternary protoberberine alkaloids
in the portion of Coptis Species Rhizome Dry Extract taken:
Result = (P/L) × 100
P = content of total quaternary protoberberine alkaloids, determined previously (%)
L = labeled amount of total quaternary protoberberine alkaloids (%)
Acceptance criteria
Total quaternary protoberberine alkaloids: 90%–110% of the labeled amount on the
dried basis
Berberine: About or above 50% of the content of total quaternary protoberberine
alkaloids on the dried basis
CONTAMINANTS
• Botanical Extracts 〈565〉, Preparations, General Pharmacopeial Requirements, Pesticide
Residues: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 6.0%
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 5 h.
Acceptance criteria: NMT 6.0%
• Botanical Extracts 〈565〉, Preparations, General Pharmacopeial Requirements, Residual
Solvents: Meets the requirements
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store in a cool place.
• Labeling: The label states the Latin binomial of the plant species from which the article was
prepared (C. chinensis, C. deltoidea, or C. teeta) following the official name. The label
indicates the content of total quaternary protoberberine alkaloids and the content of
berberine as a percentage on the dried basis. It meets the other labeling requirements in
Botanical Extracts 〈565〉.
• USP Reference Standards 〈11〉
USP Berberine Chloride RS
USP Coptis chinensis Rhizome Dry Extract RS
USP Coptisine Chloride RS
2S (USP42)

BRIEFING
Coptis Species Rhizome Powder. A new USP monograph for this plant material as a dietary
ingredient is being proposed. Validation for the HPTLC Identification test was performed with
plates of Yantai silica gel, Merck silica gel 60, and Macherey-Nagel Nano-Durasil-20. With
Yantai plates, the typical RF for jatrorrhizine, columbamine, palmatine, berberine, epiberberine,
and coptisine are 0.21, 0.23, 0.27, 0.37, 0.54, and 0.78, respectively. With Merck and
Macherey-Nagel plates, the typical RF for palmatine, berberine, epiberberine, and coptisine are
0.30, 0.50, 0.67, and 0.79, respectively. Validation data for the liquid chromatographic
procedure in the test for Content of Quaternary Protoberberine Alkaloids were obtained using
the Agilent Zorbax SB C18 brand of column with L1 packing. The typical retention times for
columbamine, jatrorrhizine, epiberberine, coptisine, palmatine, and berberine are 19, 20, 21, 25,
31, and 37 min, respectively.
(BDSHM: C. Ma.)
Correspondence Number—C196532
Comment deadline: November 30, 2018
Add the following:
Coptis Species Rhizome Powder
DEFINITION
Coptis Species Rhizome Powder consists of the dried rhizome of Coptis species (Coptis
chinensis Franch., Coptis deltoidea C.Y.Cheng & P.K.Hsiao, or Coptis teeta Wall.) reduced
to a fine or very fine powder. It contains NLT 9.0% and NMT 20% of total quaternary
protoberberine alkaloids calculated on the dried basis as the sum of columbamine
(C20 H20 NO4 +), jatrorrhizine (C20 H20 NO4 +), epiberberine (C20 H18 NO4 +), coptisine
(C19 H14 NO4 +), palmatine (C21 H22 NO4 +), and berberine (C20 H18 NO4 +); and NLT 5.0% and
NMT 15% of berberine on the dried basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
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Standard solution A: 0.025 mg/mL of USP Coptisine Chloride RS and 0.05 mg/mL of USP
Berberine Chloride RS in methanol. Sonicate to dissolve.
Standard solution B: 1 mg/mL of USP Coptis chinensis Rhizome Dry Extract RS in
methanol. Sonicate for 15 min, centrifuge, and use the supernatant.
Sample solution: 10 mg/mL of Coptis Species Rhizome Powder in methanol. Sonicate for
15 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 5 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Cyclohexane, ethyl acetate, isopropyl alcohol, methanol,
water, and triethylamine (3: 3.5: 1: 1.5: 0.5: 1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a chamber that has been saturated
with developing solvent and concentrated ammonia that is located in an opened vessel.
Remove the plate from the chamber, and dry in a vacuum hood. Examine under UV light at
365–366 nm.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Standard solution A exhibits, from the bottom to the top of
the chromatogram, a green band due to berberine in the second quarter and a yellow
band due to coptisine in the fourth quarter. Standard solution B exhibits, from the
bottom to the top of the chromatogram, two faint dark-green bands in the first quarter
due to columbamine and jatrorrhizine; two green bands in the second quarter—one
corresponding in RF and color to berberine in Standard solution A, and the other (below
berberine and above the two faint dark-green bands) due to palmatine; and two yellow
bands in the upper half—one corresponding in RF and color to coptisine in Standard
solution A, and the other (between berberine and coptisine) due to epiberberine.
Acceptance criteria: The Sample solution exhibits, from the bottom to the top of the
chromatogram, two faint dark-green bands in the first quarter corresponding in RF and
color to columbamine and jatrorrhizine in Standard solution B; two green bands in the
second quarter—one corresponding in RF and color to berberine in Standard solution A and
Standard solution B, and the other (below berberine) corresponding in RF and color to
palmatine in Standard solution B; two yellow bands in the upper half—one corresponding
to coptisine in Standard solution A and Standard solution B, and the other (between
berberine and coptisine) corresponding in RF and color to epiberberine in Standard solution
B. Relative to coptisine, the intensity of the epiberberine band is similar in C. chinensis,
weaker in C. deltoidea, and more faint in C. teeta.
• B. HPLC
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Analysis: Proceed as directed in the test for Content of Quaternary Protoberberine
Alkaloids.
Acceptance criteria: The Sample solution exhibits the most intense peak corresponding to
the retention time of berberine, and the second most intense peak corresponding to the
retention time of coptisine in Standard solution A and Standard solution B. The Sample
solution also exhibits a peak between berberine and coptisine that has a lower intensity
than coptisine and is due to palmatine. Three adjacent minor peaks ahead of coptisine
correspond to columbamine, jatrorrhizine, and epiberberine in Standard solution B. The
relative intensity of columbamine, jatrorrhizine, and epiberberine peaks varies with the
species: C. chinensis shows epiberberine as the most intense peak; C. deltoidea shows
jatrorrhizine as the most intense peak with epiberberine having a peak similar in intensity
to columbamine; C. teeta shows jatrorrhizine as the most intense peak with epiberberine
having a very minor or nondetectable peak. No other peak in the chromatogram between
the peaks of columbamine and berberine is more intense than the peak corresponding to
columbamine. The relative content to total quaternary protoberberine alkaloids content is
about 1/2 or more for berberine; about 1/5–1/7 for coptisine; and about 1/5–1/10 for the
sum content of the three minor peaks. The content ratios of each alkaloid relative to
berberine are within the ranges listed in Table 1.
Alkaloid
Columbamine
Jatrorrhizine
Epiberberine
Coptisine
Palmatine
Berberine

Table 1
Content Ratio Relative to Berberine
C. chinensis C. deltoidea
C. teeta
0.06–0.11
0.03–0.08
0.01–0.03
0.05–0.11
0.12–0.34
0.08–0.22
0.13–0.24
0.02–0.09
∼0
0.25–0.46
0.16–0.48
0.1–0.3
0.18–0.30
0.10–0.22
0.03–0.08
1.0
1.0
1.0

COMPOSITION
• Content of Quaternary Protoberberine Alkaloids
Mobile phase: A mixture of water containing 0.05 mol/L of monobasic potassium phosphate
and acetonitrile (64:36). Add 25.24 g/L of sodium 1–heptanesulfonate, and adjust with
phosphoric acid to a pH of 4.0.
Solvent 1: Methanol and water (7:3)
Solvent 2: 1% hydrochloric acid in methanol
Standard stock solution: 0.40 mg/mL of USP Berberine Chloride RS and 0.20 mg/mL of USP
Coptisine Chloride RS in Solvent 1
Standard solution A: 0.04 mg/mL of USP Berberine Chloride RS and 0.02 mg/mL of USP
Coptisine Chloride RS from Standard stock solution diluted with Solvent 1
Standard solution B: About 0.5 mg/mL of USP Coptis chinensis Rhizome Dry Extract RS
prepared as follows. Transfer a weighed amount of USP Coptis chinensis Rhizome Dry
Extract RS into a suitable volumetric flask, add Solvent 2 to 70% of the final volume, and
sonicate for 30 min. Cool to room temperature, add water to the volume, and mix well.
Before injection, pass through a suitable membrane filter of 0.45-µm or finer pore size.
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Sample solution: Transfer about 40 mg of Coptis Species Rhizome Powder, accurately
weighed, into a 50-mL volumetric flask, add 40 mL of Solvent 2, and sonicate for 30 min.
Cool to room temperature, add water to the volume, and mix well. Before injection, pass
through a suitable membrane filter of 0.45-µm or finer pore size and discard the first
portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 345 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 0.5 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 1.3 between columbamine and jatrorrhizine; NLT 1.3 between
jatrorrhizine and epiberberine, Standard solution B
Tailing factor: NMT 1.5 for coptisine and berberine, Standard solution A
Relative standard deviation: NMT 2.0% for berberine and coptisine in repeated
injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Coptis chinensis Rhizome Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Coptis chinensis Rhizome Dry Extract RS being
used, identify the peaks corresponding to columbamine, jatrorrhizine, epiberberine,
coptisine, palmatine, and berberine in the Sample solution.
Calculate separately the percentages of berberine, jatrorrhizine, columbamine, and
palmatine against berberine in USP Berberine Chloride RS; also calculate separately the
percentages of coptisine and epiberberine against coptisine in USP Coptisine Chloride
RS.[Note—The relative response factors for berberine, jatrorrhizine, columbamine, and
palmatine are similar, thus all of these alkaloids can be calculated as berberine. The
relative response factors for epiberberine and coptisine are similar, thus these two
alkaloids can be calculated as coptisine.]
Calculate the percentage of each alkaloid in the portion of Powder taken:
Result = (rU/rS) × CS × (V/W) × 100
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rU = peak area of the relevant analyte from the Sample solution
rS = peak area of berberine or coptisine from Standard solution A
CS = concentration of berberine from USP Berberine Chloride RS or coptisine from USP
Coptisine Chloride RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Coptis Species Rhizome Powder used to prepare the Sample solution (mg)
Calculate the content of total quaternary protoberberine alkaloids as the sum of the
percentages of berberine, palmatine, coptisine, epiberberine, jatrorrhizine, and
columbamine.
Acceptance criteria
Total quaternary protoberberine alkaloids: 9.0%–20% on the dried basis
Berberine: 5.0%–15% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Yellowish–brown powder
Microscopic: Cork fragments yellowish-brown or reddish-brown in surface view. Numerous
sclereids isolated or in groups; up to 90 µm in diameter; subround, subsquare, fusiform, or
irregular in shape; thick, yellow, lignified walls having pits, channels, and striations; cell
lumens sometimes containing reddish-brown substance. Bright yellow-colored fibers. Longfusiform pericyclic fibers up to 26 µm in diameter; narrow cell lumens, present often in
groups, sometimes connected with sclereids; walls slightly lignified with thick channels.
Slender xylem fibers lignified with slightly thickened walls; 7–28 µm in diameter; present in
groups.
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 25.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method
2: NLT 16.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 5.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 2.5%
• Loss on Drying 〈731〉
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Analysis: Dry at 105° for 2 h.
Acceptance criteria: NMT 12.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store at controlled room temperature.
• Labeling: The label states the Latin binomial of the plant species contained in the article (C.
chinensis, C. deltoidea, or C. teeta) following the official name.
• USP Reference Standards 〈11〉
USP Berberine Chloride RS
USP Coptis chinensis Rhizome Dry Extract RS
USP Coptisine Chloride RS
2S (USP42)

BRIEFING
Cystine, USP 41 page 4564. On the basis of comments received, the following changes are
proposed:
1. Improve the clarity of the Assay procedure.
2. Replace the method in the test for Sulfate with an improved method.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: H. Dinh.)
Correspondence Number—C206387
Comment deadline: November 30, 2018
Cystine

C6 H12 N2 O4 S2

240.30

l-Cystine;
3,3′-Disulfanediylbis [(2R)-2-aminopropanoic acid]
UNII: 48TCX9A1VT

[56-89-3].

DEFINITION
Cystine contains NLT 98.5% and NMT 101.5% of cystine (C6 H12 N2 O4 S2 ), as l-cystine,
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Cystine contains NLT 98.5% and NMT 101.5% of cystine (C6 H12 N2 O4 S2 ), as l-cystine,
calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B. Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 20 mg/mL, in 1 N hydrochloric acid. Perform the measurements
immediately after preparation.
Acceptance criteria: −215° to −225°, determined at 20°
• C. The RF value of the principal spot of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Organic Impurities.
ASSAY
Change to read:
• Procedure
Sample solution: Transfer about 0.1 g of Cystine to a glass-stoppered flask, and dissolve
in a mixture of 2 mL of dilute sodium hydroxide (1 in 20)
(50 g/L in water) 2S (USP42)
and 10 mL of water. Add 10 mL of
freshly prepared 2S (USP42)
potassium bromide solution (200 g/L in water), 50.0 mL of 0.1 N potassium bromate VS,
and 15 mL of dilute hydrochloric acid (17 in 100)
(170 mL/L in water). 2S (USP42)
Immediately insert the stopper into the flask, and cool in an ice water bath. Allow to
stand protected from light for 10 min.
mix the solution well, and cool in an ice water bath for 10 min in the dark. 2S (USP42)
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Residual titration
Titrant: 0.1 N potassium bromate VS
Back-titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual
Equivalency: Each milliliter of 0.1 N potassium bromate VS is equivalent to 2.403 mg of
cystine (C6 H12 N2 O4 S2 ) on the dried basis.
Analysis: Add 1.5 g of potassium iodide, and after 1 min, titrate
Immediately add 5 mL of potassium iodide solution (1.5 g in 5 mL of water) to the
Sample solution, and mix well. Titrate slowly (dropwise addition) 2S (USP42)
with Back-titrant, using starch TS as the indicator. Perform a blank determination, and
make any necessary correction.
Acceptance criteria: 98.5%–101.5% on the dried basis
IMPURITIES
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• Residue on Ignition 〈281〉: NMT 0.1%
• Chloride and Sulfate 〈221〉, Chloride: NMT 200 ppm. A 0.7-g portion shows no more chloride
than corresponds to 0.40 mL of 0.01 N hydrochloric acid.
Delete the following:
• Heavy Metals, Method I 〈231〉: NMT 10 ppm

(O fficial 1-Jan-2018)

Change to read:
• Chloride and Sulfate 〈221〉, Sulfate NMT 200 ppm. A 1.2-g portion shows no more sulfate
than corresponds to 0.25 mL of 0.020 N sulfuric acid.
Standard solution: Dissolve 0.10 mL of 0.020 N sulfuric acid in 5 mL of dilute
hydrochloric acid (0.2 g/mL in water), and dilute with water to 40 mL.
Sample solution: Dissolve 0.48 g of Cystine in 5 mL of dilute hydrochloric acid (0.2 g/mL in
water) and dilute with water to 40 mL.
Analysis: Add 5 mL of barium chloride TS to the Sample solution and to the Standard
solution. Add sufficient water to bring the final volume of each solution to 50 mL. Mix well,
and allow the solutions to stand for 10 min.
Acceptance criteria: The observed turbidity of the Sample solution is NMT that of the
Standard solution (NMT 200 ppm). 2S (USP42)
• Iron 〈241〉: NMT 10 ppm
• Organic Impurities
System suitability solution: Dissolve quantities of USP Cystine RS and USP Arginine
Hydrochloride RS in 1 N hydrochloric acid, and dilute with water to obtain a solution having
a known concentration of about 0.4 mg/mL each.
Standard solution: Dissolve a quantity of USP Cystine RS in 1 N hydrochloric acid, and
dilute with water to obtain a solution having a known concentration of about 0.02 mg/mL.
Sample solution: Dissolve a quantity of Cystine in 1 N hydrochloric acid, and dilute with
water to obtain a solution having a known concentration of about 10 mg/mL.
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: Ammonia and 2-propanol (3:7)
Spray reagent: Dissolve 0.2 g of ninhydrin in 100 mL of a mixture of butanol and 2 N
acetic acid (95:5).
Analysis
Samples: System suitability solution, Standard solution, and Sample solution
Proceed as directed in the chapter. After air-drying the plate, spray with Spray reagent,
and heat between 100° and 105° for about 15 min. Examine the plate. The chromatogram
from the System suitability solution exhibits 2 clearly separated spots.
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Acceptance criteria: Any secondary spot from the Sample solution is not larger or more
intense than the principal spot from the Standard solution.
Individual impurities: NMT 0.2%
Total impurities: NMT 2.0%
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 0.2%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Arginine Hydrochloride RS
USP Cystine RS
Recent Official Publications:
USP41–NF36 Page 4564
BRIEFING
Indian Barberry Stem. A new USP monograph for this dietary ingredient is being proposed.
The liquid chromatographic procedure in the test for Content of Berberine is conducted using a
Merck KGaA Purospher STAR RP-18e brand of column with 5-µm L1 packing. The typical
retention time for berberine is 22.8 min.
(BDSHM: N.-C. Kim.)
Correspondence Number—C186844
Comment deadline: November 30, 2018
Add the following:
Indian Barberry Stem
DEFINITION
Indian Barberry Stem consists of the stems of Berberis aristata DC. (Family Berberidaceae).
It contains NLT 1.0% of berberine, calculated on the dried basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 1 mg of USP Berberine Chloride RS in 8 mL of methanol and 1 mg of
USP Palmatine Chloride RS in 16 mL of methanol
Standard solution B: Sonicate 50 mg of USP Berberis aristata Stem Dry Extract RS in 4 mL
of 80% methanol for 10 min. Centrifuge or filter, and use the supernatant or the filtrate.
Sample solution: Transfer 0.25 g of Indian Barberry Stem, finely powdered, to a beaker
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and add 4 mL of 80% methanol. Sonicate for 10 min, centrifuge or filter, and use the
supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture with an average particle size of 5 µm
Application volume: 10 µL each of Standard solution A, Standard solution B, and Sample
solution as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Ethyl acetate, formic acid, and water (80:10:10)
Developing distance: 7 cm
Derivatization reagent: Add 20 mL of acetic acid and 10 mL of sulfuric acid to 170 mL
of cold methanol and mix well. After cooling to room temperature, add 1 mL of
anisaldehyde to the mixture.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry in air. Examine under UV light at 254 and 365 nm before
derivatization. Then treat with Derivatization reagent, and examine under white light.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Under UV 254 nm light, Standard solution B exhibits one gray
band near the middle of the chromatogram, slightly overlapping with a pale red band, at
an RF corresponding to the berberine band from Standard solution A. Two additional pale
gray bands appear below the berberine band; the lower band corresponds in RF to the
palmatine band from Standard solution A. Under UV 365 nm light, Standard solution B
exhibits one intense yellow band near the middle of the chromatogram at an RF
corresponding to berberine. A pale yellow band appears below the berberine band, and
another yellow band, less intense than the band due to berberine, appears beneath it at
an RF corresponding to palmatine. Under white light after derivatization, Standard
solution B exhibits one yellow band near the middle of the chromatogram at an RF
corresponding to berberine.
Acceptance criteria: Under UV 254 nm light, the Sample solution exhibits a gray band near
the middle of the chromatogram, slightly overlapping with a pale red band, at an RF
corresponding to berberine. Another gray band that slightly overlaps with another pale red
band appears below the berberine band at an RF corresponding to palmatine in Standard
solution A. A pale gray band appears between the berberine and palmatine bands. Under
UV 365 nm light, the Sample solution exhibits two intense yellow bands near the middle of
the chromatogram; the higher RF corresponds to berberine and the lower RF corresponds
to palmatine in Standard solution A. A pale yellow band appears between the berberine
and palmatine bands. A number of pale yellow and pale blue bands overlap below the
palmatine band. Under white light after derivatization, the Sample solution exhibits two
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yellow bands near the middle of the chromatogram; the higher RF corresponds to berberine
and the lower RF corresponds to palmatine in Standard solution A. Two additional grayishgreen bands appear close to the solvent origin. A purple–brown band near the lower
yellow band, which appears in goldenseal, and a red band near the brown band second
from the solvent origin, which appears in Coptis, should not be observed.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Berberine.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at retention
times corresponding to the peaks due to berberine in Standard solution B.
COMPOSITION
• Content of Berberine
Solution A: Transfer 0.6 g of sodium 1-hexanesulfonate into a 1-L volumetric flask, and
add 900 mL of water to dissolve. Adjust with glacial acetic acid to a pH of 2.7, and dilute
with water to volume.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
10
18
22
26
30
35

Table 1
Solution A
(%)
90
70
70
20
20
90
90

Solution B
(%)
10
30
30
80
80
10
10

Standard solution A: 0.1 mg/mL of USP Berberine Chloride RS in methanol
Standard solution B: Transfer USP Berberis aristata Stem Dry Extract RS, equivalent to 10
mg of berberine, into a 100-mL volumetric flask, and add 50 mL of methanol. Heat at 80°
with sonication for 20 min. Cool the solution and dilute with methanol to volume. Pass
through a membrane filter of 0.45-µm or finer pore size, and use the filtrate.
Sample solution: Transfer 0.5 g of Indian Barberry Stem, finely powdered and accurately
weighed, into a 100-mL centrifuge tube, and add 50 mL of methanol. Sonicate for 5 min,
centrifuge, and transfer the supernatant to a 100-mL volumetric flask. Repeat the
extraction two more times by adding 20 mL of methanol and transferring the supernatant
to the same 100-mL volumetric flask. Dilute with methanol to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 348 nm
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Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 2.0 between the berberine peak and the previous peak, Standard
solution B
Tailing factor: NMT 2.0 for the berberine peak, Standard solution A
Relative standard deviation: NMT 2.0% for the berberine peak in repeated injections,
Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Berberis aristata Stem Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Berberis aristata Stem Dry Extract RS being
used, identify the retention times of the peaks corresponding to berberine in the Sample
solution.
Calculate the percentage of berberine in the portion of Indian Barberry Stem taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of berberine from the Sample solution
rS = peak area of berberine from Standard solution A
CS = concentration of USP Berberine Chloride RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Indian Barberry Stem used to prepare the Sample solution (mg)
Acceptance criteria: NLT 1.0% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
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SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Available in pieces of varying length and thickness; bark about 0.4–0.8 cm
thick, pale yellowish-brown, soft, closely and rather deeply furrowed, rough, brittle; xylem
portion yellow, more or less hard, radiate with xylem rays; pith mostly absent but, when
present, small and yellowish-brown when dried; fracture short in bark region and splintery
in xylem
Microscopic: Shows rhytidoma with cork consisting of 3–45 rectangular and squarish,
yellow-colored, thin-walled cells, arranged radially; sieve elements irregular in shape, thinwalled, a few cells containing yellowish-brown contents; phloem fibers arranged in
tangential rows consisting of 1–4 cells, each fiber short, thick-walled, spindle-shaped, and
lignified having wide lumen; half inner portion of rhytidoma traversed by secondary phloem
rays; phloem rays run obliquely consisting of radially elongated parenchymatous cells,
almost all phloem ray cells having single prismatic crystals of calcium oxalate, a few cells
of rhytidoma also contain prismatic crystals of calcium oxalate; stone cells also found
scattered among phloem ray cells in groups, rarely single, mostly elongated, a few
rounded, arranged radially, some of which contain a single prism of calcium oxalate
crystals; secondary phloem, a broad zone, consisting of sieve elements and phloem fibers,
traversed by multiseriate phloem rays; sieve elements arranged in tangential bands and
tangentially compressed cells alternating with 1–5 rows of phloem fibers; phloem fibers
short, lignified, thick-walled having pointed ends; secondary xylem broad, consisting of
xylem vessels, tracheids, xylem fibers, and traversed by multiseriate xylem rays; xylem
vessels numerous, small to medium sized, distributed throughout xylem region in groups or
in singles, groups of vessels usually arranged radially; isolated vessels cylindrical, rounded
or projected at one or both ends, with spiral thickening; xylem fibers numerous, lignified,
large, thick-walled with wide lumen and pointed tips; xylem rays quite distinct, straight,
multiseriate, consisting of radially arranged rectangular cells, each ray 30–53 cells high,
8–12 cells wide, a few ray cells containing brown contents
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 2.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 6.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method
2: NLT 8.0%
• Loss on Drying 〈731〉
Sample: 1 g of Indian Barberry Stem, finely powdered
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 7.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 14.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at controlled room temperature.
• Labeling: The label states the Latin binomial of the plant from which the article was derived.
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• USP Reference Standards 〈11〉
USP Berberine Chloride RS
USP Berberis aristata Stem Dry Extract RS
USP Palmatine Chloride RS
2S (USP42)

BRIEFING
Indian Barberry Stem Dry Extract. A new USP monograph for this dietary supplement is
being proposed. The liquid chromatographic procedure in the test for Content of Berberine is
conducted using a Merck KGaA Purospher STAR RP-18e brand of column with 5-µm L1 packing.
The typical retention time for berberine is 22.8 min.
(BDSHM: N.-C. Kim.)
Correspondence Number—C186844
Comment deadline: November 30, 2018
Add the following:
Indian Barberry Stem Dry Extract
DEFINITION
Indian Barberry Stem Dry Extract is prepared from the dried stems of Berberis aristata DC.
(Family Berberidaceae) by extraction with hydroalcoholic mixture. It contains NLT 90.0%
and NMT 110.0% of the labeled amount of berberine, calculated on the dried basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 1 mg of USP Berberine Chloride RS in 8 mL of methanol and 1 mg of
USP Palmatine Chloride RS in 16 mL of methanol
Standard solution B: Sonicate 50 mg of USP Berberis aristata Stem Dry Extract RS in 4 mL
of 80% methanol for 10 min. Centrifuge or filter, and use the supernatant or the filtrate.
Sample solution: Transfer 0.1 g of Indian Barberry Stem Dry Extract into a 100-mL
volumetric flask. Add 50 mL of methanol and sonicate for 10 min. Heat in a water bath for
10 min, cool, and dilute with methanol to volume. Centrifuge or filter, and use the
supernatant or the filtrate.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture with an average particle size of 5 µm
Application volume: 10 µL each of Standard solution A, Standard solution B, and Sample
solution as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Ethyl acetate, formic acid, and water (80:10:10)
Developing distance: 7 cm
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Derivatization reagent: Add 20 mL of acetic acid and 10 mL of sulfuric acid to 170 mL
of cold methanol and mix well. After cooling to room temperature, add 1 mL of
anisaldehyde to the mixture.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry in air. Examine under UV light at 254 and 365 nm before
derivatization. Then treat with Derivatization reagent, and examine under white light.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Under UV 254 nm light, Standard solution B exhibits one gray
band near the middle of the chromatogram, slightly overlapping with a pale red band, at
an RF corresponding to the berberine band from Standard solution A. Two additional pale
gray bands appear below the berberine band; the lower band corresponds in RF to the
palmatine band from Standard solution A. Under UV 365 nm light, Standard solution B
exhibits one intense yellow band near the middle of the chromatogram at an RF
corresponding to berberine. A pale yellow band appears below the berberine band, and
another yellow band, less intense than the band due to berberine, appears beneath it at
an RF corresponding to palmatine. Under white light after derivatization, Standard
solution B exhibits one yellow band near the middle of the chromatogram at an RF
corresponding to berberine in Standard solution A.
Acceptance criteria: Under UV 254 nm light, the Sample solution exhibits a gray band near
the middle of the chromatogram, slightly overlapping with a pale red band, at an RF
corresponding to berberine. Two pale gray bands appear below the berberine band with
the lower RF corresponding to palmatine in Standard solution A. Under UV 365 nm light, the
Sample solution exhibits two intense yellow bands near the middle of the chromatogram;
the higher RF corresponds to berberine and the lower RF corresponds to palmatine in
Standard solution A. A pale yellow band appears between the berberine and palmatine
bands. Under white light after derivatization, the Sample solution exhibits a yellow band
near the middle of the chromatogram at an RF corresponding to berberine in Standard
solution A. A purple–brown band near the yellow band, which appears in goldenseal, and a
red band near the brown band second from the solvent origin, which appears in Coptis,
should not be observed.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Berberine.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at retention
times corresponding to the peaks due to berberine in Standard solution B.
COMPOSITION
• Content of Berberine
Solution A: Transfer 0.6 g of sodium 1-hexanesulfonate into a 1-L volumetric flask, and
add 900 mL of water to dissolve. Adjust with glacial acetic acid to a pH of 2.7, and dilute
with water to volume.
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Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
10
18
22
26
30
35

Table 1
Solution A
(%)
90
70
70
20
20
90
90

Solution B
(%)
10
30
30
80
80
10
10

Standard solution A: 0.1 mg/mL of USP Berberine Chloride RS in methanol
Standard solution B: Transfer USP Berberis aristata Stem Dry Extract RS, equivalent to 10
mg of berberine, into a 100-mL volumetric flask, and add 50 mL of methanol. Heat at 80°
with sonication for 20 min. Cool the solution and dilute with methanol to volume. Pass
through a membrane filter of 0.45-µm or finer pore size, and use the filtrate.
Sample solution: Transfer 0.1 g of Indian Barberry Stem Dry Extract, accurately weighed,
into a 100-mL volumetric flask, and add 50 mL of methanol. Sonicate for 10 min with
heating. Cool the solution and dilute with methanol to volume. Pass the solution through a
membrane filter of 0.45-µm or finer pore size, and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 348 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 2.0 between the berberine peak and the previous peak, Standard
solution B
Tailing factor: NMT 2.0 for the berberine peak, Standard solution A
Relative standard deviation: NMT 2.0% for the berberine peak in repeated injections,
Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Berberis aristata Stem Dry
Extract RS being used.
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Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Berberis aristata Stem Dry Extract RS being
used, identify the retention times of the peaks corresponding to berberine in the Sample
solution.
Calculate the percentage of berberine in the portion of Indian Barberry Stem Dry Extract
taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of berberine from the Sample solution
rS = peak area of berberine from Standard solution A
CS = concentration of USP Berberine Chloride RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Indian Barberry Stem Dry Extract used to prepare the Sample solution
(mg)
Calculate the percentage of labeled amount of berberine in the portion of Indian Barberry
Stem Dry Extract taken:
Result = (P/L) × 100
P = content of berberine, previously determined (%)
L = label claim of berberine (%)
Acceptance criteria: 90.0%-110.0% of the labeled amount of berberine on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Loss on Drying 〈731〉
Sample: 1 g of Indian Barberry Stem Dry Extract, finely powdered
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 7.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and

PF 44(5): Sep.-Oct. 2018

1021

moisture, and store at controlled room temperature.
• Labeling: The label states the Latin binomial of the plant from which the article was derived.
It meets the other labeling requirements under Botanical Extracts 〈565〉.
• USP Reference Standards 〈11〉
USP Berberine Chloride RS
USP Berberis aristata Stem Dry Extract RS
USP Palmatine Chloride RS
2S (USP42)

BRIEFING
Indian Barberry Stem Powder. A new USP monograph for this dietary ingredient is being
proposed. The liquid chromatographic procedure in the test for Content of Berberine is
conducted using a Merck KGaA Purospher STAR RP-18e brand of column with 5-µm L1 packing.
The typical retention time for berberine is 22.8 min.
(BDSHM: N.-C. Kim.)
Correspondence Number—C186844
Comment deadline: November 30, 2018
Add the following:
Indian Barberry Stem Powder
DEFINITION
Indian Barberry Stem Powder consists of the stems of Berberis aristata DC. (Family
Berberidaceae), reduced to powder or very fine powder. It contains NLT 1.0% of berberine,
calculated on the dried basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 1 mg of USP Berberine Chloride RS in 8 mL of methanol and 1 mg of
USP Palmatine Chloride RS in 16 mL of methanol
Standard solution B: Sonicate 50 mg of USP Berberis aristata Stem Dry Extract RS in 4 mL
of 80% methanol for 10 min. Centrifuge or filter, and use the supernatant or the filtrate.
Sample solution: Transfer 0.25 g of Indian Barberry Stem Powder to a beaker and add 4
mL of 80% methanol. Sonicate for 10 min, centrifuge or filter, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture with an average particle size of 5 µm
Application volume: 10 µL each of Standard solution A, Standard solution B, and Sample
solution as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Ethyl acetate, formic acid, and water (80:10:10)
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Developing distance: 7 cm
Derivatization reagent: Add 20 mL of acetic acid and 10 mL of sulfuric acid to 170 mL
of cold methanol and mix well. After cooling to room temperature, add 1 mL of
anisaldehyde to the mixture.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry in air. Examine under UV light at 254 and 365 nm before
derivatization. Then treat with Derivatization reagent, and examine under white light.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Under UV 254 nm light, Standard solution B exhibits one gray
band near the middle of the chromatogram, slightly overlapping with a pale red band, at
an RF corresponding to the berberine band from Standard solution A. Two additional pale
gray bands appear below the berberine band; the lower band corresponds in RF to the
palmatine band from Standard solution A. Under UV 365 nm light, Standard solution B
exhibits one intense yellow band near the middle of the chromatogram at an RF
corresponding to berberine. A pale yellow band appears below the berberine band, and
another yellow band, less intense than the band due to berberine, appears beneath it at
an RF corresponding to palmatine. Under white light after derivatization, Standard
solution B exhibits one yellow band near the middle of the chromatogram at an RF
corresponding to berberine.
Acceptance criteria: Under UV 254 nm light, the Sample solution exhibits a gray band near
the middle of the chromatogram, slightly overlapping with a pale red band, at an RF
corresponding to berberine. Another gray band that slightly overlaps with another pale red
band appears below the berberine band at an RF corresponding to palmatine in Standard
solution A. A pale gray band appears between the berberine and palmatine bands. Under
UV 365 nm light, the Sample solution exhibits two intense yellow bands near the middle of
the chromatogram; the higher RF corresponds to berberine and the lower RF corresponds
to palmatine in Standard solution A. A pale yellow band appears between the berberine
and palmatine bands. A number of pale yellow and pale blue bands overlap below the
palmatine band. Under white light after derivatization, the Sample solution exhibits two
yellow bands near the middle of the chromatogram; the higher RF corresponds to berberine
and the lower RF corresponds to palmatine in Standard solution A. Two additional grayishgreen bands appear close to the solvent origin. A purple–brown band near the lower
yellow band, which appears in goldenseal, and a red band near the brown band second
from the solvent origin, which appears in Coptis, should not be observed.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Berberine.
Acceptance criteria: The chromatogram of the Sample solution exhibits peaks at retention
times corresponding to the peaks due to berberine in Standard solution B.
COMPOSITION
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• Content of Berberine
Solution A: Transfer 0.6 g of sodium 1-hexanesulfonate into a 1-L volumetric flask, and
add 900 mL of water to dissolve. Adjust with glacial acetic acid to a pH of 2.7, and dilute
with water to volume.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
10
18
22
26
30
35

Table 1
Solution A
(%)
90
70
70
20
20
90
90

Solution B
(%)
10
30
30
80
80
10
10

Standard solution A: 0.1 mg/mL of USP Berberine Chloride RS in methanol
Standard solution B: Transfer USP Berberis aristata Stem Dry Extract RS, equivalent to 10
mg of berberine, into a 100-mL volumetric flask, and add 50 mL of methanol. Heat at 80°
with sonication for 20 min. Cool the solution and dilute with methanol to volume. Pass
through a membrane filter of 0.45-µm or finer pore size, and use the filtrate.
Sample solution: Transfer 0.5 g of Indian Barberry Stem Powder, accurately weighed, into
a 100-mL centrifuge tube and add 50 mL of methanol. Sonicate for 5 min, centrifuge, and
transfer the supernatant to a 100-mL volumetric flask. Repeat the extraction two more
times by adding 20 mL of methanol and transferring the supernatant to the same 100-mL
volumetric flask. Dilute with methanol to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 348 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 2.0 between the berberine peak and the previous peak, Standard
solution B
Tailing factor: NMT 2.0 for the berberine peak, Standard solution A
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Relative standard deviation: NMT 2.0% for the berberine peak in repeated injections,
Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Berberis aristata Stem Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Berberis aristata Stem Dry Extract RS being
used, identify the retention times of the peaks corresponding to berberine in the Sample
solution.
Calculate the percentage of berberine in the portion of Indian Barberry Stem Powder taken:
Result = (rU/rS) × CS × (V/W) × 100
rU = peak area of berberine from the Sample solution
rS = peak area of berberine from Standard solution A
CS = concentration of USP Berberine Chloride RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Indian Barberry Stem Powder used to prepare the Sample solution (mg)
Acceptance criteria: NLT 1.0% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Yellow to dark brown powder
Microscopic: Yellow; shows mostly fragments of cork cells, sieve elements, yellow-colored
phloem fibers whole or in pieces, stone cells in singles or in groups, numerous prismatic
crystals of calcium oxalate, xylem vessels having spiral thickening, thick-walled, lignified
xylem fibers and ray cells
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 2.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 6.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method

PF 44(5): Sep.-Oct. 2018

1025

2: NLT 8.0%
• Loss on Drying 〈731〉
Sample: 1 g of Indian Barberry Stem Powder
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 7.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 14.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at controlled room temperature.
• Labeling: The label states the Latin binomial of the plant from which the article was derived.
• USP Reference Standards 〈11〉
USP Berberine Chloride RS
USP Berberis aristata Stem Dry Extract RS
USP Palmatine Chloride RS
2S (USP42)

BRIEFING
Terminalia chebula Fruit. A new USP monograph for this dietary ingredient is being
proposed. The liquid chromatographic procedure in the test for Content of Hydrolyzable Tannins
is conducted using the Phenomenex Luna C18 brand of column with 5-µm L1 packing. The
typical retention times for chebulagic acid and chebulinic acid are 17.9 and 21.7 min,
respectively.
(BDSHM: N.-C. Kim.)
Correspondence Number—C186092
Comment deadline: November 30, 2018
Add the following:
Terminalia chebula Fruit
DEFINITION
Terminalia chebula Fruit consists of the dried fruits of Terminalia chebula Retz. (Family
Combretaceae). It contains NLT 15% of hydrolyzable tannins, calculated as the sum of
chebulagic acid and chebulinic acid on the anhydrous basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.1 mg/mL of USP Chebulagic Acid RS in methanol
Standard solution B: 100 mg/mL of USP Terminalia chebula Fruit Dry Extract RS in
methanol. Sonicate for 10 min, centrifuge or filter, and use the supernatant or the filtrate.
Sample solution: Sonicate about 1 g of Terminalia chebula Fruit, finely powdered, in 100
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mL of methanol for 10 min, centrifuge or filter, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture with an average particle size of 5 µm
Application volume: 5 µL of Standard solution A and 1 µL each of Standard solution B
and Sample solution, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Ethyl formate, toluene, formic acid, and water (30: 1.5: 4:
3)
Developing distance: 7 cm
Derivatization reagent: Natural products reagent (NP reagent) prepared by dissolving 1
g of diphenylborinic acid aminoethylester in 200 mL of ethyl acetate.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber (20 min with
filter paper), remove the plate from the chamber, and dry in air. Examine under UV light at
254 nm. Heat the plate at 100° for 3 min, then treat with the Derivatization reagent.
Examine under UV light at 365 nm.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Under UV light at 254 nm prior to derivatization, Standard
solution B exhibits an intense band in the lower half of the chromatogram similar in RF
and color to the chebulagic acid band from Standard solution A. Another intense band
above the chebulagic acid band is due to chebulinic acid. Two additional bands appear
above the chebulinic acid band, one near RF 0.4 and another near RF 0.7. Two additional
bands appear below the chebulagic acid band. Under UV light at 365 nm after
derivatization, Standard solution B exhibits about six intense blue fluorescent bands and
a pale blue band similar in RF and color to the chebulagic acid band from Standard
solution A.
Acceptance criteria: Under UV light at 254 nm prior to derivatization, the Sample solution
exhibits two intense bands in the lower half of the chromatogram with the lower band
corresponding in RF and color to the chebulagic acid band from Standard solution A. One
intense band due to chebulinic acid appears above the chebulagic acid band. About four
additional bands appear including two broad bands above chebulinic acid, one with an RF
of approximately 0.7. Under UV light at 365 nm after derivatization, the Sample solution
exhibits about four pale blue fluorescent bands in the lower half of the chromatogram, and
one blue fluorescent band appears with an RF of approximately 0.7. A greenish-white band
with an RF near 0.5, characteristic of Terminalia bellirica, should not be observed.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Hydrolyzable Tannins.
Acceptance criteria: The Sample solution exhibits peaks at retention times corresponding
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to those for chebulagic acid, ellagic acid, and chebulinic acid in Standard solution B. The
most prominent peak corresponds to ellagic acid, followed by chebulagic acid, which
appears before ellagic acid, and chebulinic acid, which appears after ellagic acid, with
almost equal responses.
COMPOSITION
• Content of Hydrolyzable Tannins
Solution A: Dissolve 140 mg of potassium phosphate, monobasic in 900 mL of water, add
0.5 mL of o-phosphoric acid, dilute with water to 1 L, and mix.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
7
12
22
25
28
32

Table 1
Solution A
(%)
100
92
85
80
50
100
100

Solution B
(%)
0
8
15
20
50
0
0

Standard solution A: 0.3 mg/mL of USP Chebulagic Acid RS in methanol
Standard solution B: Dissolve 0.1 g of USP Terminalia chebula Fruit Dry Extract RS in 100
mL of boiling water, sonicate, and pass through a membrane filter of 0.45-µm or finer pore
size.
Sample solution: Transfer 0.3 g of Terminalia chebula Fruit, finely powdered and
accurately weighed, to a 100-mL volumetric flask. Add 70 mL of methanol and reflux at
80° for 30 min. Cool and add 30 mL of water. Sonicate for 5 min and dilute with water to
volume. Pass through a membrane filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements

PF 44(5): Sep.-Oct. 2018

1028

Resolution: NLT 2.0 between the chebulagic acid peak and the following peak,
Standard solution B
Tailing factor: NMT 2.0 for the chebulagic acid peak, Standard solution A
Relative standard deviation: NMT 2.0% for the chebulagic acid peak in repeated
injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Terminalia chebula Fruit Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Terminalia chebula Fruit Dry Extract RS being
used, identify the retention times of the peaks corresponding to chebulagic acid and
chebulinic acid in the Sample solution. The approximate relative retention times of the
peaks for chebulagic acid and chebulinic acid are 1.0 and 1.21, respectively.
Calculate separately the percentages of chebulagic acid and chebulinic acid in the portion
of Terminalia chebula Fruit taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of chebulagic acid from Standard solution A
CS = concentration of USP Chebulagic Acid RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Terminalia chebula Fruit used to prepare the Sample solution (mg)
F = conversion factor for the relevant analyte (1 for chebulagic acid and 1.14 for
chebulinic acid)
Calculate content of total hydrolyzable tannins as the sum of chebulagic acid and chebulinic
acid.
Acceptance criteria: NLT 15% on the anhydrous basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
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Macroscopic: The surface of the dry fruit is somewhat wrinkled and shows five slightly
thick but well-defined longitudinal ridges that are 2–3 mm wide and 2 mm thick. The
surface color varies from light yellowish-brown to a nearly uniform brown with yellowish
markings or patches. In some fruits the basal portion is narrower and somewhat elongated
or tapering.
Microscopic: The epidermis consists of a single layer; the cells are rectangular and
tangentially elongated, and covered with a thick cuticle. Below the epidermis, the outer
mesocarpic region consists of 6–10 layers of cells filled with abundant starch grains and
tannin. In the mesocarpic region, sclereids are present, about 4–6 cells thick and arranged
tangentially. The sclerified cells are thick-walled, lignified, and elongated. Below the
sclerenchymatous layer occurs a layer of 20–25 mesocarpic cells that are parenchymatous
in nature, oval to round in shape, and filled with starch grains and tannin. In the
mesocarpic region, vascular strands occur at a certain place and consist only of spiral
elements. The mesocarpic cells contain abundant rosettes of calcium oxalate. Starch
grains present in the cells of the outer and inner mesocarpic regions are simple or
compound, and oval to round in shape.
Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 1.0%
Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 40.0%
Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 15.0%
Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 5.0%
Loss on Drying 〈731〉
Sample: 1 g of Terminalia chebula Fruit, finely powdered
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 8%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at controlled room temperature.
• USP Reference Standards 〈11〉
USP Chebulagic Acid RS
USP Terminalia chebula Fruit Dry Extract RS
2S (USP42)

BRIEFING
Terminalia chebula Fruit Dry Extract. A new USP monograph for this dietary supplement is
being proposed. The liquid chromatographic procedure in the test for Content of Hydrolyzable
Tannins is conducted using the Phenomenex Luna C18 brand of column with 5-µm L1 packing.
The typical retention times for chebulagic acid and chebulinic acid are 17.9 and 21.7 min,
respectively.
(BDSHM: N.-C. Kim.)
Correspondence Number—C186092
Comment deadline: November 30, 2018

PF 44(5): Sep.-Oct. 2018

1030

Add the following:
Terminalia chebula Fruit Dry Extract
DEFINITION
Terminalia chebula Fruit Dry Extract is prepared from the dried fruits of Terminalia chebula
Retz. (Family Combretaceae) by extraction with alcohol or water. It contains NLT 90% and
NMT 110% of the labeled amount of hydrolyzable tannins, calculated as the sum of
chebulagic acid and chebulinic acid on the anhydrous basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.1 mg/mL of USP Chebulagic Acid RS in methanol
Standard solution B: 100 mg/mL of USP Terminalia chebula Fruit Dry Extract RS in
methanol. Sonicate for 10 min, centrifuge or filter, and use the supernatant or the filtrate.
Sample solution: Sonicate about 1 g of Terminalia chebula Fruit Dry Extract in 10 mL of
methanol for 10 min, centrifuge or filter, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture with an average particle size of 5 µm
Application volume: 5 µL of Standard solution A and 1 µL each of Standard solution B
and Sample solution, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Ethyl formate, toluene, formic acid, and water (30: 1.5: 4:
3)
Developing distance: 7 cm
Derivatization reagent: Natural products reagent (NP reagent) prepared by dissolving 1
g of diphenylborinic acid aminoethylester in 200 mL of ethyl acetate.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber (20 min with
filter paper), remove the plate from the chamber, and dry in air. Examine under UV light at
254 nm. Heat the plate at 100° for 3 min, then treat with the Derivatization reagent.
Examine under UV light at 365 nm.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Under UV light at 254 nm prior to derivatization, Standard
solution B exhibits an intense band in the lower half of the chromatogram similar in RF
and color to the chebulagic acid band from Standard solution A. Another intense band
above the chebulagic acid band is due to chebulinic acid. Two additional bands appear
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above the chebulinic acid band, one near RF 0.4 and another near RF 0.7. Two additional
bands appear below the chebulagic acid band. Under UV light at 365 nm after
derivatization, Standard solution B exhibits about six intense blue fluorescent bands and
a pale blue band similar in RF and color to the chebulagic acid band from Standard
solution A.
Acceptance criteria: Under UV light at 254 nm prior to derivatization, the Sample solution
exhibits two intense bands in the lower half of the chromatogram with the lower band
corresponding in RF and color to the chebulagic acid band from Standard solution A. The
following bands correspond to similar bands in the chromatogram of Standard solution B:
two bands below the chebulagic acid band, a band above chebulinic acid, and one intense
band with an RF of approximately 0.7. Under UV light at 365 nm after derivatization, the
Sample solution exhibits about four intense blue fluorescent bands in the lower half of the
chromatogram, and two blue fluorescent bands appear between RF 0.6 and 0.7. A
greenish-white band with an RF near 0.5, characteristic of Terminalia bellirica, should not
be observed.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Hydrolyzable Tannins.
Acceptance criteria: The Sample solution exhibits peaks at retention times corresponding
to those for chebulagic acid, ellagic acid, and chebulinic acid in Standard solution B. The
most prominent peak corresponds to ellagic acid, followed in response by gallic acid, with
a retention time of approximately 6 min. Chebulagic acid appears before ellagic acid and
chebulinic acid appears after ellagic acid, with almost equal responses.
COMPOSITION
• Content of Hydrolyzable Tannins
Solution A: Dissolve 140 mg of potassium phosphate, monobasic in 900 mL of water, add
0.5 mL of o-phosphoric acid, dilute with water to 1 L, and mix.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
7
12
22
25
28
32

Table 1
Solution A
(%)
100
92
85
80
50
100
100

Solution B
(%)
0
8
15
20
50
0
0

Standard solution A: 0.3 mg/mL of USP Chebulagic Acid RS in methanol
Standard solution B: Dissolve 0.1 g of USP Terminalia chebula Fruit Dry Extract RS in 100
mL of boiling water, sonicate, and pass through a membrane filter of 0.45-µm or finer pore
size.
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Sample solution: Transfer 0.1 g of Terminalia chebula Fruit Dry Extract to a 100-mL
volumetric flask. Add 70 mL of boiling water and sonicate for 10 min. Dilute with water to
100 mL, mix well, and pass through a membrane filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 2.0 between the chebulagic acid peak and the following peak,
Standard solution B
Tailing factor: NMT 2.0 for the chebulagic acid peak, Standard solution A
Relative standard deviation: NMT 2.0% for the chebulagic acid peak in repeated
injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Terminalia chebula Fruit Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Terminalia chebula Fruit Dry Extract RS being
used, identify the retention times of the peaks corresponding to chebulagic acid and
chebulinic acid in the Sample solution. The approximate relative retention times of the
peaks for chebulagic acid and chebulinic acid are 1.0 and 1.21, respectively.
Calculate separately the percentages of chebulagic acid and chebulinic acid in the portion
of Terminalia chebula Fruit Dry Extract taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of chebulagic acid from Standard solution A
CS = concentration of USP Chebulagic Acid RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Terminalia chebula Fruit Dry Extract used to prepare the Sample solution
(mg)
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F = conversion factor for the relevant analyte (1 for chebulagic acid and 1.14 for
chebulinic acid)
Calculate content of total hydrolyzable tannins as the sum of chebulagic acid and chebulinic
acid.
Calculate the percentage of the labeled amount of chebulagic acid and chebulinic acid in
the portion of Terminalia chebula Fruit Dry Extract taken:
Result = (P/L) × 100
P = content of the relevant analyte as determined previously (%)
L = labeled amount of the relevant analyte (%)
Acceptance criteria: 90%–110% of the labeled amount on the anhydrous basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Loss on Drying 〈731〉
Sample: 2 g of Terminalia chebula Fruit Dry Extract
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 8%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at controlled room temperature.
• USP Reference Standards 〈11〉
USP Chebulagic Acid RS
USP Terminalia chebula Fruit Dry Extract RS
2S (USP42)

BRIEFING
Terminalia chebula Fruit Powder. A new USP monograph for this dietary ingredient is being
proposed. The liquid chromatographic procedure in the test for Content of Hydrolyzable Tannins
is conducted using the Phenomenex Luna C18 brand of column with 5-µm L1 packing. The
typical retention times for chebulagic acid and chebulinic acid are 17.9 and 21.7 min,
respectively.
(BDSHM: N.-C. Kim.)
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Correspondence Number—C186092
Comment deadline: November 30, 2018
Add the following:
Terminalia chebula Fruit Powder
DEFINITION
Terminalia chebula Fruit Powder consists of the dried fruits of Terminalia chebula Retz.
(Family Combretaceae), reduced to powder or very fine powder. It contains NLT 15% of
hydrolyzable tannins, calculated as the sum of chebulagic acid and chebulinic acid on the
anhydrous basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.1 mg/mL of USP Chebulagic Acid RS in methanol
Standard solution B: 100 mg/mL of USP Terminalia chebula Fruit Dry Extract RS in
methanol. Sonicate for 10 min, centrifuge or filter, and use the supernatant or the filtrate.
Sample solution: Sonicate about 1 g of Terminalia chebula Fruit Powder in 100 mL of
methanol for 10 min, centrifuge or filter, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture with an average particle size of 5 µm
Application volume: 5 µL of Standard solution A and 1 µL each of Standard solution B
and Sample solution, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: About 25°
Developing solvent system: Ethyl formate, toluene, formic acid, and water (30: 1.5: 4:
3)
Developing distance: 7 cm
Derivatization reagent: Natural products reagent (NP reagent) prepared by dissolving 1
g of diphenylborinic acid aminoethylester in 200 mL of ethyl acetate.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber (20 min with
filter paper), remove the plate from the chamber, and dry in air. Examine under UV light at
254 nm. Heat the plate at 100° for 3 min, then treat with the Derivatization reagent.
Examine under UV light at 365 nm.
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Under UV light at 254 nm prior to derivatization, Standard
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solution B exhibits an intense band in the lower half of the chromatogram similar in RF
and color to the chebulagic acid band from Standard solution A. Another intense band
above the chebulagic acid band is due to chebulinic acid. Two additional bands appear
above the chebulinic acid band, one near RF 0.4 and another near RF 0.7. Two additional
bands appear below the chebulagic acid band. Under UV light at 365 nm after
derivatization, Standard solution B exhibits about six intense blue fluorescent bands and
a pale blue band similar in RF and color to the chebulagic acid band from Standard
solution A.
Acceptance criteria: Under UV light at 254 nm prior to derivatization, the Sample solution
exhibits two intense bands in the lower half of the chromatogram with the lower band
corresponding in RF and color to the chebulagic acid band from Standard solution A. One
intense band due to chebulinic acid appears above the chebulagic acid band. About four
additional bands appear including two broad bands above chebulinic acid, one with an RF
of approximately 0.7. Under UV light at 365 nm after derivatization, the Sample solution
exhibits about four pale blue fluorescent bands in the lower half of the chromatogram, and
one blue fluorescent band appears with an RF of approximately 0.7. A greenish-white band
with an RF near 0.5, characteristic of Terminalia bellirica, should not be observed.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Hydrolyzable Tannins.
Acceptance criteria: The Sample solution exhibits peaks at retention times corresponding
to those for chebulagic acid, ellagic acid, and chebulinic acid in Standard solution B. The
most prominent peak corresponds to ellagic acid, followed by chebulagic acid, which
appears before ellagic acid, and chebulinic acid, which appears after ellagic acid, with
almost equal responses.
COMPOSITION
• Content of Hydrolyzable Tannins
Solution A: Dissolve 140 mg of potassium phosphate, monobasic in 900 mL of water, add
0.5 mL of o-phosphoric acid, dilute with water to 1 L, and mix.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
7
12
22
25
28
32

Table 1
Solution A
(%)
100
92
85
80
50
100
100

Solution B
(%)
0
8
15
20
50
0
0

Standard solution A: 0.3 mg/mL of USP Chebulagic Acid RS in methanol
Standard solution B: Dissolve 0.1 g of USP Terminalia chebula Fruit Dry Extract RS in 100
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mL of boiling water, sonicate, and pass through a membrane filter of 0.45-µm or finer pore
size.
Sample solution: Transfer 0.3 g of Terminalia chebula Fruit Powder to a 100-mL
volumetric flask. Add 70 mL of methanol and reflux at 80° for 30 min. Cool and add 30 mL
of water. Sonicate for 5 min and dilute with water to volume. Pass through a membrane
filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 2.0 between the chebulagic acid peak and the following peak,
Standard solution B
Tailing factor: NMT 2.0 for the chebulagic acid peak, Standard solution A
Relative standard deviation: NMT 2.0% for the chebulagic acid peak in repeated
injections, Standard solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Terminalia chebula Fruit Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Terminalia chebula Fruit Dry Extract RS being
used, identify the retention times of the peaks corresponding to chebulagic acid and
chebulinic acid in the Sample solution. The approximate relative retention times of the
peaks for chebulagic acid and chebulinic acid are 1.0 and 1.21, respectively.
Calculate separately the percentages of chebulagic acid and chebulinic acid in the portion
of Terminalia chebula Fruit Powder taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of chebulagic acid from Standard solution A
CS = concentration of USP Chebulagic Acid RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
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W = weight of Terminalia chebula Fruit Powder used to prepare the Sample solution (mg)
F = conversion factor for the relevant analyte (1 for chebulagic acid and 1.14 for
chebulinic acid)
Calculate content of total hydrolyzable tannins as the sum of chebulagic acid and chebulinic
acid.
Acceptance criteria: NLT 15% on the anhydrous basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic: Yellow-brown powder
Microscopic: Fibers, polygonal epidermal cells, stone cells, and parenchyma containing
starch grains
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 1.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 40.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 15.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 5.0%
• Loss on Drying 〈731〉
Sample: 1 g of Terminalia chebula Fruit Powder
Analysis: Dry the Sample at 105° for 2 h.
Acceptance criteria: NMT 8%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at controlled room temperature.
• USP Reference Standards 〈11〉
USP Chebulagic Acid RS
USP Terminalia chebula Fruit Dry Extract RS
2S (USP42)

BRIEFING
Excipients, USP and NF Excipients, Listed by Functional Category, page 9027 of the
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Second Supplement to USP 41 and PF 44(4) [July–Aug. 2018]. It is proposed to add Glyceryl
Mono and Dicaprylate and Glyceryl Mono and Dicaprylocaprate to the Emulsifying Agent and
Lubricant categories to complement the new monographs for Glyceryl Mono and Dicaprylate
and Glyceryl Mono and Dicaprylocaprate, which also appear in this issue of PF.
(HDQ: P. Zhang.)
Correspondence Number—C203578; C203579
In the following reference table, the grouping of excipients by functional category is intended
to summarize commonly identified purposes that these excipients serve in drug product
formulations. The association of a functional category with a particular dosage form in this
table is not absolute and does not limit the use of an excipient to a single type of dosage
form or delivery system.
Change to read:
Emulsifying Agent

Glyceryl Mono and Dicaprylate

2S (NF37)

Glyceryl Mono and Dicaprylocaprate

2S (NF37)

Change to read:
Lubricant

Glyceryl Mono and Dicaprylate

2S (NF37)

Glyceryl Mono and Dicaprylocaprate

2S (NF37)

BRIEFING
Purified Bentonite, NF 36 page 5212. On the basis of comments and data received, it is
proposed to make the following revisions:
1. Reformat the text in Identification A to read similar to that in the Magnesium Aluminum
Silicate monograph.
2. Delete the Assay for Aluminum Content and Magnesium Content because this test is
irrelevant to the Purified Bentonite quality.
3. Remove the reference to the adjustment of the temperature at which viscosity is
measured in the Viscosity test. Because of poor thermal conductivity of the bentonite
dispersion, adjusting the temperature to 33 ± 3° will take longer than 5 min resulting in
invalid viscosity data. Instead, replace the reference to “above 30°” in the Note to “33
± 3°”.
4. Add references to a suitable blender and viscometer used in the Viscosity test.
5. Delete the Acid Demand test because it is irrelevant to the Purified Bentonite quality.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: G. Holloway.)
Correspondence Number—C155803
Comment deadline: November 30, 2018
Purified Bentonite
DEFINITION
Purified Bentonite is a colloidal montmorillonite that has been processed to remove grit and
nonswellable ore components.
IDENTIFICATION
Change to read:
• A. X-Ray Diffraction 〈941〉
Sample A: Add 2 g in small portions to 100 mL of water, with intense agitation. Allow to
stand for 12 h to ensure complete hydration. Place 2 mL of the mixture so obtained on a
suitable glass slide, and allow to air-dry at room temperature to produce an oriented film.
Place the slide in a vacuum desiccator over a free surface of ethylene glycol. Evacuate
the desiccator, and close the stopcock so that the ethylene glycol saturates the
desiccator chamber. Allow to stand for 12 h.
Sample B: Prepare a random powder specimen of Purified Bentonite.
Analysis
Samples: Sample A and Sample B
Record the X-ray diffraction pattern of the samples, and determine the d values.
Acceptance criteria: The largest peak in the pattern of Sample A corresponds to a d value
between 15.0 and 17.2 Å. The major peak in the region between 1.48 and 1.54 Å from
the pattern of Sample B is between 1.492 and 1.504 Å.
Sample: 2 g
Analysis 1: Add the Sample in small portions to 100 mL of water with intense agitation.
Allow to stand for 12 h to ensure complete hydration. Place 2 mL of the resulting mixture
on a suitable glass slide, and allow to air-dry at room temperature to produce an oriented
film. Place the slide in a vacuum desiccator over a free surface of ethylene glycol.
Evacuate the desiccator, and close the stopcock so that the ethylene glycol saturates
the desiccator chamber. Allow to stand for 12 h. Record the X-ray diffraction pattern, and
calculate the d values.
Acceptance criteria 1: The largest peak corresponds to a d value between 15.0 and 17.2
Å.
Analysis 2: Prepare a random powder specimen of Purified Bentonite, record the X-ray
diffraction pattern, and determine the d values in the region between 1.48 and 1.54 Å.
Acceptance criteria 2: A peak is found at 1.492–1.504 Å. 2S (NF37)
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ASSAY
Delete the following:
• Aluminum Content and Magnesium Content
[Note—The Standard solutions and the Sample solution may be diluted quantitatively with
water, if necessary, to obtain solutions of suitable concentrations adaptable to the linear
or working range of the instrument.]
Aluminum content
Aluminum standard stock solution: Dissolve 1.000 g of aluminum in a mixture of 10 mL
of hydrochloric acid and 10 mL of water by gentle heating. Transfer the solution to a
1000-mL volumetric flask, and dilute with water to volume. This solution contains the
equivalent of 1 mg/mL of aluminum.
Aluminum standard solutions: Transfer 2-, 5-, and 10-mL aliquots of the Aluminum
standard stock solution to separate 100-mL volumetric flasks containing 200 mg of
sodium chloride, and dilute each with water to volume.
Sample stock solution: Transfer 0.200 g of Purified Bentonite to a 25-mL platinum
crucible containing 1.0 g of lithium metaborate, and mix. Using a muffle furnace or a
suitable burner, heat slowly at first, and ignite at 1000°–1200° for 15 min. Cool, place
the crucible in a 100-mL beaker containing 25 mL of dilute nitric acid (50 mg/mL), and
add an additional 50 mL of the dilute acid, filling and submerging the upright crucible.
Place a polyfluorocarbon-coated magnetic stirring bar into the crucible, and stir gently
to dissolve. Pour the contents into a 250-mL beaker, and remove the crucible. Warm the
solution, transfer through a rapid-flow filter paper with the aid of water into a 200-mL
volumetric flask, and dilute with water to volume.
Sample solution: Pipet 20 mL of the Sample stock solution into a 100-mL volumetric
flask. Add 20 mL of sodium chloride solution (10 mg/mL), and dilute with water to
volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometer equipped with a single-slot burner
Analytical wavelength: 309 nm
Lamp: Aluminum hollow-cathode
Flame: Oxidizing acetylene–air–nitrous oxide
Analysis
Samples: Aluminum standard solutions and Sample solution
Determine the aluminum content of the Purified Bentonite in the Sample solution from the
linear regression equation calculated from the absorbances and concentrations of the
Aluminum standard solutions.
Magnesium content
Lanthanum solution: Stir 88.30 g of lanthanum chloride (LaCl3 ) with 500 mL of 6 N
hydrochloric acid to dissolve, transfer with the aid of water to a 1000-mL volumetric
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flask, and dilute with water to volume.
Magnesium standard stock solution: Place 1.000 g of magnesium in a 250-mL beaker
containing 20 mL of water, and carefully add 20 mL of hydrochloric acid, warming, if
necessary, to complete the reaction. Transfer the solution to a 1000-mL volumetric
flask, and dilute with water to volume. This solution contains the equivalent of 1 mg/mL
of magnesium. Transfer 10.0 mL of this solution to a 1000-mL volumetric flask, and dilute
with water to volume.
Magnesium standard solutions: Transfer 5-, 10-, 15-, and 20-mL aliquots of the
Magnesium standard stock solution to separate 100-mL volumetric flasks. To each flask
add 20.0 mL of Lanthanum solution, and dilute with water to volume.
Sample stock solution: Use the Sample stock solution prepared as directed for
Aluminum content.
Sample solution: Transfer 25 mL of the Sample stock solution to a 50-mL volumetric
flask, and dilute with water to volume. Transfer 5.0 mL of this solution to a 100-mL
volumetric flask, add 20.0 mL of Lanthanum solution, and dilute with water to volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometer equipped with a single-slot burner
Analytical wavelength: 285 nm
Lamp: Magnesium hollow-cathode
Flame: Reducing flame of acetylene–air
Analysis
Samples: Magnesium standard solutions and Sample solution
Determine the magnesium content of the Purified Bentonite in the Sample solution from
the linear regression equation calculated from the absorbances and concentrations of
the Magnesium standard solutions.
Acceptance criteria: The ratio of the aluminum content to the magnesium content is
3.5–5.5.
2S (NF37)

IMPURITIES
• Arsenic 〈211〉, Procedures, Method I
Standard solution: 5 mL of Standard Arsenic Solution (5 µg of As)
Sample solution: Transfer 13.3 g to a 250-mL beaker containing 100 mL of dilute
hydrochloric acid (1 in 25), mix, cover with a watch glass, and boil gently, with occasional
stirring, for 15 min without allowing excessive foaming. Allow the insoluble material to
settle, and decant the hot supernatant through a rapid-flow filter paper into a 200-mL
volumetric flask, retaining as much sediment as possible in the beaker. Add 25 mL of hot
dilute hydrochloric acid (1 in 25) to the residue in the beaker, stir, heat to boiling, allow
the insoluble material to settle, and decant the supernatant through the filter into the
200-mL volumetric flask. Repeat the extraction with four additional 25-mL portions of hot
dilute hydrochloric acid (1 in 25), decanting each hot supernatant through the filter into
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the volumetric flask. At the last extraction, transfer as much of the insoluble material as
possible onto the filter. Cool the combined filtrates to room temperature, and add dilute
hydrochloric acid (1 in 25) to volume.
Analysis: Using a 25-mL aliquot of Sample solution and the Standard solution, treat them
as directed in the Procedure.
Acceptance criteria: NMT 3 µg/g; the absorbance due to any red color from the Sample
solution does not exceed that produced by the Standard solution.
• Lead
[Note—The Standard solution and the Sample solution may be modified, if necessary, to
obtain solutions of suitable concentrations, adaptable to the linear or working range of the
instrument.]
Standard solution: On the day of use, dilute 3.0 mL of lead nitrate stock solution TS to
100 mL. Each milliliter of the Standard solution contains the equivalent of 3 µg of lead.
Sample solution: Transfer 10.0 g of Purified Bentonite to a 250-mL beaker containing 100
mL of dilute hydrochloric acid (1 in 25), stir, cover with a watch glass, and boil for 15 min.
Cool to room temperature, and allow the insoluble matter to settle. Decant the
supernatant through a rapid-flow filter paper into a 400-mL beaker. Add 25 mL of hot
water to the insoluble matter in the 250-mL beaker, stir, allow the insoluble matter to
settle, and decant the supernatant through the filter into the 400-mL beaker. Repeat the
extraction with two additional 25-mL portions of water, decanting each supernatant
portion through the filter into the 400-mL beaker. Wash the filter with 25 mL of hot water,
collecting this filtrate in the 400-mL beaker. Concentrate the combined extracts by gentle
boiling to approximately 20 mL. If a precipitate appears, add 2–3 drops of nitric acid, heat
to boiling, and cool to room temperature. Pass the concentrated extracts through a rapidflow filter paper into a 50-mL volumetric flask. Transfer the remaining contents of the
400-mL beaker through the filter paper and into the flask with water. Dilute with water to
volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometer equipped with a deuterium arc background
correction and a single-slot burner
Analytical wavelength: 284 nm
Lamp: Lead hollow-cathode
Flame: Air–acetylene
Analysis: Determine the absorbances of the Standard solution and the Sample solution.
Acceptance criteria: The absorbance of the Sample solution is NMT that of the Standard
solution (15 µg/g).
SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 1 × 103 cfu/g. It meets the requirements of the
test for absence of Escherichia coli.
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• pH 〈791〉
Sample suspension: 50 mg/mL
Acceptance criteria: 9.0–10.0
• Loss on Drying 〈731〉
Analysis: Dry at 110° to constant weight.
Acceptance criteria: NMT 8.0%
Change to read:
• Viscosity
Sample: After determining Loss on Drying, weigh a quantity of Purified Bentonite equivalent
to 25.0 g on the dried basis. Over a period of a few seconds, transfer the undried sample
specimen to a suitable 1-L blender jar containing an amount of water, maintained at a
temperature of 25 ± 2°, that is sufficient to produce a mixture weighing 500 g. Blend for 3
min, accurately timed, at 14,000–15,000 rpm (high speed).
1

2S (NF37)

[Note—Heat generated during blending causes a temperature rise to above 30°
33 ± 3°. 2S (NF37)
]
Analysis: Transfer the contents of the blender to a 600-mL beaker and allow to stand for
5 min. and adjust, if necessary, to a temperature of 33 ± 3°.
2S (NF37)

Using a suitable rotational viscometer
2

2S (NF37)

equipped with a spindle having a cylinder 1.87 cm in diameter and 0.69 cm high attached
to a shaft 0.32 cm in diameter, the distance from the top of the cylinder to the lower tip
of the shaft being 2.54 cm, and the immersion depth being 5.00 cm (No. 2 spindle),
operate the viscometer at 60 rpm for 6 min, accurately timed, and record the scale
reading.
Acceptance criteria: 40–200 mPa·s
Delete the following:
• Acid Demand
Sample: After determining Loss on Drying 〈731〉, weigh a quantity of Purified Bentonite
equivalent to 5.00 g.
Analysis: Disperse the Sample in 500 mL of water with the aid of a suitable blender fitted
with a 1-L jar. Using a stopwatch, designate zero time. With constant mixing, add 3.0-mL
portions of 0.100 N hydrochloric acid at 5, 65, 125, 185, 245, 305, 365, 425, 485, 545,
605, 665, and 725 s, and add a 1.0-mL portion at 785 s. Determine the pH
potentiometrically at 840 s.
Acceptance criteria: NMT 4.0 2S (NF37)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
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1 A suitable blender is available from Waring as Waring C ommercial Blender Model 7009G or equivalent
with 1-L glass jar and tachometer adapter, Model C AC 24 or equivalent. 2S (NF37)
2 A suitable viscometer is available from Brookfield as Viscometer Model LVF or LVT, or equivalent.
2S (NF37)

Recent Official Publications:
USP41–NF36 Page 5212
BRIEFING
Galactose, NF 36 page 5358. On the basis of comments and data received and as part of
the USP monograph modernization efforts, it is proposed to make the following revisions:
1. Update the chemical information by changing the chemical name from α-dGalactopyranose to d-Galactopyranose, by introducing a new CAS number that
represents an open form of Galactose, and by replacing the current chemical structure
with the structure of the prevailing form, pyranose, without indicating the configuration
of the anomeric carbon.
2. Update the Definition to include Galactose derived from arabinogalactans isolated from a
plant-derived source and to specify the purity of Galactose as NLT 98.0% and NMT
102.0%.
3. Add a Note to Identification A that includes a direction to disregard any peaks at about
875 and 889 cm−1. Additional minor peaks might appear in that region due to the
different content of α- and β- conformations of Galactose in tested samples and in USP
Galactose RS.
4. Replace the Thin-Layer Chromatographic Identification Test 〈201〉 used in Identification
B with a Chromatographic Identity test based on the identification by retention time as
obtained in the Assay.
5. Add Identification C based on the reaction of Galactose with alkaline cupric tartrate TS
that confirms that the tested material is reducing sugar.
6. Add an Assay that employs an HPLC method based on the analyses performed with the
Bio-Rad Aminex HPX-87H brand of column with L17 packing. The retention times for
lactose and 1,6-galactosylgalactose, galacturonic acid, dextrose, tagatose, galactose,
dulcitol, and arabinose are 33.8, 38.0, 39.6, 41.2, 42.8, 45.2, and 47.1, respectively.
7. Add a Related Substances test based on the HPLC method in the Assay.
8. Add a Labeling section to include a requirement to indicate whether Galactose is derived
from an animal or plant source.
9. In the USP Reference Standards section, add USP Arabinose RS and replace USP
Lactose Monohydrate RS with USP Anhydrous Lactose RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: G. Holloway.)
Correspondence Number—C185455
Comment deadline: November 30, 2018
Galactose
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180.16

d-Galactopyranose
UNII: X2RN3Q8DNE

[59-23-4].

DEFINITION
Change to read:
Galactose is one of the products of the metabolism of lactose, a naturally occurring sugar in
dairy products, by the digestive enzyme lactase.
Galactose contains NLT 98.0% and NMT 102.0% of d-galactopyranose (C6 H12 O6 ), calculated
on the anhydrous basis. It is obtained either as one of the products of the metabolism of
lactose, a naturally occurring sugar in dairy products, by the digestive enzyme lactase, or from
arabinogalactans isolated from a plant-derived source. 2S (NF37)
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
[Note—Disregard any peaks at about 875 and 889 cm−1.]

2S (NF37)

Delete the following:
• B. Thin-Layer Chromatographic Identification Test 〈201〉
Solution A: Methanol and water (60:40)
Standard solution A: 500 µg/mL of USP Galactose RS in Solution A
Standard solution B: 500 µg/mL each of USP Galactose RS, USP Dextrose RS, and USP
Lactose Monohydrate RS in Solution A
Sample solution: Dissolve 10 mg of Galactose in 20 mL of Solution A.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Application volume: 2 µL
Developing solvent system: Propanol and water (85:15)
Spray reagent: 0.5 g of thymol in a mixture of alcohol and sulfuric acid (95:5)
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System suitability
Sample: Standard solution B
Suitability requirements
Resolution: There must be three clearly resolved spots in the chromatogram for
Standard solution B.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the plate in an unsaturated tank. After the solvent front has moved over 15 cm,
remove the plate from the tank. Dry the plate with warm air, then spray the plate with
Spray reagent. Heat for 10 min in an oven at 130°.
Acceptance criteria: The RF of the principal spot of the Sample solution corresponds to
that of Standard solution A. 2S (NF37)
Add the following:
• B. Chromatographic Identity
Analysis: Proceed as directed in the Assay.
Acceptance criteria: The retention time of the major peak of the Sample solution
corresponds to the galactose peak of the Standard solution, as obtained in the Assay.
2S (NF37)

Add the following:
• C.
Sample solution: 10 mg/mL
Analysis: To 10 mL of the Sample solution add 3 mL of alkaline cupric tartrate TS and
heat.
Acceptance criteria: An orange or red precipitate is formed. 2S (NF37)
ASSAY
Add the following:
• Procedure
Mobile phase: 0.009 N sulfuric acid
System suitability solution: 10 mg/mL of USP Galactose RS and 0.2 mg/mL each of USP
Arabinose RS, galacturonic acid,1 USP Dextrose RS, and USP Anhydrous Lactose RS in
Mobile phase
[Note—Use plastic HPLC vials for the Standard solution and Sample solution.]
Standard solution: 10 mg/mL of USP Galactose RS in Mobile phase
Sample solution: 10 mg/mL of Galactose in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: Refractive index
Column: Two 7.8-mm × 30-cm columns in tandem; 9-µm packing L17
Temperatures
Column: 35°
Detector: 40°
Flow rate: 0.25 mL/min
Injection volume: 25 µL
Run time: 70 min
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for lactose, galacturonic acid, dextrose, galactose,
and arabinose are listed in Table 1.]
Suitability requirements
Resolution: NLT 3.0 between the lactose and galacturonic acid peaks; NLT 1.5
between the galacturonic acid and dextrose peaks; NLT 2.0 between the dextrose and
galactose peaks; NLT 3.0 between the galactose and arabinose peaks, System
suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of galactose in the portion of Galactose taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of galactose from the Sample solution
rS = peak area of galactose from the Standard solution
CS = concentration of USP Galactose RS in the Standard solution (mg/mL)
CU = concentration of Galactose in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis

2S (NF37)

IMPURITIES
Add the following:
• Related Substances
Mobile phase, System suitability solution, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.
Sensitivity solution: Transfer 2.5 mL of System suitability solution into a 100-mL
volumetric flask, dilute with Mobile phase to volume, and mix well.
System suitability
Samples: System suitability solution and Sensitivity solution
Suitability requirements
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Resolution: NLT 3.0 between the lactose and galacturonic acid peaks; NLT 1.5
between the galacturonic acid and dextrose peaks; NLT 2.0 between the dextrose and
galactose peaks; NLT 3.0 between the galactose and arabinose peaks, System
suitability solution
Signal-to-noise ratio: NLT 10 for the lactose, galacturonic acid, dextrose, and
arabinose peaks, Sensitivity solution
Analysis
Sample: Sample solution
Record the chromatograms and measure the area response of each peak in the
chromatogram of the Sample solution. Disregard any peak due to the solvent and the peak
at the relative retention time of approximately 0.64.
Calculate the percentage of each individual impurity in the portion of Galactose taken:
Result = rU/(rS × F) × 100
rU = peak area of each individual impurity from the Sample solution
rS = peak area of galactose from the Sample solution
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1.

Name
Lactose and 1,6galactosylgalactose
Galacturonic acid
Dextrose
Tagatose
Dulcitol
Arabinose
Any unspecified impurity
Total impurities

Table 1
Relative
Retention
Time
0.79
0.89
0.93
0.96
1.06
1.10
—
—

Relative
Response
Factor
0.95
0.88
0.99
0.96
0.96
0.95
1.0
—

Acceptance
Criteria,
NMT (%)
0.6
0.6
0.6
0.6
0.6
0.6
0.2
1.0

2S (NF37)

• Residue on Ignition 〈281〉: NMT 0.1%
• Limit of Lead
Diluent: Dilute 12 mL of acetic acid with water to 100 mL. Mix equal parts of this solution
and water to prepare the Diluent.
Lead standard solution: 16 µg/mL of lead nitrate
Standard solutions: To three identical flasks add 0.5, 1.0, and 1.5 mL of Lead standard
solution, respectively, and then add to each flask 20.0 g of Galactose. Dilute with Diluent
to 100 mL. To each flask add 2.0 mL of ammonium pyrrolidinedithiocarbamate solution (10
mg/mL) and 10.0 mL of methyl isobutyl ketone, then shake for 30 s. Protect from light.

PF 44(5): Sep.-Oct. 2018

1049

Allow the layers to separate, and use the methyl isobutyl ketone (upper) layer.
Sample solution: Dissolve 20.0 g of Galactose in 100 mL of Diluent. Add 2.0 mL of
ammonium pyrrolidinedithiocarbamate solution (10 mg/mL) and 10.0 mL of methyl isobutyl
ketone, and shake for 30 s. Protect from light. Allow the layers to separate, and use the
methyl isobutyl ketone (upper) layer.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 283.3 nm
Lamp: Lead hollow-cathode
Flame: Air–acetylene
Analysis
Samples: Standard solutions and Sample solution
Concomitantly determine, at least in triplicate, the absorbances of the Samples. Record
the average steady readings for each of the Standard solutions and the Sample
solution. Plot the absorbances of the Standard solutions and the Sample solution versus
the amount of lead added. Extrapolate the line joining the points on the graph until it
meets the concentration axis. The distance between this point and the intersection of
the axes represents the concentration of lead in the Sample solution.
Acceptance criteria: NMT 0.5 µg/g
• Barium
Standard solution: Add 6 mL of water to 5 mL of the Sample solution prepared for the
Acidity test.
Sample solution: Add 5 mL of water and 1 mL of dilute sulfuric acid to 5 mL of the Sample
solution prepared for the Acidity test. Allow to stand for 1 h.
Acceptance criteria: Any opalescence in the Sample solution is not more intense than
that in the Standard solution.
SPECIFIC TESTS
• Appearance of Solution
Sample solution: Dissolve, with heating at 50°, 10.0 g of Galactose in 50 mL of carbon
dioxide-free water.
Control solution: Prepare immediately before use by mixing 3.0 mL of ferric chloride CS,
3.0 mL of cobaltous chloride CS, and 2.4 mL of cupric sulfate CS with dilute hydrochloric
acid (10 mg/mL) to make 10 mL, and diluting 1.5 mL of this solution with the dilute
hydrochloric acid to 100 mL.
Analysis: Compare by viewing the Sample solution and the Control solution downward in
matched color-comparison tubes against a white surface (see Color and Achromicity
〈631〉).
Acceptance criteria: The Sample solution is not more intensely colored than the Control
solution.
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• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 103 cfu/g, and the total combined molds and
yeasts count does not exceed 102 cfu/g. It meets the requirements of the tests for
absence of Salmonella species, Escherichia coli, Staphylococcus aureus, and Pseudomonas
aeruginosa.
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: Transfer 10.0 g to a 100-mL volumetric flask, and dissolve in 80 mL of
water. Add 0.2 mL of ammonia TS, allow to stand for 30 min, then dilute with water to
volume.
Analysis: Perform at 20°.
Acceptance criteria: +78.0° to +81.5°
• Acidity
Sample solution: Dissolve 10.0 g of Galactose, with heating at 50°, in 40 mL of carbon
dioxide-free water. Dilute with carbon dioxide-free water to 50 mL. [Note—Use this
solution for the Barium test.]
Analysis: To 30 mL of the Sample solution add 0.3 mL of phenolphthalein TS, and titrate
with 0.01 N sodium hydroxide to a pink color.
Acceptance criteria: NMT 1.5 mL of 0.01 N sodium hydroxide is required.
• Water Determination 〈921〉, Method I: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in a tight container. No storage requirements specified.
Add the following:
• Labeling: Label it to indicate whether Galactose is derived from an animal or plant source.
2S (NF37)

Change to read:
• USP Reference Standards 〈11〉
USP Arabinose RS
2S (NF37)

USP Dextrose RS
USP Galactose RS
USP Lactose Monohydrate RS
USP Anhydrous Lactose RS

2S (NF37)

1 Use a suitable grade with a content of NLT 97.0%.

2S (NF37)

Recent Official Publications:
USP41–NF36 Page 5358
BRIEFING
Glyceryl Mono and Dicaprylate. See the Briefing in the monograph for Glyceryl
Monocaprylate, also appearing in this issue of PF. This proposed new monograph contains the
procedures and limits specified for Glyceryl Monocaprylate Type I.
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(EXC1: P. Zhang.)
Correspondence Number—C203579
Comment deadline: November 30, 2018
Add the following:
Glyceryl Mono and Dicaprylate
(Title for this monograph—not to become official until December 1, 2024.) (Prior to
December 1, 2024, the current practice of labeling the article of commerce with the name
Glyceryl Monocaprylate Type I may be continued. Use of the name Glyceryl Mono and
Dicaprylate will be permitted as of December 1, 2019; however, the use of this name will
not be mandatory until December 1, 2024. The 60-month extension will provide the time
needed by manufacturers and users to make necessary changes.)

Octanoic acid, monoester and diester with 1,2,3-propanetriol;
Caprylic acid, monoglyceride and diglyceride;
Glyceryl mono and dioctanoate;
Mono and dicapryl glycerides
[11140-04-8].
DEFINITION
Glyceryl Mono and Dicaprylate is a mixture of glyceryl monoester and diesters, mainly monoand di-O-octanoylglycerol, containing variable quantities of triesters of fatty acids
composed predominately of caprylic acid. The requirements for monoester, diester, and
triester content are: Monoesters: 40.0%–75.0%; Diesters: 20.0%–50.0%; and Triesters:
NMT 15.0%.
IDENTIFICATION
• A. Fatty Acid Composition
Boron trifluoride methanol solution: 140 mg/mL of boron trifluoride in methanol
Saturated sodium chloride solution: Mix 1 part sodium chloride with 2 parts water, shake
from time to time, and allow to stand. Before use, decant the solution from any
undissolved substance and filter, if necessary.
Standard solution 1: 1.0 mg/mL of USP Methyl Caproate RS, 1.0 mg/mL of USP Methyl
Caprylate RS, and 2.0 mg/mL of USP Methyl Caprate RS in n-heptane
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Standard solution 2: 0.1 mg/mL of USP Methyl Caproate RS, 0.1 mg/mL of USP Methyl
Caprylate RS, and 0.2 mg/mL of USP Methyl Caprate RS in n-heptane, diluted from
Standard solution 1
Standard solution 3: Prepare an ester mixture either by mixing a commercially available
ester mixture with methyl caprylate and methyl caprate or by using USP Methyl Caproate
RS, USP Methyl Caprylate RS, USP Methyl Caprate RS, USP Methyl Laurate RS, and USP
Methyl Myristate RS. Dissolve a quantity of the prepared ester mixture containing methyl
caproate, methyl caprylate, methyl caprate, methyl laurate, and methyl myristate in nheptane to make a solution of about 9.0 mg/mL for methyl caprylate, 1.0 mg/mL for
methyl caprate, and 0.05–0.1 mg/mL for each of the other methyl esters.
Sample solution: Transfer 100 mg of Glyceryl Mono and Dicaprylate to a 25-mL conical
flask fitted with a suitable water-cooled reflux condenser and a magnetic stir bar. Add 2
mL of a 20-mg/mL solution of sodium hydroxide in methanol, mix, and reflux for about 30
min. Add 2 mL of Boron trifluoride methanol solution through the condenser, and reflux for
about 30 min. Add 4 mL of n-heptane through the condenser and reflux for 5 min. Cool,
remove the condenser, add about 10 mL of Saturated sodium chloride solution, shake,
add a quantity of Saturated sodium chloride solution to bring the upper layer up to the
neck of the flask, and allow the layers to separate. Collect 2 mL of the n-heptane layer
(upper layer), wash with three quantities each of 2 mL of water, and dry the n-heptane
phase over anhydrous sodium sulfate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m capillary; bonded with a 1.0-µm layer of phase G16
Temperatures
Injection port: 250°
Detector: 250°
Column: See Table 1.
Table 1
Initial
Temperature
(°)
50
180

Temperature
Ramp
(°/min)
20
9

Final
Temperature
(°)
180
240

Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 2 µL
Injection type: Split injection; split ratio, 4:1
System suitability
Samples: Standard solution 1 and Standard solution 2

Hold Time at Final
Temperature
(min)
—
12
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[Note—The relative retention times for methyl caproate, methyl caprylate, and methyl
caprate are about 0.7, 1.0, and 1.3, respectively.]
Suitability requirements
Resolution: NLT 4.0 between the methyl caprylate and methyl caprate peaks, Standard
solution 1
Signal-to-noise ratio: NLT 10 for the methyl caproate peak, Standard solution 2
Analysis
Samples: Standard solution 3 and Sample solution
Measure the peak areas for the methyl esters of the fatty acids. Disregard any peaks with
an area less than 0.05% of the total area and any peak due to the solvent. [Note—The
relative retention times for several methyl esters are summarized in Table 2.]
Table 2
Carbon-Chain
Length
6
8
10
12
14

Number
of Double Bonds
0
0
0
0
0

Relative
Retention
Times
0.7
1.0
1.3
1.6
1.9

Take the main component in Standard solution 3 as a reference component and calculate
the calibration factor, F FA, for each fatty acid methyl ester:
F FA = (F MC × PFA1 × AMC)/(PMC × AFA1)
F MC = factor for the main component, 1
PFA1 = percentage by weight of the fatty acid methyl ester in Standard solution 3
AMC = peak area of the main component from Standard solution 3
PMC = percentage by weight of the main component in Standard solution 3
AFA1 = peak area of the fatty acid methyl ester from Standard solution 3
Calculate the percentage of the fatty acid methyl ester by weight in the portion of Glyceryl
Mono and Dicaprylate taken:
Result = [(AFA2 × F FA)/AT] × 100
AFA2 = peak area of the fatty acid methyl ester from the Sample solution
AT = sum of the peak areas of the fatty acid methyl esters from the Sample solution
Acceptance criteria: Glyceryl Mono and Dicaprylate exhibits the composition profile of
fatty acids shown in Table 3.
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Carbon-Chain
Length
6
8
10
12
14

Table 3
Number
of Double Bonds
0
0
0
0
0

Percentage
(%, w/w)
≤1.0
≥90.0
≤10.0
≤1.0
≤0.5

• B. Glyceride Content: It meets the requirements of the test for Content of Monoglycerides,
Diglycerides, and Triglycerides in the Assay.
• C. Fats and Fixed Oils 〈401〉, Procedures, Saponification Value: 266–300
ASSAY
• Content of Monoglycerides, Diglycerides, and Triglycerides
System suitability solution: 20 mg/mL each of 1-monooctanoyl-rac-glycerol and 1monodecanoyl-rac-glycerol in tetrahydrofuran
Standard solution: 50 mg/mL of USP Glyceryl Monocaprylate RS in tetrahydrofuran
Sample solution: 50 mg/mL of Glyceryl Mono and Dicaprylate in tetrahydrofuran
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 10-m; bonded with a 0.1-µm layer of phase G27
Temperatures
Injection port: 350°
Detector: 370°
Column: See Table 4.
Table 4
Initial
Temperature
(°)
60
60

Temperature
Ramp
(°/min)
—
8

Final
Temperature
(°)
60
340

Carrier gas: Helium
Flow rate: 2.3 mL/min
Injection volume: 1 µL
Injection type: Split injection; split ratio, 50:1
System suitability
Samples: System suitability solution and Standard solution

Hold Time at Final
Temperature
(min)
3
12
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[Note—The typical relative retention times for monoglycerides, diglycerides, and
triglycerides are 1.0–1.2, 1.5–1.9, and 2.0–2.3, respectively, Standard solution.]
Suitability requirements
Resolution: NLT 5.0 between the 1-monooctanoyl-rac-glycerol and 1-monodecanoylrac-glycerol peaks, System suitability solution
Analysis
Samples: Standard solution and Sample solution
Based on the chromatogram from the Standard solution, identify the peaks due to
monoglycerides, diglycerides, and triglycerides in the Sample solution.
For the calculation of the contents of monoglycerides, diglycerides, and triglycerides,
disregard the peaks with retention times less than those of the monoglycerides, which
are due to impurities of the solvent and to the free fatty acids.
Calculate the percentage content of free fatty acids (CA):
CA = [(IA × F × Mr1)/Mr2] × 100
IA = acid value for Glyceryl Mono and Dicaprylate, determined from the test for Acid
Value
F = conversion factor, 10−3 g/mg
Mr1 = molecular weight of caprylic acid, 144.21 g/mol
Mr2 = molecular weight of potassium hydroxide, 56.11 g/mol
Calculate the percentage of monoglycerides, diglycerides, or triglycerides in the portion of
Glyceryl Mono and Dicaprylate taken:
Result = (rU/rT) × [(100 − CA − CW − CG)/100] × 100
rU = peak response of the monoglycerides, diglycerides, or triglycerides from the Sample
solution
rT = sum of all the glyceride peak responses from the Sample solution
CA = percentage of free fatty acids, determined above
CW = percentage of water, determined from the test for Water Determination
CG = percentage of free glycerin, determined from the test for Limit of Free Glycerol
Acceptance criteria
Monoesters: 40.0%–75.0%
Diesters: 20.0%–50.0%
Triesters: NMT 15.0%
IMPURITIES
• Total Ash
Sample: 1.0 g
Analysis: Heat a silica or platinum crucible to redness for 30 min, allow to cool in a
desiccator, and weigh. Evenly distribute the Sample in the crucible. Dry at 100°–105° for
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1 h and ignite to constant weight in a muffle furnace at 600 ± 25°, allowing the crucible
to cool in a desiccator after each ignition. Flames should not be produced at any time
during the procedure. If after prolonged ignition the ash still contains black particles, take
up with hot water, pass through an ashless filter paper, and ignite the residue and the
filter paper. Combine the filtrate with the ash, carefully evaporate to dryness, and ignite
to constant mass.
Acceptance criteria: NMT 0.5%
• Limit of Free Glycerol
Sample: 1.2 g
Periodic acetic acid solution: Dissolve 0.446 g of sodium periodate in 2.5 mL of a 25%
(v/v) solution of sulfuric acid, and dilute with glacial acetic acid to 100.0 mL.
Potassium iodide solution: 75 mg/mL of potassium iodide
Blank: 25 mL of methylene chloride
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Residual titration
Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 25 mL of methylene chloride. Heat to about 50° and allow
to cool. Add 100 mL of water. Shake and add 25 mL of Periodic acetic acid solution. Shake
again and allow to stand for 30 min. Add 40 mL of Potassium iodide solution, and allow to
stand for 1 min. Add 1 mL of starch TS and titrate the liberated iodine with Titrant until
the aqueous phase becomes colorless. Perform a blank determination.
Calculate the percentage of free glycerol in the portion of Glyceryl Mono and Dicaprylate
taken:
Result = {[(VB − VS) × N × E × F]/W}× 100
VB = volume of Titrant consumed in the Blank titration (mL)
VS = volume of Titrant consumed in the Sample titration (mL)
N = actual normality of the Titrant (mEq/mL)
E = equivalent factor for glycerol, 23 mg/mEq
F = conversion factor, 10−3 g/mg
W = weight of Glyceryl Mono and Dicaprylate taken for the titration (g)
Acceptance criteria: NMT 3.0%
SPECIFIC TESTS
• Fats and Fixed Oils 〈401〉, Procedures, Acid Value: NMT 3.0
• Fats and Fixed Oils 〈401〉, Procedures, Peroxide Value: NMT 1
• Water Determination 〈921〉, Method I, Method Ia: NMT 1.0%
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Protect from moisture.
• USP Reference Standards 〈11〉
USP Glyceryl Monocaprylate RS
USP Methyl Caprate RS
USP Methyl Caproate RS
USP Methyl Caprylate RS
USP Methyl Laurate RS
USP Methyl Myristate RS
2S (NF37)

BRIEFING
Glyceryl Mono and Dicaprylocaprate. See the Briefing in the monograph for Glyceryl
Monocaprylocaprate, also appearing in this issue of PF. This proposed new monograph contains
the procedures and limits specified for Glyceryl Monocaprylocaprate Type I.
(EXC1: P. Zhang.)
Correspondence Number—C203578
Comment deadline: November 30, 2018
Add the following:
Glyceryl Mono and Dicaprylocaprate
(Title for this monograph—not to become official until December 1, 2024) (Prior to
December 1, 2024, the current practice of labeling the article of commerce with the name
Glyceryl Monocaprylocaprate Type I may be continued. Use of the name Glyceryl Mono
and Dicaprylocaprate will be permitted as of December 1, 2019; however, the use of this
name will not be mandatory until December 1, 2024. The 60-month extension will provide
the time needed by manufacturers and users to make necessary changes.)

Octanoic acid, monoester and diester with 1,2,3-propanetriol and decanoic acid, monoester and
diester with 1,2,3-propanetriol;
Caprylic acid monoglyceride and diglyceride and capric acid monoglyceride and diglyceride;
Glyceryl mono and dioctanoate and glyceryl mono and didecanoate;
Glycerides, C8-10 monoglycerides and diglycerides;
C8-10 mono- and diglycerides
[85536-07-8].
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DEFINITION
Glyceryl Mono and Dicaprylocaprate is a mixture of glyceryl monoesters and diesters, mainly
mono- and di-O-octanoylglycerol and mono- and di-O-decanoylglycerol, containing variable
quantities of triesters of fatty acids composed predominately of caprylic acid and capric
acid. The requirements for monoester, diester, and triester content are: Monoesters:
40.0%–75.0%; Diesters: 20.0%–50.0%; and Triesters: NMT 15.0%.
IDENTIFICATION
• A. Fatty Acid Composition
Boron trifluoride methanol solution: 140 mg/mL of boron trifluoride in methanol
Saturated sodium chloride solution: Mix 1 part sodium chloride with 2 parts water, shake
from time to time, and allow to stand. Before use, decant the solution from any
undissolved substance and filter, if necessary.
Standard solution 1: 1.0 mg/mL of USP Methyl Caproate RS, 1.0 mg/mL of USP Methyl
Caprylate RS, and 2.0 mg/mL of USP Methyl Caprate RS in n-heptane
Standard solution 2: 0.1 mg/mL of USP Methyl Caproate RS, 0.1 mg/mL of USP Methyl
Caprylate RS, and 0.2 mg/mL of USP Methyl Caprate RS in n-heptane, diluted from
Standard solution 1
Standard solution 3: Prepare an ester mixture either by mixing a commercially available
ester mixture with methyl caprylate and methyl caprate, or by using USP Methyl Caproate
RS, USP Methyl Caprylate RS, USP Methyl Caprate RS, USP Methyl Laurate RS, and USP
Methyl Myristate RS. Dissolve a quantity of the prepared ester mixture containing methyl
caproate, methyl caprylate, methyl caprate, methyl laurate, and methyl myristate in nheptane to make a solution of about 5.0–9.0 mg/mL for methyl caprylate, 1.0–5.0 mg/mL
for methyl caprate, and 0.1–0.3 mg/mL for each of the other methyl esters.
Sample solution: Transfer 100 mg of Glyceryl Mono and Dicaprylocaprate to a 25-mL
conical flask fitted with a suitable water-cooled reflux condenser and a magnetic stir bar.
Add 2 mL of a 20-mg/mL solution of sodium hydroxide in methanol, mix, and reflux for
about 30 min. Add 2 mL of Boron trifluoride methanol solution through the condenser and
reflux for about 30 min. Add 4 mL of n-heptane through the condenser and reflux for 5
min. Cool, remove the condenser, add about 10 mL of Saturated sodium chloride solution,
shake, add a quantity of Saturated sodium chloride solution to bring the upper layer up to
the neck of the flask, and allow the layers to separate. Collect 2 mL of the n-heptane
layer (upper layer), wash with three quantities each of 2 mL of water, and dry the nheptane phase over anhydrous sodium sulfate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m capillary; bonded with a 1.0-µm layer of phase G16
Temperatures
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Injection port: 250°
Detector: 250°
Column: See Table 1.
Table 1
Initial
Temperature
(°)
50
180

Temperature
Ramp
(°/min)
20
9

Final
Temperature
(°)
180
240

Hold Time
at Final
Temperature
(min)
—
12

Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 2 µL
Injection type: Split injection; split ratio, 4:1
System suitability
Samples: Standard solution 1 and Standard solution 2
[Note—The relative retention times for methyl caproate, methyl caprylate, and methyl
caprate are about 0.7, 1.0, and 1.3, respectively.]
Suitability requirements
Resolution: NLT 4.0 between methyl caprylate and methyl caprate peaks, Standard
solution 1
Signal-to-noise ratio: NLT 10 for the methyl caproate peak, Standard solution 2
Analysis
Samples: Standard solution 3 and Sample solution
Measure the peak areas for the methyl esters of the fatty acids. Disregard any peaks with
an area less than 0.05% of the total area and any peak due to the solvent. [Note—The
relative retention times for several methyl esters are summarized in Table 2.]
Table 2
Carbon-Chain
Length
6
8
10
12
14

Number
of Double Bonds
0
0
0
0
0

Relative
Retention
Times
0.7
1.0
1.3
1.6
1.9

Take the main component in Standard solution 3 as a reference component and calculate
the calibration factor, F FA, for each fatty acid methyl ester:
F FA = (F MC × PFA1 × AMC)/(PMC × AFA1)
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F MC = factor for the main component, 1
PFA1 = percentage by weight of the fatty acid methyl ester in Standard solution 3
AMC = peak area of the main component from Standard solution 3
PMC = percentage by weight of the main component in Standard solution 3
AFA1 = peak area of the fatty acid methyl ester from Standard solution 3
Calculate the percentage of the fatty acid methyl ester by weight in the portion of Glyceryl
Mono and Dicaprylocaprate taken:
Result = [(AFA2 × F FA)/AT] × 100
AFA2 = peak area of the fatty acid methyl ester from the Sample solution
AT = sum of the peak areas of the fatty acid methyl esters from the Sample solution
Acceptance criteria: Glyceryl Mono and Dicaprylocaprate exhibits the composition profile
of fatty acids shown in Table 3.
Carbon-Chain
Length
6
8
10
12
14

Table 3
Number
of Double Bonds
0
0
0
0
0

Percentage
(%, w/w)
≤3.0
50.0–90.0
10.0–50.0
≤3.0
≤1.0

• B. Glyceride Content: It meets the requirements of the test for Content of Monoglycerides,
Diglycerides, and Triglycerides in the Assay.
• C. Fats and Fixed Oils 〈401〉, Procedures, Saponification Value : 250–280
ASSAY
• Content of Monoglycerides, Diglycerides, and Triglycerides
System suitability solution: 20 mg/mL each of 1-monooctanoyl-rac-glycerol and 1monodecanoyl-rac-glycerol in tetrahydrofuran
Standard solution: 50 mg/mL of USP Glyceryl Mono and Dicaprylocaprate RS in
tetrahydrofuran
Sample solution: 50 mg/mL of Glyceryl Mono and Dicaprylocaprate in tetrahydrofuran
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 10-m; bonded with a 0.1-µm layer of phase G27
Temperatures
Injection port: 350°
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Detector: 370°
Column: See Table 4.
Table 4
Initial
Temperature
(°)
60
60

Temperature
Ramp
(°/min)
—
8

Final
Temperature
(°)
60
340

Hold Time
at Final
Temperature
(min)
3
12

Carrier gas: Helium
Flow rate: 2.3 mL/min
Injection volume: 1 µL
Injection type: Split injection; split ratio, 50:1
System suitability
Samples: System suitability solution and Standard solution
[Note—The typical relative retention times for monoglycerides, diglycerides, and
triglycerides are 1.0–1.2, 1.5–1.9, and 2.0–2.3, respectively, Standard solution.]
Suitability requirements
Resolution: NLT 5.0 between the 1-monooctanoyl-rac-glycerol and 1-monodecanoylrac-glycerol peaks, System suitability solution
Analysis
Samples: Standard solution and Sample solution
Based on the chromatogram from the Standard solution, identify the peaks due to
monoglycerides, diglycerides, and triglycerides in the Sample solution.
For the calculation of the contents of monoglycerides, diglycerides, and triglycerides,
disregard the peaks with retention times less than those of the monoglycerides, which are
due to impurities of the solvent and to the free fatty acids.
Calculate the percentage content of free fatty acids (CA):
CA= [(IA × F × Mr1)/Mr2] × 100
IA = acid value for Glyceryl Mono and Dicaprylocaprate, determined from the test for
Acid Value
F = conversion factor, 10−3 g/mg
Mr1 = molecular weight of caprylic acid, 144.21 g/mol
Mr2 = molecular weight of potassium hydroxide, 56.11 g/mol
Calculate the percentage of monoglycerides, diglycerides, or triglycerides in the portion of
Glyceryl Mono and Dicaprylocaprate taken:
Result = (rU/rT) × [(100 − CA − CW − CG)/100] × 100
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rU = peak response of the monoglycerides, diglycerides, or triglycerides from the Sample
solution
rT = sum of all the glyceride peak responses from the Sample solution
CA = percentage of free fatty acids, determined above
CW = percentage of water, determined from the test for Water Determination
CG = percentage of free glycerin, determined from the test for Limit of Free Glycerol
Acceptance criteria
Monoesters: 40.0%–75.0%
Diesters: 20.0%–50.0%
Triesters: NMT 15.0%
IMPURITIES
• Total Ash
Sample: 1.0 g
Analysis: Heat a silica or platinum crucible to redness for 30 min, allow to cool in a
desiccator, and weigh. Evenly distribute the Sample in the crucible. Dry at 100°–105° for
1 h and ignite to constant weight in a muffle furnace at 600 ± 25°, allowing the crucible
to cool in a desiccator after each ignition. Flames should not be produced at any time
during the procedure. If after prolonged ignition the ash still contains black particles, take
up with hot water, pass through an ashless filter paper, and ignite the residue and the
filter paper. Combine the filtrate with the ash, carefully evaporate to dryness, and ignite
to constant mass.
Acceptance criteria: NMT 0.5%
• Limit of Free Glycerol
Sample: 1.2 g
Periodic acetic acid solution: Dissolve 0.446 g of sodium periodate in 2.5 mL of a 25%
(v/v) solution of sulfuric acid, and dilute with glacial acetic acid to 100.0 mL.
Potassium iodide solution: 75 mg/mL of potassium iodide
Blank: 25 mL of methylene chloride
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Residual titration
Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 25 mL of methylene chloride. Heat to about 50° and allow
to cool. Add 100 mL of water. Shake and add 25 mL of Periodic acetic acid solution. Shake
again and allow to stand for 30 min. Add 40 mL of Potassium iodide solution and allow to
stand for 1 min. Add 1 mL of starch TS and titrate the liberated iodine with Titrant until
the aqueous phase becomes colorless. Perform a Blank determination.
Calculate the percentage of free glycerol in the portion of Glyceryl Mono and
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Dicaprylocaprate taken:
Result = {[(VB − VS) × N × E × F]/W} × 100
VB = volume of Titrant consumed in the Blank titration (mL)
VS = volume of Titrant consumed in the Sample titration (mL)
N = actual normality of the Titrant (mEq/mL)
E = equivalent factor for glycerol, 23 mg/mEq
F = conversion factor, 10−3 g/mg
W = weight of Glyceryl Mono and Dicaprylocaprate taken for the titration (g)
Acceptance criteria: NMT 3.0%
SPECIFIC TESTS
• Fats and Fixed Oils 〈401〉, Procedures, Acid Value: NMT 3.0
• Fats and Fixed Oils 〈401〉, Procedures, Peroxide Value: NMT 1
• Water Determination 〈921〉, Method I, Method Ia: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Protect from moisture.
• USP Reference Standards 〈11〉
USP Glyceryl Mono and Dicaprylocaprate RS
USP Methyl Caprate RS
USP Methyl Caproate RS
USP Methyl Caprylate RS
USP Methyl Laurate RS
USP Methyl Myristate RS
2S (NF37)

BRIEFING
Glyceryl Monocaprylate, NF 36 page 5370. On the basis of comments received, it is
proposed to split this monograph into two individual monographs:
1. Glyceryl Monocaprylate
2. Glyceryl Mono and Dicaprylate, which is proposed elsewhere in this issue of PF.
The proposed revision of this monograph contains the procedures and limits specified for
Glyceryl Monocaprylate Type II. The newly proposed Glyceryl Mono and Dicaprylate monograph
contains the procedures and limits specified for Glyceryl Monocaprylate Type I.
The revised monograph and the new monograph are proposed for inclusion in the Second
Supplement to USP 42–NF 37, with an official date of December 1, 2019. However, use of the
name Glyceryl Mono and Dicaprylate will be permitted as of December 1, 2019, but its use will
not be mandatory until December 1, 2024. The 60-month extension will provide the time
deemed necessary for labeling changes to be made for the article and the numerous
formulations in which it is an ingredient, as well as for practitioners, consumers, and regulatory
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agencies to become familiar with the new terminology. After December 1, 2024, the use of
Glyceryl Monocaprylate Type I and Type II will be discontinued.
As a result, the following changes are being proposed in this monograph:
1. The Definition is revised to remove Type I and Type II and only list the requirement for
Glyceryl Monocaprylate.
2. The identification test for Saponification Value is revised to remove Type I and Type II
and only list the acceptance criteria for Glyceryl Monocaprylate.
3. The Assay is revised to remove Type I and Type II and only list the acceptance criteria
for Glyceryl Monocaprylate.
4. The Labeling section is deleted.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: P. Zhang.)
Correspondence Number—C202725
Comment deadline: November 30, 2018
Glyceryl Monocaprylate
Add the following:
Any article currently titled Glyceryl Monocaprylate Type I will be officially titled Glyceryl
Mono and Dicaprylate after December 1, 2024. Any article currently titled Glyceryl
Monocaprylate Type II will be officially titled Glyceryl Monocaprylate after December 1,
2024. 2S (NF37)

C11 H22 O4

218.29

Octanoic acid, monoester with 1,2,3-propanetriol;
Caprylic acid monoglyceride;
Glyceryl monooctanoate;
Monocapryl glyceride
[26402-26-6].
DEFINITION
Change to read:
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Glyceryl Monocaprylate is a mixture of glyceryl monoesters, mainly mono-O-octanoylglycerol,
containing variable quantities of diesters and triesters of fatty acids composed predominately of
caprylic acid. The requirements for monoester, diester, and triester content differ for the two
types of Glyceryl Monocaprylate, as set forth in the accompanying table:
Content of Monoesters
(%)
Type I
Type II

Min.
40.0
75.1

Max.
75.0
—

Content of
Diesters
(%)
Min.
20.0
—

Max.
50.0
24.9

Content of
Triesters
(%)
Min.
—
—

Max.
15.0
5.0

The requirements for monoester, diester, and triester content are: Monoesters: NLT 75.1%;
Diesters: NMT 24.9%; and Triesters: NMT 5.0%. 2S (NF37)
IDENTIFICATION
• A. Fatty Acid Composition
Boron trifluoride methanol solution: 140 mg/mL of boron trifluoride in methanol
Saturated sodium chloride solution: Mix 1 part sodium chloride with 2 parts water, shake
from time to time, and allow to stand. Before use, decant the solution from any
undissolved substance and filter, if necessary.
Standard solution 1: 1.0 mg/mL of USP Methyl Caproate RS, 1.0 mg/mL of USP Methyl
Caprylate RS, and 2.0 mg/mL of USP Methyl Caprate RS in n-heptane
Standard solution 2: 0.1 mg/mL of USP Methyl Caproate RS, 0.1 mg/mL of USP Methyl
Caprylate RS, and 0.2 mg/mL of USP Methyl Caprate RS in n-heptane, diluted from
Standard solution 1
Standard solution 3: Prepare an ester mixture either by mixing a commercially available
ester mixture with methyl caprylate and methyl caprate or by using USP Methyl Caproate
RS, USP Methyl Caprylate RS, USP Methyl Caprate RS, USP Methyl Laurate RS, and USP
Methyl Myristate RS. Dissolve a quantity of the prepared ester mixture containing methyl
caproate, methyl caprylate, methyl caprate, methyl laurate, and methyl myristate in nheptane to make a solution of about 9.0 mg/mL for methyl caprylate, 1.0 mg/mL for
methyl caprate, and 0.05–0.1 mg/mL for each of the other methyl esters.
Sample solution: Transfer 100 mg of Glyceryl Monocaprylate to a 25-mL conical flask
fitted with a suitable water-cooled reflux condenser and a magnetic stir bar. Add 2 mL of
a 20-mg/mL solution of sodium hydroxide in methanol, mix, and reflux for about 30 min.
Add 2 mL of Boron trifluoride methanol solution through the condenser, and reflux for
about 30 min. Add 4 mL of n-heptane through the condenser and reflux for 5 min. Cool,
remove the condenser, add about 10 mL of Saturated sodium chloride solution, shake,
add a quantity of Saturated sodium chloride solution to bring the upper layer up to the
neck of the flask, and allow the layers to separate. Collect 2 mL of the n-heptane layer
(upper layer), wash with three quantities each of 2 mL of water, and dry the n-heptane
phase over anhydrous sodium sulfate.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m capillary; bonded with a 1.0-µm layer of phase G16
Temperatures
Injection port: 250°
Detector: 250°
Column: See Table 1.
Table 1
Initial
Temperature
(°)
50
180

Temperature
Ramp
(°/min)
20
9

Final
Temperature
(°)
180
240

Hold Time at Final
Temperature
(min)
—
12

Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 2 µL
Injection type: Split injection; split ratio, 4:1
System suitability
Samples: Standard solution 1 and Standard solution 2
[Note—The relative retention times for methyl caproate, methyl caprylate, and methyl
caprate are about 0.7, 1.0, and 1.3, respectively.]
Suitability requirements
Resolution: NLT 4.0 between the methyl caprylate and methyl caprate peaks, Standard
solution 1
Signal-to-noise ratio: NLT 10 for the methyl caproate peak, Standard solution 2
Analysis
Samples: Standard solution 3 and Sample solution
Measure the peak areas for the methyl esters of the fatty acids. Disregard any peaks with
an area less than 0.05% of the total area and any peak due to the solvent. [Note—The
relative retention times for several methyl esters are summarized in Table 2.]
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Table 2
Carbon-Chain
Length
6
8
10
12
14

Relative
Retention
Time
0.7
1.0
1.3
1.6
1.9

Number
of Double Bonds
0
0
0
0
0

Take the main component in Standard solution 3 as a reference component and calculate
the calibration factor, F FA, for each fatty acid methyl ester:
F FA = (F MC × PFA1 × AMC)/(PMC × AFA1)
F MC = factor for the main component, 1
PFA1 = percentage by weight of the fatty acid methyl ester in Standard solution 3
AMC = peak area of the main component from Standard solution 3
PMC = percentage by weight of the main component in Standard solution 3
AFA1 = peak area of the fatty acid methyl ester from Standard solution 3
Calculate the percentage of the fatty acid methyl ester by weight in the portion of Glyceryl
Monocaprylate taken:
Result = [(AFA2 × F FA)/AT] × 100
AFA2 = peak area of the fatty acid methyl ester from the Sample solution
AT = sum of the peak areas of the fatty acid methyl esters from the Sample solution
Acceptance criteria: Glyceryl Monocaprylate exhibits the composition profile of fatty acids
shown in Table 3.
Carbon-Chain
Length
6
8
10
12
14

Table 3
Number
of Double Bonds
0
0
0
0
0

Percentage
(%, w/w)
≤1.0
≥90.0
≤10.0
≤1.0
≤0.5

• B. Glyceride Content: It meets the requirements of the test for Content of Monoglycerides,
Diglycerides, and Triglycerides in the Assay.
Change to read:
• C. Fats and Fixed Oils 〈401〉, Procedures, Saponification Value:
Glyceryl Monocaprylate Type I: 266–300
Glyceryl Monocaprylate Type II: 245–272
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2S (NF37)

ASSAY
Change to read:
• Content of Monoglycerides, Diglycerides, and Triglycerides
System suitability solution: 20 mg/mL each of 1-monooctanoyl-rac-glycerol and 1monodecanoyl-rac-glycerol in tetrahydrofuran
Standard solution: 50 mg/mL of USP Glyceryl Monocaprylate RS in tetrahydrofuran
Sample solution: 50 mg/mL of Glyceryl Monocaprylate in tetrahydrofuran
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 10-m; bonded with a 0.1-µm layer of phase G27
Temperatures
Injection port: 350°
Detector: 370°
Column: See Table 4.
Table 4
Initial
Temperature
(°)
60
60

Temperature
Ramp
(°/min)
—
8

Final
Temperature
(°)
60
340

Hold Time at Final
Temperature
(min)
3
12

Carrier gas: Helium
Flow rate: 2.3 mL/min
Injection volume: 1 µL
Injection type: Split injection; split ratio, 50:1
System suitability
Samples: System suitability solution and Standard solution
[Note—The typical relative retention times for monoglycerides, diglycerides, and
triglycerides are 1.0–1.2, 1.5–1.9, and 2.0–2.3, respectively, Standard solution.]
Suitability requirements
Resolution: NLT 5.0 between the 1-monooctanoyl-rac-glycerol and 1-monodecanoylrac-glycerol peaks, System suitability solution
Analysis
Samples: Standard solution and Sample solution
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Based on the chromatogram from the Standard solution, identify the peaks due to
monoglycerides, diglycerides, and triglycerides in the Sample solution.
For the calculation of the contents of monoglycerides, diglycerides, and triglycerides,
disregard the peaks with retention times less than those of the monoglycerides, which are
due to impurities of the solvent and to the free fatty acids.
Calculate the percentage content of free fatty acids (CA):
CA = [(IA × F × Mr1)/Mr2] × 100
IA = acid value for Glyceryl Monocaprylate, determined from the test for Acid Value
F = conversion factor, 10−3 g/mg
Mr1 = molecular weight of caprylic acid, 144.21 g/mol
Mr2 = molecular weight of potassium hydroxide, 56.11 g/mol
Calculate the percentage of monoglycerides, diglycerides, or triglycerides in the portion of
Glyceryl Monocaprylate taken:
Result = (rU/rT) × [(100 − CA − CW − CG)/100] × 100
rU = peak response of the monoglycerides, diglycerides, or triglycerides from the Sample
solution
rT = sum of all the glyceride peak responses from the Sample solution
CA = percentage of free fatty acids, determined above
CW = percentage of water, determined from the test for Water Determination
CG = percentage of free glycerin, determined from the test for Limit of Free Glycerol
Acceptance criteria See Table 5.
Table 5
Percentage
(%, w/w)
Monoglycerides
Glyceryl Monocaprylate
Type I
Glyceryl Monocaprylate
Type II

Diglycerides

Triglycerides

40.0–75.0

20.0–50.0

≤15.0

≥75.1

≤24.9

≤5.0

Monoesters: NLT 75.1%
Diesters: NMT 24.9%
Triesters: NMT 5.0% 2S (NF37)
IMPURITIES
• Total Ash
Sample: 1.0 g
Analysis: Heat a silica or platinum crucible to redness for 30 min, allow to cool in a
desiccator, and weigh. Evenly distribute the Sample in the crucible. Dry at 100°–105° for
1 h and ignite to constant weight in a muffle furnace at 600 ± 25°, allowing the crucible
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to cool in a desiccator after each ignition. Flames should not be produced at any time
during the procedure. If after prolonged ignition the ash still contains black particles, take
up with hot water, pass through an ashless filter paper, and ignite the residue and the
filter paper. Combine the filtrate with the ash, carefully evaporate to dryness, and ignite
to constant mass.
Acceptance criteria: NMT 0.5%
• Limit of Free Glycerol
Sample: 1.2 g
Periodic acetic acid solution: Dissolve 0.446 g of sodium periodate in 2.5 mL of a 25%
(v/v) solution of sulfuric acid, and dilute with glacial acetic acid to 100.0 mL.
Potassium iodide solution: 75 mg/mL of potassium iodide
Blank: 25 mL of methylene chloride
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Residual titration
Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 25 mL of methylene chloride. Heat to about 50° and allow
to cool. Add 100 mL of water. Shake and add 25 mL of Periodic acetic acid solution. Shake
again and allow to stand for 30 min. Add 40 mL of Potassium iodide solution, and allow to
stand for 1 min. Add 1 mL of starch TS and titrate the liberated iodine with Titrant until
the aqueous phase becomes colorless. Perform a blank determination.
Calculate the percentage of free glycerol in the portion of Glyceryl Monocaprylate taken:
Result = {[(VB − VS) × N × E × F]/W} × 100
VB = volume of Titrant consumed in the Blank titration (mL)
VS = volume of Titrant consumed in the Sample titration (mL)
N = actual normality of the Titrant (mEq/mL)
E = equivalent factor for glycerol, 23 mg/mEq
F = conversion factor, 10−3 g/mg
W = weight of Glyceryl Monocaprylate taken for the titration (g)
Acceptance criteria: NMT 3.0%
SPECIFIC TESTS
• Fats and Fixed Oils 〈401〉, Procedures, Acid Value: NMT 3.0
• Fats and Fixed Oils 〈401〉, Procedures, Peroxide Value: NMT 1
• Water Determination 〈921〉, Method I, Method Ia: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
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Protect from moisture.
Delete the following:
• Labeling: Label it to indicate the type (Type I or Type II).
• USP Reference Standards 〈11〉
USP Glyceryl Monocaprylate RS
USP Methyl Caprate RS
USP Methyl Caproate RS
USP Methyl Caprylate RS
USP Methyl Laurate RS
USP Methyl Myristate RS
Recent Official Publications:
USP41–NF36 Page 5370

2S (NF37)

BRIEFING
Glyceryl Monocaprylocaprate, NF 36 page 5372. On the basis of comments received, it is
proposed to split this monograph into two individual monographs:
1. Glyceryl Monocaprylocaprate
2. Glyceryl Mono and Dicaprylocaprate, which is proposed elsewhere in this issue of PF.
The proposed revision of this monograph contains the procedures and limits specified for
Glyceryl Monocaprylocaprate Type II. The newly proposed Glyceryl Mono and Dicaprylocaprate
monograph contains the procedures and limits specified for Glyceryl Monocaprylocaprate Type
I.
The revised monograph and the new monograph are proposed for inclusion in the Second
Supplement to USP 42–NF 37, with an official date of December 1, 2019. However, use of the
name Glyceryl Mono and Dicaprylocaprate will be permitted as of December 1, 2019, but its use
will not be mandatory until December 1, 2024. The 60-month extension will provide the time
deemed necessary for labeling changes to be made for the article and the numerous
formulations in which it is an ingredient, as well as for practitioners, consumers, and regulatory
agencies to become familiar with the new terminology. After December 1, 2024, the use of
Glyceryl Monocaprylocaprate Type I and Type II will be discontinued.
As a result, the following changes are being proposed in this monograph:
1. In the chemical information section, the CAS number is added and two more chemical
names are added.
2. The Definition is revised to remove Type I and Type II and only list the requirement for
Glyceryl Monocaprylocaprate.
3. The identification test for Saponification Value is revised to remove Type I and Type II
and only list the acceptance criteria for Glyceryl Monocaprylocaprate.
4. The Assay is revised to remove Type I and Type II and only list the acceptance criteria
for Glyceryl Monocaprylocaprate.
5. The Labeling section is deleted.
6. In the USP Reference Standards section, the name of USP Glyceryl Monocaprylocaprate
RS is changed to USP Glyceryl Mono and Dicaprylocaprate RS.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: P. Zhang.)
Correspondence Number—C202726
Comment deadline: November 30, 2018
Glyceryl Monocaprylocaprate
Add the following:
Any article currently titled Glyceryl Monocaprylocaprate Type I will be officially titled
Glyceryl Mono and Dicaprylocaprate after December 1, 2024. Any article currently titled
Glyceryl Monocaprylocaprate Type II will be officially titled Glyceryl Monocaprylocaprate
after December 1, 2024. 2S (NF37)
Change to read:

C11 H22 O4 C13 H26 O4
Octanoic acid, monoester with 1,2,3-propanetriol and decanoic acid, monoester with 1,2,3propanetriol;
Caprylic acid monoglyceride and capric acid monoglyceride;
Glyceryl monooctanoate and glyceryl monodecanoate;
Monoglycerides, C8-10
C8-10 monoglycerides[91052-46-9]. 2S (NF37)
DEFINITION
Change to read:
Glyceryl Monocaprylocaprate is a mixture of glyceryl monoesters, mainly mono-Ooctanoylglycerol and mono-O-decanoylglycerol, containing variable quantities of diesters and
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triesters of fatty acids composed predominately of caprylic acid and capric acid. The
requirements for monoester, diester, and triester content differ for the two types of Glyceryl
Monocaprylocaprate, as set forth in the table:
Content of Monoesters
(%)
Type I
Type II

Min.
40.0
75.1

Max.
75.0
—

Content of
Diesters
(%)
Min.
20.0
—

Max.
50.0
24.9

Content of
Triesters
(%)
Min.
—
—

Max.
15.0
5.0

The requirements for monoester, diester, and triester content are: Monoesters: NLT 75.1%;
Diesters: NMT 24.9%; and Triesters: NMT 5.0%. 2S (NF37)
IDENTIFICATION
• A. Fatty Acid Composition
Boron trifluoride methanol solution: 140 mg/mL of boron trifluoride in methanol
Saturated sodium chloride solution: Mix 1 part sodium chloride with 2 parts water, shake
from time to time, and allow to stand. Before use, decant the solution from any
undissolved substance and filter, if necessary.
Standard solution 1: 1.0 mg/mL of USP Methyl Caproate RS, 1.0 mg/mL of USP Methyl
Caprylate RS, and 2.0 mg/mL of USP Methyl Caprate RS in n-heptane
Standard solution 2: 0.1 mg/mL of USP Methyl Caproate RS, 0.1 mg/mL of USP Methyl
Caprylate RS, and 0.2 mg/mL of USP Methyl Caprate RS in n-heptane, diluted from
Standard solution 1
Standard solution 3: Prepare an ester mixture either by mixing a commercially available
ester mixture with methyl caprylate and methyl caprate, or by using USP Methyl Caproate
RS, USP Methyl Caprylate RS, USP Methyl Caprate RS, USP Methyl Laurate RS, and USP
Methyl Myristate RS. Dissolve a quantity of the prepared ester mixture containing methyl
caproate, methyl caprylate, methyl caprate, methyl laurate, and methyl myristate in nheptane to make a solution of about 5.0–9.0 mg/mL for methyl caprylate, 1.0–5.0 mg/mL
for methyl caprate, and 0.1–0.3 mg/mL for each of the other methyl esters.
Sample solution: Transfer 100 mg of Glyceryl Monocaprylocaprate to a 25-mL conical flask
fitted with a suitable water-cooled reflux condenser and a magnetic stir bar. Add 2 mL of
a 20-mg/mL solution of sodium hydroxide in methanol, mix, and reflux for about 30 min.
Add 2 mL of Boron trifluoride methanol solution through the condenser and reflux for
about 30 min. Add 4 mL of n-heptane through the condenser and reflux for 5 min. Cool,
remove the condenser, add about 10 mL of Saturated sodium chloride solution, shake,
add a quantity of Saturated sodium chloride solution to bring the upper layer up to the
neck of the flask, and allow the layers to separate. Collect 2 mL of the n-heptane layer
(upper layer), wash with three quantities each of 2 mL of water, and dry the n-heptane
phase over anhydrous sodium sulfate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m capillary; bonded with a 1.0-µm layer of phase G16
Temperatures
Injection port: 250°
Detector: 250°
Column: See Table 1.
Table 1
Initial
Temperature
(°)
50
180

Temperature
Ramp
(°/min)
20
9

Final
Temperature
(°)
180
240

Hold Time
at Final
Temperature
(min)
—
12

Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 2 µL
Injection type: Split injection; split ratio, 4:1
System suitability
Samples: Standard solution 1 and Standard solution 2
[Note—The relative retention times for methyl caproate, methyl caprylate, and methyl
caprate are about 0.7, 1.0, and 1.3, respectively.]
Suitability requirements
Resolution: NLT 4.0 between the methyl caprylate and methyl caprate peaks, Standard
solution 1
Signal-to-noise ratio: NLT 10 for the methyl caproate peak, Standard solution 2
Analysis
Samples: Standard solution 3 and Sample solution
Measure the peak areas for the methyl esters of the fatty acids. Disregard any peaks with
an area less than 0.05% of the total area and any peak due to the solvent. [Note—The
relative retention times for several methyl esters are summarized in Table 2.]
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Table 2
Carbon-Chain
Length
6
8
10
12
14

Relative
Retention
Times
0.7
1.0
1.3
1.6
1.9

Number
of Double Bonds
0
0
0
0
0

Take the main component in Standard solution 3 as a reference component and calculate
the calibration factor, F FA, for each fatty acid methyl ester:
F FA = (F MC × PFA1 × AMC)/(PMC × AFA1)
F MC = factor for the main component, 1
PFA1 = percentage by weight of the fatty acid methyl ester in Standard solution 3
AMC = peak area of the main component from Standard solution 3
PMC = percentage by weight of the main component in Standard solution 3
AFA1 = peak area of the fatty acid methyl ester from Standard solution 3
Calculate the percentage of the fatty acid methyl ester by weight in the portion of Glyceryl
Monocaprylocaprate taken:
Result = [(AFA2 × F FA)/AT] × 100
AFA2 = peak area of the fatty acid methyl ester from the Sample solution
AT = sum of the peak areas of the fatty acid methyl esters from the Sample solution
Acceptance criteria: Glyceryl Monocaprylocaprate exhibits the composition profile of fatty
acids shown in Table 3.
Carbon-Chain
Length
6
8
10
12
14

Table 3
Number
of Double Bonds
0
0
0
0
0

Percentage
(%, w/w)
≤3.0
50.0–90.0
10.0–50.0
≤3.0
≤1.0

• B. Glyceride Content: It meets the requirements of the test for Content of Monoglycerides,
Diglycerides, and Triglycerides in the Assay.
Change to read:
• C. Fats and Fixed Oils 〈401〉, Procedures, Saponification Value:
Glyceryl Monocaprylocaprate Type I: 250–280
Glyceryl Monocaprylocaprate Type II: 225–255
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2S (NF37)

ASSAY
Change to read:
• Content of Monoglycerides, Diglycerides, and Triglycerides
System suitability solution: 20 mg/mL each of 1-monooctanoyl-rac-glycerol and 1monodecanoyl-rac-glycerol in tetrahydrofuran
Standard solution: 50 mg/mL of USP Glyceryl Monocaprylocaprate RS
USP Glyceryl Mono and Dicaprylocaprate RS 2S (NF37)
in tetrahydrofuran
Sample solution: 50 mg/mL of Glyceryl Monocaprylocaprate in tetrahydrofuran
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 10-m; bonded with a 0.1-µm layer of phase G27
Temperatures
Injection port: 350°
Detector: 370°
Column: See Table 4.
Table 4
Initial
Temperature
(°)
60
60

Temperature
Ramp
(°/min)
—
8

Final
Temperature
(°)
60
340

Hold Time
at Final
Temperature
(min)
3
12

Carrier gas: Helium
Flow rate: 2.3 mL/min
Injection volume: 1 µL
Injection type: Split injection; split ratio, 50:1
System suitability
Samples: System suitability solution and Standard solution
[Note—The typical relative retention times for monoglycerides, diglycerides, and
triglycerides are 1.0–1.2, 1.5–1.9, and 2.0–2.3, respectively, Standard solution.]
Suitability requirements
Resolution: NLT 5.0 between the 1-monooctanoyl-rac-glycerol and 1-monodecanoylrac-glycerol peaks, System suitability solution
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Analysis
Samples: Standard solution and Sample solution
Based on the chromatogram from the Standard solution, identify the peaks due to
monoglycerides, diglycerides, and triglycerides in the Sample solution.
For the calculation of the contents of monoglycerides, diglycerides, and triglycerides,
disregard the peaks with retention times less than those of the monoglycerides, which are
due to impurities of the solvent and to the free fatty acids.
Calculate the percentage content of free fatty acids (CA):
CA = [(IA × F × Mr1)/Mr2] × 100
IA = acid value for Glyceryl Monocaprylocaprate, determined from the test for Acid Value
F = conversion factor, 10−3 g/mg
Mr1 = molecular weight of caprylic acid, 144.21 g/mol
Mr2 = molecular weight of potassium hydroxide, 56.11 g/mol
Calculate the percentage of monoglycerides, diglycerides, or triglycerides in the portion of
Glyceryl Monocaprylocaprate taken:
Result = (rU/rT) × [(100 − CA − CW − CG)/100] × 100
rU = peak responses of the monoglycerides, diglycerides, or triglycerides from the Sample
solution
rT = sum of all the glyceride peak responses from the Sample solution
CA = percentage of free fatty acids, determined above
CW = percentage of water, determined from the test for Water Determination
CG = percentage of free glycerin, determined from the test for Limit of Free Glycerol
Acceptance criteria See Table 5.
Table 5
Percentage (%, w/w)
Monoglycerides
Glyceryl
Monocaprylocaprate Type I
Glyceryl
Monocaprylocaprate Type
II
Monoesters: NLT 75.1%
Diesters: NMT 24.9%
Triesters: NMT 5.0% 2S (NF37)
IMPURITIES
• Total Ash
Sample: 1.0 g

Diglycerides

Triglycerides

40.0–75.0

20.0–50.0

≤15.0

≥75.1

≤24.9

≤5.0
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Analysis: Heat a silica or platinum crucible to redness for 30 min, allow to cool in a
desiccator, and weigh. Evenly distribute the Sample in the crucible. Dry at 100°–105° for
1 h and ignite to constant weight in a muffle furnace at 600 ± 25°, allowing the crucible
to cool in a desiccator after each ignition. Flames should not be produced at any time
during the procedure. If after prolonged ignition the ash still contains black particles, take
up with hot water, pass through an ashless filter paper, and ignite the residue and the
filter paper. Combine the filtrate with the ash, carefully evaporate to dryness, and ignite
to constant mass.
Acceptance criteria: NMT 0.5%
• Limit of Free Glycerol
Sample: 1.2 g
Periodic acetic acid solution: Dissolve 0.446 g of sodium periodate in 2.5 mL of a 25%
(v/v) solution of sulfuric acid, and dilute with glacial acetic acid to 100.0 mL.
Potassium iodide solution: 75 mg/mL of potassium iodide
Blank: 25 mL of methylene chloride
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Residual titration
Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 25 mL of methylene chloride. Heat to about 50° and allow
to cool. Add 100 mL of water. Shake and add 25 mL of Periodic acetic acid solution. Shake
again and allow to stand for 30 min. Add 40 mL of Potassium iodide solution and allow to
stand for 1 min. Add 1 mL of starch TS and titrate the liberated iodine with Titrant until
the aqueous phase becomes colorless. Perform a blank determination.
Calculate the percentage of free glycerol in the portion of Glyceryl Monocaprylocaprate
taken:
Result = {[(VB − VS) × N × E × F]/W} × 100
VB = Titrant volume consumed in the Blank titration (mL)
VS = Titrant volume consumed in the Sample titration (mL)
N = actual normality of the Titrant (mEq/mL)
E = equivalent factor for glycerol, 23 mg/mEq
F = conversion factor, 10−3 g/mg
W = weight of Glyceryl Monocaprylocaprate taken for the titration (g)
Acceptance criteria: NMT 3.0%
SPECIFIC TESTS
• Fats and Fixed Oils 〈401〉, Procedures, Acid Value: NMT 3.0
• Fats and Fixed Oils 〈401〉, Procedures, Peroxide Value: NMT 1
• Water Determination 〈921〉, Method I, Method Ia: NMT 1.0%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Protect from moisture.
Delete the following:
• Labeling: Label it to indicate the type (Type I or Type II).
Change to read:
• USP Reference Standards 〈11〉
USP Glyceryl Monocaprylocaprate RS
USP Glyceryl Mono and Dicaprylocaprate RS
USP Methyl Caprate RS
USP Methyl Caproate RS
USP Methyl Caprylate RS
USP Methyl Laurate RS
USP Methyl Myristate RS
Recent Official Publications:
USP41–NF36 Page 5372

2S (NF37)

2S (NF37)
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Stage 2 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Pre-PDG through Stage 5, as defined below). Stage 2
drafts are available for comments. Below are descriptions of the developmental Stages as
defined by the USP, EP, and the JP.
Pre-PDG PDG identifies subjects to be harmonized among PDG pharmacopeias and nominates a
coordinating pharmacopeia (CP) for each subject. The subject can include potential new topics,
as well as revisions to existing topics to the PDG workplan. The Pre-PDG step provides a
pipeline of potential topics/request for revisions to the PDG Work Plan.
New topic: For a subject to be harmonized the CP develops a clear concept written
document, scientific rationale, including stakeholder input, impact and perspective. The
CP will coordinate with the other PDG pharmacopeias, determine impact of local
requirements and barriers to harmonization and utilize technical teleconferences if
needed (limited to three experts per pharmacopeia). PDG decides on an
approve/disapprove decision whether to add a new topic to the PDG workplan and on
the agreed upon timeframe. Subject should be considered for removal after 12 months if
no agreement is reached.
Requests for revision: Following coordination with the Experts from the three
pharmacopeias, PDG decides on an approve/disapprove decision whether to add a
revision to the PDG workplan. Subject should be considered for removal after 12 months
if no agreement is reached.
PDG Approval Once a topic/request for revision is added to the PDG workplan, the three PDG
pharmacopeias strive not to revise their national (regional) text unilaterally, with the
understanding that each pharmacopeia would notify PDG of any required changes to local or
regional text stemming from regulations and policy that will have impact on the harmonized text
moving forward.
Stage 1: Preparation of First Draft Upon PDG approval to add the topic/request for revision
to the workplan, the CP prepares and forwards the Stage 1 draft and supporting data to PDG
for pharmacopeial expert committee review/comment within the timeframe as proposed in the
Concept Paper. The Stage 1 draft explains the reasons for each test method or limit proposed.
Each pharmacopeia shall provide feedback or rationale through consultation with experts or
governing body within 3 months. The comment period should, however, not exceed 4
months. Each pharmacopeia should consolidate their comments and forward to the CP.
The CP reviews the comments received and makes an initial go/no go decision on whether
the proposed harmonized draft document can move on for public comment/inquiry (Stage 2
draft). If the initial CP decision is “go”, the Stage 2 draft is prepared as close as possible to
“global style”, together with the commentary and sent to the secretariats of the other
pharmacopeias.
The other pharmacopeias commit to providing a response within 1 month whether they can
agree to publish the draft for public comment/inquiry. If all three pharmacopeias agree the
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decision is a “go”, the draft moves forward for public comment/inquiry.
If the decision by one or more pharmacopeias is “no go”, additional teleconferences may be
held (limited to 3 experts per pharmacopeia) to resolve “sticking points”. Ideally, these
teleconferences will be held within 1–2 months of the decision to “no go”. The goal of these
teleconferences will be to either successfully commit to publish a Stage 2 draft, determine
necessary next steps to reach Stage 2 (e.g., obtaining sponsor data, development and
validation of analytical methods, etc.), or remove the topic from the PDG workplan.
Stage 2: Official Inquiry The Stage 2 draft and the commentary are published in the
respective fora of each pharmacopeia. The draft proposal is published in its entirety. The style
may be adapted to that of the individual pharmacopeia concerned or the “global style” may be
used. The three pharmacopeias commit to publish the drafts simultaneously or as closely as
possible.
The corresponding secretariats may have to add information needed for the understanding of
implementation of the texts, e.g., the addition of the description of an analytical procedure
or of reagents that do not exist in the pharmacopeia and a translation is added by the
European and Japanese Pharmacopoeias.
Each pharmacopeia analyses the comments received and submits its consolidated comments
to the CP within 2 months of the end of the review/comment period.
The CP reviews the comments received. If the comments received during the public
comment/inquiry stage are significant enough to preclude a reasonable chance to reach
consensus at Stage 3, the CP will determine the appropriate course of action, with
consultation of the other PDG pharmacopeias. Otherwise, the CP prepares a draft
harmonized document (Stage 3A draft) accompanied by a commentary discussing comments
received regarding the previous text and providing reasons for action taken in response to
those comments. When residual differences are anticipated for sign-off, the Stage 3A draft
includes a draft of the sign-off cover sheet (see below).
The Stage 3A draft together with the commentary is sent to the other two PDG
pharmacopeias.
Stage 3: Consensus
A. Provisional The Stage 3A draft is reviewed and commented on by the other two PDG
pharmacopeias within 2 months of receipt. The three pharmacopeias shall do their utmost to
reach full agreement already at this stage with a view to reaching a final consensus document.
If a consensus has not been reached, the CP prepares a pharmacopeia teleconference within 2
months to discuss remaining residual differences brought up through the public comment/inquiry
period. The purpose of the pharmacopeia teleconference is to make decisions on the remaining
differences and whether they can be resolved, assigned as non-harmonized attributes or local
requirements, if re-publication is necessary at Stage 2, or in extreme circumstances, remove
from the workplan.
If harmonization by attributes/provisions is applied, a special sign-off cover sheet (see
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Appendixes 1 and 2) indicating harmonization is included with the draft. The text contains only
harmonized attributes/provisions; nonharmonized attributes/provisions and local requirements
are not included. The table is prepared as follows:
Three pharmacopeias agree on the attribute/provision: “+” in all columns
Two pharmacopeias agree that the attribute/provision should be included and have
agreed on the method and limit: “+” in the column for those two pharmacopeias, “–” in
the column for the pharmacopeia that will not stipulate the test
Three pharmacopeias agree that the attribute/provision should be included but have not
come to an agreement on the method and/or limit: state attribute/provision under
“Nonharmonized attributes/provisions”
One pharmacopeia only will include an attribute/provision: state under “Local
requirement”.
The CP collects information about needs for amendments (local requirements) corresponding to a
general policy in the national or regional (European) area. Local requirements, if needed, will be
listed on the sign-off cover sheet.
B. Draft Sign-Off When full agreement is reached, the Stage 3B draft is sent by the CP to
the other pharmacopeias no later than 4 weeks before a PDG meeting for final confirmation.
Sign-off on Stage 3B can occur either electronically via email, by mail, or during the PDG
meeting.
Stage 4: Regional Adoption and Implementation Stage 4 takes place individually according
to the procedures established by each pharmacopeial organization.
A. Adoption and Publication The document is submitted for adoption to the organization
responsible for each pharmacopeia. Each pharmacopeia incorporates the harmonized draft
according to its own procedure.
If a pharmacopeia needs to include a local requirement after the sign-off of a text, it will submit
a proposed revision of the sign-off cover sheet to PDG. This can be done electronically or at
the PDG meeting.
B. Implementation The pharmacopeias will inform each other of the date of implementation in
the particular region.
The date of implementation of a harmonized document varies in the three PDG regions depending
on their legal requirements, need of translation, and publication schedules. Each pharmacopeia
generally allows some period of time after publication for implementation, to allow
manufacturers and other users to achieve conformity.
C. Indication of Harmonization Each pharmacopeia will introduce a statement indicating the
harmonization status according to the policy of the pharmacopeia. In case of residual
differences, these are indicated by specific symbols (black diamonds indicate nonharmonized
attributes/provisions, white diamonds indicate local requirements). The residual differences all
correspond to differences that have been agreed upon by PDG, via the sign-off cover sheet.
Stage 5: Inter-regional Acceptance (for chapters previously evaluated by ICH Q4B for
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Regulatory Interchangeability) 16 chapters were evaluated by the ICH Q4B Expert Working
Group. Following the Q4B evaluation process, a formal notification of regulatory acceptance
was posted on the ICH website.
A topic-specific annex to the Q4B guideline for each monograph or chapter concerned is
processed for publishing and implementation by each regional authority.
Revision Procedure for the revision of harmonized monographs and chapters.
The pharmacopeias participating in PDG have agreed not to revise unilaterally any harmonized
document (monograph or chapter) after sign-off or after publication.
Criteria for justification of revision may include but is not limited to:
Public health and safety reasons.
Insufficient supply of pharmacopeial quality product on the market.
Specified analytical reagents or equipment are not available.
New methods of preparation of product/reagent are not covered by the current
monograph.
Analytical methods can be replaced by more appropriate/accurate/precise methods.
New technologies that are suitable to be included in the pharmacopeias.
A pharmacopeia requesting the revision of a monograph or chapter shall provide PDG with a
formal request including a rationale for revision and appropriate supportive data.
The process for revisions will follow the Working Procedure of the PDG as described above
under “Pre-PDG”. The revisions of a sign-off document prepared for this or other reasons
are indicated as revision 1, 2, 3, etc., for the sake of consistency.
Whenever agreed by the PDG, an expedited procedure may be applied. In certain
circumstances where appropriately justified, the expedited procedure would result in a
revision reverting to Stage 3A as opposed to Stage 1. In these instances, a pharmacopeia
requesting the revision of a monograph or chapter using the expedited procedure will submit
a formal request for revision, including, in addition to the information supplied in the normal
revision process, a justification for recommending the expedited procedure. Agreement by
PDG to the expedited procedure will be handled on a case-by-case basis. After agreement
by PDG to proceed with the revision, the CP may proceed directly with the elaboration of a
Stage 3A draft.
The PDG as a whole instead of a pharmacopeia may also request a revision.
Revisions to already harmonized chapters can be introduced as national text if, after
consultation with all the parties, there is no consensus for the revision. An assessment of
the harmonization status is conducted which may result in suppression in the workplan.
Correction of a Sign-off Text Any pharmacopeia which has identified an error in a sign-off
text may submit a request for correction to PDG together with appropriate justification. A cover
sheet (see Appendix 3) is prepared by the pharmacopeia requesting the correction, together
with appropriate justification. The cover sheet includes the name and code of the general
chapter or monograph, the date of the sign-off and the description of the correction. After
confirmation by PDG, the cover sheet is signed-off at the PDG meeting. When needed for clarity
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purposes, a full text including the correction is to be signed-off together with the cover sheet.
Correction of a Sign-off Cover Sheet Any pharmacopeia which has identified a need for
addition of a new local requirement or a correction of a local requirement/nonharmonized
attribute already included in a previously signed-off cover sheet will inform PDG accordingly,
together with appropriate justification. When needed for clarity purposes, the pharmacopeia
provides PDG with a full text including the new/corrected local requirement/nonharmonized
attribute or with the published local text, if available. A corrected cover sheet (see Appendix 4)
is prepared by the pharmacopeia requesting the correction. The cover sheet includes the name
and code of the general chapter or monograph, the date of the sign-off and the description of
the new/corrected local requirement/nonharmonized attribute with tracked changes. After
agreement by PDG that this is a local requirement/nonharmonized attribute, only the corrected
cover sheet is signed-off at the PDG meeting.

PF 44(5): Sep.-Oct. 2018

1085

STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
reports or statements of Expert Committees
original research reports
evaluations of new and existing pharmacopeial methods
commentaries
articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
INSTRUCTIONS TO AUTHORS
Contributions in the form of original research reports, evaluations of new and existing
compendial methods, and other commentaries and articles relevant to drug standards or to
USP–NF revision will be considered for publication in Pharmacopeial Forum under the section
Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that
they have not been published previously in any language or medium and that they are not
simultaneously under consideration by any other publication. All manuscripts are subject to
review by USP headquarters staff, Committee members, or qualified outside referees, and if
accepted for publication they will be subject to editing by USP staff. Accepted manuscripts
become the property of the USP Convention (USPC) and may not be subsequently published
elsewhere without written permission from the USPC. Authors are also responsible for obtaining
permission for reprinting any illustrations that have been published elsewhere.
Abstract—Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References—Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright—Copyright transfer documents will be sent to authors after manuscripts have been
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accepted for publication.
Disclosure of Potential Conflicts of Interest—Maintaining independence and impartiality are
critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/ethics
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/conflicts-of-interest/
Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions—Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Acceptance Sampling Strategies Applied to USP 〈790〉 Visible Particulates in Injections
Richard K. Burdick,a Lynne B. Hare,b Steven L. Walfishc,d
ABSTRACT
This article describes alternative sampling plans that can be used to meet the requirements
of Visible Particulates in Injections 〈790〉. It is based on establishing both acceptable quality
levels (AQL) and rejectable quality levels (RQL) leading to smaller sample sizes than proposed in
ANSI/ASQ Z1.4 or ISO 2859-1. The objectives of this Stimuli article are to initiate discussions
around sampling plans and risk management for both the manufacturer and consumer of
biological and other sterile products.
INTRODUCTION
Visible Particulates in Injections 〈790〉 (1) defines the procedure for visually inspecting
representative units of a drug product batch for the presence of particulate matter. Successful
completion of a recommended sampling procedure after 100% inspection during the
manufacturing process provides evidence that a batch of injectable drug product (DP) is
“essentially free of visible particulates”. The chapter recommends sampling at batch release
after 100% inspection using ANSI/ASQ Z1.4 or ISO 2859–1, General Inspection Level II, single
sampling plans for normal inspection with an AQL of 0.65%. The chapter also notes “alternative
sampling plans with equivalent or better protection are acceptable”. Additional technical details
and discussion are provided in Visual Inspection of Injections 〈1790〉 (2).
The objective of this paper is to provide more background on the application of ANSI/ASQ
Z1.4 and to propose an “alternative sampling plan” as allowed by 〈790〉 based on alternative
criteria to those employed in ANSI/ASQ. The paper first provides background on acceptance
sampling as discussed in 〈790〉.
BACKGROUND
Modern day manufacturing processes of biological and other sterile products often deploy an
automated visual inspection machine to identify filled vials containing visible particulates during
production. Typically, this 100% sampling scheme is followed by another round of manual visual
inspection with human eyes based on only a sample of items. Chapter 〈790〉 provides guidance
on selecting an acceptance sampling plan for gathering this sample.
An acceptance sampling plan consists of a sampling design and a set of rules for making a
decision based on the resulting sample. For example, a sampling design could be to select n=80
DP units (vials) at random from a lot after 100% automated inspection. Chapter 〈790〉 states
that in order for the lot to meet the quality standard of being “essentially free of visible
particulates”, the number of vials in the sample size (n), that contain a visible particulate can
be no greater than a specified number of vials, say a.
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π

Let the Greek letter represent the true, yet unknown percentage of vials in a lot that
contains visible particulates. Thus, defines the quality of a lot as it relates to absence of
visible particulates. Lots with lesser values of have better quality than lots with greater
values of . One desires to accept a lot when is acceptably low, and reject a lot when the
value of is unacceptably high.

ππ

π π
π

π
π

Acceptable quality level (AQL) is a defined value of that should have a “high” probability
(100(1- α)%) of being accepted as a lot “essentially free of visible particulates”.
Rejectable quality level (RQL) is a defined value of (greater than the AQL) that should have
a “low” probability (100β%) of being accepted as a lot “essentially free of visible particulates”.
(RQL is also sometimes referred to as lot tolerance percent defective, or LTPD).
Chapter 〈790〉 calls for AQL=0.65% and defines a “high” probability as 95% (α=0.05). An
alternative strategy based on consideration of RQL and β is described in this paper.
The fundamental tool for selecting a sampling plan is the operating characteristic (OC) curve.
An OC curve is a bi–variate graph with probability of accepting a lot on the vertical axis and
the percentage of vials in the lot with visible particulates on the horizontal axis. In this
context, acceptance of a lot is taken to mean it can be labeled as “essentially free of visible
particulates”. Figure 1 provides an example of an OC curve for a sampling plan in which a
sample of n=80 DP units is selected at random from a lot. The decision rule is to accept the lot
if the number of sampled vials with visible particulates is no greater than a=1.

Figure 1. Example of OC curve.
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Figure 1 shows a vertical line drawn for a lot that has =0.65% of the vials with visible
particulates. The value on the vertical axis where the vertical line crosses the OC curve is
0.90=90%. This means that if the true percentage of defective vials in the lot is 0.65%, there
is a 90% probability that no more than a=1 vial with visible particulates will be captured in the
sample, and that the lot can be “accepted”.
The ANSI/ASQ Z1.4 approach described in 〈790〉 starts by defining an AQL of 0.65%. The
ANSI/ASQ procedure then determines the sample size (n) based on the size of the lot. The RQL
is simply an uncontrolled byproduct of this selection process.
As an alternative scheme, one may wish to define RQL as opposed to AQL. RQL is the
greatest value of that is acceptable for releasing product to patients. The probability of
releasing a lot with a greater percentage of unacceptable units than RQL is 100β%.

Π

The next section of this paper describes methods for computing the probabilities shown on
the OC curve. Next, a high-level description of ANSI/ASQ Z1.4 is provided. This description
includes a history of the development of this approach and its intended use. In the final
section, an approach for determining a sampling plan based on defined values for RQL and
100β% is presented.
CALCULATION OF THE OC CURVE
Calculations used to determine the probabilities shown on the vertical axis of the OC curve
are based on either the hypergeometric or the binomial probability distribution. If the sample
size (n) is less than 10% of the total lot size, the binomial distribution is adequate for
performing the calculations. Less often, the sample size exceeds 10% of the lot size, and then
the hypergeometric probability density is used to perform calculations.
Assuming the binomial model, the probability of accepting a lot for the plan (n, a) when the
true lot percentage of vials with visible particulates is is

π

where n!=n×(n-1)×(n-2)×…×1 represents the factorial notation. Background on this probability
model and its application to acceptance sampling is provided by Schilling and Neubauer (3).

π

To demonstrate, assume the percentage of vials in a lot with visible particulates is =0.65%
and a sampling plan calls for n=80 vials. The lot will be accepted as being “essentially free of
visible particulates” if the number of sampled vials with visible particulates is no greater than
a=1. The computed probability of passing the sampled lot is
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This calculation is made using Excel with the formula “=BINOMDIST(1,80,0.0065,1)”.
HISTORY AND INTENDED APPLICATIONS FOR ANSI/ASQ Z1.4
Acceptance sampling procedures were developed during the early 1920s at Western Electric
Company and later formalized at Bell Telephone Laboratories where terms like producer’s risk
and consumer’s risk were established. Later, during World War II, sampling plans such as MIL–
STD–105, were developed by Harold F. Dodge and others working with the Army Quartermaster
Corps (4).
Two special features were employed in order to gain agreement with the large body of
military suppliers. One was the use of the AQL as opposed to the RQL in presenting the plans.
The goal at the time was to focus on rewarding suppliers for production whose quality levels
were considered good. RQLs were recognized but not often brought to the surface during
discussions. Also, at that time, the term “AQL” was deliberately vague or inexact. It was a
close approximation, not an exact probability statement.
The other feature was the practice of increasing sample sizes with increased lot sizes. As
noted in Calculation of the OC Curve, in most situations, the lot size does not factor in plan
construction (see Equation 1). For many, however, this lacks intuitive appeal. Therefore, in the
development of MIL–STD–105 and its derivatives, a deliberate increase in sample sizes for
higher lot sizes was introduced, with corresponding increases in acceptance numbers for similar
AQLs. Clearly, this practice resulted in over-sampling and consequent increased inspection
costs. Government operatives believed that the increased sampling cost was of small
consequence relative to the power to persuade.
The resulting plans became frequently used as standards for the military and private sector,
alike. In 1995, the MIL–STD was obsoleted and replaced with ANSI/ASQ Z1.4. The ANSI/ASQ
standard states that “Sampling Procedures and Tables for Inspection by Attributes is an
acceptance sampling system to be used with switching rules on a continuing stream of lots for
the AQLs specified. It provides tightened, normal, and reduced plans to be applied for
attributes inspection for percent nonconforming or nonconformities per 100 units”. Many
parenteral drug producers do not incorporate the reduced aspect, as it may not provide
sufficient sensitivity to pick up low levels of probabilistic particulate matter. Chapter 〈790〉 does
not employ the switching rules nor does it suggest a continuous stream of lots which the ANSI
Z1.4 standard is based, so the intention of the standard is not harmonized with the intention of
〈790〉. A major deficiency with the ANSI/ASQ standard is the indexing of the tables by AQL,
which is considered the manufacturer risk, while the RQL is the consumer risk and is more
applicable from a risk management perspective. The indexing of the ANSI/ASQ standard by AQL
is driven by the need to quantify the manufacturer risks. The standard states, “This standard is
intended to be used as a system employing tightened, normal, and reduced inspection on a
continuing series of lots to achieve consumer protection while assuring the producer that
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acceptance will occur most of the time if quality is better than the AQL.”
During the 1950s and '60s, and increasingly beyond, the use of acceptance sampling plans
waned in favor of building quality into products. Statistical Quality Control morphed into
Statistical Process Control, Process Re–engineering, Total Quality Management, and onto Lean
Six Sigma, spilling into business sectors beyond manufacturing and encompassing all aspects of
organizational management. The acceptance sampling technology, well preserved by Schilling
and Neubauer (3), persists in usefulness, however, the frequency of application has diminished.
Those organizations needing final degrees of assurance in cases such as this are encouraged to
embrace the technology with the caveat that the more modern focus is on consumer, not
producer. Therefore, newly developed plans should-focus on the risk to consumers, the RQL to
evaluate the alternate to the AQL.
APPLYING ANSI UNDER 〈790〉
Chapter 〈790〉 suggests development of a sampling design using General Inspection Level II,
single sampling plans for normal inspection with an AQL of 0.65%. Table 1 reports two sample
designs based on this strategy. The RQL values are computed assuming the switching rules are
not applied and can be found in ANSI Table X–M–1 for the 20,000 batch size and Table X–N–1
for the 50,000 batch size.
Table 1. Sampling Designs Using ANSI as Directed by 〈790〉
α
Batch Size
n
RQL with β=0.10
RQL with β=0.05
20,000 (Code M) 315
5
2.94%
3.34%
50,000 (Code N)
500
7
2.35%
2.63%
SAMPLING PLANS BASED DIRECTLY ON RQL
As an alternative to the ANSI approach, consider selection of a sampling design given values
of RQL and β. Use Equation 1 to perform calculations, select a value for a, and increase n to
the smallest integer such that

For a=0, the value for n is the smallest integer greater than

The resulting value of AQL is then determined by solving for AQL in
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for the values of a and n obtained from Equation 3 , and a desired value of α. For a=0,

If the value of AQL is lower than desired by the manufacturer, a must be increased, and then n
is systematically increased to ensure that Equation 3 is satisfied. This iterative procedure can
be followed until the desired AQL is obtained. Calculations of Equation 3 and Equation 5 are
simply performed using the “Solver” tool in Excel. Table 2 shows possible values of a, n, and
AQL when RQL=2.35%, β=0.10, and α=0.05 using this procedure.
Table 2. Three Possible Sampling Plans with RQL=2.35%
α
n
AQL
0
97
0.05%
1
165 0.22%
2
225 0.36%
All of the designs in Table 2 offer the same or lower RQL values as the sample of n=500 in
Table 1 (RQL=2.35% with risk β=0.10) while requiring smaller sample sizes. Additionally, because
the formulas used to compute Table 2 do not depend on batch size, it is possible for the
manufacturer to employ a zero acceptance sampling plan if so desired (a=0). The AQL of 0.65%
in Table 1 is greater than the AQL values in Table 2. Greater values of AQL can be viewed as
beneficial to the manufacturer because they provide a greater assurance of releasing a lot with
a low value of . As noted above, Equation 3 and Equation 5 can be used if the manufacturer
desires to satisfy both RQL and AQL targets.

π

There is one other relationship of interest. If a sample of size n contains exactly 1 vial with
visible particulates, the estimator for and the “upper confidence bound on” are the RQL.
Consider the second design in Table 2 where n=165 and α=1. A 100(1−β)=90% upper bound on
if a sample of n=165 vials contains exactly a=1 vial with visible particulates is the RQL,
2.35%, based on the binomial distribution. In words, the RQL can be interpreted as the “worst
case” estimate for lot quality that will be released to patients with the given acceptable risk
defined by β.

π
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Pharmacopeial Forum's Public Review and Comment Process

This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP website). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP website.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.
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Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP website (http://www.usp.org/getinvolved/donate/submission-guidelines). Note that the Expert Committee listing and the
Scientific Staff Directory also are located on the USP website (see below for links).
Proposed and Adopted Revisions to the USP–NF
Section
Content
How Readers Can Respond
Proposed
Proposals for Interim
Review material and send comments within
Interim
Revision Announcements
90 days of the PF publication in which the
Revision
(IRAs) that will be
standard was proposed (or per the
Announcements published as official USP
comment deadline listed in the Briefing
or NF standards
section). Direct comments to the USP
BRIEFING: Scientific
Scientific Liaison using the contact
rationale for proposed
information provided at the end of each
changes. May include
Proposed IRA
other information useful
to the analyst, such as
the brand name of the
column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph
or general chapter.
In-Process
Proposals for standards
Review material and send comments within
Revision
that will be published as
90 days of the PF publication in which the
official in a future USP–
revision was proposed (or per the
NF book or Supplement.
comment deadline listed in the Briefing
section). Direct comments to the USP
BRIEFING: Scientific
Scientific Liaison using the contact
rationale for
information provided at the end of each
proposed changes.
proposed revision. For general inquiries or
May include other
in cases where a Scientific Liaison is not
information useful to
identified, use the general USP telephone
the analyst, such as
number 301-881-0666 or fax number 301the brand name of
998-6839 or stdsmonographs@usp.org.
the column used in
developing the
proposed procedure
and the USP Expert
Committee and USP
Scientific Liaisons
who handle the
monograph or general
chapter.
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Section
Stage 2
Harmonization
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Content
Revision proposals from
the Pharmacopoeial
Discussion Group (PDG),
which comprises the
European
Pharmacopoeia, the
Japanese
Pharmacopoeia, and
USP. The Stage 2 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The
draft is published in its
entirety.

How Readers Can Respond
Review material and provide comments to
the USP Scientific Liaison using the
contact information provided at the end of
each Stage 2 Harmonization.

BRIEFING: Scientific
rationale for the
potential inclusion or
change or for the
proposed change.
Stimuli to the
Revision
Process

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

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

Other Sections
Expert Committees
A listing of the 2015–2020 Expert Committees that work on the development of USP
compendial standards (http://www.usp.org/expert-committees)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards (http://www.usp.org/help/scientificsupport/standards-development-staff)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.uspnf.com/pharmacopeial-forum for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's website.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example: new text Where the symbols appear together with no enclosed
text, such as
, it means that text has been deleted and no new text was proposed to
replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the
date the proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, (2) modifications of
revisions previously proposed under In-Process Revision, or (3) proposed revisions for articles
awaiting approval by FDA. Readers should review material in this section and provide comments
to the Scientific Liaison using the contact information appearing at the end of each proposal.
Information on how to comment can be found under the “Participation” section of
www.usp.org. It is important to send comments promptly, before the comment deadline listed
after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text: new text if slated for an IRA; new text if slated for USP–NF; new
text if slated for a Supplement to USP–NF; new text for articles awaiting approval by
FDA. The same symbols indicate recent revisions that are already official. Where the symbols
appear together with no enclosed text, such as

, or

, or

, or

, it means that
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text has been deleted and no new text was proposed to replace it.
In revisions, the closing symbol is accompanied by an identifier that indicates the particular IRA,
Supplement, or the USP or NF as the publication where the revision will appear if approved. For
example, 2S (USP 34) indicates that the proposed revision is slated for the Second Supplement
to USP 34, and USP35 and NF30 indicates that the revisions are proposed for USP 35 and NF
30, respectively. In the case of revisions for articles awaiting approval by FDA, the symbols are
followed by TBD indicating that the official publication is To Be Determined. For example, (TBD)
does not yet have a target official publication.
Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING

〈 432〉 Determination of Zeta Potential by Electrophoretic Light Scattering. The USP
General Chapters—Physical Analysis Expert Committee is proposing this new general chapter to
address the needs of the pharmaceutical industry for the standardization of the technology for
zeta potential determination. This chapter covers the mandatory requirements for successfully
performing the zeta potential determination test, including instrumentation calibration and
verification, proper method validation, and sample preparation.
(GCPA: E. Biba.)
Correspondence Number—C201890
Comment deadline: January 31, 2019
Add the following:

〈 432〉 DETERMINATION OF ZETA POTENTIAL BY ELECTROPHORETIC LIGHT SCATTERING
INTRODUCTION
The zeta potential determination test method is based on the International Organization for
Standardization (ISO) 13099-2:2012, Colloidal systems—Methods for zeta-potential
determination—Part 2: Optical methods, as well as the scientific and technological
developments that followed.
Zeta potential, denoted by the Greek letter ζ (hence the name), is a physicochemical
characteristic of colloidal systems (suspensions and emulsions) that describes the electric
potential at the interfacial double layer. It is expressed in units of millivolts (mV). Zeta potential
is often used to infer surface properties and to assess colloidal stability. Zeta potential cannot
be directly measured but may be derived from experimentally measurable properties, including
electroacoustic, electrokinetic, and electrophoretic phenomena.
This chapter provides procedures for the measurement of electrophoretic mobility based on
light scattering phenomena, method development, and control of instrument performance. It
does not address specific requirements of zeta potential measurement or the acceptance value
for particular products.
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PRINCIPLE
A representative sample dispersed at an adequate concentration in a suitable liquid is placed
in a cell that has a pair of electrodes that are used to apply an electrical potential. The cell is
illuminated by a beam of monochromatic light, usually generated by a laser. Although cell
configuration can vary considerably, typically cells consist either of a cylindrical or rectangular
capillary with electrodes at both ends, a cuvette, or another type of vessel into which a pair of
electrodes are inserted at a known fixed distance. Because of the applied electric potential, the
particles that bear a net electric charge are attracted toward the opposite sign electrode (this
process is known as electrophoresis). In the case of charged capillary walls, the liquid stream
flows along the capillary wall and the process is known as electroosmosis. The overall
movement of particles in the cell is the result of both processes. The electrophoretic light
scattering technique uses a photoelectric detector to measure the Doppler shift, which is used
to determine the velocity of particles at a specific position. These frequency shifts are
transformed, using an appropriate optical model and algorithms (e.g., autocorrelation function)
to determine the velocity and direction of particle movement from which the electrophoretic
mobility (µ) is calculated. Zeta potential is derived from the electrophoretic mobility using the
Smoluchowski equation or Hückel equation for large or small particles, respectively.
For discussion of the theory and principles of measurements, see Analytical Methodologies
Based on Scattering Phenomena—Electrophoretic Light Scattering (Determination of Zeta
Potential) 〈1430.4〉, which is a helpful, but not mandatory, resource.
INSTRUMENT
The instrument should be located in an environment free of dust, electrical noise, vibrations,
temperature fluctuations, humidity, and direct light. The instrument should contain a rigid
internal optical system fixed on a bench with a vibration damp setup and should be installed on
a rigid table or bench.
An example of a setup of a zeta potential instrument is given in Analytical Methodologies
Based on Scattering Phenomena—Electrophoretic Light Scattering (Determination of Zeta
Potential) 〈1430.4〉, Figure 1. Other possibilities for optical arrangements are shown in 〈1430.4〉,
Figure 2.
As shown in those figures, a typical zeta potential measurement instrument is comprised of
the following components:
1. A sample cell to contain the test suspension between two electrodes so that an electric
field can be applied
2. A suitable laser to illuminate the particles within the sample
3. A suitable detector to capture the scattered light and Doppler shifts in the scattered
light when the electric field is applied
4. A software and computer system to process the collected scattering data and compute
the mobility and zeta potential using appropriate models and algorithms
Typically, the Doppler shifts that occur during electrophoresis are quite small (ranging from a
few to several hundred Hertz) and cannot be measured directly. To overcome this issue,
interferometers are used to combine light that is frequency shifted by the sample with a
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reference beam. When the scattered light and the reference beam interfere, the result is a
beat. The frequency of the beat is the frequency difference between the two underlying
beams, which is the Doppler shift induced by the particles.
In practice, however, a simple interferometer cannot determine the sign of the Doppler shift
and thus cannot determine the sign of the zeta potential. The measured beat frequency is
always positive, whether the Doppler shift is positive or negative.
To overcome this problem, modern zeta potential instruments use a frequency modulator in
the reference beam. This modulator causes a controlled Doppler shift at the frequency of the
reference light. This means that the measured Doppler shift is the sum of the Doppler shift
induced by the modulator plus the Doppler shift induced by the motion of the particles. Thus,
the use of a frequency modulator enables the determination of the sign of the zeta potential.
DEVELOPMENT OF THE METHOD
Sample Considerations—Effect of Physicochemical Parameters of the Colloidal System
on the Zeta Potential
PH
Change of the dispersion liquid’s pH directly affects the zeta potential. When the pH changes,
the ion concentration changes, and it affects the double layer on the surface of the particles.
This, in turn, changes the electrophoretic mobility and the resulting zeta potential.
CONDUCTIVITY
A minimum conductivity of the medium is required for the application of the electric field
without inducing electrode polarization. It is recommended to use a 10 mM saline or similar
media. High conductivity media may result in increased Joule–Thomson heating and thus a
reduced voltage should be used. Typically, the conductivity should be within 1–5 mS/cm.
CONCENTRATION RANGE OF THE COLLOIDAL SYSTEM
The effect of the dispersed material concentration on the zeta potential must be evaluated
and the range of a constant zeta potential established (see Determination of the
Concentration Range).
CONCENTRATION OF OTHER ADDED COMPONENTS IN THE SYSTEM
The effects of other system components that need to be part of the colloidal system in a
particular application must be evaluated.
VISCOSITY
As in dynamic light scattering, it is the viscosity of the dispersion medium that is relevant
because particle–particle interactions must not occur. The particles are surrounded only by the
solvent (diluted samples) as stated in ISO 13099-2:2012, Equation 5. The viscosity limit in ISO
13099-2 (8.3.4) is <10 mPa·s. For high concentrations, the viscosity of the base liquid is used
and consideration is given to other factors.
Sample Preparation
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SAMPLE STABILITY CONSIDERATIONS
The following two aspects of sample stability are considered when performing zeta potential
measurements:
1. Based on the nature of the dispersion being tested, the electrodes in the sample cell
and the dispersion itself may change after a zeta potential measurement is performed.
Therefore, when reusing the same sample volume or cell for replicate zeta potential
testing, the data should be reviewed carefully to ensure the measurements are
acceptable. With certain dispersions, a fresh dispersant aliquot may need to be tested
for each replicate measurement.
2. The zeta potential determination of a concentrated dispersion may require further
dilution of the dispersion using a filtered solvent or buffer prior to the measurement in
order to lower the particle concentration and to avoid measurement artifacts due to
multiple scattering or inter-particle interactions. If the diluted dispersion is prepared well
before the measurement, the stability of this diluted dispersion should be evaluated by
measuring the zeta potential over the expected measurement time to ensure that there
is no time dependent behavior on the measured zeta potential. Testing of serial dilutions
bracketing the expected target dilution factor may also be useful.
Determination of the Concentration Range
A reliable measurement requires reaching an acceptable signal-to-noise ratio in the detector.
To achieve this feat, the dispersed material concentration in the colloidal system being
measured must exceed a certain level. Likewise, it must be below a maximum level in order to
avoid multiple scattering and micelle interaction. The concentration range is influenced by the
width of the laser beam, the path length between the electrodes, the optical properties of the
materials, and the sensitivity of the detector. Therefore, measurements must be performed at
different dispersion concentrations to determine the appropriate concentration range for any
specific sample being tested.
Method Validation
Typically, the validity of an analytical procedure is assessed by the evaluation of its
specificity, linearity, range, accuracy, precision, robustness, and quantitation limit (QL) or
detection limit (DL) as needed (see Validation of Compendial Procedures 〈1225〉). In zeta
potential analysis by electrophoretic light scattering, specificity as defined by the International
Council for Harmonisation (ICH) is not applicable because it is not possible to discriminate
different components of a sample. The same holds true for the range, linearity, DL, and QL as
defined in ICH Q2 guidelines and 〈1225〉. Exploring a linear relationship between concentration
and response, or a mathematical model for interpolation, is not applicable to this procedure.
The DL and QL are also not applicable because the concentration range of the method for the
zeta potential measurement represents a different concept from the minimum concentration
above which the property could be detected or quantified.
Rather than evaluating linearity, DL, and DQ, this method requires the definition of a
concentration range and measurement conditions within which the result of the measurements
does not vary significantly. Concentrations below that range produce an error due to a poor
signal-to-noise ratio, while concentrations above that range produce an error due to multiple
scattering and micelle interaction (e.g., flocculation, aggregation). Evaluation of accuracy is
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not applicable to the actual sample but it should be confirmed through an appropriate
verification of instrument calibration using appropriate reference materials (see Verification of
Calibration). Precision may be assessed by means of a repeatability determination and
intermediate precision determination (on different days or with different analysts) using the
same instrument.
The feasible repeatability of the method depends mainly on the characteristics of the material
and dispersing medium, whereas the required repeatability depends on the purpose of the
measurement. Mandatory limits cannot be specified in this chapter, as repeatability (different
sample preparations) may vary appreciably from one substance to another. However, it is good
practice to aim for a variance lower than 10% as acceptance criteria for repeatability and lower
than 15% for the intermediate precision.
The robustness assessment should address the sensitivity of the method to other likely
sources of variation and should establish a set of acceptable measurement conditions (see
Measurement Procedure) and sample considerations (see Sample Considerations—Effect of
Physicochemical Parameters of the Colloidal System on the Zeta Potential).
MEASUREMENT PROCEDURE
Precautions
The instructions provided in the instrument manual should be followed:
Never look into the direct path of the laser beam or its reflections
Check the instrument set-up (e.g., warm-up time, required measuring range and lens
position, angle of analysis, temperature equilibration)
Avoid air bubbles, evaporation of liquid, or other inhomogeneities in the suspension
(emulsion) being tested
Dispersion Liquids
It is critical to ensure that the sample and the sample cell/cuvette are compatible with the
dispersion liquid. The electrophoretic mobility of the sample is dependent on the chemical
characteristics of the dispersion liquid. Specifically, the pH and the ion type and concentration
need to be controlled if the sample is diluted prior to measurement.
Measurement Cell
To avoid contamination, the measurement cell must be thoroughly rinsed prior to and after
the measurement. It is important to control and monitor the temperature of the measurement
cell because the liquid viscosity is a function of temperature and has a significant impact on
the measured results.
Sample Inspection
It is important to visually inspect the sample prior to analysis to check for large particles or
sedimentation, which can negatively impact the results and/or reproducibility.
Preparation
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It is important to avoid changing the electrophoretic mobility of the sample during the sample
preparation process. Many materials such as pipettes, spatulas, or syringes may have ions on
their surface that can contaminate the sample. Disposable plastic materials are recommended if
they are chemically compatible with the sample.
Measurement of the Light Scattering of Dispersed Sample(s)
REPLICATES
The number of replicate measurements (with individual sample preparations) to be performed
depends on the required measurement precision. It is recommended to set this number in a
substance-specific method. Typically, three consecutive measurements are performed.
DATA PROCESSING AND INTERPRETATION
Data processing is done by spectrum analysis, or autocorrelation function, or modulated
Brownian motion power spectrum method.
For a more detailed information on data processing, see Analytical Methodologies Based on
Scattering Phenomena—Electrophoretic Light Scattering (Determination of Zeta Potential)
〈1430.4〉, 5. Data Analysis.
Conversion of Doppler Shifts Into Electrophoretic Mobility
The relationship between observed Doppler frequency shifts of scattered light and
corresponding electrophoretic mobility, µ, is shown in Equation 1 and Equation 2 for a reference
beam optic alignment and cross beam optic alignment, respectively:

Calculation of Zeta Potential
For large solute particles (the hydrodynamic radius is large compared to the thickness of the
electrical double layer), the Smoluchowski equation is used to calculate ζ from µ:
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For small solute particles (the hydrodynamic radius is small compared to the thickness of the
electrical double layer), the Hückel equation is used to calculate ζ from µ:

For more detailed information on these equations, see Analytical Methodologies Based on
Scattering Phenomena—Electrophoretic Light Scattering (Determination of Zeta Potential)
〈1430.4〉, 5. Data Analysis, 5.2 Calculation of Zeta Potential.
CONTROL OF THE INSTRUMENT PERFORMANCE
Use the instrument according to the manufacturer’s instructions and carry out the prescribed
qualifications at an appropriate frequency for the use of the instrument and substances to be
tested.
Verification of Calibration
The method is based on first principles and no calibration is needed. Verification is usually
done with a reference material. There is actually no certified reference material available, and
therefore no independent traceability is possible. In general, it is not necessary to do a
standard measurement each time a sample is being measured. Rather, it is recommended to run
the standard sample “regularly” at predefined intervals.
Qualification of the System
The performance of the instrument must be qualified at regular time intervals or as frequently
as appropriate. This can be achieved using any suitable reference material as mentioned in the
previous paragraph.
The qualification of the system is based on the concept that the equipment, electronics,
software, and analytical operations constitute an integral system, which can be evaluated as
an entity. Thus the entire measurement procedure is examined, including sample collection,
sample dispersion, sample transport through the measuring zone, and the measurement and
deconvolution procedure. It is essential that the total operational procedure is fully described.
An instrument meets the requirement if the coefficient of variation for the mean
electrophoretic mobility values from each measurement for a reference material is less than
10%, provided that the absolute value of the reference material mobility is higher than 2 ×
10−8 m2/V·s. USP43
BRIEFING

〈 784〉 Dropping Point. On the basis of data and comments received, the General Chapters—
Physical Analysis Expert Committee proposes to add this new general test chapter.
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(GCPA: H. Wang.)
Correspondence Number—C191663
Comment deadline: January 31, 2019
Add the following:

〈 784〉 DROPPING POINT
Some materials such as fats, oils, microcrystalline polyethylene, and waxes do not undergo a
sharp solid–liquid phase change when heated and therefore do not have a well-defined
melting point. As their temperature rises, these substances gradually soften or become less
viscous. In this chapter the “dropping point” is defined as the temperature at which the
first drop of the melting test substance falls from a cup under defined conditions.
APPARATUS
The dropping point instrument consists of a control unit with a digital temperature recorder,
matched furnace, sample cartridges, and accessories. An example of this apparatus is
shown in Figure 1.

PF 44(6): Nov.-Dec. 2018

21

Figure 1. Example of a dropping point apparatus.
A—Cup holder
B—Heating block, oven for controlling temperature or matched furnace
C—Light source
D—Light slit
E—Cartridge assembly
F—Heating element
G—Sample cup
H—Photosensor
I—Collector
J—Thermometric device for recording temperature or temperature probe
The apparatus consists of a cartridge assembly and a collector. The cartridge assembly
comprises a sample cup holder and a loosely fixed sample cup. The collector has a
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horizontal light slit that is fixed below the cup. This assembly is placed in a heating block
(oven for controlling temperature or matched furnace). The heating block is a metal
cylinder with a cylindrical hole along its vertical axis into which the cartridge assembly is
placed. There is another narrower cylindrical vertical hole in which a temperature sensor
sits. This is positioned level with the sample cup. The heating block is surrounded by an
electrical heating element. Below the heating block a lamp is mounted such that a beam
of light shines through the light slit in the collector, and onto a photosensor mounted
opposite. The heating block is capable of being maintained at a precise, pre-defined
temperature by the heating element, and of being heated at a slow and steady, predefined rate after an initial isothermal period. Include in the furnace unit a sensing system
that should be capable of detecting the dropping point with an accuracy of 0.1°.
[Note—Accuracy for temperatures between −20° and 30° should be about ±0.4°; accuracy for
temperatures between 30° and 200° should be about ±0.2°; and accuracy for temperatures
between 200° and 375° should be about ±0.5°.]
[Note—In cases where the dropping point of the test substance requires the furnace
temperature to be tested below room temperature, the furnace may be placed in an
insulated box with dry ice, a refrigerator, or other suitable cooling device.]
PROCEDURE
[Note—The sample cup must be absolutely clean and free from any residual material.]
[Note—Ensure that the furnace unit and the sample cartridge or the sample cup assembly are
clean. Inspect the dropping point apparatus to ensure that no dirt, particles, or residue
remain.]
Melt the test sample and introduce it into the sample cup according to the requirements in
the monograph. Proceed as follows or according to the manufacturer′s instructions.
Remove the excess substance at the two ends of the cup with a spatula. Condition the
sample at the temperature and for the time described in the monograph before making the
measurement. Press the cup into the cup holder, and then press the collector onto the
cup. Place the cartridge assembly in the heating block. Set the instrument to the initial
isothermal conditions and rate for subsequent heating as described in the monograph. For
semi-solid and solid lipids such as solid fats, the following melting and cooling procedure
and condition time can be used:
1. Take 50 g of a sample (solid lipid).
2. Heat the sample to melt at 90°.
3. Fill in the sample cup with the molten sample (lipid) and allow the sample to fully
crystallize at refrigeration temperature (6°–7°) for 24 h.
Start the temperature program. When the first drop of molten sample falls through the hole
at the bottom of the sample cup, interrupting the light beam, the signal from the
photosensor causes the temperature of the heating block to be recorded automatically.
Conduct three determinations, each time with a fresh test substance. The differences
among the readings must not exceed 0.5°. The mean of three readings is the dropping
point of the test substance.
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CALIBRATION
Calibration or system suitability for the apparatus can be confirmed using dropping point
reference materials or other appropriate substances. Conduct calibration or system
suitability tests by following the instrument manufacturer’s instructions at regular
intervals, depending on the use of the apparatus and the test substances. USP43
BRIEFING

〈 922〉 Water Activity. Many pharmacopeial articles include water within their matrices and
are also susceptible to water exchange with the surrounding environment. Water activity
measurements provide information about what fraction of water may be loosely bound and
freely available to participate in reactions such as hydrolysis or may provide an environment
that can support microbiological growth. This proposed new chapter outlines the recommended
concrete methods to qualify, calibrate, and use water activity meters to accurately measure
the water activity of raw materials and products.
(GCPA: A. Hernandez-Cardoso.)
Correspondence Number—C204533
Comment deadline: January 31, 2019
Add the following:

〈 922〉 WATER ACTIVITY
INTRODUCTION
THEORETICAL BACKGROUND
APPLICATION OF WATER ACTIVITY MEASUREMENTS
TYPES OF WATER ACTIVITY INSTRUMENTS
Dew Point Temperature—Chilled Mirror
Electronic Hygrometers—Resistive (Electrolytic) Hygrometer
Electronic Hygrometers—Capacitive Hygrometer
Near-Infrared Spectroscopy
Frequency Modulation Spectroscopy Using a Tunable Diode Laser
Other Methods
QUALIFICATION OF WATER ACTIVITY METERS
Installation Qualification
Operational Qualification
Performance Qualification
OPERATION AND CALIBRATION OF WATER ACTIVITY METERS
Standard Solutions
Procedure for Sample Measurement
ASSAY VERIFICATION AND VALIDATION
Precision (Repeatability)
OPERATION, CALIBRATION, AND VALIDATION OF NIR INSTRUMENTS
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INTRODUCTION
Many pharmacopeial articles include water within their matrices and are also susceptible to
water exchange with the surrounding environment. Total water content is an important quality
attribute and several methods for determining water content are provided in Water
Determination 〈921〉. However, water may be allocated in more than one compartment within
these materials. Some of it may be tightly bound and not available to participate in chemical,
biochemical, or physicochemical reactions (e.g., as hydrate salts), whereas some of the water
may be more loosely bound and more freely available to participate in reactions such as
hydrolysis or may provide an environment that can support microbiological growth. It is
important to establish what fraction of the total water is contained in the latter category and
the determination of water activity (Aw) provides this information.
The Aw meter measures the relative humidity of the air in the headspace of the sample
chamber in equilibrium with the sample (RHeq). Because of this equilibrium, the RHeq is also a
function of the Aw in the sample:

T = temperature
p = partial pressure of water vapor in the headspace above the sample
p0 = partial pressure of water vapor at saturation at the temperature of measurement
The values for RHeq range from 0%–100% and the values for Aw range from 0–1. To
accurately measure the relative humidity of the headspace above the sample, the temperature
of the sample needs to be constant and the headspace being sampled needs to be sealed off
from the rest of the laboratory environment. Some instruments only perform measurements at
ambient temperature, but some instruments control the temperature in the sample chamber and
may perform Aw measurements over a wide range of temperatures. At higher Aw, a temperature
difference of 1° between two sample measurements produces a difference in Aw of about 0.06.
Errors in measurement may result from attempting to use the meter in a location where the
temperature is not sufficiently stable or having a poor headspace seal, for example, due to a
worn O-ring or sample contamination of the O-ring. Contamination of the probe or the sample
cup with extraneous water or hygroscopic solids can also affect the accuracy of the
measurements.
THEORETICAL BACKGROUND
Water activity, Aw, is equal to the vapor pressure of water in the sample relative to the vapor
pressure of pure water:1,2
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p = partial pressure of water vapor in the sample
p0 = partial pressure of pure water vapor
When water is strongly bound to a solute or surface the Aw is reduced. In solution, this
relationship between the Aw and the solute concentration is given by:

φm
v
m
Mw

= osmolality coefficient
= stoichiometric coefficient for the solute
= concentration of the solute in moles solute/kg water
= molar mass of water

When water is adsorbed to the surface of a solid, the relationship between the Aw and the
enthalpy of adsorption is given by:

qst
R
T
Qst
ΔHvap

= net isosteric heat of sorption
= universal gas constant
= temperature in degrees Kelvin
= isosteric heat of sorption
= enthalpy of the transition from vapor to adsorption in the sample

Measurements of Aw are made by allowing a sample to equilibrate with the moisture in the
headspace above the sample at an ambient or a standardized temperature and then measuring
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the RHeq of the headspace. At equilibrium, the RHeq is also a function of the Aw in the sample.
Most water activity meters measure the relative humidity with a moisture-dependent resistor or
capacitor or may use psychrometry (wet bulb temperature) or dew point depression. Regardless
of the principle of measurement, water activity meters can be calibrated and qualified using
saturated salt reference solutions that provide a known and constant RHeq. This chapter
outlines the recommended methods to qualify, calibrate, and use water activity meters to
accurately measure the Aw of raw materials and products.
APPLICATION OF WATER ACTIVITY MEASUREMENTS
The determination of Aw aids in decisions during ingredient and product processes design,
ingredient selection, packaging selection, and product storage conditions.1 These include:
Selecting ingredient isolation and product manufacturing processes conditions in terms
of maintaining Aw below critical threshold to obtain thermodynamic control of the desired
solid form (e.g., hydrate vs. anhydrate)
Selecting excipients for which Aw may impact their material flow, compression
characteristics, hardness, and performance characteristics (e.g., disintegration and
dissolution) of dosage forms
Optimizing fluid bed drying processes
Reducing the degradation of active ingredients within product formulations, especially
those susceptible to chemical hydrolysis
Establishing the level of protection to product formulations to moisture by primary
packaging materials during their shelf life
Optimizing the shelf-life stability of probiotics
Providing a complementary method to the Karl Fischer titration for monitoring changes in
water content
Controlling and monitoring physical, chemical, and microbial product stability
Optimizing formulations to improve the antimicrobial effectiveness of preservative
systems
Reducing the susceptibility of formulations to microbial contamination
Providing a tool to justify the reduction of microbial testing of nonsterile drug and
dietary supplements formulations (see Application of Water Activity Determination to
Nonsterile Pharmaceutical Products 〈1112〉)
TYPES OF WATER ACTIVITY INSTRUMENTS
Unless otherwise stated in a particular monograph, use the Dew Point Temperature
instrument described below.
Dew Point Temperature—Chilled Mirror
At the dew point temperature, the relative humidity will be 100% and water will not be able
to evaporate or condense. When the temperature of a surface goes below the dew point
temperature, water will condense on it. The dew point temperature can be located by cooling a
mirror in the sample chamber until condensation begins to occur and recording the temperature
at that point. The condensation on the chilled mirror is detected by an optical sensor. The
difference between the dew point temperature and the temperature of the sample chamber is
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proportional to the relative humidity. The mirror must be kept clean and protected from
contamination by dust or volatiles that may condensate on the chilled mirror. The measurement
of dew point temperature is a primary means of accurately determining the RHeq in the
headspace. The calibration of these instruments is a confirmation of the accuracy of the
instrument.
Electronic Hygrometers—Resistive (Electrolytic) Hygrometer
In this instrument, the relative humidity in the sample chamber is measured by a hygroscopic
resistor. The resistor is a liquid electrolyte that absorbs or loses water to the air in the sample
chamber and the resulting resistance is proportional to the relative humidity. Volatile
substances, which are soluble in the liquid electrolyte, may affect the resistance and interfere
with the relative humidity measurement. Chemical filters may be used to absorb volatiles and
prevent this interference. The response of these instruments is not necessarily linear and
should be calibrated using multiple reference solutions over the entire operating range.
Electronic Hygrometers—Capacitive Hygrometer
In this instrument, the relative humidity in the sample chamber is measured by a hygroscopic
capacitor. The capacitor consists of a hygroscopic dielectric polymer held between two
charged plates. The polymer absorbs or loses water to the air in the sample chamber and the
resulting capacitance is proportional to the relative humidity. Capacitive hygrometers are not
significantly affected by the presence of other volatiles. The response of these instruments is
not necessarily linear and should be calibrated using multiple reference solutions over the entire
operating range.
Near-Infrared Spectroscopy
Near-Infrared Spectroscopy (NIR) can be used to measure the Aw simultaneously with the
water content directly in the product rather than measuring the relative humidity of the air
above the product. The use of NIR to measure Aw is based on first generating a prediction
model for a particular official article (product or raw material) to correlate NIR absorbance
spectra (i.e., water content in the article) to the Aw. This prediction model may then be used
to rapidly predict the Aw of additional samples. When additional prediction models are available,
NIR can be used for simultaneous determination of other components such as content of active
ingredients, additives, or excipients. The NIR method is ideally suited for rapid analysis of raw
materials, in-process materials, and end products. The NIR method for many food types has
been shown to be able to achieve ±0.01 Aw accuracy.
Frequency Modulation Spectroscopy Using a Tunable Diode Laser
Water molecules in the gas phase above a product (e.g., a lyophilized material in a stoppered
glass vial) absorb NIR light in a band of rotational transitions centered at 1400 nm. Absorbance
measurements at this wavelength on typical NIR spectrometers using incoherent white-light
sources lack the sensitivity to provide a useful measure of headspace moisture levels because
of low-frequency lamp-intensity fluctuations. Laser-light sources and frequency modulation
detection techniques can improve the signal-to-noise ratio vastly (100–10,000X). When a
tunable diode laser is modulated using a radiofrequency oscillator, the detection bandwidth can
be shifted to higher frequency where the intensity fluctuations, inherent to low frequency
measurements, are minimized. This technology has been used to determine the Aw and moisture
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content of drug products and dietary supplements in sealed containers.
Other Methods
Other methods for measurement of Aw may be useful, but are more rarely employed for
routine measurements of pharmaceutical products, dietary supplements, and raw materials.
These methods include hair hygrometry, freezing point depression, thermocouple psychrometry,
and isopiestic methods. Due to long equilibration times and low accuracy, hair hygrometers may
be useful for approximate Aw measurements but not for routine work. The freezing-point and
thermocouple psychometry instruments are only useful for measurements at high Aw (>0.8) and,
therefore, have limited applicability. The isopiestic methods rely on measurement of the
moisture sorption isotherm and, therefore, entail lengthy procedures that gather information on
the Aw over a range of water content.
QUALIFICATION OF WATER ACTIVITY METERS
Most water activity instruments, namely electronic hydrometers, dew point temperature
instruments, and others, are classified as Group B instruments as described in Analytical
Instrument Qualification 〈1058〉. The qualification of a water activity instrument should cover
the intended operational range of the instrument, the required accuracy of the instrument, and
the required precision of the instrument. For more details, see 〈1058〉. Acceptance criteria for
fitness for purpose are based on the uncertainty of RHeq generated by the reference material
and the performance specification of the instrument. Any type of water activity instrument
that is shown to be fit for the intended purpose, by meeting the qualification criteria, may be
used to provide Aw results according to the guidelines of this chapter.
In contrast, NIR instruments are classified as Group C instruments as described in 〈1058〉.
Therefore, the “analytical instrument qualification” described in 〈1058〉 and Near-Infrared
Spectroscopy 〈1119〉 is not applicable for these instruments.
Installation Qualification
The installation qualification (IQ) requirements provide evidence that the hardware and
software are properly installed in the desired location, with suitable relative humidity control
and controlled room temperature.
Operational Qualification
Operational qualification (OQ) for the water activity instrument should characterize the
precision and accuracy of the Aw measurements. Prior to characterizing the performance of the
water activity instrument, perform a full calibration of the instrument, as instructed by the
instrument operation manual, and confirm the proper calibration with a calibration check (see
Procedure for Calibration Check).
ACCURACY
Verify the accuracy of the calibrated instrument by measurement of at least three replicates
of the highest and lowest Aw standard used during the calibration. Calculate the mean of the Aw
result and the standard deviation of the mean. The acceptance criterion is that the mean
result should be equivalent to the stated value of the standard solution after accounting for
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the uncertainty in the standard solution and the precision of the instrument. In other words,
the acceptance criterion is:

Aw0
Aw

= stated value of the standard solution
= mean water activity result for the replicates, and the repeatability of the instrument
is twice the standard deviation of the instrument at that water activity

The acceptance criteria for accuracy is ±0.003 Aw of the standard for a dew point sensor and
±0.015 Aw for a capacitance sensor.
PRECISION
Characterize the precision of the water activity instrument by at least nine determinations,
covering the intended operational range of the instrument (i.e., three Aw standards and three
replicates of each standard), of reference standard solutions used for the calibration of the
instrument. The acceptance criterion is that the relative standard deviation should be NMT 5%.
Performance Qualification
The performance qualification (PQ) should be evaluated by periodic recalibration of the
instrument and a day-of-use calibration check. It is recommended that the result for the dayof-use calibration check be monitored over time to track performance of the instrument.
OPERATION AND CALIBRATION OF WATER ACTIVITY METERS
Standard Solutions
Water activity meters should be calibrated using saturated salt solutions or using purchased
saturated salt solutions. These calibration solutions may be prepared or purchased from the
instrument manufacturer.
When using purchased solutions, follow the provided use instructions for these standard
solutions including any handling recommendations, storage recommendations, and expiry dating.
Table 1 lists common saturated salt solutions that may be prepared by the user for calibration
or checking calibration of water activity instruments. Saturated salt solutions may be prepared
using USP Purified Water and pure salts (≥99% purity). The salts do not need to be dried prior
to use. Standard solutions should be prepared NLT 48 h before use to allow for equilibration of
the salt solubility. For previously prepared saturated salt solutions, it should be evident that
the solution is still saturated due to the presence of additional undissolved salt and liquid should
completely cover the bottom of the sample container holding the saturated salt solution. Most
water activity instrument sample cups are specifically designed to fit that instrument. The
saturated salt solution may be prepared in the sample cup or may be prepared in a separate
container and transferred to the sample cup for use. In either case, the standard solution
should be placed into the sample cup according to the recommendations of the instrument
manufacturer with regards to the amount of sample that should be present in the cup during
the measurement.
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Table 1. Common Saturated Salt Solutions Routinely used to Calibrate Water Activity
Determination Instruments
Approx. Solubility
RHeq (%) at
at Saturation
Aw at 25°a
Salt
(wt%)
25°a
0.973 ±
Potassium sulfate (K2 SO4 )
10.7
97.30
0.005
0.843 ±
Potassium chloride (KCl)
26.4
84.34
0.003
0.753 ±
Sodium chloride (NaCl)
26.5
75.29
0.001
0.576 ±
Sodium bromide (NaBr)
48.6
57.57
0.004
0.529 ±
Magnesium nitrate Mg(NO3 )2
41.6
52.89
0.002
Potassium carbonate
0.432 ±
(K2 CO3 )
52.9
43.16
0.004
0.328 ±
Magnesium chloride (MgCl2 )
26.2
32.78
0.002
Potassium acetate
0.225 ±
(KCH3 CO2 )
72.9
22.51
0.003
0.113 ±
Lithium chloride (LiCl2 )
35.5
11.30
0.003
a The equilibrium relative humidity for these salts at other temperatures,
as well as humidities for other salts, can be found in Greenspan (see footnote below).
CALIBRATION OF WATER ACTIVITY METERS
Calibration of the probe should be performed annually, as well as any time the calibration
check fails.
Perform the instrument calibration according to the directions of the instrument manufacturer
using either prepared or purchased saturated salt standard solutions.
Following successful calibration, proceed with the Procedure for Calibration Check.
PROCEDURE FOR CALIBRATION CHECK
A calibration check should be performed every day the instrument is used to perform Aw
measurements. The results of the calibration check should be recorded in the instrument log
book so that the performance of the instrument can be monitored over time.
Any of the salt solutions listed in Table 1 may be used to check the calibration of the
instrument and it may be desirable to select a standard solution that is close to the expected
result for a sample. It is recommended to use one or more salt solutions on a regular basis as a
calibration check so that the performance of the instrument may be followed over time. Use of
the magnesium chloride and sodium chloride salt solutions as a low Aw and high Aw daily
calibration check is recommended.
The acceptance criterion is that the absolute error (ABS ERR) must be less than the sum of
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the instrument repeatability and the uncertainty in the standard solution:

Aw = expected water activity for the standard salt solution at the temperature of the
0
measurement (see Table 1 or documentation for standard), repeatability of the
instrument is twice the standard deviation of the instrument at that water activity, and
uncertainty of Aw 0 is either taken from Table 1 or is provided by the supplier of the
purchased salt solution.
If the reading falls outside the acceptance range, perform additional measurements of each
saturated salt solution and, after each additional measurement, check to see if the mean value
for each salt solution is in the acceptance range.
If after six measurements, the mean of one or both salts is outside the acceptance range,
check to see if any of the six measurements is a statistical outlier. If so, recalculate the mean
without the outlier and check to see if the mean falls into the acceptance range.
If the standard deviation of the six measurements is greater than the previously measured
instrument repeatability, preventive maintenance may be required (e.g., checking for
contamination of sensor, etc.).
If the mean of the six measurements fails to meet the acceptance criteria, a full calibration
must be performed.
Following a successful calibration check, proceed with the Procedure for Sample
Measurement.
Procedure for Sample Measurement
SAMPLE PREPARATION
It is very important to ensure that after sampling, during transportation to the laboratory
where Aw determinations will take place, samples are kept in well-closed containers to protect
them from any changes in water composition due to differences in temperature and/or %RH at
different locations.
To prepare a sample for testing, add the material to the sample container designed for use in
the water activity meter. For uniform powders or liquids, the sample material should cover the
bottom surface of the sample container entirely. Avoid getting testing material on the outside,
rim, or above advised range per manufacturer's instructions. For non-uniform samples, sample
preparation details should be provided within monographs for products that specify the
application of Aw determinations. Details should include how the sample should be presented in
the instrument (i.e., tablets could be presented as whole units or ground tablets, chewable gels
could be sliced in thin pieces, and capsules could also be presented as whole units or capsule
contents). The required approach should be specified together with the number of whole units
or mass of ground tablet powder/sliced gels/capsule contents.
CALIBRATION CHECK
A calibration check should be performed every day the instrument is used to perform
measurements. In addition, verify that the instrument is not due for its periodic calibration prior
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to performing measurements.
MEASUREMENT PROCEDURE
Analyze the sample per the instrument manufacturer's instructions.
REPORTING RESULTS
Record the equilibrium Aw and the equilibrium temperature. Report the Aw value to the
appropriate precision based on the repeatability of the instrument. Report the temperature
rounded to the nearest 0.1°.
ASSAY VERIFICATION AND VALIDATION
It is recommended to conduct some verification of the Aw method because Aw determinations
may be sensitive to variations in sampling procedures, the presence of other volatile
components, variations in instrument types and option settings. The recommended parameters
to evaluate for verification of the method are Precision and Intermediate Precision.
Precision (Repeatability)
Repeatability is assessed by conducting the Aw determination on six separate aliquots of the
same sample applying the same sample preparation procedure and instrument settings intended
for routine sample testing. Repeatability of the instrument can be assessed by repeated
measurements of a salt standard solution in the same manner. If repeatability of the Aw
measurement on a sample is significantly greater than the repeatability of the instrument, then
the instrument may not be suitable for routine measurements of that sample due to the
presence of other volatile components interfering with the precision of the instrument.
The acceptance criterion is that the relative standard deviation is NMT 5.0%.
INTERMEDIATE PRECISION
The effect of random events on the analytical precision of the procedure should be
evaluated. Typical variables include conducting the test on different days, using different
instrumentation and performed by different analysts. A combination of at least two of these
factors totaling six determinations of aliquots taken from the same batch will provide an
estimation of intermediate precision. The acceptance criterion is that the relative standard
deviation is NMT 6.0%.
OPERATION, CALIBRATION, AND VALIDATION OF NIR INSTRUMENTS
As mentioned before, NIR is based on a different physical principle than typical water activity
meters and cannot be used for the measurement of the relative humidity of the air above the
product. Therefore, the procedure for operation, calibration, and validation described above is
not suitable for NIR instruments. More details about operation and calibration of NIR can be
found in 〈1119〉. Recommendations for the method development and validation of NIR
instruments can be found in Chemometrics 〈1039〉 and Validation of Compendial Procedures
〈1225〉. USP43
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BRIEFING

〈 1042〉 Cell Banking. This new, informational general chapter is intended to provide users
with practical guidelines regarding the clonal derivation, production, characterization and
qualification, and resupply of cell banks used for manufacturing biological drug products. This
chapter is primarily focused on the characterization and qualification of cell banks used to
produce biological products that are subject to approval by the US FDA. Cell banking
characterization and qualification should be based on sound scientific principles and current
regulatory guidance. The General Chapters Biological Analysis Expert Committee recognized a
need for a general chapter that elaborates on principles noted in the US FDA and ICH guidances
and provides knowledge on the establishment and characterization of cell bank aspects that
are not covered in these guidances. The Expert Committee proposed this chapter to be drafted
under the expertise of the Cell Banking Expert Panel, which included biologics consultants,
scientists from the biopharmaceutical industry in the US and Europe, as well as regulatory
scientists from the US FDA and Health Canada. The chapter’s scope primarily covers cell
banking for biotechnology products that are derived from recombinant E. coli strains and
Chinese Hamster Ovary (CHO) cell lines and to some extent on the cell banks produced from
bacterial and viral seed lots systems. This new chapter presents best practices for cell banking
that will help both new and established biotech firms worldwide to develop and produce safe,
efficacious, and consistent biotherapeutics while complying with the current regulatory
expectations.
(GCBA: K. Arora.)
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1. INTRODUCTION
This informational general chapter is intended to provide users with practical guidelines
regarding the derivation, production, storage, characterization, and qualification of bacterial
and mammalian cell banks used for the manufacturing of biological drug products. The chapter
is primarily focused on the characterization of cell banks used to produce biological products
that are subject to approval by the US FDA. Cell banking characterization and qualification
should be based on sound scientific principles and current regulatory guidance. The relevant
requirements and guidances for generating cell banks for biotherapeutics seeking FDA approval
include the US Code of Federal Regulations (21 CFR Part 610.18) (1), FDA Points to Consider
(1992, 1993, and 1997) (2–4), FDA guidances, and International Council for Harmonisation
(ICH) guidelines [Q5A (R1), Q5B, Q5D, and Q7] (5, 7, 8, and 14). These guidances state that
the final biological product and production should be consistent, uniform, and free from cellular
and adventitious contaminants. [Note—It is recognized that there are also relevant guidances
from other international organizations such as the World Health Organization (WHO) and
European Medicines Agency (EMA); however, this chapter focuses on US FDA, USP, and ICH
regulations and guidances.]
Further, Design and Development of Biological Assays 〈1032〉, 3. Bioassay Fundamentals, 3.3
In Vitro (Cell-Based) Bioassays provides a general outline for master and working cell bank
preparation, but specific details are not provided to assist biotechnologists with the critical
aspects of creating, characterizing, and storing cell banks. Therefore, the intent of this chapter
is to elaborate on principles noted in FDA and ICH guidances and USP general chapters for the
establishment and characterization of mammalian and bacterial cell banks used in the
manufacture of biological products. This chapter represents current best practices for the
production, characterization, and maintenance of controlled and consistent cell sources using
risk-based and product phase-appropriate quality-by-design approaches.
1.1 Scope
Cell banks are the starting materials for manufacturing biological drug substances, and
therefore cell banks have a direct impact on the characteristics and safety of the resultant
biological products. Cell banks preserve characteristics, prevent contamination, and ensure
consistency in the quality attributes of the final drug substance (DS) and drug product (DP).
This chapter covers cell banking for biotechnology products for human and animal use that are
derived from cell lines of mammalian and microbial origin and from seed lots of specific strains of
bacteria, viruses, or viruses that express vaccine antigens. In many instances, biological
product development involves developing new recombinant prokaryote [e.g., Escherichia coli
(E. coli)], eukaryote [e.g., Chinese Hamster Ovary (CHO)], or transgenic cell lines, and
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requirements may differ depending on the strain/cell line. Each new strain/cell line needs to be
evaluated with respect to its own particular cellular characteristics and its associated
generation process to meet the requirements for producing Good Manufacturing Practices
(GMP) cell banks. Each GMP cell bank should be tested and characterized to satisfy quality
standards for identity, purity, and genetic and storage stability and ensured to be free from
adventitious contaminants before use in manufacturing DS for clinical and commercial
applications.
This chapter primarily focuses on cell banks derived from recombinant E. coli strains and CHO
cell lines since they are the most common substrates for production of therapeutic proteins. It
centers on the cell line/strain history, GMP manufacturing and testing, as well as qualification of
cell banks. Most, if not all, of these techniques are also applicable to other cell strains besides
E. coli and CHO cell substrates.
2. GENERAL PROCESSES AND CONSIDERATIONS OF CELL BANKING
Cell banks used for manufacturing biological DS are usually prepared from research cell banks
(RCBs) or seed lots (for the production of vaccines) and use a two-tiered bank system, master
cell bank (MCB), or master seed lot, and working cell bank (WCB), or working seed lot. The MCB
or master seed lot is generated as the source for WCB, which is derived by expanding 1 or more
vials of the MCB or master seed lot. Thus, the MCB is considered the starting raw material for
the GMP manufacturing of DS. RCBs are usually generated in non-GMP research laboratories,
whereas MCBs and WCBs are required to be produced in GMP facilities. Figure 1 outlines the
general practices and considerations of cell banking processes and how they evolve through
development into GMP manufacturing. The critical steps are shown in the figure. More detailed
best practices and recommendations are described in the sections that follow.

Figure 1. Quality aspects of cell banks for biologics.
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For biologic drugs, the generation of an RCB starts with choosing a suitable expression
system that consists of host cells and expression constructs carrying the genes of interest
(GOI).
The introduction of a new cell line to any facility including a research laboratory should be
regarded as a potential source of contamination that could contain bacteria, fungi, and
mycoplasma and should be handled under quarantine conditions until proven negative for such
contaminants. The history, identity, and purity, as well as associated testing of the host cells,
should be well documented.
An expression construct consists of GOI and an expression vector carrying the genetic
elements such as a promoter, signal sequences, selection markers, and other elements needed
for the stable expression of the GOI in the host cells. Detailed descriptions of the GOI and
those genetic elements carried by the vectors, as well as the steps in the assembly of the
expression construct, should be documented.
The next step for RCB is the generation of the candidate production cell lines/strains. It is
critical to document the details of the cell-line generation history, including description of the
transfection/transformation of the GOI, screening and selection of the production cell
lines/strains, demonstration of clonal derivation, and information about the raw materials used
for the generation of candidate production cell lines. The source, origin, generation,
propagation, and selection of the cell line must be documented and described in detail.
It is a common practice that multiple RCBs are generated in relatively small quantities (such
as fewer than 10 vials) during the screening/selection processes. Only the final, chosen
production cell lines/strains and backup cell lines/strains are made in larger quantities. The RCBs
chosen for the production cell lines/strains and backup cell lines/strains are sometimes referred
to as premaster research cell banks (pmRCB), which need to go through purity tests before
they are transferred to GMP facilities for the production of MCBs and subsequent WCBs.
For vaccine production, seed lots are the stocks of specific strains of bacteria, viruses, or
biotechnology-engineered cells and viruses used to express vaccine antigens. Similar to the
RCB generation process, all seed lots used in vaccine production should be documented in
terms of their isolation, derivation (or construction, in the case of recombinant vector or
engineered cells or viruses), and passage history. The choice of cell substrate can directly
influence viral vaccine safety and purity; therefore, evaluation (i.e., particular tests and/or
methodologies) of the chosen cell substrate for viral vaccine manufacture should be specifically
tailored to the cell substrate and vaccine product being developed to assure vaccine safety
and purity.
In the case of vaccine manufacturing, a seed-lot system, which typically includes master and
working stock seeds and associated MCB and WCBs, helps ensure the consistency of vaccine
manufacturing. The use of master and working seed lots provides a method to limit the
replication of the seed and to minimize the possibility of genetic variation.
For viral vaccines, the derivation and passage history of viral seeds should be recorded in
detail. Any manipulation of the viral phenotype (e.g., cold adaptation, development of
temperature sensitivity, or attenuation of virulence) or intentional genetic manipulations (e.g.,
reassortment or recombination) should be documented.
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As cell substrate for manufacturing biological DS, MCBs, and WCBs must be produced in
compliance with current GMPs (cGMPs). Figure 2 illustrates that during the development
lifecycle, MCBs are often used for manufacturing DS for early clinical studies and as the source
of the WCBs. DS used for late-phase development and commercial applications are usually
manufactured from WCBs. To ensure a consistent supply, additional replacement WCBs are
generally produced once a biologic is approved for marketing. Section 5. Cell Bank
Characterization describes in detail cell bank characterization, testing and qualifications, as
well as general considerations on raw materials, cell bank cryopreservation, storage and
stability, and transportation.

Figure 2. General processes and considerations for cell banking.
3. PRODUCTION CELL LINE/STRAIN DEVELOPMENT AND RCB GENERATION
3.1 Common Cell Types and Associated Expression Constructs
Production cell line/strain development starts with choosing a suitable expression system
including a host cell and an associated expression construct carrying the GOI. The choice of
the host cell type for production of a recombinant protein is often a function of the molecular
complexity of that protein. Prokaryotic production systems are often dedicated for simple, small
proteins while eukaryotic expression systems are preferred for larger and more complex
molecules because they can perform necessary post-translational modifications for a
recombinant protein to be functional in vivo. In addition, eukaryotic expression systems are
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able to secrete the recombinant protein outside the cell, which makes purification easier than,
for instance, isolation of recombinant proteins from inclusion bodies formed in prokaryotic
systems. Eukaryotic expression systems include yeast, insect cells, and mammalian cells.
Several cell types have been used to generate production cell lines/strains. Mammalian cell
lines such as CHO cells, non-secreting (NS0) mouse myeloma cells, and human embryonic
kidney (HEK) cells; microbial strains such as E. coli and Bacillus; other cell types originating
from fungi (yeast), algae, plants and protozoa; and Baculovirus-infected insect cells are all
commonly used and are described below. This chapter focuses on mammalian and bacterial cells
because they are currently the predominant cell substrate types used for recombinant
therapeutic production. For additional details on cell bank and seed lot production of bacterial
and viral vaccines for human use, refer to Vaccines for Human Use—General Considerations
〈1235〉, Vaccines for Human Use—Bacterial Vaccines 〈1238〉, and Vaccines for Human Use—Viral
Vaccines 〈1239〉.
CHINESE HAMSTER OVARY CELLS
General Information: CHO cell lines are several related, but unique, cell lines originally derived
from a clonal and spontaneously immortalized CHO cell line isolated in 1957. CHO cells were
widely used in molecular and classical cell genetics studies from then until the 1980s. The
knowledge derived from those studies facilitated the migration of CHO cells from research
laboratories to industrial bioreactors. CHO cells became the first mammalian cell-derived cell
substrate used to produce complex proteins for human use in 1986 and since then remain the
most common cell line for the production of therapeutic glycoproteins for the following reasons
(also see Table 1).
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Table 1. Comparison of Two Common Cell Substrates for Recombinant Therapeutic
Production
Cell
Mammalian Cell Lines (e.g., CHO
Microbial Strains (e.g., E.
Substrate
Cell Lines)
coli Strains)
Recombinant proteins are
Fast growing
soluble and are secreted in cell
High protein yield
culture medium
Low cost
Secreted recombinant proteins
Easy transformation
are properly folded and are
and fermentation
identical in primary, secondary,
Do not harbor
Advantages
and tertiary structure to the
mammalian viruses
natural human protein
Simpler cell bank
Conformational and postcharacterization
translational modifications in
these proteins are similar to the
types found in humans
Slow-growing cells
Degree of downstream
processing and validation
Higher cost (complex media,
testing of cell banks,
downstream processing, and
validation, including virus
removal)
Safety concerns (adventitious
agents from cells and media
components)
Concerns about genetic
stability, protein folding, and
culture conditions including cell
viability and growth rates
Disadvantages

Recombinant protein
may be insoluble and
may aggregate in
inclusion bodies
Solubilization, refolding,
and disulfide bonding
issues due to inclusion
bodies
No cellular machinery
for mammalian protein
processing and posttranslational
modifications
Potential for product
degradation due to
trace protease
impurities
Lysis of bacteria is
often necessary for
recovery of desired
protein
Requires endotoxin
removal during
purification
Expressed proteins may
be toxic to E.coli
Requires N-terminal
methionine for optimal
translation, which may
not be removed by E.
coli proteolytic systems

First, CHO cells pose a lower adventitious virus safety risk, as only a few human pathogenic
viruses are able to propagate in CHO cells. Second, CHO cells grow well in animal-componentfree chemically defined media, which further minimizes adventitious virus safety concerns.
Third, as immortal cells, CHO cells can be propagated for a long time in vitro. This is an
important characteristic for commercial production of recombinant proteins because it takes
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many cell passages to progress from cell line generation through cell banking to arrive at the
final, large-scale commercial production process. A non-immortalized cell line cannot be
propagated long enough to generate a profitable commercial production process. Fourth, CHO
cells are able to adapt and grow in suspension culture, which is ideal for large-scale
manufacturing of biologics. Fifth, CHO cells have the capacity for efficient, human-like posttranslational modifications, such as glycosylation, which enable the CHO-derived therapeutic
proteins to be both compatible with and bioactive in humans. Finally, CHO cells are amenable to
genetic manipulation, which allows for easy introduction of recombinant DNA resulting in
expression/secretion of large quantities of the desired protein.
However, because CHO cells are immortalized they can pose a significant challenge for the
cell line development process with respect to finding genetically stable cell lines needed for
consistent commercial manufacturing processes. CHO cells have varied ploidy, and a culture of
any CHO cell line, with or without any transgenes, consists of a population of cells that exhibit
both genetic and phenotypic diversity and instability under continuous cultivation. Random
integration of recombinant genes into the CHO genome adds new genetic variability to the CHO
cell population. After transfection, implementation of a single-cell cloning step helps to minimize
cell population heterogeneity by removing genetic variations that either existed prior to or were
introduced during the transfection.
All CHO cell substrates used for recombinant protein production are expected to be single-cell
derived. However, incorporation of the single-cloning step alone cannot prevent genetic and
phenotypic heterogeneity within the population of cells that arises post-cloning, as these
events are inherent to the use of immortalized mammalian cell lines. Thus, identifying an
appropriate production cell line ultimately depends on 1) genotypic and phenotypic
characterization of potential cell lines post-cloning and at the limit of in vitro cell growth and 2)
evaluation of the expressed product.
Common CHO cell lines: Commonly used CHO cell lines include: CHO-DXB11, CHO-DG44, CHOK1, and CHO-K1SV. These cell lines are transfected with expression plasmids carrying the GOI
and corresponding selection markers specific for the CHO host cells. Their characteristics are
briefly summarized below.
CHO-DXB11 and CHO-DG44: CHO-DXB11 (also known as CHO DUK-XB11 or CHO-DUKX) and
CHO-DG44 are dihydrofolate reductase (DHFR)-deficient mutants that were established in the
early 1980s. CHO-DXB11 cells carry a deletion of one locus for DHFR and a missense mutation
(T137R) of the second DHFR locus, rendering the cells incapable of reducing folate, a precursor
for thymidine and hypoxanthine synthesis, while CHO-DG44 cells carry the full deletion of both
DHFR loci.
The DHFR-deficient cells are triple auxotrophs for glycine, hypoxanthine (a proline derivative),
and thymidine. Introduction of the GOI into CHO cells can be accomplished by co-transfection
with a functional DHFR gene, which obviates the need for these nutrients. Recombinant cell
lines carrying the integrated GOI are selected in media devoid of those 3 nutrients. The GOI
expression level can be further enhanced by gene amplification with methotrexate (MTX), an
antagonist of DHFR. Selection of recombinant cell lines is performed using stepwise increases in
the media concentration of MTX, which results in amplification of the transfected DHFR gene
together with the GOI, consequentially increasing the productivity of the GOI.
Sometimes MTX-induced gene amplification can result in large genomic reorganizations. New
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chromosomal structures, known as homogeneously staining regions (HSRs), can be found in the
metaphase of MTX-selected CHO cells. These regions show multiple repetitions—up to
thousands of smaller chromosomal regions (amplicons)—all containing DNA encoding, at least in
part, sequences with DHFR activity as well as hundreds and even up to thousands of copies of
the GOI. Gene amplification and high-level expression of a transgene product can challenge the
cells with potential toxicity and metabolic burden. Additional DNA rearrangements within the
GOI region may also occur during long-term subculturing in the absence of MTX, which may
eventually lead to instability of the recombinant protein production. Therefore, genetic stability
evaluation of the chosen CHO production cell line is important to ensure that the desired
characteristics for the commercial production are acquired.
CHO-K1 and CHO-K1SV: CHO-K1 was derived as a subclone of a parental CHO cell line lacking
the proline synthesis gene. CHO-K1 was adapted to grow in suspension culture in protein-free
medium, resulting in the cell line CHO-K1SV. Introduction of a GOI into the CHO-K1SV cells can
be accomplished by co-transfection of the GOI with a functional glutamine synthetase (GS)
gene followed by selection in the absence of glutamine. In addition, application of a GS inhibitor
[methionine sulfoximine (MSX)] allows an increase in the stringency of selection. Although the
copy number of the GOI and GS is significantly lower in the GS selection system compared to
that seen in the DHFR-based system, instability of the GS-based CHO cell lines is still often
observed during long-term cultivation. Therefore, it is important to evaluate genetic stability of
the chosen CHO production cell line over the proposed in vitro cell age needed for commercial
manufacturing.
Expression vectors for CHO cell substrate: Expression vectors used for CHO-based cell
substrates consist of multiple components that contribute to the successful expression of the
therapeutic proteins. These components include:
The GOI and associated transcriptional and translational genetic elements (e.g.,
promoters, enhancers, Kozak translation initiation sequences, leader sequences, and
polyadenylation signals)
Selection markers such as DHFR or GS for recombinant cell line selection
Selection markers such as beta-lactamase gene (bla) and replicons such as ColE1 for
propagation of the plasmid in E. coli
Expression plasmids are randomly integrated into the CHO host cell genome by linearizing the
plasmid prior to transfection. Resulting transfectants are a mixture of CHO host cells carrying
variable copy numbers of expression plasmids randomly inserted in single or multiple loci in the
host genome. A single-cell cloning process enables the clonal derivation of future production
cell lines. Significant effort is spent on screening the clonally derived transfectants to identify
candidate final production cell lines that possess high productivity. Furthermore, the identified
cell lines must be capable of maintaining the integrity and stability of the expression construct
integrated into the host genome in order to be used for large-scale manufacturing processes.
To reduce the heterogeneity associated with traditional random integration approaches, new
expression systems have been developed to facilitate targeted integration of the GOI into a
specific desirable locus within the CHO genome. Targeted integration systems described in the
literature include site-specific recombinases, integrases (ØC31), transposases (piggyBac), zinc
finger nucleases, transcription activator-like effector nucleases (TALENs), and CRISPR-Cas
RNA-guided nucleases. Detailed descriptions of the genetic components carried by the
expression plasmids, the specific integration method, and identification of the preferred
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production cell line should be included in the history of the final production cell line.
CHO host cell engineering: In addition to expressing the GOI, recombinant CHO cell lines can
be engineered to further enhance productivity and quality of the recombinant product as well
as the robustness of the cell culture performance. Host engineering includes overexpression or
knock-out of specific genes that may impact the desired recombinant product characteristics
and thereby the performance of the production cell line. Examples of overexpressed genes are
genes involved in: glycosylation [e.g., alpha-2,6-sialyltransferase (ST6GAL)]; cellular
metabolism [e.g., vitreoscilla hemoglobin (VHb)]; anti-apoptotic pathways [e.g., B-cell
lymphoma 2 (BCL2)]; and pro-proliferative pathways [e.g., valosin-containing protein (VCP)],
as well as genes that may enhance cellular protein biosynthesis machinery and secretion (e.g.,
transcription factors ATF4, heat shock 70 kDa protein 5, BiP. Alternatively, there are some host
cell proteins that can decrease the quality or yield of recombinant proteins [e.g., alpha-1,6fucosyltransferase (FUT8) and peptidylglycine alpha-amidating monooxygenase]. In these
cases, genomic knockouts of the host cell genes can yield a more homogeneous product.
Although the overexpressed or knocked out genes do not encode sequences for the final
therapeutic protein, they play critical roles in the productivity and quality of the expressed
therapeutic proteins. Therefore, evaluation of the integrity and stability of those genes for the
intended purposes should be included as a part of the cell substrate characterization.
ESCHERICHIA COLI
General Information: E. coli is one of the best-understood organisms in terms of genetics,
physiology, and biochemistry. In fact, E. coli was the first cell substrate to be approved by the
FDA to produce recombinant insulin for diabetes treatment. E. coli has been used to generate
about one-third of all FDA-approved recombinant protein therapeutics.
The key advantages of the E. coli system include:
The GOI can be easily inserted into an expression plasmid using recombinant DNA
technology. The resulting recombinant plasmid, which is usually small and simple, can be
inserted into the E. coli host by transformation and maintained as an extrachromosomal
segment of the host DNA or a piece of the host genome after integration. Numerous E.
coli expression systems are commercially available, making this organism easy to test for
production of a new GOI.
E. coli is well-characterized genetically with versatile comprehensive engineering tools.
E. coli strains are capable of rapid growth using inexpensive media in small shake flasks
as well as in large-scale fermenters used to produce therapeutics with high yield and
quality. E. coli expression systems continue to evolve, and the advances in
biotechnology and bioengineering as well as high-density fermentation technology have
further enabled E. coli systems to produce a variety of complex proteins, including
antibody fragments and Fc-fusion proteins.
However, E. coli strains also have limitations as cell substrates for therapeutics production,
including their inability to perform certain post-translational modifications. In addition,
endotoxins need to be thoroughly removed during purification of the recombinant protein
produced by an E. coli host (also see Table 1).
Sometimes the recombinant protein itself can be an obstacle for production in E. coli, for
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example, it can be toxic to the host. In such cases, a well-designed but more sophisticated
expression system may be required, such as an inducible promoter to produce the recombinant
protein at the end of cell expansions. In the following sections, the characteristics of some E.
coli-based cell substrates consisting of E. coli host strains and vectors carrying the genes
encoded for the therapeutic proteins are briefly summarized.
E. coli host strains: The most commonly utilized strains are the K12 strain and its derivatives
including E. coli RV308 and W3110, which are all genetically modified so they cannot colonize a
human host or produce toxins. These strains may qualify for an exempt status according to the
requirements of the National Institutes of Health (NIH) guidelines for research involving
recombinant DNA molecules.
The other commonly used E. coli hosts are the B strain and its derivatives, such as BL21,
C41, and C43. Although these strains do not qualify for exempt status and require full
Institutional Biosafety Committee (IBC) review, they are still desirable hosts in the industry for
therapeutic protein production because they are able to express various types of proteins.
Advantages of the B strain and its derivatives include: 1) low levels of acetate accumulation
under high glucose concentrations, 2) specific protease deficiencies, and 3) high outer
membrane permeability.
Expression vectors for E. coli strains: The expression vectors often used are the result of
multiple combinations of replicons, promoters, selection markers, and other genetic elements
that are essential or beneficial for the desired efficiency of transcription, translation, and
protein secretion, as well as the stability of the plasmid.
A replicon in a vector consists of one origin of replication together with its associated cisacting control elements. It controls the copy number of a plasmid replicated in an E. coli host.
Commonly used replicons include pMB1 and its derivative origins used in pUC-based vectors
(500–700 copies/genome) and pBR322-based vectors (10–20 copies/genome) as well as the
p15A origin used in pACYC and pSC101, which have low copy numbers (about 5
copies/genome). For large-scale therapeutic protein production, an optimal copy number should
be identified because too few gene copies may result in low levels of mRNA leading to low
protein productivity, while too many copies may impose metabolic burdens on cells. In addition,
high-copy-number plasmids have been shown to possess higher segregation instability,
especially in the absence of selective markers. This can lead to the overgrowth of plasmid-free
cells, resulting in a significant loss of protein productivity. Therefore, it is usually not desirable
to use high-copy-number plasmids and it is critical to monitor plasmid retention during largescale production.
Promoters control and regulate the efficiency of transcription. Commonly used promoters
include:
lac and its derivatives such as lacUV5, tat, trc, which are induced by isopropyl-β-Dthiogalactopyranoside (IPTG)
Bacteriophage lambda pL and/or pR promoters, which are induced by temperature shift
via the regulation of the temperature-sensitive cI857 repressor
T7 promoter, specifically recognized by T7 bacteriophage RNA polymerase rom T7
bacteriophage
phoA, trp, and araPBA D, which are nutritionally inducible promoters
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Selection markers, usually antibiotic-resistant genes such as TetR, are included in the plasmid
to deter the growth of plasmid-free cells. Therefore, antibiotics are usually included in the
growth media, especially in vaccine manufacturing. Some common examples include neomycin,
polymyxin B, streptomycin, and gentamicin. However, the use of antibiotics in clinical
manufacturing can lead to adverse events in some patients and raises concerns over the
development of drug-resistant pathogens, so it is desirable to develop antibiotic-free plasmid
systems if possible.
Genetic elements in expression vectors that impact protein expression include the sequence
and structure of the translation initiation region (TIR) at the 5′ end of each mRNA and the
stability (half-life) of mRNA, in addition to the coding sequence encoding the protein.
Another genetic element used in some expression vectors is the signal sequence fused to the
N-terminus of the protein, which leads the protein to the periplasmic space of the host or the
cell culture medium. Without signal sequences, recombinant proteins mainly accumulate in the
bacterial cytoplasm. Due to the lack of glycosylation and disulfide bond formation, many human
therapeutic proteins expressed in E. coli tend to aggregate and form inclusion bodies due to
misfolding. Correct folding of eukaryotic proteins containing multiple disulfide bonds is more
likely to occur in the oxidative environment of the periplasm. The secretory process allows
removal of the N-terminus signal peptide and yield of the authentic N-terminus of the expressed
protein. Co-expression of periplasmic chaperones, fusion with secretory partners, and
modification of the outer membrane structure by host engineering may further promote release
of periplasmic proteins.
Overall, E. coli expression systems have been preferred choices as cell substrates for the
expression of non-glycosylated therapeutic proteins due to their well-characterized genetics,
rapid growth, and high-yield production capability. Both the host strains and the genetic
elements carried by the expression vectors should be well described in the strain development
histories and documented for the cGMP cell bank generation. Together with the therapeutic
protein coding sequence, the key genetic elements that may potentially impact the DS quality
and the consistency of DS production should be evaluated during cell bank characterization and
qualification.
Clonal selection of E. coli host strains: As with CHO-derived cell lines, regulators expect that
E. coli strains used for therapeutics production are clonally derived. Microbial clonality is easily
achieved and accepted by picking transformants from well-isolated single colonies grown on
solid media. Additional rounds (usually 2) of single-colony isolation and phenotypic confirmation
may be performed to ensure the clonality.
Table 1 compares the two commonly used mammalian cell substrates and microbial strains for
generating cell banks for biological products.
BACILLUS
Other useful bacterial systems are gram-positive bacilli, including Bacillus megaterium, B.
subtilis, B. licheniformis, and B. brevis. Bacillus is very often considered an attractive
alternative to E. coli for three reasons: 1) Bacillus strains usually secrete proteins; 2) they are
suitable for high-density cultures in fermenters; and 3) most strains lack membrane proteases.
In addition, the genomes of B. subtilis and B. licheniformis have been sequenced, and there is
no production of harmful exotoxins or endotoxins. With these bacterial systems, secretion of
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the desired proteins into the fermentation medium results in easy downstream processing,
thereby eliminating the need for cell disruption or chemical processing techniques. Thus, the
recovery is relatively efficient and cost effective. Host strains used for successful expression of
recombinant proteins are often deleted for the genes amyE, aprE, nprE, spoIIAC, and srfC and
are easily transformed. These bacteria are often preferred for homologous expression of
enzymes such as proteases and amylases.
YEAST
The two most used yeast strains are Saccharomyces cerevisiae and the methylotrophic
yeast Pichia pastoris. Yeast cells, being single-celled microorganisms, can be grown to very
high densities in large-scale fermenters to produce recombinant proteins with the necessary
post-translational modifications.
OTHER CELL LINES
There are other living systems, organisms, and cell lines used for various biotechnology
purposes. These include fungi, algae, plants, protozoa, and insect cells that are less commonly
used. Fungi, including yeasts and molds, have been important historically and more recently in
modern biotechnological processes for the production of enzymes, vitamins, polysaccharides,
polyhydric alcohols, pigments, lipids, and glycolipids. Algae include a variety of organisms found
throughout the world in or near bodies of water, for example Chlorella and diatoms, which
produce oils, proteins, alcohols, and biomass. Genetically engineered plants are being developed
not only to increase food production but to create drugs such as antibiotics, vaccines, and
therapeutic proteins. In 2012, the FDA licensed a product generated by plant cell cultures.
Protozoa (i.e., independent types such as ciliates, amoebae and flagellates, or parasitic), are a
diverse group of unicellular eukaryotic organisms capable of inducing disease but also useful for
elucidating disease mechanisms and serving as cell factories.
Leishmania tarentolae is a non-pathogenic strain expression system that allows stable
production of proteins at high yield in chemically defined media. The proteins produced by this
protozoan exhibit fully eukaryotic post-translational modifications, including glycosylation and
disulfide bond formation. Insect-cell expression systems are an interesting compromise between
bacterial and mammalian systems that are capable of disulfide bond formation and contain
proprotein-converting enzymes that are available for proteolytic processing. Established insect
cell lines such as the Spodoptera frugiperda line Sf21 (and its clonal isolate, Sf9) and the
Trichoplusia ni line BTI 5B1-4 (commercially known as High Five cells) that are used for the
production of therapeutic drugs and vaccines grow to higher densities than mammalian cells
(thus requiring smaller culture volumes) and are less demanding than mammalian cells under
standard laboratory conditions. Shake or spinner flasks can be used for growth and the cells do
not require a controlled carbon dioxide (CO2 ) atmosphere. In 2013, a viral vaccine that uses an
insect cell line to grow viral antigen was licensed.
As described above and throughout this chapter, there are many different expression systems
that are available for the production of recombinant proteins, each with its own advantages
and disadvantages. Usually, the simplest or most accessible cell production system is chosen
for initial expression studies, and if successful, these technologies are then scaled up for
upstream and downstream applications.
3.2 Production Cell Lines/Strains and Recommended Documentation
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A production strain/cell line refers to the transformed strain or transfected cell line with the
expression plasmid. The history of the production strain/cell line generation is an essential part
of cell banking documentation and should include the expression plasmid, host strain/cell line,
generation of the production strains/cell lines, and generation of RCB/pmRCB. This information
can enable an overall evaluation of the risks associated with the use of the cell substrate
derived from the strain/cell line and provide a detailed analysis of potential entry routes for
adventitious agents into the MCBs.
DESCRIPTION OF EXPRESSION CONSTRUCT
The description of the expression plasmid used to generate the production cell line should
include details on the origin of the coding genes used for the recombinant protein as well as all
other genetic components carried by the plasmid. Additionally, the steps in the assembly of the
expression construct should be provided. The recommended details are described below.
The name and the origin of the nucleotide sequence coding for the protein should be provided
with a brief summary of the rationale for the development efforts. It is important to include
descriptions of the engineering methods used to optimize the protein functions and
biochemical/biophysical properties along with figures displaying the engineered residuals
compared to the original sequences. For example, if the gene is for a therapeutic antibody
(including bi-specific antibodies and Fc-fusion proteins), literature references of the constant
regions/Fc regions such as the publicly known gene identification (ID) should be provided. In
addition, if any particular mutations or residual substitutions in the constant regions have been
performed then these should also be provided with a rationale for such modifications. It is
recommended that the well-annotated DNA sequence as well as the deduced amino acid
sequence of the GOI be provided.
For a therapeutic antibody, the annotations include the indications of the complementaritydetermining regions (CDRs), variable and constant regions, linkers, signal sequences, and the
sequence modifications applied to the molecule.
The steps in the GOI assembly from the original sources to the final expression plasmid should
be described in detail and are often summarized using a flow diagram. In addition, the source
and function of all genetic components carried by the expression plasmid should be provided.
The components include: 1) the GOI and associated transcriptional and translational genetic
elements (promoters, enhancers, Kozak translation initiation sequences, leader sequences, and
polyadenylation signals); 2) selection markers such as DHFR or GS for recombinant cell line
selection, or antibiotic resistance genes for recombinant strain selection; 3) selection markers
such as the β-lactamase gene (βla) and the replicon such as ColE1 for propagation of the
plasmid in E. coli; and 4) any other expressed proteins encoded by the plasmid. Furthermore, a
well-annotated plasmid map clearly indicating the size of the plasmid, all genetic components
described above, and the restriction enzymes used for major cloning steps and for genetic
stability characterization should be provided. The DNA sequence of the whole
construct/plasmid, or at least the sequences encoding the recombinant protein that have been
confirmed by DNA sequencing, should be included.
PARENTAL E. COLI STRAIN/CHO CELL LINE
A parental strain/cell line is a cell line from which the MCB will be derived following
introduction of the expression construct. The origin of the host cells should be stated, together
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with a detailed record of their history, with relevant references from the scientific literature.
This includes classifications like genus, species and strain designation, and specific phenotypic
and/or genotypic traits. Three key aspects of information should be provided: 1) any
biohazardous components that are produced by the parental cells; 2) any exposure of the
parental cells to materials of human or animal origin such as serum, enzymes, hydrolysates, or
other living cells; 3) genetic and phenotypic characteristics of the parental cells that may
enhance the evaluation of the safety and characteristics of the subsequently derived cell
banks. The lineage of the parental cells traced back to the original source or related literature
references should be provided.
If the parental cells undergo additional genetic modifications (such as targeted gene
knockout/ overexpression) that are aimed at impacting the quality of the future recombinant
proteins, then the methodology and characterization results should be described in detail.
Characterization of the initial cell line should take risk into consideration. Use of low-risk cells
(e.g., cells shown to be sterile and phage- or mycoplasma-free) is recommended. Cell line
authentication can be performed with PCR or using short tandem repeat (STR) profiling or DNA
fingerprinting to ensure that the host cells are not contaminated by any other cells that might
grow out during cultivation.
When higher-risk cells (e.g., a mixture of cells with varying degrees of genetic stability or a
cell line carrying a phage or virus or other contamination that could make the cell line unstable)
are used, a more thorough screening is necessary, unless the supplier of the cells can provide
documentation that minimizes the associated risk.
GENERATION OF THE PRODUCTION CELL LINES/STRAINS
Generation of the production cell lines/strains usually consists of three steps: 1) transferring
the expression plasmid to the parental cells and selecting recombinant strains/cell lines, 2)
single-cell cloning to produce clonally derived recombinant strains/cell lines, and 3) choosing
the production strains/cell lines through screening/characterization. Recommendations for
documentation to include in regulatory submissions are described below.
The details on transformation/transfection conditions; manipulations of the plasmid DNA prior
to the transfer, such as linearization by restriction enzymes often applied prior to transfection;
and procedures/methods used for the selection of recombinant strains/cell lines should be
provided.
A detailed description that demonstrates the single-cell derivation of the production
strain/cell line should be provided. For an E. coli strain, 2 or more rounds of single-colony
streaking are commonly applied to ensure the clonal derivation of the production strains. For
CHO cell lines, numerous approaches can be used to achieve clonal derivation (see 4.
Clonality), and this information should be included.
Lastly, a description of how the production strains/cell lines were screened and identified
should be provided, including the detailed cell culture conditions, selection criteria, and all raw
materials and reagents used throughout the generation process.
It is helpful to provide a flow diagram (see Figure 3) of the production strain/cell line
generation process, which includes the above three parts and ends with the MCB and WCB
production.
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Figure 3. Cell line production flow diagram.
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GENERATION AND CONSIDERATIONS OF RCB/PMRCB
A common practice is to bank multiple potential production strains/cell lines in small quantities
to generate RCBs. Once the final production strains/cell lines are identified, the corresponding
RCBs are thawed and expanded to generate the pmRCB. Descriptions of the cell culture
medium/cryopreservation processes used to generate the pmRCB should be provided.
Since the pmRCB is usually generated in a non-GMP facility, before transfer to a GMP facility
for the generation of the MCB, pmRCBs from mammalian cell lines should be tested and found
negative for extraneous adventitious agents. For an E. coli-derived pmRCB, purity, identity, and
bacteriophage testing should be performed before generating the MCB. In addition, postbanking evaluation of the pmRCB for growth, viability, and viable cell density should be provided
to aid MCB production and characterization.
The MCB could be prepared by expansion of the production cell line over a suitable number of
passages, dependent on the cell line. When the cell culture has reached an adequate size as
determined by the number of culture vessels and visual inspection of the degree of confluence
of the cell layer in the vessels and confirmed by a viable cell count, the culture is prepared for
freezing. Numerous considerations for cell cryopreservation and management can be found in
Cryopreservation of Cells 〈1044〉. Mammalian cells can be propagated in fermenters, roller
bottles, shaker flasks, or wave bags and are frozen in a controlled process to optimize viability
upon thawing. Typically, the cells are carefully mixed with a low concentration of dimethyl
sulfoxide (DMSO) in cell culture media and/or other ingredients appropriate for that specific cell
strain. The mixture is frozen by lowering the temperature over an appropriate time period to
avoid cell osmotic shock, which can lead to disruption of the cell membrane. The vials must be
labelled in advance with the cell bank lot number, tube number, and production date. After the
carefully controlled freezing process, the new cell bank is moved to the vapor phase of a
nitrogen freezer for storage.
In-process controls after thawing include measuring cell number and viability. Because these
parameters vary between individual cell banks, a new in-process limit can be established, for
example, by evaluating the first 10 vials thawed and using the average cell number ±3 standard
deviations.
After the production of an MCB or WCB, each bank must be tested against specific
acceptance criteria before that specific cell bank can be released for use. Figure 4 shows a cell
process for a mammalian (CHO) cell bank.
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Figure 4. Example of mammalian (CHO) cell bank process.
Similarly, for bacterial cell lines used for therapeutic protein manufacturing, the chosen clone
is subjected to growth propagation experiments to ensure that the best growth conditions are
chosen for this specific clone. The growth conditions for an E. coli clone can be evaluated
using shake flask culturing. The optimal cell density is established by following growth curves in
order to harvest the cells at an exponential growth. The cells are harvested in vials containing
sterile 20%–30% glycerol under sterile conditions. E. coli cells harvested at a living cell density
of 106–1010 are adequate for production; however, this depends on the specific strains and
selection pressure chosen.
All viability tests should be done with care, keeping in mind the actual selection system as
well as how the harvest of any produced protein will be performed (for instance, from inclusion
bodies). This is not a concern for the frozen E. coli cells after thoroughly mixing with glycerol;
however, without adequate knowledge of the optimal growth point for harvesting and freezing
as well as the actual needed cell density, the viability and vitality can create problems at the
production site.
The optimization process shall be described and followed in detail each time a new growth of
the strain is necessary. From these optimized conditions, the first cell bank will be produced,
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which can be used for research purposes, followed by the production of an MCB. The general
process flow or production of a microbial WCB is shown in Figure 5.

Figure 5. Example of an E. coli WCB batch production process.
In-process control testing is performed by checking the culture broth under a microscope
before filling. After the filling of vials, the suspension of culture broth and glycerol (or DMSO) is
checked for contamination by monitoring growth on appropriate plates. The vials are labeled
individually with batch number, strain identification, and vial number and are filled. The WCB
vials are kept frozen under well-defined and controlled conditions. To avoid any unexpected
loss of seed materials, the cell bank vials are kept in at least 2 different geographical locations.
During transportation, the vials are kept on dry ice with continuous measurement of
temperature.
ADDITIONAL CONSIDERATIONS
During development, the production strains/cell lines used for manufacturing clinical materials
usually continue to evolve to meet the commercial manufacturing needs. For example, new
expression plasmids or new parental cells (or both) may be used to generate higher-yielding
production strains/cell lines for commercial applications. The new parental cells may be from a
new species (e.g., a change from NS0 to CHO) or from the same species with additional genetic
modifications to improve the cell culture performance and/or the quality/productivity of the
therapeutic proteins. When such changes are made, submission of a full comparability data
package is expected, and, depending on changes in the product quality attributes, it may be
necessary to perform clinical bridging studies to demonstrate comparability of the clinical trial
material from the old process to the new process. It is a general expectation that only the final
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plasmids/parental cells are described in detail in the marketing authorization application (MAA).
In such cases, it may be helpful to provide a summary of the linkage among the expression
plasmids/parental cells used throughout product development.
4. CLONALITY
4.1 Overview
Obtaining a stable cell line that maintains high levels of recombinant therapeutic protein
expression and consistent product quality is critical for commercial development. Typically,
production cell lines are derived from immortalized cells, such as CHO cells, which exhibit a
relatively high degree of genetic plasticity (6). Therefore, the addition of a cloning step is
important to the overall cell line generation process. Incorporation of a cloning step serves two
core purposes: 1) minimizing cell population heterogeneity and 2) isolating a highly productive,
stable cell population. It is recognized that incorporation of a cloning step does not prevent
genetic and phenotypic heterogeneity within the population of cells that arises post cloning due
to genetic features of immortalized mammalian cell lines. It is worth noting that the clonal
derivation of production cell lines is expected for Biologics License Applications (BLAs).
However, sponsors have used non-clonally derived cell lines for toxicology studies. As with any
application, it is important for the sponsor to demonstrate that critical quality attributes (CQAs)
of the preclinical and clinical proteins are similar enough to assure safety based upon the
toxicology studies.
This section describes relevant regulatory guidance regarding clonality and commonly used
practices to achieve clonally derived production cell lines including limited dilution,
fluorescence-activated cell sorting (FACS), semi-solid plating, and single-cell printing (see
Table 2). In addition, this section describes principles and types of data used to support clonal
derivation of a cell line.
The concept of clonality is recognized in multiple regulatory guidance documents. For
instance, ICH Q5D (7) states: “For recombinant protein products, the cell substrate is the
transfected cell containing the desired sequences, which has been cloned from a single cell
progenitor.” ICH Q5B (8) defines the MCB as: “An aliquot of a single pool of cells which
generally has been prepared from the selected clone…” and goes on to indicate that “In
addition, methods used to amplify the expression construct and criteria used to select the cell
clone for production should be described in detail”. Likewise, the Points to Consider in the
Manufacture and Testing of Monoclonal Antibody Products for Human Use (FDA 1997) (4)
indicates that “a description of the cell cloning procedure” should be provided in IND
(Investigational New Drug) applications or BLAs.
The guidance documents mentioned above indicate that there is a general expectation for a
clonally derived cell line to be used to produce recombinant therapeutic products. Using a cell
line derived from a single progenitor minimizes the variability of the starting cryopreserved cell
population, which would be anticipated to have the effect of minimizing product heterogeneity.
However, sustained culturing of immortalized cells can result in genetic alterations, which may
be further exacerbated by amplification procedures. Therefore, it is not feasible to term a
population as truly genetically homogeneous following sustained culture. Despite this, the
reason for generating a clonally derived cell line relates to the ability of a controlled process to
produce a consistent product with minimal heterogeneity. Thus, for these reasons, any
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adaptations (e.g., switching to serum-free conditions) should be avoided post cloning. In
contrast, use of an entirely non-clonal cell population as a starting point may give rise to
outgrowth of a subpopulation of cells that generate products with different CQAs. For instance,
this could affect glycosylation, which could then impact the mechanism of action if the product
is an antibody that functions by antibody-dependent cell-mediated cytotoxicity (ADCC) or
complement-dependent cytotoxicity (CDC). Likewise, a different population with a different
integration site might have altered expression levels, growth metrics, and stability, which could
have the potential to lead to drug shortages if a cell bank is no longer performing as expected.
Such adverse end points could be exacerbated in conditions where cell culture parameters or
raw materials have been altered in a way that places selective pressure on the system.
4.2 Methodology
Several methodologies used to generate clonally derived cell lines are described below.
LIMITING DILUTION CLONING
Limiting dilution cloning (LDC) is a procedure whereby cells are plated at a low density, ideally
<0.5 cells/well in a 96-well plate, with the aim of obtaining only 1 cell in a well from which
progeny can grow. Some wells will be devoid of cells. This is achieved by preparing a set of
increasingly greater dilutions of the non-clonal starting population and visually verifying the
number of cells initially deposited per well. Clones that grow out are screened for desirable
growth metrics as well as product titer. Clones that appear to be good performers can be
expanded through sequentially larger wells until sufficient cells are generated to establish a cell
bank. Two rounds of LDC are recommended if manufacturers want to establish a clonal cell line,
particularly in the absence of additional supporting technology, to ensure monoclonality (e.g.,
imaging). Two rounds of LDC provide an approximately 99% probability that the cell line will be
monoclonal. However, it is a time-consuming process and can take up to 12 months to
complete.
Single round of LDC with imaging: The supplemental evidence for the single-cell derivation of
the cell line can be based on a qualified microscopic imaging workflow with manual image
inspection. After LDC, the stained cells are deposited into imaging-quality well plates where day
0 images are acquired in both fluorescence and bright-field imaging. Fluorescence imaging
allows detection of living cells and differentiation from cell-like artifacts observed in the brightfield image. Image verification is reviewed at day 0, and fluorescence and bright field images
are evaluated for quality, based on criteria including image focus and clarity, cell shape, lack of
debris or artifacts in the well, as well as for confirmation that the entire well was captured in
the image.
FLUORESCENCE-ACTIVATED CELL SORTING
Although FACS has been applied to hybridomas historically, it has been used more recently to
single out CHO cells from which a clonal cell line can be derived in as little as 12 weeks. The
technology can be used alone or in combination with a single round of LDC. The methods used
for selection may rely on the detection of fluorescent intracellular reporter(s), cell surface
protein expression-target, or an unrelated marker. The method selection can also be based
simple on the sorting of single cells from a preselected population. As with other cloning
methods that rely on dilution to separate cells, it is important to verify that only 1 cell was
sorted and deposited per well. This could be done by analysts or by an automated imaging
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machine starting at day 0. Some considerations include verifying that the parameters used for
flow are able to distinguish single cells from doublets, and that the precautions are taken to
make sure cell samples are not contaminated with samples previously sorted on the machine
(i.e., sanitization). If antibodies are used in the selection process, they should be tested for
adventitious agents.
AUTOMATED CLONE PICKING FROM SEMI-SOLID MEDIUM
Automated colony picking machines are increasingly being used for cell line development due
to their high throughput capacities. Since the occurrence of high-producing transfectants with
desirable growth metrics is relatively rare, screening a larger number of colonies increases the
likelihood of identifying good candidates. The process can be completed in as little as 7 days,
with the identification of stable clones by 4 weeks. These systems rely on the viscosity of a
semi-solid matrix in which the preselected cell population of transfectants is dispersed to
separate the individual cells and, subsequently, the colonies and their products from one
another. In addition, this semi-solid matrix serves to retain product that is produced by the cell
colony locally. Production of accumulated recombinant protein is detected by incorporation in
to a semi-solid medium of a fluorescein isothiocyanate (FITC)-conjugated IgG antibody raised
against the species of interest. As more recombinant protein is secreted into the medium, a
halo of fluorescence builds up around the growing clone of interest. The system is able to
image the cells under both white and fluorescent light, thus the cell colony that is growing as
well as the amount of fluorescence that is being produced can be monitored. Up to a threshold
level, mean exterior fluorescence has been shown to correlate with antibody productivity;
however, this relationship was not maintained at levels above the threshold. Based on preset
thresholds, the machine will automatically pick clones of interest and place them into microtiter
plates for expansion. Optimization of the parameters used may be necessary. As with FACS, it
is important to verify that the apparatus has been sanitized since its last use to avoid crosscontamination. Also, potential adventitious agents arising from the antibody used in the
selection process are a concern; therefore, appropriate testing should be performed. As with
other methods, it is important to keep in mind cellular behavior such as clumping. In addition,
the plating density can impact the ability of the machine to select only 1 colony. Thus, such
machines are often used in combination with a single round of LDC to support assurance of
clonality.
OTHER AUTOMATED METHODS
There are other clone selection methods that combine high-speed image scanning and
quantitation with high-speed laser manipulation, which allows for in situ measurement of
recombinant protein secretion of single cells, followed by laser-mediated destruction of the lowproducing cells in a population. This can enable higher throughput by using 384-well plates
instead of 96-well plates. Image documentation of a clone begins on day 0, immediately after
plating, with the aid of a fluorescent viable cell dye, and continues throughout the entire
expansion process. Multi-color live cell imaging is also possible through the simultaneous use of
fluorescence detection reagents that associate specifically with either the cell clones or the
expressed recombinant protein. The sample wells are coated with capture matrix to mediate in
situ capture of expressed recombinant protein as most of the recombinant proteins are
secreted out of the cell. Through measurement of the fluorescent intensity of the respective
detection reagents, each cell in the same well is ranked based on the amount of secreted
recombinant protein. Other criteria such as cell growth rate, area, and proximity to other cells
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also affect the ranking. The highest-ranking cell in a well is identified as the most suitable highproducer cell clone. Subsequently, a laser beam is directed to the lower-ranking cell clones in
the same well to induce photomechanical lysis. This allows the high-producing cell remaining in
the well to grow and then be transferred to a larger well for expansion, clone characterization,
and cell banking. The platform could be used alone or in combination with a single round of LDC.
Table 2 compares all the above methodologies used to generate clonally derived cell lines.
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Table 2. Comparisons of Methods for Developing Clonally Derived Cell Lines
Method
Advantages
Disadvantages
Simple method
One round insufficient to
Adequate assurance with 2
provide monoclonality
rounds
assurance; requires
Least
expensive
additional supplemental
Limiting dilution
data
cloning
Labor and time intensive
Requires accurate initial cell
counting

Limiting dilution
cloning +
imaging

Fluorescenceactivated cell
sorting

Day 0 image confirmation
of single cell in well
provides high level of
monoclonality assurance

Requires expensive
equipment
Requires equipment
qualification
Requires highly trained
operators

Single cell deposition
High throughput
Can be combined with
imaging to provide
monoclonality assurance
Can be used to isolate high
producing cells

Requires expensive
equipment
Requires equipment
qualification/validation
Requires highly trained
operators

Identification of isolated
individual cells
Can be coupled with LDC
Can be used to identify
high-producing cells

Use of semi-solid media may
result in stacked cells in Zaxis
May require an additional
round of LDC
Does not allow imaging of
single cells
Requires expensive
equipment
Requires equipment
qualification
Requires highly trained
operators

Day 0 image confirmation
of single cell in well
provides high level of
monoclonality assurance
High-throughput image
scanning of high-producing
cells with elimination of
low-producing cells

Requires expensive
equipment
Requires equipment
qualification
Requires highly trained
operators

Automated
clone picking
from semi-solid
medium

Automated
clone selection
technology

4.3 Assurance of Clonality
It is important to appropriately document and provide data to regulators to support a claim of
clonality. A supporting package should include: mathematical probability models, as well as
detailed descriptions of the methodologies used and demonstrations of how they achieve
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single-cell isolation (e.g., experiments with mixed cell lines that have been cultured together);
images, especially day 0 and over time; genetic data; and consistent process data and product
quality. When probability calculations are included they should be done so prospectively, as
back calculation from the number of wells in which the colonies grew does not take into
account the number of wells in which cells were deposited but failed to grow and would be
expected to overestimate monoclonality.
IMAGERS
Imagers that can document the contents of an entire microplate well (e.g., CloneSelect
Imager) from day 0 through colony growth can be powerful tools. An image of a single
expanded colony would not be enough evidence of monoclonality, but a time lapse showing the
development of the colony from a single cell would provide supportive evidence. In this case, it
would be important that the entire well was captured to prove that only 1 cell was in the well
from the beginning. Furthermore, day 0 fluorescence imaging allows for the detection of living
cells and differentiation from cell-like artifacts that can be observed in the bright-field image.
GENETIC SUPPORT
For clones with random (non-site-specific) integration, genetic information supporting the
location of the integration site, such as integration site analysis by Southern blot and
fluorescence in situ hybridization (FISH), provides supporting evidence that the cell line was
clonally derived but does not provide definitive assurance of clonality.
Next generation sequencing (NGS) can also help to identify the number and locations of
genomic integration but may be labor intensive and does not prove that the cell line was
clonally derived.
5. CELL BANK CHARACTERIZATION
Depending on the type of cells used, the biological production processes for cell banking are
known to be inherently variable, which has important consequences for the safety and efficacy
of the resulting product. In order to introduce these cell-derived products into routine clinical
use, the manufacturer must ensure that robust cell banking procedures are developed on the
basis of process understanding and characterization, which should result in consistent
production and quality of cell. Process understanding and consistency are critical because
slight changes can occasionally lead to major adverse effects later on, such as unwanted
immune responses in patients. Data on the host cell quality, purity, freedom from adventitious
agents, in-process testing, and valid test methods are the quality requirements for any product
registration.
5.1 Genetic Characterization
Genetic characterization to support the use of the production cell line at MCB, WCB, and end
of production cells (EOP) is essential for any development program and is expected for
regulatory adherence as per ICH Q5B and Q5D guidelines. Its purpose is to demonstrate the
integrity of the expression construct carrying the GOI throughout the intended commercial
manufacturing. The manufacturing cell culture duration starts from the cell banks (MCB and/or
WCB) and continues to the proposed limit of in vitro cell age (LIVCA) for the DS production. It
is recommended that LIVCA be determined based on the cell age of the EOP cells by a defined
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duration beyond the routine commercial DS manufacturing process. At a minimum, LIVCA should
have 10 population doubling levels (PDLs) beyond the typical manufacturing window as per EMA
guideline 3AB4A (9). The additional generations are added to allow for future changes to the
manufacturing process and to ensure that the LIVCA is not exceeded in future manufacturing
operations. The EOP cells should be harvested from a representative commercial process, either
at a pilot scale or a commercial scale.
Genetic characterization is performed on samples taken at the EOP and compared to the MCB
and/or WCB. Based on ICH Q5B, the genetic characterization consists of four aspects: 1)
verification of GOI coding sequence; 2) assessment of the integration sites and integrity of the
gross structure of the expression construct, which provides insight into potential insertions
and/or deletions of the expression construct; 3) detection of a single transcript of the GOI; and
4) determination of average GOI copy number over the length of time required to perform a
biopharmaceutical manufacturing run.
For microbial strain-derived cell banks, the GOI is usually carried by extrachromosomal
expression systems such as a plasmid. The nucleotide sequence encoding the product can be
directly sequenced from the plasmid isolated from the cell banks without further cloning. For
cell banks carrying chromosomal copies of the GOI, the sequence encoding the product can be
verified. The nucleic acid sequence should be identical, within the limits of detection method,
to the sequence determined for the expression construct, and should correspond to the
expected protein sequence.
The most common methodology for the assessment of gross structure of the expression
construct is restriction endonuclease (RE) mapping analysis. For extrachromosomal expression
systems, the RE analysis can be viewed through gel electrophoresis, whereas for a
chromosomally integrated expression construct, the RE analysis is usually accomplished by
Southern blotting. The RE digested patterns should be consistent for DNA derived either from
the cell banks or from the cells at the LIVCA.
Transcript analysis is normally carried out using Northern blot to detect the presence of an
expressed transcript containing a GOI. Total RNA is isolated, electrophoresed, and hybridized
with labeled probes complementary to the transcript of interest. The hybridized labeled probes
are then visualized to determine the size of the detected transcript(s).
The most common method for the evaluation of GOI copy number is quantitative PCR (qPCR).
GOI-specific qPCR assays and a normalizer qPCR assay targeting a host genome region are
usually applied. It is generally accepted that no strong correlations exist between the stability
and integrity of the therapeutic product and the copy numbers of the encoding GOI. Therefore,
the GOI copy number analysis is considered for information purposes only. New DNA sequencing
technology such as NGS may further enhance the capability for genetic characterization.
The impact of a change in cell culture process after the commercial process has been defined
should be evaluated to determine if retesting of the cells at LIVCA is necessary. Changes in cell
culture scale and/or manufacturing site may not require retesting of cells at LIVCA if the
defined cell age covers any increase in population doubling resulting from the change, and cell
culture performance meets the predetermined acceptance criteria. However, changes in media
components (especially if animal-derived components are used) and growth conditions often
result in changes in cell culture profiles, and one should consider retesting the integrity of the
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expression construct at LIVCA to ensure suitability of the cell line for commercial production
Although a two-tier cell-banking system (MCB and WCB) is commonly established for the
commercial manufacturing of a DS, the characterization of the expression construct for each
WCB is considered unnecessary if the following criteria are met: 1) the MCB has been fully
characterized and the expression construct is confirmed to be stable; 2) the cell age of the
current and future WCB, as well as the EOP cells derived from the future WCB, will be controlled
within the previously determined LIVCA. If the characterization cannot be carried out on the
MCB, it should be carried out on each WCB.
5.2 Mammalian Cell Bank Testing
A new cell bank (MCB or WCB) needs to be qualified to demonstrate its suitability for biologic
production. The newly prepared cell bank should be characterized extensively using appropriate
release tests on an aliquot of the cell bank or on cultures derived from it. The testing should be
conducted on cells that are expanded to or beyond the EOP passage level. However, extensive
characterization and testing is not necessary for a WCB generated from a fully tested MCB. The
characterization of the cell bank is dependent on its use, and the specific use should guide
decisions about the required recommended testing and whether additional testing might be
necessary.
Primary cells are more likely to contain adventitious agents than the banked, wellcharacterized cells. The genetic stability of diploid cell strains should be monitored throughout
production. Tumorigenicity testing is not needed for well-characterized diploid cell strains, such
as MRC-5, WI-38, and FRhL-2, if they are not genetically or phenotypically modified. However,
tumorigenicity testing should be conducted for a novel diploid cell substrate.
The MCB should not show tumorigenicity or oncogenicity as demonstrated using in vitro and
in vivo methods. The tumorigenicity study procedure and suitable animal models are described
in the WHO Technical Report Series No. 978, Annex-3 (10) and the 2010 FDA guidance on
characterization and qualification of cell substrates for viral vaccines (11). If the cell substrate
under evaluation is found to be tumorigenic, it must be evaluated for oncogenicity in suitable
animal models (newborn nude mice, newborn hamsters, and newborn rats) using an appropriate
positive control.
Additional consideration should be given to the use of tumorigenic and tumor-derived cells for
vaccine production. These cell lines should be evaluated for potential oncogenic viruses and
oncogenic substances (including nucleic acids) which could be associated with induction of a
neoplastic process in a vaccine recipient.
For an engineered cell line, the inserted GOI should remain intact and at the same copy
number. It should be expressed at comparable levels throughout production.
The cell bank should comply with the appropriate test for sterility given in Sterility Tests 〈71〉,
carried out using each medium with 10 mL of supernatant fluid from cell cultures. The test
should be carried out on 1% of containers with a minimum of 2 containers. The cell bank should
also comply with the test for mycoplasma in Mycoplasma Tests 〈63〉 performed on 1 or more
containers.
Electron microscopy (EM) of the MCB should be done to detect the presence of any
extraneous agents. In addition, MCB should comply with the test for hemeadsorbing extraneous
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agents. The EOP cells are also characterized to demonstrate absence of extraneous agents
that might be present in the MCB.
Additionally, the cell bank should be tested for possible virus contaminants depending on the
origin of cells using appropriate specific tests, e.g., mouse, rat, or hamster antibody production
tests or a nucleic acid amplification test may be used for specific contaminants. See Viral
Safety Evaluation of Biotechnology Products Derived from Cell Lines of Human or Animal Origin
〈1050〉 for more details.
The MCB should be examined for retroviruses using: 1) product-enhanced reverse
transcriptase (PERT) assay, 2) infectivity assay using human cells with PERT as end point, and
3) transmission electron microscopy (TEM).
5.3 Cell Bank Qualification and Characterization
Cell banks used within the manufacturing process must undergo extensive safety testing to
demonstrate identity, stability, and purity. Table 3 describes microbial cell bank
characterization and Table 4 describes the cell substrate characterization of a mammalian cell
line (CHO).
Table 3. Microbial Cell Bank Characterization
Test
MCB
WCB
Specification Analysis
Microbial purity
+
+
Phage contaminationa
DNA sequencing
+
Strain identity
+
Additional Tests
Viability
+
Microbial purity
—
DNA sequence
—
Plasmid copy number
+
Plasmid frequency/loss of plasmid
+
Restriction enzyme mapping
+
—
Phage contaminationa
a Only for bacterial cell banks.

EOP

+
+
+
+

—
—
—
—

+
—
—
+
+
+
—

+
+
+
+
+
+
+
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Table 4. Mammalian Cell Bank Characterization—CHO cells
Assay Type
MCB
WCB
Microbial Contaminants
Sterility: USP/Ph. Eur./ICH requirements
+
Mycoplasma: Ph. Eur. 2.6.7 (12)/USP 〈63〉 Method
+
Adventitious Virus Detection
In vitro assay (28 days)—MRC-5/Vero/CHO or other
detector cell lines, e.g., 324K for mouse minute virus
+
(MMV)
In vivo assay—adult and suckling mice, embryonated eggs
+
Bovine and porcine virus in vitro assay [9 CFR guidelines
(13)]
+
Detection of Retroviruses
Transmission electron microscopy of cells
+
S+L− Assay for infectious xenotropic retrovirus
+
Mus dunni co-cultivation assay for infectious murine
—
retrovirus
Reverse transcriptase assay [required if TEM or infectivity
If
assay is negative as per ICH Q5A guidance (14)]
required
Species-Specific Virus Detection
Mouse antibody production assay + lymphocytic
+
choriomeningitis virus (LCMV) challenge
Identity Tests
Nucleic acid fingerprinting or other
—

EOP

+
+

+
+

—

+

—

+

+

+

—
—

+
+

—
—

+
If
required

—

—

+

+

5.4 General Considerations for Qualification of Replacement WCBs
Replacement WCBs prepared using procedures equivalent (as described in the license) to
those used to generate the previously approved WCB must meet all specified requirements
[e.g., certificate of analysis (CoA) testing] but require no further evaluation under a validation
protocol. When the new WCB is a “like-for-like” replacement, the WCB can be implemented
after meeting the following criteria:
1. The new WCB must meet all cell bank release testing criteria, including tests for
freedom from adventitious agents.
2. Prior to at-scale manufacturing, the WCB should be evaluated using scale-down cell
culture tests from thaw through production culture to confirm cell culture performance.
A minimum number of independent thaws should be included in the evaluation.
3. The scale-down cell culture evaluation criteria should include cell culture process key
performance indicators (KPIs) and relevant product attributes and/or CQAs. For
example, the KPI assessment may include specific growth rate and final viabilities for
seed and inoculum train passages, final production culture viability, and final product
titer. Product quality assessments may include purity, size-exclusion chromatography
(SEC), and ion-exchange chromatography (IEC) assays. The evaluation criteria can be
based on 95% confidence/99% probability tolerance intervals (95/99 TIs) generated
using representative data available at the time the evaluation is performed (where
appropriate). Results outside the evaluation criteria should be justified or further
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assessed using additional cell culture studies and/or product attribute testing.
4. The new WCB should produce manufacturing-scale material that meets all specified DS
release testing requirements. A DS manufactured from a replacement bank may not
need to be on stability protocol, but requires a CoA.
The release of batches derived from the new WCB would be predicated on successfully
completing all the above-mentioned criteria and reporting the new WCB to the health
authorities.
For WCBs prepared using a manufacturing process that differs significantly from the process
used to produce previously approved WCBs, the same evaluation procedure described above
(steps 1–3) applies. However, additional evaluations may be performed and could include
further KPI assessments and the testing of additional CQAs and non-CQAs. For cell culturebased infectivity assays (in vitro adventitious agent assays), refer to 〈1050〉 and Design,
Evaluation, and Characterization of Viral Clearance Procedures 〈1050.1〉.
5.5 Other General Considerations for Cell Banks
CELL BANK CRYOPRESERVATION
It is critical that cells are characterized and a feasibility assessment is performed to verify
that cell performance is achieved when expanded at a defined concentration and duration using
a specific technology platform. Cryology considerations for cells are addressed in 〈1044〉.
Additional considerations for cell banking are as follows. Cells are frozen at early passage
(MCB), intermediate passage (WCB), or late passage (EOP). Frozen cell volumes can vary from
0.5 to >100 mL depending on the number of cells required upon thawing. Cell bank storage can
be in cryovials or cryobags. Cell density can range from 106–108 cells/mL. Cell bank storage
containers should be filled with an excess of 20%–25% to accommodate loss of cells upon
thaw. For MCB or WCB, cells should be banked at a density that allows for direct inoculation
into vessels for expansion upon thawing. Mammalian cells should be preserved in GMP-grade
cryopreservation solution with appropriate cryoprotectant (e.g., DMSO or glycerol) to allow for
>80% cell recovery. Each cell bank vial or bag should be labeled with identity, lot number, and
date of freezing on liquid nitrogen-resistant labels.
Cell bank controls should be maintained at a similar condition as the cell bank itself
throughout storage, in a controlled and monitored environment. ICH Q5D (14) has recommended
that at least 1% (or a minimum of 2 vials) of the total cell banks used as a control for purity
(free of adventitious microbial agents and cellular contaminants) testing.
If different cell banks are stored in the same facility, cell bank segregation should be
maintained to prevent errors due to switching and cross contamination. Different storage
freezers should be used for the cell banks kept in quarantine and the ones to be used for
production.
CELL BANK STORAGE STABILITY AND MONITORING
A cell bank is considered stable if, upon thaw and subsequent passage, it can consistently
meet growth and viability criteria based on historical performance, and it does not show a
statistically significant and biologically relevant trend in final viability and specific growth rate
as a function of cell bank age for the entire history of the cell bank. Cell viability and specific
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growth rate limits are calculated based on 95/99 TIs. Bank-specific limits for viability and
growth rates can be set after freeze–thaw studies have been completed.
Stability limits for mammalian cell banks should be site-independent, product-specific, and
cell-bank specific, and are determined based on freeze–thaw performance. They can also be
ampule-size specific due to the operational differences between seed train sources from
different-sized ampules. Data used to establish final viability and specific growth rate limits
must be auditable and retrievable. Limits should be updated as additional freeze–thaw data
become available.
Data for MCB stability monitoring should include data from when 1 or more ampules of the
cryopreserved MCB are thawed for 1) initial characterization, 2) production of clinical or
commercial material, 3) preparation of a new WCB, or 4) any other point in the process as
defined by the regulatory commitments.
Data for WCB stability monitoring must include data from when 1 or more ampules of the
cryopreserved WCB are thawed to initiate a clinical or commercial production campaign. Data
for WCB stability monitoring may also include data from appropriately documented scale-down
or pilot-scale processes, such as those performed during process characterization and
validation studies. WCB stability is usually monitored at least once every few years (e.g., every
5 years) unless the bank is no longer in use for commercial production or the product has been
removed from the market.
CELL BANK TRANSPORTATION
A temperature-cycling study can be done to determine the effects of repetitive temperature
fluctuations on frozen cell stability and shelf life. Chapter 〈1044〉 outlines good storage and
distribution practices for cells, cell therapy products, and cell banks to maintain the integrity of
frozen cells during movement or transportation.
It is crucial to ensure that the facility maintaining the cell bank provides storage management
systems, which should include an inventory of all stored material and routine documentation of
entries and withdrawals. In addition, there should be an auditing process to ensure that
maintenance and documentation are kept up to date and that any procedural changes are
appropriate and recorded. Distribution of cell bank vials should be handled carefully to ensure
that integrity and cell viability are maintained throughout the transfer. Cells can be shipped on
dry ice in containers, with appropriate procedures for replenishment of dry ice as needed. Dry
shippers, which are well-insulated dewars that contain a cryoabsorbent material charged by
addition of liquid nitrogen, provide an optimal method for the shipping and handling of cell
banks.
RAW MATERIALS
Control of raw materials is necessary to reduce the risk of contamination due to adventitious
agents and possible cross-contamination from incoming raw materials. Contamination risk for all
raw materials should be assessed, which can then be used to support product exposure history.
Qualification of raw materials: Raw materials should be qualified and characterized as to their
identity, purity, functionality, and safety. Safety tests for raw materials should include
endotoxins, mycoplasma, adventitious agents, and/or sterility.
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The qualification program should evaluate the source, identity, purity, and safety of the raw
material relative to the established specifications for raw materials. Identification and selection
of raw materials should be based on suitability for use in the intended process, evaluation of
toxicity, availability, consistency, traceability, and potential to be sources of contamination. If
the raw materials are human or animal derived, the certificate of origin (CoO), and donor
infectious disease status or herd qualification and country of origin certificates respectively,
should be evaluated. Animal-sourced materials (e.g., serum, trypsin) should be approved for
use by regional health authorities.
For some human- and animal-derived raw materials used in cell culture medium (e.g., insulin,
transferrin), a validated production process used for elimination of viruses may substitute for
virus detection tests, when justified. The evaluation of the suitability for use should encompass
any effects on safety, potency, and purity. It should also include assessment of the potential
risk of toxicity and adventitious agents and their removal if these raw materials are used in
large amounts in manufacturing.
Drug manufacturers should develop a raw materials management system as part of their
quality systems that would include a raw materials qualification program. This raw materials
qualification program should include: 1) incoming receipt, segregation, inspection, and quality
release of the raw materials prior to use; 2) vendor audits and certification; 3) CoA verification
testing or identity testing, as applicable; 4) CoO; 5) formal procedures and policies for out-ofspecification results; 6) stability testing; and 7) archival sample storage.
Any raw material supporting the cell bank growth will be an ancillary product; therefore,
supplier material should be controlled by the manufacturer. Usually a CoA and/or a risk
statement addressing the likelihood of the presence of animal-derived materials [e.g., bovine
material, which carries the risk of bovine spongiform encephalopathy (BSE)] should be provided
for all media components. In addition, contracts ensuring a steady supply of a material of the
proper purity level should be secured.
6. CONCLUSION
The production of cell banks needs to satisfy quality standards for identity, purity, clonality,
and the suitability of cells for use in manufacturing. In addition to the appropriate testing for
identity, purity, and adventitious agents, the homogeneity, reproducibility, history, cell bank
generation and qualification, genetic stability, storage, raw materials and reagent qualification,
as well as good manufacturing practices, must be demonstrated.
GLOSSARY
Adventitious agent: A microorganism [including bacteria, fungi, mycoplasma/spiroplasma,
mycobacteria, rickettsia, viruses, protozoa, parasites, or transmissible spongiform
encephalopathy (TSE) agents] that is inadvertently introduced into the production of a
biological product [FDA Guidance for Industry: Characterization and Qualification of Cell
Substrates and Other Biological Materials Used in the Production of Viral Vaccines for
Infectious Disease Indications (2010)].
Cell bank: A collection of appropriate containers whose contents are of uniform composition
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and are stored under defined conditions. Each container represents an aliquot of a single pool
of cells (ICH Q5D).
Cell line: Type of cell population that originates by serial subculture of a primary cell population
that can be banked (ICH Q5D).
Cell substrate: Microbial cells or cell lines derived from human or animal sources that possess
the full potential for generation of the desired biotechnological/biological products for human in
vivo or ex vivo use (ICH Q5D).
Clonality: A group of cells derived from a single progenitor sharing common ancestry (ICH
Q5D).
Diploid cell line: Type of cell population having a finite in vitro lifespan in which the
chromosomes are paired (euploid) and are structurally identical to those of the species from
which they were derived (ICH Q5D).
End of production (EOP) cells: Cells cultured (under conditions comparable to those used in
production) from the MCB or WCB to a passage level or population doubling level comparable to
or beyond the highest level reached in production [FDA Guidance for Industry: Characterization
and Qualification of Cell Substrates and Other Biological Materials Used in the Production of
Viral Vaccines for Infectious Disease Indications (2010)].
Expression construct: The expression vector that contains the coding sequence of the
recombinant protein and the elements necessary for its expression (ICH Q5B).
Host cells: See Parental cells (ICH Q5D).
Integration site: The site where 1 or more copies of the expression construct are integrated
into the host cell genome (ICH Q5B).
Limit of in vitro cell age (LIVCA): Time between thaw of the MCB vial(s) and harvest of the
production vessel as measured by elapsed chronological time, by population doubling level of
the cells, or by passage level of the cells when subcultivated by a defined procedure for
dilution of the culture (ICH Q5B, Q5D).
Master cell bank (MCB): An aliquot of a single pool of cells that generally has been prepared
from the selected cell clone under defined conditions, dispensed into multiple containers, and
stored under defined conditions (ICH Q5B, Q5D; Ph. Eur. 8.0).
Parental cells: Cells to be manipulated to give rise to a cell substrate or an intermediate cell
line. For microbial expression systems, it is typical to also describe the parental cells as the
host cell (ICH Q5D).
Passage level: The number of times that a cell population has been removed from the culture
vessel and has undergone a subculture (passage) process. [FDA Guidance for Industry:
Characterization and Qualification of Cell Substrates and Other Biological Materials Used in the
Production of Viral Vaccines for Infectious Disease Indications (2010)].
Pilot plant scale: The production of a recombinant protein by using a procedure fully
representative of and simulating that to be applied on a full commercial manufacturing scale.
The methods of cell expansion, harvest, and product purification should be identical except for
the scale of production (ICH Q5B).
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Tumorigenicity: Process by which immortalized cells form tumors when inoculated into animals.
[FDA Guidance for Industry: Characterization and Qualification of Cell Substrates and Other
Biological Materials Used in the Production of Viral Vaccines for Infectious Disease Indications
(2010)].
Viral clearance: Elimination of target virus by removal of viral particles or inactivation of viral
infectivity (ICH Q5A; 〈1050〉, 〈1050.1〉).
Virus-like particles: Structures visible by electron microscopy that morphologically appear to
be related to known viruses (ICH Q5A).
Working cell bank (WCB): A collection of cells prepared from aliquots of a homogeneous
suspension of cells obtained by culturing the MCB under defined culture conditions (ICH Q5B,
Q5D).
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BRIEFING

〈 1043〉 Ancillary Materials for Cell, Gene, and Tissue-Engineered Products, USP 41 page
6850 and PF 43(4) [July–Aug. 2017]. On the basis of recommendations by the Biologics
Monographs 3—Complex Biologics Expert Committee to align with current practices, it is
proposed to make the following revisions:
1.
2.
3.
4.

Add a section on Regulatory Considerations.
Add a section on Impact of Ancillary Material Quality on Product Quality.
Revise the Identification section and change the title to Identification and Sourcing.
Revise the Risk Classification section and change the title to Risk Management. Also
revise Table 1, Table 2, Table 3, and Table 4 to provide examples of ancillary material
residual impacts on product quality and clinical outcomes in patients.
5. Revise the section on Ancillary Materials Residual Level Assessment and Removal and
change the title to Residual Assessment and Removal.
6. Revise the Introduction, the sections on Qualification of Ancillary Materials,
Performance Testing, and the Conclusion.
7. Update the Appendix with additional references.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(BIO3: R. Potts.)
Correspondence Number—C188981
Comment deadline: January 31, 2019

〈 1043〉 ANCILLARY MATERIALS FOR CELL, GENE, AND TISSUE-ENGINEERED PRODUCTS
Change to read:
INTRODUCTION
A wide variety of reagents and materials, many of which are unique or complex, are required
for
used in USP43
the manufacture of cell, gene, and tissue-engineered
(CGT) USP43
products. These materials include plasma- or serum-derived products, biological extracts,
antibiotics, cytokines, culture media, antibodies, polymeric matrices, separation devices,
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density gradient media, toxins, conditioned media supplied by “feeder cell layers,” fine
chemicals, enzymes, and processing buffers. Many of these items are used to ensure the
survival and promote the growth of certain cell populations, although their mechanism of action
may not be entirely understood. Examples include fetal bovine serum (FBS) and various media
supplements. Other items, such as highly purified cholera toxin, are introduced into the
processing stream during manufacturing to exert a specific biochemical effect and are
immediately washed out in subsequent processing steps to avoid unwanted toxicity at a later
point. The finished biological products produced in such processes are often complex mixtures
that, in some cases, cannot be completely characterized. Careful scrutiny of the materials used
in manufacturing is necessary to prevent the introduction of adventitious agents or toxic
impurities, as well as to ensure the ultimate safety, effectiveness, and consistency of the final
product.
In cell, gene, and tissue-engineered product manufacturing, these reagents and materials are
collectively called ancillary materials (AMs). AMs have also been referred to as ancillary
products, ancillary reagents, processing aids, and process reagents. AMs were first discussed
under the synonym ancillary products in the U.S. Food and Drug Administration Notice,
“Application of Current Statutory Authorities to Human Somatic Cell Therapy Products and Gene
Therapy Products” (Federal Register 58(197), October 14, 1993, pp. 53248–53251). This
document established the FDA's authority to regulate human somatic cell therapy products and
gene therapy products. AMs are also synonymous with “processing materials” that were defined
in 21 CFR Part 1271, “Current Good Tissue Practice for Manufacturers of Human Cellular and
Tissue-Based Products; Inspection and Enforcement; Proposed Rule” (Federal Register 66(5),
January 8, 2001, pp. 1508–1559). AMs can be analogous to “components,” and in some cases,
“containers” as described in the current good manufacturing practice (cGMP) regulations for
finished pharmaceuticals as outlined in s21 CFR 211.80 through 211.94 and 211.101(b) and (c).
The defining property of AMs is that they are not intended to be present in the final product.
They are materials used as processing and purification aids or agents that exert their effect on
the therapeutic substance. Materials or components that are intended to be in the final
product dosage form (e.g., genetic materials, biopolymeric supports, physiological buffers) are
not AMs. Cell banks and virus banks are also not considered AMs; there are a number of
guidances that describe requirements for their certification. However “helper” viruses and
“helper” plasmids may be considered AMs when they are not intended to be part of the final
product.
The quality of an AM can affect the stability, safety, potency, and purity of a cell, gene, or
tissue-engineered product. For example, the mechanism by which an AM exerts its effect may
not be known, and the impact of normal variation of the AM on the quality and safety of the
therapeutic product may not be understood. Alternatively, AMs of human or animal origin may
present an infectious disease transmission risk. Other AMs, if administered to humans, may
cause an immune reaction. Finally, an AM with toxic properties that is introduced into a
manufacturing process and is not adequately removed in subsequent processing steps will
expose the patient to a toxic substance and may impair the effectiveness of the therapeutic
entity. These risks to the quality and safety of the therapeutic product are often heightened
with cell, gene, and tissue-engineered products, due to the limited ability to conduct extensive
in-process and release tests. For example, lack of in-process holding steps or limited shelf life
may create the need to administer the cell, gene, or tissue-engineered products before inprocess or final-release testing results are available. In other cases, the scarcity of suitable
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donor tissue or the complex logistics in the transport of biological materials may limit the
amount of material available for testing. To minimize these risks, whenever possible, it is
necessary to implement rigorous material qualification and prudent application of manufacturing
process controls.
Frequently, these novel therapeutic products are created using complicated biological
processes. The AMs employed in these procedures may be selected primarily for their unique
functional contributions or biological effects. Whenever possible, it is preferable to source AMs
that are approved or licensed therapeutic products because they are well characterized, have
an established toxicological profile, and are manufactured according to controlled and
documented procedures. Conversely, the AM may be intended “for research use” and may,
therefore, lack the level of qualification necessary for use in the production of a therapeutic
product. In either case, the manufacturer of the cell, gene, or tissue-engineered product
should develop comprehensive and scientifically sound qualification plans to ensure the
traceability, consistency, suitability, purity, and safety of the AM. In cases where AMs are
products approved for use for therapeutic purposes, the level of qualification will probably be
less extensive than that for a material intended for research purposes. However, their
suitability in the manufacturing process will still need to be established when the AM is being
used beyond the scope of its intended use or labeling. The purpose of this chapter is to provide
guidance in developing appropriate qualification programs for AMs employed in cell, gene, and
tissue-engineered product manufacturing.
Because CGT products are not usually amenable to extensive purification, filtration, and
terminal sterilization procedures, reagents and material qualification are critically important to
ensuring CGT product quality. The purpose of this chapter is to provide guidance on the
development of appropriate material qualification programs for CGT products.
The term “ancillary materials” (AMs) refers to materials that come into contact with the
cellular starting material, CGT product intermediates, or final CGT product during manufacturing,
but are not intended to be present in the final CGT product. AMs are therefore distinct from the
cellular starting material, the intermediates, and final CGT products. Excipients, which are
intended to be present in the final product, are therefore not AMs. Processing devices such as
vessels and transfer tubing sets may be considered AMs if they have surfaces and materials
that contact the cells during production. Processing devices and containers that are considered
AMs typically incorporate natural or synthetic biomaterials. Devices such as scaffolds or
delivery devices that are part of a device and biological combination product are considered
device components, and not AMs. Cell banks and virus banks are also not considered AMs;
guidance documents describe specific requirements for cell and virus bank certification and
regulatory approval. However, “helper” viruses and “helper” plasmids may be considered AMs if
they are not intended to be part of the final product.
Reagents that fall under the AM classification include well-characterized chemicals, complex
compounds (antibiotics, anticoagulants, density gradients, toxins), multi-component mixtures
(buffers, culture media), and complex biological compounds or mixtures (enzymes; blood-,
plasma-, or serum-derived products; biological extracts; cytokines; antibodies; and conditioned
media from cultured cells).
USP43
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Add the following:

REGULATORY CONSIDERATIONS
Regulatory agencies have referred to AMs (as defined within this chapter) as ancillary
products, ancillary reagents, processing materials, processing aids, and process reagents. The
US FDA first introduced the AM concept with the term “ancillary product” in a Federal Register
notice, Application of Current Statutory Authorities to Human Somatic Cell Therapy Products
and Gene Therapy Products [Federal Register 58(197), October 14, 1993, pp. 53248–53251],
which established the FDA’s authority to regulate human somatic cell therapy products and
gene therapy products. In a subsequent guidance, the FDA defined the term “ancillary reagent”
as a material “used in the manufacture or production of a biological product that may or may
not end up as part of the final product,” but the definition was not formalized or used
consistently in other FDA guidance (see Guidance for Industry: Characterization and
Qualification of Cell Substrates and Other Biological Materials Used in the Production of Viral
Vaccines for Infectious Disease Indications, February 2010). The term “AM” is also synonymous
with “processing material”, as defined in 21 CFR 1271, Current Good Tissue Practice for
Manufacturers of Human Cellular and Tissue-Based Products; Inspection and Enforcement;
Proposed Rule [Federal Register 66(5), January 8, 2001, pp. 1508–1559]. The US FDA also
provides information to cell and tissue product manufacturers in 21 CFR 876.5885, Tissue
Culture Media for Human Ex Vivo Tissue and Cell Culture Processing Applications.
Various labeling terminology has been used by AM manufacturers. The labeling terms
“Research Use Only” (RUO) and “Investigational Use Only” (IUO) originated in the medical
device labeling regulations and apply to materials intended for in vitro diagnostic use (see
Distribution of In Vitro Diagnostic Products Labeled for Research Use Only or Investigational
Use Only: Guidance for Industry and FDA Staff, November 2013). Because a given AM’s label
may or may not be relevant to its intended use in CGT product manufacturing, it is ultimately
the responsibility of the CGT product manufacturer to define and qualify the suitability of a
given AM in the CGT product manufacturing process.
Global and regional differences in AM labeling and documentation may dictate CGT product
regulatory submission requirements. In the US, the CGT product sponsor can sometimes crossreference an AM manufacturer’s Drug Master File (DMF), which allows proprietary AM
information to be reviewed by regulators, but not necessarily by the CGT product
manufacturer. Other countries and regulatory authorities manage the submission of AM
information differently, and it is critically important for the CGT product manufacturer to be
aware of these differences if the same CGT product will be clinically tested or marketed in more
than one regulatory jurisdiction. In any case, the CGT product manufacturer is responsible for
ascertaining the AM’s labeling, essential features, quality characteristics, and suitability for use.
USP43

Add the following:

IMPACT OF ANCILLARY MATERIAL QUALITY ON PRODUCT QUALITY
AM quality can pose risks to the stability, safety, potency, and purity of any product. These
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risks are often heightened with CGT products, whether due to their short shelf lives, limited
ability to conduct extensive in-process and release testing, or the fact that many CGT
products expand in vivo after their administration to the patient. To minimize the risks
associated with these commonly occurring scenarios, rigorous AM qualification and prudent
application of manufacturing process controls are necessary.
Sourcing of Ancillary Materials
AMs used in the manufacture of CGT products are often selected for their unique functional
or biological effects, and not necessarily on their quality attributes. Many AMs are only
intended for research use but may not be readily available in a grade comparable to that of
well-characterized licensed therapeutic products manufactured by controlled and documented
methods. For this reason, many CGT product manufacturers source AMs that are approved or
licensed therapeutic products. More recently, many AM suppliers have committed to providing
higher grade AMs, using high-quality manufacturing and testing approaches with extensive
documentation. Although the terms “clinical grade” and “good manufacturing practices” (GMP)
are often applied to these higher quality AMs, their documentation may not be fully compliant
with regulatory requirements for finished pharmaceutical products and excipients. Regardless of
the AM labeling claims or descriptions, CGT product manufacturers are ultimately responsible for
ensuring that the AM meets the necessary functional, quality, and documentation requirements
demanded by the relevant regulatory authorities.
Specific safeguards are required in order to minimize or eliminate the risk of transmitting
adventitious agents (viruses, bacteria, mycoplasma, protozoa, fungi, prions, etc.) when
sourcing AMs using human- or animal-derived components such as sera, antibodies, or growth
factors. In general, manufacturers of human- or animal-derived components and AMs should
practice the following procedures to ensure CGT product safety:
1. Screening and qualifying (e.g., through bacterial or viral testing) and documenting (e.g.,
through herd certification) the sources of human- or animal-derived components as
being free of suspected adventitious agents
2. Validating the inactivation (e.g., through chemical, thermal, or irradiation treatments)
and removal (e.g., through chromatographic or filtration methods) of suspected
adventitious agents during the processing of human- or animal-derived AM components
3. Testing (e.g., through polymerase chain reaction or virally-responsive cell lines) the
initial raw material and final purified human- or animal-derived AM components for the
presence of suspected adventitious agents
Industry and regulators have not yet established standard terminology to fully describe the
presence or absence of human- or animal-derived components in AMs. Nevertheless, CGT
product manufacturers should strive to eliminate all possible risk of adventitious agents in their
final CGT products. The most direct way to achieve this goal is to eliminate AMs containing
materials of human or animal origin. If AMs containing human- or animal-derived components are
used, CGT product manufacturers should require AM suppliers to verify and document the
absence of adventitious agents through the proper sourcing, processing, and testing of their
human- or animal-derived components.
Regardless of the stated grade of the AM, the CGT product manufacturer is responsible for
developing comprehensive and scientifically sound qualification plans to ensure the traceability,
consistency, suitability, purity, and safety of the AM. Developers would be well served by
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referring to the International Council for Harmonisation (ICH)Q8(R2) guideline on Pharmaceutical
Development, which provides internationally harmonized methodology for incorporating a
quality-by-design (QbD) approach into development processes. This guidance allows systematic
consideration of the critical quality attributes of a manufacturing process, including materials,
resulting in the design of a high quality product. USP43
Change to read:
QUALIFICATION OF ANCILLARY MATERIALS
Qualification is the process of acquiring and evaluating data to establish the source, identity,
purity, biological safety, and overall suitability of a specific AM. The responsibility for AM
qualification resides with the developer or manufacturer of the cell, gene, or tissue-engineered
product. This section outlines the basis by which a manufacturer can establish rational and
scientifically sound programs for qualifying AMs, although the broad nature of the cell, gene,
and tissue-engineered products and of the AM used to produce these products make it difficult
to recommend specific tests or protocols for a qualification program. Thorough documentation
is the cornerstone of any qualification program.
A well-designed qualification program becomes more comprehensive as product development
progresses. In the early stages of product development, safety is the primary focus. In the
later stages, AM production and qualification activities should be comprehensively developed to
support eventual licensure of the cell, gene, and tissue-engineered product. On some
occasions, complex or unique substances that have been shown to be essential for process
control or production may not be available from suppliers that produce them in compliance with
cGMP. In these situations, the manufacturer will have to develop a scientifically sound strategy
for qualification. A qualification program for AMs used in cell, gene, and tissue-engineered
product manufacturing should address each of the following areas: (1) identification, (2)
selection and suitability for use in manufacturing, (3) characterization, (4) vendor qualification,
and (5) quality assurance and control.
AM qualification is the process of acquiring and evaluating data to establish the source,
identity, purity, safety, and overall suitability of a specific AM. CGT product developers and
manufacturers are responsible for establishing rational and scientifically sound AM qualification
programs. These programs should include the characterization and quantification of each AM
throughout the manufacturing process (i.e., measuring its tendency to be removed, degraded,
or taken up by cells during manufacturing). Although the heterogeneity of many CGT products
and AMs makes it difficult to recommend specific tests or protocols for a qualification program,
the following provides a practical approach applicable to most AMs.
Thorough documentation is the cornerstone of any qualification program. A well-designed and
well-documented AM qualification program becomes more comprehensive as product
development progresses. Development of progressive specifications for AMs typically runs in
parallel to the development of progressive specifications for the CGT product, including
analytical testing. In early stages of CGT product development, safety is the primary focus; a
complete description of AM characteristics, and precise quantitation of residual AM in the CGT
product, may be limited by a lack of validated assays. In later CGT product stages, AM quality
and residuals specifications, along with analytical test methods, should be more
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comprehensively elaborated to support eventual licensure of the CGT product.
In cases where AMs are products licensed for therapeutic use and manufactured under
current good manufacturing practices (cGMP), the extent of qualification is typically less than
that for a material intended for research purposes. While use of licensed therapeutic products
as AMs may ensure a higher level of quality and safety, it is outside the scope of the licensed
product’s intended use and labeling; therefore, the AM’s suitability for use in the CGT product
manufacturing process still requires qualification. Modification of the licensed product, such as
dilution, reformulation, mixture with another agent, aliquotting, or repackaging, could trigger
additional qualification. Modification of the licensed product’s container–closure system may
also be necessary if it will be used as an AM.
In many situations, complex or unique substances essential for CGT product process control
or production will not be available in pharmaceutical grade. Even if an AM manufactured in
compliance with cGMP is used, the CGT product manufacturer must develop a scientifically
sound strategy for AM qualification based on assessments of criticality and principles of risk
management. This assessment takes into account major risks to the CGT product, AM or CGT
product failure modes, and impacts to the product or patient in the event of an AM or CGT
product failure. A qualification program for AMs used in CGT product manufacturing should
address each of the following areas: 1) identification and sourcing, 2) selection and suitability
for use in manufacturing, 3) characterization, 4) vendor qualification, and 5) quality assurance
and control.
USP43

Identification
and Sourcing USP43
The first step in any qualification program is the listing of all of the AMs used in a given
CGT USP43
product manufacturing and
process, including details on USP43
where in the manufacturing process they are to be
USP43

employed. The source and intended use for each material should be established, and the
necessary quantity or concentration of each material should be determined. Alternate sources
for each material should be identified
and qualified. USP43
Selection and Suitability for Use
Developers of CGT products should establish and document selection criteria for AMs and
qualification criteria for each vendor early in the design phase of
CGT USP43
product development. Selection criteria should include assessments of microbiological and
chemical purity, identity, and biological activity pertinent to the specific
CGT product USP43
manufacturing process. It is important to address these issues early in product development
because certain AMs that are initially considered necessary may be impossible or prohibitively
expensive to qualify, thereby justifying the investigation of alternatives or replacements.
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Examples include some animal- or human-derived materials that in some cases
may USP43
have alternate (i.e., plant or chemically synthesized) sources.
AMs
containing components USP43
of animal or human origin should be selected cautiously due to the
require careful selection because of the USP43
potential
risk of USP43
infectious or zoonotic disease, risks associated with these materials. Vendors should be
selected that can supply documentation regarding the country of origin for animal-derived AMs
to address concerns regarding transmissible spongiform encephalopathies and other diseases of
agricultural concern, like tuberculosis and brucellosis
and the associated regulatory scrutiny. Vendors should provide documentation on the
country of origin for animal-derived AMs to address concerns regarding transmissible spongiform
encephalopathies and other diseases of agricultural concern (e.g., tuberculosis, brucellosis,
etc.). USP43
In many cases, the chain of custody for animal-derived AMs (i.e., abattoir → intermediate
processing center → final processing center) will need to
must USP43
be documented. Vendors of human-derived AMs should be able to
USP43

supply documentation regarding material traceability. For instance, human plasma-derived AMs
should be sourced from licensed facilities that control the donor pool and appropriately screen
the individual donors for relevant human infectious diseases. In some cases,
USP43

Vendors of animal- and human-derived AMs supply different grades of materials, some of which
will be more suitable for use in CGT product manufacturing than other grades. For example, FBS
can be obtained that has been processed to reduce the risk of bovine viral contamination by
subjecting it to validated irradiation and nanofiltration processes. Also,
may supply different grades of materials, some more suitable for use in CGT product
manufacturing than others. USP43
Many animal- and human plasma-derived components are subjected to
validated USP43
chemical (detergent or solvent treatment) or physical (heat, exposure for extended periods of
time)
irradiation, or filtration) USP43
treatments that have been shown through validation studies
USP43

to significantly reduce the risk of
contamination by USP43
adventitious microbial or viral contamination associated with starting AMs. Such AMs are
preferred for use in cell, gene, and tissue-engineered product manufacturing processes because
they significantly reduce the risks associated with the original material.
agents. USP43
The complexity of risk assessment can be reduced by employing one of a number of
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quantitative or semiquantitative approaches, such as failure mode effects analysis (FMEA),
quality function deployment (QFD), or hazard analysis and critical control point (HACCP). These
programs typically assign a point value to each risk parameter for an AM that results in
cumulative scores that make it easier to prioritize effort and resources for decreasing the risks
associated with AMs. For example, an AM that has a strong safety profile and is used in minimal
amounts in upstream steps of the manufacturing process and is thoroughly washed from the
system would accumulate a low point score. Conversely, an AM that is known to be toxic and is
employed in downstream processing would, therefore, possess a higher potential for appearing
as a residual in the final product and would be assigned a higher point value. One can also
assign points based on the risk classification (see Risk Classification).

USP43

Characterization
Specific quality control characterization tests need to be developed or adopted and
implemented for each AM. The set of tests for each AM should assess a variety of quality
attributes, including identity, purity, functionality, and freedom from microbial or viral
contamination. The appropriate level of testing for each AM is derived from its risk assessment
profile and the knowledge gained during development. Test specifications should be developed
for each AM to ensure consistency and performance of the manufacturing process. Acceptance
criteria should be established and justified on the basis of the data obtained from lots used in
preclinical and early clinical studies, lots used for demonstration of manufacturing consistency,
and relevant development data, such as those arising from analytical procedure development
and stability studies.
Quality control and characterization tests for each AM need to be developed (or adopted)
and implemented. AM testing should assess a variety of quality attributes, including identity,
purity, functionality, and freedom from microbial or viral contamination. The appropriate level of
testing for each AM is derived from its risk assessment profile and the knowledge gained during
CGT product development. AM test specifications should be established and justified to ensure
consistency and performance in the CGT product manufacturing process. Acceptance criteria
can be based on data from lots used in preclinical and early clinical studies, lots used for
demonstration of manufacturing consistency, and relevant development data, such as those
arising from analytical method development and stability studies. AM testing data should be
tracked over time for consistency and retained samples should be archived for later analysis, if
necessary. USP43
Some AMs that are biological in nature may be difficult to fully characterize. Because these
materials exert their effects through complex biological activities, and biochemical
because physicochemical USP43
testing may not be predictive of the AM’s process performance,
it is frequently necessary to include USP43
functional or performance testing. may be needed
USP43

Performance variability of such materials
AMs USP43
may have a detrimental impact on the potency and consistency of the final therapeutic
CGT USP43
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product. Examples of complex functionality
functional USP43
testing for AMs include growth promotion testing of individual lots
USP43

of fetal bovine serum (FBS) on the cell line used in manufacturing
or human plasma/serum supplements, USP43
performance testing of digestive enzyme preparations, and in vitro tissue culture cytotoxicity
assays (see Performance Testing).
Vendor Qualification
Vendors supplying
USP43

of AM should be qualified at the earliest opportunity. Auditing the vendor’s manufacturing
facility, including their GMP
capabilities USP43
and AM testing program, are basic elements of a vendor qualification program. A review of the
vendor’s processing procedures and documentation program is essential in establishing
confidence in the vendor as a reliable supplier. Vendors certified through an ISO inspection
program or audited by other
USP43

governmental agencies tend to
typically USP43
have robust quality systems in place. Reports of past audits of US suppliers obtained through
the Freedom of Information (FOI) Act may augment the qualification process.
The CGT product developer should establish a written quality agreement with each AM
vendor in order to clearly define the roles and responsibilities, including communication
channels, change control, audit procedure, and dispute resolution. USP43
It is important to develop a good working relationship with vendors. In some cases, the vendor
may provide higher manufacturing standards, custom formulation services, or replacement of
substandard components upon request, with or without additional costs. A good rapport is
essential if further investigation into AM suppliers is warranted.
USP43

Vendors should be familiar with the principles of validation, especially cleaning, viral
inactivation, and sterilization validation. It is also critical to ensure that the
AM USP43
vendor takes appropriate steps to prevent cross contamination between its products
different AMs USP43
during manufacture. Finally, systems should be established where vendors
AM vendors should USP43
supply written certification of processing or sourcing changes to customers, well in advance of
the implementation of the changes so that customers can evaluate the potential impact of
such changes.
Quality Control and Quality Assurance
Because the components of the
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AM USP43
qualification program are multifaceted and need to be in compliance with cGMP, they should be
monitored by a quality assurance/quality control unit (QAU). Typical QAU activities include the
following systems or programs: 1) incoming receipt, segregation, inspection, and release of
materials prior to use in manufacturing, 2) vendor auditing and certification, 3) certificate of
analysis verification testing, 4) formal procedures and policies for out-of-specification materials,
5) stability testing, and 6) archival sample storage.
Change to read:
RISK CLASSIFICATION
MANAGEMENT USP43
A scientifically sound and rational qualification program should be designed for each AM and
should take into account the source and processes employed in its manufacture. Whenever
available, AMs that are approved or licensed therapeutic products are preferable because they
are well-characterized with an established toxicological profile and are manufactured according
to controlled and documented procedures. Licensed biologics, approved drugs, and approved or
cleared medical devices or implantable materials that have been incorporated into cell, gene, or
tissue-engineered product manufacturing processes present a known or more favorable safety
profile for the patient than nonapproved or nonlicensed versions. Qualification programs for
these AMs should reflect the extensive scrutiny that these items were subjected to in their
development and manufacture. Consequently, greater emphasis should be placed on the
investigation of the impact of inherent variability of these AMs on final product function. For
instance, a manufacturer may utilize human serum albumin, intended for human administration,
as a supplement to a cell cultivation medium for a cell-based product. Because the cell-based
product is marketed as a licensed biological, one need not repeat all the testing already
performed by the supplier as part of material qualification. In contrast, the impact of lot-to-lot
variability on cell growth rate or maintenance of an important differentiated cellular property
may be a prudent area of investigation. Alternatively, the stability of this material at the
concentration employed in processing or its potential for interaction with other processing
components may also be areas worthy of investigation. Such approaches to AM qualification
therefore focus on the AM as a potential source of variability that may influence final product
potency and safety. Qualification programs for these AMs should be comprehensive to minimize
consumer risk and ensure that unacceptable lots or adulteration will be detected.
The qualification program must also take into account the quantity of the AM employed in
manufacturing as well as its point of introduction in the manufacturing process. A relevant
example is the use of FBS as a supplement to a tissue culture medium used to expand a stem
cell population from a specific tissue for eventual administration to a patient (see
Manufacturing Overview under Cellular and Tissue-Based Products 〈1046〉 ). A qualification
program for such an AM would include (a) assurance that the serum was sourced from a
country or region known to be free of bovine spongiform encephalopathy (BSE); (b) assurance
that the source herds are monitored and test negative for specific diseases relevant in
agricultural settings (e.g., tuberculosis, brucellosis, foot and mouth disease); (c) testing of the
serum for sterility, mycoplasma, endotoxin content, and adventitious bovine viruses known to
be associated with the material;1 (d) the review and archiving of the supplier's certificate of
analysis; (e) lot-to-lot assessment of the ability of the serum to consistently expand a
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representative cell population using a standardized cell culture quality control assay; and (f)
on-site audit of the supplier to ensure that the material is sourced and processed in a manner
deemed acceptable by a responsible QA unit.
To aid manufacturers and developers in the design of their qualification programs for a variety
of AMs, tiers of sample risk categories are presented in Tables 1–4 and are provided as a guide.
Risk is also dependent on the amount and the stage at which the AM is used in the
manufacturing process. Tables 1–4 do not address the impact of quantity or stage of use.
The evaluation of AM risk to CGT product quality should be based on scientific knowledge,
with the ultimate goal of patient protection. ICH Q9 (step 4) “Quality Risk Management”
provides a useful approach to risk management principles, process, methods, and definitions.
Risk management processes include identifying, analyzing, and evaluating risks, followed by
controlling potential risks. Tools or methods, such as a risk evaluation matrix (REM), can
quantify risk and facilitate appropriate decision-making and risk acceptance.
Each AM is potentially subject to the risk management process, from selection and
qualification to storage and distribution, and use in manufacturing. For reasons described earlier
in this chapter, and especially because of the inability to thoroughly remove some AM residuals
from the final CGT product, AM selection should incorporate a risk-based approach. Before
conducting an AM risk assessment the CGT product manufacturing process must be
understood, including identification of the AM’s relationship to the CGT product’s critical quality
attributes (CQAs); these considerations are described in ICH Q11 (step 4) “Development and
Manufacture of Drug Substances”. Assessment tools can then be used to quantitate each
critical parameter, resulting in an assessment of overall risk. For example, if an AM had a
suitable safety profile, was used in minimal amounts in upstream steps of the CGT product
manufacturing process, and was thoroughly removed from the final CGT product, it would earn
a low risk category since both the likelihood of failure (toxicity) and the occurrence severity
(consequence to the patient) are low. Conversely, an AM with known toxicity which is
introduced downstream would have higher potential to appear as a toxic residual in the final
product, and would therefore be assigned to a medium or high risk category. Regardless of the
risk category, assessment of AM removal should be completed during CGT product
manufacturing process characterization and validation.
As part of the risk assessment process a rational and scientific qualification program should
be designed for each AM, taking into account sources and manufacturing processes. Whenever
available, AMs that are approved or licensed therapeutic products are preferable because they
are well-characterized, possess an established toxicological profile, and are manufactured
according to controlled and documented procedures. Incorporating licensed or approved
biologics, small molecule drugs, and medical devices or implantable materials into CGT product
manufacturing processes presents a more favorable patient safety profile, compared to
unapproved versions. Qualification programs for these AMs should reflect the extensive scrutiny
to which they were subjected during development and manufacture. Consequently, greater
emphasis may then be placed on the impact of inherent AM variability on final CGT product
function. For example, if a manufacturer selects approved human serum albumin (HSA) as a cell
culture medium supplement for CGT product manufacturing, it may be prudent to assess the
impact of the HSA’s lot-to-lot variability on cell growth rate and differentiation, its stability
during manufacturing, or its interaction with other processing components. Such qualification
approaches focus on the AM’s variability as it influences final product potency and safety. AM
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qualification programs should be comprehensive to minimize risks to the consumer and the CGT
product.
To aid CGT manufacturers and developers in the design of their AM risk management and
qualification programs, potential risk categories are presented as Tiers 1–4 in Table 1, Table 2,
Table 3, and Table 4, respectively; these are provided as a guide to create an REM. The REM
should also consider the amount of the AM used, the stage at which the AM is used in the
manufacturing process, and the residual AM remaining in the final CGT product. USP43
Tier 1
These AMs are low-risk, highly qualified materials that are well-suited for use in
manufacturing. The AM is either a licensed biologic, an approved drug, an approved or cleared
medical device, or it is intended for use as an implantable biomaterial. Generally these
components or materials are obtained as a sterile packaging system or dosage form intended
for their label use, but are instead utilized “off label” in the manufacturing process for the cell,
gene, or tissue-engineered product.
The AM is a highly qualified material that is well-suited for use in manufacturing of CGT
products, such as a licensed biologic, drug, or medical device. Tier 1 AMs generally come with
sterile packaging systems or dosage forms labeled with their intended use, and the CGT product
developer clearly defines and documents their use within the manufacturing process. Changes
to the packaging, dosage form, formulation, or storage conditions must be qualified and
documented; these changes may also trigger further AM release testing and stability studies.
USP43

Tier 2
These AMs are low-risk, well-characterized material that are well-suited for use in
manufacturing. Their intended use is for drug, biologic, or medical device manufacture, including
cell, gene, and tissue-engineered products as AMs, and they are produced under relevant
cGMPs. Most animal-derived materials are excluded from this category.
The AM is a well-characterized material produced under an established quality system wellsuited for CGT product manufacturing, but the AM is not a licensed or approved medical
product. Many Tier 2 AMs are produced specifically for the manufacture of CGT products. Most
animal-derived materials are excluded from this category.
USP43

Tier 3
These AMs are a moderate risk material that will require a higher level of qualification than
previous tier materials. Frequently, these materials are produced for in vitro diagnostic use and
are not intended for use in the production of cell, gene, or tissue-engineered products. In some
cases, upgrade of AM manufacturing processes may be necessary in order to employ the AM in
manufacturing of these products (e.g., modification of the production process for a diagnostic
grade monoclonal antibody to include robust viral removal steps in purification).
The AM is either intended for research use, locally produced under laboratory conditions, or
not intended for use in CGT product manufacturing; it may be approved by regulatory agencies
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as part of an in vitro diagnostic device. Tier 3 AMs require more qualification than Tier 1 or Tier
2 materials. Using a risk-based approach, an AM manufacturing process upgrade may be
necessary to fully qualify the AM for CGT product manufacturing. For example, robust viral
inactivation and removal steps may need to be added to the production process for a
diagnostic-grade monoclonal antibody in order to produce a reagent suitable for CGT product
manufacturing. The manufacturing process for an AM produced in an academic or pilot-stage
manufacturing facility will likely need to be upgraded for late-stage clinical trials and eventual
commercialization of the CGT product.
USP43

Tier 4
This is the highest risk level for AMs. Extensive qualification is necessary prior to use in
manufacturing. The material is not produced in compliance with cGMPs. AMs are not intended
for use in the production of cell, gene, or tissue-engineered products. This risk level includes
highly toxic substances with known biological mechanisms of action, and also includes most
complex, animal-derived fluid materials not subjected to adventitious viral removal or
inactivation procedures. These materials may require (a) an upgrade of AM manufacturing
processes; (b) treatment of AMs to inactivate or remove adventitious agents, disease-causing
substances, or specific contaminants (e.g., animal viruses, prions); (c) testing of each lot of
material to ensure that it is free of adventitious agents, disease-causing substances, or
specific contaminants; (d) validation of the manufacturing process of the cell, gene, or tissueengineered product to assess consistency of removal of a known toxic substance or lot-release
testing to demonstrate reduction levels considered to be safe; or (e) validation of the
manufacturing process of the cell, gene, or tissue-engineered product to assess consistency of
removal or inactivation of adventitious agents, disease-causing substances, or specific
contaminants associated with the material. Developers in the early stages of development
should evaluate the necessity of these materials and explore alternative substances or sources.
The AM is produced for industrial or research use and may contain harmful impurities,
and/or may contain animal- or human-derived components harboring adventitious agents. Highrisk Tier 4 AMs require extensive qualification before they may be used in CGT product
manufacturing. These materials may require one or more of the following measures:
1. An upgrade of the AM manufacturing process
2. Selection, screening, and testing of the animal or human sources
3. Testing of each AM lot to ensure that it is free of adventitious agents or specific
contaminants
4. Treatment of the AM to inactivate or remove adventitious agents or specific
contaminants
5. Validation of the CGT product manufacturing process to assess consistency of removal
of a known toxic substance, and/or lot-release testing to demonstrate safe residual
levels
6. Validation of the CGT product manufacturing process to demonstrate removal or
inactivation of adventitious agents or specific contaminants
For Tier 4 AMs deemed critical to the CGT product manufacturing process, CGT product
developers should explore alternative AMs or sources as early as possible in development.

PF 44(6): Nov.-Dec. 2018

81

USP43

Table 1. AM Risk Tier 1
Low-Risk, Highly Qualified Materials with Intended Use as Therapeutic Drug or Biologic,
Medical Device, or Implantable Material
Materials Intended for Use as Approved Biologics, Drugs, or Medical Devices USP43
Qualification or
Risk Reduction
Typical Use in CGT
Activities
Example
Product Manufacturing
USP43
Cell culture medium additive
Recombinant insulin for
Chemically defined basal cell culture
injection
medium USP43
Organ
transport/ USP43
Process biological fluid employed in
preservation fluid
tissue transport or processing
Human serum albumin
Cell culture medium
for injection
additive USP43
DMF cross reference
(when possible or
Process biological fluid employed in
practical)
Sterile fluids for
tissue transport, cell processing,
injection
purification
Certificate of
Implantable biomaterials
analysis
(formed
materials USP43
Assess lot-to-lot
(collagen, silicone,
effect on process
polyurethane constructs
performanceb
intended for surgical
Scaffolds, matrices for immobilized
implantation)
cellular cultivation
Assess removal from
Recombinant
final product
deoxyribonuclease for
Process enzyme employed in viral vector
inhalation or injection
manufacturing, stem cell processing
Stability assessment
on AM as stored for
Cell culture medium and
use in
USP43
Biopsy transport fluid additive to reduce
manufacturing2
a
Injectable antibiotics
risk of bacterial contamination
Assess AM
stability
as stored
Injectable monoclonal
Immunologically targeting specific cell
and
used
in CGT
antibodies
populations for selection or removal
product
Injectable cytokines,
manufacturingc
vitamins, chemicals,
Cell culture medium
nutrients USP43
additive USP43
Visual inspections
Vitamins for injection;
Cell culture medium additive employed in
defined nutrients,
cell expansion, controlled cellular
Assess particulates
chemicals, or excipients
differentiation/activation step, or
and
intended for injection
manufacture of a viral vector
extractables USP43
USP43

IV bags, transfer sets
and tubing,
cryopreservation bags,
syringes, needles

USP43

Storage vessels or container–closure
systems, closed aseptic transfer
systems
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a Beta lactam antibiotics should not be used as AMs due to the risk of patient
hypersensitivity.
b Beta lactam antibiotics should not be used as AMs due to the risk of patient
hypersensitivity. See Performance Testing.
c Often AMs are aliquoted or stored at different concentrations, in different buffers, or
under conditions that are different from those stated on the label or previously validated.
Data should be generated that demonstrate the stability and preservation of activity of the
AM under the conditions that are specific to the manufacturing application.

Table 2. AM Risk Tier 2
Low-Risk, Well Characterized Materials with Intended Use as AMs, Produced in
Compliance with GMPs
Well-Characterized Materials with Intended Use as AMs USP43
Typical Use in CGT
Qualification or Risk Reduction
Product
Activities
Example
Manufacturing
USP43

82
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Recombinant
growth factors,
cytokinesa
Immunomagnetic
beads

83

Cell culture medium
USP43

additive
Immunomagnetic
separation of cells
Cell selection USP43
Cell culture medium
USP43

Human AB serum
Progesterone,
estrogen,
vitamins, purified
chemicals (USPgrade)

Sterile process
buffers
Biocompatible
polymers,
scaffolds,
hydrogels
Proteolytic
enzymes
Tissue culture
media

Monoclonal
antibodies
USP43

additive
Cell culture medium
USP43

additives, induction
agents, buffer
components
Process biological fluid
employed in tissue
transport, cell
processing, purification
Scaffolds, matrices for
immobilized cellular
cultivation
Process enzyme
Digest tissue or
protein USP43
Cell culture medium
USP43

additive
Immunologically
targeting specific cell
populations for
selection or removal
USP43

All of the qualification and risk mitigation
activities in Tier 1, plus the
following: USP43
DMF cross reference (when possible or
practical)
Confirm certificate of analysis test
results USP43
Certificate of analysis
Confirm certificate of analysis test
results that are critical to CGT product
identity, purity, or potency USP43
Assess lot-to-lot effect on process
performance2
Assess removal from final product
Verify AMs containing animal- or humanderived materials have been purified,
tested, and certified to be free of
adventitious agents USP43
Stability assessment on AM as stored for
use in manufacturing3
When relevant, confirm certificate of
analysis test results critical to product
(could include functional assay)
USP43

Density gradient
Cell separation via
media
centrifugation
Vendor audit
a These AMs should be
AMs USP43
produced from nonmammalian, recombinant sources (i.e., microbially grown in the absence
of animal-derived growth medium components).
2 See Performance Testing.
3 Often AMs are aliquoted or stored at different concentrations, in different buffers, or
under conditions that are different from those stated on the label or previously validated.
Data should be generated that demonstrates the stability and preservation or activity of
the AMs under the conditions that are specific to the manufacturing application.
USP43
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Table 3. AM Risk Tier 3
Moderate-Risk Materials Not Intended for Use as AMs
(frequently produced for in vitro diagnostic use or reagent grade materials)
USP43

Example
Recombinant
growth
factors,
cytokines
Tissue culture
media
Monoclonal
antibodies
(diagnosticgrade
for
diagnostic
use USP43
produced in
cell culture)
Process
buffers
Novel
polymers,
scaffolds,
hydrogels

Typical Use in CGT
Product Manufacturing
Cell culture medium
USP43

additive
Cell culture medium
USP43

additive

Immunologically targeting
specific cell populations for
selection or removal
Targeting cells for
selection, activation, or
removal USP43
Process biological fluid
employed in tissue transport,
cell processing, purification

Scaffolds, matrices for
immobilized cellular cultivation
Process enzyme
Digest tissue or
protein USP43

Qualification or Risk Reduction
Activities
USP43

All of the qualification and risk
mitigation activities in Tier 2, plus the
following: USP43
DMF cross reference (when possible or
practical)
certificate of analysis
Confirm certificate of analysis test
results USP43
Assess lot-to-lot effect on process
performance1
Assess removal from final product
Stability assessment on AM as stored for
use in manufacturing2
When relevant, confirm certificate of
analysis test results critical to product
(could include functional assay)
Vendor audit

Proteolytic
USP43
enzymes
Purified
chemicals
Culture medium additives,
Upgrade manufacturing process for
(reagentinduction agents, buffer
material to GMP
grade)
components
be suitable for therapeutic use USP43
1 See Performance Testing.
2 Often AMs are aliquoted or stored at different concentrations, in different buffers, or
under conditions that are different from those stated on the label or previously validated.
Data should be generated that demonstrate the stability and preservation or activity of the
AM under the conditions that are specific to the manufacturing application.
USP43
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Table 4. AM Risk Tier 4
High-Risk Materials

Typical Use in CGT Product
Manufacturing
Cell culture medium

Example

USP43

FBS
Animal- and human-derived
materials USP43
Animal-derived (including human)
extracts
USP43

Animal-derived polymers,
scaffolds, hydrogels

Purified enzymes
Ascites-derived antibodies or
proteins
USP43

additives;
targeting moieties for cell
selection, activation, or
removal USP43
Cell culture medium additive

Qualification
or Risk
Reduction
Activities
Same as in Table
3, plus
All of the
qualification and
risk mitigation
activities in Tier
3, plus the
following: USP43

USP43

Scaffolds, matrices for immobilized
cellular cultivation
Process enzyme
additives such as trypsin or
collagenase for digesting protein or
tissue USP43
Immunologically targeting specific
cell populations for selection or
removal
USP43

Animal or human cells used as
feeder layers

Cell culture substratum or source
of medium components
conditioned medium USP43

Chemical entities with known
toxicities (i.e. methotrexate,
cholera toxin, Staphylococcus
aureus pore-forming hemolysin,
Staphylococcus enterotoxins A
and B, toxic shock syndrome
toxin)
Toxic entities (i.e.,
methotrexate, bacterial toxins,
etc.) USP43

Selection agents used in cell
culture to improve or maintain
transgene expression, enhance
cellular proliferation, improve cell
survival upon cryopreservation,
superantigens for the activation of
T cells
Cell culture additives to maintain
transgene expression, enhance
proliferation, or improve cell
survival upon
cryopreservation USP43

Verify traceability
to country of
origin
Safety testing
for residuals in
CGT
product USP43
Assure country
of origin is
qualified as safe
with respect to
source-relevant
animal diseases,
including TSE
Recombinationcompetent
retroviral testing
for relevant gene
therapy
AMs USP43
Adventitious
agent testing for
animal sourcerelevant viruses

Change to read:
PERFORMANCE TESTING
In cases where AMs are chosen for their ability to provide a particular biological function in
producing the therapeutic product, performance testing becomes an essential component of
their overall qualification. This is especially true when the AM plays a critical role in modulating
a complex biochemical effect and has a large impact on product manufacturing yield, purity, or
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final product potency. These AMs tend to be complex substances or mixtures, are frequently
biologically sourced, and can exhibit significant lot-to-lot variability. As a result, these AMs
usually have no simple identity test, nor can they be easily characterized by physical or
chemical tests. The development of well-defined performance assays for complex AMs will not
only ensure process reproducibility and final product quality, but in many cases will satisfy the
identity testing criteria in accordance with 21 CFR 211.84(d).
In some cases, the initial qualification of an AM for use in manufacturing should be the
investigation of the effect of the amount of the AM on the desired response (increased yield,
purity, or potency of the therapeutic product). The amount of the AM used in manufacturing
should be chosen to consistently yield the desired effect while minimizing issues by removing
the AM in subsequent processing steps. Such testing frequently assesses the important
functional attribute expected of the AM in a scaled-down or simulated manufacturing process.
Some examples follow:
If an AM is added to the culture media because it promotes cellular proliferation or the
secretion of a critical therapeutic agent, the assay could demonstrate that each lot of
AMs produces the expected rate and amount of cellular proliferation or the expected
level of secreted therapeutic agent.
If a monoclonal antibody is used to purify a particular cell type, the new lot of
monoclonal antibody could be shown to purify the cell population with the expected
recovery and purity for the desired cell type.
If a deoxyribonuclease is used to degrade cellular DNA, new lots could be tested for the
ability of the deoxyribonuclease to degrade DNA.
If a particular type of density gradient material is used to purify a vector or cell, new
lots of the material used to make the gradient could be shown to purify the vector or
cell to an acceptable level.
If a plasmid or viral vector is used in the production of a gene therapy vector (e.g.,
helper function), new lots of the helper vector could be shown to produce the expected
amounts of the gene therapy vector.
If a cell therapy is produced in a hollow-fiber bioreactor, new lots of the bioreactor
could be shown to produce the anticipated amount of cell product.
The actual assay used may well evolve as the manufacturing process is developed further
and the critical relationships of the AM and the final product are better understood.
Because most performance testing yields relative results, it is often helpful to assay a new lot
of AMs side by side with an approved lot of AMs or an official reference standard, if available.
This simultaneous comparison helps to reduce the variability due to different lots of cells or
vectors and will help discern variability associated with the different lots of AMs. If performance
testing involves assays to demonstrate that the new lot of AMs does not affect the impurity
profile of the final therapeutic product, either by generating new impurities or by increasing the
level of existing impurities, it is helpful to assay both for the total level of impurities, as well as
look for the presence of new impurities. An immunologically-based binding assay can typically
assess only the total level of impurities. For example, a Western blot of the gene therapy
product that is probed both with antibodies to the product and antibodies to host cell proteins
is useful for detecting new protein species and significant increases in the levels of host cell
impurities. This initial qualification is enhanced by a performance assay that has a quantitative
readout with a clear change in the signal when a significant change in the amount of AMs is
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introduced into the assay (e.g., dose response). A threshold-type response (i.e., there are two
levels of response to the AM and neither large changes in an AM below a certain dose nor
above a certain dose change the response) can make it more difficult to select a concentration
of AM that consistently results in the desired effect and minimizes the residual levels of the AM
in the final therapeutic product.
In cases where an AM is chosen for its effect on a particular biological function of an
intermediate or final CGT product, performance testing is an essential element of its overall
qualification. This is especially true when the AM plays a critical role in modulating a complex
biochemical effect or has a large impact on yield, purity, and/or final product potency.
Performance testing is particularly critical for AMs that are complex substances, mixtures, or
biologically sourced; these AMs are more likely to show significant lot-to-lot variability, lack a
simple identity test, and be difficult to characterize. The development of well-defined
performance assays for complex AMs will not only ensure process reproducibility and final
product quality, but in many cases will satisfy regulatory requirements for identity testing.
Often, the initial qualification of an AM for use in CGT product manufacturing investigates the
dose-response effect of the AM on yield, purity, or potency of the therapeutic product. The
optimal amount of AM used in CGT product manufacturing should consistently yield the desired
effect, while minimizing residuals. Performance testing frequently utilizes a scaled-down or
simulated manufacturing process.
Some examples include:
For a cellular proliferation AM added to culture medium, the assay could demonstrate
that each lot of AM produces the expected rate and degree of cellular proliferation
For a monoclonal antibody used to purify a particular cell type, the assay could
demonstrate that each new lot of monoclonal antibody purifies a standard cell
population with the expected recovery and purity
For a density gradient material used to purify a vector or cell, the assay could
demonstrate that each new lot of material purifies the vector or cell with the expected
recovery and purity
For a helper viral vector used to produce a gene therapy vector, the assay could
demonstrate that new lots of the helper vector produce the expected amounts of
active gene therapy vector
Functional assays may evolve as CGT product manufacturing processes develop, and the
critical relationships between AM and final products are better understood.
When performance tests yield relative results, it is helpful to compare each new lot of AM
side by side with a reference standard AM, if available. This simultaneous comparison reduces
the variability due to different lots of cells or vectors used in testing.
USP43

Change to read:
ANCILLARY MATERIALS RESIDUAL LEVEL
RESIDUAL USP43
ASSESSMENT AND REMOVAL

PF 44(6): Nov.-Dec. 2018

88

AMs are not intended to be present in the final dosage form in cell, gene, and tissueengineered products. Their presence in the final product could lead to undesired effects in the
recipient or have a detrimental effect on product potency. Undesired effects in humans include
direct toxicity of the AM or an unwanted immunogenic response. Some examples include the
following:
In the generation of a tumor vaccine using a patient's tumor biopsy as the starting
material, a chemical entity is introduced to denature the cell surface proteins and tumor
antigens to enhance their antigenicity. The chemical entity is known to be highly toxic.
Antibiotics may be added to a transport solution for human cells to address microbial
contamination issues associated with the procurement procedure. Residual levels of the
antibiotic may affect the proliferative capacity of the final engineered cellular product.
Residual antibiotics could also cause an anaphylactic response in some individuals.
FBS, employed in the cultivation of an engineered human skin graft, may cause the
development of a humoral antibody response directed against bovine proteins.
Aggregated mouse immunoglobulin, a trace impurity in a purified preparation of mouse
monoclonal antibody used to target a cell population for immunoselection, may be
immunogenic.
A cytokine, employed as an immunomodulator in the generation of a gene-modified
autologous tumor vaccine product, may elicit a severe reaction in the recipient.
Cholera toxin, employed as part of a cell culture medium for a cell therapy product
intended for intravenous administration, will be highly toxic to the recipient if it is not
removed during processing.
These risks can be mitigated through the design of processes to include steps to adequately
remove the AM through dilution, separation, or inactivation, as well as the development of
analytical detection assays to assess the AM levels during processing and in the final
therapeutic product. Assessment and removal strategies for residual AMs should be considered
in the early phases of process development. There are two different approaches for assessing
residual AM levels in the final therapeutic product: (1) Validation studies can demonstrate that
the process is capable of removing more of the AM than would be present in a worst-case
scenario. (2) The residual levels of an AM can be measured for each lot at an appropriate step
in the manufacturing process.
Validation of an AM removal is often best performed by spiking the impure product with “worst
case” or higher levels of the AM and showing the purification process is capable of removing
the AM to “undetectable levels.” Clearance factors can then be generated for each purification
step in a manner analogous to that done in viral clearance studies. When designing the
validation studies, the following three considerations should be included: (1) The assay should
be able to accurately quantitate the AM in each sample matrix. (2) If the validation is
conducted at a scale smaller than that used for routine lot production, the comparability of this
smaller scale process to the full scale process needs to be demonstrated. This usually means
that the smaller scale process is operated using the same critical parameters as the full scale
process with the product generated at each step having a similar purity and yield. (3) As with
any spiking study, one has to demonstrate that the additional, higher level of AM has not
affected the purification process. If the second approach of measuring residual levels of the AM
in each lot is used, the specification for the maximum amount of AM in the final therapeutic
product is based on the amount of the AM in the lots used in toxicological or clinical studies or
known toxicological data.
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The development of sensitive and reproducible analytical assays for AMs is another important
component of a risk reduction approach. Two types of assays are useful in assessing the levels
of residual AM impurity: a limit test and a quantitative test. Either test should be accurate,
precise, robust, and have a low limit of detection. Assays for residual AMs may be performed on
the product before it is formulated (e.g., on the drug substance) to avoid any interference of
the components used in the formulation with the assay for residual AMs or in the final drug
product. Spike-recovery controls are often included in such assays to demonstrate that the
sample matrix does not inhibit the detection of the AM. Preferably, assays should be designed
to detect all forms of AMs including aggregates, fragments, or conjugates. Aggregated protein
has been shown to be particularly immunogenic.
Immunoassays such as ELISA are most commonly used to assess residual levels of AMs. An
ELISA for bovine serum albumin (BSA) has been used to assess residual levels of FBS.
Polymerase chain reaction (PCR) technology has been employed to assess residual levels of
host cell DNA. Labeling cells with 3H thymidine or performing PCR for a feeder cell-specific gene
sequence are two ways to assess for residual levels of feeder cells. If “wash out” of the AM is
achieved by exhaustive dilution associated with further processing activities, it may be useful
to calculate the dilution factor for the AM during this processing. In some cases, this is
sufficient to ensure that the AM has been reduced to safe levels for early clinical development.
Data should be obtained later in clinical development to confirm the wash out of the AM at the
expected step(s). This approach is particularly useful when there is pre-existing knowledge of
the therapeutic levels and toxicity of the AM. In other cases, information regarding the safety
and tolerability of the AM should be collected (in preclinical toxicology studies or later with
human clinical studies) in order to determine the safe or nontoxic levels that must be achieved.
These data may be needed even for an AM that is approved for use for therapeutic purposes if
it is being used in a manner inconsistent with its intended use or labeling or if the route of
administration or dosage level of the AM may present risks not previously encountered or
considered.
Though AMs are not intended to be present in the final CGT product, it is often challenging
to completely remove AMs without impairing the CGT product yield or quality. To establish
appropriate specifications for AM residuals, developers should address both AM removal
procedures and AM analytical methods early in development. Developing appropriate residuals
specifications and detection methods ensures CGT product and process consistency, allows
characterization of the final CGT product, and reduces negative effects on product quality,
clinical efficacy, and safety.
Thresholds for AM residuals are established, and may evolve, throughout product
development. In early development, the fold reduction in AM concentration is often estimated
for each manufacturing unit operation, and AM removal is typically expressed as a dilution
factor or log reduction factor. In late development, direct residuals measurements utilize
validated assays. However, all AM residuals measurements must be interpreted with some
caution, because intracellular and extracellular AM concentrations may differ.
As a part of CGT product manufacturing process validation, spiking experiments with high AM
concentrations may be required to mimic a worst case scenario and demonstrate manufacturing
process robustness. Validation studies should incorporate the following considerations:
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1. Residuals assay should accurately quantitate the AM in each sample matrix
2. If a scaled-down validation is conducted, the comparability of the small-scale and fullscale processes must be demonstrated
3. In spiking studies, the higher AM levels must not interfere with the purification process
Specifications for residual AM in the final CGT product are typically based on the residual AM
in the CGT product lots used in toxicological or clinical studies, or on known toxicological data.
USP43

Change to read:
CONCLUSION
While many types of AMs are used during the manufacture of cell, gene, and tissueengineered products, they have received less emphasis than the final products. However, the
importance of AM quality to the quality of the final product cannot be overstated. Good quality
AMs should perform as intended in a consistent manner, batch-to-batch, if they are carefully
selected and appropriately used. AMs of insufficient quality will affect the quality and the
effectiveness of the final product and endanger the health of patients. Thus, implementing an
AM qualification program that addresses the risks associated with the AM, the stage of
manufacture at which it is used, and the amount of the AM used during manufacture will ensure
the safety and effectiveness of the final product.
AM quality is critical to CGT product quality. AMs must be carefully selected, characterized,
and qualified, so that they perform consistently and as intended in the CGT product
manufacturing process. AM qualification programs should focus on developing appropriate AM
specifications, robust CGT product manufacturing processes, and AM risk assessments and
mitigations, in order to prevent negative impacts on CGT product quality, clinical efficacy, and
patient safety.
USP43

Change to read:
APPENDIX
Lists of Relevant USP Chapters and Regulatory References
AMs used in CGT products will be regulated in the context of the manufacturing process of
the CGT products. Certain AMs may already be approved for uses other than for cell, gene, and
tissue-engineered product manufacture. It is preferable to source AMs that are approved
therapeutic products when they are available because they are well-characterized with an
established toxicological profile and are manufactured according to controlled and documented
procedures.
USP43

The following lists of documents include relevant regulatory guidance and in a description of
best practices
and technical guidances on USP43
product and process development, manufacturing, quality control, and quality assurance.
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USP Chapters
Biological Reactivity Tests, In Vitro 〈87〉
Biological Reactivity Tests, In Vivo 〈88〉
Cellular and Tissue-Based Products 〈1046〉
Gene Therapy Products 〈1047〉 USP43
Biotechnology-Derived Articles—Amino Acid Analysis 〈1052〉
Capillary Electrophoresis 〈1053〉
Biotechnology-Derived Articles—Isoelectric Focusing 〈1054〉
Biotechnology-Derived Articles—Peptide Mapping 〈1055〉
Biotechnology-Derived Articles—Polyacrylamide Gel Electrophoresis 〈1056〉
Biotechnology-Derived Articles—Total Protein Assay 〈1057〉
Code of Federal Regulations (CFR)
21 CFR 211 Subpart E, 211.80 through 211.94 and 211.101
21 CFR 312
21 CFR 314
21 CFR 801.109 (b)(1)
21 CFR 807.81 through 21 CFR 807.97
21 CFR 812
21 CFR 814

Regulations
21 CFR 211 Subpart E, 211.80
through 211.94 and 211.101
21 CFR 312
21 CFR 314
21 CFR 801.109(b)(1)
21 CFR 807 Subpart E, 807.81
through 807.97
21 CFR 812
21 CFR 814
21 CFR 876.5885

Title
Control of Components and Drug Product Containers
and Closures
Investigational New Drug Application
Applications for FDA Approval to Market a New Drug
Labeling—Prescription Devices
Premarket Notification Procedures
Investigational Device Exemptions
Premarket Approval of Medical Devices
Tissue Culture Media for Human Ex Vivo Tissue and
Cell Culture Processing Applications

USP43

FDA Guidance Documents
Draft
USP43

Guidance for Industry: Monoclonal Antibodies Used as Reagents in Drug Manufacturing,
(1999)
March 2001.
https://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/G
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USP43

Points to Consider in the Characterization of Cell Lines Used to Produce Biologicals,
(1993)
May 1993.
https://www.fda.gov/downloads/biologicsbloodvaccines/safetyavailability/ucm162863.pdf.
USP43

Class II Special Controls Guidance Document: Tissue Culture Media for Human ex vivo
Tissue and Cell Culture Processing Applications—Final Guidance for Industry and FDA
Reviewers, May 16, 2001.
https://www.fda.gov/RegulatoryInformation/Guidances/ucm073567.htm. USP43
CDRH Blue Book Memorandum G95-1
ISO 10993-1: 1997 “Biological Evaluation of Medical Devices—Part 1: Evaluation and
Testing”

Guidance for Industry: Contract Manufacturing Arrangements for Drugs: Quality
Agreements, November 2016.
https://www.fda.gov/downloads/drugs/guidances/ucm353925.pdf.
Guidance for Industry and Food and Drug Administration Staff: Use of International
Standard ISO 10993-1, “Biological evaluation of medical devices—Part 1: Evaluation and
testing within a risk management process”, June 16, 2016.
https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/uc
USP43

National and International Regulatory Documents
ICH Q5A: Viral Safety Evaluation of Biotechnology Products Derived from Cell Lines of
Human and Animal Origin.
Available at: http://www.ich.org. USP43
ICH Q5D: Derivation and Characterisation of Cell Substrates Used for Production of
Biotechnological/Biological Products.
Available at: http://www.ich.org.
ICH Q8(R2): Pharmaceutical Development. Available at: http://www.ich.org.
USP43

Public Health Service Guideline on Infectious Diseases Issues in Xenotransplantation.
Available at: https://www.cdc.gov/.
Health Canada “Guidance Document: Preparation of Clinical Trial Applications for use of
Cell Therapy Products in Humans”. Available at: https://www.canada.ca/en/healthcanada.html.
USP43

1 Most suppliers test for adventitious agents according to 9 C FR 113, which was developed by the C enter for
Veterinary Biologics, Animal and Plant Health Inspection Service, United States Department of Agriculture.
These tests may differ from those used to test products developed for human use (e.g., mycoplasma).
USP43

Recent Official Publications:
USP42–NF37 Page 7267
BRIEFING
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〈 1046〉 Cellular and Tissue-Based Products, USP 41 page 6871. On the basis of
recommendations by the Biologics Monographs 3—Complex Biologics Expert Committee to align
with current practices, it is proposed to make the following revisions:
1. The title of the chapter was revised to Cell-Based Advanced Therapies and TissueBased Products. The title change will distinguish levels of regulation between cell-based
therapies [biologics license application (BLA)] and tissues [good tissue practices (GTP)
only].
2. The examples of products in Table 1 were revised to include current products. Table 2
was added to provide current examples of tissue-based products.
3. The description of tissue-based products was updated to reflect the current status of
regulation of these products.
4. The Qualification of Source Cells and Tissues section was updated to remove the
statement about decellularization, and to add that human-sourced cells and tissues also
carry the risk of adventitious agents.
5. The following sections were revised: Introduction, Components Used in Cell-Based
Advanced Therapies and Tissue-Based Product Manufacturing, Donor Eligibility, Human
Cells, Tissues, or Cell-Based Advanced Therapies or Tissue-Based Products, Cell Bank
System, Biocompatible Scaffold Materials, Qualification of Ancillary Materials,
Qualification of Excipients, Manufacturing of Cell-Based Advanced Therapies or TissueBased Products, Cell Ex Vivo Expansion and Differentiation, Cells Combined with
Biocompatible Scaffolds, In-Process Controls, Final Product Release Specifications,
Mycoplasma, Endotoxins, Identity, Purity, Potency, Dose-Defining Assays, Sampling
Issues, Quality Systems, Facility Design and Operation Considerations, Considerations
for Validation and Qualification, Clinical Site Preparation and Administration, Product
Manipulations, Thawing Cell-Based Products, Administration to Patients, Delivery of CellBased Therapy to Patients, Stability, Storage and Shipping, Labeling, Considerations For
Technology Transfer, Regulations and Standards.
6. The Clinical Site Facility Considerations and Post-Administration Monitoring sections
were deleted.
7. The Decellularized Tissue-Based Products section is added.
8. Additional information was added to define decellularized tissue-based products.
9. The FDA Guidance Documents and National and International Regulatory Documents lists
under the Appendix were updated with current references.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
The following Briefing list includes monographs and/or chapters that both reference the
General Chapter under revision and require revision to keep references to the General Chapter
accurate. Other monographs and/or chapters may also be listed, even where the reference to
the General Chapter remains unchanged, as additional notice to stakeholders where there is
believed to be potential for the change in the general chapter itself to affect pass-fail
determinations for particular monograph articles.
Chapter Dependencies (click to expand).
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〈1043 〉 ANCILLARY MATERIALS FOR CELL, GENE, AND TISSUEENGINEERED PRODUCTS
〈1047 〉 GENE THERAPY PRODUCTS

〈1044 〉 CRYOPRESERVATION
OF CELLS
〈1059 〉 EXCIPIENT
PERFORMANCE

(BIO3: R. Potts.)
Correspondence Number—C204430
Comment deadline: January 31, 2019
Change to read:

〈 1046〉 CELLULAR
CELL-BASED ADVANCED THERAPIES
AND TISSUE-BASED PRODUCTS

USP43

Change to read:
INTRODUCTION
This general chapter provides a comprehensive overview of considerations for the
development of cellular
cell-based advanced therapies USP43
and tissue-based products. A collection of terms commonly used in this field is provided under
Glossary. Cell
Cell-based advanced therapies USP43
and tissue-based therapies are medical products that contain human or animal cells that will be
administered to humans to repair, replace, regenerate, or augment a recipient’s cells, tissues,
or organs that are diseased, dysfunctional, or injured. The source cells or tissues can be
harvested for use without manipulation or may be propagated, expanded, pharmacologically
treated, or otherwise altered in biological characteristics ex vivo before administration. The
diversity of clinical indications and types of cell and tissue-based products
cell-based advanced therapies USP43
are shown in Table 1.
Examples of tissue-based products are included in Table 2. USP43

PF 44(6): Nov.-Dec. 2018

Table 1. Examples of Cell-Based Therapy Products
Advanced Therapies USP43
Indication
Product
Disease/Condition USP43
Example USP43
Hematopoietic stem cell
Hematopoietic stem and progenitor cells that have been
transplantation following
harvested, propagated, selected, and/or treated for removal
ablative therapy
of contaminating cells by means of devices and/or reagents
T cells, NK cells, dendritic cells, or macrophages exposed
targeted USP43
to cancer-specific peptides to elicit an anticancer response;
autologous or allogeneic cancer cells, genetically or
biochemically modified and irradiated to elicit an anticancer
Cancer
response
Diabetes
Encapsulated β-islet cells
Autologous or allogeneic stem/progenitor cells; skeletal
Myocardial infarction
myocytes; cardiac-derived stem cells
Graft-versus-host disease
Allogeneic mesenchymal stem cells
Autologous keratinocytes or allogeneic dermal fibroblasts on
Wound healing
a biocompatible scaffold
Focal defects in knee
Autologous or allogeneic chondrocytes with or without a
cartilage
biocompatible scaffold
Bone repair
Mesenchymal stem cells in a biocompatible scaffold
Neuronal progenitor cells derived from embryonic, fetal, or
adult source tissues; cells genetically modified to secrete
Neurodegenerative diseases
neurotrophic factors, with or without encapsulation
Infectious disease
Activated T cells
Autoimmune disease
Regulatory T cells (T reg)
Spinal cord injury
Neuronal progenitor cells
Organ repair or
Autologous or allogeneic cells on biocompatible biomaterials
regeneration
(gels) or 3-dimensional scaffold structure
Cell therapy products can be modified by treatment with integrating or non-integrating
genetic materials (DNA, RNA, siRNA, etc.) so that the pattern of gene expression is changed.
Typically, cells are taken from the patient or a healthy donor, and are modified outside of the
body before they are given to the patient. Regulatory bodies consider the ex vivo genemodified cellular product to be a gene therapy product. A great deal of information in this
chapter is relevant to processing, characterization, manufacturing, and administration of
genetically modified cells. However detailed information about the use of various gene transfer
systems, patient monitoring considerations, genetic analysis, and other issues pertinent to
gene therapy products are addressed in Gene Therapy Products 〈1047〉.
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Uses

Musculoskeletal
Neurological
Ophthalmology

Wound care
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Table 2. Examples of Tissue-Based Products
Example Products
Decellularized, freeze-dried demineralized human bone (cortical or
cancellous)
Decellularized, freeze-dried human bone (cortical or cancellous)
Decellularized human dermis
Decellularized bovine dermis
Decellularized porcine dermis
Decellularized porcine subintestinal submucosa (SIS)
Human cancellous bone with adipose-derived stem cells
Human demineralized cortical bone and cancellous bone with bone
marrow-derived stem cells
Decellularized human nerve tissue
Human amniotic tissue
Human placental tissue
Decellularized human dermis
Decellularized porcine SIS
Human amniotic tissue
Human placental tissue

For tissue-based grafts that contain non-autologous cells, the cells are derived from the
same cadaveric donor; they may be harvested with the tissue, or harvested from a different
organ (e.g., bone marrow aspirate, adipose) and recombined with the tissue (e.g., bone). USP43
This chapter describes issues related to the manufacturing, sourcing of components, and
characterization of cellular
cell-based advanced therapies USP43
or tissue-based products to ensure their safety and efficacy. A list of relevant regulatory and
guidance documents is presented in the Appendix. Manufacturers of cellular
cell-based advanced therapies USP43
or tissue-based products should consider and apply the controls and procedures outlined in this
chapter to ensure the products’ safe use in humans. New methodologies are continually being
developed and validated and will be included in the United States Pharmacopeia (USP) as they
become available. USP monographs for specific tissue and tissue-based products outline test
specifications that should be met throughout a product’s time in the market place. The term
“cellular
therapy USP43
product” refers to living human or animal cells or tissues that have been manipulated or are
used in ways that result in their regulation as somatic cellular therapies, as defined
are subject to approval USP43
by the US FDA. A tissue-based product refers to human tissues subject to regulation under
good tissue practices (GTPs). Combination products refer to cells combined with medical
devices, such as a natural or synthetic scaffold.
This generally means clinical trials are required to demonstrate safety and efficacy prior to
commercialization under a biologics license application (BLA), or for a medical device, premarket
approval (PMA). Additionally, cellular therapy products must comply with both good tissue
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practices (GTPs) and good manufacturing practices (GMPs). A subset of cell-based products,
known as combination products, or tissue engineering products, refer to cells combined with a
medical device, such as a natural or synthetic scaffold. These products must also meet similar
standards for establishing safety and efficacy as well as comply with GTPs and GMPs, or
medical device quality system regulations (QSR). Most cell-based advanced therapies and
tissue engineering products are likely to fall within the legislation that defines regenerative
medicine advanced therapies (RMAT). The majority of commercially available tissue-based
products are human derived. Human tissue-based materials are often referred to as HCT/Ps, or
human cells, tissues, and cell-based advanced therapies and tissue-based products. HCT/Ps
that meet criteria identified in 21 Code of Federal Regulations (CFR) 1271.3(d)(1) and Section
361 of the Public Health Service (PHS) Act do not require premarket approval by FDA (i.e., BLA
or PMA) and only need to comply with GTP regulations. These “361 products” meet criteria for
“minimally manipulation”, and are utilized in applications consistent with “homologous use”.
Human tissue products not meeting these criteria may require premarket clearance [510(k)] or
PMA or BLA. While less common, some tissue-based materials are animal derived and generally
require premarket clearance [510(k)]. USP43
Considerations for Incorporating Quality System Concepts Early in Cellular
Cell-Based Advanced Therapies USP43
and Tissue-Based Product Development
Current and future regulatory requirements will continue to challenge developers of cellular
cell-based advanced therapies USP43
and tissue-based products to incorporate robust quality attributes early in the design phase to
ensure a focus on patient safety by means of a high degree of process understanding. Modern
quality systems that harmonize current Good Manufacturing Practices (cGMPs) with other nonUS pharmaceutical regulatory systems [such as the International Council for Harmonisation
(ICH) and the ISO] and the FDA medical device quality system are being recognized as the new
global standards. These new standards include product development concepts such as Quality
by Design (QbD) and Process Analytical Technology (PAT). Moreover, these quality systems
integrate approaches to continual improvement and risk management that promote adoption of
the latest scientific advances and innovative manufacturing technologies.
Employing the principles of Quality Risk Management (QRM) early in product development may
identify areas of risk that can be mitigated before they are incorporated into the manufacturing
process and affect the safety and efficacy of the product. Developers of cellular
cell-based advanced therapies USP43
and tissue-based products should employ risk management and assessment techniques as a
key component of their quality systems. “Risk management” is defined as a systematic process
for the identification, assessment, and control of risks to the quality of the cellular
cell-based advanced therapies USP43
or tissue-based product across the product lifecycle. Using QRM techniques can help achieve
safe and efficacious products by assessing patient risks, determining design space boundaries,
or ranking quality attributes. QRM can also establish and maintain a state of control by using
risk management to drive process control. Finally, QRM can be used to facilitate continual
improvement by prioritizing opportunities for improvement. The level of effort, formality, and
documentation of the risk management process should be commensurate with the level of risk,
should be based on scientific knowledge, and ultimately should be linked to patient protection.
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The elements of risk management have become an accepted paradigm and can be readily
accessed in FDA and international regulatory guidance documents, especially ICH Q9. A number
of tools have been developed to facilitate this assessment. These tools provide a quantifiable
means of prioritizing risk so that higher-risk elements of a process can be identified and
corrected.
Depending on the objective of the risk management program, risk analysis can be more or less
formalized. Preliminary, less formal risk analysis comes into play when a risk assessment needs
to be expedited, as in the resolution of a manufacturing nonconformance. A more formalized risk
assessment system is necessary for process or product development. This is especially
important when limited resources must be prioritized. Formalized systems are predicated on
well-established tools that can quantify risk in every phase or step of manufacturing. These
systems can also be used in evaluating raw material choices, validation prioritization, facility
alterations, equipment changes, and utility deliberations.
Formal risk analysis tools include process mapping, preliminary hazard analysis, Hazard
Analysis of Critical Control Points (HACCP), Hazard Operability Analysis (HAZOP), Fault Tree
Analysis (FTA), Failure Mode Effects Analysis (FMEA), and Failure Mode Effects and Criticality
Analysis (FMECA).
Forcellular
cell-based advanced therapies USP43
and tissue-based products, FMEA has been commonly used to identify, quantify, and prioritize
risk. FMEA can assign a numerical rating in one of three categories:
“Severity”, which is the consequence of a failure;
“Occurrence”, which is the likelihood of the failure happening based on past experience
or nonconformance; and
“Detection”, based on the ability to detect the failure.
Each category is assigned a numerical rating (typically 1–5 or 1–10) consistent with the
severity of the excursion from the operating parameter range, the probability of an excursion,
and the likelihood of detecting an excursion before it has an effect on the product. Lower
numbers refer to an unlikely probability of detection whereas higher numbers refer to the
likelihood of a failure or hazardous effect. The product of the severity, occurrence, and
detection values is a Risk Priority Number (RPN). In the risk-evaluation process RPNs are
prioritized, and the most immediate remediation can be directed to areas of highest risk.
Change to read:
COMPONENTS USED IN CELL
-BASED ADVANCED THERAPIES USP43
AND TISSUE-BASED PRODUCT MANUFACTURING
Introduction
Manufacturers of cellular
cell-based advanced therapies USP43
or tissue-based products must ensure that all components used in manufacturing are
appropriately qualified. Examples of components used in the production of cellular
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cell-based advanced therapies USP43
or tissue-based therapies include the source cells and tissues; natural or synthetic
biomaterials; ancillary materials required during manufacturing but not intended to be present in
the final therapeutic product; and excipients used in the formulation of cellular
cell-based advanced therapies USP43
or tissue-based therapies.
For more information on ancillary materials, see Ancillary Materials For Cell, Gene, And TissueEngineered Products 〈1043〉. USP43
Qualification is the process of acquiring and evaluating data to establish the source, identity,
purity, biological safety, and overall suitability of a specific component to ensure quality. The
diversity of cellular
cell-based advanced therapies USP43
and tissue-therapy products and the materials used to produce them makes it difficult to
recommend specific tests or protocols for a qualification program. Therefore, rational and
scientifically sound programs must be developed for each component.
Material qualification activities will change as products move from clinical trials to licensure
and commercialization. A well-designed qualification program becomes more comprehensive as
product development progresses. In the early stages of product development, safety concerns
should be the primary focus of a material qualification plan. In the later stages, material
qualification activities should be completely developed and should comply with cGMP.
Qualification of Source Cells and Tissues
Various human- and animal-derived cells and tissues serve as source material for cell and
tissue-based products. Three sources of donor cells for cell-therapy products include:
1. The patient’s own cells (autologous cell products)
2. Cells from another human being (allogeneic cell products)
3. Cells derived from animals (xenogeneic cell products)
The source of cells used for a particular cell or tissue-based therapy largely depends on
compatibility, purity, and availability. Use of autologous cells has the advantage of minimal
concerns regarding immune rejection. However, an autologous source is not always available
and appropriate if the cell type is dysfunctional, malignant, not readily obtainable, or
contaminated.
The alternative is a compatible allogeneic cell source that may be more readily available. Of
primary concern with the use of allogeneic cell sources is immune incompatibility, which could
lead to rejection of the administered cell- or tissue-based therapy. In immunocompromised
recipients, the donor cells may react to the patient’s cells, leading to graft-versus-host
disease, which can be life threatening. Despite the potential complications of using allogeneic
donor cells or tissues, in the absence of other alternatives the risk-to-benefit ratio is often
favorable. A number of approaches successfully circumvent immune barriers for the use of
allogeneic sources. Immunosuppressive drugs developed for solid organ transplantation and
advances in inducing immune tolerance are increasingly applied to cell transplantation. Certain
allogeneic cells elicit minimal immune reactions, even in human leukocyte antigen (HLA)mismatched recipients. Examples include mesenchymal stem cells, certain dermal and epidermal
cells, and fibroblasts.
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Cells may be obtained from living or deceased donors.

USP43

Despite advances in the derivation of new types of therapeutic cells, particularly stem cells
(adult, fetal, embryonic and induced pluripotent cells), the ability to generate certain types of
cells or tissues remains elusive. As a result, ongoing efforts use xenogeneic cells and tissues to
treat a number of human diseases or conditions. Use of xenogeneic cells
and tissues USP43
must address concerns about both immune rejection and transmission of animal viruses to
humans (see Animal Sources of Cells and Tissues below).
Both human- and animal-sourced cells and tissues can pose a risk for transmission of
adventitious agents. USP43
Some general principles in the sourcing of tissues include: 1) systems must allow the material
to be traced back to the donor, while adhering to privacy legislation; 2) steps must be taken to
prevent the transmission of infectious diseases from the donor to the recipient; and 3)
while terminal sterilization is employed for some decellularized tissue-based materials, USP43
aseptic procurement and processing must ensure the safety of the final product because
terminal sterilization of products containing living cells and tissues is not possible. The FDA has
promulgated a specific set of regulations, referred to as GTPs, that specifically address the
need to procure and process tissues in a manner that avoids transmission of a communicable
disease. GTPs and/or GMPs must be followed for cellular
cell-based advanced therapies USP43
or tissue-based therapy products, depending on cell source and place in the product life cycle.
DONOR ELIGIBILITY
FDA has enacted a comprehensive set of regulations governing human tissues and human
cells that are intended for implantation, transplantation, infusion, or transfer into a human
recipient. These materials are referred to as HCT/Ps. Paramount for procurement of HCT/Ps for
medical use is adherence to donor eligibility requirements. These dictate that a donor’s relevant
medical records must be reviewed to evaluate risk factors and clinical evidence of
communicable disease agents. This includes obtaining a health history and performing a physical
examination on a donor to screen for communicable diseases. In addition, donors must also
undergo appropriate laboratory testing using FDA-cleared or -approved test kits for specific
relevant communicable disease agents and diseases (RCDADs). Required disease testing will
expand as new RCDADs are identified and FDA-cleared or -approved test kits become available.
Two
USP43

Sources for information about communicable disease testing are FDA’s Guidance on Eligibility
Determination for Donors of Human Cells, Tissues, and Cellular and Tissue-Based Products
(HCT/Ps), and AABB’s Circular of Information
(http://www.aabb.org/Content/About_Blood/Circulars_of_Information/aabb_coi.htm). Donor
eligibility determination is not required for autologous HCT/Ps.
American Association of Tissue Banking (AATB) Standards, and subsequent recommendations
for emerging RCDADs such as West Nile Virus and Zika Virus are available from the FDA website
(http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Tissue/de
USP43

HUMAN CELLS, TISSUES, OR CELLULAR
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CELL-BASED ADVANCED THERAPIES
OR TISSUE-BASED PRODUCTS

USP43

HCT/Ps may be sourced from normal healthy donors, cadaveric donors, or patients with
diseases such as cancer. The suitability of tissue sourced from patients with cancer and other
diseases should be assessed before collection to ensure adequate safety and function of the
final cell therapy product. Additionally, the regulations in 45 CFR Part 46 apply to all federally
supported human subject research. These regulations require that an Institutional Review Board
review and approve the use of any tissue taken from a human donor. The regulations also
include special considerations for research on prisoners, children, pregnant women, or
gestational tissue. In all cases appropriate written consent must be obtained from the donor or
the donor’s next of kin describing the tissue that is being procured and its intended use.
The risk of disease transmission to the manufacturing operator should be minimized by
appropriate training for handling potentially infectious materials and by the use of protective
equipment and clothing. Tissues should be obtained under environmental conditions and
controls that provide a high degree of assurance for aseptic recovery.
Hematopoietic progenitor cells (HPCs) are one of the most extensively used cell sources for
human transplantation. These cells can be collected from the bone marrow, peripheral blood, or
umbilical cord blood. The source of cells depends on the patient, the disease, and the clinical
protocol. Regardless of the cell source, methods for processing the cells are similar. HPCs can
be sourced from healthy donors or patients with hematological disorders. In addition to FDA’s
HCT/Ps regulations, applicable guidelines and standards for the collection and processing of
these materials have been published by the American Association of Blood Banks (AABB), the
Foundation for the Accreditation of Hematopoietic Cell Therapy, and the National Marrow Donor
Program (NMDP).
For cell or tissue sources obtained from surgical specimens or cadaveric donors, standard
hospital operating room practices are applicable. The air quality in a typical limited-access
operating room is adequate for such procedures. Procurement personnel must be appropriately
trained in all aspects of tissue recovery, such as surgical scrubbing, gowning, operating room
behavior, anatomy, surgical site preparation, and aseptic technique. Special care is required
when tissue or organ procurement requires extensive manipulation of the bowel, which may
result in the inadvertent puncture of the bowel. Tissue that contains microbial flora (e.g., skin)
at the time of procurement can be adequately disinfected with antimicrobial or bactericidal
agents and extensive scrubbing.
Consideration should be given to sampling incoming tissues for microbial bioburden. Though it
is recognized that results of such bioburden testing would likely not be available until after the
tissue has been processed, in the event of a subsequently observed microbial contamination
during downstream processing or positive sterility result, the bioburden results from the
incoming tissue could aid in the investigation of the source of the contamination. USP43
ANIMAL SOURCES OF CELLS AND TISSUES
Ideally, cellular therapy products would consist of human cells manufactured with minimal
exposure to animal-based materials. However, at present important unmet medical needs may
potentially be addressed by cellular therapy products from animal cells or tissues. One example
is pancreatic islets intended to treat diabetes.
Currently USP43
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human sources of pancreatic islets are available only from pancreas donated at the time of
death. The quality of donor organ islets is variable, and the available supply is inadequate to
meet potential demand. One approach is procurement of pancreatic islets from appropriately
qualified animal sources for subsequent use in humans (xenotransplantation).
Developers who intend to use
viable USP43
animal cells or tissues in a cellular therapy
cell-based advanced therapy or tissue-based USP43
product must adequately address public health concerns and must develop approaches to
mitigate the potential risk of introduction and propagation of zoonotic infectious agents into the
general human population. The PHS Guideline on Infectious Disease Issues in
Xenotransplantation (January 2001) describes potential risks. The FDA guidance Source Animal,
Product, Preclinical, and Clinical Issues Concerning the Use of Xenotransplantation Products in
Humans (April 2003) reflects updated approaches and expectations to minimize risks of
xenogeneic cellular products

(http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Xenotrans
Decellularized (i.e., nonviable) xenograft tissue-based products are not subject to the PHS
guideline and FDA guidance mentioned above and are regulated in the US as medical devices
and must follow the applicable regulatory pathway [e.g., 510(k)] and all related requirements.
USP43

The use of
viable USP43
animal tissue in the manufacture of cell therapy products
cell-based advanced therapies USP43
requires that the tissue be sourced in a controlled and documented manner from designated
pathogen-free animals bred and raised in captivity in countries or geographic regions that have
appropriate disease prevention and control systems. In addition, the care and use of animals
should be approved by a certified institutional animal care and use committee. Donor animals
must have documented lineage, be obtained from closed herds or colonies, and be under health
maintenance and monitoring programs. The animal housing facility should be USDA certified
(large vertebrate animals) or Association for Assessment and Accreditation of Laboratory Animal
Care International (AAALAC) certified (small vertebrate animals) and should meet the
recommendations stated in the
current version of the USP43
Guide for the Care and Use of Laboratory Animals (National Research Council, 1996
USP43

), which can be obtained from AAALAC (www.aaalac.org). Such facilities should be staffed with
veterinarians and other trained personnel who ensure animal health and disease prevention. The
facility’s procedures should be documented, and records should be kept. Health maintenance
and monitoring programs should be based on standard veterinary care for the species, including
physical examinations, monitoring, laboratory diagnostic tests, and vaccinations. A stepwise
“batch” or “all-in–all-out” method of source animal movement through the facility can minimize
the potential for transmission of infectious agents.
Feed components should be documented and should exclude recycled or rendered materials in
order to reduce the risk of prion-associated diseases.
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To provide a high degree of assurance of product safety, animal donors and tissues should be
screened at several stages throughout the process to rule out the presence of microbial
agents. These control tests should utilize assays that are sufficiently sensitive and specific to
detect bacteria, mycoplasma, fungi, or viruses of interest. Donor animals should be screened
for relevant diseases before tissue procurement. Post-tissue-retrieval necropsies, sentinel
animal programs, and archival storage of donor organs, tissues, blood, and other specimens also
ensure the safety of animal tissue for use in cellular therapeutic applications.
In general, similar aseptic procurement issues apply to animal and human tissues. The tissue
should be obtained under environmental conditions and controls that provide a high degree of
assurance of aseptic recovery. Specifically designed procurement facilities, usually closely
associated with the animal holding facility, should be employed. Recommended design features
and attributes of the animal tissue procurement facility should include the following: 1) staging
of events such as shaving, sedation, and operating room preparation in separate rooms with
appropriate environmental controls; 2) high-efficiency particulate air (HEPA) filtration; 3)
adjacent but separate facilities for further tissue processing; and 4) dedicated areas for
carcass removal. Issues relating to personnel training, bowel manipulation and puncture, and
disinfection apply to the surgical procurement of both human and animal tissues (see Human
Cells, Tissues, or Cellular
Cell-Based Advanced Therapies USP43
or Tissue-Based Products above). When researchers establish animal cell lines for use as feeder
layer cells
in production, USP43
cell banks should be created, tested, and characterized as described in the next section.
CELL BANK SYSTEM
A cell bank is a collection of cells obtained from pooled cells or derived from a single cell clone
or donor tissue that is stored in bags or vials under defined conditions that maintain genotypic
and phenotypic stability. The cell bank system usually consists of a master cell bank (MCB) and
a working cell bank (WCB), although alternative approaches are possible. The MCB is produced
in accordance with cGMP and preferably is obtained from a qualified source (one that is free
from adventitious agents)
USP43

with known and documented history. Human cells and tissues should be obtained by means of a
licensed tissue acquisition vendor with a donor qualification program in accordance to 21 CFR
1271. The WCB is produced or derived by expanding one or more vials of the MCB. The WCB, or
MCB in early trials, becomes the source of cells for every batch produced for human use. Cell
bank systems contribute greatly to production batch consistency because the starting cell
material is always the same. However, it may not be possible or feasible to create a cell bank,
so appropriately tested and qualified primary cells may be used in lieu of creation of cell banks.
The MCB and WCB should be minimally tested for identity, sterility, purity, viability, and the
presence of viruses and mycoplasma.
CELL BANK QUALIFICATION
Cell bank safety testing and characterization are important steps toward obtaining a uniform
final product with lot-to-lot consistency and freedom from adventitious agents. ICH Q5A, Viral
Safety Evaluation of Biotechnology Products Derived from Cell Lines of Human or Animal Origin,
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gives specific recommendations for testing cell banks for viral agents. While this guideline is not
specifically intended to cover cell- or tissue-based products, the same tests are generally
applicable. Additional virus testing may be needed depending on the prevalence of viral
diseases endemic in the donor population. Testing to qualify the MCB is performed once and
can be done on an aliquot of the banked material or on cell cultures derived from the cell bank.
Specifications for qualification of the MCB should be prospectively established. It is important
to document the MCB history, the methods and reagents used to produce the bank, and the
storage conditions. All the ancillary materials required for production of the banks, such as
media, sera, cytokines, growth factors, and enzymes, should also be qualified, documented,
and appropriately tested.
SAFETY TESTING OF MCB AND WCB
Master cell bank: Safety testing to qualify the MCB includes testing to demonstrate freedom
from adventitious agents and endogenous viruses. The testing for adventitious agents should
include tests for bacteria, fungi, mycoplasma, and viruses. Freedom from adventitious viruses
should be demonstrated using both in vitro and in vivo test systems and appropriate speciesspecific tests.
Working cell bank: Safety testing of the WCB is less extensive and generally focuses on the
potential for introduction of adventitious viruses or activation of latent virus during the
additional culture required to create the WCB. End-of-production (EOP) safety testing should
also be performed to ensure that the cells can be expanded a known maximum number of
generations while still producing an acceptable product. For information about which types of
adventitious virus testing should be performed on the MCB, WCB, and EOP cells, consult Viral
Safety Evaluation of Biotechnology Products Derived from Cell Lines of Human or Animal Origin
〈1050〉.
CHARACTERIZATION OF MCB AND WCB
Characterization of the MCB and WCB includes identity testing to establish species origin,
e.g., isoenzyme analyses to confirm the human origin of the cells. However, cell bank
characterization should encompass additional assessments such as the following:
Growth kinetics and population doubling time
Morphological assessment
Percent confluence at passage
Cell counts
Viability (pre- and postcryopreservation)
Phenotypic expression of desired and undesired cell types (pre- and
postcryopreservation)
Monitoring of unique biochemical markers (pre- and postcryopreservation)
Assessments of functional activity (pre- and postcryopreservation)
Gene and protein expression analysis (pre- and postcryopreservation)
Expression of immune histocompatibility antigens (HLA/M HC)
Molecular fingerprinting
Chromosomal stability
Biocompatible Scaffold Materials
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As previously described, USP43
most natural or synthetic scaffold materials are regulated as medical devices, although
scaffolds derived from human tissues such as dermis are regulated as HCT/Ps
that meet minimal manipulation and homologous use criteria (e.g., dermis demineralized
cortical bone particles, or cancellous bone matrix granules) are “regulated” as “361 tissue”
HCT/Ps. USP43
When possible, use scaffolds that have previously been approved for other clinical uses
because these materials should have already undergone extensive safety and quality testing.
For applications in cell or tissue-based products, the scaffold material should allow cells to
attach, proliferate, and migrate, and high porosity is often desired to facilitate cell seeding
within the material. The scaffold must provide adequate diffusion of nutrients for cell health and
release of cell-excreted products. The material must have adequate mechanical strength and
must be amenable to manipulation, chemical modification, and manufacture. The scaffold
material should be biocompatible, relatively inert, and immunologically benign.
Scaffolds can generally be classified as hard or soft. Hard scaffolds are used in applications
where a specific shape is required, such as forming a blood vessel or a bladder. Soft scaffolds
are used in applications where the product needs to conform flexibly to an existing shape in the
body.
Scaffold materials can be synthetic or natural polymers, biodegradable or permanent.
Biodegradation allows the scaffold to be resorbed or removed from the body without
manipulation
and for the defect to be filled with viable tissue. USP43
The scaffold degradation rate must coincide with the rate of formation or regeneration of the
tissue. The natural scaffold structure must replace the degrading scaffold in such a way that it
maintains the structural integrity of the tissue or organ being regenerated. For example, a
newly formed blood vessel must withstand both the internal blood pressure as well as external
mechanical forces.
The most commonly used synthetic biodegradable polymer is polyglycolic acid (PGA).
Polylactic acid (PLA) is also widely used, sometimes in combination with PGA. These polymers
degrade within the body, are readily removed before degradation, and have a long history of
use in suture materials. Polycaprolactum (PCL), which exhibits a slower rate of degradation
than PLA or PGA, is used in applications that require a long presence in the body.
Extracellular matrix (ECM) and its derivatives are natural materials used for scaffolds in the
manufacture of cell–biomaterial combination products.
Example sources of ECM include dermis, subintestinal submucosa (SIS), pericardium, and
other predominantly collagen containing organs. USP43
Proteins such as collagen or fibrin and polysaccharides such as chitosan or glycosaminoglycans
(GAGs) have also been used in growing cells to make combination products. Collagen is by far
the most popular substrate for cells and has been molded into scaffolds for a variety of
products, mainly in tissue-engineered skin applications. Cross-linking agents such as
glutaraldehyde and water-soluble carbodiimides have been used to enhance the strength of
natural scaffolds. Depending on the source of the material,
and the extent of decellularization, USP43
natural scaffolds can be immunogenic.

PF 44(6): Nov.-Dec. 2018

106

When cells must proliferate after seeding, the scaffold and the supporting culture system
must allow the exchange of nutrients and waste products. A thick, impermeable matrix will lead
to regions of necrotic tissue. Many tissue devices are designed so that they can eventually be
removed from the patient.
USP43

The safety and biocompatibility of the scaffold and product-contact materials must be
established. A full battery of tests recommended by Biological Reactivity Tests, In Vitro 〈87〉,
Biological Reactivity Tests, In Vivo 〈88〉, ISO 10993, or FDA Blue Book G95-1 should be
performed. Process residuals and degradation products from the preparation of the scaffold
should be quantified and limits should be established. The stability and storage conditions of
scaffold materials should be established.
Qualification of Ancillary Materials
Ancillary products include a wide variety of raw materials and components used in
manufacturing
, but are not intended to be present in the final therapeutic product. USP43
They may
USP43

include relatively simple materials or complex
USP43

substances such as culture media, buffers, growth factors, cytokines, cultivation and
processing components, monoclonal antibodies, and cell-separation devices.
Ancillary materials are not intended to be present in the final therapeutic product. Defined
media formulations typically include components such as albumin and transferrin that are
purified from animal or human sources. The purification, processing, and extensive testing of
such components further minimize—but do not eliminate—the risk of viral or microbial
contamination. Residual amounts of ancillary materials used in the manufacturing process,
including recombinant proteins or other defined media components, may be potentially
antigenic, so their removal from the final product should be assessed, and appropriate limits
should be established when necessary.
Known risks are associated with the use of ancillary materials in the production of celltherapy products. The quality of ancillary materials used in the production of a cellular therapy
product can affect the safety, potency, and purity of the product. Ideally, each ancillary
material employed in the manufacture of a cellular or tissue-therapy product should be
produced under conditions that are in compliance with cGMP. However, complex or unique
substances essential for process control or production may not be available from suppliers that
produce them in compliance with cGMP. In these situations, the cellular or tissue-therapy
product manufacturer should develop a scientifically sound strategy for qualifying the raw
material. A qualification program for ancillary materials used in cell and tissue therapy
manufacturing should address each of the following areas: (1) identification and selection, (2)
suitability for use in manufacturing, (3) characterization and acceptance criteria, (4) vendor
qualification, and (5) quality assurance. Lot history files should be constructed for each
ancillary material.
Residual ancillary materials may be antigenic, so their removal from the final product should
be assessed, and appropriate limits should be established when necessary.
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Ancillary material quality can profoundly affect the safety, potency, and purity of the cellular
or tissue-based product. Ideally, each ancillary material should be produced under conditions
that are in compliance with cGMP. However, some complex or unique substances may not be
available from cGMP–compliant suppliers. In these situations, the cellular or tissue-therapy
product manufacturer should develop a scientifically sound strategy for qualifying the ancillary
material. Such a qualification program should address each of the following areas: 1)
identification and selection, 2) suitability for use in manufacturing, 3) characterization and
acceptance criteria, 4) vendor qualification, and 5) quality assurance (QA). Lot history files
should be constructed for each ancillary material.
USP43

Conformance to established
USP43

specifications should be compared to the data supplied on
USP43

the Certificate of Analysis
data. USP43
Traceability is essential, and lot numbers for each ancillary material used should be noted in the
productions records of the cell-based product. Ancillary Materials for Cell, Gene, and TissueEngineered Products 〈1043〉 should be consulted for
contains USP43
specific information about implementing an appropriate qualification program for these materials.
Other USP chapters provide considerations about the qualification of specific ancillary materials
(e.g., Bovine Serum 〈1024〉, Fetal Bovine Serum—Quality Attributes and Functionality Tests
〈90〉, and Growth Factors and Cytokines Used in Cell Manufacturing 〈92〉).
Qualification of Excipients
During the final steps in the manufacturing process, excipients or substances that increase
stability
and functionality USP43
of the therapeutic cells may be included. Examples of excipients include culture media, saline
TS or other electrolyte solutions approved for injection, exogenous proteins such as human
serum albumin, or cryoprotectants such as dimethyl sulfoxide (DMSO). Excipients are not
intended to exert a direct therapeutic effect upon the patient; rather they are intended to
contribute to the maintenance of the quality attributes of the final cellular product. Because
excipients will be administered to the patient along with the cells, particular attention must be
paid to their qualification. In general, excipients that are already FDA-approved for human use
should be used whenever possible. If non-approved excipients are used, a complete safety
assessment should be done. For novel excipients such as cryopreservation solutions,
appropriately designed preclinical safety studies may be needed.
Change to read:
MANUFACTURING OF CELL
-BASED ADVANCED THERAPIES USP43
OR TISSUE-BASED PRODUCTS
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Introduction
The manufacturing of cell
cell-based advanced therapies USP43
or tissue-based products requires a number of operations and manipulations by individuals who
are well trained in aseptic processing techniques. The technical competence of the personnel is
particularly crucial to product safety and efficacy. Autologous products present more
challenges for cell and tissue processing because lot segregation, line clearance, and
operational processes must be developed to decrease the chance of mix-up of patient-specific
lots (see Facility Design and Operation Considerations, below).
USP43

Cell Isolation and Selection
The general principles for processing human or animal tissues following aseptic procurement
are independent of the cell or tissue source. The manufacture of cell products may occur at a
cell manufacturing facility located in close proximity to the clinical site or at a distant central
cell-manufacturing facility. The source cellular or tissue material should be packaged in sterile,
leak-proof containers and transported from the procurement area to the processing area under
controlled conditions that maintain cell viability. The fluid medium in which the specimens are
bathed during transportation should be optimized to maintain cell and tissue viability. This
transport medium can be supplemented with antibiotics. The antibiotic levels in process buffers
should be decreased and eventually eliminated during subsequent processing steps so that
antibiotics are not present in the final cellular product. In the case of blood products or tissues
containing substantial amounts of blood, the transport media or buffered electrolyte solution
should contain an anticoagulant.
Regardless of the source, there exist several generally-accepted principles for processing
human or animal cells and tissues. The source cell or tissue material should be packaged in
sterile, leak-proof containers and transported from the procurement area to the processing
area under controlled conditions optimized to maintain viability. The transport medium may
contain antibiotics, but care should be taken during processing so that antibiotics are not
present in the final cellular product. In the case of blood products, or tissues containing
substantial amounts of blood, the transport medium should contain an anticoagulant. USP43
ISOLATION
Solid organs or tissues are usually dissected to expose a desired region. This material may be
used as is for transplantation, or it may be further processed. If multicellular organoids (for
instance, islets of Langerhans) or single-cell suspensions are desired, the tissue may be
subjected to mechanical or enzymatic disaggregation. Physical disaggregation may be
accomplished by the use of instruments that homogenize the material by imparting high shear
forces or breaking the tissue into smaller pieces. Alternatively, the material can be pressed or
passed through screens of defined mesh sizes.
Enzymatic digestion of the extracellular connective tissue is another common method for
dissociating solid tissue. Various enzymes are used to accomplish this, including collagenase,
dispase, trypsin, elastase, hyaluronidase, papain, and chymotrypsin. Enzymes with nuclease
activity, such as deoxyribonuclease, may be added to digest nucleic acids released from
damaged cells, preventing excessive cell clumping. At the end of the incubation process, the
cell suspension may be subjected to a mild pumping action to further break up multicellular
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clusters into those of desired size or composition. Enzymatic and physical disaggregation
methods are often combined to achieve the desired result.
Because blood and bone marrow cells are inherently suspensions, mechanical manipulation is
usually limited to plasma and aggregate removal, which is accomplished by centrifugation and
filtration.
Cell and tissue isolation activities involving open manipulation steps should be carried out in
an ISO 5 (class 100) biological safety cabinet. The environment surrounding the biological
safety cabinet should be suitable to maintain aseptic processing operations. For minimally
manipulated HCT/Ps in closed systems, these environments may be controlled but unclassified.
However, for cell and tissue-based therapies that are manipulated and manufactured under
cGMPs, the environment surrounding the biological safety cabinet should be controlled and
classified, usually as an ISO 7 (class 10,000) clean room. Precautions should be taken to
segregate patient-specific tissue and cell isolates.
Solid organs or tissues are usually dissected to expose a desired region. If multicellular
organoids (for instance, islets of Langerhans) or single-cell suspensions are desired, the tissue
may be subjected to mechanical or enzymatic disaggregation. In order to prevent excessive cell
clumping, enzymes such as deoxyribonuclease may be added to digest nucleic acids released
from damaged cells.
Cell and tissue isolations involving open manipulation steps should be carried out in an ISO 5
(Class 100) biological safety cabinet; the environment surrounding the biological safety cabinet
should maintain aseptic processing operations. For minimally manipulated HCT/Ps in closed
systems, these environments may be controlled but unclassified. However, for cell and tissuebased therapies that are manipulated and manufactured under cGMPs, the environment
surrounding the biological safety cabinet should be controlled and classified, usually as an ISO 7
(Class 10,000) clean room. In all cases, proper in-process labeling, line clearance, and lot
segregation should be employed in order to avoid product cross-contamination.
USP43

SELECTION
Cell suspensions often consist of a mixture of cell types that may require further processing in
order to isolate a cell population of interest or to decrease the level of an undesirable cell type
such as potentially contaminating tumor cells. Various cell isolation and separation techniques
provide high yields of pure cell populations.
Cell populations can be selectively enriched by varying the force and duration of
centrifugation. Separation can also be achieved by isopycnic centrifugation in which the cell
suspension is centrifuged in a gradient medium that encompasses all of the densities of cells in
the sample. Specifically designed continuous-flow elutriation centrifuges separate cell
populations by subjecting a cell suspension to opposite centrifugal and fluid stream forces in a
special chamber within the centrifuge rotor mechanism. Cell populations separate within the
rotor on the basis of their various sizes and densities, and they are selectively eluted out of
the rotor chamber by increasing the fluid stream force. Finally, other methods involve the
addition of high-density agents such as hydroxyethyl starch to the cell suspension.
Concentration and separation procedures such as these frequently result in cell loss because of
clumping and aggregation
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Cell separation can also be achieved by applying techniques that take advantage of unique
cytological or biochemical characteristics of different cell populations. Soybean agglutinin
aggregates cells that bear a particular carbohydrate moiety expressed on mature blood cells,
but not stem cells, allowing enrichment of the stem cells. Lymphocytes possess the CD2
antigen that acts as a receptor for sheep red blood cells. When sheep red blood cells are added
to the cell mixture, the lymphocytes form rosettes around the sheep red blood cells and are
then separated via differential centrifugation. Some applications take advantage of the ability
of certain cell populations to adhere to the surface of specific solid substrates such as tissueculture plastic, collagen-coated materials, and natural and synthetic polymeric scaffolds. The
specifically bound cell type is selectively recovered onto the surface and removed from the
initial cell suspension.
Monoclonal antibodies directed against specific cell-surface proteins can be used for both
positive and negative cell selection. For example, a monoclonal antibody-bound cell population
can be removed from the cell suspension after exposure to magnetic particles coated with antimonoclonal antibody. The magnetic particles and their bound cells are removed from the cell
suspension magnetically. Unlabeled cell suspensions can be poured over or incubated on
surfaces such as plastic flasks or microspheres coated with monoclonal antibodies as a means
of isolating particular cell populations. In addition, a fluorescence-activated cell sorter (FACS)
can be used to separate different cell types by binding antibodies tagged with fluorescent
markers to a particular cell type.
Other techniques enrich cell populations by destroying unwanted cells. For example, certain
cell-bound monoclonal antibodies are able to fix and activate exogenously added complement,
resulting in cell lysis. Some procedures use cytotoxic agents or mitotic inhibitors to selectively
kill unwanted cells. These methods typically target cell subpopulations with high growth rates,
such as tumor cells. Finally, an antibody can be conjugated to a toxic moiety, such as ricin,
allowing delivery of the cytotoxic agent to the targeted cell population. Most of these
procedures require several washing steps to ensure the removal of the dead cells, cell
fragments, and cytotoxic agents from the final cell product.
Cell mixtures may require further processing in order to enrich a desired cell population or
remove an undesirable cell type.
Cell populations can be enriched by varying the force and duration of centrifugation, often in
conjunction with a variable density gradient medium. Continuous-flow elutriation centrifuges
separate cell populations by subjecting them to opposing centrifugal and fluid stream forces
within a special rotor chamber.
Cell separation can also be achieved by taking advantage of cytological or biochemical
characteristics unique to different cell populations. Soybean agglutinin aggregates cells that
bear a particular carbohydrate moiety expressed on mature blood cells, but not stem cells,
allowing enrichment of the stem cells. Certain cell populations adhere to specific solid
substrates such as tissue-culture plastic, collagen-coated materials, or polymeric scaffolds;
this allows the surface-bound cell type to be selectively removed from the initial cell
suspension.
Monoclonal antibodies directed against specific cell-surface proteins can be used for positive
or negative cell selection. For example, a monoclonal antibody-bound cell population can be
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removed from the cell suspension after incubation with antibody-specific magnetic
nanoparticles, followed by magnetic collection. Target cell populations can be isolated from
unlabeled cell suspensions by incubating the suspension with antibody-coated plastic surfaces
or microspheres. A fluorescence-activated cell sorter (FACS) can be used to separate different
cell types bound to fluorescently-labeled antibodies.
Cell populations may also be enriched by destroying unwanted cells, e.g., via antibody binding
and exogenous complement fixation, or by incubation with cytotoxic agents or mitotic
inhibitors. Such destructive procedures require thorough processing to the remove dead cells,
cell fragments, and cytotoxic agents from the final cell product.
USP43

Cell Ex Vivo Expansion and Differentiation
EX VIVO EXPANSION
A key issue for manufacturers of cell
cell-based advanced therapies USP43
and tissue-based products is the ability to produce and deliver a therapeutically relevant dose
of the required cell population to the patient. Depending on the application, the product may be
a pure, homogeneous cell type, or it may be a mixture of different functional cell types. Many
target cell populations are present at a low level or low purity in complex primary source
tissues. In such cases, production of a therapeutic dose may be achieved only by specific
enrichment and ex vivo expansion of the required cells.
Ex vivo expansion of cells may occur in suspension culture (e.g., T cells or hematopoietic
stem and progenitor cells), adherent culture (e.g., mesenchymal stem
stromal USP43
cells, embryonic stem cells, induced pluripotent stem cells, neuronal stem cells, or dermal
fibroblasts), or a mixture of both (e.g., bone marrow stroma expansion). Numerous technologies
exist for cell culture. Cells can be propagated in tissue-culture flasks (T flasks), in roller bottles,
on polymeric scaffolds, or in nonrigid, gas-permeable bags, usually inside incubator units
controlled for temperature, humidity, and gas composition. Multilayered, high-capacity cell
culture systems composed of tissue culture plastic, multibag systems, and bioreactors using
microcarriers enable expansion, harvesting, and formulation to be carried out in a closed
system. Traditional small-scale fermenter units can be used for expansion of cells in suspension
culture. It is also possible to expand adherent cells in such units either by providing a surface
for attachment (microcarriers, coated beads, or disks) or by adapting the cells to propagate in
suspension culture. Some culture systems are specifically designed for the propagation of cells
for therapeutic applications. These tend to be closed systems that use disposable bioreactor
cartridges in automated processing units with direct control of temperature, gas composition,
and media perfusion rate. In some cases automated software allows patient–donor tracking and
documentation of culture conditions and manipulations. These features are useful in the design
and implementation of quality control (QC) product release testing programs and for the QA
documentation of processing runs.
In adherent culture, the cells are usually harvested from the surface upon which they have
expanded. Methods of release include physical agitation, enzymatic cleavage, and chelation of
metal ions and competitive inhibition of adhesion or matrix molecules. As described above,
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consideration must be given to the source, safety, toxicology, and residual testing for any
reagent used to release adherent cells during manufacturing. Some product-specific systems do
not require the release of adherent cells. Cells are expanded on a biocompatible synthetic or
natural scaffold that is then applied topically (for example, engineered skin substitutes), or the
cells are grown inside or outside of fibers for ex vivo perfusion (for example, hepatocytes in
hollow-fiber devices to treat liver disease).
In all cases standard cell culture parameters should be optimized for maximum process
efficiency. Such parameters include composition of cellular source material, initial seeding
density, media composition, rate of media exchange, temperature, gas composition, pH, and
rate of delivery. Depending on the nature of the product, the potential effect of process
parameters on the potency and function of the target cells should be defined.
Bioreactors: Specialized bioreactors and devices are required for manufacturing threedimensional combination products. These bioreactors hold the biocompatible scaffold/matrices
for the manufacture of the construct. Although the bioreactor can provide a closed system for
construct manufacturing, it creates a challenge in providing access to the scaffold for seeding
cells and sampling for product release testing while maintaining sterility. Bioreactors are often
single-use devices that ensure that no cross-contamination occurs between products.
Preferably the product will not be repackaged for transport and delivery. For example,
bioreactors may also serve as the final container for product shipment.
Container–closure testing must be performed for all final container–closure systems.
Compatibility for sterilization of the bioreactor and the scaffold should be verified, and the
sterilization process must be validated for each product configuration. Leachables and
extractables from product-contact materials such as bioreactors and packaging components
should be quantified, and limits should be established.
In closed bioreactor systems it can be difficult to observe or sample cells. Measurement of
metabolic parameters can provide a surrogate method that is amenable to validation with which
to evaluate the rate of proliferation and predict when to harvest the cell product. The
relationship of such parameters to the viability, potency, and function of the cell product
should be well defined. Postexpansion purification and enrichment of target cells by using
methods such as those described above may be required.
DIFFERENTIATION
Some cell therapies require lineage or functional differentiation of the source cells. For
example, hematopoietic stem cell expansion processes normally result in products that contain
a mixture of multipotent stem cells, lineage-committed progenitor cells, and lineagedifferentiated cells. The composition of these products can be manipulated by different
combinations of growth factors and cytokines during the expansion process. The inverse is true
for processes in which mature cells are “de-differentiated” to enable them to then be
recommitted to a lineage pathway (for example, chondrocytes in cartilage repair). Specific
examples of ex vivo manipulation are the production of antigen-specific T cells to target various
specific disease indications or derivation of therapeutic cell types from embryonic stem cells.
Before release for clinical use, the resulting differentiated target cells must be fully
characterized. Assessing the potential for de-differentiation of multipotent cells that have
undergone differentiation may be necessary to ensure the safety of the product. Where the
cells have been expanded and subsequently differentiated, karyotype analysis or in vitro
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transformation assays may be performed to demonstrate the cells are acceptable for clinical
use.
EX VIVO GENETIC MANIPULATION
Genetic modification of cells ex vivo is a common processing procedure that is used to alter
the pattern of gene expression in a defined population. The introduction of integrating or
nonintegrating genetic materials (DNA, RNA, siRNA
, virus USP43
) is performed in order to induce the expression of new genes and products or to inhibit
endogenous gene expression. Ex vivo genetic modification in autologous transplantation
settings involves the manipulation of a harvested or expanded cell population from a patient
and subsequent re-administration of the cells to the donor. In a typical allogeneic transplant
setting, a stable, genetically modified cell population that has been characterized and banked is
administered to a broad patient population. In order to control graft-versus-host disease in
allogeneic bone marrow transplants, selected donor T cells have been treated with lethal genes
such as thymidine kinase that make the cells susceptible to gancyclovir treatment after
transplant. Examples of autologous genetically modified cell therapy products include
chimeric antigen receptor T-cells (CAR-T), USP43
the transduction of tumor cells with cytokine or other immunomodulatory genes, lymphocytes
transduced with receptors for tumor antigens, and the introduction into harvested lymphocytes
of an antiviral ribozyme vector as a strategy to treat human immunodeficiency virus infection.
Allogeneic cell therapy product examples include
CAR-T, USP43
genetically modified and irradiated tumor cell lines used as tumor vaccines, and encapsulated
cells transfected with a gene to express a neurotrophic factor for localized therapeutic protein
delivery in the central nervous system.
Ex vivo genetically modified cells are considered gene therapy. Issues associated with gene
therapy products are addressed in detail in 〈1047〉, especially the production of the vector or
genetic material used to accomplish gene transfer, analytical testing strategies, patient safety,
and monitoring. The manufacturing, cell processing, and process control methodologies
addressed above are applicable in the procedures used for genetic manipulation. Frequently cell
populations that are genetically modified are isolated and
/or USP43
expanded or selected before the introduction of the genetic material. Specialized equipment
and processes for introduction of genetic material exist and must be validated and monitored.
Issues associated with cell banking and stability apply to cell lines used in allogeneic cell
therapy products that are established and cryopreserved in MCBs and WCBs. Finally, issues
associated with analysis and administration of the genetically modified cell population are
discussed later in this chapter.
Formulation of Cell and Tissue-Based Products
Approaches for formulating cell and tissue-based products depend largely on the planned
storage time for the cells before delivery to the patient. For some cell-based products, the time
between completion of manufacturing and delivery to the intended recipient can be measured
on the order of hours to days. Other cell-based products may be cryopreserved in order to
extend their shelf life. A different approach for formulating cell and tissue-based products may
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involve the addition of a natural or synthetic scaffold that can facilitate handling, protecting
the cells from immunological responses, and creating a specific shape that contributes to the
therapeutic effect. Considerations for formulating each of these types of cell and tissue-based
products are discussed below.
Decellularized Tissue-Based Products
The cells from decellularized tissue materials are killed, lysed, and removed from tissue using
one or more of a variety of methods. Protocols may include physical methods (e.g., exposure to
freezing temperature, force and pressure, or electrical disruption) and/or exposure to enzymes
or chemicals (e.g., acids, bases, or detergents). These step(s) are typically followed by
thorough rinsing and soaking in buffer to remove reagents and all cellular debris, as well as to
neutralize reagents as needed. Tissues may then be further processed, such as
demineralization (bone), before packaging, freeze-drying, and/or other final processing steps.
USP43

NONCRYOPRESERVED CELL AND TISSUE
USP43

-BASED PRODUCTS
Products consisting of suspensions of cells for delivery to patients within hours after the
completion of manufacturing frequently are formulated in sterile, buffered solutions suitable for
direct administration. For other noncryopreserved cell or tissue
USP43

-based products extension of shelf life from hours to days may be possible by use of solutions
that contain appropriate nutrients and antioxidants. In most cases, these excipients are not
intended for direct administration into patients. Consequently, the excipients may require
removal before delivery to the patient (see Clinical Site Preparation and Administration). If an
unapproved formulation buffer will be administered to patients, preclinical toxicology testing
should be performed.
CRYOPRESERVED CELL AND TISSUE
USP43

-BASED PRODUCTS
Most cell cryopreservation medium formulations are supplemented with 5%–10% DMSO with
or without hydroxyethyl starch (generally 6%) and a plasma protein such as 4%–10% human
serum albumin in a balanced salt solution. DMSO prevents dehydration by altering the increased
concentration of nonpenetrating extracellular solutions during ice formation. The high molecular
weight polymeric hydroxyethyl solution protects the cells from dehydration as water is
incorporated into extracellular ice crystals. The use of protein often results in maximum
recovery and viability of cells after thawing. Serum (5% to 90%) is sometimes used in place of
specific proteins.
USP43

Some cryopreservation formulations are completely free of protein.
The optimal concentration of cells for cryopreservation depends on the cell type and should
be determined empirically, but it generally ranges from 106 to 107 cells/mL. The homogeneity
and viability of the cell population being cryopreserved can also differ after thawing and should
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be carefully assessed. In situations where the final cell or tissue
cell-based USP43
product is intended to be thawed and administered immediately, the presence of DMSO in the
formulation buffer does subject the patient to an increased level of infusion-related toxicity,
although this is related to the volume administered and the final concentration of the
cryopreservative. Refer to Clinical Site Preparation and Administration for additional
considerations.
CELLS COMBINED WITH BIOCOMPATIBLE SCAFFOLDS
Many cell and tissue-therapy products are administered in combination with a biocompatible
scaffold
(also referred to as tissue engineering). USP43
For instance, wound healing or skin substitute products contain cells seeded on a scaffold. The
biochemical and physical structure of the scaffold and the method for combining cells with the
scaffold are specific to the product.
The biocompatible scaffold (e.g., demineralized cortical bone particles, cancellous granules)
may also be human tissue derived from the same donor as the allogeneic cells. USP43
Cells can be loaded into a semipermeable membrane device for delivery. Usually the pore size
of the membrane is large enough to allow the cell-secreted therapeutic factors to pass, but it
is small enough to stop immunoglobulins and host cells from making contact with, destroying, or
mounting an immune response to the therapeutic cells. The device can be a single hollow-fiber
or a semipermeable capsule with cells inside that secrete therapeutic compounds, or it can be
part of a larger system of pumps and filters such as hollow-fiber modules with hepatocytes for
the treatment of liver disease.
Cells can be seeded onto a three-dimensional scaffold and allowed to propagate and form a
tissue-like structure. In the resulting product, the cells are oriented in a unique manner that is
important for the intended use of the product (e.g., skin substitutes).
Cells can be encapsulated in a gel or cross-linkable polymer solution, and the resulting
implantable structure can serve as a culture vessel, as a means to shield the cells from the
host’s immune system, or as a way to mold cells into a defined shape. Some of the polymers
used include alginate, hyaluronic acid, collagen, chitin, or synthetic polymers. Encapsulated
pancreatic β-islet cells have been implanted in patients to treat diabetes. To treat urinary
incontinence, chondrocytes have been mixed with alginate to form a structure upon injection.
Cells can be adhered to scaffolds of defined shape that are then implanted. Some examples
include osteogenic precursor cells on scaffolds of demineralized cadaveric human bone, ceramic
hydroxyapatite, ceramic hydroxyapatite–tricalcium phosphate, or biodegradable glass, which
can be used in the repair of bone defects.
Change to read:
ANALYTICAL METHODS
General Considerations
The complexity and scope of cell-based therapies are reflected in the wide range of analytical
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methods that are used to establish in-process controls and final product release criteria.
Quality specifications for cell
cell-based advanced therapies USP43
and tissue products should be chosen to confirm the product’s quality, safety, and potency.
Selected tests should be product specific and should have appropriate acceptance criteria to
ensure that the product exhibits consistent quality parameters within acceptable levels of
biological variation, loss of activity, physicochemical changes, or degradation throughout the
product’s shelf life. The development and setting of specifications for cell and tissue products
should follow the principles outlined in ICH Q6B, Specifications: Test Procedures and
Acceptance Criteria for Biotechnological/Biological Products.
Specifications are established on the basis of thorough characterization of the product during
the development phase and an understanding of the process and its capability.
Characterization should include measurements of the physicochemical properties, safety, purity,
process and product-related impurities, potency, viability, sterility, and quantity. Manufacturers
should develop specifications for each product developed from this information by application of
appropriate statistical methods. The data should include lots used in preclinical and clinical
studies, and should also include assay and process validation data that can be correlated to
stability, safety, and efficacy assessments.
In-process controls and specifications for the product should be anchored by use of an
appropriate reference standard. An autologous product may rely on a reference standard
generated from processing cells or tissue from a healthy donor or from a source that supplies
cells and tissues to research institutions. The reference standard ensures that the process, as
measured by the release assays, does not change significantly over time, and it verifies that a
test produces acceptable results, i.e., system suitability requirements are met. The reference
standard is made from a lot that is produced under controlled conditions and passes all inprocess and final release testing. In addition, this reference standard is subjected to an
additional level of characterization that includes tests not normally performed for product
release. The reference standard need not be stored at the same dose, formulation, or
temperature as the final product. However, the stability of this reference standard must be
determined.
Alternatively, a working standard can be used. If so, in the test it should behave like the
reference standard. Changing to a new reference standard should include many tests, all of
which are run side by side with the existing reference standard. The impact of any change in
the properties of the new reference standard should be carefully evaluated before it is
adopted. One option for a reference standard for a cell product with a short shelf life or for an
autologous or patient-specific application can be a bank of normal donor cells of the
appropriate cell type. This cell bank can be used to ensure that the manufacturing process is
capable of making a consistent product.
In-Process Controls
Manufacturing processes should have well-defined go–no go decision criteria that are
established for key in-process manufacturing steps. In-process control are the assays or tests
that are performed to
tests USP43
ensure that the in-process material is of sufficient quality and quantity to ensure manufacture
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of an acceptable final product. Examples of in-process controls include:
Cell USP43
enumeration and viability
Microbiological (sterility, endotoxin, mycoplasma)
Expression of phenotypic or genotypic markers
Verification of morphology against visual reference standards
Production of a desired bioactive substance
Determination of population doublings, passage number, age of culture
Assays of potential
for USP43
process impurities
Monitoring of culture system parameters [% carbon dioxide (CO2 ), % relative humidity,
pH, glucose, lactate, etc.]
Functional tests such as colony forming units (cfu) and expression of cell-specific
proteins

Content uniformity
Quantitation of particulate matter
Visual inspection for cellular aggregates and other impurities
USP43

A primary reason for establishing in-process control tests is to ensure that the correct
product with specified quality and yield is obtained. A secondary reason for performing inprocess tests
A primary reason for in-process control tests is to reliably obtain adequate product quality
and yield. A secondary reason USP43
is to gather process and product characterization data that can be useful in assessing the
impact of process changes or excursions.
In-process sampling must always be balanced against adequate final product yield.
Therefore, only truly informative and timely in-process testing should be implemented. USP43
Intermediate inUSP43

process material that fails to satisfy in-process control criteria should not be used for further
manufacturing. This
Non-conforming USP43
material can
may USP43
be reprocessed if there are procedures in place. for such activities. The reprocessed material
must satisfy the original in-process specifications, and
USP43

The effect of reprocessing on other quality attributes such as stability must be defined before
the material can undergo further manufacturing.
The reprocessed material must satisfy the original in-process specifications. USP43
If several sub-lots (e.g., cells harvested from different culture vessels) will be pooled for
further processing, sublots that fail to satisfy specified criteria
non-conforming sub-lots USP43
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should not be included in the pool
USP43

even if the
larger USP43
pool containing these failed sub-lots would pass the in-process assay criteria.
For manufacturing processes that yield multiple containers of cell suspensions, in-process
visual inspections are highly recommended. For example, fibers, polymer fragments and other
visible particulate matter can accumulate and co-mingle with cells presenting a patient safety
concern. In-process visual inspection after the final container filling, but prior to the final
product labeling or cryopreservation (if frozen), allows the culling of nonconforming containers
before final product sampling and testing. Timely in-process visual inspection may be
challenging, particularly when attempting to limit cell exposure to cryopreservatives such as
DMSO.1 USP43
During clinical
USP43

process development, assays for product quality and yield should be performed after most
processing steps to determine which steps are critical and which assays are most sensitive to
deviations in the process. Statistical process controls and critical parameters should be used to
establish limits for process validations and manufacturing investigations. Statistical sampling
tools should be used to ensure a valid sample size. In-process controls should be performed for
fully validated processes to ensure that the process continues to be under control. The results
of these assays should be trended, and actions should be taken to correct problems as they
arise.
quality-critical, stability-indicating, or sensitive to process deviations. Statistical process
controls and critical product quality parameters, along with statistically valid sampling, should
be used to establish limits for process validations and manufacturing investigations. In-process
controls should be performed even for fully validated manufacturing processes to ensure proper
process control. Assay results should be tracked and trended over time, and actions should be
taken to correct problems as they arise. USP43
Final Product Release Specifications
Cell-based therapies regulated as biological products must comply with applicable sections of
21 CFR 211 and 21 CFR 610 to ensure their
they meet essential quality attributes such as USP43
identity, purity, potency, and microbiological safety., and other essential attributes, such as
viability, are met
USP43

Because terminal sterilization is not possible for a living cell-based product, essentially all cellbased products are required to meet acceptance criteria for product tests such as sterility,
mycoplasma
(not needed if cells are cultured less than 24 h, or if tissue has been decellularized), USP43
and endotoxin—typically, negative or no growth demonstrates sterility and the absence of
mycoplasma, and products must demonstrate <5 endotoxin units (EU) per kilogram of patient
body weight. In the case of intrathecal injection, the specified endotoxin limit is more stringent:
≤0.2 EU/kg of patient body weight. Adventitious virus testing is rarely performed on the final
cell-based therapy product because the source cells or cell banks and ancillary materials of
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biological origin have been screened and tested for viral agents of concern before
manufacturing.
For almost all other final product release criteria, such as those for identity, purity, and
potency, the analytical procedures with methods and acceptance criteria are specific to the
individual cell-based product. Table 3 provides an overview of the expected final product
release tests for cell-based therapies and lists examples of approaches that are used to satisfy
the testing requirements.

Release Test
Sterility

Mycoplasma
Endotoxin

Identity

Table 3. Overview of Final Product Release Testing
Examples
Criteria
Sterility Tests 〈71〉
Negative
Direct and indirect culture
Negative; not detected.
method (FDA Points to
Testing not usually required if cells
Consider)
are cultured less than 24 h. USP43
Bacterial Endotoxins Test
〈85〉
<5 EU/kg (<0.2 EU/kg intrathecal)
Surface marker
determination
Isoenzyme analysis
Genetic fingerprint
Morphology
Bioassay
Biochemical marker
Product specific
Percentage of
viable cells
Percentage of cells
expressing specific
marker(s)
Limits on undesired
cell types
Limits on process
contaminants (e.g.,
serum)
Scaffold
composition

Purity

USP43

Product specific
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Examples
Viable cell number
Colony-formation
assay
Change in
expression of
specific genes
Secretion of desired
macromolecule
Induction of
secondary effect
(e.g., human
leukocyte antigen
Expression of
cell-surface
molecules USP43
HLA

Criteria

Target specific cell
killing
USP43

Evidence of
metabolic activity
Evidence of cell
function

Potency

Product specific
Viable cell number
Enumeration of
specific cell
population
Total DNA
Total protein

Dose

Appearance

Product specific

USP43

Injections 〈1〉, Visible
Particulates in Injections
〈790〉 USP43

Product specific. Cell suspensions
should be free of unexpected visible
particulate matter. USP43
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Examples
Appearance

Criteria

USP43

Morphology
Size
Tensile or burst
strength
Others

Product specific
STERILITY

Cell
and tissue USP43
-based products are required to comply with final product release testing requirements,
including sterility. Sterility testing is also frequently performed in-process to establish microbial
purity for cells that require extended culturing. A suitable sterility test include the test
described in 21 CFR 610.12 and
USP43

Sterility Tests 〈71〉. These culture-based test methods require 14 days and thus are suitable
only for cell-based therapy products that have extended shelf lives (e.g., following
cryopreservation). Many cell-based therapies have short shelf lives and must be delivered to
patients before the 14-day test results are available. In such situations, the FDA has identified
an approach that will allow the administration of the cell-based product to patients in this
setting [see Guidance for FDA Reviewers and Sponsors: Content and Review of Chemistry,
Manufacturing, and Control (CMC) Information for Human Somatic Cell Therapy Investigational
New Drug Applications (INDs)]:
In-process sterility testing on a sample taken 48–72 h before final harvest or after the
last refeeding of the cultures
A rapid microbial detection test such as a Gram stain or other procedure on the final
formulated product
Sterility testing compliant with 21 CFR 610.12 on the final formulated product
Under this alternative approach, the release criteria for sterility would be based on a negative
result of the Gram stain and a no-growth result from the 48- to 72-h in-process sterility test.
In the event that the 14-day sterility test is determined to be positive after the product is
administered to the subject, the manufacturer is required to report the sterility failure, results
of investigation of the cause, and any corrective actions as an amendment to the IND within
30 calendar days after initial receipt of the positive culture test result.
Because of concerns regarding the sensitivity of a Gram stain and the inability to obtain full
sterility results for 14 days after administration to the patient, there is widespread interest in
the use of rapid microbiological methods as an alternative to the 14-day culture method. This is
discussed under Alternative Test Methodologies.
MYCOPLASMA
Mycoplasma and ureaplasma are the smallest free-living microorganisms. Mycoplasma lacks a
rigid cell wall and ranges in size from 0.2 to 0.3 µm. Mycoplasma can be observed as round or
filamentous in cell culture using dark-field or phase-contrast microscopy. On solid agar, colonies
of mycoplasma can range in diameter from approximately 15 to 300 µm, and the larger colonies
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are distinguished by a typical “fried egg” appearance.
Mycoplasma is ubiquitous and can be isolated from practically all mammals. Historically it has
been one of the main problems in the contamination of tissue cultures. Mycoplasma tends to be
fastidious and requires preformed nucleic acids supplied by media components. These
components may be readily available in the cell culturing materials that are employed during
manufacturing. Mycoplasma can arise from bovine or other animal-derived culture components,
cell or tissue materials from asymptomatic patients, or possibly from operators who shed it
during manufacturing.

USP43

Testing for mycoplasma is recommended for all raw materials derived from a human or animal
sourceand
; it USP43
is required as a lot-release assay for celland tissue-based USP43
products
if they are cultured for longer than 24 h. USP43
The FDA has published a document (Points to Consider in the Characterization of Cell Lines
Used to Produce Biologicals) describing in detail the accepted methods for the cultivation and
isolation of mycoplasma. Methods for mycoplasma detection are also described in Mycoplasma
Tests 〈63〉. Because the classical assay takes 1 month of testing
USP43

to complete, alternative methods are being developed and validated for the rapid detection of
mycoplasma; this is discussed under Alternative Test Methodologies.
ENDOTOXINS
Endotoxins exert a number of biological effects on the mammalian cell membrane and can
affect secretion and cytokine production, can induce fever in recipients, or can serve as
powerful mitogens. Because of the possibility of wide-ranging biologic effects of endotoxins on
cell and tissue culture, raw materials and components used for the manufacture of cell-based
products must be assessed for the presence of endotoxin as part of the raw materials
qualification process. Control of endotoxin in the manufacture of cell therapy products is an
essential element of any quality control program.
The presence of endotoxins in products administered to patients is a significant safety
concern. USP general test chapter describes a number of different methods for measurement of
endotoxins, all based on the Limulus amebocyte lysate assay. This assay can be validated for a
wide range of biopharmaceutical products. An important feature of the assay with respect to
cell therapy products is the ability to conduct the assay before release of products that have
short shelf lives.
Endotoxins exert numerous biological effects: they can affect secretion and cytokine
production, induce fever in recipients, or serve as powerful mitogens. Because of these wideranging impacts, endotoxin assessment must be included in raw material and manufacturing
process qualifications for cell and tissue-based therapies. Bacterial Endotoxins Test 〈85〉
describes methods for measuring endotoxins, all based on the Limulus amoebocyte lysate
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assay. This assay can be validated for a wide range of biopharmaceutical products; one
important feature is the ability to rapidly conduct the assay before the release of short-shelflife products.
USP43

IDENTITY
Lot-release testing for cell-based products must include an identity test. This test serves
unequivocally to identify the product. The complexity of the identity test depends on the
nature of the specific product and the array of products being manufactured. For example,
more extensive and rigorous testing may be performed for an autologous cell therapy product
at a manufacturing facility where multiple patient products are manufactured by comparison
with an allogeneic cell therapy that is the only product manufactured in a facility.
Identity tests for cell-based products must be relevant to the cell type and manipulations
applied during processing. Differential surface markers are frequently used to ascertain product
identity. Flow-cytometric immunoassay methods are the most common means of detecting and
quantifying these markers. Identification and quantitation of particular cell subsets is
accomplished by multiparameter analysis, usually of size and granularity and of one or more
identity markers. Other examples of identity tests include isoenzyme analyses to confirm
species of origin, which would be desirable if the product consists of xenogeneic cells. Cell
morphology may be used to distinguish specific cell types. There is also an increasing trend to
use genetic fingerprint technologies such as short tandem repeats to establish the identity of
cell lines (e.g., human embryonic stem cells used to derive therapeutic cell types).
Lot-release testing for cell-based products must include an identity test to unequivocally
identify the product. The complexity of the identity test depends on the nature of the specific
product and the array of products being manufactured, e.g., in a single-product vs. a multiproduct facility.
Identity tests for cell-based products must be relevant to the cell type and manipulations
applied during processing. Differential surface markers are frequently used to ascertain product
identity, as described in Table 3. Flow-cytometric immunoassay methods are the most common
means of detecting and quantifying these markers. Isoenzyme analyses can confirm species of
origin, which is especially useful for xenogeneic cell products. Cell morphology may be used to
distinguish specific cell types. Genetic fingerprint technologies such as short tandem repeats
can also establish cell line identity.
USP43

PURITY
Purity methods specifically quantify the intended active product components. Impurities are
either product- or process-related residual contaminants that can be detected in the final
product. The requirement to test for a particular impurity for product lot release will depend on
the following: (1) the demonstrated capability of the manufacture and purification process to
remove or inactivate the impurity by process validation and (2) the toxicity potential or
functional product impact associated with the impurity.
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Purity methods specifically quantify the intended active product components, or unwanted
impurities (product- or process-related residual contaminants), in the final product. Table 3
describes examples of several impurity methods. The requirement to test for a particular
impurity for product lot release depends on: 1) the capability of the manufacturing process to
remove or inactivate the impurity, as demonstrated by process validation, and 2) the impact of
the impurity, such as toxicity or altered product function. USP43
Examples of process-related impurities associated with cell
cell-based USP43
therapy products include residual production-medium components (e.g., serum, antibiotics, or
exogenous cytokines), ancillary materials used in downstream processing (e.g., nucleases or
proteases), and leachables (e.g., plasticizers from tubing or culture plastic). Impurities may be
bioactive (e.g., cytokines or hormones) or immunogenic (e.g., aggregates, degradation
products, or animal-derived proteins). Impurities may have other deleterious effects, depending
on the dose of the product.
Product-related impurities are specific to each product type. Examples include cell debris,
presence of undifferentiated cells in a cell-based product that should contain specific types of
differentiated therapeutic cells; unacceptable levels of nonviable cells; replication-competent
cells in a cell product that should contain mitotically inactivated cells; or changes in the
composition of functional cells following cryopreservation and thaw. Analytical methodologies to
assess purity require quantitation or analytical separation of the intended product from its
impurities. Emphasis should be placed on demonstrating the consistency of the product-impurity
profile. It may be possible to validate the manufacturing process to the extent that specific
lot-release testing for impurities can be limited.
Testing for impurities is often extensive during product characterization and process
validation when the consistency of the manufacturing and purification process is being
demonstrated. Testing for impurities as part of lot-release testing should reflect the safety
risks associated with the impurity and the ability of the process to consistently remove that
impurity.
Product-related impurities are specific to each product type. Impurity examples include cell
debris; cells that are dead, non-functional, altered, or otherwise unwanted. Analytical methods
should quantitate both product and impurities, and should allow the manufacturer to assess the
lot-to-lot consistency of the product-impurity profile. It may be possible to validate the
manufacturing process to the extent that specific lot-release testing for impurities can be
limited.
Testing for impurities is often extensive during product characterization and process
validation, when the consistency of the manufacturing and purification process is being
assessed. In-process testing for impurities can provide valuable information regarding the
consistency of manufacturing and materials. In-Process Controls describes the role that inprocess testing can play in monitoring and limiting impurities, both during process development
and manufacturing. Lot-release impurity testing should reflect the safety risks associated with
the impurity, and the ability of the process to consistently remove that impurity.
USP43

POTENCY
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Potency is defined under 21 CFR 600.3(s) as “the specific ability or capacity of the product,
as indicated by appropriate laboratory tests or by adequately controlled clinical data obtained
through the administration of the product in the manner intended, to effect a given result.”
Together with dose, potency defines the biological activity of each lot (see Dose-Defining
Assays, below). The relationship between product potency measurements during development
and manufacturing to clinical safety and efficacy is key to their use in batch release. Potency
may be assessed by in vitro or in vivo bioassays or a combination of the two. It is not
uncommon for these assays to have coefficients of variation between 30% and 50%. These
assays require a well-defined, representative reference material that can be used as a positive
control for the assay. The positive control serves to qualify the performance of an individual
assay. Potency assay development should focus on characterizing and controlling variability.
High-precision assays are effective tools in monitoring product quality. Information about
potency-assay variability should be incorporated in the stability study design and the proposed
statistical approach to assignment of expiration date
The relationship between product potency measurements and clinical safety and efficacy is
key to their use in batch release. Potency may be assessed by cell enumeration, in vitro or in
vivo bioassays, or a combination of these. Because it is not uncommon for potency assays to
have large coefficients of variation, these assays often require well-defined and fully
characterized representative reference material. In part because of their inherent variability,
patient-specific products such as autologous immunotherapies present a particular challenge in
demonstrating potency. Potency assay development should focus on characterizing and
controlling the sources of assay variability. Information about potency assay and product
variability should inform the product stability study design, as well as the proposed statistical
approach to expiration date assignment USP43
(see Stability, below).
The types of assays that can be used to establish the potency of a cell-based product vary
widely and depend on its unique characteristics and its shelf life. For some cell-based products
such as hematopoietic progenitor cells, assays for product potency have been correlated with
clinical efficacy. In this case, a traditional colony-forming assay that quantifies committed
progenitor cells such as colony-forming unit–granulocyte-macrophage (CFU-GM) has been
correlated with clinical engraftment outcomes in some studies. For other cell-based products, in
vivo animal models of disease have been used to establish product potency. If the cell-based
product releases a bioactive macromolecule, a potency assay could be based on units of
activity released. For example, the production of insulin in response to changes in glucose
levels could be the basis of a potency assay for cells that are intended to treat diabetes.
Patient-specific products such as autologous immunotherapies present a challenge in
demonstrating therapeutic activity in an in vitro or in vivo assay system. Novel approaches to
measuring potency, such as the correlation of clinical outcome to other characterization tests
such as identity tests, may be appropriate and should be discussed with regulatory authorities
early in development. For example, the ability to determine specific cell-surface identity
markers by employing flow cytometry techniques or vital stains may be an acceptable
measurement of potency if properly validated and correlated with clinical outcome. FDA has
issued guidance that discusses the possibility of using a matrix of biological and nonbiological
assays, including both qualitative and quantitative assays, to establish product potency.
Information in this guidance is particularly relevant for cell-based products that have a short
shelf life or complex mechanisms of action or multiple biological activities (see Guidance for
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Industry: Potency Tests for Cellular and Gene Therapy Products).
A validated potency assay is typically required before regulatory approval. During
investigational clinical studies, regulators typically require that a well-defined assay or assays
intended to establish product potency should be in place before the initiation of pivotal clinical
trials. Early implementation of one or more candidate assays intended to establish product
potency is strongly encouraged. Data from these candidate potency or functional assays can
be particularly important when assessing proposed manufacturing changes, during technology
transfer, and in determining product stability.
Assays measuring the potency of cell-based therapy products vary widely, and depend on
the products’ unique characteristics and shelf life. For some cell-based products, product
potency may correlate with clinical efficacy. For example, a colony-forming assay or
enumeration of committed progenitor cells may correlate with clinical engraftment outcomes in
clinical studies. Product potency may also correlate with responses measured in animal or
cellular disease models. If the cell-based product releases a bioactive macromolecule, a
potency assay could be based on the units of activity released. For example, the production of
insulin in response to changes in glucose levels could be the basis of a potency assay for a
cell-based therapy product intended to treat diabetes.
Approaches to measuring product potency should be discussed with regulatory authorities
early in development. The FDA has issued guidance that discusses using a matrix of biological
and nonbiological assays, including both qualitative and quantitative assays, to establish
product potency. Information in this guidance is particularly relevant for cell-based products
that have a short shelf life, a complex mechanism of action, or multiple biological activities (see
the FDA’s Guidance for Industry: Potency Tests for Cellular and Gene Therapy Products).
A validated potency assay is typically required before regulatory approval, which means that
a well-defined product potency assay (or assays) should be in place before the initiation of
pivotal clinical trials. Therefore, implementation of one or more candidate potency assays early
in clinical development is strongly encouraged. Data from these candidate potency assays can
also be particularly useful for assessing proposed manufacturing changes, during technology
transfer, and in determining product stability.
USP43

DOSE-DEFINING ASSAYS
An assay that precisely measures the amount of the product is referred to as a dose-defining
assay, and it is selected on the basis of its accuracy and precision. An assay that measures
therapeutic activity of the product is referred to as a potency assay and it is designed to
measure product function. This type of assay is different from a dose-defining assay. The
design of the assay depends on the type of product. In the case of drugs, assays that
measure the amount of active ingredient (dose) are referred to as strength assays. For these
medicines, product dose can be defined as the concentration or amount of the final product
administered to the patient, and it is typically measured as product mass. For cell-based
products, attributes such as viable number of therapeutic cells are often used to define the
dose of the product.
USP43

Cell
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Cell-based USP43
therapy products may be dosed on the basis of enumeration of one or more cell populations.
For products in the form
consisting USP43
of a homogeneous, single-cell suspension, viable cell number is the most frequently used assay.
Such assays may include enumeration of all cells, total nucleated cells, or another subset of
cells. Viability assays are usually based on a cell’s ability to exclude a supravital dye, such as
trypan blue. Results are expressed as the number of cells that exclude the dye and are
therefore considered viable. Fluorescent compounds that bind to nuclear proteins and are
excluded by viable cells may be incorporated into flow-cytometric methods for simultaneous
determination of viability and cell-identity markers.
Cell counting may be performed rapidly by manual or automated methods. Manual cell
counting by visual enumeration of cells in a hemacytometer chamber is a readily available
technique with acceptable accuracy but a lower degree of precision than most automated
methods. Typical instruments for automated
blood USP43
cell counting provide reproducible enumeration of nonnucleated cells (e.g., erythrocytes and
platelets) and nucleated cells and differential counting of the nucleated cells into mononuclear
and polymorphonuclear leukocyte populations. Further discrimination
Other automated cell counters relay on computer algorithms for visual field analysis of
stained cell populations. Beyond cell counting, further identification and enumeration USP43
of specific cell populations usually requires cell-surface phenotype analysis by flow cytometric
or other methods (see Identity above). The proportion of a specific subpopulation of cells may
be determined by FACS analysis or by flow cytometry. An example of a cell enumeration assay
is the enumeration of CD34-positive (CD34+) hematopoietic progenitor cells.
An example of a specific cell enumeration assay that incorporates viability assessment is
described in Flow Cytometric Enumeration of CD34+ Cells 〈127〉. USP43
For products that contain cells in a nonhomogeneous suspension, such as cells that are
combined with a biomaterial (e.g., a scaffold), alternative cell enumeration measures have been
used, including total area of a cell sheet, wet weight, total protein, and total DNA. If such
measures are used to determine product dose, then supplemental tests should be performed to
establish relevance.
Considerations for Release Testing of Cell–Biomaterial Constructs
For some cell-based
therapy USP43
products such as cells combined with biomaterials to form combination products, it may not be
feasible to directly test the cell–biomaterial construct. This is frequently the case when
autologous cells are involved and the cell–biomaterial construct consists of a single unit and
sampling of the construct is not feasible. In such cases, the individual components are tested
before they are combined, and the final construct is not subjected to direct testing. Indirect
measures such as sampling of the culture media can be employed to address regulatory
requirements. The quality and stability of the formulated cell–biomaterial construct and
relevance of indirect measures must be established by validation studies during product
development.
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Sampling Issues
As required by GMPs, product samples must be retained after release testing is completed. If
rapid-release strategies are employed, manufacturers may need to retain additional samples so
that product quality can be reassessed by alternative or traditional test methodologies if
necessary.
Sampling for lot-release testing should be based on the potential distribution for the
parameter tested. See Stability Protocol Development (below) for additional considerations.
Samples from each lot should be retained in case there is a safety or quality issue with the lot.
Even if the product has a very short shelf life, these retained samples can be used to detect
impurities and other substances. The need for proper design of the sampling plan deserves
special consideration. In such cases, process validation will assist in determining the
appropriate statistically based sampling design.
GMP samples from each lot must be retained after the completion of final product release
testing, in case safety or quality issues arise later. Even if the product has a very short shelf
life, retained samples can be used to detect impurities and other unwanted substances. If
rapid-release strategies are employed, manufacturers may need to retain additional or
alternatively stored (such as frozen or fixed) samples, so that product quality can be
reassessed if necessary. In all cases, sample handling and storage must be validated against
relevant testing methods and stability requirements. The FDA (in 21 CFR 820.250) requires
product and material sampling plans to be written, specific, and justified on the basis of
statistics, science, and risk. Sampling considerations are especially important for products
dispensed into multiple containers. Sampling should be based on the appropriateness, stability,
and expected distribution for each parameter tested. Proper sampling plan design should include
considerations for samples (e.g., uniformity, size, handling, storage) and statistics (e.g.,
frequency, redundancy, confidence limits, replicates). Process development studies generally
help determine the appropriate parameters and limits for the statistical sampling plan design;
process validations must confirm or support those statistical sampling plan parameters and
limits. See Stability Protocol Development (below) for additional considerations, and 〈71〉 or
Visible Particulates in Injections 〈790〉 for examples of statistical sampling approaches. USP43
Alternative Test Methodologies
As described under Final Product Release Specifications (above), cell-based therapies must
undergo testing for sterility, mycoplasma, and endotoxin. Additional acceptance criteria for
tests relating to identity, purity, potency, dose, and other relevant characteristics must be met
before clinical use. With the exception of sterility, mycoplasma, and endotoxin, most of the test
procedures and their underlying methods used to ensure that the final product meets release
acceptance criteria are unique to the product and can be adapted to meet the specific
characteristics and applications of the cell-based
therapy USP43
product. In general, test methods should be developed based on the best available science and
should be suitable for use in a GMP manufacturing environment. The assays should be robust,
reliable, and capable of being validated and should provide results before release for clinical
use. Validation of Compendial Procedures 〈1225〉 provides basic considerations for methods
validation.
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For some cell-based therapies, the sample size and volume of material required for testing or
the length of time necessary to obtain test results can consume significant amounts of the final
product, or the time required for obtaining results may exceed the product’s shelf life—or both.
This creates problems with the available supply of product to treat patients and in other
situations precludes the possibility of obtaining results before administration to patients. This is
a particular problem for the compendial sterility test as well as the FDA-recommended broth–
agar culture method for mycoplasma. Consequently, both industry and regulatory authorities
have shown considerable interest in facilitating the development of alternative test methods for
both sterility and mycoplasma.
FDA regulations for biological products specifically address the use of equivalent methods
provided they ensure that the safety, purity, potency, and effectiveness of the biological
product is equal to or greater than the assurances provided by the specified method (21 CFR
610.9). Some of the available alternative test methods for sterility and mycoplasma are
described below.
The range of available technologies is broad and continues to be developed by assay
designers for use in the cell therapy industry. Attributes that should be included in any review
of proposed technology include accuracy for the intended purpose, speed in productivity, cost,
acceptability by the scientific community and regulatory agencies, simplicity of operation,
training requirements and reagents, the reputation of the vendor, technical services provided
by the vendor, and, finally, utility and space requirements.
Validation of these test methods and demonstration of equivalence as described in 21 CFR
610.9 are required at the time of BLA or a PMA submission.
STERILITY
Detection platforms for alternative microbiological methods have been generally based on
growth, viability, artifacts, or nucleic acids. Growth-based technologies use either biochemical
or physiological measures that reflect the growth of microorganisms. Test samples are
transferred to traditional or enhanced media formulations that encourage microbial proliferation,
and microbial growth is detected chemically or spectrophotometrically. The primary advantage
of these systems is the automated nature of the test results and recovery of microorganisms
for failure investigations and other microbial characterization methodologies. The FDA has
published guidance for validation of growth-based rapid microbiological methods (Guidance for
Industry: Validation of Growth-Based Rapid Microbiological Methods for Sterility Testing of
Cellular and Gene Therapy Products, CBER, 2008). Principles of validation of alternative
microbiological methods are also described in Validation of Alternative Microbiological Methods
〈1223〉.
Viability-based technologies do not require cells to grow. These technologies are based on
detecting the presence of individual living contaminants by vital dyes, stains, or cell-surface
markers. Cells labeled by a specific fluorochrome metabolic substrate are collected on a
membrane for detection.
Artifact-based technologies analyze cellular components or molecular probes that are
designed specifically for a particular microbial species. For example, individual species can be
characterized by unique patterns of fatty acid composition after samples of whole cells have
been saponified to induce the formation of methyl esters. Other technologies use time-of-flight
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mass spectrometry.
Nucleic acid technologies (NAT) are based on polymerase chain reaction (PCR) DNA
amplification, 16s or 23s rRNA typing, and gene sequencing. Some technologies identify
microorganisms by sequencing a portion of the chromosome of an unknown organism and
comparing the sequence of 16s rRNA to a database. This technology is capable of identifying
fungi, mycoplasma, and bacteria, including slow growers and nonfermenters. For more details on
PCR-based methods, see Nucleic Acid-Based Techniques—Amplification 〈1127〉.
MYCOPLASMA
Compendial testing methodologies for mycoplasma are growth based in agar and broth
cultures and require at least 28 days to monitor appropriately the presence of mycoplasma
contamination. Because of this limitation, a number of rapid mycoplasma testing technologies
have been developed based on nucleic acid amplification techniques such as PCR, as well as
nonamplified nucleic acid hybridization assays, enzyme-linked immunosorbent assays (ELISA),
and enzyme-based assays.
Change to read:
QUALITY SYSTEMS
Quality systems weave together the various aspects of manufacturing. Quality control (QC)
and quality assurance (QA) programs should exert control over the manufacturing facilities, the
manufacturing process, the validation efforts, and all testing of the raw materials, in-process
material, bulk product, and final formulated product. Training and certification programs are
central to maintaining a technically competent manufacturing staff. A documentation program
should be implemented to support all manufacturing, training, validation, and quality operations.
Changes to processes and procedures should follow a formal program based on well-established
change control principles.
When allogeneic human cells or tissues are used as the source material for the manufacturing
of cell or tissue-based product, cell or tissue donors should undergo appropriate screening and
testing (see Donor Eligibility, above). In all cases the source human cells and tissue must be
handled in accordance with GTP as described in 21 CFR 1271.
In addition to GTPs, cGMP as outlined by FDA in 21 CFR 210, 211, 600s (especially 21 CFR
610), and 820 apply to the manufacturing of cell and tissue-based products that are subject to
premarket approval. The manufacturing facility, equipment and process, raw materials, quality
systems, and trained personnel are some of the key elements of cGMP. GMPs apply throughout
the clinical development to both the manufacturing process and facility. The extent of control
increases as clinical development progresses, and full cGMP compliance is expected by the time
Phase III clinical trial(s) begin.
Quality systems weave together all aspects of manufacturing. As with biopharmaceutical
and pharmaceutical products, the FDA requires manufacturers of cell-based therapies and
tissue-based products to employ QC and QA programs to oversee manufacturing facilities,
processes, validation efforts, document and change management systems, labeling, employees
training, and the testing of all raw materials, in-process samples, bulk products, and final
formulated products. Human cells and tissue must be handled in accordance with GTP as
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described in 21 CFR 1271. In addition, cGMP as outlined by the FDA in 21 CFR 210, 211, 600s
(especially 21 CFR 610), and 820 apply to the manufacturing of cell-based therapies and
tissue-based products that are subject to PMA. The extent of quality oversight increases as
clinical development progresses, and full cGMP compliance is expected by the time Phase III
clinical trial(s) begin.
USP43

Data obtained from in-process and final product release testing should be
recorded and USP43
monitored. Results that are out of specification (OOS), or even those that are out of trend,
must be investigated before disposition of the material. The FDA’s Guidance for Industry:
Investigating Out-of-Specification (OOS) Test Results for Pharmaceutical Production (October
2006) provides a systematic approach for conducting an investigation. An assay result can be
rejected if it can be confirmed that an error, such as an analyst error, calculation error, or
equipment failure, has taken place. If the investigation concludes that results of tests of the
product do not fall with specified acceptance criteria, the lot should be rejected. In some
situations, especially with autologous or allogeneic patient-specific product, a product that
does not meet all specifications or that has only incomplete test results may have to be
administered to a patient as a life-saving measure. However, procedures must be in place to
govern the communication of the OOS results to the physician or to the person responsible for
making the decision to use the product and to provide instruction for any follow-up testing,
patient monitoring, and communication of those results to all parties, including regulatory
authorities.
As discussed earlier
USP43

An effective risk-management approach at the earliest stages of
cell-based USP43
product development can
helps USP43
ensure the highest quality of a cell-based product by providing a proactive measure to
product quality by proactively understanding, USP43
identifying, and mitigating potential quality issues. The probability for failure in cell therapy
products can arise from a number of sources including personnel errors, aseptic processing
failures, equipment failures, facilities and utilities failures, cleaning, disinfection, and component
and raw material failures. A proactive understanding of risk can lead to improved decision
making if a quality problem arises. Effective risk management can facilitate better and more
informed decisions and may provide regulators with greater assurance of a developer’s ability to
deal with potential risks. Such assurance can affect the extent and level of direct regulatory
oversight. Quality
USP43

Risk management can be integrated into key parts of the quality system such as change
management, Corrective and Preventive Action (CAPA), GMPs, validation, etc., and can
also USP43
be used to establish meaningful specifications and Critical Process Parameters (CPPs) to ensure
that quality attributes are met.
Risk analysis is qualitative in nature. It can be achieved by using
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and mitigation systems use USP43
experience and process knowledge to define risk categories. that can form the basis of a
system of risk assessment and mitigation after the identification of manufacturing errors. For
example, it is common practice to develop nonconformance or deviation risk assessment
categories that can be incorporated into a nonconformance or failure investigation procedure.
The categories are particularly useful if the risk assessment must be expedited to facilitate a
CAPA.
USP43

As an example, Risk Levels 1–4 are defined below and can be adopted as one means of
conducting a preliminary risk assessment:
Risk Level 1: Technicality—Poses no risk to the patient and does not impact the safety and
effectiveness of the product. Example: A missing signature on a batch record.
Risk Level 2: Alert—May pose a safety risk to the patient or may have a potential impact on
the safety and efficacy of the product. Compliance must be re-established with appropriate
justification to proceed after submission to QA for
QA USP43
review and approval. Example: Digestion time for biopsy processing falls outside a defined
range.
Risk Level 3: Do not ship/reject lot—May pose a safety risk to the patient or
may USP43
impair the efficacy of the product even after corrective action. Shipment is not permitted.
Example: Cultures fail to demonstrate adequate cell growth.
Risk Level 4: Post-Distribution Event—May pose a safety risk to the patient or a potential
impact on
may impair USP43
the safety, potency, or purity of the product. The safety signal
defect USP43
is identified after product distribution. Example: Failed sterility test occurred after distribution
of product.
Change to read:
FACILITY DESIGN AND OPERATION CONSIDERATIONS
Like biopharmaceutical operations, cell-based advanced therapy and tissue-based product
USP43

manufacturing facilities for cell and tissue therapy products
USP43

must be carefully designed to maintain GMP
cGMP-compliant USP43
aseptic processing operations while also accommodating any unique aspects of the
unique product requirements. USP43
Incoming
USP43

Cells or tissue can have bioburden and other contaminants and
starting materials USP43
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may need to be received and processed in a segregated area under quarantine to avoid
compromising
cross-contaminating USP43
the main facility. Also, tissue processing to obtain cells of interest may require specialized
equipment and processes that should be considered during the facility design and subsequent
operations. For manufacture of combination products involving biocompatible scaffolds, the
facility may need to be capable of handling operations that involve chemical processing,
handling, and disposal. This may place constraints on the design of the facility, especially airhandling systems in clean room environments.
Specially designed equipment and spaces may be required for tissue or cell processing. The
facility may need to store, process, and dispose of specialized chemicals or infectious waste.
All of these issues may constrain the design of the facility, especially air-handling systems and
clean room environments. USP43
Although the primary emphasis in manufacturing a cell or tissue-based product is protection
of the product from inadvertent contamination, risk to the manufacturing operator must be
assessed and minimized by appropriate training for handling blood-borne pathogens and the use
of equipment/protective clothing. Protection of the operator and aseptic processing are
complementary and include the use of certified biological safety cabinets and aseptic
protective clothing consisting of gowns, gloves, sleeves, surgical masks, eye protection, and
head coverings. Human tissue should be obtained under environmental conditions and controls
that provide a high degree of assurance for aseptic recovery.
While protecting the cell-based advanced therapy or tissue-based product from inadvertent
contamination is a primary concern, minimizing risk to the manufacturing operators must also be
ensured through appropriate training, protective clothing (gowns, gloves, sleeves, surgical
masks, eye protection, and head coverings) and engineering controls (biological safety
cabinets, appropriate air quality, etc.). USP43
The degree of control required for cell and tissue processing operations depends on a number
of factors, including the complexity of the aseptic manufacturing process, the primary site of
manufacturing, and the final product shelf life. Manufacturing processes that involve open
manipulation of cells, even in a biological safety cabinet, are at greater risk of contamination
than are processes done in closed bioreactors or bag systems that use sterile connections and
tube-sealing devices. Typically,
USP43

ISO 7 (Class 10,000) clean rooms and ISO 5 (Class 100) biological safety cabinets are essential
typical USP43
components for cell therapy manufacturing processes, especially those that involve open
manipulations.
The controlled environment of a carefully designed, constructed, validated, and maintained
clean room can minimize the risks of environmental contamination during aseptic processing and
decrease the possibility of cross-contamination of patient-specific products.
USP43

The differential pressures between classified manufacturing should comply with the FDA’s
September 2004 document, Guidance for Industry: Sterile Drug Products Produced by Aseptic
Processing—Current Good Manufacturing Practice. The facility and processing areas should be
monitored for air quality in a manner that provides a high level of process asepsis
aseptic assurances. USP43
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For guidance in this area, see Microbiological Control and Monitoring of Aseptic Processing
Environments 〈1116〉.
Facility cleaning, component and product segregation, sanitization procedures,
and environmental monitoring systems USP43
must be in place to avoid microbial contamination and cross-contamination between
production USP43
lots. produced in the facility
Techniques such as bar-coding and radio frequency (RF) tags can be used for product
tracking and segregation. For guidance in this area, see 21 CFR 211.42, 211.113, 1271, and the
FDA’s September 2004 Guidance for Industry: Sterile Drug Products Produced by Aseptic
Processing—Current Good Manufacturing Practice. USP43
Cell or tissue products based on autologous cells add another level of complexity to the
manufacturing facility design and operation. For autologous products one product lot is made
for each person, and complete segregation during manufacturing is needed. Unlike facility
designs for allogeneic products, which are based on volume scale-up to achieve maximum
manufacturing efficiency, facilities for autologous products require unit scale-up (scale out),
which must be considered in the design and operation of the facility. Automation can be used
effectively to manage repetitive manual manipulation of cells. The initial scale of operation may
not justify an upfront capital investment in automation but should be considered as
manufacturing operations increase in size.
Product segregation in the facility is another key consideration for design and operation.
Labeling and QA oversight are traditionally used for tracking and segregation. Techniques such
as bar-coding and radio-frequency (RF) tags can be used for product tracking and segregation.
For guidance in this area see 21 CFR 211.42, 211.113, 1271, and FDA’s September, 2004
Guidance for Industry: Sterile Drug Products Produced by Aseptic Processing—Current Good
Manufacturing Practice.
Manufacturing equipment should be robust, should provide consistent product, and should
allow periodic calibration and preventive maintenance. Qualification is necessary for equipment
from which critical process parameters or measurements are derived. In most cases, this
includes the software that controls the equipment or system’s operation. Critical equipment
such as incubators and freezers need to be fitted with alarm systems that can remotely signal
failure. Additionally, critical equipment should be connected to an emergency back-up
generator, and the generator should be tested periodically to verify its operational state.
Unlike facilities designed for allogeneic products which rely on volume scale-up, facilities for
autologous products typically utilize multiple small-unit scale out, which must be considered in
the design and operation of the facility. Automation can be used to effectively manage
repetitive manual cell manipulations and multiple simultaneous production lots.
Process equipment and software that controls or monitors critical parameters must be
qualified and validated; such equipment should also be fitted with alarm systems and
emergency back-up power.
USP43

Change to read:
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CONSIDERATIONS FOR VALIDATION AND QUALIFICATION
The principles of validation recommended by ICH and FDA guidance documents and 〈1225〉 and
Validation of Microbial Recovery from Pharmacopeial Articles 〈1227〉 apply to cell or tissuebased products. Biological variation in the source cells and tissues used to create most cell or
tissue-based therapies may affect validation efforts.
Analytical and manufacturing equipment and methods should be validated following the
principles described in 〈1225〉 in addition to guidance documents issued by ICH [see Q2 (R1)].
USP43

Validation activities should include risk assessments, training and personnel qualification,
equipment and facilities qualifications, analytical methods validation, aseptic processing, the
manufacturing process, and cleaning.
Process validation should take into account safety, consistency (process and step yields,
clearance of impurities), robustness (operator-to-operator, day-to-day), and final product
quality (identity, purity, potency). Analytical methods used to assess the process should be
validated or well qualified.
Process validation for patient-specific products such as autologous cell and tissue products
presents some unique issues. First, the starting materials for patient-specific products typically
arise from patient or matched donor materials such as biopsy material, apheresis products,
scrap tissues from surgical procedures, and cadaver organs that do not qualify for
transplantation. The process may require manufacturers to accept a range in the quality and
quantity of starting material and yet still produce a final product that satisfies release testing.
Second, manual processing of cells and tissues exhibit a degree of inherent variability.
Processing steps should be developed that successfully and consistently result in appropriate
process components and final product, even if the process relies on nonstandard or variable
tissue materials.
Cell-based advanced therapies and tissue-based products present some unique validation
challenges. First, the cellular or tissue starting materials can be quite variable, with a wide
range in the quality and quantity. Second, manufacturing process steps (especially manual
manipulations) can be complex and variable. Manufacturers should develop and validate raw
material acceptance criteria, robust manufacturing processes, and analytical methods that
consistently result in acceptable final products, even if the process relies on nonstandard or
variable tissue materials.
USP43

Process validation should take this variability into consideration and should ensure that
critical manufacturing and testing endpoints consistently meet specifications.
Aseptic process validations should be performed using microbiological media
microbial growth media in place of the usual process materials, in order USP43
to show that the manufacturing staff can execute the procedures and produce a product free
of microbial contamination. Procedures intended to maintain segregation during manufacturing
should be challenged to verify that there is minimal opportunity for cross-contamination or mix
ups
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inadvertent exchange USP43
among different patient product lots.
Personnel training plans should be established, and proficiency qualifications should be
performed periodically. At facilities where raw materials are procured or products are
administered, personnel may need to be trained and qualified in order to minimize variability.
USP43

Depending on the variability in the source cells or tissues and the complexity of the
manufacturing process, it may be necessary to manufacture more than three qualification lots
to verify the consistency and the robustness of the manufacturing process. Not every
manufacturing effort will be successful for autologous and patient-specific therapies. However,
the success rate should be established and tracked to enable manufacturers to discover any
decrease in that rate and to take actions to correct the problem. Well-characterized banked
primary cells may be used in the validation of the process if the donors have a range of profiles
expected for the patient population.Trending of a number of statistically acceptable product
administrations can also be appropriate.
Manufacturing data should be tracked and trended to enable manufacturers to discover and
correct problems. Annual product reviews should summarize such factors as in-process and final
product testing results, process failures, deviations, OOS, and effectiveness of corrective and
preventive action (CAPA) over a 12-month period. USP43
Equipment and facility cleaning validations should be performed to
evaluate cell and DNA carry-over, and to USP43
demonstrate the efficacy of cleaning
and sanitizing USP43
agents on
both USP43
standard microbial and fungal contaminants as well as environmental contaminantsisolated from
the manufacturing facility. Measurement of residual cleaning agents should be addressed in
equipment cleaning validations. Equipment, facilities, and electronic monitoring and control
systems such as building monitoring and inventory control systems should be validated.
and environmental isolates from the manufacturing facility. Measurement of residual cleaning
agents should be addressed in equipment cleaning validations. USP43
Analytical and manufacturing equipment and methods should be validated following the
principles described in 〈1225〉 in addition to guidance documents issued by ICH (see Q2 R1).
Training plans should be established, and personnel qualifications should be performed. Tissue
transport and product shipping validations should be performed.
Shipping validations, including environmental challenges such as extremes of temperature and
vibration, should be performed for the cellular or tissue starting materials, as well as the final
product. Validations should also be performed on software that tracks and controls labeling,
shipping, and inventory systems. USP43
Change to read:
CLINICAL SITE PREPARATION AND ADMINISTRATION
General Considerations
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Before administration of some cell or tissue-based products, one or more product
modifications or preparative steps may be required. These modifications or steps are frequently
performed close to the time of administration, and, therefore, they are not under the control of
the original manufacturer. The nature of these modifications is largely dictated by
characteristics of the product.
Preparative steps may include thawing, washing, or filtration to remove unwanted cells or
substances accumulated during storage, transfer to an infusible solution, or formulation with a
vehicle or structural material such as a scaffold. In addition, patient considerations, such as
the need to dose or modify the product according to the patient’s anatomical structure,
weight, or blood volume may influence these steps.
At the clinical site, additional procedures and process controls must be established for all
product storage intervals, transport steps, and modifications, starting with a clear definition of
critical control points. Operational requirements include designation of a physical space suitable
for aseptic handling, such as an ISO 5 (class 100) biological safety cabinet, trained personnel,
detailed standard operating procedures, and quality oversight. The unique and irreplaceable
nature of many cell or tissue-based products heightens the need for well-established
procedures for clinical site preparation and administration.
Before administration of some cell or tissue-based products, one or more product
modifications or preparative steps may be required. These modifications or steps are frequently
performed close to the time of administration, and, therefore, they may not be under the direct
control of the original manufacturer. The nature of these modifications is largely dictated by
characteristics of the product.
At the clinical site, written procedures and process controls must be established for all
product storage intervals, transport steps, and modifications, starting with a clear definition of
critical control points. The unique and irreplaceable nature of many cell or tissue-based
products heightens the need for well-established procedures for clinical site preparation and
administration.
USP43

Product Manipulations
Before administration of medical products that contain cells, on-site preparation may involve
one or more manipulations.
USP43

Typical manipulations include the following:
Change in final container: The manufactured product may have been stored or
transported in one container and may require transfer to a different container for
administration.
Change in physical state or temperature: A product may require thawing or warming.
Change in solution or suspension: A product may have to be dissolved, diluted, or
suspended in a liquid.
Combination with a biomaterial: Therapeutic cells may require combination with a
scaffold material such as decellularized extracellular matrix sheets, gels, plugs, capsules,
sponges, particles, or granules. In other cases, cells can be added to an existing
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medical device such as a hollow-fiber filtration unit before use.
Admixture or compounding: For some cell products, mixing or compounding at the
clinical site may be necessary.
Filtration or washing: The presence of unwanted materials in the manufactured
product, such as particulates, cellular debris, metabolites, or compounds remaining from
previous manipulations, may require washing or filtration steps.
Sampling: Sampling of the final product before administration may be required to test
the final formulation.
Clinical Site Facility Considerations
Facility requirements for performing on-site preparative steps or administration of cell therapy
products depend on the products and the manipulations required. The most important
determinant of facility features is the level of risk for microbial contamination associated with
each step. See Pharmaceutical Compounding—Sterile Preparations 〈797〉 for guidance that
relates the type of manipulation and levels of environmental control needed to ensure aseptic
handling.

USP43

Thawing Cell-Based Products
Thawing is performed rapidly. If a small number of cells will be reinfused or transplanted,
DMSO does not need to be removed from the suspension because most cell preparations can be
concentrated adequately to keep the DMSO concentration within tolerable limits. DMSO use has
two effects on cells after thawing: cells may clump if damaged, and DMSO reduces cell viability
in minutes. If the DMSO must be removed or cells must be concentrated for administration, the
thawed cell suspension is generally serially diluted (to avoid osmotic shock) and resuspended in
a protein-containing medium. Cell viability and potency may be monitored after thawing, but
the information is frequently intended only to gather information rather than as a specification
that must be met for clinical use of the cellular product.
Some cell therapy products require that the product be shipped fresh (i.e., not frozen). In
certain situations cellular components are stored frozen but are thawed and applied to
scaffolds at the manufacturing site just before shipment at ambient or refrigerator
temperatures. Combination products composed of cells on a scaffold may require shipping at
higher than refrigerated temperatures (i.e., room temperature) to avoid dislodging cells from the
scaffold. Because the fresh product is metabolically active, the shipping container must be
designed and validated to maintain the metabolic activity of the product in addition to the
standard shipping validation testing. Metabolism can be slowed down by lowering the shipping
temperature, but this requires reliable temperature control during shipment. Because shipping
containers depend somewhat on the outside temperature, the shipping container must be
validated to maintain strict temperature control in all weather conditions.

USP43

Additional Release Testing of Clinical Site-Manipulated Cell Products
Cell
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Cell-based USP43
therapy products that undergo preparative steps or manipulations at clinical sites must be
subjected to appropriate checks or tests to ensure that all quality specifications are met before
release for patient administration. The nature and extent of manipulations determines whether
additional release requirements or critical specifications must be added to those required
immediately after initial manufacture.
Prerelease steps usually include the following:
Physical inspection of the product, including product appearance (color, turbidity,
particulates, or foreign matter), container integrity, temperature, and accuracy and
convenience of labeling
Review of process records and/or certificate of analysis
For patient-specific products, verification of product labeling and records related to
identity of the intended recipient
High-risk products (defined in 〈797〉) should undergo additional testing. For all high-risk
products, assess the need for and, as appropriate, perform additional quality assays for the
identity, potency, and purity of the active ingredients. For high-risk products in Category II,
perform sterility and endotoxin testing.

USP43

Administration to Patients
Depending on the specific cell or tissue therapy application, patient-care staff may be
required to take certain steps to prepare the patient. These steps help ensure that the product
will provide the intended therapeutic outcome and help minimize the risk of adverse effects.
Determination of patient suitability for the therapy, including histocompatibility evaluation,
typically occurs before the product is prepared. A patient’s clinical status can change after
tissue collection (because of fever, infection, recurrence or spread of tumors, or organ
dysfunction), so the patient’s general condition and suitability for therapy should be reviewed
before product administration. This evaluation may include a patient history, physical
examination, and laboratory studies such as blood counts and chemistries. In addition, relevant
baseline physical or functional measurements, laboratory tests, or imaging studies may be
obtained.
Depending on the route of administration, the patient may require preparation before
treatment. For cellular therapies that require intravenous administration, patients with impaired
peripheral circulation may require placement of a central venous catheter. When cells or tissues
combined with structural materials are implanted into the patient, the site requires preparation.
This may involve establishing surgical access to the site, removing degenerated or damaged
tissue, trimming adjacent tissue to accommodate the implant, and excising tissue from a
second site for anchorage or support for the implant. For instance, in the case of cell products
for wound healing, the site for grafting must be free from infection and must have a wellprepared wound bed. For cells to repair cartilage defects, the site of damage needs to be
prepared. Before direct therapeutic administration into an organ system (e.g., the
bronchioalveolar system) or vascular network (e.g., coronary arteries), the patient may require
surgical, endoscopic, or radiographically directed catheter access.
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USP43

In all cases, adequate anesthesia and premedication must be carefully evaluated. For
example, if the DMSO will remain in a thawed, cryopreserved cellular product, the patient may
be given an antihistamine before administration. Pre-administration evaluation must also include
assessment of concurrent therapies that may interact with the cell or tissue-therapy
cell-based advanced therapy or tissue-based USP43
product to modify its effects. Some therapies may be adjunctive to the cell or tissue-therapy
cell-based advanced therapy or tissue-based, USP43
such as cytokines that promote proliferation or differentiation of the infused or implanted
tissue. Other commonly used drugs such as antibiotics, antineoplastics, anticoagulants, and
anti-inflammatory agents must be evaluated for possible effects.
DELIVERY OF CELL-BASED THERAPY TO PATIENTS
Some cell or tissue-therapy
cell-based advanced therapy or tissue-based USP43
products are patient specific because they are manufactured from a selected autologous or
allogeneic tissue source, cells, or tissue. Certain patient-specific products have a defined
potential for benefit or adverse immunoreactivity. Systems must be in place to prevent
administration of such a product to the wrong patient. Recommended systems include
procedures similar to those used for administration of human blood products, and at least two
people should verify the identity of the patient and patient-specific product immediately before
administration.
Cell and tissue therapy products can be administered by a variety of routes, including the
common parenteral routes (intravenous, subcutaneous, intramuscular, and intra-arterial) and
the respiratory or gastrointestinal tract. Other possibilities include direct application into
regional vasculature, organs, tissues, or body cavities by means of needles or catheters or
following surgical exposure of the tissue. Although parenteral administration can be
accomplished in routine outpatient or inpatient facilities, the other means of administration may
require specialized facilities such as an aseptic operating theater or endoscopic suite.
USP43

A variety of delivery systems such as catheters, syringes, and intravenous (IV) lines are
frequently used to administer cells to patients. Before clinical use manufacturers should ensure
that these medical device components are compatible with the cells and formulation solutions.
In all cases, standard operating procedures and a quality program must be in place to ensure
that the product is administered in the intended manner.
POST-ADMINISTRATION MONITORING
Written policies and procedures for monitoring patient outcomes and for reporting and
managing adverse events should be in place. Patient outcome assessments should include
indicators that are likely to detect errors or problems related to the entire manufacturing
process, and special attention should be given to manipulations, storage, or transportation
after manufacturing. Management of adverse reactions should include procedures for ensuring
prompt medical evaluation and treatment of patients and a system for reporting and evaluating
adverse effects that may identify potential product defects. Reporting includes information
required for federal or state adverse-event monitoring programs.
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USP43

Change to read:
STABILITY
General Considerations
The stability of cell or tissue products and the components used to create them will vary
depending on the nature of the product, its intended clinical use, its specific attributes, and
storage, packaging, and shipping conditions. For this reason, comprehensive guidelines covering
a broad array of products are usually not possible. In all cases stability studies should be based
of scientifically sound principles and a comprehensive understanding of the final therapeutic
product and its intended use. Manufacturers also should assess the stability of in-process hold
steps, cell banks, critical raw materials, and reference standards. A well-designed and executed
stability program provides a high degree of assurance that the product is stable during its
specified shelf life.
Stability studies for cell-based therapies and tissue-based products should be based on a
comprehensive understanding of the final therapeutic product and its intended use.
Manufacturers should assess the stability of the final product, in-process hold steps, cell
banks, critical raw materials, and reference standards. USP43
Where feasible, stability testing should be carried out in accordance with the principles
described in ICH guideline Q5C, presented in Quality of Biotechnological Products: Stability
Testing of Biotechnological/Biological Products 〈1049〉. Stability data should also be collected for
bulk and other in-process materials that are stored before final processing and filling.
Depending on the formulation used and storage conditions, shelf life can vary from hours to
years. If a product has a short shelf life or if a product stabilizer must be removed, the final
formulation may require preparation at the clinic just before administration. Instability is
frequently observed as aggregation in cell products and as structural nonuniformity in tissue
products. The stability of the final cell or tissue product must be established by validation
studies during development.
For some cell and tissue products such as autologous or patient-specific cell products, final
lots tend to have small volumes and perhaps shelf lives of only a few hours or days. In such
cases, stability protocols should be based on materials from multiple donors. Because it is
frequently difficult to obtain sufficient cells or tissues from autologous or patient-specific
products, cells or tissues from several sources such as normal donors, research tissue
repositories, cadaveric sources, or well-characterized banked primary cells can be used in
stability studies to validate storage, shipping, and expiration dating. However, the results
obtained with such “surrogate” cells or tissues must be interpreted cautiously and
conservatively until data confirm that the actual autologous or patient-specific cells exhibit
stability profiles that are similar to those of the surrogate cells or tissue.
For some cell-based advanced therapies and tissue-based products, final lots may have small
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volumes and/or shelf lives. In such cases, stability protocols should be based on materials from
multiple donors. Because it is difficult or unethical to obtain sufficient stability study cells or
tissues from patients, cells or tissues from several sources such as normal donors, research
tissue repositories, cadaveric sources, or well-characterized banked primary cells may be used
in stability studies to validate storage, shipping, and expiration dating. These results must be
interpreted with caution until data confirm that the actual product cells and “surrogate” source
materials exhibit similar stability profiles. USP43
For combination products that include cells and biomaterials, the stability of both components
must be considered. When biodegradable scaffold materials are present, scaffold degradation
should be considered in determining the stability and shelf life of the combination product.
Stability Protocol Development
Formal stability studies to support licensure and early-phase product stability information
gathering should be detailed in a written plan that describes how stability data will be collected
and analyzed to support the expiration date. Protocols should follow the format recommended
in existing regulatory guidelines and should include the scope, storage conditions, and number
of lots to be tested, test schedule, assays, data analysis, and product specifications. Any
assay used in a formal stability study for licensure must be validated before the study begins.
The specific study design should take into account the reasonably expected challenges the
product may encounter. For instance, if the final product formulation is performed at the clinical
site, stability studies on this final formulation should establish the time frame and conditions
under which the product can be held. For cryopreserved cells or tissues, stability should be
established following cryopreservation of the final product, in-process intermediates, or any
hold step.
USP43

Stability studies must verify that the storage conditions maintain the quality attributes of the
product so that the latter
it USP43
complies with stability specifications. These specifications may differ from release
specifications, but they must address product potency. Measuring and calculating the decay of
product activity by employing statistical methodologies may require frequent sampling during an
extended period and may require analysis of multiple production lots to compensate for the
variability of the assays or products.
USP43

Initial studies to establish a provisional expiration date must be conducted before
administration to the first patient.
Such USP43
initial studies are useful for determining which assays are stability indicating, that is, the best
indicators of product degradation. Because existing compendial methods do not address the
unique characteristics of all cell and tissue products, manufacturers should develop assays that
address these unique characteristics.
USP43

Shipping validations are a special type of stability study. with predetermined protocols,
testing requirements, and acceptance criteria
USP43
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Typically, the product is packaged and shipped
(or subjected to simulated shipping) USP43
under normal and extreme conditions, and the material is tested before and after shipping to
ensure that it still meets the product release requirements. As described in Storage and
Shipping (below), special attention must be given to the specific thermal, mechanical, and
radiological stresses
that cell-based therapies and tissue-based USP43
products will likely encounter.
Stability Challenge Conditions
The stability-indicating profile of a cell or tissue product may vary with time under the
influence of a wide variety of environmental conditions, including temperature, mechanical
stress, and light. Multifactorial degradation pathways must be considered in the development of
a program to investigate the effects of these parameters on product stability.Based on risk
assessment, studies should include conditions that are outside of the specified storage ranges,
that is, challenge conditions such as those encountered during periods of abnormal storage,
shipping, or handling.
Based on risk assessment, stability studies for cell-based advanced therapies and tissuebased products should include challenge conditions outside of the specified storage ranges,
such as those encountered during periods of abnormal storage, shipping, or handling. USP43
Examples include brief incubator malfunctions, incubator or cold storage failure, periods of
extreme temperature fluctuation caused by shipping to hot or cold climates, hypobaric
conditions in the cargo hold of a commercial airliner, or temperatures likely to be encountered in
the surgical suite.
A short exposure to an environmental condition well outside of an established limit and a long
exposure to one just outside of an established limit may be equally detrimental. The slow and
constant rate of product degradation at a specified temperature may increase if a different set
of storage conditions is applied.
USP43

The effect of light on the stability-indicating profile should be investigated if it is scientifically
warranted. Special attention should be given to products stored in fluids containing lightsensitive or light-reactive components that may give rise to cytotoxic by-products.
Studies analogous to accelerated aging studies typically used in pharmaceutical stabilitymonitoring programs are also useful to characterize how the product degrades and which
assays are stability indicating. For example, if a cell-based product will be held under
refrigeration (4°–6°) until use, then studies performed while holding the product for extended
times at room temperature (25°) may provide useful information about product integrity as well
as the analytical methods used.
Accelerated aging studies are useful to characterize how the cell-based advanced therapy or
tissue-based product degrades, and which assays are stability indicating. USP43
Such studies should be performed before formal stability studies begin so that the formal
studies incorporate the validated stability-indicating assays into the protocol.
Change to read:
STORAGE AND SHIPPING

PF 44(6): Nov.-Dec. 2018

144

General Considerations
Storage conditions are chosen to preserve the purity and potency of the product so that the
specifications for the product are maintained throughout storage, shipping, and handling at the
clinic. Before clinical trial use, initial studies must be conducted to determine acceptable
storage, shipping, and handling conditions. The storage conditions and expiration date for the
product must be specified. The initial storage and shipping conditions need not be exactly the
same as those envisioned for the commercial product, but they should ensure that the product
specifications are maintained beyond the initially proposed expiration dating.
Storage conditions are chosen to preserve the quality of the cell-based advanced therapy or
tissue-based product, so that product specifications are maintained throughout storage,
shipping, and handling at the clinic. Before clinical trial use, initial studies must be conducted to
determine acceptable storage, shipping, handling, and expiration dating. USP43
Once stability-indicating methods are developed and the final container–closure, storage, and
shipping conditions are chosen, these conditions must be validated, as discussed under Stability
(above).
For products with short shelf lives, storage and shipping conditions—even within a single
medical center—should be considered together because shipping constitutes the bulk of
storage time after manufacturing.
USP43

The product should be placed in a lightproof, leakproof container with adequate physical
support to ensure stability and prevention of
prevent USP43
leakage during typical conditions of
USP43

shipment. Special consideration should be given to the ability of gas to permeate the shipping
container, especially if the cell therapy
cell-based therapy USP43
product is stored or shipped on dry ice or liquid nitrogen.
Storage
For each type of cellular
cell-based USP43
therapy product, the manufacturer should establish product storage specifications and
acceptable storage conditions, including temperature range or liquid nitrogen level. Storage
units require a system that continuously monitors and records temperature and/or liquid
nitrogen levels. This includes an
Storage unit monitoring and USP43
alarm systems to immediately notify lab personnel
should immediately notify manufacturing USP43
of unacceptable storage conditions. The stability of the product during routine storage should
be monitored by
and documented via USP43
a stability program (see Stability, above).
Cryopreservation is the main mode for the long-term storage of cells. Cellular products are
cryopreserved using controlled-rate freezing procedures or equivalent procedures that are
known to maintain viability. The temperature of products during freezing and storage should be
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monitored and documented according to the facility’s policies. The stability of the product
under the holding conditions at the manufacturing facility and clinical site should also be
validated.
The cooling rate for cell solutions during cryopreservation is important because of the
mechanical and dehydration injuries resulting from the formation and growth of ice crystals. The
ideal temperatures depend on the type of cells and the concentration of the cryopreservative.
The optimal cooling rate for most cells is between 1° and 3° per minute. Controlled-rate
freezers that can reproducibly duplicate this optimal cooling rate are critical when large
numbers of vials or large volumes of cells in bags are being frozen. Once cooled to below
freezing, cells should be stored at temperatures below −130°. This can be achieved with
electric freezers or with liquid nitrogen.
Storage of cells in the vapor phase of a liquid nitrogen freezer reduces the risk of crosscontamination with other material in the freezer. Freezer equipment should be validated and
temperature mapped so that cells are not subjected to temperatures above −130° as the liquid
nitrogen evaporates or during freezer opening. Some cells can be stored at −80° if the cells will
be used within a few weeks. Cross-contamination can also be prevented by the use of sealed
overwraps covering the cryobags.
Cryopreservation is the main mode of long-term cell storage. Cell-based therapy products
are most often cryopreserved using controlled-rate freezing, or equivalent procedures known to
maintain viability. Freezer equipment should be validated and temperature mapped so that cells
are not subjected to temperatures above −130°. Product stability should be validated under
the holding conditions at both the manufacturing facility and clinical site.
USP43

Many cell-based products cannot be cryopreserved. Because cells continue to metabolize
during storage, their expiration period is short—on the order of hours or days. The expiration
date can be extended by increasing the volume of storage medium, by adjusting the storage
temperature, or by attaching a series of bags or compartments that allow the medium to be
exchanged without breaching system sterility.
—though the expiration date may be extended by increasing the volume of the storage
medium, or by adjusting the storage temperature. USP43
Storage conditions at the clinical site must also be defined and monitored. Cell-processing
centers or clinics involved with bone marrow transplantation generally have liquid nitrogen
freezers, but most clinical pharmacies do not. Storage temperatures and characteristics must
be defined for each product. The clinical site may need to hold the product in the shipping
container until the product can be administered to the patient. If thawing and administering of
the cell-based product are performed at the clinic, the laboratory storing or shipping the cells
must closely collaborate with the clinic because cells in a concentrated suspension may survive
for only a few hours.

USP43

Shipping
Shipping containers and shipping procedures need to ensure temperatures are maintained
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within acceptable ranges for the duration of transportation and under conditions of actual use.
These conditions include temperatures within the shipping container, extremes of temperature
outside the shipping container (such as those encountered on a hot airport tarmac or in the
chilly cargo hold of an airplane), and other shipping challenges (such as x-rays or mechanical
vibration). Shipping studies should be conducted during product development in order to
identify stresses to which the products may be subjected. Bracing and insulating materials
should then be chosen and validated to provide a packaging system that will protect against
extreme temperatures and mechanical stresses.
Shipping containers and procedures for cell-based therapies and tissue-based products must
ensure acceptable temperatures are maintained under conditions of actual use. These
conditions include extremes of temperature inside and outside the shipping container, and other
shipping challenges such as X-rays or mechanical vibration. Shipping studies should be
conducted during product development in order to identify which stresses affect the product.
Bracing and insulating materials should then be chosen and validated to provide a packaging
system that will protect against extreme temperatures and mechanical stresses. Shipping
validations must ensure that the product meets quality specifications (including potency) once
it reaches its final destination. USP43
Most
cell and tissue-based USP43
products are shipped by commercial shippers or courier systems. In some cases, critical
products are hand-carried onto commercial aircraft.
USP43

Commercial carriers
aircraft shipments USP43
must obtain special permission in order to bypass scanning by airport X-ray equipment. Special
attention should be paid to shipping container labels because both biohazard and patientspecific information may be required in specific areas of the packaging. Shipping validations
must be conducted under predefined protocols with predetermined acceptance criteria to
ensure that the product meets quality specifications (including potency) once it reaches its
final destination.
Cryopreserved cell-based
therapy USP43
products are typically shipped to medical centers on dry ice or in liquid nitrogen dry shippers.
Dry shippers may be preferable because temperature is more readily maintained and monitored.
Dry shippers also allow continuous monitoring of the shipper’s temperature, which can be
collected and logged for up to 14 days. Dry ice and liquid nitrogen are both considered
hazardous materials during shipping and must be labeled accordingly.
Change to read:
LABELING
Labeling of cell therapy products is regulated by the FDA under 21 CFR 201, 601, 610, and
1271. For biologics, 21 CFR 610 Subpart G outlines the requirements for container and package
labeling. When possible, a full label should be affixed to the product container. This includes the
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proper name of the product obtained from the US Adopted Names (USAN) Council; the name,
address, and license number of the manufacturer; the lot number; the expiration date; for
multiple-dose containers, the recommended individual dose; the statement “Rx Only”;
instructions to the dispenser to provide a Medication Guide, if one is required, to each patient;
and if the container is not enclosed in a package, all items required for a package label. If the
label is too small to accommodate all this information, a partial label can be used, but the
following information must appear on the partial label: the name expressed either as the proper
or USAN name; the lot number and the name of the manufacturer; and for multiple-dose
containers, the recommended individual dose.
USP43

When partial labels are used, the container must be placed in a package that contains a label
bearing all the items required for the package label. For containers that cannot accommodate
any label, the container must be placed in a package that bears all the information required for
a package label. In addition,
USP43

When affixed to the container the label should not impede inspection of the contents. For
products with very short shelf lives, expiration dating requires adjustment and correction for
time zones to provide the user an accurate assessment of shelf life.
The package label must contain the proper or USAN name of the product, the name, address,
and license number of manufacturer, the lot number, the expiration date, the preservative used
and its concentration, or the words “No Preservative” if appropriate, the number of containers
if more than one, the amount of product in the container, the recommended storage
temperature, the words “Shake Well,” “Do Not Freeze,” or other instructions as indicated, the
recommended individual dose for multi-dose containers, the route of administration, known
sensitizing substances, the type and amount of antibiotics added during manufacture, inactive
ingredients if they are a safety factor, the adjuvant, the source of the product when this is a
factor for safe administration, minimum potency expressed in terms of official standard for
potency or the statement “No U.S. Standard of Potency,” and finally the statement “Rx Only.”
Regulations in 21 CFR 610.62 regard the position and prominence of the proper or USAN name in
relation to a trade name.
Regulations in 21 CFR 610.62 refer to the position and prominence of the proper or United
States Adopted Names (USAN) name in relation to a trade name.
USP43

Additional labeling requirements
in 21 CFR 1271.90 USP43
apply because cellular
some cell-based USP43
therapy products are also considered HCT/Ps. in 21 CFR 1271.90
USP43

For autologous cell therapies, the manufacturer is exempt from the requirements of determining
donor eligibility. However, if the recommended testing for pathogenic or microbial contaminants
is not performed before release, the label must contain the statement “FOR AUTOLOGOUS USE
ONLY” or “NOT EVALUATED FOR INFECTIOUS SUBSTANCES.” The label must also contain the
Biohazard legend shown in 21 CFR 1271.3(h) with the statement “WARNING: Advise patient of
communicable disease risks.” For patient-specific products, the patient’s full name, initials, or a

PF 44(6): Nov.-Dec. 2018

148

combination of these must appear on the labeling to ensure that the product will be
administered to the appropriate patient.
For materials containing human tissue, per AATB standards, transport package labels should
also include prominent identification of contents as “DONATED HUMAN TISSUE” as well as
prescribed storage conditions and transport expiration date (if applicable). USP43
In addition, regulations govern the content and format of labeling for human prescription drug
products (including biological products), otherwise known as the package insert. These
regulations, which apply to approved therapeutics, went into effect 30 June 2006. Details
about this content and format can be found in 21 CFR 201.56 and 201.57. These changes were
designed to enhance the ability of the health care practitioners to access, read, and use
prescription drug labeling. The main change is the addition of a half-page highlights section.
Otherwise most of the changes involve rearrangement of sections to move to the front the
most critical information for prescribing.
In addition to the specific FDA regulatory requirements, several groups have designed ISBT
128, a standard for uniform labeling of cellular therapy products, where ISBT stands for
International Society of Blood Transfusion and the number 128 reflects the choice of barcode
symbology known as Code 128. ISBT 128 defines the data structures and the placement of bar
codes and their corresponding eye-readable text that appears beneath the bar code. In
addition, this standard provides class names for different types of cellular products, modifier
text for cell processing, manipulation text for how the cells are manufactured, cryoprotectant
text for frozen cell products, and various other texts that must go on the labels. Although this
voluntary standard meets different organizations’ requirements for labeling cellular products, it
does not currently meet FDA regulatory requirements. Consequently, labels that comply with
ISBT 128 must be supplemented with additional information required by FDA.
Regulations in 21 CFR 201.56 and 201.57 govern the content and format of the package
insert.
Several groups have designed a standard for uniform labeling of cellular therapy products,
ISBT 128, which defines the data structures and the placement of bar codes and their
corresponding eye-readable text that appears beneath the bar code. In addition, ISBT 128
provides class names for different types of cellular products, and various other texts that must
go on the labels. Although this voluntary ISBT 128 standard meets different organizations’
requirements for labeling cellular products, it does not currently meet FDA regulatory
requirements. Consequently, labels that comply with ISBT 128 must be supplemented with
additional information required by FDA.
USP43

Change to read:
CONSIDERATIONS FOR TECHNOLOGY TRANSFER
Transfer of the skills, knowledge, technologies, and methods of manufacturing necessary to
create a cell or tissue-based product is essential to ensure that scientific and technological
developments are accessible to users who can then further develop and advance the
technology into new products, processes, applications, materials, or services.
and transferable to others. USP43

PF 44(6): Nov.-Dec. 2018

149

Some general considerations for technology transfer activities are summarized below.
The process of developing a cellular or tissue-based therapy
cell-based therapy or tissue-based product USP43
is complex and often involves several rounds of technology transfer throughout the product’s
life cycle. Some examples of technology transfer activities include: from bench research to
translational research; transfer from research and development to GMP-compliant
manufacturing; and change in manufacturing facility (for example, from in-house manufacturing
to a contract manufacturer).
Manufacturers should anticipate the need for technology transfer during the research and
development stage of a cell or tissue-therapy process. This should result in good
documentation practices for product research and development, including testing procedures.
Data and results should be retained in the format of development reports or technical reports
to provide historical information that can be referenced and used in regulatory filings. Critical
raw materials, procedures, and equipment should also be identified during technology transfer.
Product and process development progress should be monitored against milestones established
as part of risk assessment and gap identification in the technology transfer plan. Table 4
provides an overview of the steps involved in technology transfer.
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Table 4. Technology Transfer—Fundamental Steps
Define the scope, strategy, and risks associated with the project
that will be transferred
Identify overall gaps and process transferability
Assess availability of documentation such as manufacturing and
testing procedures, sampling plans, in-process and final product
data and specifications, material specifications (including source,
testing requirements, and quantities required for a manufacturing
procedure or test procedure), equipment specifications,
specialized training requirements, facility requirements, and
infrastructure requirements
Establish a governance body consisting of leads, experts, and
mentors from both the sending and receiving sides; determine
responsibilities for each group and individual
Define communication and reporting channels
Identify performance measurements, milestones, and timelines
Preparation

Development
and
Implementation

Establish a risk management plan
Establish a technology transfer master plan
Develop a training plan
Establish documents at the receiving site (specifications, SOPs,
batch records, and standard test methods)
Train operations, quality, and support personnel for sustainability
Qualify materials and vendors
Establish and execute equipment comparability/suitability
protocols
Calibrate equipment at receiving site
Qualify personnel, equipment, and facility at receiving site
(includes execution of aseptic process validations, sterile media
fills, and cleaning validations)
Establish and execute methods/assay qualifications
Establish a product stability program
Perform engineering and consistency/qualification runs
Assess need to establish comparability and prepare regulatory
filings
Establish and execute shipping qualifications
Collect and trend process/product data
Monitor product stability
Manage change control
Train and requalify personnel
Recalibrate and requalify equipment
Update regulatory filings

Maintenance
The ultimate goal of technology transfer is for the recipient to consistently reproduce a
process
in order USP43
to make a comparable product in compliance with regulations. It is not atypical for
manufacturers to develop and implement process improvements during early stages of
technology transfer to support scale-up and manufacturing for Phase I/II clinical trials.
However, during
for USP43
technology transfer for
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during USP43
Phase III studies, pivotal trials, or commercial manufacturing, changes to the process or
product should be avoided because they could require additional clinical studies and adversely
affect time to market.
Change to read:
REGULATIONS AND STANDARDS
The Federal Food, Drug, and Cosmetic Act (FD&C Act) and the Public Health Service Act
(PHS Act) provide the legal framework for FDA regulation of biological products, including cellbased therapy products. A list of frequently used terms in regulation of cellular-therapy
products is presented in Table 5. In 1993 FDA provided notice that it intended to regulate
cellular and gene-therapy products as biological products (Federal Register 1993;58:53248–
53251). The FDA defined somatic cell
cellular- USP43
therapy products as autologous (i.e., self), allogeneic (i.e., intraspecies), or xenogeneic (i.e.,
interspecies) cells that have been propagated, expanded, selected, pharmacologically treated,
or otherwise altered ex vivo for administration to humans for the prevention, treatment, cure,
diagnosis, or mitigation of disease or injuries. For other biological products and drugs, clinical
trials involving somatic cellular therapy products must be initiated under an investigational new
drug (IND) application. After a sponsor submits sufficient evidence of product safety and
clinical effectiveness, FDA approval can be obtained for marketing in the form of a BLA or PMA.
As defined by the FDA, cellular therapy products are considered to be drugs, biological
products but also HCT/Ps that are regulated under Section 351 and/or Section 361 of the PHS
Act. This means that cell-based therapies are subject to cGMP (21 CFR 210 and 211), Biologics
Product regulations (21 CFR 610), and HCT/P regulations (21 CFR 1271) including cGTP.
In recent years, the FDA has issued a number of regulations and guidance documents for
human cell and tissue products (see Appendix and www.fda.gov/cber/). Of particular
importance are the regulations at 21 CFR 1271 that establish a tiered, risk-based approach for
HCT/Ps. In this regulatory framework, many conventional human cells or tissues are not subject
to premarket approval and have only to comply with GTPs, including donor eligibility. This lower
tier of regulatory oversight is intended to prevent the introduction, transmission, or spread of
communicable disease. When human cells or tissue are the starting material for the creation of
a novel cell-based product, additional regulatory requirements are applicable. This higher tier of
regulatory oversight includes compliance with GMPs, biological product standards, and
premarket approval (see 21 CFR 1271.10). In almost all cases, the cell-based products
described in this chapter should comply with the higher tier of regulatory oversight.
In addition to cellular therapy-specific regulations and guidance, many general guidelines such
as those related to aseptic processing, GMP expectations during development, process
validation, and others are relevant and applicable (see www.fda.gov). Additionally, ICH has
issued guidance documents for qualifying
cell-based therapy USP43
and tissue-based products (see Appendix and www.ich.org). Some of the guidelines and
concepts in these documents are reproduced in USP–NF.
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The regulatory pathway for cellular-therapy
cell-based therapy USP43
products parallels that of pharmaceuticals, and as the product moves from early research
through pivotal trials and finally marketing approval, the degree of manufacturing control
becomes increasingly stringent. This has implications for the manufacturing unit and may
dictate that the site be moved. Standards-setting organizations encourage the use of a fully
functional quality unit to oversee manufacturing progress. Information is available on the FDA
website, along with references to groups charged with guiding the medical community and the
manufacturing unit during development.
In addition to USP general chapters and monographs for cell and tissue-based products
cell-based therapies and tissue-based products, USP43
a number of professional standards-setting organizations (see Table 6 and Appendix) have
worked closely with regulatory authorities to develop standards and practices. These
organizations ensure that standards are current and comply with governmental regulations.
Such standards are a supplemental source of knowledge in identification of donors, donor
screening and testing, product collections, processing of cellular products, administration,
adverse event reporting, and follow-up after treatment. The AATB has developed guidelines for
sourcing allogeneic tissue. Over the years various organizations have tried to harmonize
standards, including the development of common information circulars that can be compared
with package inserts. At present, however, compliance with one organization’s standards does
not ensure compliance with those of any other organization.
Many benefits accrue to manufacturing facilities that participate in voluntary standards
programs. Professional standards-setting organizations participate in educational workshops and
disseminate information about operational issues. They also maintain close surveillance of FDA
activity and training of inspectors. Further, the FDA relies on accreditation by voluntary
standards program, and the FDA’s unannounced inspections have led to an increasingly high
level of compliance in laboratory and clinical settings and has also undoubtedly increased
patient safety. Third-party payors and hospital-ranking services have begun to use
accreditation reports in their evaluation of quality programs.
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Table 5. Frequently Used Terms in Regulation of Cellular-Therapy Products
Term
Definition
351
products
Regulated under Section 351 of the PHS Act
361
Regulated under 21 CFR 1271, Human Cells, Tissues, and Cellular and
products
Tissue-Based Products
Biologics Licensure
License USP43
BLA
Application
CART USP43
CBER
CDRH

Chimeric Antigen Receptor T-cells USP43
Center for Biologics Evaluation and Research
Center for Devices and Radiologic Health

c USP43
GMPs
GTP

current USP43
Good manufacturing practices
Good tissue practices, 221 CFR 1271, Human Cells, Tissues, and Cellular and
Tissue-Based Products

HCT/Ps
Human cells, tissues, and cellular and tissue-based products USP43
Investigational Device Exemption.
An IDE allows the investigational device to be used in a clinical study in order
to collect safety and effectiveness data required to support a Premarket
Approval (PMA) application or a Premarket Notification [510(k)] submission to
the FDA.
Investigational New Drug.
An IND is a request for FDA authorization to administer an investigational drug
to humans. IND regulations are contained in 21 CFR 312.

USP43

IDE

IND
MCB
PMA

USP43

Master cell bank
Premarket approval

WCB

USP43

Working cell bank

USP43

USP43
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Table 6. Cellular Therapy Product Standards-Setting Organizations
AABB, formerly known as the American
Association of Blood Banks, is an international
association representing individuals and
institutions involved in activities related to
transfusion and cellular therapies, including
AABB
transplantation medicine.
http://www.aabb.org/
The American Association of Tissue Banks is an
educational and scientific, tax-exempt
organization that facilitates the provision of
transplantable tissues of uniformly high quality to
meet national needs. AATB publishes standards
to ensure that the conduct of tissue banking
meets acceptable norms of technical and ethical
performance. AATB conducts an accreditation
program for establishments that retrieve,
process, store, or distribute human tissue for
transplant. A certification program is
administered for tissue-bank personnel to ensure
that tissue-banking activities are performed in a
professional manner consistent with the
AATB
standards of the association.
http://www.aatb.org/
ASTM International (ASTM), originally known as
the American Society for Testing and Materials,
is one of the largest voluntary standardsdevelopment organizations in the world and
provides technical standards for materials,
products, systems, and services. ASTM
International standards are used in the
information infrastructure that guides design,
ASTM
manufacturing, and trade in the global economy.
http://www.astm.org/
The Foundation for the Accreditation of Cellular
Therapy is a nonprofit corporation co-founded by
the International Society for Cellular Therapy
(ISCT) and the American Society of Blood and
Marrow Transplantation (ASBMT) for voluntary
inspection and accreditation in the field of
FACT
cellular therapy.
http://www.factwebsite.org/
The National Marrow Donor Program is a
nonprofit organization that operates the federally
funded registry of volunteer hematopoietic cell
donors and umbilical cord blood units in the
NMDP
United States.
http://www.nmdp.org/
The International Council for Commonality in
Blood Banking Automation was established and
given the responsibility for implementation and
management of the ISBT 128 standard, a system
for identification, labeling, and processing of
human blood, tissue, and cellular-therapy
products using an internationally standardized
ICCBBA system.
http://www.iccbba.org/
Change to read:
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GLOSSARY
Adventitious agent: A foreign material that is introduced inadvertently; not natural or
hereditary (as in microbial, chemical, or biochemical contamination of a purified substance).
Allogeneic: From an unrelated member of the same species but with a different genotype.
Ancillary materials: Components used during manufacturing that should not be present in the
final product. Examples: growth factors, cytokines, monoclonal antibodies, cell-separation
devices, and media components.
Apheresis: Procedure of withdrawing blood from a donor, removing select components (e.g.,
platelets or leukocytes), and transfusing the remainder into the donor.
Autologous: From one’s own body.
Bioassay: Measurement of the effectiveness of a compound by its effect on animals or cells in
comparison with a standard preparation. (See also Potency.)
Biological product: Any virus, therapeutic serum, toxin, antitoxin, or analogous product
applicable to the prevention, treatment, or cure of diseases or injuries in humans. (The term
“analogous product” has been interpreted to include essentially all biotechnology-derived
products and procedures including gene therapy, transgenics, and somatic cell therapy.)
Biotechnology: Any technique that uses living organisms (or parts of organisms) to make or
modify products, to improve plants or animals, or to develop microorganisms for specific uses.
The newer definition refers to the industrial and pharmaceutical use of rDNA, cell fusion, novel
bioprocessing techniques, and gene therapy.
B Lymphocytes (B cells): A class of lymphocytes that produce antibodies and are derived from
bone marrow.
Bone marrow cells: A variety of undifferentiated cells (stem cells) and differentiated cells
(lymphocytes, granulocytes, erythrocytes, and platelets) found in the internal cavities of bones
or bone marrow.
Bone marrow transplantation: Transplantation of bone marrow cells that are capable of
maintaining the hematological functions indefinitely. Technique used in the treatment of
immunological disorders (severe combined immune deficiencies such as ADA deficiency),
hematological disorders (anemia), metabolic disorders (Gaucher disease), and malignant
diseases (leukemia, lymphoma, or solid tumor).
CD34: Cluster of differentiation cell-surface marker 34. CD34 is a protein that distinguishes
stem and progenitor cells from more mature blood cells.
Cell lines: Cells that are derived from primary culture embryos, tissue, or organs. Such cell lines
may have a finite life span or be immortalized (made to replicate indefinitely).
Cellular therapy: Therapy that uses whole cells to treat a disease, condition, or injury.
cGMP: Current good manufacturing practice.
Chondrocytes: Cells that produce the components of cartilage.
Clonal: Genes, cells, or entire organisms derived from and genetically identical to a single
common ancestor gene, cell, or organism.
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Clonogenic assay: Procedure based on the ability to give rise to a clone of cells.
Combination products: Therapeutic products that combine drugs, devices, and/or biological
products.
Culture medium: The liquid that covers cells in a culture vessel and contains ingredients to
nourish and support the cells. Culture medium may also include growth factors added to
produce desired changes in the cells.
Cytokine: Any factor that acts on cells; usually a protein that promotes growth.
Cytoplasm: Cellular material that is within the cell membrane and surrounds the nucleus.
Cytotoxic: Able to cause cell death.
Dendritic cells: Cells that sensitize T cells to antigens.
Differentiation: A process of biochemical and structural changes by which cells become
specialized in form and function.
Enzyme-linked immunosorbent assay (ELISA): An immunoassay that uses an enzymelabeled antigen or antibody to detect the binding of a molecule to a solid matrix.
Embryonic stem cell, human (hESC): Stem cell derived from the inner cell mass of the
blastocyst.
Endothelial cells: Epithelial cells of mesodermal origin that line the internal cavities of the
body, such as heart and blood and lymph vessels.
Engraftment: Process whereby cells, tissues, or organs are implanted or transplanted into
another organism. Refers to both the mechanical and the biological processes necessary to
have a fully functional graft.
Epidermal: Pertaining to the outermost and nonvascular layer of the skin derived from
embryonic ectoderm.
Epithelial cells: Cells from the linings of various organs, e.g., respiratory, intestinal, or vascular
epithelial cells.
Ex vivo: Outside of the living body. Refers to a medical procedure in which an organ, cells, or
tissue are taken from a living body for a treatment or procedure, and then returned to the living
body.
Feeder cells: Cells used in co-culture to maintain pluripotent stem cells. For hESC, typical
feeder layers include mouse embryonic fibroblasts or human embryonic fibroblasts that have
been treated to prevent them from dividing.
Fibroblasts: Connective tissue cells that have the capacity to produce collagen.
Fluorescence-activated cell sorter (FACS): A machine that sorts cells based on fluorescent
markers attached to them.
Formulated: Prepared in accordance with a prescribed method or conditions.
Graft-versus-host disease: Rejection of the transplanted tissue by the host. It is the leading
cause of patient death when mismatched allogeneic tissue is used.
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Granulocyte: One of three types of white blood cells. These cells digest bacteria and
parasites.
Granulocyte–macrophage colony-stimulating factor (GM CSF): A natural hormone that
stimulates white blood cell production, particularly that of granulocytes and monocytes.
Growth factors: Factors responsible for regulatory cell proliferation, function, and
differentiation.
Hemacytometer: A device used to manually count cells.
Hematopoietic: Pertaining to or affecting the formation of blood cells.
Hematopoietic stem cells: Stem cells that give rise to all red and white blood cells and
platelets.
Hepatocytes: The predominant cell type in the liver that has an important role in metabolism
and is a source of serum proteins. These cells are generally not dividing, but when injured they
can divide and regenerate until the injured cells are replaced.
Human leukocyte antigen (HLA): Proteins controlled by the major histocompatibility complex.
These proteins play a key role in determining transplant compatibility.
Immunoassay: Technique for identifying substances based on the use of antibodies.
Immunofluorescence: Technique that combines an antibody detection strategy with a
fluorescent label for visualization often used in combination with microscopy or fluorescence
activated cell sorting.
Immunogenic: Substance capable of inducing an immune response; a form of antigen that
induces an immune response, as opposed to a tolerogen that induces tolerance.
In vitro: In the laboratory (outside the body). The opposite of in vivo (in the body).
In vivo: Procedure performed in the living organism.
Islet cells: β-islet cells of the pancreas that secrete insulin.
Keratinocytes: Differentiated epidermal cells that constitute the top layer of cells in the skin.
Lineage (committed progenitor cells, differentiated cells): Specific path of cell differentiation
that can be traced to a single cell of origin.
Macrophage: Any of many forms of mononuclear phagocytes that are found in tissues and
arise from hematopoietic stem cells in the bone marrow.
Mesenchymal stem cells: Multipotent stem cells that can differentiate into a variety of cell
types.
Monoclonal antibodies: Antibodies that are derived from a single cell clone.
Myocytes: Fundamental cell units in the muscle. Target cells for insertion of genes that
encode secretory proteins.
Natural killer cells (or NK cells): Cytotoxic lymphocytes that constitute a major component of
the innate immune system.
Neuronal stem cells: Stem cells found in neural tissue that can give rise to neurons and glial
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cells.
Osteogenic cells: Derived from or involved in the growth or repair of bone.
Passage: The process in which cells are disassociated, washed, and seeded into new cultures
after a round of cell growth and proliferation. The number of passages is a good indication of
the age of the cultures and expected stability.
Process validation: Means for providing documentation that the manufacturing process is
controlled, reproducible, and capable of consistently producing a product that meets
predetermined specifications.
Polymerase chain reaction (PCR): Technique to amplify a target DNA or RNA sequence of
nucleotides by cycles of polymerase-based copying, resulting in geometric increases in copy
number.
Potency: A quantitative measure of biological activity based on the attribute of the product
linked to the relevant biological properties.
Progenitor cell: Parent or ancestral cell, usually one that is already committed to differentiate
into a specific type or lineage of cells.
Regenerative medicine: An emerging interdisciplinary field of research and clinical applications
focused on the repair, replacement or regeneration of cells, tissues or organs to restore
impaired function using a combination of approaches including, but not limited to, the use of
soluble molecules, gene therapy, stem cell transplantation, tissue engineering, and the
reprogramming of cell and tissue types.
Serum-free: Refers to cell growth medium that lacks a serum component.
SIS: Subintestinal submucosa.

USP43

Somatic cells: Cells other than the germ cells.
Stem cell: Immortal cell that is capable of proliferating and differentiating into different types
of specialized cells. Each major tissue system is thought to have its own putative stem cell.
Supravital dye: A dye that stains only living cells.
Suspension culture: Growth, in suspension, of cells not requiring attachment to substrate in
order to undergo cell division.
T cells: Lymphocytes that acquire functional repertoires and the concept of self in the thymus
and are responsible for cell-mediated immunity. There are several subsets of T cells (helper T
cells, suppressor T cells, and cytotoxic T cells).
Umbilical cord blood stem cells: Stem cells derived from the blood that remains in the
placenta and in the attached umbilical cord after childbirth.
Undifferentiated cells: Cells that have not yet developed into a specialized cell type or tissue.
Xenogeneic: From a different species.
Xenotransplantation: Transplantation of organs from one species to another (e.g., from pigs
to humans).
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Change to read:
APPENDIX
Lists of Relevant Regulatory References
Cellular therapies and cell-therapy components are regulated by FDA as biological products.
The general requirements are listed in national laws and international guidance. In the US,
national requirements are codified in different sections of 21 CFR, and additional
recommendations are available in FDA guidance documents. International guidance documents
are available from the ICH, the European Agency of Medicines (EMA), and the World Health
Organization (WHO). Although guidance documents from the ICH are well referenced in this
chapter, those from WHO and European Medicines Evaluation Agency (EMEA) are not, and
manufacturers of cellular or tissue-based products intended for markets outside the United
States are advised to refer to relevant guidances from relevant nations. Beyond USP chapters
referenced in this chapter, the following lists include regulatory documents as well as best
practices in product and process development, manufacturing, quality control, and quality
assurance.
Code of Federal Regulations (CFR)
21 CFR 201.56–57
21 CFR 210
21 CFR 211
21 CFR 600.3
21 CFR 601
21 CFR 610
21 CFR 820
21 CFR 1271
21 CFR 46

Regulations
21 CFR 201
21 CFR 210
21 CFR 211
21 CFR 600.3
21 CFR 601
21 CFR 610
21 CFR 610.12
21 CFR
610.60–68
21 CFR 820
21 CFR 1271
45 CFR Part
46

Scope
Labeling
cGMP for drugs
cGMPs for final products
Definitions of important terms for biological products
Requirements for marketing authorization of biologics under BLA
Identity, purity, potency, and microbial safety testing requirements for
biological products
Sterility
Product and container labeling requirements for biological products
Quality systems for products regulated as medical devices
Good tissue practices (GTPs)
Department of Health and Human Services, Part 46, Protection of Human
Subjects

PF 44(6): Nov.-Dec. 2018

160

USP43

FDA Guidance Documents
Draft
USP43

Guidance for FDA Reviewers and Sponsors: Content and Review of Chemistry,
Manufacturing, and Control (CMC) Information for Human Somatic Cell Therapy
Investigational New Drug Applications (INDs),
April 2008.
https://www.fda.gov/downloads/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/gui
USP43

Draft
USP43

Guidance for Industry: Potency Tests for Cellular and Gene Therapy Products,
January 2011.
https://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/G
Guidance for Industry: Biologics License Applications for Minimally Manipulated,
Unrelated Allogeneic Placental/Umbilical Cord Blood Intended for Hematopoietic and
Immunologic Reconstitution in Patients with Disorders Affecting the Hematopoietic
System, March 2014.
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Gu
Guidance for Industry: Considerations for Allogeneic Pancreatic Islet Cell Products,
September 2009.
https://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/G
USP43

Draft
USP43

Guidance for Industry: Current Good Tissue Practice (cGTP) and Additional
Requirements for Manufacturers of Human Cells, Tissues, and Cellular and Tissue-Based
Products (HCT/Ps),
December 2011.
https://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/G
USP43

Guidance for Industry: Eligibility Determination for Donors of Human Cells, Tissues, and
Cellular and Tissue-Based Products (HCT/Ps), http://www.fda.gov
February 2007.
https://www.fda.gov/downloads/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/gui
Guidance for Industry: Donor Screening Recommendations to Reduce the Risk of
Transmission of Zika Virus by Human Cells, Tissues, and Cellular and Tissue-Based
Products, March 2016.
https://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/G
Guidance for Industry: Use of Nucleic Acid Tests to Reduce the Risk of Transmission of
West Nile Virus from Living Donors of Human Cells, Tissues, and Cellular and TissueBased Products (HCT/Ps), May 2017.
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Gu
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Guidance for Industry: Use of Nucleic Acid Tests to Reduce the Risk of Transmission of
Hepatitis B Virus from Donors of Human Cells, Tissues, and Cellular and Tissue-Based
Products, August 2016.
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Gu
Guidance for Industry: Use of Donor Screening Tests to Test Donors of Human Cells,
Tissues and Cellular and Tissue-Based Products for Infection with Treponema pallidum
(Syphilis), September 2015.
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Gu
USP43

Guidance for Industry: Source Animal, Product, Preclinical, and Clinical Issues
Concerning the Use of Xenotransplantation Products in Humans, April 2003
December 2016. USP43
https://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/G
PHS Guideline on Infectious Disease Issues in Xenotransplantation, January 2001.
https://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/G
Guidance for Industry: Investigating Out-of-Specification (OOS) Test Results for
Pharmaceutical Production, October 2006.
www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM070287.pdf
Guidance for Industry: Validation of Growth-Based Rapid Microbiological Methods for
Sterility Testing of Cellular and Gene-Therapy Products, CBER, 2008.
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Cel
Guidance for Industry: Sterile Drug Products Produced by Aseptic
Processing—Current Good Manufacturing Practice, September 2004. https://www.gmpcompliance.org/guidelines/gmp-guideline/fda-guidance-for-industry-sterile-drugproducts-produced-by-aseptic-processing-current-good-manufacturing-practiceseptember-200. USP43
FDA Blue Book G95-1.
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm080735.h
Guidance for Industry and Food and Drug Administration Staff, Use of International
Standard ISO 10993-1, “Biological evaluation of medical devices–Part 1: Evaluation and
testing within a risk management process”.
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/U
USP43

National and International Regulatory Documents
The United States Consensus Standard for the Uniform Labeling of Cellular Therapy
Products using ISBT 128. Available at: http://www.iccbba.org/.
ISO 10993-1:2003
2018, USP43
Biological evaluation of medical devices—Part 1: Evaluation and testing
within a risk management process. USP43
Available at: http://www.iso.org.
ICH Q2(R1): Validation of Analytical Procedures: Text and Methodology. Available at:
http://www.ich.org.
ICH Q5A(R1): Viral Safety Evaluation of Biotechnology Products Derived from Cell
Lines of Human or Animal Origin. Available at: http://www.ich.org. USP43
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ICH Q5C: Quality of Biotechnological Products: Stability Testing of
Biotechnological/Biological Products. Available at: http://www.ich.org.
ICH Q6B: Specifications: Test Procedures and Acceptance Criteria for
Biotechnological/Biological Products. Available at: http://www.ich.org.
ICH Q9: Quality Risk Management. Available at: http://www.ich.org.
Naming Scheme for Cell Therapies by the United States Adopted Names (USAN) Council
USAN Naming Guidelines for Cellular and Non-Cellular Therapies. USP43
Available at: http://www.ama-assn.org/.
Guide for the Care and Use of Laboratory Animals (National Research Council, 1996).
Available at: http://www.nap.edu/.

1 C larke D, Jean S, Powers D, Karnieli O, Nahum S, Abraham E, et al. Managing particulates in cell therapy:
guidance for best practice. Cytotherapy. 2016;18(9):1063–1076. USP43

Recent Official Publications:
USP42–NF37 Page 7286
BRIEFING

〈 1047〉 Gene Therapy Products, USP 41 page 6900. On the basis of recommendations by
the Biologics Monographs 3—Complex Biologics Expert Committee, the following revisions are
proposed:
1. Remove references to Pharmaceutical Compounding—Sterile Preparations 〈797〉 which
was cited to define categories of risk that have been removed in a recent revision of
〈797〉.
2. Revise the definition of liposome in the Glossary to be in alignment with Injections 〈1〉
and Pharmaceutical Dosage Forms 〈1151〉. The definition of liposome will be revised to:
“A spherical lipid bilayer or multiple lipid bilayers enclosing an aqueous compartment. See
Injections 〈1〉.”
3. Update the FDA Guidance Documents list in the Appendix section with current
references.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
(BIO3: R. Potts.)
Correspondence Number—C210545
Comment deadline: January 31, 2019

〈 1047〉 GENE THERAPY PRODUCTS
INTRODUCTION
Gene therapy products allow administration of nucleic acids to modify the genetic material of
cells. Gene therapy products can be broadly classified based on the approach to delivery and
include the following: 1) viral vectors [viruses that harbor the gene(s) of interest but usually
without the mechanism to self-replicate in vivo]; 2) nucleic acids in a simple formulation (naked
DNA); and 3) nucleic acids formulated with agents such as liposomes that enhance their ability
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to penetrate the cell. Where introduction of nucleic acid to cells takes place ex vivo, the cell
population that is administered becomes the gene therapy product. Guidance specific to the
manufacturing, processing, characterization, and administration of cell-based products is
provided in Cellular and Tissue-Based Products 〈1046〉.
Decisions regarding the choice of a gene vector can be complex (see Design Considerations
for Gene Vectors). The viruses most commonly used include murine retroviruses, human
adenoviruses, and human adeno-associated viruses (AAVs). It is inherent in the definition of
gene therapy in this chapter that the administration of nucleic acid through transduction is
expressed as RNA and then as protein. Examples of gene therapy products are shown in Table
1.
Table 1. Examples of Gene Therapy Products
Categories or Strategies
Indication: Administered Product
Cardiovascular disease: growth factor vector on a
biocompatible scaffolda
Gene replacement
Cystic fibrosis: transmembrane conductance regulatory
Short-term
vector
Long-term
Hemophilia: factor VIII or IX vector
Direct cell killing
Cancer: recombinant oncolytic viruses
Cancer: autologous tumor cells transduced with
cytokine or other immunomodulatory genes;
lymphocytes transduced with receptors for tumor
antigens
Immunotherapy
Arthritis: gene-modified autologous lymphocytes
Cancer (solid tumor): thymidine kinase (TK) or cytosine
deaminase (CD) vector into tumor cells
Graft-versus-host disease (GVHD): TK or CD vector
Conditionally lethal genesb
transduced into donor T cells
Cancer: anti-oncogene vector
Gene disruption via antisense
Cytomegalovirus retinitis: anti-viral vector
RNAs, ribozymes, and inhibitory
Human immunodeficiency virus (HIV): autologous
RNAs expressed via a vector
lymphocytes transduced with antiviral ribozyme vector
Cancer or HIV: vector encoding single-chain antibody to
Intrabodies
a tumor protein or a viral protein, respectively
a This product promotes formation of new blood vessels.
b Cells with conditionally lethal genes as well as their neighboring cells are killed after the
administration of a second drug in vivo. For TK, the drug is gancyclovir. For CD, the drug is
5-fluorocytosine.
CHAPTER PURPOSE AND ORGANIZATION
Clinical uses for gene therapy products, their manufacturing processes, and analytical
schemes for determining identity, dose, potency, purity, and safety are rapidly evolving, and
are as diverse as the products themselves. This chapter summarizes the issues and best
current practices in the manufacturing, testing, and administration of gene therapy products.
Usually USP chapters focus on materials that are commercially available. This chapter, however,
not only discusses products for commercial applications, but it also addresses the production of
clinical trial materials. When different approaches are options for clinical trial material compared
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to those used for commercial product, this is discussed.
Where appropriate, reference is made to applicable guidance including International
Conference on Harmonization (ICH) quality guidelines because the principles apply even though
gene therapy products may be outside the official scope. A list of regulatory and guidance
documents applicable to gene therapy is presented in the Appendix, together with a list of
terms commonly used in the gene therapy field. The traditional compendial perspective is to
develop public standards that can be applied to a particular final product without providing
production details. This chapter attempts to specify when traditional methodologies or
standards can be adapted.
This chapter is extensive because of the diverse nature of the products and the special
considerations that they require. Manufacturing has been divided into two sections: the first
discusses general aspects of manufacturing and process development, and the second
discusses vector design and class-specific topics. On-Site Preparation and Administration
follows the manufacturing sections because the handling of these products at the clinic often
requires facilities and expertise not found in a typical hospital. Other manufacturing-related
sections include: Analytical Methods; Stability; Storage and Shipping; and Labeling. Regulations
and Standards summarizes existing guidelines and highlights the need for the development and
validation of new methodologies to assess product quality. The Glossary lists and defines the
terms and abbreviations used in this chapter and those commonly employed in this field.
MANUFACTURING OVERVIEW
Introduction
The manufacturing of gene therapy products has been divided into two sections. This section
discusses five topics that apply to manufacturing of all gene therapy products: 1) raw
materials, 2) characterization of banked materials, 3) in-process controls, 4) specifications, and
5) validation considerations. The second section, Manufacturing of Gene Therapy Products,
addresses manufacturing of gene therapy vectors, both viral and nonviral, and discusses the
design of gene vectors in detail.
All the general principles of current good manufacturing practice (cGMP) outlined by the FDA
in 21 Code of Federal Regulations (CFR) 210, 211, 600s (especially 21 CFR 610), and 820, as
well as other USP chapters apply to the manufacturing of gene therapy products. The
manufacturing facility, equipment and process, raw materials, quality systems, and trained
personnel are some of the key elements of cGMP. cGMPs are applied throughout clinical
development. Typically, the extent of control increases as clinical development progresses, and
full cGMP compliance is expected by initiation of manufacturing in support of Phase III clinical
trial(s). The facility and equipment should be carefully designed, built, and validated to support
the manufacturing process and to maintain the required product/facility segregation. Preventive
maintenance and calibration should be performed routinely on critical equipment. Incubators,
bioreactors, and freezers should be fitted with alarm systems that can remotely signal failure.
Quality systems should be established to ensure manufacturing is consistent and in control.
Systems include but are not limited to the following: change control, document control,
environmental monitoring, training, validation master plans, raw material testing and release,
vendor approval, product testing and release, stability testing, and corrective/preventive
action (CAPA).
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Ancillary Materials
A wide variety of raw materials, including ancillary materials, may be used in manufacturing.
Raw materials may include complex substances such as cells, tissues, biological fluids, growth
factors, and monoclonal antibodies. Some of these materials may remain in the final therapeutic
product as active substances, cryoprotectants, or excipients. An ancillary material exerts an
effect on a therapeutic material (for example, a cytokine may activate a population of cells)
but is not intended to be present in the final therapeutic product. The quality of raw materials
used in the production of a gene therapy product can affect the safety, potency, and purity of
the product. Therefore, qualification of this type of materials is necessary to ensure the
consistency and quality of all gene therapy products. Activities involved with raw material
qualification will change as products move through various stages of clinical development and
on to licensure and commercialization. A well-designed qualification program becomes more
comprehensive as product development progresses. A qualification program for raw materials
used in the manufacturing of gene therapy products should address each of the following
areas: 1) identification and selection, 2) suitability for use, 3) characterization, 4) animalderived components, and 5) quality assurance. For all raw materials, it must be considered
when and where each is used in the manufacturing process because this can help define
selection criteria. Ancillary Materials for Cell, Gene, and Tissue-Engineered Products 〈1043〉
should be consulted for specific information about implementing an appropriate qualification
program for these materials. Other USP chapters provide information about the qualification and
standards of specific ancillary materials (e.g., Bovine Serum 〈1024〉, Fetal Bovine Serum—
Quality Attributes and Functionality Tests 〈90〉, and Growth Factors and Cytokines Used in Cell
Therapy Manufacturing 〈92〉).
Characterization of Cell and Virus Banks
CELL BANKS
A cell bank is a collection of vials containing cells stored under defined conditions, with
uniform composition, and obtained from pooled cells derived from a single cell clone. The cell
bank system usually consists of a master cell bank (MCB) and a working cell bank (WCB),
although more tiers are possible. The MCB is manufactured in accordance with cGMP and
preferably is obtained from a qualified repository source (source free from adventitious agents)
with known and documented history. The WCB is produced or derived by expanding one or more
vials of the MCB. The WCB, or MCB in early trials, becomes the source of cells for every batch
produced for human use. Cell bank systems contribute greatly to consistency of production of
clinical or licensed product batches because the starting cell material is always the same. Cell
banks used for the preparation of virus banks or clinical product should be suitably
characterized before use. Aspects of cell banking and validation are addressed in 〈1046〉,
Quality of Biotechnological Products: Analysis of the Expression Construct in Cells Used for
Production of rDNA-Derived Protein Products 〈1048〉, and Viral Safety Evaluation of
Biotechnology Products Derived from Cell Lines of Human or Animal Origin 〈1050〉.
VIRUS BANKS
The master virus bank (MVB) is similar in concept to the MCB because it is derived from a
single production run and is uniform in composition. The working virus bank (WVB) is derived
directly from the MVB. As with the cell banks, the purpose of a virus bank is to have a
consistent source of virus that is shown to be free of adventitious agents for use in production
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of clinical or product batches. In keeping with cGMP regulations, testing of the cell bank that
will be used for production of the virus banks, including quality assurance testing, should be
completed before the use of this cell bank for production of virus banks.
QUALIFICATION
Cell and viral bank characterization is an important step toward obtaining a uniform final
product with lot-to-lot consistency and freedom from adventitious agents. Testing to qualify
the MCB or MVB is performed once, and can be done on an aliquot of the banked material or on
cell cultures derived from the cell bank. Specifications for qualification of the MCB or MVB
should be established. It is important to document the MCB and MVB history, the methods and
reagents used to produce the bank, and the storage conditions. All the raw materials required
for production of the banks—media, sera, trypsin, and similar substances—must also be tested
for adventitious agents.
QUALIFYING THE MASTER CELL BANK
The FDA Guidance for Industry: Human Somatic Cell Therapy and Gene Therapy (March
1998) provides specific recommendations for qualifying MCBs. Additional guidance is provided in
ICH Q5D. A description and history of the cell line is required, along with a description of the
freezing process, storage conditions, and the number of vials prepared. The identity of the cells
should be analyzed by genotypic and/or phenotypic markers. For MCB containing vector
sequences, the presence and integrity of the vector should be demonstrated using molecular
assays (restriction endonuclease mapping and/or nucleic acid sequencing) and/or measurement
of vector gene expression. Purity must be analyzed to exclude bacterial, mycoplasma, fungal,
and viral contamination (other than vector sequences). Freedom from adventitious viruses
should be demonstrated using both in vitro and in vivo virus tests and appropriate speciesspecific tests such as the mouse antibody production (MAP) test. Special attention should be
given to the detection of replication-competent virus (RCV) arising from recombination of the
vector and viral sequences. The MCB is further qualified by tests conducted on cells (from the
MCB or WCB) expanded to the limit of in vitro cell age for production.
QUALIFYING THE MASTER VIRUS BANK
Testing of the MVB is similar to that of the MCB and should include testing for freedom from
adventitious agents in general (such as bacteria, fungi, mycoplasma, or viruses) and for
organisms specific to the production cell line, including RCV. Identity testing of the MVB should
establish the properties of the virus and the stability of these properties during manufacture.
QUALIFYING THE WORKING CELL OR VIRUS BANK
Characterization of the WCB or WVB is generally less extensive and requires the following: 1)
testing for freedom from adventitious agents that may have been introduced during generation
of the WCB, 2) testing for RCV, if relevant, 3) routine identity tests to check for cell line crosscontamination, and 4) demonstration that aliquots can consistently be used for final product
production. This assumes that the WCB and WVB were prepared in a controlled environment
using media and equipment that were screened appropriately for adventitious agents. If not,
additional release testing is required.
In-Process Controls
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Manufacturing processes should have well-defined go–no go decision criteria that are applied
to key in-process intermediates and are used to pool material that has been processed through
a step in several sublots. Quality must be built into the product as well as tested during batch
release. In-process controls are the assays or tests that are performed to ensure that the inprocess intermediate is of sufficient quality and quantity to ensure manufacture of a quality
final product. Examples of in-process controls are listed in Table 2. The main reason for
performing the in-process control is to ensure that the correct product with anticipated quality
and yield is obtained. Intermediate in-process material that fails to satisfy the in-process
control criteria should not be used for further manufacturing. This material may be reprocessed
if there are procedures in place for such activities. The reprocessed material must satisfy the
original in-process specifications before it can undergo further manufacturing. If several sublots
will be pooled for further processing, sublots that fail to satisfy the criteria should not be
included in the pool, even if the pool containing these failed sublots would pass the in-process
assay criteria. During clinical development, assays for product quality and yield should be
performed after most processing steps to determine which steps are critical and which assays
are most sensitive to deviations in the process. The information from these runs is also used to
set the criteria for the selected assays. In-process controls are performed for fully validated
processes to ensure that the process continues to be under control. The results of these
assays should be trended, and actions should be taken to correct problems as they arise.
Table 2. Examples of In-Process Control Applications
Type of Product
Attribute to Control
Quantity of virus after virus culture
Specific activity of virus in fractions after column chromatography
Viral gene therapy
Quantity of host-cell DNA in fractions after column chromatography
Optical density or change in oxygen consumption during culture
Amount and form of plasmid before culture harvesting
Amount and form of plasmid after extraction steps
Nonviral gene
Amount of pyrogen or endotoxin after extraction steps in plasmid
therapy
pool
Specifications
The specification for a gene therapy product should be chosen to ensure the safety and
efficacy of the product before use. Selected tests should be product-specific and should have
appropriate acceptance criteria to ensure that the product exhibits consistent quality
parameters within acceptable levels of biological variation, loss of activity, physicochemical
changes, or degradation throughout the product’s shelf life. The development and setting of
specifications for cell and gene products should follow the principles outlined in ICH Q6B and
should reflect the FDA’s Guidance for FDA Reviewers and Sponsors: Content and Review of
Chemistry, Manufacturing, and Control (CMC) Information for Human Gene Therapy
Investigational New Drug Applications (INDs).
Establishing specifications for a drug substance and drug product is part of an overall
manufacturing control strategy that includes control of raw materials, excipients, and cell and
virus banks; in-process testing; process evaluation and validation; stability testing; and testing
for consistency of lots. When combined, these elements provide assurance that the process is
in control and that the key quality attributes of the product are maintained. Appropriate
specifications are established on the basis of thorough characterization of the product during
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the development phase and an understanding of the process and its capability.
Characterization should include measurements of the physicochemical properties, safety, purity,
process and product-related impurities, potency, viability, sterility, and quantity. Specifications
for each product and its ingredients should be developed from this information by application of
appropriate statistical methods. The data should include lots used in preclinical and clinical
studies and should also include assay and process validation data that can be correlated to
safety and efficacy assessments. Specifications should accommodate the inherent variabilities
exhibited by the production process and by the assay. Some lot-release specifications typically
applied to biologics may require re-examination for these product types.
The procedures in a specification for the product are anchored by appropriate reference
standards. The reference standard for the product ensures that the product, as measured by
the release assays, does not change significantly over time. The reference standard is
manufactured using the same process as used for clinical production and is subject to all inprocess and final release testing. In addition, the reference standard may be subjected to
additional characterization not typically performed as part of lot release. The reference
standard need not be stored at the same dose, formulation, or temperature as the product, but
the stability of this reference standard should be determined. The reference standard verifies
that a test produces acceptable results (passes its system suitability tests). A specific assay
standard (working standard) can be used in the test, but it should be calibrated against and
behave like the reference standard. Changing to a new reference standard (lot) should include
many tests, all of which are run side by side with the existing reference standard. The impact
of any change in the properties of the new reference standard should be carefully evaluated
before it is adopted.
Additional specifications may be needed to produce a safe and effective gene therapy
product. These might relate to some of the controls and action limits used to maintain
standards and consistency for raw materials, excipients, and the manufacturing process (see
Ancillary Materials and In-Process Controls). Specifications should be established to allow
acceptance of raw materials and excipients used in the final formulation of the product. In
addition, tests should be performed at critical decision steps during manufacture or at points
where data serve to confirm consistency of the process. In-process release specifications
should be established for each control step. Heterogeneity can result from the manufacturing
process or storage of the product. Therefore, the manufacturer should define the pattern of
heterogeneity within the product and should establish limits that will maintain the therapeutic
efficacy and safety of the product.
In some cases, specifications may be established for lot release as well as for shelf life. As
discussed in ICH Q5C and Quality of Biotechnological Products: Stability Testing of
Biotechnological/Biological Products 〈1049〉, the use of different specifications should be
supported by sufficient data to demonstrate that the clinical performance is not affected.
Acceptance criteria should be established and justified on the basis of data obtained from lots
used in preclinical and clinical studies and lots used for demonstration of manufacturing
consistency and on the basis of relevant development data such as those arising from validated
analytical procedures and stability studies. Acceptance criteria should also be correlated with
safety and efficacy assessments.
Once specifications have been established, test results should be trended. Results that are
out-of-specification (OOS)—or even those that are out of trend—should be investigated before
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the material is considered for further processing. The purpose of an investigation is to
determine the cause of the discordant result. The FDA’s Guidance for Industry: Investigating
Out-of-Specification (OOS) Test Results for Pharmaceutical Production provides a systematic
approach for conducting an investigation. An assay result can be rejected if it can be
confirmed that an error, such as analyst error, calculation error, or equipment failure, has taken
place. If the investigation concludes that the product is not within the specification, the lot
should be rejected. In unique situations, a product that does not meet all specifications may
have to be administered to a patient. However, procedures must be in place to govern the
communication of the OOS results to the physician or to the person responsible for making the
decision to use the product and to provide instruction for any follow-up testing, patient
monitoring, and communication of those results.
Considerations for Validation
The potential for wide biological variation in gene therapy products, particularly for patientspecific treatments, affects the validation effort. Nevertheless, the basic principles of process
validation for any biological product, including recommendations by ICH, FDA guidance
documents, Validation of Compendial Procedures 〈1225〉, and Validation of Microbial Recovery
from Pharmacopeial Articles 〈1227〉, apply to the validation of most gene therapy products.
Guidelines for validating viral vaccines can be relevant to gene therapy processes that produce
viral vectors. The hold steps in a manufacturing process should be validated to ensure that inprocess intermediates are within specification and that the quality attributes of the final
product are maintained. Product-release assays should be validated before production of the
materials for Phase III pivotal clinical trials.
Process validation demonstrates that the unit operations of the manufacturing process
perform consistently and can generate a quality product that meets specifications. Because
biological processes are prone to variability, the consistency and robustness of the
manufacturing process should be determined by validating the process on at least three lots.
Process validation issues pertinent to cell-based products are addressed in 〈1046〉.
If possible, the process should be validated for virus clearance according to principles
discussed in ICH Q5A. If this is difficult because of the nature of the gene therapy vector (e.g.,
enveloped virus), additional characterization of cells and animal-derived components used in
the production process should be considered. If the gene therapy product is manufactured in a
multiproduct facility, validate cleaning of multiproduct equipment and rooms to demonstrate the
effectiveness of cleaning agents to inactivate or remove virus.
Change to read:
MANUFACTURING OF GENE THERAPY PRODUCTS
Introduction
Principles for the production of pharmaceutical or biological products are also relevant to the
production of gene therapy vectors for use in humans. The same cGMP requirements are
applied to ensure that a high-quality product is delivered to the patient. Because of the nature
of gene therapy manufacturing systems, most manufacturers face development issues such as
scalability, yield, cost efficiency, and product stability.
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Most gene therapy vectors have been produced only in relatively small batches necessary to
meet the needs of early clinical trials conducted in small numbers of patients. However, the
promise of gene therapy in larger patient populations has led to progress in large-scale
production and purification technology. This section focuses on designing vectors for gene
therapy and choosing a suitable production technology.
Design Considerations for Gene Vectors
TYPES OF VECTORS
A typical gene therapy vector is composed of the following: 1) the vector backbone; 2) a
promoter; 3) the therapeutic gene, either as cDNA or genomic sequence; and 4) a
polyadenylation signal. A wide array of viruses—including murine and human retroviruses,
adenoviruses, parvoviruses such as AAV, herpes viruses, poxviruses, toga viruses, and nonviral
plasmid therapy systems—have been developed for gene therapy applications. These vectors
(see Table 3) differ greatly in terms of their capacity to deliver genetic material and the
duration of expression. Some viral vectors preferentially target dividing cells, but others are
capable of transducing both dividing and nondividing cells. There are significant variations in
transgene capacity (i.e., there are limitations on the size of the foreign DNA fragment that can
be incorporated into the vector genome). The level, timing, and duration of gene expression
required for a gene therapy product depends on the clinical indication. Low-level, long-term
gene expression may be required for some diseases, including adenosine deaminase (ADA)
deficiency or type A and type B hemophilia. High-level, short-term expression may be more
appropriate for cancer when genes that induce apoptosis are used or for cardiovascular disease
when preventing hyperproliferation of smooth-muscle cells that may impede restenosis of
saphenous vein grafts.
Table 3. Types of Gene Vectors
Viral
Family

Retroviridae

Examples species

Murine
Leukemia
Virus

H IV

Nonviral

Adenoviridae

Parvoviridae

H erpesviridae

Adenovirus

AAV

H erpes Simplex
Virus

—

Togaviridae

Poxviridae

Sindbis

Poxvirus
(Vaccinia)

Plasmid
derived

Vector Characteristics
Insert size limit

8 kb

4.3–34 kb

4–5 kb

40–150 kb

5 kb

25–50 kb

12 kb

Yes

Yes

No,
episomal

Can be integrated
or episomal

Can be integrated
or episomal

No

No

Yes, but at very low
frequency

Therapeutic
expression

Stable

Stable

Stable or transient

Stable

Stable or transient

Transient

Transient

Stable or transient

Vector localization

Nucleus

Nucleus

Nucleus

Nucleus

Nucleus

Cytoplasm

Cytoplasm

Nucleus

Types of cells
transduced

Dividing only

Dividing
and
quiescent

Dividing and
quiescent

Dividing and
quiescent

Dividing and
quiescent

Dividing and
quiescent

Dividing
and
quiescent

Dividing and
quiescent

Efficiency of gene
transfer

H igh

H igh

H igh

H igh

H igh

H igh

H igh

Low

Expression of
viral proteins

No

No

Yes, unless viral
genes deleted

No

Yes

Yes

Yes

Other

Tropism can be altered by
pseudotyping

Chromosome
integration

8 kb

—

—

—

Can be used as a plasmid
therapy system

No
—

—

VECTOR DESIGN CRITERIA
Many types of gene therapy vectors are being developed, and the vector selected for a
particular clinical application depends on the disease state, the target cell, and the intended
route of administration. As shown in Table 3, capacity depends on vector type, so clinical
applications that require a large amount of genetic material will limit the choice of vector
system. The payload of a vector system becomes increasingly important when one designs
vectors with genomic DNA or a vector that contains extensive regulatory sequences.
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Vectors are also selected based on the intended duration of expression and the target cell.
For example, retroviral vectors integrate stably into target cells and are therefore well suited
for stem cells or lymphocytes that are expected to undergo extensive cell division. In contrast,
adenoviral and plasmid vectors are episomal and may be lost during cell division. However,
adenoviral vectors are attractive for vaccine development and cancer applications where tumor
cell elimination is the goal. Other vectors, such as AAV, do not integrate at high efficiency but
can be expressed long-term in nondividing cells such as neurons or hepatocytes.
Target cell type can also play into the selection of an appropriate vector system (see
Targeting Transduction). For example, the adenoviral Coxsackie virus B and adenovirus
receptor (CAR) is expressed poorly on hematopoietic tissues, which limits the usefulness of the
vector system for blood-derived cells. Vectors based on murine retroviruses require cell cycling
and are not well suited to the transduction of nondividing cells such as neurons.
The immune system can target both the viral components of the vector and the expressed
transgene. Pre-existing antibodies or cellular immunity to certain vector systems can exist and
may limit their usefulness. Vectors can elicit an innate immune response that can decrease the
efficiency of gene transfer and may also induce a severe adverse event. A large number of
current gene therapy approaches seek to limit toxicity and immune response by administration
of vector to cells ex vivo. Nevertheless, the majority of diseases suitable for gene therapy will
require in vivo administration, and ongoing research seeks vectors with limited immune
recognition.
The route of administration and manipulation of the total dose of vector are strategies that
can be used to compensate for some limitations of specific vector systems. Additionally, there
are advantages and disadvantages for the manufacture of each of the different vector systems
that should be considered when planning a clinical application. Production consistency favors
systems with well-defined fermentation or culture systems, such as plasmid, retroviral, or
adenoviral vectors. For viral vector systems that require helper functions (see below), a
rationally engineered cell line can overcome the scalability and consistency limitations of cotransfections. Use of a cell line that is adapted to suspension culture can affect scalability and
cost efficiency.
TARGETING TRANSDUCTION
To be effective, a vector must first find and transduce its target cell. Viruses have a natural
host range that is strongly influenced by the expression of specific cell-surface receptors, the
current phase of the cell cycle, and the route of administration. Integrins are a class of celladhesion receptors that interact with either the penton base or the fiber protein of
adenoviruses. The fiber and penton base proteins of adenoviruses mediate binding to the CAR,
CD46, and integrins. Adeno-associated viruses primarily interact with heparan sulfate
proteoglycan and sialic acid receptors on the cell surface. However, interaction with secondary
receptors such as integrins, laminin, and growth factor receptors is required for efficient cell
entry and trafficking of virus particles to the nucleus. An amphotropic variant of the murine
leukemia virus (MLV), commonly used for gene therapy applications, utilizes the sodiumdependent phosphate transporter RAM-1 to enter cellular targets. Expression levels of each of
these receptors vary according to tissue type, which dictates the transduction efficiency of
the vector.
The host and tissue range can be modified or targeted by biochemical and genetic
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manipulation of the vector. Alterations in the tissue and cell specificity of retroviruses—and
lentiviruses in particular—occur largely through genetic pseudotyping. During this process, the
envelope proteins that dictate virus binding and entry via a specific cellular receptor of one
virus are replaced with the envelope protein of another retrovirus or with a protein from an
entirely different virus such as the vesicular stomatitis virus glycoprotein. The relative
complexity of adenovirus and adeno-associated virus capsids allows them to be genetically
modified in several ways. Substitution of a single virus protein (e.g., adenovirus fiber or AAV
VP1) with that of another serotype within the same family is very much like the pseudotyping
process for retroviruses. However, mosaic virus particles created by interspersing individual
capsid proteins from several different virus serotypes in one virion, and chimeric particles
created by capsid proteins of two distinctly different serotypes on a particle of yet another
serotype (e.g., adenovirus 35 knob on adenovirus 41 fiber on an adenovirus 5 particle) can also
effectively change the types of cells and tissues that a vector can transduce. Although this
approach may seem straightforward, certain modifications of virus capsid proteins at the
genetic level do not facilitate virus particle formation. Although most modifications improve
virus uptake in one specific cellular target, they may also increase uptake in several other
tissues in which gene transfer would not be desirable. Thus, selection of proteins and ligands
must be carefully considered and tested in preclinical models of disease before these vectors
can be used extensively.
Viral coat proteins and nonviral vectors can be chemically modified for ligand-mediated
receptor targeting. They can be conjugated to cell-targeting ligands by antibody–virus
interactions with bi-specific antibodies. Molecular bridges like biotin–avidin complexes and
chemical crosslinkers such as bifunctional polyethylene glycol (PEG) tethered to cell specific
receptor-binding proteins are easily conjugated to virus particles and often are incorporated in
targeting strategies. These approaches can easily be combined and/or exchanged with genetic
modifications and with each other to create vectors that effectively target several receptors.
Although the biochemical approach avoids the functional complications of introducing foreign
domains into viral proteins, each lot of vector must be modified because progeny virus will
default to their original genetically encoded tropism. Biochemical processes also require the use
of multiple reagents, which may complicate transfer to the clinic.
Another common and effective strategy to target viral vectors to tumor cells takes
advantage of the virus replication cycle. Deletion of genes critical for taking over functional
cellular checkpoints to support normal virus replication allows the virus to replicate only in
cancerous cells where those checkpoints are either defective or inactive. This effect can be
further enhanced creating small mutations in virus replication genes driven by tumor- and
tissue-specific promoters. With respect to cell cycling, adenoviruses and adeno-associated
viruses easily infect both quiescent and dividing cells, but MLV-based retroviral vectors are
efficient only when transducing rapidly dividing cells. Lentiviral vectors can infect quiescent
cells, including cells of neuronal origin. In general, nonviral vectors can enter both dividing and
nondividing cells but have lower transduction efficiencies than viral vectors. Transduction
efficiencies of nonviral vectors can be enhanced by the formulation and direct injection in the
tissue of interest.
INFLUENCE OF HUMORAL IMMUNE SYSTEM AND COMPLEMENT
One of the most significant barriers to effective gene transfer is the humoral immune
response to the vector. Regardless of the route of administration, the intended target cell, and
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the dose, the vector is likely to encounter some component of the immune system. For viral
vectors, the humoral immune system cannot readily distinguish between wild-type viral
infections and recombinant viral vectors because the humoral response is directed against
proteins in the viral envelope or capsid. Protein-containing formulations of nonviral vectors can
also elicit a humoral immune response. Specific and cross-reacting humoral responses may preexist because of natural exposure to wild-type versions of viral vectors, or they may be elicited
during dosing, and the antibody response may vary in its capacity to diminish gene transduction
in individual patients. Because neutralizing capacity is frequently enhanced upon multiple
dosing, repeated administration can also be problematic. Some of these issues may be remedied
by the use of nonviral systems. However, the level of transduction efficiency of these vectors
is not currently sufficient for many gene-transfer applications. Transduction efficiency of all
vectors is also importantly compromised by the complement system. Many complement proteins
have a natural affinity for virus capsid proteins. This interaction initiates release of cytokines
and chemokines that facilitate rapid removal of vector from the systemic circulation. This
affinity is often heightened (especially in the case of retroviruses) when nonhuman cellular
proteins and culture components (e.g., fetal bovine serum) are incorporated into and/or coat
the virus particle during large-scale production. Use of producer cell lines of human origin and
serum-free culture conditions has decreased inactivation of vectors by complement.
Several strategies for mitigating and avoiding the humoral immune response and complement
inactivation have been developed. Increasing the vector dose to compensate for the
neutralizing activity of the antibodies and altering dosing regimens to coincide with periods of
low antibody titer are logical choices, but possible toxicity associated with high doses of virus
and the individual variability of the immune response are potential negative consequences of
this approach. Alternatively, viral vectors can be engineered to evade the immune system. One
approach involves increasing expression of specific viral genes that allow the virus to evade the
host’s humoral response. Recombinant viruses constructed from serotypes with limited exposure
rates such as simian adenovirus 7 can avoid neutralization in those previously exposed to more
common serotypes. Mosaic and chimeric viruses can also avoid neutralization. Both approaches
effectively address the issue of efficient gene transfer in those with pre-existing immunity, but
both approaches require further investigation in response to concerns regarding safety and
large-scale production as well as induction of immune responses in naive patient populations.
Covalent attachment of polyethylene glycol (PEGylation) to the virus capsid can both protect
the virus from neutralization and blunt the immune response. Pharmaceutical methods such as
embedding viral vectors in polymer matrices and administration of vectors to the mucosa (oral
and nasal) can also protect viral vectors from the humoral immune response.
INFLUENCE OF CELLULAR IMMUNE RESPONSES
Once transgene expression is initiated, cellular immune responses rapidly remove cells
transduced by both viral and nonviral vectors. This decreases the overall therapeutic
effectiveness of gene transfer of low-to-moderate vector doses and can be highly toxic when
higher doses are administered. Active protein synthesis is not required for cellular immune
responses to viral capsid proteins. For example, the capsid proteins of recombinant AAV vectors
have been shown to be long-lived, leading to a delayed immune response and elimination of
vector-transduced cells. De novo synthesis of viral gene products can also exacerbate hostcellular responses. Viral vectors have been designed with specific backbone deletions to
eliminate the expression of viral structural genes and reduce this effect. Examples of such
vectors include gutless adenoviruses, herpes viruses, and adeno-associated viruses in which all
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viral genes have been deleted, making them dependent on another helper virus for subsequent
replication. Certain plasmid sequences, especially those with unmethylated CpG dinucleotides,
can elicit a strong cellular immune response and have been used as adjuvants in some DNAbased vaccines. Amplifying plasmids in bacteria that express the CpG Methylase (M.SssI),
removal of CpG sequences by site-directed mutagenesis, and removal of unnecessary
prokaryotic sequences to create minimal plasmids have reduced the incidence of unwanted
cellular responses. One nonmolecular approach to minimize the cellular response against the
vector involves the use of immunosuppressants (cyclosporine, sirolimus, dacluzumab) at the
time of initial vector administration as well as methods described for reducing the humoral
response (use of chimeric vectors, PEGylation) outlined above.
ANTIGENICITY OF THE GENE THERAPY PRODUCT
In many cases, the gene therapy product and associated promoter and enhancer elements
are antigenic in certain cellular targets. When proteins that are retained in the target cell are
used, cellular responses may eliminate the target cell. If sustained protein expression is
required, the cellular immune response may decrease the effectiveness of the therapy or
eliminate it entirely. In terms of treating genetic diseases, patients with a null mutation who
have never seen the transgene product may be at a higher risk for immune response than
patients who produce a defective protein. Also, truncation of a gene such as the cystic fibrosis
transmembrane conductance regulator (CFTR) so that it fits within a chosen vector may result
in creation of a distinct antigen.
In other applications, the transgene product is a foreign protein, e.g., thymidine kinase
derived from the herpes simplex virus (HSV), and thus may elicit an immune response. In some
cases this is the desired therapeutic effect, particularly in antigen-based immunotherapy for
cancer or a viral disease. Efforts to minimize the immune response against elements associated
with the transgene cassette include designing vectors with the ability to carry full-length
humanized sequences for the transgene of interest and administration of immunosuppressants
at initial dosing and other intervals throughout the treatment protocol.
VECTOR LOCALIZATION WITHIN THE TARGET CELL
Once the vector reaches the target cell, several factors can affect the level and duration of
therapeutic gene expression, and these factors dictate the choice of an appropriate vector
system for a specific clinical indication. The localization of the vector genome within the cell,
the strength of the gene expression control elements, the stability of the message, and the
stability of the translated protein all affect therapeutic impact. Alphavirus-based vectors, such
as those derived from Sindbis or Semliki Forest virus, reside in the cytoplasm and typically
exhibit a very high level of gene expression. Retroviral, adenoviral, and other viral vectors have
advantages in gene delivery with their natural mechanisms for nuclear delivery of the
therapeutic gene and reasonable levels of gene expression from viral or other promoters.
Nonviral plasmid vectors are episomal and are often susceptible to DNA degradation when they
are shunted into cell endosomes. However, some nonviral systems incorporate nuclear targeting
signals as a means of increasing therapeutic gene transcription efficiency.
TISSUE-SPECIFIC EXPRESSION
Another means of controlling gene expression is the incorporation of tissue-specific promoters
to stimulate or to restrict expression of the therapeutic gene. Unfortunately, many tissue-
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specific promoters do not provide high levels of gene expression, and incorporating these
sequences into viral vectors may result in loss of specificity or low-level expression in cells that
do not normally express the promoter. Tagging vector with sequences recognized by the
microRNA system has also permitted tissue-specific expression and may offer tighter control
than typically seen with tissue-specific promoter systems.
Drug-responsive promoters are being used to control gene expression. Rapamycin,
mifepristone, and tetracycline (tet-on) systems have been used to repress gene expression.
This type of regulation is particularly useful when constitutive expression of the vector
transgene is toxic.
IMPACT OF REPLICATION STATUS OF VECTOR
Replication status is another important consideration for vector design and selection. Viral
vectors are most frequently constructed to be incompetent or replication-defective in order to
limit uncontrolled vector spread and pathogenicity. However, the ability to replicate and spread
within a specific cell population, e.g., within a tumor or to metastatic sites, may provide a
significant therapeutic advantage over cell type-specific targeting of replication-incompetent
vectors. Replication can be engineered to be conditional when, for example, specific viral gene
interactions are matched with intracellular pathway targets by means of targeted deletions
and/or changes in transcriptional or translational control. When these targets are defective or
missing, as in cancer cells, the virus can replicate, but when the target cell is functioning
normally, viral replication is repressed. Viruses that have been genetically engineered for
selective oncolytic replication include: adenovirus, HSV, vaccinia, measles virus, picornaviruses,
influenza virus, Coxsackie virus, and Sendai virus. Some nongenetically-modified viruses are
inherently oncolytic in human cells, e.g., reovirus and Newcastle disease virus.
One of the risks inherent in the use of conditionally replicating viral vectors is that such
systems are leaky, i.e., the growth of the virus is not absolutely restricted to a single cell type.
Also, subsequent rounds of viremia become considerations in the evaluation of tissue
distribution/exposure and shedding. The therapeutic promise of these approaches depends on
the reliability with which conditionality of replication can be selected or engineered. This
therapeutic potential will be realized only if balanced with steps to control the potential risks to
patients (associated with replication competence of the viruses/viral vectors) and to address
associated shedding-related issues of third party exposure and environmental concerns.
As a proactive contribution to the safety profile and to take advantage of scientific and
clinical information already available, virus strains that have been used for human vaccination
are often used as the vector backbone. Nevertheless, because the product is replication
competent, it presents specific technical challenges for adventitious agent testing and product
characterization.
Nonviral vectors are normally designed as nonreplicating systems, but some groups are
experimenting with replicating nonviral plasmids to increase gene expression levels (because of
the low transduction efficiency of most nonviral systems) and to increase the duration of gene
expression. Additional preclinical studies are needed to establish the safety of these systems.
Artificial chromosomes have also been designed to take advantage of normal mechanisms for
retaining gene expression in rapidly dividing target cells.
VECTOR INTEGRATION
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The duration of gene expression is also a function of the persistence of the vector genome in
target cells. Retroviral vectors can stably integrate into the host-cell genome, providing longterm expression. Adenoviruses and nonviral plasmid vectors, e.g., those not administered using
electroporation, do not integrate, and expression generally decreases over time. Recombinant
AAV vectors generally do not integrate, and when they do, it is not site-specific. However,
stable episomes have been observed in certain cell types such as muscle cells.
Site-specific integration can be a desirable feature for vectors that are intended to correct
genetic disorders. Although it is not currently efficient enough to be useful, the control of the
site of integration is desirable in order to prevent insertional mutagenesis. Insertional
mutagenesis has the potential to kill a cell if a critically functioning gene is inactivated or to
predispose a cell to malignant transformation if a tumor-suppressor gene is inactivated. Of
clinical relevance, promoter or enhancer elements within vectors can lead to activation of
cellular oncogenes and have been associated with malignant transformation in children
undergoing retroviral gene transfer for X-linked severe combined immunodeficiency.
The success of any gene therapy product depends on the relationship between the vectordelivery system and the requirements of the disease in terms of the site, level, and duration of
therapeutic gene expression. A universal vector now appears unlikely, and the challenge lies in
fitting one of several possible vectors to the disease and to the gene to be delivered.
Manufacturing and Purification Strategies
VECTOR CONSTRUCTION
Viral and nonviral gene-transfer vectors are constructed by using standard molecular biology
protocols. For viral vectors, the vector backbone consists of viral RNA or DNA sequences from
which the regions encoding viral structural genes or the regions required for replication have
been deleted. The deleted region of the vector is usually modified with specific restriction
endonuclease sites used to allow insertion of the gene of interest. For nonviral vectors, the
plasmid DNA backbone contains multiple restriction sites for cloning and the bacterial elements
necessary for plasmid production. Vector backbones can accommodate single or multiple gene
insertions depending on the maximum amount of sequence they can carry. The promoter that
facilitates transcription of the gene insert can be a related viral promoter, such as the murine
leukemia virus long terminal repeat (MuLV LTR), or a heterologous promoter that is either
tissue-specific, such as the alpha crystalline promoter (of the eye), or constitutive, such as
the cytomegalovirus (CMV) late gene promoter. For example, in a retroviral vector construct
containing two gene inserts, transcription of one is regulated from the 5′-LTR-promoter
sequence, and a second gene insert can be linked to an internal heterologous promoter from
Simian virus 40 (SV40).
The complementary DNA (cDNA) containing the therapeutic gene of interest, including its
introns, is excised from its source using restriction enzymes and is inserted at the multiple
cloning site of the gene-transfer vector. The polyadenylation signal can be derived from
multiple sources such as the SV40 virus or human growth hormone gene. Characterization and
testing of gene therapy vectors are described under Analytical Methods.
HELPER FUNCTION SYSTEMS
Recombinant viral vectors are most often modified to be replication defective, a condition
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created by deletion or modification of the viral genes needed for replication and production of
infectious virus. Because the vectors are stripped of some or all of the viral genes, a system
must be developed to supply viral proteins and to encapsulate the vector into a viral particle.
Generally, this is accomplished by two methods: transient transfection or stable packaging cell
lines.
In the transient transfection method, a series of different plasmids are generated, including a
plasmid containing the vector and another vector containing the viral genes. For example,
retroviral vectors can be generated using a three-plasmid system: 1) the transgene-containing
vector plasmid; 2) a plasmid containing the gag/pol viral gene region; and 3) a plasmid
containing the viral envelope. All three plasmids are transfected into cells, e.g., HEK293 or
HT1080, and vector-containing virions are harvested after 2–3 days. The separation of vector
and viral genes on different plasmids, along with vector designs that minimize the homology
between vector and viral sequences, decrease the chance for recombination and generation of
replication-competent virus. Similar approaches can be taken with most viral vector systems.
The transient transfection method has the advantage of a rapid production time and flexibility
when changing components of the vector or viral constructs. Nevertheless, it can be
cumbersome when scaling up for manufacturing, and special care must be taken to provide
consistent production yields. An alternative method has been the use of vector packaging cell
lines. In this scenario, the viral genes are introduced stably into an immortalized cell line that
yields persistent expression of viral genes. As with transient transfection, the viral genes
generally are expressed from different plasmids to decrease the risk of recombination. Since
plasmids integrate infrequently, considerable time and effort are required to isolate a high-titer
packaging cell line and to generate an MCB. Vector constructs can be introduced into cells from
the MCB, and researchers, by screening for a high-titer clone may allow isolation of a stable
cell line that generates the vector of interest. These cell lines generally can be expanded to
great numbers and often produce vector for up to a week at a time, facilitating vector scale-up
and product consistency.
Typical helper function systems are as follows:
Retroviral vector systems: Initial packaging cells were based on the murine fibroblast cell line
NIH 3T3. The PG13 cell line (expressing the Gibbon Ape Leukemia Virus envelope) has been used
extensively with a low incidence of recombination events leading to RCV. More recently, the
human HEK293 and HT1080 cell lines have been modified to serve as packaging cell lines for
retroviruses. The use of a human cell line decreases elimination of vector particles by the
human complement system (although this is generally not a concern for vectors used in ex vivo
protocols).
Adenoviral vector systems: HEK293 cells are widely used to supply the E1 function
necessary for efficient adenoviral replication that is deleted from first-generation adenoviral
vectors. Other complementing cell lines, such as E1-modified A549 cells (human lung
carcinoma) and the PER.C6 cell line (human embryonic retinoblast), have also been created to
supply E1 or other missing functions. PER.C6 contains the E1 region under the control of a
phosphoglycerate kinase (PGK) promoter and has no flanking adenoviral sequences in order to
eliminate production of replication-competent adenovirus (RCA).
AAV vector systems: These systems classically use adenovirus-infected HEK293 cell lines
transiently transfected with AAV helper plasmid containing the rep and cap genes, which are
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required for AAV replication and capsid formation, respectively, and are deleted from the AAV
vector. In some AAV production systems, wild-type adenovirus has been removed from the
process by using triple transfection of plasmids expressing Ad early genes, rep and cap, and the
vector transgene. The HeLa cell line (from human uterine cervical carcinoma) has also been
used as a transient production system. More recently, both of these cell lines have been used
to establish stably transfected packaging cell lines that express rep and cap genes and in some
cases express the adenoviral functions needed for AAV replication when rep and cap are
present (E1a, E1b, E2a, E4, and VA RNA). AAV production systems using recombinant HSV and
Baculovirus have also been developed.
Gutless adenoviruses: Early manufacturing systems for the adenovirus vector known as
gutless adenovirus were similar to classical AAV vector manufacturing systems because HEK293
cells were transiently transfected with helper plasmid containing required adenoviral functions.
Development of helper viruses housing a packaging signal flanked by loxP sites and
complementing HEK293 cell lines that express the bacteriophage P1 site-specific Cre
recombinase has greatly improved the yield of the gutless virus. This technology notably
reduces the amount of helper virus contamination by preventing packaging of the helper virus
genome while permitting it to replicate and support replication and encapsidation of the gutless
vector.
VIRAL GENE THERAPY VECTORS
Retrovirus and adenovirus vectors typically have been produced at laboratory, non-GMP scale
by use of traditional cultivation methods for anchorage- and serum-dependent cell lines
employing flasks, trays, and roller bottles. Initially, gene therapy vectors were produced by
these methods because large volumes of product were not required for early clinical studies.
Cell-bank systems are used as the source of cells, and virus banks are the source of virus for
clinical production. In many cases, supernatant is collected, clarified, and stored frozen in bags
at −70°. In many early clinical trials, unpurified supernatant has been used for ex vivo gene
transfer.
Larger-scale upstream production methods have been reported and are commonly used. They
include suspension, bioreactor, and fixed-bed or microcarrier culture methods. Some groups
have reported adapting their process cells to serum-free culture conditions. Cells are harvested
and lysed or supernatant is collected. The harvest is clarified and purified to remove host-cell
debris, host-cell DNA, and other process-derived contaminants.
Traditionally, viruses are purified by gradient ultracentrifugation, but this is time-consuming
and unsuitable for larger-scale production purposes. The selection of downstream process
steps and their sequence is determined by the nature of the virus itself and the upstream
process used for manufacturing the virus. As processes are being developed for the
manufacture of gene therapy vectors, many different purification steps have been reported.
These include ion-exchange and sulfonated-cellulose chromatography, zinc ion affinity
chromatography, and size-exclusion chromatography. Typically, DNase or other nuclease
treatments are used in the process in order to reduce host-cell or plasmid DNA. AAV production
and lentiviral production are complicated by a need for transient transfection or co-transfection
of plasmid or helper virus. These processes have generally required anchorage-dependent cell
lines that are difficult to scale up. The development of stably transfected cell lines would allow
large-scale production.
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PURIFICATION METHODS: VIRAL VECTORS
Retroviruses: To date, purification of retrovirus preparations for Phase I clinical trials has
often been minimal at best, i.e., the simple concentration of culture supernatants is insufficient
to meet the stringent quality standards required for in vivo therapy. Centrifugation and
microfiltration techniques are very useful for clarification of culture supernatants and removal of
cellular debris. Ion-exchange, size-exclusion, and affinity chromatography techniques have also
been employed to remove excess salt, serum, and low molecular weight contaminants also
concentrated with the virus.
Adenoviruses: Recombinant adenoviral vectors were often purified by cesium chloride density
gradient ultracentrifugation. This is still used for research-scale preparations, but the procedure
is neither scalable nor efficient for large quantities of clinical-grade virus. The most recent
scalable purification methods use anion-exchange chromatography because of the strong
affinity of intact virus particles for the resin with respect to that of cellular and individual
capsid proteins. Published loading estimates for anion-exchange resins range from 0.5 × 1012 to
5 × 1012 virus particles/mL of resin or 0.14 mg of virus to 1.4 mg of virus/mL of resin. Gel
filtration and immobilized metal affinity chromatography are often used in polishing steps
following anion-exchange purification of recombinant adenovirus-based products.
Adeno-associated viruses: The toxicity of cesium chloride, the aggregation of AAV particles,
and the fact that adenovirus is not completely removed after extensive centrifugation
complicate AAV purification by cesium chloride density gradient ultracentrifugation. Another
density separation medium, iodixanol, which is less toxic than cesium chloride and prevents AAV
aggregation, has been employed in a single centrifugation step. Passage of the AAV fraction
over an affinity column consisting of either a heparinized support matrix or monoclonal
antibodies produced against AAV2 strongly increased purity and infectivity of final preparations.
These methods are appropriate only for specific AAV serotypes. Ion-exchange chromatography
is the most powerful and versatile method for AAV purification, although buffer pH, detergent
concentration, and column medium must be tailored for each AAV serotype. Infectivity and
purity of preparations obtained from these purification strategies are comparable to those
obtained from affinity chromatographic methods and are complete within 3 h.
PLASMID OR NONVIRAL VECTORS
Plasmids are double-stranded, circular DNA molecules that exist in bacteria as
extrachromosomal, self-replicating molecules. They have been modified to serve as cloning
systems, to contain multiple restriction endonuclease recognition sites for insertion of the
cloned transgene, and to contain selectable genetic markers for identification of cells that
carry the recombinant vector. Plasmid-based, nonviral vectors are frequently used as gene
delivery systems for both in vivo and ex vivo gene therapies. These vectors are in the form of
naked DNA or are complexed with lipids or other agents that facilitate transfer across the cell
membrane and delivery to the cell nucleus without degradation. An advantage of a plasmidvector system is the efficient production of large quantities of the vector that is easily
characterized and avoids the risk of RCV associated with many viral systems.
Nonviral vectors are typically produced by using an Escherichia coli bacterial system. Plasmids
are transfected into E. coli, and an appropriate single bacterial colony is selected and expanded
to create an MCB. After reselection of a colony from a bacterial plate inoculated from the MCB,
plasmid DNA is isolated from cultures that can range in size from 1 L on a laboratory scale to
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hundreds of liters in bacterial fermenters. Plasmid DNA can be purified by several methods
including affinity or ion-exchange chromatography and cesium chloride–ethidium bromide density
gradients. Cesium chloride–ethidium bromide density gradients are not recommended for
production of clinical-grade material.
PRODUCTION AND PROCESSING OF NONVIRAL VECTORS
One benefit of nonviral vectors for gene transfer is that the production process is rather
generic and can be applied to any plasmid preparation regardless of composition or application.
Because the current average human dose of plasmid DNA for gene transfer and vaccination is
approximately 1 mg, the primary challenge associated with large-scale production of plasmids is
to develop a process that is both scalable and economical. Thus, process development for
plasmid-based vectors remains an active area of research and development. A standard
process for large-scale production of recombinant DNA plasmids consists of the following five
unit operations.
Fermentation: Fermentation processes must support growth of transformed bacteria and
maximize the amount of plasmid produced by each cell. E. coli is the most common strain used
for plasmid production. Amino acids, nucleosides, and the ratio of nitrogen to carbon-containing
compounds present in a rich media formulation greatly improve plasmid yield.
Harvest: Bacterial cells are harvested either by centrifugation or microfiltration. Centrifugation
under GMP conditions can be costly, which makes microfiltration the accepted method of cell
harvest. This also allows spent media, metabolic byproducts, extracellular debris, and impurities
to be washed away before purification.
Lysis: Bacterial cells must be lysed to release the recombinant plasmids. This is one of the
most critical steps in the production process because it can significantly affect the amount of
usable [covalently closed circular (ccc)] and unusable [sheared, partially denatured, and open
circular (oc)] forms of DNA in a preparation. The most widely used method of lysis for clinicalscale manufacturing is treatment with alkaline detergent and precipitation of cellular debris with
acetate. This removes a large fraction of cellular impurities from the lysate, but it also
increases the sensitivity of plasmids to mixing and localized concentrations of detergent, which
are hard to manipulate on a large scale. Lysis of cells by heat exposure addresses this issue
and effectively denatures cellular proteins and bacterial DNA.
Isolation/purification: Some processes include additional steps for removal of cellular debris
and other contaminants from crude bacterial lysates by precipitation with detergents,
polyethylene glycol, or salt. These reagents affect plasmid stability and are removed by column
chromatography. Size-exclusion chromatography can effectively separate plasmid DNA from
RNA, proteins, and other small molecules present in the cleared lysate. The degree of
separation of plasmid DNA from contaminants is highly dependent on the type and
concentration of salt in the running buffer. Resins used in anion-exchange chromatography
have a high affinity for plasmid DNA and provide maximal sample concentration. Hydrophobic
interaction and thiophilic aromatic chromatography are the methods of choice for selective
separation of the different plasmid DNA isoforms and endotoxin reduction.
Bulk preparation: After purification, the bulk plasmid is placed in a suitable buffer and
formulation by ultrafiltration using a membrane with a pore size of 50–100 kDa.
Plasmids for clinical use must be highly characterized. Impurities from production and
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processing steps are well known. Tests necessary to confirm the identity, purity, and potency
of a plasmid-based product are well established and routine. These tests and the current
specifications set by the FDA and the World Health Organization are summarized in Table 4.
Table 4
Assay
Type

Endotoxin
Sterility
(bacterial and fungal)

Determined By
Restriction digest/gel
electrophoresis
Real-time polymerase
chain reaction (PCR)
Analytical HPLC
Bicinchoninic acid (BCA)
protein assay
Limulus amebocyte
lysate (LAL) assay
Method outlined in
21 CFR 610.12

Appearance

Visual inspection

Purity

pH
Plasmid confirmation
(ccc vs oc)

Potency

Labeled dose

pH meter
HPLC or capillary gel
electrophoresis (CGE)
In vitro
Enzyme-linked
immunosorbent assay
(ELISA)
Fluorescence-activated
cell sorter (FACS)
Reverse transcription
(RT)-PCR
Light absorbance (A260)

Identity

Issue
Cross-contamination
with other products
Residual bacterial
chromosomal DNA
Residual RNA
Residual bacterial
protein

Acceptable
Level in
Final Product
N/A
<2 µg/mg DNA
<0.2 µg/mg DNA
<3 µg/mg DNA
<10 EU/mg DNA
No growth
Clear solution free of
particulates
Physiologic (7.0–7.4) but
may be product-specific
>97% ccc

Transgene/plasmid
specific

Introduction of Genetic Material into Cells—Gene-Modified Cells
A common extension of cell therapy involves the introduction of genetic material, usually
DNA, into cells to alter their pattern of gene expression. While discussion focuses on DNA,
similar scenarios can be applied to RNA or a derivative of DNA, except that the stability and
solubility of the particular nucleic acid may dictate modifications of certain steps. The general
process is often referred to as ex vivo gene therapy because the cells are removed from the
patient or donor and the genetic material is introduced while the cells are outside of the body.
The genetically modified cells are then administered to the patient. The genetic material
introduced can either cause expression of new genes and products or inhibit the expression of
already expressed genes and products. The latter represents a type of antisense therapy. The
genetic material can be introduced by the same range of reagents that are involved with gene
therapy: viral vectors, nucleic acids in a simple formulation (naked DNA), or nucleic acids
formulated with agents such as liposomes that enhance their ability to penetrate the cell. Most
of the steps and considerations discussed above also apply to the ex vivo introduction of
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genetic material into cells. The main goal of ex vivo therapy is to develop robust processes that
will work with the majority of the patient’s or donor’s cells. This takes considerably more effort
than processes for cell lines.
The method for introducing new genetic material into cells depends on the biology of the
system and the desired stability of gene expression. If a simple retroviral vector such as Molony
murine leukemia virus is used for transduction, the cells must be actively dividing because
vector DNA is integrated into the cellular DNA only during replication. This usually leads to longlasting expression of the desired gene product. Adenoviral vectors, naked DNA, or formulated
DNA can be introduced into nondividing cells. However, gene expression will be transient
because the introduced DNA will usually be extrachromosomal.
The main challenge in ex vivo gene therapy is to achieve efficient transduction or
transfection, introducing sufficient DNA into the cell before the DNA degrades. In the case of
transduction by simple retroviral vectors, cells are stimulated with reagents that cycle them
into the S phase (replication) at the time that the vector is applied. Most retroviral vectors are
stable in cell culture for a period up to a few hours. Because diffusion is minimal, only a small
fraction of viral particles will come into contact with cells during this period. The following
techniques can be used to increase the number of viral particles that contact the cell in a
given time period:
1. Maximization of viral particle concentration and minimization of the media volume during
the transduction step.
2. Multiple applications of the virus.
3. Centrifugation of virus particles onto the cells.
4. Placing cells on a filter and slow pulling viral media through the filter.
5. Addition of binding-enhancing polymers to the media. [Note—Co-culturing the target
cells with the viral producer cells is not recommended. This technique increases the
chance of a recombinant event and production of RCV. Furthermore, any product for
which co-culturing is used to transduce the human cells would be considered a
xenotransplant if the producer cells were not human. The second cell type, whether
human or not, may cause inflammation.]
Each of these techniques has its own set of issues that must be addressed in order to
develop a robust process. In technique 1, reduction of the volume during transduction results in
rapid exhaustion of the medium, so supplemental medium should be added within a few hours.
In technique 2, the cells may no longer be in the correct cell cycle phase during later
applications, or cells may have become refractory because of unproductive transformation
during the previous application. Techniques 3 and 4 can work well on a very small scale, but
the number of cells that can be transduced may be insufficient to obtain an efficacious dose.
In technique 5, polymers may fail to provide a benefit because virus binding may involve
specific receptors for which surface density may prove to be the limiting factor.
Similar issues and techniques can apply with other viruses or DNA preparations. The issue of
slow diffusion is even more marked for the use of DNA preparations. Factors such as the cell
type in which the viral vector was produced, the media used for vector production, and the
purity of the vector can have a pronounced effect on the efficiency of transduction. Although
certain methods may not require cells to be actively cycling, in practice, most processes
require that cells be capable of replication because of the following considerations:
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1. Safety considerations may dictate that only cells that express the new DNA are
returned to the patient, which requires that these cells be selected. As described
below, the most common selection method uses an antibiotic-resistant gene that is cointroduced with the new genetic material.
2. Further propagation may be required to achieve the therapeutic dose of cells.
3. Economic, biological, or technical reasons may dictate that the DNA introduction step
be carried out at a low cell number and that the desired cell population then be
expanded to the required dose.
Therefore, conditions that enable the cell or maintain its ability to proliferate must be
developed in almost all cases. The biology of the cells, the available technology, and process
economics will determine whether cells are propagated before, after, or during the introduction
of new genetic material. Most processes do in fact expand the population after the introduction
of the new gene.
Whether cells that do not productively express the gene can be administered to patients
depends on the biology of the application, the dose required versus the handling capability of
the manufacturing system, and, most importantly, the toxicity of the nonproductive cell
population. Selection of the genetically modified cell population is commonly carried out using
an antibiotic-resistance marker gene, such as neomycin, which is co-introduced into the cell
with the new genetic material. For neomycin selection, cells in culture are treated with the
antibiotic G418 at a concentration and for a period that has been shown to kill cells with
nonproductive expression while allowing the productively expressing cells to proliferate. In this
manner cells that are resistant to the antibiotic are presumed also to express the DNA of
interest. The expression should be tested as a lot-release requirement or verified in a series of
mock runs. Because most antibiotics decrease cellular proliferation, optimization of the culture
media composition may be necessary for efficient selection and propagation of the genemodified cells.
Following the antibiotic selection step, a second phase of antibiotic-free cell propagation may
be required in order to achieve the desired dose and to rinse residual G418 out of the system.
The selected medium and the total time that the cells are in culture can be critical to
maintaining the desired expression of the original differentiated functions. An additional issue
associated with the use of selection markers is that they generally are nonhuman genes. The
expression of these genes usually elicits an immune response. Process development is often
carried out with cells from healthy donors. Consideration should be given to the fact that for
very sick patients, healthy cells that can be stimulated to undergo efficient, sustained
replication are difficult to obtain.
Manufacturing, cell processing, and analytical testing issues pertinent to cell-based products
are addressed in 〈1046〉.
Formulation of Gene Therapy Products
Final formulations for gene therapy products are still in early development, and currently most
gene transfer vectors are stored in solution at ultra-low temperatures. Successful formulation
of candidates for gene transfer relies on a thorough understanding of the physicochemical and
biological characteristics unique to each vector system. Factors like solution pH, ionic strength,
and osmolarity influence the thermal stability of viral and nonviral vectors. Organic
carbohydrates such as mannitol, sorbitol, sucrose, and trehalose have been incorporated into
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preparations to prevent disruption of the native conformation of the vector in solution, during
the freeze-thaw process, and during lyophilization. Amino acids such as arginine and leucine
have been incorporated into formulations for their buffering effects and to prevent aggregation.
Surfactants such as the Tweens, Spans, and Pluronics have been effective at preventing
aggregation, but this effect is somewhat vector-specific because some vector products are
easily disrupted by these reagents. Lipids, polymer, and extraneous proteins (human albumin
and gelatin) have also been incorporated in many vector preparations because of their ability to
prevent loss of vector from direct interaction with pharmaceutical surfaces and during freezethaw cycles.
Before initiating a program for formal screening of formulations for a vector, the following
factors should be considered. The required dose and/or storage concentration of the final
product, as well as the specifics of the container–closure and/or delivery system should be
established. Analytical methods to assess potency and identify degradants should be in place.
The expectations of the formulation must also be defined. Some pragmatic criteria for the
design and selection of vaccine formulations for use worldwide are: 1) the final product should
be in a formulation that affords an 18- to 36-month shelf life when stored at 2°–8° or above,
2) the formulation should have an acceptable stability profile at ambient temperatures to cover
short-term storage and transportation in the field, 3) it should adequately protect the vector
from damage during freeze-thaw cycling, and 4) it should consist of reagents that are
pharmaceutically acceptable and within physiologically acceptable concentrations. Formulation
changes during clinical development must be supported with preclinical studies and stability
data. Sufficient time should be built into plans to account for this.
To date, little work in the area of formulation development of retroviral vectors with additives
approved for human use has been described. The most significant effort to develop stable
formulations for gene transfer has been with recombinant adenoviruses. Recently, identification
of the mechanisms by which recombinant adenoviruses degrade in solution led to the
development of several liquid formulations that stabilize the virus for up to 18 months at 4°.
Adeno-associated viruses are regarded as one of the most stable viral vectors. This virus has
been documented to be stable for approximately 4 months in phosphate buffered saline at 4°.
Addition of cryoprotectants and surfactants prevents aggregation of virus particles and
extends the shelf life to 1 year. Lyophilized formulations of both adenovirus and AAV with shelf
lives of several years at room temperature have also been described. Although nonviral vectors
have been found to be generally robust in standard buffers at 4°, their stability may be
extensively influenced by extraneous components included to promote gene targeting. Consider
the nature of those components when developing stability protocols and strategies. (see
below).
USP43

Change to read:
ON-SITE PREPARATION AND ADMINISTRATION
One or more product modifications or preparative steps may be required before administration
of the gene therapy product to the patient. These modifications or steps are frequently
performed close to the time of administration, and, therefore, they are performed under
conditions not under control of the original manufacturing facility. The nature of these
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modifications is dictated largely by characteristics of the product in relationship to the
particular application. These include thawing, washing, or filtration to remove unwanted
product manufacture-related materials and also include defined physical space with appropriate
environmental controls, trained personnel, detailed standard operating procedures, and a
comprehensive quality program.
The unique and irreplaceable nature of many gene therapy products, e.g., gene-modified
cells, many of which have originated from an autologous or a selected allogeneic tissue source,
creates special considerations for product manufacture, release, and administration. Issues
pertinent to the administration of cell-based products are addressed in detail in 〈1046〉.
On-Site Preparation
PRODUCT MANIPULATIONS
Before administration, on-site preparation of the gene therapy product may involve one or
more manipulations, including the following:
Change in final container: The manufactured product may have been stored or
transported in one container but may require transfer to a different container for
administration.
Change in physical state or temperature: A product may require thawing from the
frozen state or warming from the refrigerated state.
Change in solution or suspension: A product may have to be dissolved, diluted, or
suspended in a liquid.
Addition to biocompatible structural material: A gene therapy product may need to
be combined with living, natural, or synthetic structural tissue or matrix. Examples of
matrix material include hollow fibers, fibrous sheets, gels, plugs, capsules, sponges, or
granules.
Admixture or compounding with other nonstructural materials: A product may
require mixing or compounding with drugs, cytokines, biologics, or other nonstructural
materials.
Filtration or washing: Unwanted materials in the manufactured product, such as
particulates, cellular debris, metabolites, or compounds remaining from previous
manipulations may require washing or filtration steps.
Sampling: Sampling of the final product immediately before administration may be
required for certain clinical protocols.
FACILITY REQUIREMENTS
Facility requirements for performing on-site preparative steps or administration of gene
therapy products depend on the nature of the products, their applications, and the
manipulations required. The most important determinant of facility features is the level of risk
for microbial contamination associated with each step. Definition of low-risk and high-risk
conditions can be made according to a framework similar to that defined for Low-Risk-Level
Compounded Sterile Preparations (CSPs) and High-Risk-Level CSPs in Pharmaceutical
Compounding—Sterile Preparations 〈797〉, CSP Microbial Contamination Risk Levels.
USP43

RELEASE OF FINAL PRODUCT
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Gene therapy products that undergo on-site preparative steps or manipulations must be
subjected to appropriate checks or tests to ensure that all quality specifications are met before
release for patient administration. The nature and extent of manipulations will determine
whether release requirements or critical specifications must be added to those required
immediately after initial manufacture. Prerelease requirements usually include the following:
1. Physical inspection of the product, which typically includes measures to ensure
appropriate product appearance with regard to color, turbidity, particulates or foreign
matter, container integrity; product temperature; and accuracy and convenience of
labeling
2. Review of process records
3. For patient-specific products, clerical checking of product labeling or records related to
the identity of the intended recipient.
In addition, products considered to be high-risk products according to the description in
chapter 〈797〉 should undergo additional product testing. For all high-risk products, quality
assays for the identity, potency, and purity of the active ingredients should be defined and
performed. For high-risk products in Category II, sterility and endotoxin testing should be
performed.
USP43

Administration to Patients
PRE-ADMINISTRATION REQUIREMENTS
Depending on the specific gene therapy application, trained patient-care staff must take
steps to prepare the patient for product administration. These steps are aimed at ensuring that
the product will provide the intended therapeutic outcome and at minimizing the risk of adverse
effects. Issues pertinent to administration of cell-based products are addressed in 〈1046〉.
Generally, a thorough re-evaluation of the patient’s general condition and suitability for therapy
must be performed close to the time of product administration. This evaluation usually includes
a patient history, physical examination, and laboratory studies such as blood counts and
chemistries. In addition, staff may obtain baseline physical or functional measurements,
laboratory tests, or imaging studies relevant to the specific application. Examples include
pulmonary function tests for a therapy aimed at improving lung function, measurement of blood
levels of an enzyme that is the gene product in a gene therapy application, and nuclear imaging
of organs before anticancer therapies.
A variety of patient interventions related to route of administration may be required before
product administration. For therapies that require intravenous administration, patients with poor
peripheral venous access may require placement of a central venous catheter. In applications
where gene-modified cells or matrices combined with cells are implanted into the patient, the
site of implantation may require preparation in the operating room. This may involve surgically
opening the site, removing the degenerated or damaged tissue, trimming of the adjacent tissue
to accommodate the implant, and excising the tissue from a second site to be used as an
anchor or support for the implant. For instance, in the case of products for wound healing, it is
critical that the site for grafting be free from infection and that it demonstrates a well-prepared
wound bed. Where gene-modified cells are intended to repair cartilage defects, the site of
damage needs to be prepared so that the cells can be applied to a water-tight compartment.
For applications involving direct administration of the product into an organ system (for
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example, bronchioalveolar system) or vascular network (for example, coronary arteries), the
patient may require endoscopic or surgical access to these sites.
In all cases, the need for adequate anesthesia and premedication must be carefully evaluated
in conjunction with these steps before product administration. Pre-administration patient
evaluation must also include assessment of concurrent therapies that may interact with the
gene therapy product to modify its effects. Some therapies may be considered adjunctive to
the gene therapy, such as cytokines that promote proliferation or differentiation of the infused
or implanted tissue. Other commonly used drugs such as antibiotics, antineoplastics,
anticoagulants, and anti-inflammatory agents must be evaluated for possible effects on the
efficacy of the gene therapy product.
PATIENT TREATMENT
Some gene therapy products are patient-specific because they are manufactured from a
selected tissue source, such as autologous, selected allogeneic, or xenogeneic tissue. Certain
patient-specific products have a defined potential for benefit or adverse immunoreactivity.
Systems must be in place to prevent administration of such a product to the wrong patient.
Recommended systems include procedures similar to those used for administration of human
blood products, including special attention to the correct identification of the patient and
patient-specific product by at least two people immediately before administration. These issues
are addressed in greater detail in 〈1046〉. Gene therapy products can be administered by a
variety of routes. These include parenteral injection, inhalation, and gastrointestinal routes.
Other possibilities include direct application of gene therapy products into regional vasculature,
organs, tissues, or body cavities by means of needles or catheters or following surgical
exposure of the tissue. Although parenteral administration can be accomplished in routine
outpatient or inpatient facilities, the other means of administration may require specialized
facilities such as an aseptic operating theater or endoscopic suite. In all cases, standard
operating procedures and a quality program must be in place to ensure that the product is
administered in the intended manner.
POST-ADMINISTRATION MONITORING OF PATIENT
There should be written policies and procedures for monitoring patient outcomes and
managing reports of adverse events. Patient outcome assessment should include indicators
that are likely to detect errors or problems related to the entire manufacturing process, with
special attention to manipulations, storage, or transportation after the initial manufacture of
the product. Management of adverse reactions should include procedures for ensuring prompt
medical evaluation and treatment of patients with suspected adverse effects and a system for
reporting and evaluating adverse effects that may point to a potential defect in the
administered product. Reporting procedures include providing details required for federal, state,
or USP adverse-event reporting programs.
Follow-up and monitoring procedures should be implemented for patients who have received
gene therapy vectors or ex vivo gene therapies. To the extent that it is relevant and that it
can be assessed, vector or gene-modified cell biodistribution and persistence in vivo should be
monitored. With direct administration of vectors, localization to the germ line may be an issue.
Although preclinical studies can address this issue, useful information may be gained by patient
monitoring. When a retroviral vector has been administered, patients should be monitored for
replication-competent retrovirus (RCR) according to the FDA’s Guidance for Industry:
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Supplemental Guidance on Testing for Replication Competent Retrovirus in Retroviral Vector
Based Gene Therapy Products and During Follow-up of Patients in Clinical Trials Using Retroviral
Vectors (October 2000). This involves active monitoring during the first year and archiving of
patient samples thereafter if RCR is not detected initially.
Database systems to collate and track patient-monitoring results are essential to
management of this information. National registries or publication of data should be considered
for establishing the collective safety of gene therapy.
Change to read:
ANALYTICAL METHODS
The complexity and scope of gene therapy products are reflected in the wide range of
analytical procedures and their methods that are used to assess product quality. Approved
gene therapy products must comply with applicable sections of 21 CFR 211 and 610 to ensure
their identity, dose, potency, purity, and safety. Specific guidance for the identification,
development, and validation of analytical methodologies to support cell and virus bank
characterization, final-product release, and stability studies is currently provided in FDA
guidelines for gene therapy manufacturing and testing (see Appendix); in 〈1225〉; and in the ICH
guidelines Q2(R1) and Q6B. Most product-specific analytical methods for gene therapy products
have not been standardized. Even well-defined tests such as those described under Sterility
Tests 〈71〉 may not be directly applicable to certain gene therapy products. For some gene
therapy products, large quantities of clinical material may not be available during early clinical
development. Some required tests (e.g., sterility) may require modification. Consultation with
regulatory authorities is advised.
Table 5 provides an overview of product-specific testing parameters for the biological
component and general methods or approaches used to satisfy the testing requirements for
nonviral, viral, and gene-modified cellular gene therapy products. The analysis of gene therapy
products relies heavily on biological assays, but it also uses methodologies developed for
biotechnology-derived products. The intent of this section is to outline the types of methods
and their specific applications with regard to product characterization, stability, and release
testing. Process validation may alleviate the need for certain specific lot-release tests.
Development of appropriate reference materials and standards for viral, nonviral, and genemodified cellular gene therapy products should be a part of product development. Reference
materials should be fully characterized in order to provide continuity between standards over
time. In the case of gene-modified cellular gene therapy products, the reference material may
be a surrogate tissue or simulated product. Reference materials are briefly addressed in the
FDA’s Guidance for Industry: Potency Tests for Cellular and Gene Therapy Products.
Gene-modified cellular gene therapy products may require a rapid-release approach if they
have a limited shelf life (see 〈1046〉). The rapid-release approach is not usually applied to viral
and nonviral gene therapy products because these products are sufficiently stable for
completion of testing before release. Some formulated nonviral gene therapy products also
have limited shelf lives. In such cases, the individual components are tested before release and
the formulated complex is not tested. The formation and stability of the formulated nonviral
gene therapy complex is established via validation studies during product development.
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As specified in CFR, product samples must be retained after product-release testing is
completed. Retain additional samples if rapid-release strategies are employed so that product
quality can be reassessed by alternative or traditional test methodologies, if necessary.
Table 5. Analytical Tests for Cell and Gene Therapy Biological Products
Gene Therapy Products
Gene-Modified Cellular
Test
Gene Therapy Product
Viral
Nonviral
Restriction
Restriction
Surface marker
enzyme map
enzyme map
determination
PCR
PCR
Species
Immunoassay
Immunoassay
Morphology
for expressed
for expressed
Identity of
Bioassay
gene
gene
Biological
Biochemical marker
Sequencing
Sequencing
Substance
Particle
number
Plasmid–DNA
Transducing
weight
units (DNA
Formulatedhybridization
complex
assay)
weight HPLC or
Viable cell number
Total protein
capillary
Enumeration of
HPLC assay
electrophoresis
specific cell
using
assay using
population
authenticated
authenticated
Total DNA
reference
reference
Total protein
standard
standard
Dose
Viable cell number
(cells intended for
structural repair)
Bioassays
Colonyformation
assay
Function of
expressed
gene
Induction of
secondary
effect [e.g.,
human
leukocyte
antigen
(HLA)
Function of
Function of
induction,
expressed
expressed
secretion of
gene
gene
cytokines,
(induction of
(induction of
and upsecondary
secondary
regulation of
effect and
effect and
surface
other
other
marker]
bioassays)
bioassays)
Potency
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Gene Therapy Products

Gene-Modified Cellular
Gene Therapy Product

Viral
Residual
host-cell DNA
Process
contaminants
(e.g., serum
and cesium
chloride)
Residual
helper virus
Optical
density ratio
Residual
host-cell
proteins
Viral protein
profile (HPLC
assay for
defective or
immature
particles)
Residual RNA

Percentage of
viable cells
Percentage of
transduced cells
Percentage of cells
with specific
surface marker
Process
contaminants (e.g.,
serum)

Nonviral

Percentage of
specific
physical form
(e.g.,
percentage
supercoiled)
Residual hostcell DNA
Residual RNA
Residual hostcell proteins
Residual
solvents
Optical density
ratio
Process
contaminants
(e.g., cesium
chloride)

Purity
Mycoplasma
Sterility
Pyrogen and
endotoxins
Adventitious viruses
Residual virus
Replicationcompetent vector

General
safety
Sterility
Pyrogen and
endotoxins
Adventitious
viruses
RCV

Mycoplasma
Sterility
Pyrogen and
endotoxins

Safety
Sampling Issues
Sampling for lot-release testing should be based on the potential distribution for the
parameter tested. See Stability-Protocol Development for additional considerations. Samples
from each lot should be retained in case of a safety or quality issue with the lot. Even if the
product has a very short shelf life, these retained samples can be used to detect impurities and
other substances. The need for proper design of the sampling scheme is highlighted in safety
testing for adventitious agents or in assessment of RCV for gene-modified cell or viral gene
therapy products. In such cases, process validation assists in determining the appropriate
statistically based sampling design.
Safety
Safety testing for gene therapy products focuses on three issues: 1) detecting
contamination from adventitious sources during product processing, 2) preventing the use of
packaging cell lines and plasmids that potentially permit genetic recombination between vectors
and the packaging cell lines or plasmids—or among the vectors themselves, and 3) testing the
final product to ensure a safe level of undesired genetic and/or structural variants or other
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viruses used in processing.
The primary means of assessing safety are the performance of biological assays to measure
adventitious agents directly. Molecular biology-based assays that measure adventitious agent
DNA or RNA or detect undesired genetic variants are also used. Although live genetically
engineered vectors officially fall outside its scope, the detailed information available in the ICH
Q5A guideline, presented in 〈1050〉, should be consulted because the principles apply.
VIRAL GENE THERAPY PRODUCTS
One of the primary safety concerns associated with viral vectors used for gene therapy is the
occurrence of undesired genetic variants. Among them the most critical type, and probably the
best studied, is RCV. RCV is more clearly defined for replication-incompetent viral vectors, but
for conditionally replication-competent viruses it refers to undesired genetic variants that have
lost selectivity toward the target cells and thus might raise safety concerns. Regardless of the
virus, these concerns are based on the potential lack of predictability for the pathogenicity of a
contaminating virus for a specific route of administration, particularly if it is not the normal
route of infection or if humans are not a natural host for the virus. The pathogenesis of a wildtype adenovirus infection is known but may not be predictive for the routes of administration
employed with recombinant adenoviral vectors. For replication-incompetent adenoviral vectors,
a limit of 1 RCA per 3 × 1010 viral particles is currently considered acceptable (see the FDA’s
Guidance for FDA Reviewers and Sponsors: Content and Review of Chemistry, Manufacturing,
and Control (CMC) Information for Human Gene Therapy Investigational New Drug Applications
(INDs)].
Typically, RCA levels are determined by a cell-based assay that allows amplification of the
RCA while preventing replication of the product. The cell line most often used for amplification
and detection of RCA is the A549 cell line. However, some recombinant adenoviral vectors
express therapeutic genes that interfere with analysis on A549 cells. In such cases, a
bioassay-based two cell lines is used. The first
another cell line is used. The USP43
cell line is chosen on the basis of resistance to the effects of expression of the transgene and
with subsequent passage of cell lysate or supernatant onto A549 cells for amplification and
detection of the RCA. RCA is most often detected by visual observation of the cytopathic
effect, but it can also be detected in the A549 cell culture by immuno- or polymerase chain
reaction (PCR)-based methods.
Quantitation of the RCA level is based on the quantity of sample tested and the detection
limit of the assay. Typically, RCA bioassays are validated as being able to detect 1 plaqueforming unit or infectious unit of RCA in the test sample over a wide range of test-sample sizes.
Test-sample sizes can range, but they are typically based on the FDA RCA acceptance limit. To
verify detection limits, include spike controls as part of the test, even with validated assays.
For recombinant adenoviruses produced using HEK293 cells, RCA detection by PCR on the final
products or the progeny virus amplified in HEK293 cells can be confounded by detection of
residual HEK293 host-cell DNA (detection of the E1 region). PCR assays, however, can be
designed to specifically quantitate host cell DNA contamination and can be made specific to
particular forms of slow-growing RCA. Quantitative PCR assays can be used in conjunction with
a cell-based method for precise quantitation of RCA levels. When a tested sample is found to
be positive, the identity of the RCA is usually confirmed by conducting PCR analysis. This rules
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out the possibility that contamination of the assay by exogenous wild-type adenovirus or other
adventitious agents is responsible for the positive result.
For conditionally replication-competent adenoviruses or other replication-competent viral
vectors, testing for RCV or undesired genetic variants is usually more complicated and vector
specific. Usually one or two nonpermissive cell lines that are not target cells are infected with
the replication-competent virus in attempts to produce progeny virus. In order to generate a
sufficient quantity of progeny population for analysis, analysts subject the infection to multiple
passages and extended culture time. Two normal fibroblast cell lines that are easy to culture,
WI-38 and MRC-5, have been used as the model nonpermissive cell lines for detecting RCA in
replication-competent adenovirus products. Even after multiple passages on the nonpermissive
cell lines, it may be necessary to amplify the progeny (which tend to appear only in minute
quantities) in permissive or packaging cell lines to a sufficient quantity for subsequent testing.
The resulting progeny should be tested for changes in biological selectivity and genetic
composition. Usually the genetic characterization of the progeny population includes restriction
enzyme mapping followed by Southern blotting, PCR, or nucleotide sequencing. After the
genetic elements unique to RCV or undesired genetic variants are identified, quantitative PCR
assays can be designed to monitor the level of RCV after amplification in nonpermissive cell
lines or sometimes, if the sensitivity is adequate, directly in the final product without biological
amplification. Using a spike control in the biological assay for detecting RCV is encouraged but
may not be applicable to all cases. Currently there is no specified acceptable limit of RCA for
conditionally replication-competent adenovirus, although clinical safety has been reported for
an oncology application with several thousands of RCA per dose.
For retroviral vectors, testing for RCR is required for cell banks, viral vector production lots,
and any resulting ex vivo product lots (see FDA’s Guidance for Industry: Supplemental
Guidance on Testing for Replication Competent Retrovirus in Retroviral Vector Based Gene
Therapy Products and During Follow-up of Patients in Clinical Trials Using Retroviral Vectors).
Standard assays have been designed to detect replication-competent MLV. The pathogenesis
and potential long-term toxicity of low-level amphotropic MLV in human beings is not known.
Methods commonly used to detect RCR include an amplification of virus titer by application of
product to a replication-permissive cell line such as Mus dunni. Because infection is limited by
the ability of a virus to reach the cells by means of Brownian motion, procedures (e.g.,
centrifugation and filtration) that physically bring the virus into contact with the cells can be
used to enhance detection. However, high-titer recombinant vector can interfere with the
detection of low-level RCR, and this interference may be enhanced by such methods. Infected
cells are passaged several times to allow viral replication. Culture medium is harvested at the
end of the culture period, and RCR is detected by using an indicator cell line. If the product is
an amphotropic MLV, RCR can be detected by using a feline cell-based PG4 S+L− assay, a mink
cell-based MiCl S+L− assay, or a marker rescue assay. In S+L− assays, the RCR expresses
proteins that lead to transformation and subsequent plaque formation on the monolayer. In a
marker rescue assay, RCR infects a cell line that expresses a retroviral vector encoding a
marker gene such as β-galactosidase, drug resistance, or a fluorescent protein. The vector is
packaged by the proteins supplied to it in trans by the RCR. The potentially vector-laden
supernatant is transferred to naive target cells that are then screened for expression of the
marker vector.
Testing for RCR is performed by co-cultivation of the cell line or amplification of vector
supernatant with an RCR replication-permissive cell line, typically M. dunni, for several
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passages. Culture medium is harvested at the end of this co-cultivation process and applied to
an appropriate indicator cell line as described above. Note that artifacts may be generated
during the co-cultivation assay by expression of an endogenous virus in the permissive cell line
or by fusion if the vector-producing cell line is cultured directly with a marker rescue cell line.
In addition, co-cultivation may not be possible for ex vivo cell products that have specific
culture requirements or limited culture life spans.
Methodologies for testing the presence of RCR in crude, purified bulk or final vector products
are not specified. The FDA has deposited a reference standard of an amphotropic hybrid MLV
with the American Type Culture Collection (ATCC). This viral stock has been assigned a label
titer and should be used in assay validation. Method validation should demonstrate the ability
to reproducibly detect a single RCR particle in individual product types because the product and
its related impurities can interfere with the detection of RCR. Currently, there are no
acceptable limits for RCR contamination in products. Any product lot found to contain RCR
cannot be used for human use. Reference standards for assessing RCV in other viral vectors
including ecotropic, xenotropic, or pseudotyped MLV, adenovirus, and lentivirus have not been
developed. The adenovirus reference material, which consists of wild-type human adenovirus
type 5, has been used as a spike control and during validation of RCA assays, but this practice
may not be applicable to all RCA assays. Amplification and detection of replication-competent
human immunodeficiency virus (HIV), especially its pseudotyped variants, may warrant special
containment and handling procedures.
Additional safety testing usually focuses on methods similar to those described in Biological
Reactivity Tests, In Vivo 〈88〉, Safety Tests—Biologicals and 〈71〉. For viral gene therapy vectors
produced using a human cell line, performance of the in vitro adventitious agent bioassays
using three cell lines is recommended. For adenoviral vectors, specific tests for adenoassociated virus are also recommended. For adeno-associated virus, specific tests for
adenovirus and herpes virus are recommended. Material for testing should be derived from the
stage of manufacture that provides the greatest chance of detection, which could be prebulk
(e.g., late-stage fermentation), the bulk, or the final product.
NONVIRAL GENE THERAPY PRODUCTS
Safety testing usually focuses on methods similar to those described in 〈88〉 and 〈71〉. Safety
testing should be performed on nonviral formulated material. If the shelf life of the formulated
nonviral product is very short, then the components should be tested individually.
Safety testing for undesired genetic variants that might emerge during the manufacturing
process in nonviral gene therapy products is similar to that for RCV testing for viral vectors but
with more vector-specific considerations. Typically, molecular biology-based methods are
applied to the final product to test for variants. When genetic stability is established by
process validation, the assays for monitoring the levels of undesired genetic variants may be
limited to restriction enzyme mapping followed by further confirmation of critical genetic
elements (such as transgenes or regulatory elements) by PCR or Southern blotting.
Dose-Defining Assays
An assay that precisely measures the amount of the product is referred to as a dose-defining
assay, and it is selected on the basis of its accuracy and precision. An assay that measures
therapeutic activity of the product is referred to as a potency assay, and it is designed to
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measure product function. The design of the assay depends on the type of product. In the
case of chemical and protein drugs, the assays measuring the amount of active ingredient
(dose) are referred to as strength assays. Product dose can be defined as the concentration or
amount of the drug product administered to the patient, and it is typically measured as product
mass.
Particle concentration is a commonly used measure for viral vector product dose. Particle
concentration may be measured by physical, biophysical, or in vitro cell-based assays. For
example, quantitation of purified adenoviral particles may be determined by using the optical
density of a solution of virus in 0.1% (w/v) sodium dodecyl sulfate (SDS) solution at 260 nm,
because a relationship between absorption and particle concentration has been published for
adenovirus. The particle number concentration is equivalent to the product of the absorbance
at 260 nm in a 1-cm cell, the dilution factor, and 1.1 × 1012 particles. A method that has
become standard in determining particle concentration is integration of viral peak area of 260
nm and/or 280 nm absorbance against an authenticated reference standard in an anionexchange resin-based HPLC assay. Compared to the optical density method, the HPLC method
has the advantage of eliminating the interference of free DNA and/or capsid proteins on
quantitation of viral particles. An adenoviral reference material (ARM) from ATCC has an HPLCdetermined particle concentration established from a large-scale collaboration that involved
many laboratories. Whenever possible, the ARM should be used to calibrate the internal HPLC
method and reference material.
Virus concentration can also be assessed by the measurement of selected structural proteins
with known molecular masses and known copy numbers within the virion. For this method, the
virus must be lysed, and the structural proteins must be separated by using an appropriate,
high-recovery chromatographic procedure (e.g., reversed-phase HPLC). The chromatographic
separation and the identity and the purity of the selected structural protein must be verified
during assay validation by methods such as SDS polyacrylamide gel electrophoresis (SDSPAGE), peptide sequencing, and mass spectroscopy. The selected structural proteins can be
quantified, for example, by integrating chromatographic peaks at 214 nm and comparing the
area to that of an authenticated reference standard. The virus concentration can then be
calculated based on the molecular mass, the copy number, and the measured mass of the
protein. Very importantly, the virus concentration can be estimated simultaneously for multiple
structural proteins, which allows the use of this assay in relatively impure virus preparations.
This method has been applied to adenovirus and should be applicable to other viral vector
types.
Biophysical methods of determining particle number include direct quantitation of vector
nucleic acid by radiolabeled-probe hybridization and indirect quantitation by amplification of
template nucleic acid [e.g., PCR and reverse transcription (RT)-PCR] or by signal amplification
(e.g., branched-chain DNA using multiple-probe hybridization).
In cases where biophysical methods are not available, bioassays that measure gene-vector
titer have been used. These involve infection, transfection, or transduction of a susceptible cell
line in vitro, followed by some measure of the product uptake. Methods for quantitation or
estimation of the number of infection, transfection, or transduction events include plaqueforming unit assays, tissue culture infectious dose assays based on cytopathic effect of 50%
tissue culture infectious dose (TCID50 ) or immunofluorescent detection of an expressed vector
protein, or a quantitative DNA-hybridization assay. Examples follow: For replication-competent
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adenoviral gene therapy products, the ARM available from ATCC has a defined range of TCID50
titer determined via a collaborative effort. Whenever applicable, it should be used in validation
of an internal reference standard or assay control of infectious titer assays. However, because
of the likelihood of genetic differences between the ARM, which is wild-type human adenovirus
type 5, and the replication-competent adenoviral gene therapy product, it may not be
reasonable to normalize the titer of the vector of interest to that of the ARM.
For retroviral or lentiviral gene therapy products or AAVs that carry a selectable marker (e.g.,
that for neomycin resistance) or a reporter gene (e.g., β-galactosidase) in addition to the
therapeutic gene, the infectious titer is commonly determined by measuring the number of
transduced or infected cells expressing these nontherapeutic proteins. Vector titer is typically
reported as the number of colony-forming units (cfu) per mL for cells transduced with viral
vectors that contain drug-resistance markers and are selected for growth in drug-containing
medium. Titer based on β-galactosidase can be expressed in terms of blue cfu/mL after staining
and counting the cells that convert the β-galactosidase substrate X-Gal into a blue
chromophore. For vectors without a marker gene, quantitation of transduction has been
measured precisely by using quantitative PCR or has been estimated by hybridization methods.
Most nonviral gene therapy products contain plasmid DNA, and their usual measure of dose is
the DNA mass. The DNA mass may be determined in the formulated state, and, if recombinant
protein is included in the formulation, the total combined mass of all formulation components
based on a specific ratio can be used. DNA concentrations greater than 500 ng/mL are most
simply determined by using optical density measurement at 260 nm. This method is not
generally applicable to lipid-formulated DNA. Because RNA and proteins also have significant
absorbance at 260 nm, other analyses must be performed to demonstrate minimal
contamination with RNA, protein, or residual host-cell chromosomal DNA. Dyes that specifically
bind to double-stranded DNA allow accurate measurement of DNA concentrations of less than
500 ng/mL when calculated against an authenticated DNA standard curve. PicoGreen is one
such fluorescent dye, and it is minimally affected by single-stranded DNA, RNA, proteins, salts,
and detergents. The fluorescent dye Hoechst 33258 also binds to both double-stranded and
single-stranded DNA and it can be used to determine DNA concentrations as low as 0.3 ng/mL.
The Hoechst 33258 does not bind to protein or RNA, and it can accurately determine the DNA
concentrations in crude samples.
Methods such as capillary electrophoresis and HPLC employing an authenticated reference
material can also be used to determine the strength of nonviral products.
Potency
Potency is defined as the therapeutic activity of the drug product. Together with dose,
potency defines the biological activity of each lot (see Dose-Defining Assays). Potency can be
assessed by in vitro or in vivo bioassays. It is not uncommon for these assays to have
coefficients of variation between 30% and 50%, although stringent assay design with good
statistical consideration could help reduce assay variation. These assays require a well-defined,
representative reference material that can be used as a positive control for the assay and/or in
calculation of the relative potency of the test article. The general consideration for bioassays
in current USP chapters on design and development of biological assays should be applied to
the potency assay design for gene therapy products. The positive control qualifies the
performance of an individual assay. Potency assay development should focus on characterizing

PF 44(6): Nov.-Dec. 2018

196

and controlling variability. High-precision assays are more effective tools in monitoring product
quality. Information about potency assay variability should be incorporated into the stability
study design and the proposed statistical approach to assignment of expiration date (see
Stability).
Bioassays employed to measure the potency of viral and nonviral gene therapy products
generally involve infection, transfection, or transduction of a susceptible cell line in vitro,
followed by some functional measure of the expressed gene of interest. Functional assays for
the therapeutic gene (e.g., those measuring enzyme activity and cell growth stimulation or
inhibition) should generally be used instead of analytical methods such as enzyme-linked
immunosorbent assay (ELISA). When the biological function of the expressed transgene exhibits
a broad range of activities or only generates semiquantitative results, the ELISA or other
immunological or biochemical readouts can be used as a surrogate potency assay with a tight
specification range if extensive characterization data is available to demonstrate that all
expressed protein is biologically active. For example, in the case of a gene therapy product
expressing a cytokine, cytokine expression is usually quantified by ELISA first, and the result is
used to adjust the sample dilution for the functional assay. The potency of such vectors may
be better controlled by the ELISA quantitation results, but the biological activity of expressed
cytokine could be used to verify that the measured mass is biologically active without the
requirement to meet a narrow specification range for the biological activity itself.
HPLC or flow cytometry, which provide information about the level of expression but only infer
function, have also been used in a context like that described for immunoassays. In addition,
for viral vectors, infectious titer measurements by themselves are generally not considered an
adequate measure of product potency. For example, the TCID50 titer or plaque-forming-unit
assays for adenoviral vectors on HEK293 cells can indicate that the infectivity of adenovirus is
preserved but do not confirm that the adenoviral product has maintained full biological
function(s), especially transgene biological activity. The design and ultimate suitability of an
assay system for determining product potency depends on the relationship between the
intended human target cell in vivo and the following: 1) the transduction or transfection
efficiency of the cell line used in vitro; 2) the protein expression levels; and, 3) the duration of
expression required for the therapeutic effect.
In vivo tests can also be used to measure vector-product potency. Readouts can be based
on a response per animal (e.g., blood levels of therapeutic protein 24 h after treatment) or a
group response rate (e.g., percentage of animals that elicited an immune response or survived
virus challenge). The availability of an appropriate in vivo test system depends on the vectorhost range (for viral vectors), the pharmacokinetics and biodistribution of the vector and the
resulting gene product relative to its human counterpart, and the time frame required to
observe the therapeutic effect or surrogate. Issues of cost, facilities, validation, and ethics
determine the practicality of an in vivo potency test.
Purity
Analytical methods that separate, isolate, and specifically quantify the intended active
product components determine product purity. Impurities are either product- or process-related
components that can be carried through to the final product. The manufacturing and
purification process should be optimized to consistently remove impurities while retaining
product activity. The requirement to test for a particular impurity for product lot release
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depends on the following: 1) the demonstrated capability of the manufacture and purification
process to remove or inactivate the impurity through process validation, and 2) the potential
toxicity associated with the impurity.
Examples of process-related impurities associated with gene therapy products include residual
medium components for the production- [e.g., fetal bovine serum (FBS), antibiotics, cytokines,
and E. coli chromosomal DNA in a plasmid product], ancillary products used in downstream
processing (e.g., nucleases such as DNase I), and residual moisture for lyophilized vector
products. Impurities may be bioactive (e.g., cytokines and hormones) or immunogenic (e.g.,
product aggregates, degradation products, plasmid-selection markers, and nonhuman-derived
proteins), or they may have other deleterious effects (e.g., they may compete with the
product) if administered at a dose equal to that of the product. Product-related impurities are
specific to each product type. Examples include nicked plasmid forms in nonviral products and
defective or immature virus particles in retroviral or adenoviral vector products. Analytical
methodologies to assess purity require quantitation or physical separation of the intended
product from its impurities. Common sense should drive the need to quantify specific impurities.
Suitable validation of the manufacturing process may limit the need for specific lot-release
testing for impurities. Manufacturers may place an emphasis on demonstrating the consistency
of the product–impurity profile.
Testing for impurities is often extensive during product characterization and process
validation when the consistency of the manufacturing and purification process is being
demonstrated. Testing for impurities as part of lot-release testing should reflect the safety
risks associated with the impurity and the ability of the process to consistently remove that
impurity.
VIRAL GENE THERAPY PRODUCTS
Product-related impurities for viral vectors include aggregates and defective and immature
particles that may be produced during the manufacture or purification of the recombinant
vector. Aggregates of vector may form if the product is highly concentrated, stored under
certain conditions (e.g., under a certain pH or temperature), or reconstituted after
lyophilization. Assays to detect aggregates include particle size analysis by laser lightscattering and the use of nonreducing, nondenaturing PAGE, followed by staining of the gel or
transfer and detection of viral proteins by Western blot analysis. Sedimentation rate analysis
also allows separation of aggregates from monomers based on size. Optical density analyses of
light scattering are also used to assess vector aggregation.
Defective particles are viral particles that do not contain the appropriate recombinant
genome—that is, they contain some other nucleic acid or contain no genome at all, or the
vector has some missing, defective, or otherwise altered structural component that impairs its
ability to transduce a cell. For viral vector systems that have capsomeric symmetry that
requires the appropriate nucleic acid incorporation for configuration, empty particles may be
readily distinguished from those carrying genomes. For enveloped viruses, empty particles may
not be as readily separated from those with encapsidated nucleic acid.
For some viral vector products, active viral particles can be separated from defective
particles by using analytical HPLC. Anion-exchange resins have been used to separate active
adenovirus from defective virus particles. However, this method might not be useful for an
adenoviral vector purified by anion-exchange chromatography unless the resin for the assay is

PF 44(6): Nov.-Dec. 2018

198

different from that used during manufacture. Depending on the nature of the viral vector and
its nonactive or defective forms, other methods of separation, such as equilibrium
centrifugation in a cesium chloride density gradient, may need to precede the quantitation of
the active particle. Ideally, the method of separation will allow quantitation.
Defective particles that carry a non-cell-derived oncogene or other undesirable genes may
pose a special concern. For example, in murine-based retroviral packaging cell lines, small viral
elements called VL30 sequences can be packaged in about one-third of all particles. Assays
may be needed to quantify specific defective particles if they are known to be present in
quantities sufficient to pose a safety concern.
Virus quality and the comparability of preparations can also be assessed by measuring
selected structural proteins with known molecular masses and known copy numbers within the
virion. For this method, the virus is lysed, and the structural proteins are separated by using
reverse-phase HPLC or some other high-recovery chromatographic procedure. The
chromatographic separation should be validated, and the identity of the selected structural
proteins should be verified by methods such as SDS-PAGE, peptide sequencing, or mass
spectroscopy. Fingerprinting of the batch can be conducted based on quantification of the
selected structural proteins and comparison to a reference standard. When the method
incorporates mass spectroscopy, impurities such as structural variants can also be identified.
For adenovirus preparations, some precursor and most mature virion proteins can be detected
and distinguished, thus allowing monitoring of the product and of the immature virion forms.
Host cell-derived proteins may be considered impurities for some viral vector products and
may be separated and quantified by PAGE or HPLC or detected by amino acid analysis, Western
blot, or immunoassay-based methods. However, for enveloped viruses such as retroviruses,
host cell-derived membrane proteins are an integral part of the product. In those vector
systems, it may be difficult to determine the presence of contaminating exogenous hostderived proteins.
Presence of specific process-related impurities depends on the manufacture and purification
process of each vector or product type. However, most products need to be tested for residual
endotoxins (see Bacterial Endotoxins Test 〈85〉). Acceptable limits of endotoxins have been
determined and can be directly applied to viral vector products. Although genomic DNA derived
from continuous cell substrates used to manufacture biological products historically has been
considered potentially tumorigenic, recent studies suggest that the risks are very low.
However, every attempt should be made during process development to reduce levels of
contaminating DNA. The need to test for residual DNA as part of product lot release should be
evaluated on a case-by-case basis and may depend on the size distribution of the DNA, its
association with the product or its formulation components, and the product’s route of
administration. Quantitative PCR assays can analyze the amount of residual host-cell DNA by
using primers designed to amplify evolutionarily conserved and abundant target sequences such
as 18S for HEK293 cells.
Quantitation of residual serum components such as bovine serum albumin (BSA) can be
achieved by using ELISA and a BSA reference standard. Researchers may need to develop
specific functional or immunological methods for other ancillary products, including other culture
media or purification process components such as cytokines or enzymes (e.g.,
deoxyribonuclease 1 or benzon nuclease).
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NONVIRAL GENE THERAPY PRODUCTS
A plasmid used as a drug substance is considered a well-characterized biologic, and key
impurities from the manufacturing process are well known. Testing is usually performed on each
individual component: the plasmid DNA, lipid or lipoplex reagents, and protein components if any
are present in the formulation. Plasmid DNA is characterized for a variety of impurities, including
residual host-cell DNA, residual RNA, and residual protein. Residual protein testing is frequently
included in lot-release testing. Optical density ratios (usually the measurement at 260 nm to
that
is compared to the measurement USP43
at 280 nm) are frequently used in purity specifications for plasmid DNA.
In addition, the plasmid DNA should also be characterized with regard to its conformation in
solution. Plasmid DNA exists as monomeric supercoiled, relaxed monomer, and linear forms.
Because all forms can be generated during large-scale fermentation, and data about their
relative in vivo potency is scarce, the relative quantity of each form is monitored to verify
batch-to-batch consistency in the relative amounts of each conformation. Agarose gel
electrophoresis can resolve each of these forms but is not highly quantitative for each
individual species. Analytical anion-exchange HPLC serves as a quantitative assay for
monomeric supercoil and other forms, including concatamers. Other analytical methods that
have been valuable for characterization of plasmid constructs during process development and
validation such as capillary gel electrophoresis (CGE), linear-flow dichroism, and atomic-force
microscopy are also viable methods to assess the purity of a given plasmid preparation. The
most appropriate method for lot release depends on how each plasmid conformation affects
product potency. Specific details for each of these methods are outlined in Nucleic Acid-Based
Techniques—General 〈1125〉.
Tests should be conducted for process-related impurities such as residual organic solvents
(phenol, alcohol), salts, and certain antibiotics such as kanamycin used during the fermentation
process. Lipid and lipoplex formulation components must also be tested for their chemical
purity. Testing for specific chemical impurities is commonly performed by using GC–MS, HPLC, or
TLC methods. If protein is part of the formulated complex, then the protein must also be tested
for purity. HPLC is capable of detecting trace amounts of residual antibiotics and can therefore
be used during process validation or lot-release testing to confirm that they have been
effectively removed. The specifics of these methods are outlined in Biotechnology-Derived
Articles—Peptide Mapping 〈1055〉 or in Biotechnology-Derived Articles—Total Protein Assay
〈1057〉.
Bacterial protein, DNA, RNA, and endotoxins are the major types of host-derived process
contaminants. Standard protein assays (e.g., Lowry, Bradford, or Coomassie), PAGE followed by
silver staining or Western blot analysis, or ELISA can be used to detect residual host protein in
the nanogram range. Host chromosomal DNA can be detected by slot blot hybridization
(detection in picogram range) or by real-time PCR (detection sensitivity < 1 pg) using highly
conserved target sequences (e.g., 18S for E. coli). PCR assays for this purpose must use
recombinant polymerases that are highly purified to minimize residual bacterial DNA for which
the presence can create background signals. PAGE or agarose gel electrophoresis followed by
fluorescent dye staining can be used to detect residual RNA. Quantitation may not be required
because of the labile nature of RNA and the low-level toxicity associated with it. The Limulus
amobocyte lysate (LAL) test is the most sensitive and widely used method for endotoxins
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determination. Colorimetric assays offer sensitivities of 0.005 EU/mL. Details of the methods
described here are outlined in 〈1057〉, Biotechnology-Derived Articles—Polyacrylamide Gel
Electrophoresis 〈1056〉, Nucleic Acid-Based Techniques—Approaches for Detecting Trace
Nucleic Acids (Residual DNA Testing) 〈1130〉, 〈1125〉, and 〈85〉.
LYOPHILIZED VIRAL AND NONVIRAL VECTOR PRODUCTS
Residual moisture can affect the stability of a lyophilized vector product. FDA’s Guideline for
the Determination of Residual Moisture in Dry Biological Products recommends a 1% residual
moisture level, although data indicating no adverse effects on product stability at higher levels
is considered acceptable. Residual moisture levels can be determined by using a standard
method (see Water Determination 〈921〉) that is compatible with the formulated product.
Identity
Lot-release testing for gene therapy products must include an identity test. This test clearly
identifies the product and confirms that inadvertent substitution with another product has not
occurred. The complexity of the identity test depends on the nature of the specific product
and the array of products being manufactured. For example, more extensive and rigorous
testing may be performed for an autologous gene-modified cell therapy product at a facility
where multiple patient products are manufactured than for a viral vector product produced at a
site that manufactures a single vector product.
VIRAL GENE THERAPY PRODUCTS
For characterization purposes, restriction enzyme mapping and sequencing of the
transcription unit DNA are the most commonly used approaches. PCR-based methods,
restriction enzyme mapping, and transgene-expression-based immunoassays are commonly used
to confirm the identity during lot-release testing.
NONVIRAL GENE THERAPY PRODUCTS
Restriction enzyme mapping is the most common identity method for plasmid-based products.
The number of enzymes used to create the vector fingerprint will vary according to the
complexity of the DNA and the degree of similarity between multiple products. If lipids, lipoplex
agents, or proteins are used to formulate the DNA, then their identity must also be tested and
confirmed. Lipids and lipoplex components may be identified by procedures used for traditional
pharmaceuticals, such as GC–MS and TLC. Protein components of the formulation may be
identified by peptide mapping or other means outlined under 〈1057〉.
STABILITY
The shelf lives of gene therapy products vary widely depending on the nature of the product,
its intended clinical use, its specific attributes, and the recommended storage, packaging, and
shipping conditions. Therefore, it is difficult to draft uniform guidelines regarding stability-study
duration and testing frequency for all products. In all cases, the study should be designed on
the basis of scientifically sound principles and approaches and a comprehensive understanding
of the final therapeutic product and its intended use. The product’s stability during in-process
hold steps, cell and virus banks, critical raw materials, and reference standards also must be
assessed. A well-designed and executed stability program will provide a high degree of
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assurance that the product is stable within the specified shelf life.
For viral and nonviral vector gene therapy products and gene-modified cellular gene therapy
products that are not patient-specific, the selection of batches to support license application
and final-product labeling should be carried out in accordance with the principles of stability
testing, such as those described in ICH guideline Q5C and 〈1049〉. Stability data should also be
collected for bulk material and at other in-process points if material is stored before final
processing and filling. Issues related to the stability of cell-based products are addressed in
〈1046〉.
Nonviral DNA plasmid vectors are often formulated with specific mixtures of lipids, proteins, or
lipoconjugates to form liposomes or encapsulated complexes. Depending on the formulation, a
shelf life of hours to years can be attained. Where a product has a short shelf life, the final
formulation may require preparation at the clinic just before administration. Instability is
frequently observed as aggregation and precipitation. Formation and stability of the formulated
complex should be characterized and established by validation studies during product
development. Stability data should also be collected for major components of the formulated
complex, such as the lipids, the liposomes, and the DNA itself.
Stability-Protocol Development
Stability studies verify that the storage conditions maintain the purity and potency of the
product for a defined period so that product administered to the patient is still capable of
meeting the stability specifications. These specifications may differ from the manufacturing
release specifications, but they must be verified with clinical data. Formal stability studies to
support licensure as well as plans for gathering early-phase product stability information should
be detailed in a written plan that describes how data will be collected and analyzed to support
the product’s expiration period. Protocols should follow the format recommended in existing
guidelines and should include the scope, storage conditions, number of lots that will be tested,
test schedule, assays that will be used, data analysis, and product specifications. Any assay
used in a formal stability study for licensure must be validated before the study begins. The
specific study design should take into account the problems the product may encounter during
manufacturing, shipping, and processing at the clinical site (see Accelerated and Most
Appropriate Challenge Conditions below). The study design should also incorporate the latest
knowledge in the biological sciences and should address existing regulatory requirements. For
instance, if the product’s final formulation is performed at the clinical site, stability studies on
this final formulation should be performed to establish the time and conditions under which the
product can be held.
Stability assessment should include an evaluation of product functionality (potency). The
potency assay often has a high degree of inherent variability. Measuring and calculating the
decay of product activity by employing the standard statistical methodologies may require
multiple, frequent sampling intervals over an extended period of time and may require analysis
of more than three production lots to compensate for assay variability. Initial studies to
establish a provisional expiration date must be conducted before administration to the first
patient. Initial studies are also useful for determining which assays are stability indicating, that
is, the best indicators of product degradation. Because existing compendial methods do not
address the unique characteristics of gene therapy products, the development of assays that
would address these unique characteristics is encouraged.
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Accelerated and Most Appropriate Challenge Conditions
The stability-indicating profile of a gene therapy product varies over time under the influence
of a wide variety of environmental conditions, including temperature, extremes in physiological
storage conditions, and light. Multifactorial degradation pathways must be considered when
researchers investigate the effects of these parameters on the stability of the product. Studies
should include conditions that are outside the specified storage ranges, that is, challenge
conditions such as those encountered during periods of abnormal storage, shipping, or handling.
Examples include brief incubator malfunctions, incubator or cold storage failure, periods of
extreme temperature fluctuation due to shipping to hot or cold climates, hypobaric conditions
experienced in the cargo hold of a commercial airliner, or temperatures likely to be encountered
in the surgical suite. A short exposure to an environmental condition well outside of an
established limit and a long exposure to an environmental condition just outside of an
established acceptable range may be equally detrimental to the overall stability profile. The
slow and constant rate of product degradation at a specified temperature may increase if a
different set of storage conditions is applied. The effect of light on the stability-indicating
profile should be investigated if it is scientifically warranted. Give special attention to products
stored in fluids that contain light-sensitive or reactive components that may give rise to
cytotoxic by-products.
Studies analogous to accelerated aging studies typically used in pharmaceutical stabilitymonitoring programs are also useful to determine how the product degrades and which assays
are stability indicating. These studies can be the same as some of those mentioned in the
preceding paragraph. Other studies include placing a product at 37°, or at 18° when its normal
storage temperature is 25 ± 2°, or placing a lyophilized product in a high-humidity environment.
Such studies should be performed before formal stability studies begin so that the latter can
incorporate the validated stability-indicating assays.
STORAGE AND SHIPPING
Appropriate conditions are chosen to preserve the purity and potency of the product so that
its specification and those of its ingredients are maintained throughout storage, shipping, and
handling at the clinic. Initial studies must be conducted before patient administration to
determine acceptable storage, shipping, and handling conditions. The initial storage and
shipping conditions need not be those envisioned for the commercial product but should ensure
that the product specifications are maintained beyond the initial expiration date. For products
with short shelf lives, storage and shipping conditions, even within a medical center, must be
considered at the same time because shipping constitutes the bulk of storage time after
manufacturing. Give special consideration to the ability of gas to permeate the shipping
container, especially if the gene therapy product is stored or shipped on dry ice. Once stabilityindicating methods are developed and the final storage and shipping conditions are chosen,
these must be validated as discussed under Stability.
Most products with limited shelf lives are shipped by reliable overnight courier systems. In
some cases, highly fragile products are hand-carried onto commercial aircraft. Special
permission must be obtained by commercial carriers if scanning by airport X-ray equipment must
be avoided. Cargo shipping studies should be designed during the development of packaging
systems to identify stresses to which the product may be subjected. Bracing and insulating
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materials should then be chosen and validated to provide a packaging system that will tolerate,
and protect the product against, the extreme conditions of shipping.
Most gene therapy products can be either lyophilized or formulated by means similar to those
employed for many recombinant proteins or cell therapy products. These storage formulations
typically have expiration periods longer than 1 year and no unusual shipping requirements.
Nonviral gene therapy products, which may be unstable in their final formulation, can have
similar expiration periods if they are stored in a multiple-vial kit with the nucleic acid in 1 vial
and a carrier, such as lipids, in the other. The final formulation is performed at the medical
center just before administration.
LABELING
Product labeling is regulated by the FDA, and compliance with existing policies is required.
Because gene therapy products are regulated biologics, their labeling is subject to these rules.
Biologics and devices must meet labeling requirements specific to the container and the
package (21 CFR 610 and 801, respectively). Both the container label and the package label
must include the expiration date. If the container is packaged, then the recommended storage
conditions should be included on the outer package label. If the container is not packaged, the
recommended storage conditions and all other requirements of a package label must appear on
the container. Labeling must also comply with relevant national and international requirements.
If a product must be applied to the patient in a particular physical orientation or in a
specifically defined area, labeling that indicates the correct orientation and/or area should be
apparent even after the package is opened. Unless the product has been screened for
pathogenic or microbial contaminants before release, appropriate biohazard labeling may be
required. For products with very short shelf lives, expiration dating requires adjustment and
correction for time zones to provide the user an accurate assessment of shelf life. Clinical
procedures must be scheduled around these crucial time frames. For patient-specific products,
the patient’s full name, initials, or a combination of these will need to appear on the labeling, in
addition to lot designation, to ensure that the product is administered to the appropriate
patient.
REGULATIONS AND STANDARDS
The technologies involved in manufacturing gene therapy products have been widely
documented in the literature and continue to evolve. These products can be regulated as drugs
or biologics, or uncommonly as devices, depending on how they are manufactured and used.
The novel approaches permitted by these technologies may make it difficult to determine which
FDA centers will be involved in their regulation, and the FDA has advised manufacturers to seek
clarification in the early stages of development. Currently, the Center for Biologics Evaluation
and Research (CBER) regulates most human gene therapy products. CBER relies on both the
Public Health Service Act and the Federal Food, Drug, and Cosmetic Act. Regulation is the same
as that for biotechnology-derived products. The general requirements are described primarily in
21 CFR. The federal government has issued many guidance documents as Points to Consider or
Guidelines (see www.fda.gov). ICH guidance documents for many of the quality-related areas
are relevant in varying degrees to qualifying gene therapy products (although some products
are nominally outside the scope of the guidance documents, the principles still apply; see
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www.ifpma.org or www.ich.org). Some of these documents are reproduced in USP–NF as
general chapters. ICH has also held a number of meetings about gene therapy products and has
a Gene Therapy Discussion Group (GTDG) that addresses current issues in gene therapy
product development and research and has released several ICH Considerations that reflect
harmonized principles. The National Institutes of Health (NIH) has published Guidelines for
Research Involving Recombinant DNA Molecules that require NIH review of research, including
clinical research or trials conducted or sponsored by institutions that receive NIH funding.
These guidelines apply to many gene therapy products.
Biological and biochemical standards for quality assurance (QA) of the production and analysis
of gene therapy products are highly desirable. The diversity of gene therapy products, in
particular viral vectors, has so far limited the development of standards that have wide
applicability. A MuLV RCR preparation (VR-1450) with an assigned infectivity titer is available
from ATCC for testing murine retroviral vectors for the presence of RCR. A wild-type adenovirus
type 5 reference standard with assigned particle number and infectivity titer for
characterization of adenoviral vectors is also available from ATCC. A working group has been
set up to oversee the development of an AAV reference standard. However, several obstacles
to choosing, developing, establishing, and circulating suitable standards are apparent. These
include decisions about which virus serotype will be most commonly and successfully used for
gene therapy, availability of GMP prepared materials, safety, long-term stability, transportation,
and initiation and completion of collaborative studies to evaluate candidate standards. Thus,
development of standards for other viral vectors, including lentiviral-, herpes viral-, and
poxviral-vectors, remains challenging.
New methodologies, including proteomics, novel nucleic acid technologies (NATs), protein
modification methods, and stem cell isolation and culture, are now available and, in many
cases, are applicable to the development, characterization, and analysis of gene therapy
products. In addition, the use of synthetic polymers both for the modification of existing viral
vectors and for the development of chemically dynamic synthetic vectors provides advantages,
e.g., improved systemic circulation, better targeting and delivery, and lower levels of
immunostimulation and inflammation. The availability of defined stem cell populations and
improved engrafting methods should lead to greater effectiveness of ex vivo transduced cells
used in gene therapy protocols. The introduction of new methodologies will require the
continual review and regulatory oversight to ensure the quality and safety of gene therapy
products of the future.
Change to read:
GLOSSARY
Adenovirus: Virus belonging to the family Adenoviridae of DNA viruses having a nonenveloped
virion with 252 capsomeres and a diameter between 70 and 90 nm; a single linear molecule of
double-stranded DNA (36–38 kb); at least 10 structural ether-resistant and acid-stable
proteins; virions are released by cell destruction.
Adenovirus-associated virus (AAV): Human parvovirus contains a single-stranded DNA
genome and depends on helper viruses (adenovirus, herpes virus, or vaccinia virus) for
replication. Without co-infection, the wild-type virions integrate at a specific site on
chromosome 19 and remain latent.
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Adventitious agent: A foreign agent that is introduced accidentally or inadvertently; not
natural or hereditary (as in microbial, chemical, or biochemical contamination of a purified
substance).
Amphotropic virus: A virus that infects and replicates in cells from multiple species.
Ancillary materials: Components used during manufacturing that are not intended to be
present in the final product. Examples: growth factors, monoclonal antibodies, cell-separation
devices, and media components.
Autologous: From one’s own body.
Base pair: Two nucleotide bases on different strands of the nucleic acid molecule that bond
together.
Bioassay: Measurement of the effectiveness of a compound by its effect on animals or cells in
comparison with a standard preparation. (See also Potency
in this Glossary.) USP43
Biological product: Any virus, therapeutic serum, toxin, antitoxin, or “analogous product”
applicable to the prevention, treatment, or cure of diseases or injuries in humans. (In this US
FDA-derived definition, the term “analogous product” has been interpreted to include essentially
all biotechnology-derived products and procedures including gene therapy, transgenics, and
somatic cell therapy.)
Biotechnology: Any technique that uses living organisms (or parts of organisms) to make or
modify products, to improve plants or animals, or to develop microorganisms for specific uses.
The newer definition refers to the industrial and pharmaceutical use of rDNA, cell fusion, novel
bioprocessing techniques, and gene therapy.
Cell lines: Cells that are derived from primary culture embryos, tissue, or organs. Such cell lines
may have a finite life span or may be immortalized (modified to be able to replicate indefinitely).
Cell therapy: Therapy that uses whole cells to treat a disease, condition, or injury. Distinct
from tissue and organ transplantation.
CFTR: Cystic fibrosis transmembrane conductance regulator.
cGMP: Current good manufacturing practices. The FDA outlined cGMPs in the 21 CFR, in the
Federal Register, and its Points to Consider.
Complementary DNA (cDNA): DNA synthesized from an mRNA rather than a DNA template. It
is used for cloning or as a DNA probe for locating specific genes.
Cytokine: Any factor that acts on cells; usually a protein that promotes growth.
Cytoplasm: Cellular material that is within the cell membrane and surrounds the nucleus.
Cytotoxic: Able to cause cell death.
Differentiation: A process of biochemical and structural changes by which cells become
specialized in form and function.
Ecotropic virus: A virus that infects and replicates in cells from only the original host species.
Electroporation: Method for enabling transfer of material into cells that involves use of a brief
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electrical field to create temporary pores in the cell membrane.
Enzyme-linked immunosorbent assay (ELISA): An immunoassay that utilizes an enzymelabeled antigen or antibody to detect the binding of a molecule to a solid matrix.
Enveloped viruses: Viruses containing a lipoprotein bilayer surrounding the capsid and
acquired by budding through the cell membrane of the host cells.
Episomal: Pertaining to any accessory extra-chromosomal genetic material.
Ex vivo: Procedure performed outside of the living organism.
Fluorescence-activated cell sorter (FACS): A machine that sorts cells based on fluorescent
markers attached to them.
Formulated: Prepared in accordance with a prescribed method or conditions.
Fusion: Joining of the membrane of two cells, creating a daughter that contains some of the
same properties from each parent cell. It is used in making hybridoma cells in which antibodyproducing cells are fused to mouse myeloma cells.
Gene construct: Expression vector that contains the coding sequence of the protein and the
necessary elements for its expression.
Gene therapy: Therapy that uses nucleic acid that is subsequently expressed as RNA or
protein to treat a disease or condition. The US FDA defines gene therapy products as products
containing genetic material administered to modify or manipulate the expression of genetic
material to alter the biological properties of living cells.
Genome: Total hereditary material of a cell.
Germ cell: Reproductive cell (sperm or egg), gamete, or sex cell.
Graft-versus-host disease (GVHD): Rejection of the transplanted tissue by the host. It is the
leading cause of patient death when mismatched allogeneic tissue is used.
Growth factors: Factors responsible for regulatory cell proliferation, function, and
differentiation.
Helper virus: Aids the development of a defective virus by supplying or restoring the activity
of a viral gene or by enabling the defective virus to form a functional envelope.
Hematopoietic: Pertaining to or affecting the formation of blood cells.
Hepatocyte: The predominant cell type in the liver that has an important role in metabolism
and is a source of serum proteins. These cells generally do not divide, but when injured they
can divide and regenerate until the injured cells are replaced.
Herpes simplex virus (HSV): A DNA virus that is a member of the family Herpesviridae. It can
infect both warm- and cold-blooded vertebrates by contact between moist mucosal surfaces.
Human leukocyte antigen (HLA): Proteins controlled by the major histocompatibility complex.
These proteins play a key role in determining transplant compatibility.
Humoral: Pertaining to elements found in body fluids (for example, humoral immunity and
neutralizing antibodies).
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Hybridization dot blot (DNA or RNA): A technique for detecting, analyzing, and identifying
protein; similar to the Western blot but without electrophoretic separation of proteins.
Immunoassay: Technique for identifying substances based on the use of antibodies.
Insertional mutagenesis: A type of mutation that is caused by the insertion of nucleic acid
into a host-cell chromosome. There are multiple possible negative consequences of such an
event, including death of a cell if an essential gene is inactivated or predisposition to cancer if
a tumor suppressor gene is inactivated.
Integration: Assimilation (insertion via covalent binding) of genetic material (DNA) into the
chromosome of a recipient cell.
Intrabodies: Intracellular antibodies that are not secreted and that are designed to bind and
inactivate target molecules inside cells.
In vivo: Procedure performed in the living organism.
In vitro: Procedure performed outside of the living organism. It may involve cells or tissues
derived from the organisms.
Leukemia: Malignant neoplasm of the blood-forming tissues.
Lipoplex: A formulation of lipids and polymers and/or proteins.
Liposome: A spherical lipid bilayer
or multiple lipid bilayers USP43
enclosing an aqueous compartment.
See Injections 〈1〉. USP43
Mock run: A test run that deliberately omits some critical reagents.
Monoclonal antibodies: Antibodies that are derived from a single cell clone.
Naked DNA: Isolated, purified, and uncomplexed DNA (no protein or lipid).
Oligonucleotide: A polymer consisting of a small number of nucleotides, usually 5–30.
USP43

Oncogenes: Genes associated with neoplastic proliferation (cancer) following a mutation or
perturbation in their expression.
Oncogenic: Cancer-causing.
Packaging cell line: Cell line that produces proteins required for packaging and production of
viral vectors in an active form but does not produce replication-competent virus. It
complements at the protein level what the vector is lacking genetically.
Parvovirus: DNA viruses of the family Parvoviridae. Host range includes many vertebrate
species. Small, linear chain, single-stranded DNA with terminal hairpin loops.
Plasmid: A small circular form of DNA that carries certain genes and is capable of replicating
independently in a host cell.
Polymerase chain reaction (PCR): Technique to amplify a target DNA or RNA sequence of
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nucleotides by repeated cycles of polymerase-based copying, resulting in geometric increases
in copy number.
Potency: A quantitative measure of biological activity based on the attribute of the product
linked to the relevant biological properties.
Process validation: Means for providing documentation that the manufacturing process is
controlled, reproducible, and capable of consistently producing a product that meets
predetermined specifications.
Producer cell line: An established cell line used to produce virus vectors, often on a large
scale.
Promoter: DNA sequence that is located at the front of a gene and controls gene expression.
It is required for binding of RNA polymerase to initiate transcription.
Recombinant DNA: DNA produced by joining fragments of DNA from different sources by in
vitro manipulations.
Replication-competent virus: A virus that can complete an entire replication cycle without a
need for a helper virus; an autonomously replicating virus.
Restriction endonuclease: An endonuclease that recognizes a specific sequence of bases
within double-stranded DNA.
Retrovirus: A virus that contains reverse transcriptase, which converts viral RNA into DNA that
then integrates into the host cell in a form called a provirus.
Serum-free: Refers to cell growth medium that lacks a serum component.
Southern blot: Southern blotting refers to the transfer of DNA from an agarose or
polyacrylamide gel to a nitrocellulose or nylon membrane. USP43
S phase: Synthesis phase. Part of the cell cycle during which DNA replication occurs .
Stem cell: Immortal cell that is capable of proliferating and differentiating into different types
of specialized cells. Each major tissue system is thought to have its own putative stem cell.
Suspension culture: Cells capable of growth in suspension, not requiring substrate
(attachment) on which to grow.
Transduction: Transfer and expression of genetic material into a cell by means of a virus or
phage vector.
Transfection: Transfer of DNA into cells by physical means such as by calcium phosphate
coprecipitation.
Transgene: Refers to the foreign genetic material delivered as part of a vector construct.
Vector: The agent (plasmid, virus, or liposome–protein or DNA–protein complex) used to
introduce nucleic acid into a cell.
Viability: State of being alive and functional.
Virion: An elementary viral particle consisting of genetic material (nucleocapsid) and a protein
covering.
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Virus: Submicroscopic infectious agent that contains genetic information necessary for
reproduction. It is an obligate intracellular parasite.
Western blot: An electroblotting method in which proteins are transferred from a gel to a thin,
rigid support (e.g., nitrocellulose membrane) and detected by binding radioactively labeled
antibody or antibody coupled to an enzyme, allowing use of a precipitating chromogenic or
chemiluminescent substrate.
Xenogeneic: From a different species.
Change to read:
APPENDIX
Lists of Relevant Regulatory References
Gene therapy products are regulated by the FDA as biologics, and therefore their
manufacturing, testing, labeling, and other factors are subject to the requirements codified in
CFR and FDA guidance documents (www.fda.gov). Additional guidance is provided in ICH
guidelines (www.ich.org). Manufacturers of gene therapy products that seek markets outside
the US should refer to regulatory documents from relevant countries. Beyond USP chapters, the
following lists include regulatory documents, as well as best practices for the development,
manufacturing, quality control, and quality assurance of gene therapy products.
CFR
21 CFR 210
21 CFR 211
21 CFR 600s
21 CFR 610 Subpart G
21 CFR 801
21 CFR 820
Code of Federal Regulations (CFR)
Regulations
21 CFR 210
21 CFR 211
21 CFR 600s
21 CFR 610
Subpart G
21 CFR 801
21 CFR 820
USP43

Title
Current Good Manufacturing Practice in Manufacturing, Processing,
Packing, or Holding of Drugs; General
Current Good Manufacturing Practice for Finished Pharmaceuticals
Biological Products: General
General Biological Products Standards—Labeling Standards
Labeling
Quality System Regulation
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FDA Guidance Documents
Guideline for the Determination of Residual Moisture in Dried Biological Products,
January 1990.
Guidance for Industry: Human Somatic Cell Therapy and Gene Therapy, March 1998.

https://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/G
USP43

Guidance for Industry: Supplemental Guidance on Testing for Replication Competent
Retrovirus in Retroviral Vector Based Gene Therapy Products and During Follow-up of
Patients in Clinical Trials Using Retroviral Vectors, October 2000
November 2006.
https://www.fda.gov/downloads/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/gui
USP43

Guidance for Industry: Investigating Out-of-Specification (OOS) Test Results for
Pharmaceutical Production, October 2006.
https://www.fda.gov/downloads/drugs/guidances/ucm070287.pdf. USP43
Guidance for FDA Reviewers and Sponsors: Content and Review of Chemistry,
Manufacturing, and Control (CMC) Information for Human Gene Therapy Investigational
New Drug Applications (INDs), April 2008.

https://www.fda.gov/downloads/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/gui
USP43

Draft
USP43

Guidance for Industry: Potency Tests for Cellular and Gene Therapy Products, October
2008
January 2011.
https://www.fda.gov/downloads/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/gui
USP43

National and International Regulatory Documents
ICH Q5A(R1): Viral Safety Evaluation of Biotechnology Products Derived from Cell Lines
of Human or Animal Origin.
Available at: http://www.ich.org. USP43
ICH Q5C: Quality of Biotechnological Products: Stability Testing of
Biotechnological/Biological Products.
Available at: http://www.ich.org. USP43
ICH Q5D: Quality of Biotechnological Products: Derivation and Characterisation of Cell
Substrates Used for Production of Biotechnological/Biological Products.
Available at: http://www.ich.org. USP43
ICH Q6B Specifications: Test Procedures and Acceptance Criteria for
Biotechnological/Biological Products.
Available at: http://www.ich.org. USP43
ICH Q2(R1): Validation of Analytical Procedures: Text and Methodology.
Available at: http://www.ich.org. USP43
NIH Guidelines for Research Involving Recombinant DNA
or Synthetic Nucleic Acid USP43
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USP43

Molecules.
Available at: https://osp.od.nih.gov/biotechnology/nih-guidelines/.

USP43

Recent Official Publications:
USP42–NF37 Page 7312
BRIEFING

〈 1092〉 The Dissolution Procedure: Development and Validation, USP 41 page 7178. This
general information chapter is being revised following review by the General Chapters—Dosage
Forms Expert Committee pursuant to their 2015–2020 workplan. The following sections have
been revised as described.
1. 1.2 Determining Solubility and Stability of Drug Substance in Various Media has been
divided into two subsections, 1.2.1 Solubility and 1.2.2 Stability to discuss these two
separate activities more explicitly. A reference to the USP Dissolution Methods Database
is included to direct the reader to this important information. A reference is made to the
proposed new general information chapter Solubility Measurements 〈1236〉. Chapter
〈1236〉, proposed in PF 44(5) [Sept.–Oct. 2018], provides guidance on solubility
determination that will be useful to readers of this chapter. Should 〈1236〉 not become
official with USP 43, this reference will be omitted and considered for a later revision.
2. 1.3 Choosing a Medium and Volume contains a new presentation of the USP definition
for sink conditions. The new text is intended to more clearly describe the volume
relationships involved than the current text.
3. 2.4.1 Time Points has been updated to recognize test timing that has changed in recent
FDA guidances.
4. A new reference is added to 2.5 Data Handling. This reference speaks to situations with
low solubility drug substances where an oral solution may not be available for
demonstrating bioavailability. This reference provides a method to provide an initial
estimate of in vivo dissolution that can be used as a target for the in vitro dissolution
profile.
5. A new figure is introduced in 3.4 Analytical Procedure that graphically demonstrates
generalized situations encountered in the analysis of dissolution samples where the
dissolved drug substance is derivatized or degraded, fully or partially.
6. 5.3 Accuracy/Recovery contains added illustrations of situations for delayed-release
products where the drug substance is released into the acidic medium used in the acidstage testing but once dissolved, degrades partially. These situations must be
considered in validation and, it is to be noted, are not acknowledged in Dissolution
〈711〉, Acceptance Table 3.
7. 6.5.2 Delayed-Release Dosage Forms has been updated to include discussion of acidresistant delayed-release dosage forms where the results of acid-stage testing need to
consider not only the dissolved drug substance but also any degraded drug substance.
The further implications when considering conformance with tolerances for subsequent
testing in buffer are also discussed.
Other changes for clarity or to include up-to-date terminology are found throughout the
chapter.
Additionally, minor editorial changes have been made to update the chapter to current USP
style.
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〈 1092〉 THE DISSOLUTION PROCEDURE: DEVELOPMENT AND VALIDATION
Change to read:
INTRODUCTION
Purpose
This chapter provides a comprehensive approach covering items to consider for developing
and validating dissolution procedures and the accompanying analytical procedures. It addresses
the use of automation throughout the test and provides guidance and criteria for validation. It
also addresses the treatment of the data generated and the interpretation of acceptance
criteria for immediate- and modified-release solid oral dosage forms.
Scope
This chapter addresses the development and validation of dissolution procedures, with a
focus on solid oral dosage forms. Many of the concepts presented, however, may be applicable
to other dosage forms and routes of administration. General recommendations are given with
the understanding that modifications of the apparatus and procedures as given in USP general
chapters need to be justified.
The organization of this chapter follows the sequence of actions often performed in the
development and validation of a dissolution test. The sections appear in the following
sequence.
1. PRELIMINARY ASSESSMENT (FOR EARLY STAGES OF PRODUCT DEVELOPMENT/DISSOLUTION
METHOD DEVELOPMENT)
1.1 Performing Filter Compatibility
1.2 Determining Solubility and Stability of Drug Substance in Various Media
1.2.1 Solubility
1.2.2 Stability
USP43

1.3 Choosing a Medium and Volume
1.4 Choosing an Apparatus
2. METHOD DEVELOPMENT
2.1 Deaeration
2.2 Sinkers
2.3 Agitation
2.4 Study Design
2.4.1 Time Points
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2.4.2 Observations
2.4.3 Sampling
2.4.4 Cleaning
2.5 Data Handling
2.6 Dissolution Procedure Assessment
3. ANALYTICAL FINISH
3.1 Sample Processing
3.2 Filters
3.3 Centrifugation
3.4 Analytical Procedure
3.5 Spectrophotometric Analysis
3.6 HPLC
Chromatography USP43
4. AUTOMATION
4.1 Medium Preparation
4.2 Sample Introduction and Timing
4.3 Sampling and Filtration
4.4 Cleaning
4.5 Operating Software and Computation of Results
4.6 Common Deviations from the Compendial Procedures that May Require Validation
5. VALIDATION
5.1 Specificity/Placebo Interference
5.2 Linearity and Range
5.3 Accuracy/Recovery
5.4 Precision
5.4.1 Repeatability of Analysis
5.4.2 Intermediate Precision/Ruggedness
5.4.3 Reproducibility
5.5 Robustness
5.6 Stability of Standard and Sample Solutions
5.7 Considerations for Automation
6. ACCEPTANCE CRITERIA
6.1 Immediate-Release Dosage Forms
6.2 Delayed-Release Dosage Forms
6.3 Extended-Release Dosage Forms
6.4 Multiple Dissolution Tests
6.5 Interpretation of Dissolution Results
6.5.1 Immediate-Release Dosage Forms
6.5.2 Delayed-Release Dosage Forms
6.5.3 Extended-Release Dosage Forms
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Change to read:
1.PRELIMINARY ASSESSMENT (FOR EARLY STAGES OF PRODUCT
DEVELOPMENT/DISSOLUTION METHOD DEVELOPMENT)
Before method development can begin, it is important to characterize the molecule
drug substance USP43
so that the filter,
dissolution USP43
medium, volume of medium, and apparatus can be chosen properly in order to evaluate the
performance of the dosage form.
Throughout the chapter, it is assumed that the drug substance is the analyte, unless
otherwise stated. The analyte is the compound whose concentration is being measured. In
some cases, however, the analyte may be a degradation product or a derivatized product
whose concentration is reflective of the dissolution rate of the drug substance. USP43
1.1Performing Filter Compatibility
Filtration is a key sample preparation step in achieving accurate test results. The purpose of
filtration is to remove undissolved drug and excipients from the withdrawn solution. If not
removed from the sample solution, particles of the drug will continue to dissolve and can bias
the results. Therefore, filtering the dissolution samples is usually necessary and should be done
immediately if the filter is not positioned on the cannula.
Filtration also removes insoluble excipients that may otherwise interfere with the analytical
finish. Selection of the proper filter material is important and should be accomplished, and
experimentally justified, early in the development of the dissolution procedure. Important
characteristics to consider when choosing a filter material are type, filter size, and pore size.
The filter that is selected based on evaluation during the early stages of dissolution procedure
development may need to be reconsidered at a later time point. Requalification has to be
considered after a change in composition of the drug product or changes in the quality of the
ingredients (e.g., particle size of microcrystalline cellulose).
Examples of filters used in dissolution testing can be cannula filters, filter disks or frits, filter
tips, or syringe filters. The filter material has to
should USP43
be compatible with the media and the drug
substance. USP43
Common pore sizes range from 0.20 to 70 µm, however, filters of other pore sizes can be used
as needed. If the drug substance particle size is very small (e.g., micronized or nanoparticles),
it can be challenging to find a filter pore size that excludes these small particles.
Adsorption of the drug(s)
drug substance(s) USP43
by the filter may occur and needs to be evaluated. Filter materials will interact with dissolution
media to affect the recovery of the individual solutes and must be considered on a case-bycase basis. Different filter materials exhibit different drug-binding properties. Percentage of drug
loss from the filtrate due to binding may be dependent on the drug concentration. Therefore
the adsorptive interference should be evaluated on sample solutions at different concentrations
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bracketing the expected concentration range. Where the drug adsorption is saturable,
discarding an initial volume of filtrate may allow the collection of a subsequent solution that
approaches the original solution concentration. Alternative filter materials that minimize
adsorptive interference can usually be found. Prewetting of the filter with the medium may be
necessary. In addition, it is important that leachables from the filter do not interfere with the
analytical procedure
finish. USP43
This
condition USP43
can be evaluated by analyzing the filtered dissolution medium and comparing it with the
unfiltered medium.
The filter size should be based on the volume to be withdrawn and the amount of particles to
be separated. Use of the correct filter dimensions will improve throughput and recovery, and
also reduce clogging. Use of a large filter for small-volume filtration can lead to loss of sample
through hold-up volume, whereas filtration through small filter sizes needs higher pressures and
longer times, and the filters can clog quickly.
Filters used for USP Apparatus 4 need special attention because they are integrated in the
flow-through process. Undissolved particles may deposit on the filters, creating resistance to
the flow.
In the case of automated systems, selection of the filter with regard to material and pore
size can be done in a similar manner to manual filtration. Flow rate through the filter and
clogging may be critical for filters used in automated systems. Experimental verification that a
filter is appropriate may be accomplished by comparing the responses for filtered and unfiltered
standard and sample solutions. This is done by first preparing a suitable standard solution and a
sample solution. For example, prepare a typical dissolution sample in a beaker and stir
vigorously with a magnetic stirrer to dissolve the drug load completely. For standard solutions,
compare the results for filtered solutions (after discarding the appropriate volume) to those for
the unfiltered solutions. For sample solutions, compare the results for filtered solutions (after
discarding the appropriate volume) to those for centrifuged, unfiltered solutions.
1.2 Determining Solubility and Stability of Drug Substance in Various Media
1.2.1 SOLUBILITY

USP43

Physical and chemical characteristics of the drug substance need to be determined as part of
the process of selecting the proper dissolution medium. When deciding the composition of the
medium for dissolution testing, it is important to evaluate the influence of buffers, pH, and if
needed, different surfactants on the solubility and stability of the drug substance. Solubility of
the drug substance is usually evaluated by determining the saturation concentration of the
drug in different media at 37° using the shake-flask solubility method (equilibrium solubility
, see Solubility Measurements 〈1236〉). USP43
To level out potential ion effects between the drug substance and the buffers used in the
media, mixtures of hydrochloric acid and sodium hydroxide are used to perform solubility
investigations; this is in addition to the typical buffer solutions. In certain cases, it may be
necessary to evaluate the solubility of the drug substance at temperatures other than 37°
(i.e., 25°). The pH of the clear supernatant should be checked to determine whether the pH
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changes during the solubility test. Alternative approaches for solubility determination may also
be used
(such as dynamic solubility, potentiometric titration, or turbidity measurement methods).
USP43

Typical media for dissolution may include the following (not listed in order of preference):
diluted hydrochloric acid, buffers (phosphate or acetate) in the pH range of 1.2–7.5
6.8, USP43
simulated gastric or intestinal fluid (with or without enzymes), and water. For some drugs
drug substances, USP43
incompatibility of the drug
substance USP43
with certain buffers or salts may influence the choice of buffer. The molarity
concentration USP43
of the buffers and acids used can influence the solubilizing effect, and this factor may be
evaluated.
Aqueous solutions (acidic or buffer solutions) may contain a percentage of a
USP43

surfactant [e.g., sodium dodecyl sulfate (SDS), polysorbate, or lauryldimethylamine oxide]
USP43

to enhance the solubility of the drug substance. The surfactants selected for the solubility
investigations should cover all common surfactant types, i.e., anionic, nonionic, and cationic.
When a suitable surfactant has been identified, different concentrations of that surfactant
should be investigated to identify the lowest concentration needed to achieve sink conditions.
Typically, the surfactant concentration is above its critical micellar concentration (CMC). Table
1 shows a list of some of the surfactants used in dissolution media. Approximate CMC values
are provided with references when available. The list is not comprehensive and is not intended
to exclude surfactants that are not listed. Other substances, such as hydroxypropyl βcyclodextrin, have been used as dissolution media additives to enhance dissolution of poorly
soluble compounds
compounds with low solubility. USP43
The US FDA
and USP USP43
maintain databases of dissolution methods, including information on dissolution media that have
been used (1
,2 USP43
). Typically
Ideally, USP43
the amount of surfactant added is sufficient to achieve sink conditions in the desired volume of
dissolution medium.
With some formulations, the use of surfactant concentrations that produce less than sink
conditions may be more suitable. Appropriate surfactant concentration is formulation dependent
and should be verified by testing the formulation. USP43
It is important to control the grade and purity of surfactants because use of different grades
could affect the solubility of the drug. For example, sodium dodecyl sulfate (SDS) is available in
both a technical grade and a high-purity grade. Obtaining polysorbate 80 from different sources
can affect its suitability when performing HPLC analysis.
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There may be effects of counter-ions or pH on the solubility or solution stability of the
surfactant solutions. For example, a precipitate forms when the potassium salt of the
phosphate buffer is used at a concentration of 0.5 M in combination with SDS. This can be
avoided by using the sodium phosphate salt when preparing media with SDS.
Table 1. Commonly Used Surfactants with Critical Micelle Concentrations
CMC
(%
Surfactant
wt/volume)
Reference
SDS; sodium lauryl sulfate (SLS)
0.18–0.23
(3–5)
Taurocholic acid sodium salt
0.2
(4)
Cholic acid sodium salt
0.16
(4)
Anionic
Desoxycholic acid sodium salt
0.12
(4)
Cetyltrimethyl ammonium bromide (CTAB,
0.033–0.036
Hexadecyltrimethylammonium bromide)
(0.92–1.0 mM)
(6,7)
Cationic
Benzethonium chloride (Hyamine 1622)
0.18 (4 mM)
(3)
Polysorbate 20 (Polyoxyethylene (20)
sorbitan
monolaurate, Tween 20)
0.07–0.09
(4,8)
Polysorbate 80 (Polyoxyethylene (20)
sorbitan
monooleate, Tween 80)
0.02–0.08
(4,8)
Caprylocaproyl polyoxyl-8 glycerides
(Labrasol)
0.01
(5)
Polyoxyl 35 castor oil (Cremophor EL)
0.02
(9)
Polyoxyethylene 23 lauryl ether (Brij 35)
0.013
(10)
Nonionic
Octoxinol (Triton X-100)
0.01–0.03
(4,11)
Zwitterion Lauryldimethylamine N-oxide (LDAO)
0.023
(12)
Routinely, the dissolution medium is buffered; however, the use of purified water as the
dissolution medium is suitable for products with a dissolution behavior independent of the pH of
the medium. There are several reasons why purified water may not be preferred. The water
quality can vary depending on its source, and the pH of the water is not as strictly controlled
as the pH of buffer solutions. Additionally, the pH can vary from day to day and can also
change during the run, depending on the drug substance and excipients. Use of an aqueous–
organic solvent mixture as a dissolution medium is discouraged; however, with proper
justification this type of medium may be acceptable.
1.2.2 STABILITY
Investigations of the stability of the drug substance should be carried out in the selected
dissolution medium alone and with excipients present, at 37°. This elevated temperature has
the potential to increase degradation. Stability should allow for sufficient time to complete or
repeat the analytical procedure. In some cases, antioxidants may be used in the dissolution
medium to improve the chemical stability of the drug substance in the dissolution medium.
The solution containing the drug substance is stored under conditions that ensure stability.
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The stability of this solution is analyzed over a specified period of time (for at least the time of
the entire dissolution procedure), using a freshly prepared solution at each time interval for
comparison. The acceptable range for solution stability is influenced by the drug concentration
and is typically between 98% and 102% of the expected final concentration.
The solution containing the drug substance in the presence of excipients is typically stored at
room temperature. This solution is analyzed over a specified period of time, using the original
solution response for comparison. The typical acceptable range for solution stability may be
between 98% and 102%, compared with the initial analysis of the solutions. If the solution is
not stable, aspects to consider include temperature (refrigeration may be needed), light
protection, and container material (plastic or glass). If degradation still occurs, refer to 3.4
Analytical Procedure for guidance on quantification of the drug substance and degradation
products.
The procedure may state that the solutions need to be analyzed within a time period
demonstrating acceptable solution stability.
Physical stability also may be of concern. Precipitation may occur because of lower solubility
at room temperature than at the temperature of the dissolution test. USP43
1.3 Choosing a Medium and Volume
When developing a dissolution procedure, one goal is to have sink conditions, which are
defined as having a volume of medium at least three times the volume required to form a
saturated solution of drug substance. When sink conditions are present, it is more likely that
dissolution results will reflect the properties of the dosage form. A medium that fails to provide
sink conditions may be acceptable if it is appropriately justified. The composition and volume of
dissolution medium are guided by the solubility investigations. For example, the choice and
concentration of a surfactant need to be justified from the solubility data and the dissolution
profiles.
(V) at least three times the volume required to form a saturated solution (Vsat) of the drug
substance; that is, V/Vsat ≥ 3. On the other hand, if the V/Vsat ratio is too large, the dissolution
test may not detect critical changes in the formulation and manufacturing process. When the
medium and volume chosen provide proper sink conditions, it is more likely that dissolution
results will reflect the properties of the dosage form and will be able to discriminate between an
acceptable and an unacceptable batch. A medium that fails to provide sink conditions (V/Vsat <
3) may be acceptable if it is appropriately justified. The composition and volume of dissolution
medium are guided by the solubility investigations. For example, the choice and concentration
of a surfactant needs to be justified from the solubility data and the dissolution profiles of the
product candidates. Appropriate surfactant concentration in the dissolution medium is
formulation dependent and should be verified by testing the formulation. USP43
The use of enzymes in the dissolution medium is permitted, in accordance with Dissolution
〈711〉, when dissolution failures occur as a result of cross-linking with gelatin capsules or
gelatin-coated products. A discussion of the phenomenon of cross-linking and method
development using enzymes can be found in Capsules—Dissolution Testing and Related Quality
Attributes 〈1094〉. Validation should be performed with the method using enzymes according to
5. Validation.
Another option is to use media that follow more closely the composition of fluids in the
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stomach and intestinal tract. These media may contain physiological surface-active ingredients,
such as taurocholates. The media also may contain emulsifiers (lecithin) and components such
as saline solution that increase osmolality. Also, the ionic strength or molarity of the buffer
solutions may be manipulated
adjusted. USP43
The media are designed to represent the fed and fasted state in the stomach and small
intestine. These media may be very useful in modeling in vivo dissolution behavior of immediaterelease (IR) dosage forms, in particular those containing lipophilic drug substances, and may
help in understanding the dissolution kinetics of the product related to the physiological makeup of the digestive fluids. Results of successful modeling of dissolution kinetics have been
published, mainly for IR products. In the case of extended-release dosage forms with reduced
effect of the drug substance on dissolution behavior, the use of such media needs to be
evaluated differently. In vitro performance testing does not necessarily require media modeling
the fasted and postprandial states (13,14).
An acid stage is part of the testing of delayed-release products by Dissolution 〈711〉,
Procedure, Apparatus 1 and Apparatus 2, Delayed-Released Dosage Forms, Method A or
Delayed-Released Dosage Forms, Method B. For drug
substances USP43
with acid solubility
solubility in acidic media USP43
less than 10% of the label claim or drugs that degrade in acid
those that degrade in acidic media, USP43
the usefulness of the acid stage in detecting a coating failure is compromised. This would be
handled on a case-by-case basis. Possible resolutions include the addition of surfactant to the
acid stage, or adjustment of the specifications
(see 6.5.2 Delayed-Release Dosage Forms). USP43
During selection of the dissolution medium, care should be taken to ensure that the drug
substance is suitably stable throughout the analysis. In some cases, antioxidants such as
ascorbic acid may be used in the dissolution medium to stabilize the drug. There are occasions
where such actions are not sufficient. For compounds that rapidly degrade to form a stable
degradant, monitoring the degradant alone or in combination with a drug substance may be
more suitable than analyzing only the drug substance. In situ spectroscopic techniques tend to
be less affected by degradation when compared with HPLC analysis (including UHPLC and other
liquid chromatographic approaches).
There are occasions where such actions are not sufficient. For compounds that rapidly
degrade to form a stable degradation product, monitoring the degradation product alone or in
combination with a drug substance may be more suitable than analyzing only the drug
substance. Refer to 3.4 Analytical Procedure. USP43
For compendial Apparatus 1 (basket) and Apparatus 2 (paddle), the volume of the dissolution
medium can vary from 500 to 1000 mL. Usually, the volume needed for the dissolution test can
be determined in order to maintain sink conditions. In some cases, the volume can be increased
to between 2 and 4 L, using larger vessels and depending on the concentration and sink
conditions of the drug; justification for this approach is expected. In practice, the volume of
the dissolution medium is usually maintained within the compendial range given above.
Alternatively, it may be preferable to switch to other compendial apparatus, such as a
reciprocating cylinder (Apparatus 3), reciprocating holder (Apparatus 7), or flow-through cell
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(Apparatus 4). Certain applications may require low volumes of dissolution media (e.g., 100–200
mL) when the use of a paddle or basket is preferred. In these cases, an alternative,
noncompendial apparatus (e.g., small-volume apparatus) may be used.
1.4 Choosing an Apparatus
The choice of apparatus is based on knowledge of the formulation design and the practical
aspects of dosage form performance in the in vitro test system. In general, a compendial
apparatus should be selected.
For solid oral dosage forms, Apparatus 1 and Apparatus 2 are used most frequently. When
Apparatus 1 or Apparatus 2 is not appropriate, another official apparatus may be used.
Apparatus 3 (reciprocating cylinder) has been found especially useful for chewable tablets, soft
gelatin capsules, delayed-release dosage forms, and nondisintegrating-type products, such as
coated beads. Apparatus 4 (flow-through cell) may offer advantages for modified-release
dosage forms and immediate-release dosage forms that contain active ingredients with limited
solubility. In addition, Apparatus 4 may have utility for multiple dosage form types such as soft
gelatin capsules, beaded products, suppositories, or depot dosage forms, as well as
suspension-type extended-release dosage forms. Apparatus 5 (paddle over disk) and Apparatus
6 (rotating cylinder) are useful for evaluating and testing transdermal dosage forms. Apparatus
7 (reciprocating holder) has application to non-disintegrating, oral modified-release dosage
forms, stents, and implants, as well as transdermal dosage forms. For semisolid dosage forms,
the generally used apparatus include the vertical diffusion cell, immersion cell, and flow-through
cell apparatus with the insert for topical dosage forms (see Semisolid Drug Products—
Performance Tests 〈1724〉).
Some changes can be made to the compendial apparatus; for example, a basket mesh size
other than the typical 40-mesh basket (e.g., 10-, 20-, or 80-mesh) may be used when the
need is clearly documented by supporting data. Care must be taken that baskets are uniform
and meet the dimensional requirements specified in 〈711〉.
A noncompendial apparatus may have some utility with proper justification, qualification, and
documentation of superiority over the standard equipment. For example, a small-volume
apparatus with mini paddles and baskets may be considered for low-dosage strength products.
A rotating bottle or dialysis tubes may have utility for microspheres and implants, peak vessels,
and modified flow-through cells for special dosage forms including powders and stents.
Change to read:
2.METHOD DEVELOPMENT
A properly designed test should yield data that are not highly variable, and
ideally USP43
should be free of significant stability problems. High variability in the results can make it difficult
to identify trends or effects of formulation changes. Sample size
The number of dosage units tested USP43
can affect the observed variability. One guidance defines dissolution results as highly variable if
the relative standard deviation (RSD) is more than 20% at time points of 10 min or less and
more than 10% at later time points for a sample size of 12 (14). However, during method
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development, smaller sample sizes may be used, and the analyst will need to make a judgment
accordingly.
12 dosage units tested (15). USP43
Most dissolution results, however, exhibit less variability. In the development of a dissolution
procedure the source of the variability should be investigated, and attempts should be made to
reduce variability whenever possible. The two most likely causes are the formulation itself (e.g.,
drug substance, excipients, or manufacturing process) or artifacts associated with the test
procedure (e.g., coning, tablets sticking to the vessel wall or basket screen). Visual
observations are often helpful for understanding the source of the variability and whether the
dissolution test itself is contributing to the variability. Any time the dosage contents do not
disperse freely throughout the vessel in a uniform fashion, aberrant results can occur.
Depending on the problem, the usual remedies include changing any of the following factors:
the apparatus type, speed of agitation, level of deaeration, sinker type, or composition of the
medium.
Many causes of variability can be found in the formulation and manufacturing process. For
example, poor content uniformity, process inconsistencies, excipient interactions or
interference, film
USP43

coating, capsule shell aging, and hardening or softening of the dosage form on stability
during storage USP43
may be sources of variability and interferences.
2.1 Deaeration
The significance of deaeration of the dissolution medium should be determined because air
bubbles can act as a barrier to the dissolution process if present on the dosage unit or basket
mesh and can adversely affect the reliability of the test results. Furthermore, bubbles can
cause particles to cling to the apparatus and vessel walls. Bubbles on the dosage unit may
increase buoyancy, leading to an increase in the dissolution rate, or may decrease the available
surface area, leading to a decrease in the dissolution rate. Poorly soluble drugs
Low-solubility drug substances USP43
are most sensitive to interference from air bubbles; therefore, deaeration may be needed when
testing these types of products. A deaeration method is described as a footnote in Dissolution
〈711〉, Procedure. Typical steps include heating the medium, filtering, and drawing a vacuum for
a short period of time. Other methods of deaeration are available and are in routine use
throughout the industry. Once a suitable deaeration process is identified, it should be
documented as part of the dissolution procedure. The extent of deaeration can be evaluated
by measuring the total dissolved gas pressure or by measuring the concentration of dissolved
oxygen in water. For example, an oxygen concentration below 6 mg/L has been found effective
as a marker for adequate deaeration of water for Dissolution 〈711〉, Apparatus, Apparatus
Suitability, Performance verification test with USP Prednisone Tablets RS.
Media containing surfactants usually are not deaerated because the process results in
excessive foaming, and usually
foaming, and because USP43
the effect of dissolved air on the dissolution process is
usually USP43
mitigated by the reduced surface tension of the medium. Sometimes, deaerating the medium
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before adding surfactants can be effective.
To determine whether deaeration of the medium is necessary, compare results from
dissolution samples run in non-deaerated medium and medium deaerated using a compendial
technique, as described above. If no effect of deaeration is detected, this experiment could
serve as justification that deaeration is not required in the future. If there is an effect,
however, then it is necessary to carefully control this parameter, and it is prudent to
characterize the robustness of the deaeration process. The dissolved gas content of deaerated
media under atmospheric pressure is unstable and will tend toward saturation. Manipulation of
the deaerated medium such as stirring or pouring can increase the rate at which atmospheric
gases are redissolved.
2.2 Sinkers
Sinkers are often used to adjust the buoyancy of dosage forms that would otherwise float
during testing with Apparatus 2. When sinkers are used, a detailed description of the sinker
must be provided in the written procedure. It may be useful to evaluate different sinker types,
recognizing that sinkers can significantly influence the dissolution profile
behavior USP43
of a dosage unit. When transferring the procedure, the same sinkers should be used, or if a
different design is used, it should be shown to produce equivalent results. There are several
types of commercially available sinkers. A harmonized sinker is described in Dissolution 〈711〉,
Figure 2a.
A standard sinker can be made by using the appropriate length of wire and coiling it around a
cylinder. For materials, use 316 stainless steel wire, typically 0.032 inch/20 gauge, or other
inert material, and wind the wire around cylinders of appropriate diameter (e.g., cork borers) for
an appropriate number of turns to fit the capsule shell type. Sizes are shown in Table 2. The
ends of the coil can be curved to retain the capsule within the sinker when they are immersed.
Because the ends of the wire may be rough, they may need to be filed. If the sinker is
handmade, the sinker material and construction procedure instructions should be documented
(e.g., dimension, design, number of coils); if a commercial sinker is used, the vendor part
number should be reported if available.
Table 2. Wire Sinkers Used With Common Capsule Shell Sizes
Length of Wire
Diameter Size
Capsule Shell Size
(cm)
(cm)
Cork Bore Number
#0, elongated
12
0.8
4
#1 and #2
10
0.7
3
#3 and #4
8
0.55
2
Although sinkers are typically used to keep the dosage form at the bottom of the vessel,
they can also be used to keep dosage forms from sticking to the vessel (e.g., film-coated
tablets). The sinker should be appropriate to the dosage form; therefore, the same sinker size
may not be suitable for all dosage-form sizes. The sinker should not be too tight around the
dosage form because this may restrict interaction with the medium. Conversely, if wrapped too
loosely, the dosage form may escape soon after the test begins. The sinker should be small
enough that the capsule does not change its orientation within the sinker. Care should be
taken when testing capsules that have some cross-linking present, to keep the sticky shell
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from attaching to the vessel bottom. In this case, the harmonized sinker design provided in
Dissolution 〈711〉, Figure 2a will be advantageous.
2.3 Agitation
For immediate-release capsule or tablet formulations, Apparatus 1 (baskets) at 50–100 rpm or
Apparatus 2 (paddles) at 50 or 75 rpm are commonly used. Other agitation speeds are
acceptable with appropriate justification. Rates outside 25–150 rpm for both the paddle and the
basket are usually not appropriate because of mixing inconsistencies that can be generated by
stirring too slow or too fast. Agitation rates between 25 and 50 rpm are generally acceptable
for suspensions.
For dosage forms that exhibit coning (mounding) under the paddle at 50 rpm, the coning can
be reduced by increasing the paddle speed to 75 rpm, thus reducing the artifact and improving
reducing variability in USP43
the data. If justified, 100 rpm may be used with Apparatus 2, especially for extended-release
products. Decreasing or increasing the apparatus rotation speed may be justified if to achieve
an in vitro–in vivo correlation (IVIVC) the resulting profiles better reflect in vivo performance, or
if the method results in better discrimination without adversely affecting method variability.
Apparatus 3 (reciprocating cylinder) can be used at dip rates ranging from 5 to 30 dips/min.
The hydrodynamics are influenced by the cylinder’s reciprocating motion and the resulting
movement of the sample in the medium. The reciprocating motion of the cylinder and screen
may cause foaming if the medium contains surfactants. Addition of an anti-foaming agent such
as simethicone or n-octanol may be useful for avoiding foaming from surfactants.
Apparatus 4 (flow-through cell) is described in 〈711〉 with standard flow rates of 4, 8, and 16
mL/min. Other flow rates for Apparatus 4 can be used if justified and if within the capacity of
the pump to conform with the requirements in 〈711〉. Agitation in Apparatus 4 is not only related
to the pump speed but can also be affected by cell diameter. At a set flow rate, as measured
by volume, the 12-mm cell will develop a greater linear fluid velocity than is achieved in the
22.6-mm cell. Apparatus 4 can be configured with the addition of glass beads in the entry cone
of the flow-through cell (packed column) or without glass beads (open column).
The flow characteristics of the flow-through cell are discussed in the scientific literature
(16). The placement of the sample in the flow-through cell will influence the flow patterns that
occur and thus should be a consideration in the attempt to reduce variability of the results.
2.4 Study Design
Selection of the agitation rate and other study design elements for the dosage form, whether
immediate release or modified release, should conform to the requirements and specifications
(i.e., apparatus, procedures, and interpretation) given in 〈711〉.
2.4.1 TIME POINTS
For immediate-release dosage forms, the duration of the dissolution procedure is typically 30
15 USP43
–60 min; in most cases, a single time point specification is adequate for pharmacopeial
purposes. For method development, however, a sufficient number of time points should be
selected to adequately characterize the ascending and plateau phases of the dissolution curve.
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Industrial and regulatory concepts of product comparability and performance may require
additional time points, which may also be required for product registration or approval.
According to the Biopharmaceutics Classification System referred to in several FDA Guidances,
highly soluble, highly permeable
Highly soluble USP43
drugs formulated into very rapidly dissolving products need not be subjected to a profile
comparison if they can be shown to release 85% or more of the drug substance within 15 min.
For these types of products, a one-point test or disintegration
USP43

will suffice. However, most products do not fall into this category. Dissolution profiles of
immediate-release products typically show a gradual increase reaching 85%–100% at about 30–
45 min. Thus, sufficient dissolution time points are chosen to characterize the performance for
most immediate-release products. For some products, including suspensions, useful information
may be obtained from earlier points, e.g., 5–10 min. For slower-dissolving products, time points
later than 60 min may be useful. Dissolution test times for compendial tests are usually
established on the basis of an evaluation of the dissolution profile data.
The f2 similarity factor may not be
is not USP43
useful when more than 85% is dissolved at 15 min. If the f2 similarity factor is to be used,
multiple time points for the dissolution test are required, with at least two time points with
mean percent dissolved (typically for n = 12) below
NMT USP43
85% dissolved and only one point above 85% for both products (17). Therefore, the addition of
early time points may be useful.
The use of the f2 similarity factor in the comparison of dissolution profiles is discussed in
Assessment of Drug Product Performance—Bioavailability, Bioequivalence, and Dissolution
〈1090〉. USP43
For testing an extended-release dosage form, at least three time points are chosen, to guard
against dose dumping, to define the in vitro release profile, and to show that essentially
complete release (>80%) of the drug is achieved. Additional sampling times may be useful.
Certain IVIVC criteria, such as Level B correlation (according to In Vitro and In Vivo Evaluation
of Dosage Forms 〈1088〉), require the experimental determination of the time to dissolve 100%
of the label claim. Selection of the final time points is reflective of the drug release profile data
that are generated during development. For products containing more than a single active
ingredient, determine the drug release for each active ingredient.
Delayed-release dosage forms usually require specifications for at least two time points;
therefore, it is important during development to evaluate the entire dissolution profile. In the
case of enteric-coated dosage forms, the functionality of the coating is usually proven by
challenge in an acid medium, followed by a demonstration of dissolution in a higher-pH medium.
Chapter 〈711〉 gives a standard buffer medium for that stage of testing but other media may be
used if justified. The timing of the acid stage is typically 2 h, and release in the buffer is similar
to the timing for immediate-release forms. For delayed-release dosage forms that are not
enteric-coated, the setting of specifications is different. Unlike delayed release,
USP43

The onset of release is not determined by the experimental design, which is the pH change;
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multivariate specifications, therefore, may be needed to define time ranges and corresponding
percentage ranges.
So-called infinity points can be useful during development studies. To obtain an infinity point,
the paddle or basket speed is increased at the end of the run (after the last time point) for a
sustained period (typically, 15–60 min), after which time an additional sample is taken. Although
there is no requirement for 100% dissolution in the profile, the infinity point can be compared to
content uniformity data and may provide useful information about formulation characteristics
during initial development or about method bias.
2.4.2 OBSERVATIONS
Visual observations and recordings of product dissolution and disintegration behavior are
useful because dissolution and disintegration patterns can be indicative of variables in the
formulation or manufacturing process. For visual observation, proper lighting (with appropriate
consideration of photo-degradation) of the vessel contents and clear visibility in the bath
into the vessel USP43
are essential. Documenting observations by drawing sketches and taking photographs or videos
taking photographs or videos and by drawing sketches USP43
can be instructive and helpful for those who are not able to observe the real-time dissolution
test. Observations are especially useful during method development and formulation
optimization. It is important to record observations of all 6
USP43

vessels to determine if the observation is seen in all 6
USP43

vessels, or just a few. If the test is performed to assist with formulation development, provide
any unique observations to the formulator. Examples of typical observations include, but are
not limited to, the following:
1. Uneven distribution of particles throughout the vessel. This can occur when particles
cling to the sides of the vessel, when there is coning or mounding directly under the
apparatus (e.g., below the basket or paddle), when particles float at the surface of the
medium, when film-coated tablets stick to the vessel, and/or when off-center mounds
are formed.
2. Air bubbles on the inside of the vessel or on the apparatus or dosage unit. Sheen on the
apparatus is also a sign of air bubbles. This observation would typically be made when
assessing the need to deaerate the medium.
3. Dancing or spinning of the dosage unit, or the dosage unit being hit by the paddle.
4. Adhesion of particles to the paddle or the inside of the basket, which may be observed
upon removal of the stirring device at the end of the run.
5. Pellicles or analogous formations, such as transparent sacs or rubbery, swollen masses
surrounding the capsule contents.
6. Presence of large floating particles or chunks of the dosage unit, especially at the
surface of the media.
7. Observation of the disintegration rate (e.g., percentage reduction in size of the dosage
unit within a certain time frame).
8. Complex disintegration of the coating of modified or enteric-coated products [e.g., the
partial opening and splitting apart (similar to a clamshell) or incomplete opening of the
shell], accompanied by the release of air bubbles and excipients.
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9. Whether the dosage form lands in the vessel center or off-center, and if off-center,
whether it sticks there.
10. Time required for the complete dissolution of the capsule shell or for tablet
disintegration.
Observations also help to document that the proper procedure has been followed, or more
importantly, that a deviation has occurred. Examples include the confirmation that a dosage
form
unit USP43
is actually in the vessel during the test or that more than one dosage form are inadvertently in
the same vessel, or that a filter from the autosampler has dropped into the vessel.
2.4.3 SAMPLING
Manual: For manual sampling, use chemically inert devices (e.g., polymeric or glass syringes,
and polymeric or stainless steel cannula), a filter, and/or a filter holder. The sampling site must
conform to specifications in 〈711〉. When the agitation conditions are very slow, e.g., a 50-rpm
basket, care should be taken to sample consistently in the same location in the vessel because
there may be a concentration gradient; avoid sampling very close to the shaft or vessel wall.
During method development, a decision should be made regarding whether to replace the media
after each time point. Replacement is not preferred because the dosage unit may be disturbed
during delivery of the media. However, replacement may be necessary if maintaining sink
conditions is a challenge. With replacement, the volume used in the calculations remains the
same throughout the time points, but there is some drug substance withdrawn with each
sample that will need to be accounted for in the calculations.
Metal surfaces may interact with the sample. For example, adsorption onto metal surfaces
may occur, or the metal surfaces may release metal ions into aqueous media. The ions can
then catalyze degradation reactions, leading to artifacts during the analytical procedures. The
surfaces of stirring elements and metal locks of syringes may be sources of interference to
accurate sampling.
Autosampling: Autosampling is discussed in 4. Automation.
2.4.4 CLEANING
Importance is placed on evaluation of the cleaning process between tests. Changes of
dissolution medium and/or product necessitate the need for cleaning. Residues on the vessels
can affect the results (e.g., adsorbed residues may dissolve and alter subsequent media
properties or interfere with the sample analysis), and effective cleaning will return them to a
suitable state. Automated systems are discussed in 4.4 Cleaning.
2.5 Data Handling
Dissolution rates are calculated from the change in drug concentration in the dissolution
medium. For procedures in which the volume of medium is fixed, such as for Apparatus 1 and
Apparatus 2 testing of immediate-release dosage forms with only one sampling time, the
concentration of the sample is multiplied by the medium volume to arrive at the mass of drug
dissolved usually expressed as percentage of label claim. When multiple time points are taken,
the total amount of drug removed at earlier time points should be assessed and may be part of
the calculation of the amount dissolved, if considered important. Similarly, if the medium volume
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is not fixed, for example, when the sample volume is not replaced in testing extended-release
products, the change in medium volume must be part of the calculation for successive sampling
points. Dissolution tests performed with Apparatus 4 in the closed-loop configuration with in
situ detection provide a convenient control of the medium volume. For testing with Apparatus 4
in the open configuration, the test time and flow rate will determine the volume of medium used
in the dissolution calculations.
Dissolution results can be evaluated as either cumulative rates or fractional rates. Cumulative
rates represent the sum of all drug dissolution that occurs during an interval (Figure 1).
Fractional rates are assessed at a specific time point or during a portion of the total test time
(Figure 2). Typically, the rate of release will be expressed as either mass or percentage of label
claim per unit time. For most compendial dissolution testing, the dissolution rate is expressed as
a percentage of the label claim dissolved at the indicated test time.

Figure 1. An example of a plot of dissolution as a cumulative process. Concentration, C, is the
amount of drug released per volume of medium, and t represents time. This type of plot is
readily observed in constant-volume dissolution systems, such as Apparatus 1 or Apparatus 2,
or Apparatus 4 in closed-loop configuration.
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Figure 2. An example of a plot of the observed concentration of the sample taken for an
interval that is negligibly small in relation to the time of the overall dissolution process. This
concentration is propositional
proportional USP43
to the instantaneous or fractional dissolution rate (dc/dt). This type of plot is readily observed
in continuous-flow dissolution systems, such as Apparatus 4 in open-loop
open USP43
configuration.
Cumulative dissolution profiles represent the total amount of drug dissolved from the
formulation over time. When cumulative dissolution is measured in a constant-volume system,
no correction for the amount lost in sampling needs to be made. If sample is removed from the
system, the amount consumed in analysis must be accounted for in the calculation.
Recirculated sampling with Apparatus 1 or Apparatus 2, or with Apparatus 4 in the closed-loop
configuration (Figure 3), are all examples of systems that will produce cumulative dissolution
rates. With Apparatus 4 in the open configuration (Figure 4), cumulative rates accounting for
the total amount of drug dissolved across the testing interval are obtained by collecting and
analyzing the entire outflow from each individual flow-through cell. With Apparatus 3 (Figure 5),
the medium in each tube is sampled at the end of the programmed interval, and the analyzed
concentration represents the cumulative dissolution rate during that interval.
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Figure 3. Apparatus 4 in the closed-loop configuration.
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Figure 4. Apparatus 4 in the open-loop
open USP43
configuration. The sample can be collected in fractions, as shown at the top. The medium can
be changed by using successive reservoirs.
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Figure 5. The progression that is possible for one reciprocating cylinder from Apparatus 3. The
reciprocating cylinder can move from vessel to vessel. This feature facilitates changing the
dissolution medium and testing for different intervals in successive tubes.
Fractional dissolution rates are typically measured for a discrete interval. A series of such
rates will produce a step function as the dissolution profile. At any time, the cumulative
dissolution rate from this type of profile is the sum of the preceding intervals. This type of
profile is represented by Apparatus 3 using multiple tubes or Apparatus 4 in the open-loop
open USP43
configuration where the total outflow is collected and analyzed for successive intervals.
A number of algebraic and numerical methods exist for transforming cumulative and fractional
dissolution results. The difference in amount released for successive time points can be
calculated, and the average release rate is determined by the formula:
Result = (M2 − M1)/(t 2 − t 1)
Where:
M = mass or percentage of label claim
t = time
As the difference of t 2 from t 1 is reduced, the average rate can be considered to approach
an instantaneous rate. Sampling considerations and physical constraints on measurement of the
mass transfer at the medium interface of the dosage form make the measurement of true
instantaneous dissolution impractical for routine determination in the laboratory. Fractional
dissolution is measured for intervals where the difference between t 2 and t 1 is small, relative to
the total test time. The design of Apparatus 4 in the open configuration permits a direct
measurement of the fractional dissolution over small time intervals. For example, if a 4-mL
fraction of outflow for Apparatus 4 running 16 mL/min is sampled, either by in situ detection or
offline, the amount of drug detected represents the dissolution occurring in a 15-s interval.
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Pooled dissolution has been used in a number of monographs. The pooled dissolution
procedure produces an average release rate for the units tested by combining equal volumes
from each vessel or cell and performing analysis of only the one resulting solution. Because this
approach uses only the average release rate for comparison with the acceptance table, the
pooled dissolution procedure has been viewed as reducing the amount of data available from
the dissolution test and, thus, reducing its value. However, it should be noted that the pooling
of equal sample volumes is equivalent, from a calculation standpoint, to determining the
arithmetic mean of the individual sample results.
The use of the f2 similarity factor in the comparison of dissolution profiles is discussed in
Assessment of Drug Product Performance—Bioavailability, Bioequivalence, and Dissolution
〈1090〉.

USP43

For the purpose of correlation with in vivo data, parameters of mathematical models are
obtained by fitting to dissolution data to establish a continuous functional relationship called
IVIVC (see 〈1088〉).
In the case of low-solubility drug substances, an oral solution for demonstrating
bioavailability (BA) may not be available, therefore, plasma drug concentration time profiles
from human permeability predictions and the first in-human trial can be used to synthesize
pharmacokinetic profiles for a solution and provide an initial estimate of the in vivo dissolution
profile that can be used as a target for the in vitro dissolution profile (18). USP43
2.6 Dissolution Procedure Assessment
The dissolution procedure requires an apparatus, a dissolution medium, and test conditions
that together provide a method that is sensitive to changes in critical quality attributes yet
of a drug product, yet it is USP43
sufficiently rugged and reproducible for day-to-day operation. The method should be able to be
transferred
transferrable USP43
between laboratories.
The ideal dissolution procedure will not contribute an unacceptable degree of variability and
will provide a profile with adequate points below 85% dissolved. If 85% dissolved occurs before
15 min, then f2 comparisons may not be appropriate.
USP43

There are many ways to challenge the sensitivity of the method. One option is to compare
dissolution profiles of formulations that are intentionally manufactured with meaningful
variations for the most relevant critical manufacturing variables, for example, ±10%–20%
change to the ranges of these variables. Similarly, samples that have been stressed may be
used to demonstrate sensitivity to changes on stability
during storage. USP43
This concept may be used to establish the factors that are most significant in their influence
on the dissolution rate. These studies can focus on either the dissolution parameters (e.g.,
media concentration, agitation rate, and deaeration) or the product attributes (e.g., excipient
ratios, particle size, compression). The ultimate goal is to understand the release mechanisms
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and determine whether the dissolution procedure can show change in the critical quality
attributes of a drug product.
Change to read:
3.ANALYTICAL FINISH
The dissolution step has been described as an involved sample preparation. The sample
handling and analytical procedure that are used to determine the amount of drug substance
dissolved during the dissolution procedure are termed the “analytical finish”. Although
spectrophotometric determinations and HPLC are used most commonly and are discussed in this
chapter, any suitable analytical technology may be used. Section 5. Validation describes
criteria for the methods.
3.1 Sample Processing
After the samples are withdrawn from the dissolution medium, they may require additional
processing to make them suitable for the analytical methodology used to determine the amount
released. For example, filtration may be
is often USP43
used to remove undissolved particulate matter, or samples may need to be protected from
exposure to light or may need refrigerated storage. In addition, samples may have to be diluted
to a level that is within the linear range of the method. With analysis by HPLC, dilution of the
sample with mobile phase may be necessary to reduce the effect on the separation of injecting
the dissolution medium. Other types of treatment may be necessary depending on the product
formulation, such as the inactivation or elimination of interference caused by components of
the formulation by the addition of appropriate reagents. However, separation may not be
possible or needed in all cases. In some cases, in situ measurements obtained with methods
such as fiber optics or electrochemical determination may be useful.
3.2 Filters
The topic of filtration is discussed in 1.1 Performing Filter Compatibility.
3.3 Centrifugation
Centrifugation of samples is not preferred, for several reasons: dissolution can continue to
occur until the solids are removed, a concentration gradient may form in the supernatant, and
energy imparted may lead to increased dissolution of the drug substance particles. Possible
exceptions, when centrifugation could be preferred, might include the use with compounds that
adsorb onto all common filters, or situations when the potential filter leachables and
extractables might interfere in the quantitative step of the dissolution test (e.g., when
fluorescence procedures are used in quantitation). Centrifugation may prove useful during
method development for evaluating the suitability of the filter material.
3.4 Analytical Procedure
The usual assay for a dissolution sample employs either a spectrophotometric procedure or a
liquid chromatographic procedure. Spectrophotometric determination may be direct or may
provide the detection for HPLC. Spectrophotometric determination is used often because
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results can be obtained faster, the analysis is simpler, it is easier to automate, and fewer
solvents are needed. The use of direct spectrophotometric determination typically requires
confirmation of specificity. HPLC is preferred for a number of reasons such as providing a wide
dynamic range that reduces the need to dilute some samples while also providing sensitivity in
the analysis of dilute samples, and greater selectivity when excipients or multiple drugs in the
formulation present a significant interference. Modern HPLC
chromatographic USP43
systems employ autosamplers that provide speed and simplicity advantages comparable to
spectrophotometric analysis.
Ideally, the response of the drug substance is measured (see Figure 6, Case 1).

Figure 6. Cases representing the analysis when degradation or derivatization occurs. RRF =
relative response factor.
When degradation of the drug substance occurs, it is necessary to adjust the analysis in
recognition of that fact. When degradation of the drug substance is quantitative in the
standard and sample solutions (Case 2A) or when the drug substance is quantitatively
derivatized in the standard and sample solutions (Case 2B), measurement of the degraded or
derivatized material is acceptable, and no correction for relative response factor (RRF) is
needed. In cases in which the drug substance is not stable in the sample solution and is stable
in the standard solution (Cases 3A and 3B), chromatography is the preferred analytical finish
and response factors of the degradation product and drug substance must be used in the
calculations. If spectrophotometry is chosen as the analytical finish, the analytical wavelength
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must be at the isosbestic point of the drug substance and degradation product.
USP43

3.5 Spectrophotometric Analysis
Direct spectrophotometric analysis may be performed on samples that are manually
introduced to the cuvette. Alternatively, samples may be automatically introduced into the
spectrophotometer using autosippers and flow cells. Routine performance checks, cleaning, and
maintenance, as described in the standard operating procedures (SOPs) or metrology
documents, help to ensure reliable operation of these instruments. Cells with path lengths
ranging from 0.02 to 1 cm are typically used, and longer path-length cuvettes can be used to
increase the range for quantification of dilute samples. Cell alignment and air bubbles could be
sources of error. The shorter path-length cells are used to avoid diluting the sample; in all
cases, however, acceptable linearity and standard error need to be demonstrated.
The choice of wavelength for the determination should be based on the spectrum of the drug
in solution. In some cases, where the drug substance can degrade in the dissolution medium
(e.g., dosage forms containing aspirin) it is useful to carry out the measurements
the measurements must be made USP43
at the isosbestic point. Excipients can also have effects,
interfere with the analytical finish, USP43
but performing analysis at multiple wavelengths can minimize their effects. The contribution of
the absorbance from an excipient at the analytical wavelength can sometimes be determined
by ratio from its absorbance at a wavelength where the absorbance of the drug substance is
minimal.
Using a validated analytical finish, standard solutions are typically prepared in dissolution
media
medium USP43
and analyzed at just one concentration, either at 100% of the dosage strength or the selected
Q value because linearity of the analytical finish has been established. Prior to validation,
dissolution profile analysis, or analysis of products of various strengths, requires using multiple
standard solutions covering the expected range of concentration. A typical media blank,
standard, and sample may be analyzed in a sequence that brackets the sample with standards
and blanks, especially at the beginning and end of the analysis.
In a typical sequence, the medium blank and standard bracket the sample solutions,
especially at the beginning and end of the analysis. If the sample solution is analyzed in
sequence with the blank and standard solutions, it may provide evidence of consistent
analytical conditions or may signal changes over the time course of the analysis that could
affect quantification. USP43
The standard and sample solutions should both be prepared in the dissolution medium in the
linear concentration range and measured at the same wavelength. However, small amounts of
an organic solvent may be used in the preparation of the standard, provided that the accuracy
criteria can be met during validation.
The absorptivity is calculated by dividing the mean standard absorbance by the
concentration, in mg/mL, divided
and USP43
by the cell path length in cm. A rearrangement of the Beer–Lambert expression gives the
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absorptivity, a, as:
a = A/bc
A = absorbance
b = path length (cm)
c = concentration (mg/mL)
Typical units for absorptivity that are used for dissolution testing are in terms of AU · mL/mg,
where AU is absorbance unit. Historical data may be used to provide an acceptable absorptivity
range for the analyte (using the appropriate path-length cell
cell path length). USP43
This value may be useful in troubleshooting aberrant data.
Fiber optics as a sampling and determinative method, with proper validation, is an option.
3.6 HPLC
Chromatography

USP43

For HPLC
liquid chromatographic USP43
analysis, the effect on the chromatogram of peaks resulting from injection of dissolution media
medium USP43
require enumeration. A large solvent disturbance may affect accuracy and precision of response
if it is poorly resolved from the peak of interest. This is even more important if large injection
volumes (>100 µL) are needed. System suitability tests may evaluate peak shape; separation
of the main peak from solvent disturbance and from closely eluting peaks; and injection
precision. At a minimum, the precision is critical.
Ideally, the standard solutions should be diluted with the dissolution media
medium USP43
at a concentration within the linear range of the method, e.g., 100%, or the selected Q value
of the dosage strength. However, organic solvent may be used in the preparation of the
standard, provided that the accuracy criteria can be met during validation. In some cases, the
sample may be diluted with mobile phase to improve the peak shape. The standard and sample
solutions should both be prepared in the linear concentration range and measured at the same
wavelength.
A similar sequencing of standard, sample, and blank solutions described for
spectrophotometric analysis in 3.5 Spectrophotometric Analysis can be used. USP43
4.AUTOMATION
Automated dissolution systems may be configured in various ways and degrees. The elements
of test preparation, initiation, sampling and timing, and cleaning all can be automated. Fully
automated systems are available, as are systems where individual steps, such as media
preparation or sampling, are automated. This section will discuss operational steps that can be
automated. The level of complexity for automation depends on whether the instrument
configuration is open or closed loop and also whether the analytical device is coupled online or
offline. Online analysis returns the sample aliquot to the test system, as in the case of
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spectrophotometry with flow-through cuvettes. Offline analysis removes the sample aliquot
from the dissolution medium for subsequent analysis, typically by HPLC, where the analysis
consumes the sample. The decision on the configuration usually depends on the number of
samples to be processed and the time required for their analysis.
Automation may require deviations from the pharmacopeial specifications of the instruments,
such as incorporation of an integrated outlet on the bottom of the vessel for cleaning and
replacement of medium.
Operational steps that are not part of the compendial procedure should be validated.
Deviations from the standard procedure described in 〈711〉, such as use of sampling probes or
fiber-optic probes, should be validated against the standard procedure.
4.1 Medium Preparation
Automated media preparation generally is accomplished by diluting concentrates. Automated
media preparation systems typically dispense the volume of medium into the vessel by
monitoring either the weight or volume. Chemical and physical stability of the concentrates as
well as homogeneity of the dilutions over the intended period of use are important issues and
should be understood. Concentrates of buffer solutions and surfactants may have stability
issues, such as chemical degradation and pH change. Physical instability may manifest as
precipitation, re-crystallization, or phase separation and should be prevented.
If deaeration of the medium is required, the level of deaeration should be specified.
The concentration of the dissolved oxygen can be used to evaluate the efficiency of
deaeration procedures discussed in 2.1 Deaeration.
4.2 Sample Introduction and Timing
Samples should be inserted in the vessel in a reproducible way. Automated sample
introduction and aliquot withdrawal provide an advantage over manual sampling because the
automated techniques can reduce the variability in the vessel-to-vessel timing of the test
intervals. However, automated sample handling may impose timing limitations that need to be
considered. The pharmacopeial tolerance of ±2% of the specified dissolution test time may be
difficult to meet for early time points.
4.3 Sampling and Filtration
Autosampling is a useful alternative to manual sampling, especially if the test includes several
time points. The transfer and filtration of sample solutions from the dissolution instrument to
the analytical unit may be undertaken via tube connections or via robotic devices operated in a
stepwise procedure. Sample volumes may be removed from the dissolution medium and not
returned (consumptive sampling), or the sample volume may be returned to the dissolution
medium (recirculated sampling).
There are many brands of autosamplers, including semi-automated and fully automated
systems. Routine performance checks, cleaning, and maintenance, as described in the pertinent
SOPs or metrology documents, help to ensure reliable operation of these devices.
Sampling probes may or may not remain in the vessel throughout the entire run. Sampling
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probes or fiber-optic probes can disturb the hydrodynamics of the vessel; therefore, adequate
validation should be performed to ensure that the probes are not causing a significant change
in the dissolution rate. If filters are used that are different from those used for manual
sampling, then these different filters should also be evaluated separately. The position of the
pharmacopeial sampling zone for Apparatus 1 and Apparatus 2 is midway from the top of the
stirring element to the medium surface and depends on the medium volume. Sampling probes
should pull the sample from the sampling zone. Instruments for which the sampling occurs
through the hollow shaft should be designed with a means to adjust the depth of the inlet
aperture to allow conformance with this requirement. The programmed sampling volume
depends on the dead volume of the tubing, cuvettes, and other devices and has to be adjusted
accordingly.
A recirculated sampling alignment can be operated either by discharging the tubing contents
into the vessel after each sampling or by allowing the tubing to remain filled with solution in the
intervals between sampling points. In the latter case, the dead volume and carryover effects
are important considerations.
The need for sample volume replacement should be considered. In consumptive sampling with
multiple sampling time points, the withdrawn volume may be replaced with an equal volume of
fresh medium. The sampling volume may be critical if, in total, it exceeds 1% of the stated
volume of dissolution medium required by the procedure. If it can be shown that replacement of
the medium is not necessary, the volume change must be part of the calculation of results. See
2.5 Data Handling.
Carryover may occur when subsequent samples are affected by residues or conditions of
previous samples; the effect of the first sample or condition “carries over” to the second. In
liquid handling, residues of liquids previously in the sample solution may contaminate subsequent
sample solutions. Dissolution media containing surfactants or lipids may present problems.
Carryover may occur for successive samples taken over a multiple time-point test, as well as at
the beginning of a new test due to the cleaning solution. This topic is discussed in 4.4
Cleaning.
Interaction of dissolved drug substance with the sampling and transfer devices is an
important consideration. When adsorption of the dissolved drug substance occurs, it most often
involves surfaces of the dissolution apparatus or sampling filters and tubing. Adsorption may be
pH dependent in the case of charged, dissolved drug substance. Adsorption of the dissolved
drug to the parts of the sampling device should be assessed using a typical sample solution
(dissolution sample from the product or drug substance with formulation matrix) with known
concentration. The typical design is a cross-validation with aliquots of the same sample
solution passing and bypassing the sampling device (including the sampling probe, filter, tubing,
valves, and pump). There is no general recommendation that may give preference to any kind
of material or equipment construction (e.g., glass or specific polymers). See 5.7 Considerations
for Automation for more information.
In addition to the information in 2.4.3 Sampling, connections of pumps and tubing may be
sources of contamination in automated systems. Interferences with the spectroscopic
analytical procedures, which are commonly used for dissolution testing, are less of a concern.
However, interferences must be evaluated if the product under investigation contains low-dose
metal salts, as do some dietary supplements.
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Liquid transfer usually is undertaken via polymeric tubing. Inert materials such as
polytetrafluoroethylene (PTFE) sometimes cannot be used because of their mechanical
properties. Where flexible tubes are required, for example, in peristaltic pumps or for coiling in a
small radius, polypropylene (PP) or high-density polyethylene (HDPE) may be the preferred
materials. Depending on the type of polymer and its crystallinity and density, leaching of
constituents, mainly plasticizers, may occur. Leachables can interfere with the analytical
procedure. The concentration leached to the sample solution usually depends on the surface,
the temperature, the exposure time, the hydrodynamic conditions, and the composition of the
media.
4.4 Cleaning
In addition to the information in 2.4.4 Cleaning, automated systems have specific cleaning
issues. For example, evaluation of the effectiveness of purging and rinsing between sampling
times and within-run condition of the tubing is recommended. Also it is important to evaluate
the cleaning process between tests.
4.5 Operating Software and Computation of Results
The software systems for data evaluation and instrument operation must be validated as per
21 Code of Federal Regulations (CFR) 11 (19).
4.6 Common Deviations from the Compendial Procedures that May Require Validation
Some common areas of deviation from compendial procedures include the following:
Sample introduction relative to start of spindle rotation
Residence time and positioning of sampling probes
Recirculated versus consumptive sampling
Sample volume replacement in consumptive sampling
Change to read:
5.VALIDATION
The validation topics described in this section are typical but not all-inclusive and can be
viewed in the context of Validation of Compendial Procedures 〈1225〉 as well as the
International Council for Harmonisation (ICH) document, Validation of Analytical Procedures:
Text and Methodology (20). Validation for both parts of the dissolution procedure, the
analytical finish and the dissolution step, will be discussed in this section. The dissolution step
is the release of the drug in the dissolution medium and sampling. The analytical finish
is the quantification of the analyte and USP43
is defined in 3. Analytical Finish. Validation of the analytical finish will evaluate the attributes,
linearity and range, precision, specificity, accuracy/recovery, robustness, and stability of the
sample and standard solutions. Validation of the dissolution step will include evaluation of
precision and robustness of the dissolution sample preparation. Validation of the analytical finish
is performed either using a standard solution or spiked placebo or by the method of standard
addition (spiked drug product as described in Validation of Compendial Procedures 〈1225〉,
Validation, Analytical Performance Characteristics, Accuracy), as specified in the sections
below. Validation of the dissolution step requires the use of a well-characterized dosage form
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(e.g., having tight content uniformity and uniform performance).
See Table 3 for an overview guide. USP43
Depending on the parameter of interest, validation of the sample handling and analytical
procedure can be performed in situ, e.g., within the dissolution vessel. The validation
parameters addressed and the extent of the validation may vary, depending on the phase of
development or the intended use for the data.
The acceptance criteria are presented as guidelines only, and may differ for some products.
Manufacturers should document the appropriate acceptance criteria for their products in
pertinent SOPs or in validation protocols. Other considerations may be important for special
dosage forms. Validation studies should be performed across the range of profile time points.
For products containing more than a single active ingredient, the dissolution procedure needs
to be validated for each active ingredient. It is expected that investigations into filter
suitability and the potential for glass adsorption will have been undertaken already (see 1.1
Performing Filter Compatibility). Validation of these assessments may occur during spiked
recovery experiments.
Table 3. Samples Used in the Assessment of Validation Attributes
Analytical
Dissolution
Attribute
Comment
Finish
Procedure
—

STD;a SP* b

—

—

STD; SP*
SP*
STD; SP*

—
—
WCDF c

SP*

WCDF

SP*

WCDF

Robustness
SP*
a STD: Standard solution (preferred material).
b SP*: Spiked placebo (standard addition method is acceptable).
c WCDF: Well-characterized dosage form.

WCDF

Linearity
Range (linear, accuracy,
precision)
Accuracy/recovery
Repeatability
Intermediate precision
Reproducibility

—
Individual preparations
Two analysts/one
laboratory
Two analysts/two
laboratories
Deliberate changes to
parameters

USP43

5.1 Specificity/Placebo Interference
It is necessary to demonstrate that the results are not unduly affected by placebo
constituents, other active drugs, or degradants
potential degradation products from the dissolved drug substance in the dissolution medium.
USP43

The placebo consists of all the excipients and coatings, with inks and capsule shells included if
appropriate, without the active ingredient
drug substance. USP43
Placebo interference can be evaluated by using a spiked placebo that is prepared by weighing
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samples of the placebo blend, dissolving or dispersing them in dissolution medium at
concentrations that would be encountered during testing, and adding a known amount of the
drug in solution. It may be preferable to perform this experiment at 37°, comparing the solution
to a standard solution at the concentration expected to be encountered during testing, by
using the formula:
Result = (AP/AS) × CS × (V/L) × 100
Where:
AP = absorbance
or response USP43
of the placebo
AS = absorbance
or response USP43
of the standard
CS = concentration of the standard (mg/mL)
V = volume of the medium (mL)
L = label claim (mg)
The blank is the dissolution medium without dissolved sample, and it is treated in the same
manner as the sample. The effect of the absorbance of the blank at the analytical wavelength
should be evaluated. In most cases, the absorbance of the dissolution medium blank may not
exceed 1% of the standard solution at the concentration used for analysis. Values >1% should
be evaluated on a case-by-case basis.
USP43

The interference should not exceed 2%. Note that for extended-release products, a placebo
version of the finished dosage form may be more appropriate than blends because this placebo
formulation will release the various excipients in a manner more nearly reflecting the product
than will a simple blend of the excipients. In this case, it may be appropriate to evaluate
potential interference at multiple sampling points in the release profile, with worst-case
interference expected at the later sampling points.
The blank is the dissolution medium without dissolved sample, and it is treated in the same
manner as the sample. The effect of the absorbance of the blank at the analytical wavelength
should be evaluated. In most cases, the absorbance of the dissolution medium blank may not
exceed 1% of the standard solution at the concentration used for analysis. Values >1% should
be evaluated on a case-by-case basis.

USP43

If the placebo interference exceeds 2%, modification of the method may be necessary.
Possible modifications include choosing another wavelength, subtracting baseline using a longer
wavelength, transforming absorbance values (e.g., first derivative), and using an alternative
analytical technique such as HPLC. Other means for minimizing the placebo interference would
be acceptable with appropriate justification. When other active
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USP43

drug substances or significant levels of degradants
degradation products USP43
are present, it is necessary to show that these do not significantly affect the results
interfere with the measurement. USP43
One procedure for doing this is to measure the matrix in the presence and absence of the other
active drug substance or degradant
degradation product: USP43
any interference should not exceed 2%. Similar approaches may be used if other techniques are
used for the analytical finish.
5.2 Linearity and Range
Linearity is typically established by preparing solutions of the drug substance, ranging in
concentration from less than the lowest expected concentration to more than the highest
concentration during release. The solutions may be prepared either using 1) a standard solution
or spiked solution or 2) by the method of standard addition. A minimum of five concentrations is
normally used (see 〈1225〉). Typically, solutions are made from a common stock if possible. The
concentration range may not exceed the linearity limits of the method, including the
instrumentation. Organic solvents may be used to enhance drug solubility for the preparation of
the linearity standard solutions. However, NMT 5% (v/v) of organic solvent should be present in
the final solution unless validated. Linearity is typically calculated by using an appropriate
least-squares regression program. Typically, a square of the correlation coefficient (r2 ≥ 0.98)
demonstrates linearity. In addition, the y-intercept must not be importantly different from zero.
The range of the procedure is the interval between the upper and lower concentrations of
the drug substance (including these levels) that has been demonstrated to have a suitable
level of precision, accuracy, and linearity using the procedure as written.
5.3 Accuracy/Recovery
Accuracy/recovery is typically established by preparing multiple samples
sample solutions USP43
containing the drug substance and any other constituents present in the dosage form (e.g.,
excipients, coating materials, capsule shell) ranging in concentration from less than the lowest
expected concentration to more than the highest concentration during release.
Accuracy/recovery may be done in conjunction with linearity determination. The method of
standard addition can also be used. Before this activity, it is expected that filter assessment
will already have been performed, and adsorption of drug onto the glass has also been
investigated and ruled out.
Individual solutions may be directly prepared in the dissolution medium. Alternatively, to
enhance drug solubility it may be appropriate to prepare a stock solution by dissolving the drug
substance in a small amount of organic solvent (typically not exceeding 5% organic solvent in
the final dissolution media
medium) USP43
and diluting to the final concentration with dissolution medium. An amount of stock solution
equivalent to the targeted label claim may be used instead of the drug substance powder.
Similarly, for very low strengths, it may be more appropriate to prepare a stock solution than to
attempt to weigh very small amounts. The measured recovery is typically 95%–105% of the

PF 44(6): Nov.-Dec. 2018

243

amount added. Bracketing or matrixing of multiple strengths may be useful.
A special case for validation is the Acid Stage procedure described in 〈711〉, Delayed-Release
Dosage Forms
are the Acid stage criteria described in Dissolution 〈711〉, Acceptance Table 3. USP43
The limits of NMT 10%
and of NMT 25% USP43
need to be validated. Recovery experiments for drug
substances USP43
that have low solubility in acidic media may be challenging or impossible to perform and may
need to be addressed on a case-by-case basis. If the compound degrades in acid, the
validation experiment must address this fact.
If the drug substance degrades in acidic media, the degradation product(s) should be used to
quantify the dissolved drug and the validation experiment must address this fact. Two examples
of dissolution of a delayed-release dosage form are provided to illustrate this case. In these
examples, the Q value for the buffer phase is 80% at 15 min; the B1 criterion is 85% label claim
(LC). Please refer to 6.5.2 Delayed-Release Dosage Forms for further information on
acceptance criteria.
Example 1: The analytical results from the acid stage of dissolution experiment of an
individual unit indicated that 1% LC of drug substance (DSacid) and 5% LC of a degradant
(DEGacid) were present after 2 h. The total amount of drug substance dissolved in the acid
stage is calculated:
DSacid + DEGacid = 6% LC
which meets the A1 criterion of ≤10% LC that is specified in 〈711〉. This calculation is repeated
for each of the remaining 5 individual units.
The unit was transferred to the buffer stage and the measured amount of drug substance
(DSbuffer) is 82% LC after 15 min. The total amount of drug substance dissolved in both stages
is calculated:
DSacid + DEGacid + DSbuffer = 88% LC
which meets the B1 criterion of 85% LC. This calculation is repeated for each of the remaining 5
individual units.
Example 2: The analytical results from the acid stage of dissolution experiment indicated that
DSacid and DEGacid are 8% and 20% LC, respectively, for an individual unit. The total amount of
drug substance dissolved in the acid stage is:
DSacid + DEGacid = 28% LC,
This result does not meet the A1 criterion of NMT 10% LC. Furthermore, neither the A2 nor the
A3 criterion is met because the calculated value exceeds the NMT 25% LC limit.
USP43

5.4 Precision
5.4.1 REPEATABILITY OF ANALYSIS
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For the analytical finish, repeatability is evaluated by obtaining replicate measurements of
standard and/or spiked placebo/standard addition solutions. It can be determined by calculating
the RSD of the multiple injections or spectrophotometric readings for each standard solution, or
by using the accuracy or linearity data. The ICH guidance, Validation of Analytical Procedures:
Methodology
Q2(R1) Validation of Analytical Procedures: Text and Methodology, USP43
recommends that repeatability should be assessed using a minimum of nine determinations
covering the specified range for the procedure (i.e., 3 concentrations and 3 replicates of each
concentration) or using a minimum of 6 determinations at 100% of the test concentration
(20). USP43
A typical acceptance criterion is an RSD of <2%. The demonstration of the repeatability for the
dissolution step is conducted by performing the dissolution step on separate units of a wellcharacterized dosage form or equivalent composite.
5.4.2 INTERMEDIATE PRECISION/RUGGEDNESS
Assuming that the major contributor to the variance is from the dissolution step, intermediate
precision may be evaluated to determine the effects of random events on the precision of the
dissolution procedure. This evaluation is typically done later in the development of the drug
product and is required for full method validation. For many analytical procedures intermediate
precision is typically assessed by determination of contributions to variance and, possibly, by a
comparison of means. The use of an experimental matrix design is encouraged for evaluation of
intermediate precision because interaction effects may be observed more clearly relative to a
single variable experiment. In dissolution testing, a ruggedness approach that compares means
alone is often taken to investigate the factors that contribute to intermediate precision. The
ruggedness can be evaluated across the range of product strengths. Typical variations to be
studied include different days, analysts, and equipment. If possible, ruggedness can be
evaluated using a drug product lot if well characterized, for example, by having tight content
uniformity and uniform performance, but if this type of lot is not available, a premeasured
placebo with active ingredients
well-characterized dosage form, but if this is not available, a premeasured placebo with drug
substance(s) USP43
may be used to investigate the intermediate precision. The use of such a spiked placebo would
additionally support the assessment of the contribution of the analytical finish to the observed
variability of results.
The dissolution procedure on the same lot of well-characterized dosage form may be run by
at least two different analysts from the same laboratory, with each analyst preparing the
standard solutions and the medium and following the defined extraction/quantification
procedure. Typically, the analysts use different dissolution baths, spectrophotometers or HPLC
equipment (including columns), and autosamplers, and they perform the test on different days.
Full profiles are assessed where relevant to the product. This procedure may not be necessary
at each
dosage USP43
strength; instead, bracketing with high and low strengths may be acceptable.
Acceptance criteria for intermediate precision or for ruggedness are predetermined. A typical
acceptance criterion for ruggedness is that the difference in the mean value for dissolution
results between any two conditions, using the same
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dosage USP43
strength, does not exceed an absolute 10% at time points with <85% dissolved and does not
exceed 5% for time points >
NLT USP43
85%. Acceptance criteria may be product specific, and other statistical tests and limits may be
used.
5.4.3 REPRODUCIBILITY
Reproducibility follows the general concepts of intermediate precision, but is performed by
two different analysts at different labs.
5.5 Robustness
Evaluation of robustness, which assesses the effect of making small, deliberate changes to
the dissolution conditions, typically is done later in development of the drug product and is a
requirement for full method validation. It is performed using a well-characterized lot of drug
product. for example having tight content uniformity and uniform performance
USP43

The number of replicates (typically 3 or 6) is dependent on the intermediate precision. All profile
points should be evaluated.
Selection of parameters to be varied depends on the dissolution procedure and analysis type.
The parameters may include medium composition (e.g., buffer or surfactant concentration, pH,
deaeration), volume, agitation rate, sampling time, and temperature. Statistical analysis of the
data generated will help determine the extent to which the parameters must be controlled in
the method. The robustness assessment is well suited to Design of Experiments (DoE)
methodologies to efficiently investigate the impact of the individual parameters and/or their
interaction.
Robustness of analytical finish is referenced in 〈1225〉. HPLC analysis parameters may include
mobile phase composition (percentage organic, buffer concentration, pH), flow rate,
wavelength, column temperature, and multiple columns (of the same type). For
spectrophotometric analysis, the wavelength may be varied.
Robustness follows the general concepts of intermediate precision and uses similar
acceptance criteria. USP43
5.6 Stability of Standard and Sample Solutions
The standard solution is stored under conditions that ensure stability. The stability of the
standard solution is analyzed over a specified period of time (for at least the time of the entire
dissolution procedure), using a freshly prepared standard solution at each time interval for
comparison. The acceptable range for standard solution stability is influenced by the
concentration and is typically between 98% and 102% at the expected final concentration.
The sample solution is typically stored at room temperature. The sample is analyzed over a
specified period of time, using the original sample solution response for comparison. The typical
acceptable range for sample solution stability may be between 98% and 102%, compared with
the initial analysis of the sample solutions. If the solution is not stable, aspects to consider
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include temperature (refrigeration may be needed), light protection, and container material
(plastic or glass).
The procedure may state that the standards and samples need to be analyzed within a time
period demonstrating acceptable standard and sample solution stability.
As part of method validation, the stability of the standard and sample solutions should be
demonstrated (see 1.2.2 Stability). USP43
5.7 Considerations for Automation
Automated methods offer opportunities for increased precision and reproducibility; however,
bias may be introduced. In particular, the sampling probe and the sample lines warrant
attention as places where inaccuracies may occur. Deviations from the procedure described in
〈711〉, such as resident sampling probes, sampling through the stirring element shaft (hollowshaft sampling), or fiber-optic probes, should be validated. Other aspects of automation
validation may include carryover of residual drug, effect of an in-residence probe, adsorption of
drug, and cleaning and/or rinse cycles. Validation is performed using the automated dissolution
system including materials. Therefore, any change in materials will require demonstration of
suitability based on the validation attributes that are impacted by the change.
Manual and automated procedures should be compared to evaluate the interchangeability of
the procedures. This is done by performing two automated runs at each dosage concentration,
using all sampling points, compared to manually sampled runs of the same samples. The effect
of the in-resident probe cannot be determined by sampling both ways from the same vessel.
Results should be consistent with the requirements for intermediate precision if the procedures
are to be considered interchangeable. The difference in the mean value for dissolution results
between any two conditions using the same
dosage USP43
strength should not exceed an absolute 10% at time points with <85% dissolved nor exceed
5% for time points >85%. Acceptance criteria may be product specific, and other statistical
tests and limits may be used.
Revalidation may be necessary when the automated system is used with different
formulations because of the interaction with excipients. Dissolution media containing
surfactants or lipids may require additional validation efforts.
Change to read:
6.ACCEPTANCE CRITERIA
The acceptance criteria should be consistent with historical release or stability data.
The selection of dissolution acceptance criterion/criteria should be consistent with the
dissolution data generated from bio/pivotal or clinical batches at the point of release as well as
from stability batches. Generally, USP43
there is an expectation that acceptable batches will have results that fall within the
acceptance
criterion/ USP43
criteria and that all manufactured batches should have similar dissolution behavior, thus
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highlighting the importance of having a method that is not highly variable. The acceptance
criteria and time point(s), therefore, should
dissolution specification (method and acceptance criterion/criteria) which is optimal and
discriminating for the drug product. The selected acceptance criterion/criteria should,
therefore, USP43
discriminate between an acceptable and an unacceptable batch. In addition, the dissolution
test results are viewed as a link to the pivotal clinical trial batches. When changes in
dissolution rate have been shown to affect bioavailability significantly, the dissolution test and
acceptance criterion
significantly affect bioavailability, the dissolution acceptance criterion/criteria USP43
should distinguish batches with unacceptable bioavailability (21). Likewise, when changes in the
formulation and manufacturing process significantly affect dissolution and such changes are not
controlled by another aspect of the specification, the dissolution test and criteria should
distinguish these changes.
drug product’s specification, the selected dissolution test should distinguish these changes.
Additionally, if the dissolution characteristics of the drug product change upon storage,
whether or not the specifications should be revised will depend on demonstrating
bioequivalence of the changed drug product to the original biobatch or pivotal batch. USP43
6.1 Immediate-Release Dosage Forms
Although release and stability data are collected during dosage form development, it is
common to record the entire dissolution profile or the amount of drug dissolved at specified
intervals, such as 10, 20, 30, 40, 50, and 60 min or 15, 30, 45, and 60 min. At registration,
dissolution for an immediate-release tablet usually becomes a single-point test. The
acceptance criterion and test time are established by evaluating the dissolution profile data.
The acceptance criterion for a dissolution test is a function of Q, which is expressed as a
percentage of label claim of drug dissolved at a specified time. Typical Q values are in the
range of 75%–80% dissolved. Q values in excess of 80% are not generally used because
allowance needs to be made for assay and content uniformity ranges.
For immediate-release dosage forms, the dissolution acceptance criterion and test time are
established by evaluating the dissolution profile data. The acceptance criterion for a dissolution
test is a function of Q. The term Q is used to describe the cumulative percent of drug dissolved
with respect to label claim at the selected time point of the dissolution test. A Q value of 80%
is generally recommended, except when a justification with adequate data are provided to
support a lower Q value (e.g., clinical or bioavailability/bioequivalence data). Q values above
80% are not generally used.
During product development, the collection of complete dissolution profile data is
recommended from biobatches and stability batches at specified intervals, such as 10, 15, 20,
30, 40, 50, and 60 min or 15, 20, 30, 45, and 60 min, because these data are used to establish
the dissolution acceptance criterion/criteria. From the dissolution profile data, a Q value of 80%
should be set at the first time point where the average dissolution is at least 85%. However,
this time point should not be less than 15 min.
After registration, for routine batch release and on stability, the dissolution testing of
immediate-release drug products usually becomes a single time-point test because dissolution
data are collected at only the sampling time point(s) listed in the approved regulatory
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dissolution test of the product. The collection of dissolution profile data is, in general, not
required.
USP43

6.2 Delayed-Release Dosage Forms
The discussion about dissolution of delayed-release dosage forms in 〈711〉 focuses on entericcoated dosage forms, which is
a pH-dependent release and USP43
the most common delayed-release dosage form.
Other types of delayed-release dosage forms are discussed at the end of this section. USP43
A dissolution test for a delayed-release tablet or capsule is a two-part test, and each part has
acceptance criteria. First, the dosage forms are
criterion/criteria. First, the dosage unit is USP43
exposed to an acid medium, followed by exposure to a buffer medium. To ensure that the
enteric coating performs properly, a “NMT” acceptance criterion is indicated in Dissolution 〈711〉,
Acceptance Table 3 USP43
for the acid stage. The medium used for an acid stage is usually 0.1 N hydrochloric acid (HCl),
and the duration of this stage is typically 2 h. The dosage forms are
unit is USP43
then exposed to a buffer medium, usually 0.05 M phosphate buffer at pH 6.8, but other buffers
and pH targets may be used if justified. The duration of the buffer stage is usually 45 min for
compendial tests, but this duration may vary, depending on the drug product. As with
immediate-release dosage forms, a Q value and time point are determined by evaluating the
entire dissolution profile.
will depend on whether the in vivo release of the drug substance in the intestinal tract is
intended to be immediate or extended. When the release in the intestinal tract is immediate,
the sampling in the buffer stage is usually 60 min for compendial tests. This duration may vary,
however, depending on the drug product. As with immediate-release dosage forms, the Q value
and time point are determined by evaluating the entire dissolution profile in the buffer stage
(see 6.1 Immediate-Release Dosage Forms).
When the release in the intestinal tract is extended, the buffer stage time will depend on the
extended release characteristics. In general, sampling should be done at 30 min, 1 h, 2 h, and
after that every 2 h until complete drug release. As with extended-release dosage forms, the
acceptance criteria limits and time points are determined by evaluating the entire dissolution
profile in the buffer stage (see 6.3 Extended-Release Dosage Forms).
There are other delayed release dosage forms with a multistage pH-dependent mechanism, in
order to ascertain drug release in the distal region of the gastrointestinal (GI)-tract. For those,
in vitro performance testing may need to be adapted to multimedia at different pH values and a
sequential test design with more than one switch at predefined time points. The specifications
are adapted accordingly.
Beside these, delayed release dosage forms exist with release mechanisms, that are non-pH
dependent. For those, the general testing procedure as outlined in USP for enteric-coated
dosage forms does not apply. Instead, product-based testing procedures in one dissolution
medium with a defined pH are in place. As a consequence, the time to release may be part of
the specifications (i.e., time, t ± min combined with NLT Q%).
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USP43

6.3 Extended-Release Dosage Forms
A dissolution test for an extended-release dosage form is generally similar to that used for an
immediate- or delayed-release drug product, except that the duration of the test is longer, and
at least three time points are specified for pharmacopeial purposes (20). Additional sampling
times may be required for drug
the acceptance criteria include at least three time points (22). Additional time points may be
required for drug product USP43
approval purposes. An early time point, usually 1–2 h, is chosen to show that dose dumping is
not probable. An intermediate time point is chosen to define the in vitro release profile of the
dosage form, and a final time point is chosen to show essentially complete release of the drug
(22). The time points for the test should be determined by evaluating the dissolution profile
across the desired test duration. Often, additional time points are obtained during dosage form
development to aid with selecting the appropriate time points for the specification or
monograph.
The acceptance criteria time points for the test should be determined by evaluating the
complete dissolution profile across the desired test duration.
During product development, it is recommended that sampling be conducted at 30 min, 1 h, 2
h, and every 2 h until complete drug release, to aid with selection of the appropriate time
points for the product’s dissolution acceptance criteria. For routine batch release and testing of
stability samples after registration, the dissolution testing of extended-release drug products
usually becomes a test with at least 3 time points because dissolution data are collected at
only the sampling time points listed in the approved regulatory dissolution test of the product.
The collection of dissolution data at additional time points is, in general, not required.
USP43

As with an immediate- or delayed-release drug product, the acceptance criteria and time
points for an extended-release drug product should discriminate between an acceptable and an
unacceptable batch. The acceptance criteria for the first stage of testing (L1) should be
established on the basis of available batch data (21,22). If human bioavailability data are
available for formulations exhibiting different release rates, then, an in vitro/in vivo relationship
may be used to establish acceptance criteria (19,20)
if possible, it is encouraged that an in vitro–in vivo relationship (see 〈1088〉 and 〈1090〉) be
used to establish acceptance criteria (21,22). USP43
Acceptance criteria for the second (L2) and third (L3) stages are derived from the L1 criteria
using Dissolution 〈711〉, Acceptance Table 2.
6.4 Multiple Dissolution Tests
Typically, monographs for extended-release dosage forms contain multiple dissolution tests
representing specific products. In accordance with General Notices, 4.10.10 Applicability of
Test Procedures, (CN 1-May-2018) the appropriate test, if not Test 1, is indicated on the
product labeling. For example, the USP monograph for Oxycodone Hydrochloride ExtendedRelease Tablets (23) lists 2 dissolution tests, each of which has either three or four time
points. If the Tablets are analyzed using Test 2 and the dissolution results comply with the
criteria provided in the monograph, the labeling for Tablets
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for Test 2, the labeling for the drug product USP43
can indicate that the Tablets meet USP Dissolution Test 2. Multiple dissolution tests also can
be found in monographs for immediate- and delayed-release dosage forms. For example, the
USP monographs for Levothyroxine Sodium Tablets and Pantoprazole Sodium Delayed-Release
Tablets provide 4 dissolution tests (24,25).
6.5 Interpretation of Dissolution Results
Dissolution 〈711〉, Interpretation discusses immediate-, delayed-, and extended-release
dosage forms. The discussion for each of these release patterns is expanded here with
examples to assist with applying the criteria during the various stages of testing. Understanding
how these criteria are applied will assist in setting appropriate acceptance criteria.
6.5.1 IMMEDIATE-RELEASE DOSAGE FORMS
Once the Q value is
and the associated time point are USP43
established, the dissolution test is a staged test of 3 levels. In the first level of testing called
S1, 6 dosage forms are tested. Each dosage form must be
units are tested. Each unit must be NLT USP43
Q + 5% (absolute percentage points) dissolved at a specified time. For example, the time and
tolerances in a monograph would be:
Time: 30 min
Tolerances: NLT 80% (Q) of the labeled amount of “drug substance” is dissolved.
If the Q value for a 200-mg label claim (LC) immediate-release tablet is specified as 80% and
the time point is 30 min, then
for level S1 USP43
NLT 85% LC (170 mg) of the drug substance in each tablet must be dissolved at 30 min.
If this criterion is not met, then 6 additional tablets are tested at level 2 (S2). To pass the S2
acceptance criteria, the average of all 12 tablets must be equal to or greater than Q (80% LC;
160 mg in the above example), and no tablet has less than Q – 15% (65% LC; 130 mg in the
above example).
If these criteria are not met, then level 3 or S3 testing must be performed by testing 12
additional tablets. To pass S3, the average of all 24 tablets must be equal to or greater than Q
(80% LC; 160 mg in the above example). Two additional criteria must be met as well: 1) NMT 2
tablets are less than Q – 15% (65% LC; 130 mg in the above example), and 2) no tablet is less
than Q – 25% dissolved (55% LC; 110 mg in the above example.)
6.5.2 DELAYED-RELEASE DOSAGE FORMS
An aliquot of the acid medium
sample solution (drug substance or drug substance plus degradation product) USP43
from each vessel is analyzed at the end of the acid stage. For the acid stage, the acceptance
criteria have 3 levels. Level 1 (A1) testing is passed if no individual value exceeds 10%
dissolved. If the A1 criteria are not met, then the dissolution test is performed on 6 additional
dosage forms
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units USP43
for level 2 (A2) testing. Level A2 criteria are passed if the average of all 12 dosage forms
units USP43
in the acid stage is NMT 10% dissolved and if no individual dosage form
unit USP43
is more than 25% dissolved. Level 3 testing is performed if the A2 criteria are not met. The A3
criteria are passed if the average of all 24 dosage forms
units USP43
in the acid stage is NMT 10% dissolved and if no individual tablet
unit USP43
is more than 25% dissolved. For the special case in which the solubility of the drug in an acidic
medium because of conversion to the free acid is too low
is too low (because of conversion to the free acid) USP43
to support an acceptance criterion of NMT 10%, the drug product should be exposed to the
acid stage for the defined duration and then exposed to the buffered medium. Alternate
acceptance criteria for the acid stage based on drug solubility may be justified.
For delayed-release dosage forms, the total percentage dissolved is determined by adding the
measured amounts in the acid and buffer phases for each individual dosage form. T
of drug substance or of drug substance and degradation product in the acid stage to the
drug substance dissolved in the buffer stage for each individual unit (see Example 1 in 5.3
Accuracy/Recovery). If the dosage form is designed for immediate release of the drug in the
intestinal tract, USP43
these calculated values are then compared to staged acceptance criteria (B1, B2, and B3) that
are based on a Q value. The B1, B2, and B3 criteria are identical
analogous USP43
to those for the immediate release S1, S2, and S3 criteria.
For example, the time and tolerances in a monograph would be:
Acid stage
Time: 120 min
Tolerances: NMT 10% of the labeled amount of “drug substance” is dissolved.
Buffer stage
Time: 45 min
Tolerances: NLT 80% (Q) of the labeled amount of “drug substance” is dissolved.
If the dosage form is designed for extended release of the drug in the intestinal tract, the
sum of the measured amounts in the acid and buffer stages for each individual unit are then
compared to criteria described in the next section.
USP43

6.5.3 EXTENDED-RELEASE DOSAGE FORMS
In the following hypothetical example, which is used to describe the criteria for an extended-

PF 44(6): Nov.-Dec. 2018

252

release dosage form, the time points are 1, 4, and 8 h. The acceptance range for each time
point is as follows:
Between 24% and 44% LC drug substance dissolved at 1 h
Between 56% and 76% LC drug substance dissolved at 4 h
NLT 85% LC drug substance dissolved at 8 h.
USP43

Acceptance ranges are often expressed in tabular form in the USP–NF (see Table 4).
Table 4. L1 Criteria
Time
(h)
1
4
8

Amount Dissolved
(%)
24%–44%
14–34 USP43
56%–76%
46–66 USP43
NLT 85%
NLT 80 USP43

Six tablets
units USP43
are analyzed at level 1 (L1); acceptance criteria are met if no individual value lies outside each
of the stated ranges, and no individual value is less than the percentage specified for the final
time point. If the L1 criteria are not met, then 6 additional tablets
units USP43
are analyzed at level 2 (L2). The L2 criteria are met if these 3 conditions are met:
1. The average value of the 12 tablets
units USP43
lies within each of the stated ranges and is NLT the stated range of the final time point.
2. None of the 12 tablets
units USP43
is >10% of the labeled content outside each of the stated ranges.
3. None of the 12 tablets
units USP43
is >10% of the labeled content below the stated amount at the final test time.
For the above example, the L2 acceptance criteria for the 12 tablets
units USP43
(see Table 5) are as follows:
Table 5. L2 Criteria

Average
Individual tablets
units USP43

1h
24%–44%
14%–34% USP43
14%–54%
4%–44% USP43

4h
56%–76%
46%–66% USP43
46%–86%
36%–76% USP43

8h
NLT 85%
NLT 80% USP43
NLT 75%
NLT 70% USP43
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If the L2 criteria are not met, then 12 additional tablets
units USP43
are tested at level 3 (L3). The L3 criteria are met if these 5 conditions are met:
1. The average value of the 24 tablets
units USP43
lies within each of the stated ranges and is NLT the stated range of the final time point.
2. NMT 2 of the 24 tablets
units USP43
are >10% of labeled content outside each of the stated ranges.
3. NMT 2 of the 24 tablets
units USP43
are >10% of the labeled content below the stated amount at the final test time.
4. None of the 24 tablets
units USP43
is >20% of the labeled content outside each of the stated ranges.
5. None of the 24 tablets
units USP43
is >20% of the labeled content below the stated amount at the final test time.
The L3 acceptance criteria for the 24 tablets
units USP43
in the above example are summarized in Table 6.
Table 6. L3 Criteria

Average

Individual
tablets
units USP43

1h

4h

24%–44%
14%–34% USP43
NMT 2 tablets
units USP43
are outside the range of
14%–54%
4%–44%, USP43
and no individual tablet
unit USP43
is outside the range of
4%–64%
0%–54% USP43

56%–76%
46%–66% USP43
NMT 2 tablets
units USP43
are outside the range of
46%–86%
36%–76%, USP43
and no individual tablet
unit USP43
is outside the range of
36%–96%
26%–86% USP43

8h
NLT 85%
NLT
80% USP43
NMT 2 tablets
units USP43
release <75%
<70% USP43
and no individual
tablet
unit USP43
releases <65%
<60% USP43
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Recent Official Publications:
USP42–NF37 Page 7574
BRIEFING
Glyceryl Monostearate. It is proposed to add this new reagent used to prepare some of
the biorelevant media in Solubility Measurements 〈1236〉.
(HDQ: M. Marques.)
Correspondence Number—C209417
Comment deadline: January 31, 2019
Add the following:
Glyceryl Monostearate—Use Glyceryl Monostearate (FCC monograph).

USP43

BRIEFING
Lecithin. It is proposed to add this new reagent used to prepare some of the biorelevant
media in Solubility Measurements 〈1236〉.
(HDQ: M. Marques.)
Correspondence Number—C209515
Comment deadline: January 31, 2019
Add the following:
Lecithin (l-α-Lecithin; l-α-Phosphatidylcholine, Hydrogenated),
grade with a content of NLT 98%. USP43

[8002-43-5]—Use a suitable

BRIEFING
Lysolecithin. It is proposed to add this new reagent used to prepare some of the
biorelevant media in Solubility Measurements 〈1236〉.
(HDQ: M. Marques.)
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Correspondence Number—C209516
Comment deadline: January 31, 2019
Add the following:
Lysolecithin (l-α-Lysolecithin; l-α-Lysophosphatidylcholine),
grade from egg yolk with a content of NLT 99%. USP43

[9008-30-4]—Use a suitable

BRIEFING
Manganese Chloride Tetrahydrate. It is proposed to add this new reagent used to
prepare some of the biorelevant media in Solubility Measurements 〈1236〉.
(HDQ: M. Marques.)
Correspondence Number—C209520
Comment deadline: January 31, 2019
Add the following:
Manganese Chloride Tetrahydrate [Manganese (II) Chloride Tetrahydrate; Manganous
Chloride Tetrahydrate], MnCl2 ·4H2 O—197.90 [13446-34-9]—Use ACS reagent grade. USP43
BRIEFING
Manganese Sulfate. It is proposed to add this new reagent used in Antibiotics—Microbial
Assays <81>.
(HDQ: M. Marques.)
Correspondence Number—C208950
Comment deadline: January 31, 2019
Add the following:
Manganese Sulfate (Manganese Sulfate Monohydrate; Manganese (II) Sulfate
Monohydrate), MnSO4 ·H2 O—169.01 [10034-96-5]—Use ACS reagent-grade manganese
sulfate monohydrate. USP43
BRIEFING
Methyl Red, USP 41 page 5708. It is proposed to delete this reagent. The appropriate
information will be available under Methyl Red in the Reagents, Indicators and Solutions,
Indicators and Indicator Test Papers, Indicators section of USP–NF.
(HDQ: M. Marques.)
Correspondence Number—C208688
Comment deadline: January 31, 2019
Delete the following:
Methyl Red (2-[4-Dimethylaminophenylazo]benzoic Acid; C. I. Acid Red 2), C15 H15 N3 O2 ,
free acid—269.30 [493-52-7] C15 H14 N3 O2 Na, sodium salt—291.28 [845-10-3]—Use ACS
reagent grade. The free acid is recommended for nonaqueous titrations, particularly when an
aprotic solvent is used. The sodium salt is recommended for titrations in aqueous media and
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also for nonaqueous titrations where the medium is an amphiprotic solvent. The hydrochloride
salt is recommended for titrations in aqueous media and amphiprotic solvents. USP43
BRIEFING
Polypeptone. It is proposed to add this new reagent used in Antibiotics—Microbial Assays
<81>.
(HDQ: M. Marques.)
Correspondence Number—C209181
Comment deadline: January 31, 2019
Add the following:
Polypeptone—Pancreatic digest of casein and peptic digest of animal tissue combined in
equal parts. Use a suitable grade. USP43
BRIEFING
Polysorbate 20. It is proposed to add this new reagent.
(HDQ: M. Marques.)
Correspondence Number—C186244
Comment deadline: January 31, 2019
Add the following:
Polysorbate 20—Use Polysorbate 20 (NF monograph).

USP43

BRIEFING
Sodium Butyrate. It is proposed to add this new reagent used to prepare some of the
biorelevant media in Solubility Measurements 〈1236〉.
(HDQ: M. Marques.)
Correspondence Number—C209518
Comment deadline: January 31, 2019
Add the following:
Sodium Butyrate (Butyric Acid Sodium Salt), C4 H7 O2 Na—110.09 [156-54-7]—Use a
suitable grade with a content of NLT 98.5%. USP43
BRIEFING
Sodium Oleate. It is proposed to add this new reagent used to prepare some of the
biorelevant media in Solubility Measurements 〈1236〉.
(HDQ: M. Marques.)
Correspondence Number—C209414
Comment deadline: January 31, 2019
Add the following:
Sodium Oleate (cis-9-Octadecenoic Acid Sodium Salt; Oleic Acid Sodium Salt),
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C18 H33 NaO2 —304.44 [143-19-1]—Use a suitable grade with a content of NLT 99%.

USP43

BRIEFING
Sodium Propionate. It is proposed to add this new reagent used to prepare some of the
biorelevant media in Solubility Measurements 〈1236〉.
(HDQ: M. Marques.)
Correspondence Number—C209517
Comment deadline: January 31, 2019
Add the following:
Sodium Propionate (Propionic Acid Sodium Salt), C3 H5 O2 Na—96.06 [137-40-6]—Use a
suitable grade with a content of NLT 99%. USP43
BRIEFING
Sodium Taurocholate. It is proposed to add this new reagent used to prepare some of the
biorelevant media in Solubility Measurements 〈1236〉.
(HDQ: M. Marques.)
Correspondence Number—C209416
Comment deadline: January 31, 2019
Add the following:
Sodium Taurocholate (Taurocholic Acid Sodium Salt), C26 H44 NNaO7 S·xH2 O—537.68
(anhydrous basis) [345909-26-4]—Use a suitable grade with a content of NLT 97%. USP43
BRIEFING
Sodium Taurodeoxycholate. It is proposed to add this new reagent used to prepare some
of the biorelevant media in Solubility Measurements 〈1236〉.
(HDQ: M. Marques.)
Correspondence Number—C209415
Comment deadline: January 31, 2019
Add the following:
Sodium Taurodeoxycholate (2-([3α,12α-Dihydroxy-24-oxo-5β-cholan-24yl]amino)ethanesulfonic Acid; Taurodeoxycholic Acid Sodium Salt Hydrate),
C26 H44 NO6 SNa—521.69 (anhydrous basis) [207737-97-1]—Use a suitable grade with a
content of NLT 95%. USP43
BRIEFING
Methyl Red, USP 41 page 5746. It is proposed to update the specifications of this indicator.
Additionally, minor editorial changes have been made to update this indicator to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C208689
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Comment deadline: January 31, 2019
Change to read:
Methyl Red (2-[[4-(Dimethylamino)phenyl]azo]benzoic Acid; Hydrochloride
C. I. Acid Red 2), USP43
2-[4-(CH3 )2 NC6 H4 N:N]C6 H4 COOH·HCl—305.76
C15 H15 N3 O2 (free acid)—269.30 [493-52-7], C15 H14 N3 O2 Na (sodium salt)—291.29 [845-103], C15 H15 N3 O2 ·HCl (hydrochloride)—305.76 [63451-28-5] USP43
—Dark-red powder or violet crystals. Sparingly soluble in water; soluble in alcohol. Transtion
interval: from pH 4.2 to 6.2. Color change: from red to yellow.
—Use ACS reagent grade. The free acid is recommended for nonaqueous titrations,
particularly when an aprotic solvent is used. The sodium salt is recommended for titrations in
aqueous media and also for nonaqueous titrations where the medium is an amphiprotic solvent.
The hydrochloride salt is recommended for titrations in aqueous media and amphiprotic
solvents. USP43
BRIEFING
Xylenol Orange, USP 41 page 5746. It is proposed to update the specifications of this
indicator.
Additionally, minor editorial changes have been made to update this indicator to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C208414
Comment deadline: January 31, 2019
Change to read:
Xylenol Orange (N,N′-[3H-2,1-Benzoxathiol-3-ylidenebis-[(6-hydroxy-5-methyl-3,1phenylene)methylene]]bis[N-(carboxy-methyl)glycine] S,S-dioxide), C31 H28 N2 Na4 O13 S
(salt) USP43
—760.58
760.59, C31 H30 N2 O13 S (free acid)—672.66 USP43
—Orange powder. Soluble in alcohol and in water.
The acid form is soluble in alcohol and the salt form is soluble in water. USP43
In acid solution, it is lemon-yellow in color, and its metal complexes are intensely red. It yields
a distinct endpoint where a metal such as bismuth, cadmium, lanthanum, lead, mercury,
scandium, thorium, or zinc is titrated with edetate disodium.
BRIEFING
18 N Phosphoric Acid TS. It is proposed to add this new test solution used in Antibiotics—
Microbial Assays 〈81〉.
(HDQ: M. Marques.)
Correspondence Number—C209183
Comment deadline: January 31, 2019
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Add the following:
18 N Phosphoric Acid TS—Transfer 410.5 mL of phosphoric acid to a 1000-mL volumetric
flask containing about 400 mL of water. Cool and dilute with water to volume. USP43
BRIEFING
50% Sodium Hydroxide TS. It is proposed to add this new test solution used in the test
for Composition of Neomycin Sulfate in the monograph for Neomycin Sulfate.
(HDQ: M. Marques.)
Correspondence Number—C208604
Comment deadline: January 31, 2019
Add the following:
50% Sodium Hydroxide TS—Transfer 500 g of sodium hydroxide to a 1000-mL volumetric
flask. Dissolve in and dilute with carbon dioxide-free water to volume. Allow to stand. Decant
the clear supernatant, taking precautions to avoid the introduction of carbon dioxide. USP43
BRIEFING
Xylenol Orange TS, USP 41 page 5761. It is proposed to update the preparation of this test
solution.
Additionally, minor editorial changes have been made to update this test solution to current USP
style.
(HDQ: M. Marques.)
Correspondence Number—C208415
Comment deadline: January 31, 2019
Change to read:
Xylenol Orange TS—
If using xylenol orange in the free acid form, USP43
dissolve 100 mg of xylenol orange in 100 mL of alcohol.
If using xylenol orange in the salt form, dissolve 100 mg of xylenol orange in 100 mL of water.
USP43

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, page 9053 of the Second Supplement to
USP 41.
(HDQ.)
Correspondence Number—C153260; C177497; C180904; C186498; C189017; C197616;
C201713; C202113; C203085; C204166; C205573; C205576; C205596; C205630; C205640;
C205644; C205667
The following table is provided as a reminder for the pharmacist engaged in the typical
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dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in
the United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and
light-resistant (LR) specifications applicable to containers in which the drug that is
repackaged should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
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Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
Delete the following:
Apomorphine Hydrochloride Tablets

T, LR

USP43

Delete the following:
Azatadine Maleate Tablets

W

USP43

Add the following:
Cetirizine Hydrochloride Capsules

LR

USP43

Add the following:
Clonidine Hydrochloride Extended-Release Tablets

T, LR

USP43

Add the following:
Cyclophosphamide Capsules

T

USP43

Delete the following:
Diazoxide Capsules

W

USP43

Add the following:
Exemestane Tablets

T

USP43

Change to read:
Hydrocortisone Tablets

W
, LR USP43

Add the following:
Memantine Hydrochloride Extended-Release Capsules

T

Change to read:
Norgestimate and Ethinyl Estradiol Tablets

W
, LR USP43

USP43

Delete the following:
Oxprenolol Hydrochloride Extended-Release Tablets

W, LR

USP43

Delete the following:
Oxycodone and Acetaminophen Capsules

T, LR

USP43

Delete the following:
Piperazine Citrate Tablets

T

Delete the following:
Pyrvinium Pamoate Tablets

T, LR

Delete the following:
Ritodrine Hydrochloride Tablets
Delete the following:
Scopolamine Hydrobromide Tablets
Add the following:
Venlafaxine Extended-Release Tablets
BRIEFING

T

USP43

USP43

T, LR
W

USP43

USP43

USP43
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Description and Relative Solubility of USP and NF Articles, page 9067 of the Second
Supplement to USP 41.
(HDQ.)
Correspondence Number—C161055; C201990; C206099
Change to read:
Medium-Chain Triglycerides: Colorless or slightly yellowish, oily liquid. Practically insoluble
in water. Miscible with alcohol, with methylene chloride, with hexane, and with fatty oils.
The refractive index is 1.440–1.452 at 20° (see Refractive Index 〈831〉). NF38
NF category: Emulsifying agent; solvent; suspending and/or viscosity-increasing agent.
Add the following:
Regorafenib: White to pink or brownish powder. Sparingly soluble in acetone; slightly soluble
in acetonitrile, in methanol, in ethanol, and in ethyl acetate; practically insoluble in water and
in heptane. USP43
Add the following:
Ticagrelor: White or off-white to pale pink powder. Freely soluble in methanol; soluble in
ethanol; practically insoluble in water. USP43
BRIEFING
Amiloride Hydrochloride, USP 41 page 204 and PF 40(1) [Jan.–Feb. 2014]. On the basis of
comments received, the proposal previously published in PF 40(1) is canceled and replaced with
a revised proposal. As part of USP monograph modernization efforts, it is proposed to revise the
monograph as follows:
1. Revise Identification A to allow flexibility for the use of either an attenuated total
reflectance method as described in 〈197A〉 or a mineral oil dispersion method as
described in 〈197M〉 for infrared identification.
2. In Identification B, replace the Ultraviolet Absorption procedure with the retention time
agreement obtained from the proposed Assay to simplify the monograph.
3. Replace the titration-based Assay with a liquid chromatographic procedure.
4. Revise the Acceptance criteria in the Assay from 98.0%–101.0% to 98.0%–102.0%,
which is typical for a liquid chromatographic procedure. The Definition is revised
accordingly.
5. Replace the nonspecific thin-layer chromatographic Organic Impurities test with a
stability-indicating HPLC procedure. The proposed Organic Impurities procedure is
similar to the proposed Assay.
6. The proposed liquid chromatographic procedures in the Assay and test for Organic
Impurities are validated using the Merck LiChrospher 60 RP-Select B brand of column
with L7 packing. The typical retention time for amiloride is about 11 min.
7. In the test for Loss on Drying, replace the Thermal Analysis procedure with the Water
Determination procedure to harmonize with other pharmacopeias.
8. Add USP Amiloride Related Compound A RS to the USP Reference Standards section to
support the proposed Assay and Organic Impurities procedures.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: R. Nguyen, E. Chang.)
Correspondence Number—C198779
Comment deadline: January 31, 2019
Amiloride Hydrochloride

C6 H8 ClN7 O·HCl·2H2 O

302.12

Pyrazinecarboxamide, 3,5-diamino-N-(aminoiminomethyl)-6-chloro-, monohydrochloride
dihydrate;
N-Amidino-3,5-diamino-6-chloropyrazinecarboxamide monohydrochloride dihydrate
[1744083-4].
DEFINITION
Change to read:
Amiloride Hydrochloride contains NLT 98.0% and NMT 101.0%
102.0% USP43
of amiloride hydrochloride (C6 H8 ClN7 O·HCl), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197M〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197M〉 or 〈197A〉
USP43

Change to read:
• B. Ultraviolet Absorption 〈197U〉
Sample: 600 µg/mL of water, diluted quantitatively and stepwise with 0.1 N hydrochloric
acid to a concentration of about 9.6 µg/mL
Acceptance criteria: Meets the requirements
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride: Meets the
requirements
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ASSAY
Change to read:
• Procedure
Sample: 450 mg
Analysis: Dissolve the Sample in 100 mL of glacial acetic acid, add 10 mL of mercuric
acetate TS and 15 mL of dioxane. Add crystal violet TS. Titrate with 0.1 N perchloric acid
VS to a blue endpoint. Perform a blank determination (see Titrimetry 〈541〉). Each mL of
0.1 N perchloric acid is equivalent to 26.61 mg of C6 H8 ClN7 O·HCl.
Mobile phase: Dissolve 0.8 g of sodium 1-hexanesulfonate, monohydrate in 900 mL of
water. Add 100 mL of acetonitrile. Adjust with phosphoric acid to a pH of 3.0.
Standard solution: 0.1 mg/mL of USP Amiloride Hydrochloride RS and 0.001 mg/mL of USP
Amiloride Related Compound A RS in Mobile phase
Sample solution: 0.1 mg/mL of Amiloride Hydrochloride in Mobile Phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.0-mm × 12.5-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of the amiloride peak
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amiloride hydrochloride (C6 H8 ClN7 O·HCl) in the portion of
Amiloride Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of amiloride from the Sample solution
rS = peak response of amiloride from the Standard solution
CS = concentration of USP Amiloride Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Amiloride Hydrochloride in the Sample solution (mg/mL)
USP43

Acceptance criteria: 98.0%–101.0%
102.0% USP43
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on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 20 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Standard solutions: Prepare a series of solutions, A, B, C, D, E, and F, of USP Amiloride
Hydrochloride RS in a mixture of methanol and chloroform (4:1) having concentrations of
4000, 40, 20, 8, 4, and 2 µg/mL, respectively.
Sample solution: 4 mg/mL of Amiloride Hydrochloride in methanol and chloroform (4:1)
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel previously washed with methanol
Application volume: 5 µL
Developing solvent system: Tetrahydrofuran and 3 N ammonium hydroxide (15:2)
Analysis
Samples: Standard solutions A, B, C, D, E, and F and Sample solution
Proceed as directed in the chapter. Dry the spots with a stream of nitrogen, and develop
the chromatograms in the solvent system, until the solvent front has moved about
three-fourths of the length of the plate. Remove the plate from the developing chamber,
mark the solvent front, allow to air-dry, and examine the plate under long-wavelength
UV light: the RF value of the principal spot of the Sample solution corresponds to that of
Standard solution A. Estimate the levels of any additional spots observed in the
chromatogram of the Sample solution by comparison with the principal spots in the
chromatograms of Standard solutions B, C, D, E, and F.
Acceptance criteria: The sum of the intensities of any additional spots observed is NMT
that of the principal spot obtained from Standard solution B (equivalent to 1%).
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 1 µg/mL each of USP Amiloride Hydrochloride RS and USP Amiloride
Related Compound A RS in Mobile phase
Sensitivity solution: 0.5 µg/mL each of USP Amiloride Hydrochloride RS and USP Amiloride
Related Compound A RS in Mobile phase from Standard solution
Sample solution: 1 mg/mL of Amiloride Hydrochloride in Mobile phase
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
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Relative standard deviation: NMT 5.0% for amiloride and amiloride related compound
A, Standard solution
Signal-to-noise ratio: NLT 10 for amiloride and amiloride related compound A,
Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amiloride related compound A in the portion of Amiloride
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of amiloride related compound A from the Sample solution
rS = peak response of amiloride related compound A from the Standard solution
CS = concentration of USP Amiloride Related Compound A RS in the Standard solution
(mg/mL)
CU = concentration of Amiloride Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of amiloride acid, 5-hydroxyamiloride, or any unspecified impurity
in the portion of Amiloride Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of amiloride acid, 5-hydroxyamiloride, or any unspecified impurity from
the Sample solution
rS = peak response of amiloride from the Standard solution
CS = concentration of USP Amiloride Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Amiloride Hydrochloride in the Sample solution (mg/mL)
F = relative response factor
Acceptance criteria: See Table 1. The reporting threshold is 0.05%.

Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Amiloride acida
0.23
1.32
0.10
5-Hydroxyamilorideb
0.50
0.86
0.10
Amiloride related compound A
0.60
—
0.10
Amiloride
—
—
—
Any unspecified impurity
—
—
0.10
Total impurities
—
—
0.50
a 3,5-Diamino-6-chloropyrazine-2-carboxylic acid.
b 3-Amino-N-carbamimidoyl-6-chloro-5-hydroxypyrazine-2-carboxamide.
USP43

SPECIFIC TESTS
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• Acidity
Sample: 1.0 g
Analysis: Dissolve the Sample in 100 mL of a mixture of methanol and water (1:1). Titrate
with 0.10 N sodium hydroxide to a potentiometric endpoint.
Acceptance criteria: NMT 0.30 mL is required (0.1% as hydrochloride).
Change to read:
• Loss on Drying
(See Thermal Analysis 〈891〉.)
[Note—The quantity taken for the determination may be adjusted, if necessary, for
instrument sensitivity.]
Sample: 10 mg
Analysis: Determine the percentage of volatile substances by thermogravimetric analysis
on an appropriately calibrated instrument using the Sample. Heat the specimen at the
rate of 10°/min between ambient temperature and 225° in an atmosphere of nitrogen at
a flow rate of 40 mL/min. From the thermogram determine the accumulated loss in weight
between ambient temperature and about 200° on the plateau.
(See Water Determination 〈921〉, Method I, Method Ia.)
Sample: 0.2 g USP43
Acceptance criteria: 11.0%–13.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 〈11〉
USP Amiloride Hydrochloride RS
USP Amiloride Related Compound A RS
Methyl 3,5-diamino-6-chloropyrazine-2-carboxylate.
C6 H7 ClN4 O2
202.60
USP43

Recent Official Publications:
USP42–NF37 Page 216
BRIEFING
Apomorphine Hydrochloride Tablets, USP 41 page 337. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Apomorphine Hydrochloride Tablets are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
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(CHM3: M. Puderbaugh.)
Correspondence Number—C204166
Comment deadline: January 31, 2019
Delete the following:
Apomorphine Hydrochloride Tablets

» Apomorphine Hydrochloride Tablets contain not less than 90.0 percent and
not more than 110.0 percent of the labeled amount of C 17 H 17 NO 2 ·HCl·½H 2 O.
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Apomorphine Hydrochloride RS
Color of solution—Dissolve a quantity of powdered Tablets, equivalent to 5 mg of apomorphine
hydrochloride, in water to make 100.0 mL. Transfer 1.0 mL of the solution to a test tube, dilute
with 6 mL of water, and, if necessary, filter through a small pledget of cotton. Add 1 mL of
sodium bicarbonate solution (1 in 20), then add 0.50 mL of iodine TS. Allow to stand for 30
seconds, then add 0.60 mL of sodium thiosulfate solution (1 in 40), and dilute with water to 10
mL. This solution represents the color standard.
Place a quantity of powdered Tablets, equivalent to about 50 mg of apomorphine hydrochloride,
in a test tube of suitably small size, add 10.0 mL of cold, oxygen-free water, insert the stopper
in the test tube, and agitate gently until no more dissolves; if necessary, filter immediately
through a small pledget of cotton. The color of the solution, observed promptly after
preparation, is not more intense than that of the color standard. Use closely matched test
tubes for the comparison.
Identification—To 5 mL of a filtered solution of Tablets, containing about 10 mg of
apomorphine hydrochloride, add a slight excess of sodium bicarbonate solution (1 in 20): a
white or greenish-white precipitate is formed. Add 3 drops of iodine TS, and shake vigorously:
an emerald-green color is produced. Add 5 mL of ether, and, after vigorous shaking, allow the
layers to separate: the ether is colored deep ruby-red while the water layer retains its green
color.
Disintegration 〈701〉: 15 minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Procedure for content uniformity— Place 1 Tablet in a 500-mL volumetric flask containing 100
mL of 0.1 N hydrochloric acid, and shake for 15 minutes. Dilute with 0.1 N hydrochloric acid to
volume, mix, and filter, discarding the first 20 mL of filtrate. Dilute a portion of the subsequent
filtrate quantitatively and stepwise, if necessary, with 0.1 N hydrochloric acid to provide a
solution containing approximately 12 µg of apomorphine hydrochloride per mL. Concomitantly
determine the absorbances of this solution and of a solution of USP Apomorphine Hydrochloride
RS in the same medium having a known concentration of about 12 µg of anhydrous
apomorphine hydrochloride per mL, in 1-cm cells at the wavelength of maximum absorbance at
about 273 nm, with a suitable spectrophotometer, using 0.1 N hydrochloric acid as the blank.
Calculate the quantity, in mg, of C17 H17 NO2 ·HCl·½H2 O in the Tablet taken by the formula:
(312.80 / 303.79)(TC / D)(AU / AS)
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in which 312.80 and 303.79 are the molecular weights of apomorphine hydrochloride
hemihydrate and anhydrous apomorphine hydrochloride, respectively; T is the labeled quantity,
in mg, of apomorphine hydrochloride in the Tablet; C is the concentration, in µg per mL, of
anhydrous apomorphine hydrochloride in the Standard solution; D is the concentration, in µg
per mL, of apomorphine hydrochloride in the solution from the Tablet, based upon the labeled
quantity per Tablet and the extent of dilution; and AU and AS are the absorbances of the
solution from the Tablet and the Standard solution, respectively.
Assay—Weigh and finely powder not fewer than 20 Tablets. Dissolve an accurately weighed
portion of the powder, equivalent to about 50 mg of apomorphine hydrochloride, in 25 mL of
water in a separator, add 500 mg of sodium bicarbonate, and completely extract with
successive small portions of ether. Combine the ether extracts in a separator, and wash them
with three 5-mL portions of water. Shake the combined water washings with 10 mL of ether,
and add this ether to the combined ether extracts. Extract the ether solutions with 20.0 mL of
0.02 N sulfuric acid VS, and wash with three 5-mL portions of water. Combine the acid extract
and washings in a beaker, and warm on a steam bath to expel any residual ether. Cool, add
methyl red TS, and titrate the excess acid with 0.02 N sodium hydroxide VS (see Residual
Titrations under Titrimetry 〈541〉). Each mL of 0.02 N sulfuric acid is equivalent to 6.256 mg of
C17 H17 NO2 ·HCl·½H2 O. USP43
Recent Official Publications:
USP42–NF37 Page 353
BRIEFING
Aurothioglucose, USP 41 page 411. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Aurothioglucose are currently marketed in the United
States.
2. Drug products containing Aurothioglucose are currently not used in veterinary medicine
in the United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C204166
Comment deadline: January 31, 2019
Delete the following:
Aurothioglucose
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392.18

Gold, (1-thio-d-glucopyranosato)-.
(1-Thio-d-glucopyranosato)gold [12192-57-3].

» Aurothioglucose contains not less than 95.0 percent and not more than
105.0 percent of C 6 H 11 AuO 5 S, calculated on the dried basis. It is stabilized
by the addition of a small amount of Sodium Acetate.
Packaging and storage—Preserve in tight, light-resistant containers. Store at room
temperature.
USP Reference standards 〈11〉—
USP Aurothioglucose RS
Identification—
A: Dissolve a suitable quantity in water to obtain a solution containing 4 mg per mL. Apply 10
µL of this solution and 10 µL of an aqueous Standard solution of USP Aurothioglucose RS
containing 4 mg per mL to a suitable thin-layer chromatographic glass microfilament sheet (see
Chromatography 〈621〉) impregnated with silicic acid and a suitable fluorescing substance. Allow
the spots to dry, and develop the chromatogram in a solvent system consisting of a mixture of
n-propyl alcohol, water, and ethyl acetate (3:3:1) until the solvent front has moved about
three-fourths of the length of the plate. Remove the sheet from the developing chamber, mark
the solvent front, and allow the solvent to evaporate. Locate the spots on the plate by
examination under short-wavelength UV light: the RF value of the principal spot obtained from
the solution under test corresponds to that obtained from the Standard solution.
B: To a portion of the filtrate obtained in the Assay add barium chloride TS: a heavy, white
precipitate is formed.
Specific rotation 〈781S〉: between +65° and +75°.
Test solution: 10 mg per mL, in water.
Loss on drying 〈731〉—Dry it over phosphorus pentoxide for 24 hours: it loses not more than
1.0% of its weight.
Assay—Accurately weigh about 1 g of Aurothioglucose, and dissolve in 100 mL of water in a
300-mL Kjeldahl flask. Slowly add 10 mL of nitric acid, and when the reaction has subsided, boil
the mixture for 5 minutes. Filter, wash well the separated gold with hot water, dry, and ignite
to constant weight. The weight of the gold so obtained, multiplied by 1.991, represents the
weight of C6 H11 AuO5 S in the portion of Aurothioglucose taken. USP43
Recent Official Publications:
USP42–NF37 Page 430
BRIEFING
Aurothioglucose Injectable Suspension, USP 41 page 411. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Aurothioglucose Injectable Suspension
are currently marketed in the United States.
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2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C204166
Comment deadline: January 31, 2019
Delete the following:
Aurothioglucose Injectable Suspension

» Aurothioglucose Injectable Suspension is a sterile suspension of
Aurothioglucose in a suitable vegetable oil. It contains not less than 90.0
percent and not more than 110.0 percent of the labeled amount of
C 6 H 11 AuO 5 S. It may contain suitable thickening agents.
Packaging and storage—Preserve in single-dose or in multiple-dose containers, preferably of
Type I glass. Protect from light.
USP Reference standards 〈11〉—
USP Aurothioglucose RS
Identification—Transfer a volume of Injectable Suspension, equivalent to about 200 mg of
aurothioglucose, to a centrifuge separator containing 20 mL of ethyl acetate and 50 mL of
water. Shake the mixture thoroughly, and centrifuge until the liquid phases have been clearly
separated. Withdraw the lower, aqueous phase, and filter, discarding the first 10 mL of the
filtrate. Collect the filtrate in a glass-stoppered vessel, and proceed as directed in
Identification test A under Aurothioglucose, beginning with “apply 10 µL of this solution.”
Bacterial Endotoxins Test 〈85〉 —It contains not more than 7.14 USP Endotoxin Units per mg
of aurothioglucose.
Sterility Tests 〈71〉 —It meets the requirements.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
Assay—Transfer with a pipet, calibrated to contain rather than to deliver, an accurately
measured volume of Injectable Suspension, equivalent to about 200 mg of aurothioglucose, to a
beaker containing 400 mL of acetone. Wash the pipet into the beaker with a small quantity of
acetone, mix, allow the solids to settle, and decant the supernatant through a filter. Wash the
solids with another 400-mL portion of acetone, and repeat the decantation. Transfer the solids
to the filter with the aid of acetone, then transfer the filter and its contents to a shortnecked, 300-mL Kjeldahl flask, add 5 mL of water, and proceed as directed in the Assay under
Gold Sodium Thiomalate, beginning with “add 20 mL of nitric acid.” The weight of gold so
obtained, multiplied by 1.991, represents the weight of C6 H11 AuO5 S in the portion of Injectable
Suspension taken. USP43
Recent Official Publications:
USP42–NF37 Page 431
BRIEFING
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Azatadine Maleate Tablets, USP 41 page 414. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Azatadine Maleate Tablets are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C204166
Comment deadline: January 31, 2019
Delete the following:
Azatadine Maleate Tablets

» Azatadine Maleate Tablets contain not less than 90.0 percent and not
more than 110.0 percent of the labeled amount of C 20 H 22 N 2 ·2C 4 H 4 O 4 .
Packaging and storage—Preserve in well-closed containers.
USP Reference standards 〈11〉—
USP Azatadine Maleate RS
Identification—Transfer 15.0 mL of the Standard preparation and 15.0 mL of the Assay
preparation, respectively, prepared as directed in the Assay, to separate 50-mL centrifuge
tubes fitted with glass stoppers. To each centrifuge tube add 10.0 mL of 1.0 N sodium
hydroxide and 20 mL of solvent hexane, insert the stoppers, rotate the centrifuge tubes for
about 15 minutes, and centrifuge. Transfer the solvent hexane extracts (upper phase) from
each centrifuge tube to separate 50-mL conical flasks fitted with glass stoppers. Evaporate the
solvent hexane extracts on a steam bath under a stream of nitrogen to dryness, pipet 1 mL of
solvent hexane into each flask, insert the stoppers, and mix by use of a vortex mixer (or
equivalent) until the residues have dissolved. Use these solutions as the Standard solution and
the test solution, respectively. Apply separately 100 µL each of the test solution and the
Standard solution to a suitable thin-layer chromatographic plate (see Chromatography 〈621〉)
coated with a 0.25-mm layer of chromatographic silica gel mixture. Allow the spots to dry, and
develop the chromatogram in a solvent system consisting of toluene, isopropyl alcohol, and
diethylamine (10:10:1) until the solvent front has moved about three-fourths of the length of
the plate. Remove the plate from the developing chamber, mark the solvent front, and allow
the plate to air-dry. Examine the plate under short-wavelength UV light: the RF value and
intensity of the principal spot in the chromatogram of the test solution correspond to those
obtained from the chromatogram of the Standard solution.
Dissolution 〈711〉—
Medium: 0.01 N hydrochloric acid; 500 mL.
Apparatus 2: 50 rpm.
Time: 30 minutes.
Procedure— Determine the amount of C20 H22 N2 ·2C4 H4 O4 dissolved by employing UV absorption
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at the wavelength of maximum absorbance at about 283 nm on filtered portions of the solution
under test, diluted with Medium, if necessary, in comparison with a Standard solution having a
known concentration of USP Azatadine Maleate RS in the same Medium.
Tolerances— Not less than 80% (Q) of the labeled amount of C20 H22 N2 ·2C4 H4 O4 is dissolved in
30 minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Assay—
Standard preparation— Dissolve an accurately weighed quantity of USP Azatadine Maleate RS
in 0.1 N hydrochloric acid, and dilute quantitatively, and stepwise if necessary, with 0.1 N
hydrochloric acid to obtain a solution having a known concentration of about 0.06 mg per mL.
Assay preparation— Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed portion of the powder, equivalent to about 1.5 mg of azatadine maleate, to
a 50-mL flask fitted with a glass stopper. Add 25.0 mL of 0.1 N hydrochloric acid, insert the
stopper, and shake the mixture by mechanical means for about 30 minutes. Filter the mixture
into a suitable glass-stoppered vessel, discarding the first 5 mL of the filtrate.
Procedure— Separately transfer 15.0 mL of the Standard preparation, 15.0 mL of the Assay
preparation, and 15.0 mL of 0.1 N hydrochloric acid to provide the reagent blank to three 50mL centrifuge tubes fitted with glass stoppers. To each centrifuge tube add 10.0 mL of 1.0 N
sodium hydroxide and 20 mL of solvent hexane, insert the stoppers, rotate the centrifuge tubes
for about 15 minutes, and centrifuge until the supernatants (solvent hexane phase) are clear.
With the aid of separate syringes, transfer the supernatants to separate 50-mL centrifuge
tubes fitted with glass stoppers. Rinse each syringe with 10 mL of solvent hexane, and add the
rinse to the aqueous phase from which the respective supernatant was removed. Insert the
stoppers, rotate each tube for about 10 minutes, and centrifuge. Transfer each supernatant to
the respective supernatant previously collected. Pipet 15 mL of 0.1 N hydrochloric acid into
each centrifuge tube containing the combined supernatants, insert the stoppers, rotate each
tube for about 15 minutes, and centrifuge. Remove and discard the supernatants.
Concomitantly determine the absorbances of the solutions in 1-cm cells at the wavelength of
maximum absorbance at about 283 nm, with a suitable spectrophotometer zeroed with 0.1 N
hydrochloric acid, using the prepared reagent blank. Calculate the quantity, in mg, of
C20 H22 N2 ·2C4 H4 O4 in the portion of Tablets taken by the formula:
25C(AU / AS)
in which C is the concentration, in mg per mL, of USP Azatadine Maleate RS in the Standard
preparation; and AU and AS are the absorbances of the solutions from the Assay preparation
and the Standard preparation, respectively. USP43
Recent Official Publications:
USP42–NF37 Page 434
BRIEFING
Carboxymethylcellulose Sodium Compounded Solution, Veterinary. A new
compounded preparation monograph is proposed based on a validated stability-indicating
method used to assess stability. The ion chromatographic procedure in the Assay is based on
analyses validated using the Dionex IonPac CS17 brand of analytical column with L77 packing.
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The typical retention time for sodium is about 3.3 min.
Please submit comments to CompoundingSL@usp.org
(CMP: B. Serumaga.)
Correspondence Number—C196030
Comment deadline: January 31, 2019
Add the following:
Carboxymethylcellulose Sodium Compounded Solution, Veterinary
DEFINITION
Carboxymethylcellulose Sodium Compounded Solution, Veterinary contains NLT 80.0% and
NMT 120.0% of the labeled amount of carboxymethylcellulose sodium (C8 H15 NaO8 ). Prepare
Carboxymethylcellulose Sodium Compounded Solution, Veterinary 10 mg/mL (1%) as follows
(see Pharmaceutical Compounding—Sterile Preparations 〈797〉).
Carboxymethylcellulose Sodiuma
5g
Propylene Glycol
10 mL
Sterile Water for Injection, a sufficient quantity to make 500 mL
a High-viscosity carboxymethylcellulose sodium must be used.
Wet the Carboxymethylcellulose Sodium with the Propylene Glycol in a suitable container.
Place 450 mL of Sterile Water for Injection in a calibrated container on a hot plate with a
stir bar and heat to NMT 100° (do not allow to boil). Add the Carboxymethylcellulose
Sodium and Propylene Glycol mixture to heated Sterile Water for Injection by pouring along
the outer edge of the water level and not directly into the vortex created by the stir bar to
avoid clumping. Continue heating and stirring to facilitate complete dissolution of the
Carboxymethylcellulose Sodium. [Note—This may take 30–60 min to completely dissolve.]
Once completely dissolved, bring to final volume with Sterile Water for Injection. Transfer
to a 500-mL high-density polyethylene (HDPE) plastic single-dose container suitable for
autoclaving and crimp seals tightly before autoclaving. Sterilize by autoclaving.
ASSAY
• Procedure
Mobile phase: 0.052% v/v methanesulfonic acid
Diluent: 0.52% v/v methanesulfonic acid
Standard solution: 0.03 mg/mL of sodium prepared by mixing USP Sodium Chloride RS and
water
Sample solution: Transfer 1 mL of Solution, Veterinary into a 25-mL volumetric flask and
dilute with Diluent to volume.
[Note—The Standard solution and Sample solution are stable for only 24 h.]
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity
Column: 4.0-mm × 25-cm; packing L77
Column temperature: 15°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for sodium is about 3.3 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sodium (Na) in the portion of Solution,
Veterinary:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of sodium from the Sample solution
rS = peak response of sodium from the Standard solution
CS = concentration of sodium in the Standard solution (mg/mL)
CU = nominal concentration of sodium in the Sample solution (mg/mL)
Acceptance criteria: 80.0%–120.0%
SPECIFIC TESTS
• pH 〈791〉: 6.7–7.7
• Sterility Tests 〈71〉, Test for Sterility of the Product to be Examined, Direct Inoculation of
the Culture Medium: Meets the requirements
• Bacterial Endotoxins Test 〈85〉: NMT 1.75 USP Endotoxin Units/mL of
carboxymethylcellulose sodium
• Viscosity—Rotational Methods 〈912〉
Sample: 5 mL of Solution, Veterinary
Analysis: Determine at 25° by using a rotational viscometer.
Acceptance criteria: Between 600 and 1,200 centipoises
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in 500-mL autoclavable HDPE plastic containers. Store at
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controlled room temperature.
• Labeling: Label it to indicate to state the Beyond-Use Date.
• Beyond-Use Date: In the absence of performing and completing a sterility and endotoxins
test, the storage conditions in Pharmaceutical Compounding—Sterile Preparations 〈797〉,
CSP Microbial Contamination Risk Levels, High-Risk Level CSPs apply. After successful
completion of sterility and endotoxin testing, NMT 60 days after the day on which it was
compounded when stored at controlled room temperature.
• USP Reference Standards 〈11〉
USP Sodium Chloride RS
USP43

BRIEFING
Cetirizine Hydrochloride Capsules. Because there is no existing USP monograph for this
drug product, a new monograph is being proposed based on validated methods of analysis.
1. The Assay is based on a gradient liquid chromatographic procedure, which uses the
Waters Acquity UPLC BEH C18 brand of column with L1 packing. The typical retention
time for cetirizine is about 4.7 min.
2. The Performance Tests section includes the test for Dissolution, in which the analytical
method is based on a gradient liquid chromatographic procedure using the Waters
Acquity UPLC BEH C18 brand of column with L1 packing. The typical retention time for
cetirizine is about 4.7 min.
3. The test for Organic Impurities is based on a gradient liquid chromatographic procedure,
which uses the Waters XBridge C18 brand of column with L1 packing. The typical
retention time for cetirizine is about 15.5 min.
4. The Specific Tests section includes procedures for Microbial Enumeration Tests and
Tests for Specified Microorganisms.
(CHM6: R. Nguyen.)
Correspondence Number—C202113
Comment deadline: January 31, 2019
Add the following:
Cetirizine Hydrochloride Capsules
DEFINITION
Cetirizine Hydrochloride Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount
of cetirizine hydrochloride (C21 H25 ClN2 O3 ·2HCl). It might contain suitable preservative,
edible oil, or other suitable vehicle.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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ASSAY
• Procedure
Solution A: Dissolve 1 g of tetrabutylammonium hydrogen sulfate in 1 L of water, and add 1
mL of phosphoric acid.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
1
6
6.1
10
10.1
15

Table 1
Solution A
(%)
85
85
70
40
30
85
85

Solution B
(%)
15
15
30
60
70
15
15

Diluent 1: 0.1% (v/v) acetic acid, prepared as follows. Add 1 mL of acetic acid to 1000 mL
of water.
Diluent 2: Acetonitrile and Diluent 1 (40:60)
Standard stock solution: 1 mg/mL of USP Cetirizine Hydrochloride RS, prepared as follows.
Transfer an appropriate amount of USP Cetirizine Hydrochloride RS into a suitable
volumetric flask. Add 50% of the flask volume of Diluent 1 and 40% of the flask volume of
acetonitrile. Allow to reach room temperature. Dilute with Diluent 1 to volume.
Standard solution: 0.25 mg/mL of USP Cetirizine Hydrochloride RS in Diluent 2 from
Standard stock solution
Sample solution: Nominally 0.25 mg/mL of cetirizine hydrochloride, prepared as follows.
Transfer 5 Capsules into a 200-mL volumetric flask, add about 100 mL of Diluent 1,
stopper the flask, and heat in a water bath at 55° occasionally swirling until the Capsules
have dissolved. Add 80 mL of acetonitrile, sonicate for about 15 min, and allow to cool to
room temperature. Dilute with Diluent 1 to volume. Pass a portion of the solution through
a suitable filter of 0.45-µm pore size and discard the first few milliliters of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 2.1-mm × 10-cm, 1.7-µm packing L1
Column temperature: 55°
Flow rate: 0.6 mL/min
Injection volume: 3 µL
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System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cetirizine hydrochloride
(C21 H25 ClN2 O3 ·2HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of cetirizine from the Sample solution
rS = peak response of cetirizine from the Standard solution
CS = concentration of USP Cetirizine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of cetirizine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 20 min
Solution A and Solution B: Prepare as directed in the Assay.
Mobile phase: See Table 2.
Time
(min)
0
1
6
9
10
10.1
15

Table 2
Solution A
(%)
85
85
70
5
5
85
85

Solution B
(%)
15
15
30
95
95
15
15

Standard solution: 0.01 mg/mL of USP Cetirizine Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 232 nm
Column: 2.1-mm × 10-cm, 1.7-µm packing L1
Column temperature: 55°
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cetirizine hydrochloride
(C21 H25 ClN2 O3 ·2HCl) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response of cetirizine from the Sample solution
rS = peak response of cetirizine from the Standard solution
CS = concentration of USP Cetirizine Hydrochloride RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim of cetirizine hydrochloride (mg/Capsule)
Tolerances: NLT 80% (Q) of the labeled amount of cetirizine hydrochloride
(C21 H25 ClN2 O3 ·2HCl) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Solution A: 1.0% (v/v) phosphoric acid, prepared as follows. Add 10 mL of phosphoric acid
to 1000 mL of water.
Solution B: Acetonitrile
Solution C: Dissolve 1 g of tetrabutylammonium hydrogen sulfate in 1 L of water.
Mobile phase: See Table 3.
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Time
(min)
0
3
25
35
35.1
43

Table 3
Solution A
Solution B
(%)
(%)
78
15
78
15
34
62
3
95
78
15
78
15

Solution C
(%)
7
7
4
2
7
7

Diluent: 0.1% (v/v) acetic acid, prepared as follows. Add 1 mL of acetic acid to 1000 mL
of water.
Standard stock solution: 0.25 mg/mL of USP Cetirizine Hydrochloride RS in Diluent,
prepared as follows. Transfer an appropriate amount of USP Cetirizine Hydrochloride RS
into a suitable volumetric flask. Add about 5% of the flask volume of Diluent and 40% of
the flask volume of acetonitrile. Sonicate to completely dissolve. Allow to come to room
temperature and dilute with Diluent to volume.
Sensitivity solution: 0.25 µg/mL of USP Cetirizine Hydrochloride RS in Diluent from
Standard stock solution
Standard solution: 2.5 µg/mL of USP Cetirizine Hydrochloride RS in Diluent from Standard
stock solution
Sample solution: Nominally 0.25 mg/mL of cetirizine hydrochloride, prepared as follows.
Transfer 5 Capsules into a 200-mL volumetric flask, add about 100 mL of Diluent, stopper
the flask, and heat in a water bath at 55° occasionally swirling until the Capsules have
dissolved. Add 80 mL of acetonitrile, sonicate for about 15 min, and allow to cool to room
temperature. Dilute with Diluent to volume. Pass a portion of the solution through a
suitable filter of 0.45-µm pore size and discard the first few milliliters of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 232 nm
Column: 4.6-mm × 15-cm, 3.5-µm packing L1
Column temperature: 10°
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any specified or unspecified degradation product in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of any specified or unspecified degradation product from the Sample
solution
rS = peak response of cetirizine from the Standard solution
CS = concentration of USP Cetirizine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of cetirizine hydrochloride in the Sample solution (mg/mL)
F = relative response factor (see Table 4)
Acceptance criteria: See Table 4.

Name

Table 4
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Glyceryl ester of cetirizinea
0.92
1.00
Cetirizine
1.0
—
Propylene glycol ester of cetirizineb
1.05
1.00
c
Cetirizine N-oxide
1.11
1.06
Any unspecified degradation
—
product
1.00
Total degradation products
—
—
a 2,3-Dihydroxypropyl 2-(2-{4-[(4-chlorophenyl)phenylmethyl]piperazin-1yl}ethoxy)acetate.
b 2-Hydroxypropyl 2-(2-{4-[(4-chlorophenyl)phenylmethyl]piperazin-1yl}ethoxy)acetate.
c 2-[4-[(4-Chlorophenyl)phenylmethyl]-1-oxide-1-piperazinyl]ethoxy]acetic

0.5
—
1.0
0.3
0.2
2.0

acid.

SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 103 cfu/g. The total combined yeasts and molds
count does not exceed 102 cfu/g. It meets the requirements of the test for absence of
Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature. Avoid high humidity and
excessive heat above 40°. Protect from light.
• USP Reference Standards 〈11〉
USP Cetirizine Hydrochloride RS
USP43
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BRIEFING
Cholecalciferol, USP 41 page 915. On the basis of comments received, the following
changes are proposed:
1. Remove Identification D, which employs a Spray reagent containing acetyl chloride, a
potentially unsafe reagent.
2. Replace the colorimetric procedure in Identification C with an HPLC procedure based on
the Assay.
3. Replace Dehydrated hexane, which is prepared by an outdated procedure in the Assay,
with an equivalent commercially available hexane.
4. Add a specified Flow rate to the Chromatographic system in the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: H. Dinh.)
Correspondence Number—C206674
Comment deadline: January 31, 2019
Cholecalciferol

C27 H44 O

384.64

9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3β,5Z,7E)-;
Cholecalciferol
[67-97-0].
DEFINITION
Cholecalciferol contains NLT 97.0% and NMT 103.0% of cholecalciferol (C27 H44 O).
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉
Wavelength range: 2–12 µm
Acceptance criteria: Meets the requirements in the chapter
Change to read:

USP43
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• B. Ultraviolet Absorption 〈197U〉
Spectroscopic Identification Tests 〈197〉, Ultraviolet-Visible Spectroscopy: 〈197U〉
USP43

Analytical wavelength: 265 nm
Sample solution: 10 µg/mL in alcohol
Acceptance criteria: Meets the requirements in the chapter. Absorptivities do not differ
by more than 3.0%.
Change to read:
• C.
Sample solution: 0.5 mg in 5 mL of chloroform
Analysis: Add 0.3 mL of acetic anhydride and 0.1 mL of sulfuric acid to the Sample
solution, and shake vigorously.
Acceptance criteria: A bright red color is produced, and it rapidly changes through violet
and blue to green.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
Delete the following:
• D. Thin-Layer Chromatography
[Note—For the Standard solution and the Sample solution, follow these procedures: use
low-actinic glassware, dissolve the samples without heating, and use the solutions
immediately.]
Diluent: 10 mg/mL of squalane in chloroform
Standard solution: 50 mg/mL of USP Cholecalciferol RS in Diluent
Sample solution: 50 mg/mL of Cholecalciferol in Diluent
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Cyclohexane and diethyl ether (1:1)
Spray reagent: 20 mg/mL of acetyl chloride in antimony trichloride TS
Analysis
Samples: Standard solution and Sample solution
[Note—Perform the development and subsequent operations in the dark.]
Place the plate in a chamber containing and equilibrated with Developing solvent system.
Develop until the solvent front has moved about 15 cm above the line of application.
Remove the plate, allow the solvent to evaporate, and spray with Spray reagent.

284
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Acceptance criteria: The Sample solution shows a yellowish-orange area (cholecalciferol)
having the same RF value as the area of the Standard solution and may show below the
cholecalciferol area a violet area, attributed to 7-dehydrocholesterol. USP43
ASSAY
Change to read:
• Procedure
Dehydrated hexane: Prepare a chromatographic column by packing a chromatographic
tube, 8 cm × 60 cm, with 500 g of 50- to 250-µm chromatographic siliceous earth,
activated by drying at 150° for 4 h. (See Chromatography 〈621〉, Column
Chromatography.) Pass 500 mL of hexane through the column, and collect the eluate in a
glass-stoppered flask.
USP43

Mobile phase: n-Amyl alcohol in Dehydrated hexane
hexane, solvent, chromatographic USP43
(3 in 1000)
System suitability solution: 250 mg of USP Vitamin D Assay System Suitability RS in 10
mL of a mixture of toluene and Mobile phase (1:1). Heat this solution, under reflux, at 90°
for 45 min, and cool. [Note—This solution contains cholecalciferol, precholecalciferol, and
trans-cholecalciferol.]
[Note—For the stock solutions, follow these procedures: use low-actinic glassware,
dissolve the samples without heating, and prepare the solutions fresh daily.]
Standard stock solution: 0.6 mg/mL of USP Cholecalciferol RS in toluene
Standard solution: 120 µg/mL of USP Cholecalciferol RS in Mobile phase, prepared from
Standard stock solution
Sample stock solution: 0.6 mg/mL of Cholecalciferol in toluene
Sample solution: 120 µg/mL of Cholecalciferol in Mobile phase, prepared from Sample
stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L3
Flow rate: 1.0–2.0 mL/min USP43
Injection volume: 5–10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for precholecalciferol, trans-cholecalciferol, and
cholecalciferol are 0.4, 0.5, and 1.0, respectively.]
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Suitability requirements
Resolution: NLT 1.0 between trans-cholecalciferol and precholecalciferol
Relative standard deviation: NMT 2.0% for the peak response of cholecalciferol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cholecalciferol (C27 H44 O) in the portion of Cholecalciferol
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Cholecalciferol RS in the Standard solution (µg/mL)
CU = concentration of Cholecalciferol in the Sample solution (µg/mL)
Acceptance criteria: 97.0%–103.0%
SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 5 mg/mL in alcohol. [Note—Prepare and use the solution without delay.
Use Cholecalciferol from a container opened not longer than 30 min.]
Acceptance criteria: +105° to +112°
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in hermetically sealed containers under nitrogen, and
store in a cool place protected from light.
• USP Reference Standards 〈11〉
USP Cholecalciferol RS
USP Vitamin D Assay System Suitability RS
Recent Official Publications:
USP42–NF37 Page 965
BRIEFING
Clonidine Hydrochloride Extended-Release Tablets. Because there is no existing USP
monograph for this drug product, a new monograph based on validated methods of analysis is
proposed.
1. The liquid chromatographic procedure in the Assay and the test for Dissolution is based
on analyses performed with the Symmetry C8 brand of column with L7 packing from
Waters. The typical retention time for clonidine is about 4.1 min.
2. The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Inertsil C8-3 brand of column with L7 packing from GL
Sciences. The typical retention time for clonidine is about 27 min.
(CHM2: E. Chang.)
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Correspondence Number—C203085
Comment deadline: January 31, 2019
Add the following:
Clonidine Hydrochloride Extended-Release Tablets
DEFINITION
Clonidine Hydrochloride Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amount of clonidine hydrochloride (C9 H9 Cl2 N3 ·HCl).
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: 10 mg/mL of USP Clonidine Hydrochloride RS in methanol. Sonicate to
dissolve, if needed.
Sample solution: Powder NLT 20 Tablets and transfer a portion of the powder equivalent
to 1 mg of clonidine hydrochloride to a separator containing 20 mL of water and 1 mL of 1
N sodium hydroxide. Swirl gently to dissolve the sample, and extract with 40 mL of
chloroform. Allow the layers to separate for 15 min, and pass the chloroform layer through
a suitable filter paper into a glass beaker. Repeat the extraction step and collect the
filtrate in the same beaker. Evaporate the filtrate to dryness in a water bath, and dissolve
the residue with 0.1 mL of methanol.
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: Methanol and ammonium hydroxide (200:3)
Analysis
Samples: Standard solution and Sample solution
Position the plate in a chromatographic chamber, and develop in Developing solvent
system until the solvent front has moved about three-fourths of the length of the plate.
Remove the plate from the chamber, mark the solvent front, and allow the solvent to
evaporate for 2 min at 70°. Examine the plate under UV light at 254 nm.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
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Buffer: Dissolve 2.2 g of octanesulfonic acid sodium salt in 1000 mL of water.
Solution A: Methanol, Buffer, and phosphoric acid (50 :50: 0.1). Adjust with 1 N sodium
hydroxide to a pH of 3.0.
Solution B: Acetonitrile, methanol, and water (80:10:10)
Mobile phase: See Table 1.
Time
(min)
0
15
17
22
30

Table 1
Solution A
(%)
100
100
10
100
100

Solution B
(%)
0
0
90
0
0

Standard solution: 1 µg/mL of USP Clonidine Hydrochloride RS in Solution A
Sample solution: Nominally 1 µg/mL of clonidine hydrochloride prepared as follows. Weigh
and transfer 10 Tablets equivalent to 1 mg of clonidine hydrochloride to a 1000-mL
volumetric flask. Add 50 mL of methanol and stir for 30 min. Add 700 mL of Solution A and
stir for 15 min. Sonicate for 30 min with intermittent shaking every 5 min. Dilute with
Solution A to volume. Pass through a suitable filter of 0.45-µm pore size. Discard the first
few milliliters of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clonidine hydrochloride (C9 H9 Cl2 N3 ·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of clonidine from the Sample solution
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rS = peak response of clonidine from the Standard solution
CS = concentration of USP Clonidine Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of clonidine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Acid stage medium: 0.01 N hydrochloric acid; 500 mL
Buffer stage medium: pH 7.0 phosphate buffer (dissolve 6.8 g of monobasic potassium
phosphate and 1.16 g of sodium hydroxide in 1000 mL of water. Adjust with 0.1 N sodium
hydroxide to a pH of 7.0); 500 mL
Apparatus 2: 50 rpm with a suitable sinker
Times
Acid stage: 2 h
Buffer stage: 1, 6, and 16 h. The time in the Buffer stage medium does not include the
time in the Acid stage medium.
Buffer: 2.2 g/L of octanesulfonic acid sodium salt in water
Mobile phase: Methanol, Buffer, and phosphoric acid (50: 50: 0.1). Adjust with 1 N sodium
hydroxide to a pH of 3.0.
Standard stock solution: 0.105 mg/mL of USP Clonidine Hydrochloride RS in the respective
medium. Sonicate to dissolve, if needed.
Standard solution: 0.21 µg/mL of USP Clonidine Hydrochloride RS in the respective medium
from the Standard stock solution
Sample solution: After 2 h in the Acid stage medium, withdraw an aliquot of the solution
under test. Pass the solution through a suitable filter of 0.45-µm pore size and discard the
first few milliliters of the filtrate. Carefully transfer the Tablet with sinker to a dissolution
vessel containing the Buffer stage medium. At the times specified for the Buffer stage,
withdraw an aliquot of the solution under test. Replace the aliquots withdrawn for analysis
with equal volumes of fresh Buffer stage medium. Pass the solution through a suitable
filter of 0.45-µm pore size and discard the first few milliliters of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 100 µL
Run time: NLT 2.5 times the retention time of clonidine
System suitability
Sample: Standard solution

PF 44(6): Nov.-Dec. 2018

290

Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clonidine hydrochloride (C9 H9 Cl2 N3 ·HCl)
dissolved in the Acid stage medium (QA):
Result = (rU/rS) × (CS/L) × V × 100
rU = peak response of clonidine from the Sample solution
rS = peak response of clonidine from the Standard solution
CS = concentration of USP Clonidine Hydrochloride RS in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Acid stage medium; 500 mL
Calculate the concentration (Ci) of clonidine hydrochloride (C9 H9 Cl2 N3 ·HCl) in the sample
withdrawn at each Buffer stage time point (i):
Result = (rU/rS) × CS
rU = peak response of clonidine from the Sample solution at each time point, i
rS = peak response of clonidine from the Standard solution
CS = concentration of USP Clonidine Hydrochloride RS in the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of clonidine hydrochloride (C9 H9 Cl2 N3 ·HCl)
dissolved at each time point (i):
Result 1 = [C1 × V × (1/L) × 100] + QA
Result 2 ={[(C2 × V) + (C1 × VS)] × (1/L) × 100} + QA
Result 3 = ({(C3 × V ) + [(C2 + C1) × VS]} × (1/L) × 100) + QA
Ci = concentration of clonidine hydrochloride in the Sample solution withdrawn at the
specified time point (mg/mL)
V = volume of Buffer stage medium, 500 mL
L = label claim (mg/Tablet)
QA = percentage of the labeled amount of clonidine hydrochloride dissolved in the Acid
stage medium (%)
VS = volume of the Sample solution withdrawn at each time point (mL)
Tolerances
Acid stage: 30%–50% of the labeled amount of clonidine hydrochloride (C9 H9 Cl2 N3 ·HCl) is
dissolved in 2 h.
Buffer stage: See Table 2.
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Time Point
(i)
1
2
3

Table 2
Time
Amount Dissolved
(h)
(%)
1
40–60
6
65–85
16
NLT 85

The percentages of the labeled amount of clonidine hydrochloride (C9 H9 Cl2 N3 ·HCl) dissolved
at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Buffer: Dissolve 4 g of octanesulfonic acid sodium salt in 1000 mL of water.
Solution A: Methanol, Buffer, and phosphoric acid (45: 55: 0.1). Adjust with phosphoric
acid to a pH of 2.5.
Solution B: Acetonitrile, methanol, and water (65:5:30)
Mobile phase: See Table 3.
Time
(min)
0
60
65
85
90
110

Table 3
Solution A
(%)
100
100
15
15
100
100

Solution B
(%)
0
0
85
85
0
0

Diluent 1: 4 g of octanesulfonic acid sodium salt in 1 L of water. Add 1 mL of phosphoric
acid. Adjust with triethylamine to a pH of 2.5.
Diluent 2: Methanol and Diluent 1 (50:50)
Standard stock solution: 0.25 mg/mL of USP Clonidine Hydrochloride RS in methanol.
Sonicate to dissolve, if needed.
Standard solution: 0.125 µg/mL of USP Clonidine Hydrochloride RS in Diluent 2 from the
Standard stock solution
Sensitivity solution: 0.025 µg/mL of USP Clonidine Hydrochloride RS in Diluent 2 from the
Standard solution
Sample stock solution: Nominally 0.05 mg/mL of clonidine hydrochloride prepared as
follows. Weigh and finely powder NLT 20 Tablets. Transfer a portion of the powder
equivalent to 1 mg of clonidine hydrochloride to a 20-mL volumetric flask. Add 15 mL of
methanol. Sonicate for 15 min with intermittent shaking every 2 min at 10°. Dilute with
methanol to volume. Centrifuge for 10 min and use the supernatant.
Sample solution: Nominally 25 µg/mL of clonidine hydrochloride in Diluent 1 from the
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Sample stock solution. Pass through a suitable filter of 0.45-µm pore size. Discard the first
few milliliters of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Autosampler temperature: 10°
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any unspecified degradation product in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified degradation product from the Sample solution
rS = peak response of clonidine from the Standard solution
CS = concentration of USP Clonidine Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of clonidine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria
Any unspecified degradation product: NMT 0.5%
Total degradation products: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards 〈11〉
USP Clonidine Hydrochloride RS
USP43

BRIEFING
Codeine Phosphate, USP 41 page 1063. As part of the USP monograph modernization
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initiative, it is proposed to make the following changes:
1. Revise Identification A to allow flexibility for the use of either 〈197K〉 or 〈197A〉.
2. Revise the Definition and the Acceptance criteria in the Assay from 99.0%–101.5% to
98.0%–102.0% which is typical for a chromatographic assay.
3. Add Identification B with an HPLC retention time agreement based on the
chromatographic procedure in the Assay.
4. Replace the titration procedure with an HPLC procedure in the Assay. The proposed
liquid chromatographic procedure is based on analyses using the Atlantis T3 brand of
column with L1 packing. The typical retention time for codeine is about 17 min.
5. Delete the TLC test for Limit of Morphine.
6. Revise the test for Organic Impurities. The proposed liquid chromatographic procedure
is based on the same chromatographic conditions as proposed in the Assay.
7. Add USP Codeine System Suitability Mixture RS to the USP Reference Standards section
to support the proposed changes in the Organic Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current
USP style.
(CHM2: H. Cai.)
Correspondence Number—C128988
Comment deadline: January 31, 2019
Codeine Phosphate

C18 H21 NO3 ·H3 PO4 ·½H2 O

406.37

Morphinan-6-ol, 7,8-didehydro-4,5-epoxy-3-methoxy-17-methyl-, (5α,6α)-, phosphate (1:1)
(salt), hemihydrate;
7,8-Didehydro-4,5α-epoxy-3-methoxy-17-methylmorphinan-6α-ol phosphate (1:1) (salt)
hemihydrate
[41444-62-6].
Anhydrous
[52-28-8].
DEFINITION
Change to read:
Codeine Phosphate contains NLT 99.0% and NMT 101.5%
NLT 98.0% and NMT 102.0% USP43
of codeine phosphate (C18 H21 NO3 ·H3 PO4 ), calculated on the anhydrous basis.
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IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉 or 〈197A〉
USP43

Add the following:
• B. The retention time of the codeine peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay. USP43
Change to read:
• B.
C. USP43
Analysis: Neutralize 20 mg/mL of Codeine Phosphate in water with 6 N ammonium
hydroxide and add silver nitrate TS.
Acceptance criteria: A yellow precipitate of silver phosphate is formed, and it is soluble in
2 N nitric acid and 6 N ammonium hydroxide.
ASSAY
Change to read:
• Procedure
Sample: 1 g of Codeine Phosphate
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample in 50 mL of glacial acetic acid, warming slightly if necessary
to effect solution. Titrate with Titrant and determine the endpoint potentiometrically.
Perform a blank determination, and make any necessary correction. Each mL of 0.1 N
perchloric acid is equivalent to 39.74 mg of codeine phosphate (C18 H21 NO3 ·H3 PO4 ).
Acceptance criteria: 99.0%–101.5% on the anhydrous basis
Solution A: 2% acetic acid in water. Adjust with 50% (w/v) sodium hydroxide solution to
a pH of 4.5.
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0
15
22
31
31.1
36

Table 1
Solution A
(%)
96
96
89
63
96
96

Solution B
(%)
4
4
11
37
4
4

Diluent: 0.5% (v/v) phosphoric acid in water
Standard solution: 4 mg/mL of USP Codeine Phosphate RS in Diluent
Sample solution: 4 mg/mL of Codeine Phosphate in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 3.0-µm packing L1
Column temperature: 37°
Flow rate: 1.88 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–3.0
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of codeine phosphate (C18 H21 NO3 ·H3 PO4 ) in the portion of
Codeine Phosphate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of codeine from the Sample solution
rS = peak response of codeine from the Standard solution
CS = concentration of USP Codeine Phosphate RS in the Standard solution (mg/mL)
CU = concentration of Codeine Phosphate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES

USP43
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Delete the following:
• Limit of Morphine
Analysis: Dissolve about 50 mg of potassium ferricyanide in 10 mL of water, add 1 drop of
ferric chloride TS, and 1 mL of 10 mg/mL Codeine Phosphate solution.
Acceptance criteria: No blue color is produced immediately. USP43
Change to read:
• Organic Impurities
Diluent: 0.01 N hydrochloric acid and dehydrated alcohol (4:1)
Sample solution A: 40 mg/mL of Codeine Phosphate in Diluent
Sample solution B: 0.8 mg/mL of Codeine Phosphate from Sample solution A in Diluent
Sample solution C: 0.4 mg/mL of Codeine Phosphate from Sample solution A in Diluent
Spray reagent: Mix 3 mL of chloroplatinic acid solution (1 in 10) with 97 mL of water,
followed by the addition of 100 mL of potassium iodide solution (6 in 100)
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 10 µL
Developing solvent system: Dehydrated alcohol, cyclohexane, and ammonium hydroxide
(72:30:6)
Analysis
Samples: Sample solution A, Sample solution B, and Sample solution C
Apply separately of 10 µL of Sample solution A, Sample solution B and Sample solution C
to a suitable plate. Allow the spots to dry, and develop the chromatogram in the
Developing solvent system until the solvent front has moved three-fourths of the length
of the plate. Remove the plate from the developing chamber, and allow the solvent to
evaporate. Spray the plate with Spray reagent, and examine the chromatogram.
Acceptance criteria: No spot from Sample solution A, other than the principal spot and
any spot observed at the origin, is more intense than the principal spot from Sample
solution B (2%); and NMT one such spot having an RF greater than that of the principal
spot is more intense than the principal spot from Sample solution C (1%).
Solution A, Solution B, Mobile phase, Diluent, Standard solution, Sample solution,
and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.002 mg/mL of USP Codeine Phosphate RS in Diluent
System suitability solution: 4 mg/mL of USP Codeine System Suitability Mixture RS in
Diluent
System suitability
Samples: Standard solution, Sensitivity solution, and System suitability solution
Suitability requirements
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Resolution: NLT 1.5 between norcodeine and codeine, System suitability solution
Relative standard deviation: NMT 0.73%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Codeine Phosphate taken:
Result = (rU/rT) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rT = peak response of codeine from the Sample solution
F = relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.

Name

Table 2
Relative
Retention
Time
0.25
0.40
0.78
0.88
1.00
1.12
1.15
1.37
1.46
1.60
—
—

Relative
Response
Factor
0.97
1.13
0.88
0.97
1.00
1.14
1.42
0.66
0.96
4.83
1.00
—

Acceptance
Criteria,
NMT (%)
0.15
0.15
0.15
0.15
—
0.15
0.15
0.15
0.15
0.15
0.10
1.0

Morphine
10-Hydroxycodeinea
14-Hydroxycodeineb
Norcodeine
Codeine
Codeine N-oxide
2,2′-Biscodeinec
Codeinoned
Codeine methyl ether
Thebainee
Any unspecified impurity
Total impurities
a 7,8-Didehydro-4,5α-epoxy-3-methoxy-17-methylmorphinan-6α, 10-diol.
b 7,8-Didehydro-4,5α-epoxy-3-methoxy-17-methylmorphinan-6α, 14-diol.
c 7,7′,8,8′-Tetradehydro-4,5α:4′,5′α- diepoxy-3,3′-dimethoxy-17,17′- dimethyl-2,2′bimorphinanyl- 6α,6′α-diol.
d 7,8-Didehydro-4,5α-epoxy-3-methoxy-17-methylmorphinan-6α-one.
e 6,7,8,14-Tetradehydro-4,5α-epoxy-3,6- dimethoxy-17-methylmorphinan.
USP43

SPECIFIC TESTS
• Acidity
Sample: 100 mg of Codeine Phosphate
Titrant: 0.010 N sodium hydroxide
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Analysis: Dissolve the Sample in 20 mL of water, and titrate with Titrant to a pH of 5.4,
using a pH meter.
Acceptance criteria: NMT 1.0 mL of Titrant is required.
• Water Determination 〈921〉, Method I: NMT 3.0%
• Chloride
Sample solution: 10 mg/mL of Codeine Phosphate in water
Analysis: Acidify 10 mL of Sample solution with nitric acid and add a few drops of silver
nitrate TS.
Acceptance criteria: No opalescence is produced immediately.
• Sulfate
Sample solution: 10 mg/mL of Codeine Phosphate in water
Analysis: To 10 mL of the Sample solution add a few drops of barium chloride TS.
Acceptance criteria: No turbidity is produced immediately.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store up to 40° as
permitted by the manufacturer.
Change to read:
• USP Reference Standards 〈11〉
USP Codeine Phosphate RS
USP Codeine System Suitability Mixture RS
It contains about 95% of codeine phosphate hemihydrate, 0.3% of morphine, 2% of codeine
N-oxide, 2% of norcodeine, and 2% of codeine methyl ether.
Morphine: 7,8-Didehydro-4,5α-epoxy-17-methylmorphinan-3,6α-diol.
C17 H19 NO3
285.34
Codeine N-oxide: 7,8-Didehydro-4,5α-epoxy-3-methoxy-17-methylmorphinan-6α-ol Noxide.
C18 H21 NO4
315.36
Norcodeine: 7,8-Didehydro-4,5α-epoxy-3-methoxymorphinan-6α-ol.
C17 H19 NO3
285.34
Codeine methyl ether: 7,8-Didehydro-4,5α-epoxy-3,6α-dimethoxy-17-methylmorphinan.
C19 H23 NO3
313.39
USP43

Recent Official Publications:
USP42–NF37 Page 1117
BRIEFING
Cyclophosphamide Capsules. Because there is no existing USP monograph for this drug
product, a new monograph based on validated methods of analysis is proposed. The liquid
chromatographic procedures used in the Assay and the tests for Organic Impurities and
Dissolution are based on analyses performed with the Zorbax Eclipse XDB C18 brand column
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with L1 packing. The typical retention times for cyclophosphamide are 6.5, 9.3, and 14.0 min,
respectively.
(CHM3: F. Mao.)
Correspondence Number—C197616
Comment deadline: January 31, 2019
Add the following:
Cyclophosphamide Capsules
DEFINITION
Cyclophosphamide Capsules contain Cyclophosphamide equivalent to NLT 90.0% and NMT
110.0% of the labeled amount of anhydrous cyclophosphamide (C7 H15 Cl2 N2 O2 P).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Store the solutions containing cyclophosphamide at 2°–8° and protect from light.
Mobile phase: Acetonitrile and water (25:75)
Standard solution: 0.25 mg/mL of USP Cyclophosphamide RS in water
Sample stock solution: Open and drop 10 Capsules (including Capsule shells) in a 1000-mL
volumetric flask. Add 500 mL of water and shake mechanically for NLT 20 min. Dilute with
water to volume.
Sample solution: Nominally equivalent to 0.25 mg/mL of anhydrous cyclophosphamide
prepared as follows:
For 25 mg-Capsules: Pass the Sample stock solution through a suitable filter of 0.45-µm
pore size and discard the first few milliliters.
For 50 mg-Capsules: Transfer 25 mL of Sample stock solution to a 50-mL volumetric
flask and dilute with water to volume. Pass this solution through a suitable filter of
0.45-µm pore size and discard the first few milliliters.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 195 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1.5 mL/min
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Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of anhydrous cyclophosphamide
(C7 H15 Cl2 N2 O2 P) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of cyclophosphamide from the Sample solution
rS = peak response of cyclophosphamide from the Standard solution
CS = concentration of USP Cyclophosphamide RS in the Standard solution (mg/mL)
CU = nominal concentration of anhydrous cyclophosphamide in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Store the solutions containing cyclophosphamide at 2°–8° and protect from light.
Tier 1
Medium: Deaerated water; 900 mL
Apparatus 1: 100 rpm
Time: 15 min
Tier 2
Medium: Prepare a solution containing pepsin with pepsin activity of 125,000 units/L in
deaerated water, mix well, and use within 4 h of preparation; 900 mL
Apparatus 1: 100 rpm
Time: 15 min
Dissolution procedure: Perform the test using the conditions under Tier 1. In the
presence of cross-linking, repeat the test with new Capsules using the conditions under
Tier 2.
Mobile phase: Acetonitrile and 0.1% (v/v) glacial acetic acid (20:80)
Standard solution: 0.05 mg/mL of USP Cyclophosphamide RS in Tier 1 Medium if Tier 1
Medium is used for the Dissolution procedure or 0.05 mg/mL of USP Cyclophosphamide RS
in Tier 2 Medium if Tier 2 Medium is used for the Dissolution procedure
Sample solution: Pass a portion of the solution under test through a suitable filter of
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0.45-µm pore size, discard NLT 10 mL, and use the filtrate for analysis.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 195 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1. [Note—A suitable in-line filter may be
used.]
Column temperature: 30°
Flow rate: 1.3 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of anhydrous cyclophosphamide
(C7 H15 Cl2 N2 O2 P) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Cyclophosphamide RS in the Standard solution (mg/mL)
L = label claim (mg/Capsule)
V = volume of Tier 1 Medium or Tier 2 Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of anhydrous cyclophosphamide
(C7 H15 Cl2 N2 O2 P) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Store the solutions containing cyclophosphamide and its related compound at 2°–8° and
protect from light.
Solution A: 2.75 g/L of potassium phosphate, monobasic in water. Adjust with ammonium
hydroxide or phosphoric acid to a pH of 6.0.
Mobile phase: Acetonitrile and Solution A (25:75)
System suitability solution: 0.02 mg/mL of USP Cyclophosphamide Related Compound A
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RS and 10 mg/mL of USP Cyclophosphamide RS in acetonitrile
Standard solution: 0.02 mg/mL of USP Cyclophosphamide RS in acetonitrile
Sensitivity solution: 5.0 µg/mL of USP Cyclophosphamide RS in acetonitrile, from Standard
solution
Sample solution: Nominally equivalent to 10 mg/mL of anhydrous cyclophosphamide
prepared as below. Open and drop a suitable number of Capsules (10 for 25-mg Capsules
and 5 for 50 mg-Capsules), including Capsule shells, into a container. Add 25 mL of
acetonitrile and shake mechanically for NLT 20 min. Pass this solution through a suitable
filter of 0.45-µm pore size and discard the first few milliliters.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 195 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 4 times the retention time of the cyclophosphamide peak
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 9.0 between the cyclophosphamide related compound A and
cyclophosphamide peaks, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of cyclophosphamide from the Standard solution
CS = concentration of USP Cyclophosphamide RS in the Standard solution (mg/mL)
CU = nominal concentration of anhydrous cyclophosphamide in the Sample solution
(mg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1. Disregard the artifact peak between the bis(2chloroethyl)amine and cyclophosphamide peaks at a relative retention time of 0.7.
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Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Bis(2-chloroethyl)aminea
0.65
0.85
0.2
Cyclophosphamide
1.0
—
—
Any individual unspecified impurity
—
1.0
0.2
Total impurities
—
—
0.5
a This is the free base of USP Cyclophosphamide Related Compound A RS (C4 H9 Cl2 N).
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Cyclophosphamide RS
USP Cyclophosphamide Related Compound A RS
Bis(2-chloroethyl)amine hydrochloride.
C4 H9 Cl2 N·HCl
178.48
USP43

BRIEFING
Demeclocycline Hydrochloride, USP 41 page 1166. As part of the USP monograph
modernization effort, the following revisions are proposed:
1. Add the chemical structure to the monograph.
2. Replace the quantitative UV absorptivity based Identification A with a more specific
infrared spectroscopic procedure. Also, allow the flexibility of using either 〈197K〉 or
〈197A〉 to the users.
3. Replace the UV absorbance based Identification B with a retention time agreement as
obtained in the Assay.
4. In the Assay, delete the statement, “decreasing the amount of tertiary butyl alcohol
increases the resolution” from the Mobile phase, because this is common knowledge to
chromatographers and does not add value to the monograph.
5. Add the System suitability solution concentration to the Assay based on supporting
data.
6. Add the particle size information for the Column in the Assay based on supporting data.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: P. Pabba.)
Correspondence Number—C206097
Comment deadline: January 31, 2019
Demeclocycline Hydrochloride
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Change to read:

USP43

C21 H21 ClN2 O8 ·HCl

501.31

2-Naphthacenecarboxamide, 7-chloro-4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,6,10,12,12a-pentahydroxy-1,11-dioxo-, monohydrochloride, 4S-(4α,4aα,5aα,6β,12aα)-;
7-Chloro-4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,6,10,12,12a-pentahydroxy1,11-dioxo-2-naphthacenecarboxamide monohydrochloride
[64-73-3].
DEFINITION
Demeclocycline Hydrochloride has a potency of NLT 900 µg/mg of demeclocycline
Hydrochloride (C21 H21 ClN2 O8 ·HCl), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A.
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉 or 〈197A〉
USP43

Procedure
Sample solution: Transfer about 40 mg to a 250-mL volumetric flask, add 2 mL of 0.1 N
hydrochloric acid to dissolve, and dilute with water to volume. Transfer 10.0 mL of this
solution to a 100-mL volumetric flask, add about 75 mL of water and 5.0 mL of 5 N sodium
hydroxide, dilute with water to volume, and mix.
Acceptance criteria: The UV absorption spectrum of this solution, measured at 6 min,
accurately timed, after the addition of the sodium hydroxide, exhibits maxima and minima
at the same wavelengths as that of a similar solution of USP Demeclocycline Hydrochloride
RS, concomitantly measured. The absorptivity, calculated on the dried basis, at the
wavelength of maximum absorbance at about 380 nm, is between 95.8% and 104.2% of
that of the USP Demeclocycline Hydrochloride RS, the potency of the Reference Standard
being taken into account.
USP43
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Change to read:
• B. Procedure
Solutions: Transfer 40 mg to a 200-mL volumetric flask, add 100 mL of 0.1 N hydrochloric
acid, shake to dissolve, and dilute with 0.1 N hydrochloric acid to volume. Transfer 5.0 mL
of this solution into each of two 50-mL volumetric flasks (Solutions 1 and 2). Prepare
similar solutions of USP Demeclocycline Hydrochloride RS (Solutions 3 and 4). To Solutions
1 and 3, add 10 mL of 6 N hydrochloric acid, and to Solutions 2 and 4, add 10 mL of 3 N
hydrochloric acid. Heat the four flasks in a water bath for 20 min, cool, and dilute the
contents with water to volume.
Analysis: Determine the absorbances of Solutions 1 and 3 at the wavelength of maximum
absorbance at about 430 nm, with a suitable spectrophotometer, using Solutions 2 and 4,
respectively, as the blanks. Determine the absorbances of Solutions 2 and 4 at the
wavelength of maximum absorbance at about 368 nm, using Solutions 1 and 3,
respectively, as the blanks.
Calculate the ratio:
Result = (AU /WU ) × AS × (WS × P/1000)
AU
WU
AS
WS
P

= absorbance of A368 + A430 for the specimen (U)
= weight of specimen taken, calculated on the anhydrous basis (mg)
= absorbance of A368 + A430 for the Standard (S)
= weight of USP Demeclocycline Hydrochloride RS taken, calculated on the dried basis
(mg)
= potency of the USP Demeclocycline Hydrochloride RS (µg/mg)

Acceptance criteria: the ratio is 0.9–1.1
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Solution A: Mix appropriate volumes of 0.2 M dibasic potassium phosphate and 0.2 M
monobasic potassium phosphate to prepare a buffer with a pH of 9.0.
Solution B: 0.02 M tetrabutylammonium hydrogen sulfate. Adjust with sodium hydroxide TS
to a pH of 9.0.
Solution C: 0.01 M edetate disodium. Adjust with sodium hydroxide TS to a pH of 9.0.
Mobile phase: Transfer 80 g of tertiary butyl alcohol to a 1000-mL volumetric flask with
the aid of 200 mL of water. Add 100 mL of Solution A, 150 mL of Solution B, and 100 mL of
Solution C. Dilute with water to volume. and degas. Decreasing the amount of tertiary
butyl alcohol increases the resolution.
USP43

Diluent: 0.01 N hydrochloric acid
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System suitability solution:
1 mg/mL of USP43
USP Demeclocycline Hydrochloride RS in Diluent. Allow to stand for 3 h.
Standard solution: 1 mg/mL of USP Demeclocycline Hydrochloride RS in Diluent
Sample solution: 1 mg/mL of Demeclocycline Hydrochloride in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm;
8-µm USP43
packing L21
Column temperature: 60 ± 0.5°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for epidemethylchlortetracycline and demeclocycline
are 0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 3.0 between the epidemethylchlortetracycline peak and the
demeclocycline peak, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of demeclocycline hydrochloride (C21 H21 Cl N2 O8 ·HCl) in
the portion of Demeclocycline Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × P
rU = peak response of demeclocycline from the Sample solution
rS = peak response of demeclocycline from the Standard solution
CS = concentration of USP Demeclocycline Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Demeclocycline Hydrochloride in the Sample solution (mg/mL)
P = potency of demeclocycline hydrochloride in USP Demeclocycline Hydrochloride RS
(µg/mg)
Acceptance criteria: NLT 900 µg/mg on the dried basis
SPECIFIC TESTS
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• Crystallinity 〈695〉: Meets the requirements
• pH 〈791〉
Sample solution: 10 mg/mL
Acceptance criteria: 2.0–3.0
• Loss on Drying 〈731〉
Sample: 100 mg
Analysis: Dry the Sample at 60° for 3 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 〈11〉
USP Demeclocycline Hydrochloride RS
Recent Official Publications:
USP42–NF37 Page 1225
BRIEFING
Demeclocycline Hydrochloride Tablets, USP 41 page 1167. As part of the USP monograph
modernization effort, the following revisions are proposed:
1. Add Identification B with the UV spectrum agreement of the major peak of the Sample
solution to that of the Standard solution, as obtained in the Assay.
2. Revise the Assay to include a Detector range for the Identification B analysis.
3. Add the concentration for the System suitability solution in the Assay based on
supporting data.
4. Revise the Packaging and Storage section to include a storage temperature based on
the approved package insert.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: P. Pabba.)
Correspondence Number—C206098
Comment deadline: January 31, 2019
Demeclocycline Hydrochloride Tablets
DEFINITION
Demeclocycline Hydrochloride Tablets contain NLT 90.0% and NMT 125.0% of the labeled
amount of demeclocycline hydrochloride (C21 H21 ClN2 O8 ·HCl).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Solution A: Mix appropriate volumes of 0.2 M dibasic potassium phosphate and 0.2 M
monobasic potassium phosphate to prepare a buffer with a pH of 9.0.
Solution B: 0.02 M tetrabutylammonium hydrogen sulfate. Adjust with sodium hydroxide TS
to a pH of 9.0.
Solution C: 0.01 M edetate disodium. Adjust with sodium hydroxide TS to a pH of 9.0.
Mobile phase: Transfer 80 g of tertiary butyl alcohol to a 1000-mL volumetric flask with
the aid of 200 mL of water. Add 100 mL of Solution A, 150 mL of Solution B, and 100 mL of
Solution C. Dilute with water to volume, and degas.
Diluent: 0.01 N hydrochloric acid
System suitability solution:
1 mg/mL of USP43
USP Demeclocycline Hydrochloride RS in Diluent. Allow to stand for 3 h.
Standard solution: 1 mg/mL of USP Demeclocycline Hydrochloride RS in Diluent
Sample solution: Nominally 1 mg/mL of demeclocycline hydrochloride prepared as follows.
Weigh and finely powder NLT 10 Tablets. Transfer a portion, containing nominally 50 mg of
demeclocycline hydrochloride, to a 50-mL volumetric flask, and dilute with Diluent to
volume. Sonicate for 5 min, and centrifuge for 5 min. Pass a portion of the supernatant
through a suitable filter of 1.5-µm or finer pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 25-cm; 8-µm packing L21
Column temperature: 60 ± 0.5°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution

USP43

[Note—The relative retention times for epidemethylchlortetracycline and demeclocycline
are about 0.7 and 1.0, respectively.]
Suitability requirements
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Resolution: NLT 3.0 between the epidemethylchlortetracycline and demeclocycline
peaks, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of demeclocycline hydrochloride
(C21 H21 ClN2 O8 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Demeclocycline Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of demeclocycline hydrochloride in the Sample solution
(mg/mL)
P = potency of demeclocycline in USP Demeclocycline Hydrochloride RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–125.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: Water; 900 mL
Apparatus 2: 75 rpm
Time: 45 min
Standard solution: Prepare a solution with a known concentration of USP Demeclocycline
Hydrochloride RS in Medium.
Sample solution: Sample per Dissolution 〈711〉. A filtered portion of the solution under test
suitably diluted with Medium
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 274 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of demeclocycline (C21 H21 ClN2 O8 )
dissolved:
Result = (AU/AS) × (CS/L) × D × V × P × F × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
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CS = concentration of USP Demeclocycline Hydrochloride RS in the Standard solution
(mg/mL)
L = label claim (mg/Tablet)
D = dilution factor of the Sample solution
V = volume of Medium, 900 mL
P = potency of demeclocycline in USP Demeclocycline Hydrochloride RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Tolerances: NLT 75% (Q) of the labeled amount of demeclocycline (C21 H21 ClN2 O8 ) is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature. USP43
• USP Reference Standards 〈11〉
USP Demeclocycline Hydrochloride RS
Recent Official Publications:
USP42–NF37 Page 1226
BRIEFING
Deslanoside Injection, USP 41 page 1176. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Deslanoside Injection are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C205660
Comment deadline: January 31, 2019
Delete the following:
Deslanoside Injection
DEFINITION
Deslanoside Injection is a sterile solution of Deslanoside in a suitable solvent. It contains NLT
90.0% and NMT 110.0% of the labeled amount of deslanoside (C47 H74 O19 ). It may contain
Glycerin.
IDENTIFICATION
• A. Thin-Layer Chromatography
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Standard solution: 4 mg/mL of USP Deslanoside RS in methanol
Sample solution: Transfer a volume of Injection, nominally equivalent to 2 mg of
deslanoside, to a small separator, and extract with 25 mL of a mixture of chloroform and
alcohol (7:3). Transfer the extract to a 10-mL conical flask, evaporate on a steam bath to
dryness, and dissolve the residue in 500 µL of methanol.
Chromatographic system
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 5 µL
Developing solvent system: Methylene chloride, methanol, and water (130:36:3)
Spray reagent: Dilute perchloric acid (1 in 20)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram in the Developing solvent system
until the solvent has moved three-fourths of the length of the plate. Remove the plate,
mark the solvent front, and allow the solvent to evaporate. Locate the spots on the
plate by lightly spraying with Spray reagent and heating at about 100° for 3 min. Cool,
and examine under UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
ASSAY
• Procedure
Standard solution: 0.2 mg/mL of USP Deslanoside RS in alcohol
Sample solution: Transfer a volume of Injection, nominally equivalent to 600 µg of
deslanoside, to a separator, and add 50 mL of water and 1 mL of 2 N sulfuric acid. Extract
four 30-mL portions of a mixture of chloroform and n-propyl alcohol (5:1), washing each
portion in a second separator containing 5 mL of water and filtering through cotton that
has previously been moistened with chloroform. Combine the extracts, and evaporate on a
steam bath, with the aid of a current of air, just to dryness. Transfer the residue, with
the aid of a small volume of the chloroform–n-propyl alcohol mixture (5:1), to a 25-mL
conical flask.
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: 590 nm (λ max)
Cell: 1 cm
Blank: Alcohol
Analysis
Samples: Standard solution, Sample solution, and Blank
Transfer 3.0 mL each of the Standard solution, Sample solution, and Blank to separate 25mL conical flasks. Evaporate each with gentle warming and with the aid of a current of
air just to dryness, and cool in a vacuum desiccator for 30 min. Add 15.0 mL of acid
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ferric chloride TS to each flask, and mix by swirling. Allow the mixtures to stand
protected from light, swirling them frequently, at a temperature not exceeding 30°, for
15 min. Pass each solution through separate fine glass wool filters. Concomitantly
determine the absorbances of the solutions, using the Blank to set the instrument.
Repeat the measurements at 2-min intervals until maximum absorbance readings have
been obtained.
Calculate the percentage of deslanoside (C47 H74 O19 ) in the portion of Injection taken:
Result = (AU/AS) × (CS/CU) × 100
AU = maximum absorbance of the Sample solution
AS = maximum absorbance of the Standard solution
CS = concentration of USP Deslanoside RS in the Standard solution (µg/mL)
CU = nominal concentration of deslanoside in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 5.5–7.0
• Other Requirements: It meets the requirements in Injections and Implanted Drug Products
〈1〉.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass.
• USP Reference Standards 〈11〉
USP Deslanoside RS
USP43

Recent Official Publications:
USP42–NF37 Page 1236
BRIEFING
Diazoxide Capsules, USP 41 page 1247. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Diazoxide Capsules are currently marketed
in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C205667
Comment deadline: January 31, 2019
Delete the following:
Diazoxide Capsules
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DEFINITION
Diazoxide Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of diazoxide
(C8 H7 ClN2 O2 S).
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Sample solution: Equivalent to 2 mg/mL of diazoxide prepared as follows. Place a portion
of Capsule contents equivalent to about 50 mg of diazoxide in a suitable centrifuge tube,
and add 25 mL of 0.1 N sodium hydroxide. Shake for 15 min, and centrifuge. Use the
supernatant.
Developing solvent system: Methanol, ethyl acetate, and ammonium hydroxide
(40:170:30)
Acceptance criteria: Meet the requirements
• B. The retention time of the Sample solution corresponds to that of the Standard solution,
both relative to the Internal standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Methanol, glacial acetic acid, and 0.01 M sodium 1-pentanesulfonate
(20:1:80)
Diluent: Methanol and water (1:4)
Internal standard solution: 2 mg/mL of hydrochlorothiazide in methanol
Standard stock solution: 1 mg/mL of USP Diazoxide RS in methanol
Standard solution: 50 µg/mL of USP Diazoxide RS and 40 µg/mL of hydrochlorothiazide
prepared as follows. Transfer 5.0 mL of the Standard stock solution to a 100-mL
volumetric flask, add 2.0 mL of Internal standard solution, and dilute with Diluent to
volume.
Sample stock solution: Nominally 1 mg/mL of diazoxide prepared as follows. Remove, as
completely as possible, the contents of NLT 20 Capsules. Transfer an amount equivalent
to 100 mg of diazoxide to a 100-mL volumetric flask. Add 15 mL of water, and shake by
mechanical means for 5 min. Add 60 mL of methanol, shake by mechanical means for 15
min, and dilute with methanol to volume.
Sample solution: Transfer 5.0 mL of the Sample stock solution to a 100-mL volumetric
flask, add 2.0 mL of Internal standard solution, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L11
Flow rate: 2 mL/min
Injection volume: 10 µL
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System suitability
Sample: Standard solution
[Note—The relative retention times for hydrochlorothiazide and diazoxide are about 0.4
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between the diazoxide and hydrochlorothiazide peaks
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diazoxide (C8 H7 ClN2 O2 S) in the portion of
Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of diazoxide to the internal standard from the Sample solution
RS = peak response ratio of diazoxide to the internal standard from the Standard solution
CS = concentration of USP Diazoxide RS in the Standard solution (µg/mL)
CU = nominal concentration of diazoxide in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: pH 6.8 phosphate buffer (see Reagents, Indicators, and Solutions—Buffer
Solutions); 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Sample solution: Pass a portion of the solution under test through a suitable filter.
Instrumental conditions
Mode: UV
Analytical wavelength: 268 nm
Analysis: Determine the amount of diazoxide (C8 H7 ClN2 O2 S) dissolved from UV maximum
absorbances of the Sample solution compared to a similarly prepared solution of USP
Diazoxide RS.
Tolerances: NLT 75% (Q) of the labeled amount of diazoxide (C8 H7 ClN2 O2 S) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 〈11〉
USP Diazoxide RS
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USP43

Recent Official Publications:
USP42–NF37 Page 1308
BRIEFING
Diazoxide Injection, USP 41 page 1247. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Diazoxide Injection are currently marketed
in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C205668
Comment deadline: January 31, 2019
Delete the following:
Diazoxide Injection
DEFINITION
Diazoxide Injection is a sterile solution of Diazoxide in Water for Injection, prepared with the aid
of Sodium Hydroxide. It contains NLT 90.0% and NMT 110.0% of the labeled amount of
diazoxide (C8 H7 ClN2 O2 S).
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: 1 mg/mL of USP Diazoxide RS in methanol
Sample solution: Equivalent to 1 mg/mL of diazoxide from a suitable portion of Injection,
in methanol
Developing solvent system: Methanol, ethyl acetate, and ammonium hydroxide
(40:170:30)
Acceptance criteria: Meets the requirements
• B. The retention time of the Sample solution corresponds to that of the Standard solution,
both relative to the Internal standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Methanol, glacial acetic acid, and 0.01 M sodium 1-pentanesulfonate
(20:1:80)
Diluent: Methanol and water (1:4)
Internal standard solution: 2 mg/mL of hydrochlorothiazide in methanol
Standard stock solution: 1 mg/mL of USP Diazoxide RS in methanol
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Standard solution: 50 µg/mL of USP Diazoxide RS and 40 µg/mL of hydrochlorothiazide
prepared as follows. Transfer 5.0 mL of the Standard stock solution to a 100-mL
volumetric flask, add 2.0 mL of Internal standard solution, and dilute with Diluent to
volume.
Sample stock solution: Transfer a volume of Injection equivalent to 45 mg of diazoxide to
a 50-mL volumetric flask, and dilute with methanol to volume.
Sample solution: Transfer 5.0 mL of the Sample stock solution to a 100-mL volumetric
flask, add 2.0 mL of Internal standard solution, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L11
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times of hydrochlorothiazide and diazoxide are about 0.4
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between the diazoxide and hydrochlorothiazide peaks
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diazoxide (C8 H7 ClN2 O2 S) in the portion of
Injection taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of diazoxide to the internal standard from the Sample solution
RS = peak response ratio of diazoxide to the internal standard from the Standard solution
CS = concentration of USP Diazoxide RS in the Standard solution (µg/mL)
CU = nominal concentration of diazoxide in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉: 11.2–11.9
• Bacterial Endotoxins Test 〈85〉: It contains NMT 0.5 USP Endotoxin Unit/mg of diazoxide.
• Other Requirements: It meets the requirements in Injections and Implanted Drug Products
〈1〉.
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass,
protected from light.
Change to read:
• USP Reference Standards 〈11〉
USP Diazoxide RS
(CN 1-May-2018)
USP43

Recent Official Publications:
USP42–NF37 Page 1309
BRIEFING
Diethylcarbamazine Citrate, USP 41 page 1277. As part of the USP monograph
modernization initiative and on the basis of comments received, it is proposed to revise the
monograph as follows:
1. Add Identification A based on the retention time agreement in the Assay. The existing
identification tests are renamed accordingly.
2. Replace the Ordinary Impurities test with Organic Impurities, Procedure 1, which uses
a thin-layer chromatographic procedure similar to the one used in the corresponding
monograph from the European Pharmacopoeia 9.0.
3. In Organic Impurities, Procedure 2, add Citric acid solution to account for the citrate
peak and update the Acceptance criteria with a requirement similar to that of the
corresponding monograph from the European Pharmacopoeia 9.0.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM1: S. Shivaprasad.)
Correspondence Number—C131319
Comment deadline: January 31, 2019
Diethylcarbamazine Citrate

C10 H21 N3 O·C6 H8 O7

391.42

1-Piperazinecarboxamide, N,N-diethyl-4-methyl-, 2-hydroxy-1,2,3-propanetricarboxylate;
N,N-Diethyl-4-methyl-1-piperazinecarboxamide citrate (1:1)
[1642-54-2].
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DEFINITION
Diethylcarbamazine Citrate contains NLT 98.0% and NMT 102.0% of diethylcarbamazine
citrate (C10 H21 N3 O·C6 H8 O7 ), calculated on the anhydrous basis.
IDENTIFICATION
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
Change to read:
• A.
B. USP43
Identification—Organic Nitrogenous Bases 〈181〉: Meets the requirements
Change to read:
• B.
C. USP43
Identification Tests—General 〈191〉, Chemical Identification Tests, Citrate: Meets the
requirements
ASSAY
Change to read:
• Procedure
Solution A: 10 mg/mL of monobasic potassium phosphate in water
Solution B: 31.24 mg/mL of monobasic potassium phosphate in water
Mobile phase: Methanol and Solution A (10:90)
Standard solution: 0.1 mg/mL of USP Diethylcarbamazine Citrate RS in Solution B
Sample solution: 0.1 mg/mL of Diethylcarbamazine Citrate in Solution B
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% for replicate injections
USP43
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of diethylcarbamazine citrate (C10 H21 N3 O·C6 H8 O7 ) in the portion
of Diethylcarbamazine Citrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Diethylcarbamazine Citrate RS in the Standard solution
(mg/mL)
CU = concentration of Diethylcarbamazine Citrate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
Delete the following:
• Heavy Metals 〈231〉: Dissolve 1.0 g in 20 mL of water. Add 1 mL of 0.1 N hydrochloric
acid, and dilute with water to 25 mL: NMT 20 ppm. (O fficial 1-Jan-2018)
Delete the following:
• Ordinary Impurities 〈466〉
Standard solution: Methanol
Sample solution: Methanol
Eluant: Methanol and ammonium hydroxide (100:1.5)
Visualization: 16 USP43
Add the following:
• Organic Impurities, Procedure 1
Impurity solution A: 10 mg/mL of 1-methylpiperazine in methanol
Impurity solution B: 10 mg/mL of 1,4-dimethylpiperazine in methanol
Standard solution: 50 mg/mL of USP Diethylcarbamazine Citrate RS in methanol
Sample solution: 50 mg/mL of Diethylcarbamazine Citrate in methanol
Chromatographic system
(See Chromatography 〈621〉, General Procedures, Thin-Layer Chromatography.)
Mode: TLC
Application volume: 10 µL
Developing solvent system: Ammonia solution, methyl ethyl ketone, and methanol
(5:30:65)
Analysis
Samples: Impurity solution A, Impurity solution B, Standard solution, and Sample
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solution
Apply the Samples to a suitable thin-layer chromatographic plate. Develop the
chromatograms in the Developing solvent system until the solvent front has moved twothirds of the length of the plate. Remove the plate from the developing chamber, mark
the solvent front, and allow the solvent to evaporate at about 100°–105°. Expose the
plate to iodine vapor for about 30 min.
Determine the percentages of each impurity by comparing the intensity of the impurity
spots within the Sample solution to those of the main spots from Impurity solution A and
Impurity solution B, ignoring any impurity peak less intense than the main spots found in
the Impurity solution A and Impurity solution B lanes.
Acceptance criteria: See Table 1.
Table 1
Relative
Retardation
Name
Factor
1-Methylpiperazine
0.2
1,4-Dimethylpiperazine
0.5
Diethylcarbamazine citrate
1.0

Acceptance
Criteria,
NMT (%)
0.2
0.2
—

USP43

Change to read:
• Organic Impurities, Procedure 2
Solution A, Solution B, Mobile phase, and Chromatographic system: Proceed as
directed in the Assay.
Citric acid solution: 1 mg/mL of citric acid in Solution B USP43
Standard solution: 0.003 mg/mL of USP Diethylcarbamazine Citrate RS in Solution B
Sample solution: 3 mg/mL of Diethylcarbamazine Citrate in Solution B. Filter or centrifuge,
and use the clear filtrate or supernatant.
Analysis
Samples:
Citric acid solution, USP43
Standard solution, and Sample solution
Calculate the percentage of each individual impurity in the portion of Diethylcarbamazine
Citrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each individual impurity from the Sample solution
rS = peak response of diethylcarbamazine citrate from the Standard solution
CS = concentration of USP Diethylcarbamazine Citrate RS in the Standard solution
(mg/mL)
CU = concentration of Diethylcarbamazine Citrate in the Sample solution (mg/mL)
Acceptance criteria:
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Any individual impurity: NMT 0.1%
See Table 2. Disregard any peak having a retention time corresponding to that of the
main peak from the Citric acid solution and any peak below 0.05%.
Table 2

Name
Diethylcarbamazine citrate
Any individual impurity
Total impurities

Acceptance
Criteria,
NMT (%)
—
0.10
0.5

USP43

SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 〈11〉
USP Diethylcarbamazine Citrate RS
Recent Official Publications:
USP42–NF37 Page 1341
BRIEFING
Diflunisal Tablets, USP 41 page 1285. As part of the USP monograph modernization efforts,
the following revisions are proposed:
1. Replace the TLC procedure of Identification B with UV spectrum agreement obtained
from the proposed Assay.
2. Update the HPLC Assay procedure with a stability-indicating HPLC procedure based on
analyses performed with the Hypersil BDS C18 brand of column with L1 packing. The
typical retention time for diflunisal is about 5.5 min.
3. Add the test for Organic Impurities using an HPLC procedure based on analyses
performed with the Hypersil BDS C18 brand of column with L1 packing. The typical
retention time for diflunisal is about 20 min.
4. Remove the Procedure for content uniformity in the Uniformity of Dosage Units test to
allow procedure flexibility for content uniformity analysis.
5. Add a reference to Ultraviolet-Visible Spectroscopy 〈857〉 and a calculation equation in
the Dissolution test for clarity.
6. Add an additional requirement to the Packaging and Storage section based on the drug
package insert.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: W. Yang.)
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Correspondence Number—C204970
Comment deadline: January 31, 2019
Diflunisal Tablets
DEFINITION
Diflunisal Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of diflunisal
(C13 H8 F 2 O3 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Delete the following:
• B. Thin-Layer Chromatography
Standard solution: 10 mg/mL of USP Diflunisal RS in methanol and water (80:20)
Sample solution: Nominally 10 mg/mL of diflunisal prepared as follows. Transfer a quantity
of finely ground Tablets, equivalent to about 100 mg of diflunisal, to a 10-mL volumetric
flask. Add 2 mL of water, and sonicate for 5 min. Dilute with methanol to volume, sonicate
for an additional 5 min, and pass through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: n-Hexane, glacial acetic acid, and chloroform (17:3:2)
Analysis
Samples: Standard solution and Sample solution.
Develop the chromatogram until the solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the chamber, air-dry, and examine under
long-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution. USP43
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, methanol, glacial acetic acid, and water (17:40:6:45), such
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that the retention time of diflunisal is about 8 min
Standard solution: 1 mg/mL of USP Diflunisal RS in acetonitrile and water (60:40)
Sample solution: Nominally 1 mg/mL of diflunisal prepared as follows. Weigh and finely
powder NLT 20 Tablets. Transfer a quantity of the powder, equivalent to about 100 mg of
diflunisal, to a 100-mL volumetric flask containing 5 mL of water. Sonicate for 5 min, and
add 60.0 mL of acetonitrile. Sonicate for an additional 5 min, dilute with water to volume,
and pass through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
Mobile phase: Methanol, acetonitrile, glacial acetic acid, and water (40:17:6:45)
Diluent: Acetonitrile and water (60:40)
Standard solution: 0.1 mg/mL of USP Diflunisal RS in Diluent. Sonicate to dissolve as
needed.
Sample stock solution: Nominally 1 mg/mL of diflunisal prepared as follows. Finely powder
Tablets (NLT 20). Transfer a quantity of the powder, equivalent to about 100 mg of
diflunisal, to a 100-mL volumetric flask. Add 5 mL of water and sonicate for 5 min. Add 60
mL of acetonitrile, and sonicate with occasional shaking for 10 min. Dilute with water to
volume. Pass through a suitable filter of 0.45-µm pore size. Discard the first few milliliters
of the filtrate.
Sample solution: Nominally 0.1 mg/mL of diflunisal in Diluent from Sample stock solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: NLT 2 times the retention time of diflunisal
USP43

System suitability
Sample: Standard solution
Suitability requirements
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Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diflunisal (C13 H8 F 2 O3 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of diflunisal from the Sample solution
rS = peak response of diflunisal from the Standard solution
CS = concentration of USP Diflunisal RS in the Standard solution (mg/mL)
CU = nominal concentration of diflunisal in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Citric acid solution: Dissolve 7 g of anhydrous citric acid in 100 mL of water.
0.1 M Tris buffer: Dissolve 121 g of tris(hydroxymethyl)aminomethane (THAM) in 9 L of
water. Adjust with Citric acid solution to a pH of 7.45, at 25°. Dilute with water to 10.0 L,
equilibrate to 37°, and adjust to a pH of 7.20, if necessary.
Medium: 0.1 M Tris buffer; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Standard solution: A known concentration of USP Diflunisal RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
with Medium, if necessary.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
USP43

Mode: UV
Analytical wavelength: 306 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of diflunisal (C13 H8 F 2 O3 ) dissolved:
Result = (AU/AS) × CS × D × V × (1/L) × 100
AU = absorbance of the Sample solution
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AS = absorbance of the Standard solution
CS = concentration of USP Diflunisal RS in the Standard solution (mg/mL)
D = dilution factor of the Sample solution
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
USP43

Tolerances: NLT 80% (Q) of the labeled amount of diflunisal (C13 H8 F 2 O3 ) is dissolved.
Change to read:
• Uniformity of Dosage Units 〈905〉: Meet the requirements
Procedure for content uniformity
Standard solution: 1.25 mg/mL of USP Diflunisal RS prepared as follows. Transfer 125 mg
of USP Diflunisal RS to a 100-mL volumetric flask. Add 75 mL of ethyl alcohol to dissolve,
and dilute with water to volume.
Sample solution: Nominally 1.25 mg/mL of diflunisal prepared as follows. Transfer 1 finely
powdered Tablet to a 200-mL volumetric flask. Add 50 mL of water, shake by mechanical
means for 30 min, and sonicate for 2 min. Add 100 mL of ethyl alcohol to the flask,
shake by mechanical means for 15 min, and sonicate for 2 min. Dilute with ethyl alcohol
to volume and centrifuge a portion of the solution. Quantitatively dilute a volume of the
resultant clear supernatant with ethyl alcohol, if necessary.
Instrumental conditions
Mode: Vis
Analytical wavelength: 550 nm
Blank: Water
Analysis
Samples: Sample solution and Standard solution
Transfer 3.0 mL each of the Standard solution and the Sample solution to separate 50mL volumetric flasks. To each flask, add 5.0 mL of a solution containing 1 g of ferric
nitrate in 100 mL of 0.08 N nitric acid , and dilute with water to volume.
Calculate the percentage of the labeled amount of diflunisal (C13 H8 F 2 O3 ) in the Tablet:
Result = (AU /AS) × (CS/CU ) × 100
AU
AS
CS
CU

= absorbance of the solution from the Sample solution
= absorbance of the solution from the Standard solution
= concentration of USP Diflunisal RS in the Standard solution (mg/mL)
= nominal concentration of diflunisal in the Sample solution (mg/mL)

USP43

IMPURITIES
Add the following:
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• Organic Impurities
Mobile phase: Methanol, acetonitrile, glacial acetic acid, and water (36:15:6:50)
Diluent: Acetonitrile and water (60:40)
Sensitivity solution: 1 µg/mL of USP Diflunisal RS in Diluent. Sonicate to dissolve as
needed.
Standard solution: 2 µg/mL of USP Diflunisal RS in Diluent. Sonicate to dissolve as needed.
Sample solution: Prepare as directed for the Sample stock solution in the Assay.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 10.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any unspecified degradation product in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified degradation product from the Sample solution
rS = peak response of diflunisal from the Standard solution
CS = concentration of USP Diflunisal RS in the Standard solution (µg/mL)
CU = nominal concentration of diflunisal in the Sample solution (µg/mL)
Acceptance criteria: See Table 1.
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Table 1
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

Difluorobiphenola,b
Diflunisal

0.69
1.0

Diflunisal acetophenone analoga,c

1.1

—
—
—

Diflunisal acetate analoga,d

1.3

—

—
Difluorobiphenyla,e
2.1
Any unspecified degradation product
—
0.10
Total degradation products
—
0.5
a Process impurity for identification only. It is not to be reported or included in the
total degradation products.
b 2′,4′-Difluorobiphenyl-4-ol.
c 1-(2′,4′-Difluorobiphenyl-4-yl)ethan-1-one.
d 2′,4′-Difluorobiphenyl-4-yl acetate.
e 2,4-Difluorobiphenyl.
USP43

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. USP43
• USP Reference Standards 〈11〉
USP Diflunisal RS
Recent Official Publications:
USP42–NF37 Page 1349
BRIEFING
Doxepin Hydrochloride Capsules, USP 41 page 1406. As part of the USP monograph
modernization effort, it is proposed to make the following changes:
1. Update the Definition for consistency with the labels of approved drug products and
update the solution concentrations throughout the monograph to include equivalent
concentrations when appropriate.
2. Add a second Identification test based on UV spectral agreement and the existing Assay
to strengthen the monograph.
3. Revise the Assay to add the use of a diode array detector to support proposed
Identification B, the particle size of the column, a run time requirement, and the relative
retention times of the isomers.
4. Add an equation to the Dissolution test for consistency with current style.
5. Add a new test for Organic Impurities based on a liquid chromatographic procedure.
This procedure was validated using the XBridge C18 brand of column with L1 packing.
The typical retention time for doxepin is about 4 min.
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6. Revise the Packaging and Storage section to reflect the package and storage conditions
on the labels of approved drug products.
7. Add references to existing Reference Standards in the USP References Standards
section to support the proposed test for Organic Impurities.
Manufacturers are encouraged to submit their FDA-approved organic impurities specifications to
USP if they are different from those proposed.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: H. Joyce.)
Correspondence Number—C125097
Comment deadline: January 31, 2019
Doxepin Hydrochloride Capsules
DEFINITION
Change to read:
Doxepin Hydrochloride Capsules contain
an amount of Doxepin Hydrochloride equivalent to USP43
NLT 90.0% and NMT 110.0% of the labeled amount of doxepin (C19 H21 NO).
IDENTIFICATION
• A. The retention times of the major peaks for the (E)- and (Z)-isomers of the Sample
solution correspond to those of the Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectra of the major peaks for the (E)- and (Z)-isomers of doxepin in the
Sample solution correspond to those of the Standard solution, as obtained in the Assay.
USP43

ASSAY
Change to read:
• Procedure
Solution A: 27.6 g/L of monobasic sodium phosphate in water USP43
Mobile phase: Methanol and 0.2 M monobasic sodium phosphate buffer (3:7)
Solution A (30:70). USP43
Adjust with 2 N phosphoric acid
diluted phosphoric acid USP43
to a pH of 2.5.
Standard solution: 0.1 mg/mL of USP Doxepin Hydrochloride RS
0.11 mg/mL of USP Doxepin Hydrochloride RS (equivalent to 0.1 mg/mL of doxepin)
USP43

in Mobile phase
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Sample stock solution: Nominally 0.5 mg/mL of doxepin hydrochloride
0.57 mg/mL of doxepin hydrochloride (equivalent to 0.5 mg/mL of doxepin) USP43
from the contents of NLT 20 Capsules in Mobile phase, prepared as follows. Remove, as
completely as possible, the contents of NLT 20 Capsules. Mix the combined contents, and
transfer a suitable quantity of the powder, equivalent to 50 mg of doxepin, hydrochloride
USP43

to a 100-mL volumetric flask. Add 70 mL of Mobile phase, and shake by mechanical means
for 30 min. Dilute with Mobile phase to volume, and filter. Use the filtrate.
Sample solution: Nominally 0.1 mg/mL of doxepin hydrochloride
USP43

from Sample stock solution in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm.
For Identification B, use a diode array detector in the range of 200–400 nm.
Column: 4-mm × 12.5-cm;
5-µm USP43
packing L7
Column temperature: 50°
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of the first peak of doxepin USP43
System suitability
Sample: Standard solution

USP43

[Note—The relative retention times for the (E)- and (Z)-isomers are 1.0 and 1.1,
respectively.] USP43
Suitability requirements
Resolution: NLT 1.5 between the (E)- and (Z)-isomers
Tailing factor: NMT 2.0 each for the (E)- and (Z)-isomers
Relative standard deviation: NMT 2.0%
each for the (E)- and (Z)-isomers USP43
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of doxepin (C19 H21 NO) in the portion of
Capsules taken:
Result = [(rU(Z) + rU(E))/(rS(Z) + rS(E)] × (CS/CU) × (Mr1/Mr2) × 100
rU(Z) = peak response of the (Z)-isomer from the Sample solution
rU(E) = peak response of the (E)-isomer from the Sample solution
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rS(Z) = peak response of the (Z)-isomer from the Standard solution
rS(E) = peak response of the (E)-isomer from the Standard solution
CS = concentration of doxepin hydrochloride in the Standard solution (mg/mL)
CU = nominal concentration of doxepin in the Sample solution (mg/mL)
Mr1 = molecular weight of doxepin, 279.38
Mr2 = molecular weight of doxepin hydrochloride, 315.84
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: Water; 900 mL
Apparatus 1: 50 rpm
Time: 30 min
Standard solution: USP Doxepin Hydrochloride RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
with Medium, if necessary, to the same concentration as the Standard solution.
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum absorbance at about
USP43

292 nm
Analysis
Samples: Standard solution and Sample solution
Determine the percentage of the labeled amount of doxepin (C19 H21 NO) dissolved using the
absobances.
Calculate the percentage of the labeled amount of doxepin (C19 H21 NO) in the portion of
Capsules taken:
Result = (AU/AS) × CS × D × (Mr1/Mr2) × V × (1/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Doxepin Hydrochloride RS in the Standard solution (mg/mL)
D = dilution factor of the Sample solution, if necessary
Mr1 = molecular weight of doxepin, 279.38
Mr2 = molecular weight of doxepin hydrochloride, 315.84
V = volume of Medium, 900 mL
L = label claim of doxepin hydrochloride (mg/Capsule) USP43
Tolerances: NLT 80% (Q) of the labeled amount of doxepin (C19 H21 NO) is dissolved.
Change to read:
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• Uniformity of Dosage Units 〈905〉: Meet the requirements
The following procedure is used where the test for Content Uniformity is required.
Procedure for content uniformity
Diluent: Methanol and 0.05 M monobasic sodium phosphate
0.05 M monobasic sodium phosphate TS USP43
(50:50). Adjust with 2 N sodium hydroxide
2 N sodium hydroxide TS USP43
to a pH of 6.7.
Standard solution: 0.1 mg/mL of USP Doxepin Hydrochloride RS
0.11 mg/mL of USP Doxepin Hydrochloride RS (equivalent to 0.1 mg/mL of doxepin)
USP43

in Diluent. Filter, and use the resulting filtrate.
Sample solutions: Nominally 0.1 mg/mL of doxepin hydrochloride
USP43

from 1 Capsule prepared as follows. Transfer the contents of 1 Capsule into an
appropriate volumetric flask, add 80% of the final flask volume of Diluent, and shake the
flask by mechanical means for about 30 min. Dilute with Diluent to volume. If necessary,
transfer a suitable quantity of the resulting solution to another appropriate volumetric
flask, and dilute with Diluent to volume. Prepare 10 Sample solutions.
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum absorbance at about
USP43

292 nm
Cell: 0.5 cm
Analysis
Samples: Standard solution and Sample solutions
Determine the amount of active ingredient in each unit of the Sample solution in
comparison with the Standard solution.
IMPURITIES
Add the following:
• Organic Impurities
Solution A: 1.6 g/L of ammonium formate in water
Mobile phase: Acetonitrile and Solution A (45:55)
System suitability solution: 570 µg/mL of USP Doxepin Hydrochloride RS (equivalent to
500 µg/mL of doxepin), 0.5 µg/mL of USP Doxepin Related Compound B RS, and 1 µg/mL of
USP Doxepin Related Compound C RS in Mobile phase
Standard solution: 5.7 µg/mL of USP Doxepin Hydrochloride RS (equivalent to 5 µg/mL of
doxepin) in Mobile phase
Sensitivity solution: 0.28 µg/mL of USP Doxepin Hydrochloride RS (equivalent to 0.25
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µg/mL of doxepin) from Standard solution in Mobile phase
Sample solution: Nominally 500 µg/mL of doxepin from Capsules prepared as follows.
Combine the contents of NLT 20 Capsules. Transfer a portion of the contents, equivalent
to 50 mg of doxepin, to a 100-mL volumetric flask. Dilute with Mobile phase to volume and
stir for 10 min. Pass the resulting solution through a suitable filter of 0.7-µm pore size and
discard the first 5 mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1.2 mL/min
Injection volume: 20 µL
Run time: NLT 6.3 times the retention time of doxepin
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between doxepin related compound B and doxepin related
compound C; NLT 1.5 between doxepin related compound C and doxepin, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of doxepin from the Standard solution
CS = concentration of USP Doxepin Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of doxepin in the Sample solution (µg/mL)
Mr1 = molecular weight of doxepin, 279.38
Mr2 = molecular weight of doxepin hydrochloride, 315.84
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
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Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

—
—
Doxepin related compound Ba
0.73
a
—
—
Doxepin related compound C
0.88
Doxepin
1.0
—
—
Doxepin related compound Ab
3.75
1.2
0.2
Any individual impurity
—
1.0
0.2
Total impurities
—
—
0.5
a Process impurity included in the table for identification purposes only. Process
impurities are controlled in the drug substance, and are not to be reported or included
in the total impurities for the drug product.
b Dibenzo[b,e]oxepin-11(6H)-one.
USP43

SPECIFIC TESTS
• Water Determination 〈921〉, Method I
Sample: Contents of 1 Capsule
Acceptance criteria: NMT 9.0%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. USP43
Change to read:
• USP Reference Standards 〈11〉
USP Doxepin Hydrochloride RS
USP Doxepin Related Compound B RS
11(RS)-(3-(Dimethylamino)propyl)-6,11-dihydrodibenzo[b,e]oxepin-11-ol.
C19 H23 NO2
297.39
USP Doxepin Related Compound C RS
(E,Z)-3-(Dibenzo[b,e]oxepin-11(6H)-ylidene)-N-methyl-propan-1-amine hydrochloride.
C18 H19 NO·HCl
301.81
USP43

Recent Official Publications:
USP42–NF37 Page 1478
BRIEFING
Dronabinol Capsules, USP 41 page 1440. As part of USP monograph modernization efforts,
the following revisions are proposed:
1. Add a test for Limit of Δ8-Tetrahydrocannabinol based on a validated liquid
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chromatographic procedure similar to the Assay. The proposed procedure is based on
analyses performed with the Phenomenex Luna C18 brand of column with L1 packing and
the Phenomenex SphereClone C18 brand of guard column with L1 packing. The typical
retention time for Δ8-tetrahydrocannabinol is about 36 min.
2. Add an alternative Phenomenex SecurityGuard cartridge for C18 columns to the Assay
to provide flexibility.
3. Add a Note in the Assay that dronabinol is Δ9-tetrahydrocannabinol for clarity. In
addition, Δ9-tetrahydrocannabinol was changed to dronabinol when appropriate for
consistency.
4. Update the Packaging and Storage section to reflect the package insert.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM3: B. Almasi.)
Correspondence Number—C192174
Comment deadline: January 31, 2019
Dronabinol Capsules
DEFINITION
Dronabinol Capsules contain dronabinol in Sesame Oil. Dronabinol Capsules contain NLT 90.0%
and NMT 110.0% of the labeled amount of dronabinol (C21 H30 O2 ).
IDENTIFICATION
Change to read:
•
A. USP43
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
[Note—Dronabinol is Δ9-tetrahydrocannabinol.]

USP43

Mobile phase: Methanol, tetrahydrofuran, and water (71:5:24)
System suitability stock solution: 1.0 mg/mL of Δ8-tetrahydrocannabinol in methanol
System suitability solution: 0.5 mg/mL of USP Δ9-Tetrahydrocannabinol RS and 0.5
mg/mL of Δ8-tetrahydrocannabinol. Mix equal volumes of USP Δ9-Tetrahydrocannabinol RS
and System suitability stock solution.
Standard solution: 0.2 mg/mL of USP Δ9-Tetrahydrocannabinol RS in dehydrated alcohol
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Sample solution: Equivalent to
Nominally USP43
0.2 mg/mL of dronabinol, from Capsule contents (NLT 20) in dehydrated alcohol
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 228 nm
Columns
Guard: 4.6-mm × 3-cm; 5-µm packing L1.
[Note—Alternatively, a 4-mm × 3.0-mm guard column (cartridge) with L1 packing
may be used.] USP43
Analytical: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for Δ9-tetrahydrocannabinol
dronabinol USP43
and Δ8-tetrahydrocannabinol are about 1.0 and 1.14, respectively.]
Suitability requirements
Resolution: NLT 2.0 between dronabinol and Δ8-tetrahydrocannabinol, System
suitability solution
Tailing factor: NMT 2.0 for Δ9-tetrahydrocannabinol
dronabinol, USP43
System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of
the labeled amount of dronabinol USP43
(C21 H30 O2 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of dronabinol from the Sample solution
rS = peak response of dronabinol from the Standard solution
CS = concentration of USP Δ9-Tetrahydrocannabinol RS in the Standard solution (mg/mL)
CU = nominal concentration of dronabinol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
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PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: Water; 500 mL
Apparatus 2: 50 rpm
Time: 15 min
Analysis: Place 1 Capsule in each vessel, and allow the Capsule to sink to the bottom of
the vessel before starting rotation of the blade. Observe the Capsules, and record the
time taken for each Capsule shell to rupture.
Tolerances: The requirements are met if all of the Capsules tested rupture in NMT 15 min.
If 1 or 2 of the Capsules rupture in NLT 15 but NMT 30 min, repeat the test on 12
additional Capsules. The requirements are met if NMT 2 of the total of 18 Capsules tested
rupture in NLT 15 min but NMT 30 min.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Limit of Δ8-Tetrahydrocannabinol
Mobile phase, System suitability stock solution, System suitability solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.004 mg/mL of Δ8-tetrahydrocannabinol in dehydrated alcohol from
System suitability stock solution
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for dronabinol and Δ8-tetrahydrocannabinol are about
1.0 and 1.14, respectively.]
Suitability requirements
Resolution: NLT 2.0 between dronabinol and Δ8-tetrahydrocannabinol, System
suitability solution
Tailing factor: NMT 2.0 for dronabinol, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of Δ8-tetrahydrocannabinol in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of Δ8-tetrahydrocannabinol from the Sample solution
rS = peak response of Δ8-tetrahydrocannabinol from the Standard solution
CS = concentration of Δ8-tetrahydrocannabinol in the Standard solution (mg/mL)
CU = nominal concentration of dronabinol in the Sample solution (mg/mL)
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ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed, light-resistant containers, in a cool place.
Alternatively, could be stored in a refrigerator. Protect from freezing. USP43
• USP Reference Standards 〈11〉
USP Δ9-Tetrahydrocannabinol RS
Recent Official Publications:
USP42–NF37 Page 1517
BRIEFING
Epinephrine Injection, USP 41 page 1530 and PF 43(3) [May–June 2017]. On the basis of
comments received, the previous proposal in PF 43(3) has been canceled and is being replaced
with a new proposal. As part of the USP monograph modernization initiative, it is proposed to
make the following changes:
1. Add an Enantiomeric Purity test as requested by the FDA. The proposed procedure is
based on analyses performed with the Shodex ORpak CDBS-453 brand of column with
L45 packing. The typical retention times for epinephrine (R-enantiomer) and Sepinephrine are about 13.6 and 14.5 min, respectively. The acceptance criterion for Sepinephrine content has been updated to match the limit from an FDA-approved
manufacturer.
2. Replace Identification A, a color test, with an identification test based on the retention
time agreement with the proposed test for Enantiomeric Purity.
3. Add the particle size of the Column to the Chromatographic system in the Assay.
4. Specify the source of dopamine hydrochloride used in the System suitability solution in
the Assay to be USP Dopamine Hydrochloride RS.
5. Add Sterility Tests for consistency with other monographs for injection products. The
test is applicable to this article, as described in Injections and Implanted Drug Products
〈1〉.
6. Add the Particulate Matter in Injections test for consistency with other monographs for
injection products. The test is applicable to this article, as described in Injections and
Implanted Drug Products 〈1〉.
7. Revise the Packaging and Storage section to reflect the packaging and storage
conditions on the labels of approved drug products.
8. Add USP Epinephrine RS, USP Dopamine Hydrochloride RS, and USP Racepinephrine
Hydrochloride RS to the USP Reference Standards section.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: G. Hsu, N. Garito.)
Correspondence Number—C168137
Comment deadline: January 31, 2019
Epinephrine Injection
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DEFINITION
Epinephrine Injection is a sterile solution of Epinephrine in Water for Injection prepared with
the aid of Hydrochloric Acid or other suitable buffers. It contains NLT 90.0% and NMT
115.0% of the labeled amount of epinephrine (C9 H13 NO3 ).
IDENTIFICATION
Change to read:
• A.
Analysis: To 5 mL of pH 4.0 acid phthalate buffer (see Reagents, Indicators, and
Solutions—Buffer Solutions) add 0.5 mL of Injection and 1.0 mL of 0.1 N iodine, and allow
to stand for 5 min. Add 2 mL of sodium thiosulfate solution (1 in 40).
Acceptance criteria: A deep red color is produced.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Enantiomeric Purity. USP43
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: Add 519 mg of octanesulfonic acid sodium salt and 45 mg of edetate disodium
to 1 L of 0.05 M monobasic sodium phosphate. Adjust by the dropwise addition of
phosphoric acid, if necessary, to a pH of 3.8.
Mobile phase: Methanol and Solution A (15:85)
Standard solution: 0.1 mg/mL of epinephrine from USP Epinephrine Bitartrate RS in Mobile
phase
System suitability solution: 0.1 mg/mL of dopamine hydrochloride
USP Dopamine Hydrochloride RS USP43
in the Standard solution
Sample solution: Nominally 0.1 mg/mL of epinephrine from a volume of Injection in Mobile
phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm;
7-µm USP43
packing L7
Flow rate: 2 mL/min
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Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for epinephrine and dopamine hydrochloride are about
1.0 and 2.0, respectively.]
Suitability requirements
Resolution: NLT 3.5 between epinephrine and dopamine hydrochloride, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of epinephrine (C9 H13 NO3 ) in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Epinephrine Bitartrate RS in the Standard solution (mg/mL)
CU = nominal concentration of epinephrine in the Sample solution (mg/mL)
Mr1 = molecular weight of epinephrine, 183.20
183.21 USP43
Mr2 = molecular weight of epinephrine bitartrate, 333.29
Acceptance criteria: 90.0%–115.0%
IMPURITIES
Add the following:
• Enantiomeric Purity
Solution A: 0.75 g/L of ammonium acetate in water. Adjust with glacial acetic acid to a pH
of 4.0.
Mobile phase: Acetonitrile and Solution A (1:99)
System suitability solution: 20 µg/mL of USP Racepinephrine Hydrochloride RS in Solution
A
Sensitivity solution: 0.4 µg/mL of USP Racepinephrine Hydrochloride RS in Solution A
Standard solution: 200 µg/mL of epinephrine (R-enantiomer) from USP Epinephrine RS in
Solution A
Sample solution: Nominally 200 µg/mL of epinephrine from a volume of Injection in Solution
A.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 3-µm packing L45
Autosampler temperature: 10°
Flow rate: 0.3 mL/min
Injection volume: 10 µL
Run time: NLT 1.5 times the retention time of epinephrine
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—The relative retention times for epinephrine (R-enantiomer) and S-epinephrine are
about 1.0 and 1.1, respectively.]
Suitability requirements
Resolution: NLT 1.5 between epinephrine and S-epinephrine, System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of S-epinephrine in the portion of Injection taken:
Result = (rU/rT) × 100
rU = peak response of S-epinephrine from the Sample solution
rT = sum of all the peak responses of epinephrine and S-epinephrine from the Sample
solution
Acceptance criteria: NMT 5.0% of S-epinephrine

USP43

SPECIFIC TESTS
• pH 〈791〉: 2.2–5.0
• Other Requirements: Meets the requirements in Injections and Implanted Drug Products 〈1〉
Add the following:
• Particulate Matter in Injections 〈788〉: Meets the requirements for small-volume
injections USP43
Add the following:
• Sterility Tests 〈71〉: Meets the requirements USP43
• Bacterial Endotoxins Test 〈85〉: It contains NMT 357.0 USP Endotoxin Units/mg of
epinephrine.
• Color and Clarity
Standard solution: Transfer 2.0 mL of 0.100 N iodine VS to a 500-mL volumetric flask and
dilute with water to volume.
Sample solution: Injection
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Analysis: Visually examine a portion of the Sample solution in a suitable clear glass test
tube against a white background: it is not pinkish and it contains no precipitate. If any
yellow color is observed in the Sample solution, concomitantly determine the absorbances
of the Sample solution and the Standard solution in 1-cm cells with a suitable
spectrophotometer set at 460 nm.
Acceptance criteria: The absorbance of the Sample solution does not exceed that of the
Standard solution.
• Total Acidity
Sample solution: Transfer 5 mL of Injection to a flask and add 10 mL of water.
Analysis: Titrate the Sample solution with 0.01 N sodium hydroxide VS to a pH of 7.40.
Perform a blank determination, and make any necessary correction.
Acceptance criteria: NMT 25.0 mL of 0.01 N sodium hydroxide
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose or multiple-dose, light-resistant containers,
preferably of Type I glass.
Store at controlled room temperature. USP43
• Labeling: The label indicates that the Injection is not to be used if its color is pinkish or
darker than slightly yellow or if it contains a precipitate.
Change to read:
• USP Reference Standards 〈11〉
USP Dopamine Hydrochloride RS
USP Epinephrine RS

(CN 1-May-2018)

USP43

USP Epinephrine Bitartrate RS
USP Racepinephrine Hydrochloride RS
USP43

Recent Official Publications:
USP42–NF37 Page 1616
BRIEFING
Ergocalciferol, USP 41 page 1546. On the basis of comments received, the following
changes are proposed:
1. Remove Identification D, which employs a Spray reagent containing acetyl chloride, a
potentially unsafe reagent.
2. Replace the colorimetric procedure in Identification C with an HPLC procedure based on
the Assay.
3. Replace Dehydrated hexane, which is prepared by an outdated procedure in the Assay,
with an equivalent commercially available hexane.
4. Add a specified Flow rate to the Chromatographic system in the Assay.
Additionally, minor editorial changes have been made to update the monograph to current USP
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style.
(NBDS: H. Dinh.)
Correspondence Number—C206673
Comment deadline: January 31, 2019
Ergocalciferol

C28 H44 O

396.65

9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3β,5Z,7E,22E)-;
Ergocalciferol
[50-14-6].
DEFINITION
Ergocalciferol contains NLT 97.0% and NMT 103.0% of ergocalciferol (C28 H44 O).
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉
Wavelength range: 2–12 µm
Acceptance criteria: Meets the requirements in the chapter

USP43

Change to read:
• B. Ultraviolet Absorption 〈197U〉
Spectroscopic Identification Tests 〈197〉, Ultraviolet-Visible Spectroscopy: 〈197U〉
USP43

Analytical wavelength: 265 nm
Sample solution: 10 µg/mL in alcohol
Acceptance criteria: Meets the requirements in the chapter. Absorptivities do not differ
by more than 3.0%.
Change to read:
• C.
Sample solution: 0.5 mg in 5 mL of chloroform
Analysis: Add 0.3 mL of acetic anhydride and 0.1 mL of sulfuric acid to the Sample
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solution, and shake vigorously.
Acceptance criteria: A bright red color is produced, and it rapidly changes through violet
and blue to green.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
Delete the following:
• D. Thin-Layer Chromatography
[Note—For the Standard solutions and the Sample solution, follow these procedures: use
low-actinic glassware, dissolve the samples without heating, and use the solutions
immediately.]
Diluent: 10 mg/mL of squalane in chloroform
Standard solution A: 50 mg/mL of USP Ergocalciferol RS in Diluent
Standard solution B: 100 µg/mL of USP Ergosterol RS in Diluent
Sample solution: 50 mg/mL of Ergocalciferol in Diluent
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Cyclohexane and ether (1:1)
Spray reagent: 20 mg/mL of acetyl chloride in antimony trichloride TS
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
[Note—Perform the development and subsequent operations in the dark.]
Place the plate in a chamber containing and equilibrated with Developing solvent system.
Develop until the solvent front has moved about 15 cm above the line of application.
Remove the plate, allow the solvent to evaporate, and spray with Spray reagent.
Acceptance criteria: The Sample solution shows a yellowish-orange area (ergocalciferol)
having the same RF value as the area of Standard solution A and may show a violet area
below the ergocalciferol area. The color of the violet area is not more intense than that of
the violet area from Standard solution B. USP43
ASSAY
Change to read:
• Procedure
Dehydrated hexane: Prepare a chromatographic column by packing a chromatographic
tube, 8 cm × 60 cm, with 500 g of 50- to 250-µm chromatographic siliceous earth,
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activated by drying at 150° for 4 h. (See Chromatography 〈621〉, Column
Chromatography.) Pass 500 mL of hexane through the column, and collect the eluate in a
glass-stoppered flask.
USP43

Mobile phase: n-Amyl alcohol in Dehydrated hexane
hexane, solvent, chromatographic USP43
(3 in 1000)
System suitability solution: 250 mg of USP Vitamin D Assay System Suitability RS in 10
mL of a mixture of toluene and Mobile phase (1:1). Heat this solution, under reflux, at 90°
for 45 min, and cool. [Note—This solution contains cholecalciferol, precholecalciferol, and
trans-cholecalciferol.]
[Note—For the stock solutions, follow these procedures: use low-actinic glassware,
dissolve the samples without heating, and prepare the solutions fresh daily.]
Standard stock solution: 0.6 mg/mL of USP Ergocalciferol RS in toluene
Standard solution: 120 µg/mL of USP Ergocalciferol RS in Mobile phase, prepared from
Standard stock solution
Sample stock solution: 0.6 mg/mL of Ergocalciferol in toluene
Sample solution: 120 µg/mL of Ergocalciferol in Mobile phase, prepared from Sample stock
solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L3
Flow rate: 1.0–2.0 mL/min USP43
Injection volume: 5–10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for precholecalciferol, trans-cholecalciferol, and
cholecalciferol are 0.4, 0.5, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.0 between trans-cholecalciferol and precholecalciferol
Relative standard deviation: NMT 2.0% for the peak response of cholecalciferol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ergocalciferol (C28 H44 O) in the portion of Ergocalciferol taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Ergocalciferol RS in the Standard solution (µg/mL)
CU = concentration of Ergocalciferol in the Sample solution (µg/mL)
Acceptance criteria: 97.0%–103.0%
IMPURITIES
• Reducing Substances
Standard solution: 0.2 µg/mL of hydroquinone in dehydrated alcohol
Sample solution: 10 mg/mL of Ergocalciferol in dehydrated alcohol
Blank: Dehydrated alcohol
Analysis
Samples: Standard solution, Sample solution, and Blank
To 10 mL each of Standard solution, Sample solution, and Blank, add 0.5 mL of 5 mg/mL
blue tetrazolium in methanol. Then add 0.5 mL of tetramethylammonium hydroxide TS in
dehydrated alcohol (1 in 10). Allow the mixture to stand for 5 min, accurately timed, then
add 1 mL of glacial acetic acid. Determine the absorbance of the solution at 525 nm, with
a suitable spectrometer, against the Blank.
Acceptance criteria: The absorbance of the Sample solution is NMT that of the Standard
solution.
SPECIFIC TESTS
• Melting Range or Temperature 〈741〉, Procedures, Procedure for Class Ib, Apparatus I and
Procedure for Class Ib, Apparatus II: 115°–119°
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 15 mg/mL in alcohol. [Note—Prepare and use the solution without delay.
Use Ergocalciferol from a container opened not longer than 30 min.]
Acceptance criteria: +103° to +106°
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in hermetically sealed containers under nitrogen, and
store in a cool place protected from light.
Change to read:
• USP Reference Standards 〈11〉
USP Ergocalciferol RS
USP Ergosterol RS
C28 H44 O
396.66
USP43

USP Vitamin D Assay System Suitability RS
Recent Official Publications:
USP42–NF37 Page 1631
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BRIEFING
Estradiol and Norethindrone Acetate Tablets, USP 41 page 1608. As part of USP
monograph modernization efforts, the following revisions are proposed:
1. Replace the TLC-based Identification A with the UV spectrum agreement, as obtained in
the Assay.
2. Revise the Detector in the Chromatographic system in the Assay to support the
revision to Identification A.
3. In the Assay, add the particle size (4 µm) to the Column and the Run time in the
Chromatographic system.
4. Revise the equation in the Dissolution test for consistency with current USP style.
5. Include the nomenclature in the Organic Impurities test to be consistent with current
USP style.
6. In the test for Organic Impurities, revise the names of the terms in Table 2 and Table 3
from “any other single estradiol related impurity” to “any estradiol related unspecified
impurity” and “any other single norethindrone acetate related impurity” to “any
norethindrone acetate related unspecified impurity”.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: S. Ramachandran, G. Hsu.)
Correspondence Number—C181421
Comment deadline: January 31, 2019
Estradiol and Norethindrone Acetate Tablets
DEFINITION
Estradiol and Norethindrone Acetate Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amount of estradiol (C18 H24 O2 ) and NLT 90.0% and NMT 110.0% of the labeled
amount of norethindrone acetate (C22 H28 O3 ).
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: 0.5 mg/mL of USP Estradiol RS and 0.25 mg/mL of USP Norethindrone
Acetate RS in dehydrated alcohol
Sample solution: Place 2 Tablets into a 10-mL vial, and add 0.2 mL of water. When the
Tablets are partially disintegrated, add a few glass beads, and shake vigorously to
disintegrate. Add 4.0 mL of dehydrated alcohol, and shake. [Note—Centrifuge until the
supernatant is clear before application to the plate.]
Adsorbent: 0.25-mm chromatographic silica gel plate
Application volume: 2 µL
Developing solvent system: Chloroform and acetone (9:1)
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Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter, using the Developing solvent system. Apply the
Samples and develop the plate. After removal of the plate, mark the solvent front, and
allow the solvent to evaporate. Place the plate on a heating plate at 100° for 15 min.
Allow the plate to cool, and then immerse it in a mixture of dehydrated alcohol and
concentrated sulfuric acid (95:5). Place the plate on a piece of thick horizontal paper until
it is almost dry. Heat the plate at 100° until it has fully developed. Examine under UV light
at 365 nm.
Acceptance criteria: The color and RF value of the principal spots of the Sample solution
correspond to those of the Standard solution.
The UV spectra of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay. USP43
• B. The retention time of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and water (55:45)
Diluent: Dehydrated alcohol and water (50:50)
Estrone standard stock solution: 0.12 mg/mL of USP Estrone RS in dehydrated alcohol
Estradiol standard stock solution: 0.25 mg/mL of USP Estradiol RS in dehydrated alcohol
Norethindrone acetate standard stock solution: 0.15 mg/mL of USP Norethindrone
Acetate RS in dehydrated alcohol
System suitability solution: Combine 800 µL of the Estradiol standard stock solution, 600
µL of the Norethindrone acetate standard stock solution, 200 µL of the Estrone standard
stock solution, and 10.0 mL of Diluent.
Standard solution: 20 µg/mL of USP Estradiol RS from the Estradiol standard stock
solution and 10 µg/mL of USP Norethindrone Acetate RS from the Norethindrone acetate
standard stock solution in Diluent
Sample solution: Add 12 Tablets into a measured amount of Diluent to obtain a solution
having an estradiol concentration of 20 µg/mL and a norethindrone acetate concentration
of 10 µg/mL.
Nominally 20 µg/mL of estradiol and 10 µg/mL of norethindrone acetate from Tablets
(NLT 12) in Diluent USP43
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV dual wavelength (254 nm/280 nm) or equivalent.
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For Identification A, use a diode array detector in the range of 190–400 nm.

USP43

[Note—The absorption of estradiol at 280 nm and norethindrone acetate at 254 nm can
be included in a single run by altering the wavelength.]
Column: 4.6-mm × 15-cm;
4-µm USP43
packing L1
Flow rate: 1 mL/min
[Note—Perform an investigational run to determine the retention times for estradiol and
norethindrone acetate.]

USP43

Injection volume: 50 µL
Run time: NLT 4 times the retention time of estradiol USP43
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.8 between estradiol and estrone, System suitability solution
Relative standard deviation: NMT 3%, Standard solution
Analysis
Samples: Standard solution and Sample solution
[Note—Measure the areas for the estradiol and norethindrone acetate peaks.]

USP43

Calculate the percentage of the labeled amount of estradiol (C18 H24 O2 ) in the portion of the
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response at 280 nm of Estradiol from the Sample solution
rS = peak response at 280 nm of Estradiol from the Standard solution
CS = concentration of USP Estradiol RS in the Standard solution (µg/mL)
CU = nominal concentration of estradiol in the Sample solution (µg/mL)
Calculate the percentage of labeled amount of norethindrone acetate (C22 H28 O3 ) in the
portion of the Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response at 254 nm of norethindrone acetate from the Sample solution
rS = peak response at 254 nm of norethindrone acetate from the Standard solution
CS = concentration of USP Norethindrone Acetate RS in the Standard solution (µg/mL)
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CU = nominal concentration of norethindrone acetate in the Sample solution (µg/mL)
Acceptance criteria
Estradiol: 90.0%–110.0%
Norethindrone acetate: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Test 1
Medium: 0.3% sodium lauryl sulfate; 500 mL
Apparatus 2: 50 rpm
Times: 30 min for Tablets labeled to contain 1 mg of estradiol and 0.5 mg of
norethindrone acetate, and 50 min for Tablets labeled to contain 0.5 mg of estradiol and
0.1 mg of norethindrone acetate
Mobile phase: Acetonitrile and water (55:45)
Standard stock solution A: 20 µg/mL of USP Estradiol RS in alcohol or in a mixture of
alcohol and water
Standard stock solution B: 10 µg/mL of USP Norethindrone Acetate RS in alcohol or in a
mixture of alcohol and water
Standard solution: Dilute suitable quantities of Standard stock solution A and Standard
stock solution B in Medium or a mixture of alcohol and water to obtain a final
concentration of both analytes similar to the expected concentration of the Sample
solution.
Sample solution: Pass a portion of the solution through a filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 241 nm for norethindrone acetate and 280 nm for estradiol
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 150 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentages of the labeled amounts of estradiol (C18 H24 O2 ) and
norethindrone acetate (C22 H28 O3 ) dissolved:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of estradiol or norethindrone acetate from the Sample solution
rS = peak response of estradiol or norethindrone acetate from the Standard solution
CS = concentration of USP Estradiol RS or USP Norethindrone Acetate RS in the
Standard solution (mg/mL)
CU = nominal concentration of estradiol or norethindrone acetate in the Sample solution
(mg/mL) (based on the label claim)

Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response of estradiol or norethindrone acetate from the Sample solution
rS = peak response of estradiol or norethindrone acetate from the Standard solution
CS = concentration of USP Estradiol RS or USP Norethindrone Acetate RS in the
Standard solution (mg/mL)
V = volume of Medium, 500 mL
L = label claim of estradiol or norethindrone acetate (mg/Tablet) USP43
Tolerances: For Tablets labeled to contain 1 mg of estradiol and 0.5 mg of norethindrone
acetate: NLT 75% (Q) of the labeled amounts of estradiol (C18 H24 O2 ) and norethindrone
acetate (C22 H28 O3 ) are dissolved in 30 min. For Tablets labeled to contain 0.5 mg of
estradiol and 0.1 mg of norethindrone acetate: NLT 75% (Q) of the labeled amounts of
estradiol (C18 H24 O2 ) and norethindrone acetate (C22 H28 O3 ) are dissolved in 50 min.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.3% sodium lauryl sulfate; 500 mL
Apparatus 2: 50 rpm
Time: 20 min
Mobile phase: Acetonitrile and water (55:45)
Standard stock solution A: 0.5 mg/mL of USP Estradiol RS in methanol. Sonicate as
necessary.
Standard stock solution B: 0.5 mg/mL of USP Norethindrone Acetate RS in methanol.
Sonicate as necessary.
Standard solution: (L1/500) mg/mL of USP Estradiol RS and (L2/500) mg/mL of USP
Norethindrone Acetate RS prepared from Standard stock solution A and Standard stock
solution B in Medium, where L1 is the label claim of estradiol and L2 is the label claim of
norethindrone acetate, in mg/Tablet
Sample solution: Pass a portion of the solution through a filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 241 nm for norethindrone acetate and 210 nm for estradiol
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Autosampler: 20°
Column: 30°
Flow rate: 1 mL/min
Injection volume: 100 µL
Run time: NMT
NLT USP43
1.3 times the retention time of norethindrone acetate
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5 for estradiol and norethindrone acetate
Relative standard deviation: NMT 2.0% for estradiol and norethindrone acetate
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of the labeled amounts of estradiol (C18 H24 O2 ) and
norethindrone acetate (C22 H28 O3 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response of estradiol or norethindrone acetate from the Sample solution
rS = peak response of estradiol or norethindrone acetate from the Standard solution
CS = concentration of USP Estradiol RS or USP Norethindrone Acetate RS in the
Standard solution (mg/mL)
V = volume of Medium, 500 mL
L = label claim of estradiol or norethindrone acetate (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amounts of estradiol (C18 H24 O2 ) and
norethindrone acetate (C22 H28 O3 ) are dissolved in 20 min.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Solution A: Tetrahydrofuran and water (1:200)
Solution B: Acetonitrile, tetrahydrofuran, and water (160:1:40)
Mobile phase: See Table 1.
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Time
(min)
0
2
35
49
50
60

Table 1
Solution A
(%)
80
65
20
20
80
80

Solution B
(%)
20
35
80
80
20
20

Diluent: Dehydrated alcohol and water (50:50)
System suitability solution: 240 µg/mL of USP Estradiol RS, 60 µg/mL of USP
Norethindrone Acetate RS, and 1 µg/mL of USP Estrone RS in Diluent
Estradiol standard stock solution: 250 µg/mL of USP Estradiol RS in alcohol
Norethindrone acetate standard stock solution: 150 µg/mL of USP Norethindrone
Acetate RS in alcohol
Standard solution: Combine 250 µL of the Estradiol standard stock solution and 100 µL of
the Norethindrone acetate standard stock solution, and dilute with 50.0 mL of Diluent.
Sample solution: A quantity equivalent to 240 µg/mL of estradiol and 120 µg/mL of
norethindrone acetate from NLT 20 finely ground Tablets in Diluent
Nominally 240 µg/mL of estradiol and 120 µg/mL of norethindrone acetate from Tablets
(NLT 12) in Diluent USP43
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 235 and 254 nm
Column: 3.9-mm × 30-cm; 4-µm packing L1
Flow rate: 0.8 mL/min
Injection volume: 100 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for estradiol, estrone, and norethindrone acetate are
about 1.0, 1.1, and 1.7, respectively.]
Suitability requirements
Resolution: NLT 1.3 between estrone and estradiol, measured at 254 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of any estradiol impurity
estradiol related impurities USP43
in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response at 235 nm for each impurity from the Sample solution
rS = peak response at 235 nm from the Standard solution
CS = concentration of the Standard solution (µg/mL)
CU = concentration of the Sample solution (µg/mL)
F = relative response factor (see Table 2 or Table 3)
Calculate the percentages of any norethindrone acetate related impurities in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response at 254 nm for each impurity from the Sample solution
rS = peak response at 254 nm from the Standard solution
CS = concentration of the Standard solution (µg/mL)
CU = concentration of the Sample solution (µg/mL)
F = relative response factor (see Table 2 or Table 3)
Acceptance criteria: The Tablets meet the requirements given in Table 2 or Table 3.
See Table 2 for Tablets labeled to contain 1 mg of estradiol and 0.5 mg of norethindrone
acetate or Table 3 for Tablets labeled to contain 0.5 mg of estradiol and 0.1 mg of
norethindrone acetate. USP43
Table 2. For Tablets Labeled as Containing 1 mg of Estradiol and 0.5 mg of
Norethindrone Acetate
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Estradiol related impurities
6α-Hydroxyestradiol
a
0.47
1.0
1.0
USP43
6β-Hydroxyestradiol
b
0.51
1.0
1.0
USP43
6-Ketoestradiol
Estradiol related compound
c
C USP43
0.62
1.0
1.0
6-Dehydroestradiol
Estradiol related compound
Bd USP43
0.95
1.0
1.0
Estradiol
1.0
—
—
Any other single estradiol related
impurity
—
Any estradiol related unspecified
impurity USP43
1.0
0.5
Total estradiol related impurities
—
—
2.0
Norethindrone acetate related impurities
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6β-Hydroxynorethindrone acetate
e

USP43

354

Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.58

1.0

1.0

0.66

1.0

1.0

0.79

0.56

1.0

0.97

0.45

1.0

1.0

—

—

1.0

0.5

—

2.0

Norethindrone
f

USP43

6-Ketonorethindrone acetate
g

USP43

6-Dehydronorethindrone acetate
h

USP43

Norethindrone
acetate
Any other single norethindrone
acetate related impurity
Any norethindrone acetate related
unspecified impurity USP43
Total norethindrone acetate related
impurities

a
b
c
d
e
f
g
h

—

—

1,3,5(10)-Estratriene-3,6α,17β-triol.
1,3,5(10)-Estratriene-3,6β,17β-triol.
1,3,5(10)-Estratrien-3,17β-diol-6 one.
1,3,5(10),6-Estratetraen-3,17β-diol.
6β-Hydroxy-3-oxo-19-nor-17α-pregn-4-en-20-yn-17-yl acetate.
17-Hydroxy-19-nor-17α-pregn-4-en-20-yn-3-one.
3,6-Dioxo-19-nor-17βα-pregn-4-en-20-yn-17-yl acetate.
17-Hydroxy-19-nor-17α-pregn-4,6-dien-20-yn-3-one acetate. USP43
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Table 3. For Tablets Labeled as Containing 0.5 mg of Estradiol and 0.1 mg of
Norethindrone Acetate
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Estradiol related impurities
6β-Hydroxyestradiol
a
0.51
1.0
1.0
USP43
Estradiol
1.0
—
—
Any other single estradiol related
impurity
—
Any estradiol related unspecified
impurity USP43
1.0
1.0
Total estradiol related impurities
—
—
2.5
Norethindrone acetate related impurities
6β-Hydroxynorethindrone acetate
b
0.58
1.0
1.5
USP43
Norethindrone
c
0.66
1.0
1.0
USP43
6-Ketonorethindrone acetate
d
0.79
0.56
2.5
USP43
6-Dehydronorethindrone acetate
e
0.97
0.45
1.0
USP43
Norethindrone acetate
1.0
—
—
Any other single norethindrone
acetate related impurity
—
Any norethindrone acetate related
unspecified impurity USP43
1.0
1.0
Total norethindrone acetate related
—
—
impurities
4.0

a
b
c
d
e

1,3,5(10)-Estratrien-3,6β,17β-triol.
6β-Hydroxy-3-oxo-19-nor-17α-pregn-4-en-20-yn-17-yl acetate.
17-Hydroxy-19-nor-17α-pregn-4-en-20-yn-3-one.
3,6-Dioxo-19-nor-17βα-pregn-4-en-20-yn-17-yl acetate.
17-Hydroxy-19-nor-17α-pregn-4,6-dien-20-yn-3-one acetate. USP43

SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count is NMT 103 cfu/g. The total combined molds and yeasts count is
NMT 102 cfu/g. Meets the requirements of the tests for the absence of Salmonella species
and Escherichia coli.
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 〈11〉
USP Estradiol RS
USP Estrone RS
USP Norethindrone Acetate RS
Recent Official Publications:
USP42–NF37 Page 1697
BRIEFING
Exemestane Tablets. Because there is no existing USP monograph for this drug product, a
new monograph based on validated methods of analysis is proposed. The liquid chromatographic
procedures used in the Assay and the test for Organic Impurities are based on analyses
performed with the Thermo Scientific Hypersil BDS C18 brand of column with L1 packing. The
typical retention time for exemestane is 30 min.
(CHM3: F. Mao.)
Correspondence Number—C201713
Comment deadline: January 31, 2019
Add the following:
Exemestane Tablets
DEFINITION
Exemestane Tablets contain Exemestane equivalent to NLT 90.0% and NMT 110.0% of the
labeled amount of exemestane (C20 H24 O2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV absorption spectra of the Sample solution and the Standard solution exhibit
maxima and minima at the same wavelengths, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Methanol and water (5:95)
Solution B: Methanol and water (95:5)
Mobile phase: See Table 1.
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Time
(min)
0
35
40
50
52
60

Table 1
Solution A
(%)
72.2
38.9
5.6
5.6
72.2
72.2

Solution B
(%)
27.8
61.1
94.4
94.4
27.8
27.8

Diluent: Acetonitrile and water (50:50)
Standard solution: 0.1 mg/mL of USP Exemestane RS prepared as follows. Transfer a
weighed amount of USP Exemestane RS into a suitable volumetric flask and add
acetonitrile equivalent to 5% of the final volume. Sonicate to dissolve and dilute with
Diluent to volume.
Sample stock solution: Nominally equivalent to 1.0 mg/mL of exemestane prepared as
follows. Place 10 Tablets in a 250-mL volumetric flask. Add 100 mL of Diluent, sonicate for
15 min, and then shake mechanically for 15 min. Dilute with Diluent to volume.
Sample solution: Nominally equivalent to 0.1 mg/mL of exemestane in Diluent from Sample
stock solution. Pass this solution through a suitable filter of 0.45-µm pore size and discard
the first few milliliters.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 247 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 40°–50°
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of exemestane (C20 H24 O2 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response of exemestane from the Sample solution
rS = peak response of exemestane from the Standard solution
CS = concentration of USP Exemestane RS in the Standard solution (mg/mL)
CU = nominal concentration of exemestane in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: 5 g/L sodium dodecyl sulfate in water, do not degas; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Standard solution: 0.03 mg/mL of USP Exemestane RS prepared as follows. Transfer a
weighed amount of USP Exemestane RS into a suitable volumetric flask and add methanol
equivalent to 2% of the final volume. Sonicate to dissolve and dilute with Medium to
volume.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.2-µm pore size. Discard NLT 2 mL and use the filtrate for analysis.
Instrumental conditions
Mode: UV
Analytical wavelength: 250 nm
Cell length: 0.5 cm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of exemestane (C20 H24 O2 ) dissolved:
Result = (AU/AS) × CS × (V/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of the Standard solution (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of exemestane (C20 H24 O2 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Mobile phase, Diluent, Sample solution, and Chromatographic system: Proceed as
directed in the Assay.
Standard stock solution: Use Standard solution in the Assay.
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Standard solution: 0.3 µg/mL of USP Exemestane RS in Diluent from Standard stock
solution
Sensitivity solution: 0.05 µg/mL of USP Exemestane RS in Diluent from Standard solution
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Relative standard deviation: NMT 10.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of exemestane from the Standard solution
CS = concentration of USP Exemestane RS in the Standard solution (mg/mL)
CU = nominal concentration of exemestane in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.

PF 44(6): Nov.-Dec. 2018

360

Table 2
Relative
Retention
Time

Name
Exemestane related compound Ba

0.41

Exemestane methanesulfonate analogb,c
Exemestane oxide 1d
Exemestane oxide 2e

0.49
0.53
0.60

Exemestane methoxy etherf ,c

0.77

Exemestane related compound Cg,c
Exemestane

0.80
1.0

Acceptance
Criteria,
NMT (%)
0.4
—
0.3
0.4
—
—
—
—
0.2
0.3

Exemestane related compound Ah,c
1.12
Any unspecified impurity
—
Total unspecified impurities
—
a 6-Hydroxymethylandrosta-1,4-diene-3,17-dione.
b 6-[{(Methylsulfonyl)oxy}methyl]androsta-1,4-diene-3,17-dione.
c This is a process impurity and is listed for information only. It is controlled in the drug
substance. It is not to be reported and is not to be included in the total unspecified
impurities.
d 6α/β-Spirooxiranandrosta-1,4-diene-3,17-dione. The α and β forms are
diastereomers.
e 6α/β-Spirooxiranandrosta-1,4-diene-3,17-dione. The α and β forms are
diastereomers.
f 6α-(Methoxymethyl)androsta-1,4-diene-3,17-dione.
g Androsta-1,4-diene-3,17-dione.
h 6-Methyleneandrosta-4-ene-3,17-dione.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Exemestane RS
USP43

BRIEFING
Fexofenadine Hydrochloride Orally Disintegrating Tablets. Because there is no existing
USP monograph for this drug product, a new monograph is being proposed based on validated
methods of analysis.
1. The Assay is based on a validated procedure that uses the Advanced Chromatography
Technologies ACE C18 brand of column with L1 packing. The typical retention time for
fexofenadine is about 3.6 min.
2. The Performance Tests section includes the tests for Disintegration and Dissolution.
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The analytical method in the test for Dissolution is based on a liquid chromatographic
procedure that uses the Agilent Zorbax SB Phenyl brand of column with L11 packing.
The typical retention time for fexofenadine is about 3.6 min.
3. The test for Organic Impurities is based on a gradient liquid chromatographic procedure
that uses the Waters Acquity BEH C18 brand of column with L1 packing. The typical
retention time for fexofenadine is about 9.3 min.
(CHM6: R. Nguyen.)
Correspondence Number—C196358
Comment deadline: January 31, 2019
Add the following:
Fexofenadine Hydrochloride Orally Disintegrating Tablets
DEFINITION
Fexofenadine Hydrochloride Orally Disintegrating Tablets contain NLT 95.0% and NMT 105.0%
of the labeled amount of fexofenadine hydrochloride (C32 H39 NO4 ·HCl).
IDENTIFICATION
• A. Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉
Diluent 1: Dissolve 4 g of sodium hydroxide in 100 mL of water.
Diluent 2: Mix 15 mL of hydrochloric acid in 50 mL of water.
Standard solution: Transfer about 60 mg of USP Fexofenadine Hydrochloride RS into a
100-mL flask. Add about 20 mL of Diluent 1 and sonicate for 5 min. Pass the solution
through a suitable filter of 0.22-µm pore size into a glass beaker. Add about 10 mL of
Diluent 2 and heat the solution to near boiling. Allow to cool to room temperature and
keep the beaker in ice cubes for about 30 min. Filter the solution and wash the precipitate
with 5 mL of water. Dry the precipitate in an oven for 60 min at 105°. Prepare a potassium
bromide dispersion from the residue.
Sample solution: Transfer a portion of powdered Tablets (NLT 10) equivalent to 60 mg of
fexofenadine hydrochloride into a 100-mL flask. Add about 20 mL of Diluent 1 and sonicate
for 5 min. Centrifuge the solution at about 3500 rpm for about 10 min. Decant and pass
the solution through a suitable filter of 0.22-µm pore size into a glass beaker. Add about
10 mL of Diluent 2 and heat the solution to near boiling. Allow to cool to room temperature
and keep the beaker in ice cubes for about 30 min. Filter the solution and wash the
precipitate with 5 mL of water. Dry the precipitate in an oven for 60 min at 105°. Prepare
a potassium bromide dispersion from the residue.
Acceptance criteria: The IR absorption spectrum of the potassium bromide dispersion of
the residue from the Sample solution exhibits maxima only at the same wavelengths as
those of a potassium bromide dispersion from the Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY

PF 44(6): Nov.-Dec. 2018

362

• Procedure
Buffer A: 3 g/L of sodium phosphate, monobasic. Adjust with triethylamine to a pH of 6.0.
Buffer B: 3 g/L of sodium phosphate, monobasic. Adjust with phosphoric acid to a pH of
2.0.
Solution A: Acetonitrile and Buffer A (35:65)
Solution B: Acetonitrile and Buffer B (70:30)
Mobile phase: See Table 1.
Time
(min)
0
6
7
8
10
13

Table 1
Solution A
(%)
100
100
10
10
100
100

Solution B
(%)
0
0
90
90
0
0

Diluent: Acetonitrile, methanol, and Buffer B (50:20:30)
Standard solution: 0.12 mg/mL of USP Fexofenadine Hydrochloride RS in Diluent
Sample solution: Nominally 0.12 mg/mL of fexofenadine hydrochloride in Diluent, prepared
as follows. Transfer Tablets (NLT 10) into a suitable volumetric flask. Add Diluent to about
70% of the total flask volume, and sonicate to dissolve. Dilute with Diluent to volume.
Centrifuge the solution and use the supernatant. Transfer 5 mL of the supernatant into a
25-mL flask. Dilute with Diluent to volume. Pass a portion of the solution through a
suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fexofenadine hydrochloride

PF 44(6): Nov.-Dec. 2018

363

(C32 H39 NO4 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fexofenadine from the Sample solution
rS = peak response of fexofenadine from the Standard solution
CS = concentration of USP Fexofenadine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of fexofenadine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Disintegration 〈701〉: NMT 30 s
• Dissolution 〈711〉
Medium: 0.001 N hydrochloric acid; 500 mL, deaerated
Apparatus 2: 50 rpm
Time: 30 min
Buffer: Dissolve 6.6 g of sodium phosphate, monobasic anhydrous and 0.8 g of sodium
perchlorate in 1 L of water. Adjust with phosphoric acid to a pH of 2.0.
Mobile phase: Acetonitrile, Buffer, and triethylamine (45: 55: 0.3)
Diluent: 0.01 N hydrochloric acid
Standard solution: USP Fexofenadine Hydrochloride RS in Diluent at a concentration similar
to that expected in the Sample solution
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6 mm × 25-cm; 5-µm packing L11
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of fexofenadine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of fexofenadine hydrochloride
(C32 H39 NO4 ·HCl) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU = peak response of fexofenadine from the Sample solution
rS = peak response of fexofenadine from the Standard solution
CS = concentration of USP Fexofenadine Hydrochloride RS in the Standard solution
(mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 500 mL
Tolerances: NLT 85% (Q) of the labeled amount of fexofenadine hydrochloride (C32 H39 NO4 .
HCl) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Solution A: Triethylamine and water (1:2000). Adjust with phosphoric acid to a pH of 7.0.
Solution B: Acetonitrile and water (90:10)
Mobile phase: See Table 2.
Time
(min)
0
10
15
33
35
36
40

Table 2
Solution A
(%)
75
75
65
40
20
75
75

Solution B
(%)
25
25
35
60
80
25
25

Diluent: Acetonitrile, water, and phosphoric acid (50: 50: 0.1)
Standard solution: 2.4 µg/mL each of USP Fexofenadine Hydrochloride RS, USP
Fexofenadine Related Compound A RS, USP Fexofenadine Related Compound B RS, and
USP Fexofenadine Related Compound C RS in Diluent
Sensitivity solution: 1.2 µg/mL each of USP Fexofenadine Hydrochloride RS, USP
Fexofenadine Related Compound A RS, USP Fexofenadine Related Compound B RS, and
USP Fexofenadine Related Compound C RS in Diluent from Standard solution
Sample solution: Nominally 1.2 mg/mL of fexofenadine hydrochloride in Diluent, prepared
as follows. Transfer a quantity equivalent to 120 mg of fexofenadine hydrochloride from
finely powdered Tablets (NLT 20) into a 100-mL volumetric flask. Add Diluent to about
70% of the total flask volume, and sonicate to dissolve. Dilute with Diluent to volume.
Centrifuge the solution and use the supernatant.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Column temperature: 30°
Flow rate: 0.4 mL/min
Injection volume: 1.5 µL
System suitability
Samples: Standard solution and Sensitivity solution
[Note—See Table 3 for relative retention times.]
Suitability requirements
Resolution: NLT 3.0 between fexofenadine and fexofenadine related compound B,
Standard solution
Tailing factor: NMT 2.0 for fexofenadine, fexofenadine related compound A,
fexofenadine related compound B, and fexofenadine related compound C, Standard
solution
Relative standard deviation: NMT 5.0% for fexofenadine, fexofenadine related
compound A, fexofenadine related compound B, and fexofenadine related compound C,
Standard solution
Signal-to-noise ratio: NLT 10 for fexofenadine, fexofenadine related compound A,
fexofenadine related compound B, and fexofenadine related compound C, Sensitivity
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fexofenadine related compound A, fexofenadine related
compound B, and fexofenadine related compound C in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fexofenadine related compound A, fexofenadine related compound
B, or fexofenadine related compound C from the Sample solution
rS = peak response of fexofenadine related compound A, fexofenadine related compound
B, or fexofenadine related compound C from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(mg/mL)
CU = nominal concentration of fexofenadine hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of fexofenadine N-oxide or any unspecified degradation product in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of fexofenadine N-oxide or any unspecified degradation product from
the Sample solution
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rS = peak response of fexofenadine from the Standard solution
CS = concentration of USP Fexofenadine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of fexofenadine hydrochloride in the Sample solution (mg/mL)
F = relative response factor
Acceptance criteria: See Table 3.

Name

Table 3
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Fexofenadine N-oxidea
0.71
0.82
0.20
Fexofenadine
1.00
—
—
Fexofenadine related compound B
1.22
—
0.10
Fexofenadine related compound A
1.41
—
0.10
Fexofenadine related compound C
3.21
—
0.15
Any unspecified degradation
—
product
—
0.20
—
—
Total degradation productsb
0.50
a (RS)-2-[4-[1-Hydroxy-4-[4-(hydroxyl-diphenyl-methyl)-1-piperidyl]butyl]phenyl]-2methyl-propanoic acid N-oxide.
b Excluding fexofenadine related compound B.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature. Protect from moisture.
• USP Reference Standards 〈11〉
USP Fexofenadine Hydrochloride RS
USP Fexofenadine Related Compound A RS
(4-[1-Oxy-4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]butyl]- α,α-dimethyl
benzeneacetic acid).
C32 H37 NO4
499.65
USP Fexofenadine Related Compound B RS
(3-[1-Hydroxy-4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]butyl]- α,α-dimethyl
benzeneacetic acid hydrochloride monohydrate.
C32 H39 NO4 ·HCl·H2 0
556.13
USP Fexofenadine Related Compound C RS
((±)-4-[1-Hydroxy-4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]-butyl]isopropylbenzene hydrochloride).
C31 H39 NO2 ·HCl
494.12
USP43

BRIEFING
Fluphenazine Hydrochloride, USP 41 page 1814. As part of the USP monograph
modernization initiative, it is proposed to make the following changes:
1. Add a test for Organic Impurities with a specific liquid chromatographic procedure
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1. Add a test for Organic Impurities with a specific liquid chromatographic procedure
validated with the ACE C18 brand of column with L1 packing. The typical retention time
of fluphenazine is about 4 min. The proposed Acceptance criteria are based on those
listed in the European Pharmacopoeia 9.5.
2. Replace the current chromatographic procedure in the Assay with a new
chromatographic procedure similar to the proposed test for Organic Impurities.
3. Revise Identification A to allow the use of either Infrared Absorption 〈197K〉 or 〈197A〉.
4. Replace the UV-based procedure in Identification B with the retention time agreement
based on the proposed Assay.
5. Add USP Fluphenazine Related Compound A RS and Fluphenazine Related Compound B
RS to the USP Reference Standards section to support the proposed test for Organic
Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: R.-H. Yeh.)
Correspondence Number—C117382
Comment deadline: January 31, 2019
Fluphenazine Hydrochloride

C22 H26 F 3 N3 OS·2HCl

510.44

1-Piperazineethanol, 4-[3-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]propyl]-,
dihydrochloride;
4-[3-[2-(Trifluoromethyl)phenothiazin-10-yl]propyl]-1-piperazineethanol dihydrochloride
[146-56-5].
DEFINITION
Fluphenazine Hydrochloride contains NLT 97.0% and NMT 103.0% of fluphenazine
hydrochloride (C22 H26 F 3 N3 OS·2HCl), calculated on the dried basis.
[Note—Throughout the following procedures, protect samples, the Reference Standard, and
solutions containing them by conducting the procedures without delay, under subdued light, or
using low-actinic glassware.]
IDENTIFICATION
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Change to read:
• A. Infrared Absorption 〈197K〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉 or 〈197A〉
USP43

Delete the following:
• B. Ultraviolet Absorption 〈197U〉
Analytical wavelength: 259 nm
Sample solution: 10 µg/mL of Fluphenazine Hydrochloride in methanol
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 2.5%. USP43
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride: Meets the
requirements
ASSAY
Change to read:
• Procedure
Buffer: 0.05 M monobasic potassium phosphate adjusted with phosphoric acid to a pH of
2.5
Diluent: Acetonitrile, methanol, and Buffer (30:30:40)
Mobile phase: 0.2% triethylamine in Diluent
Standard solution: 0.06 mg/mL of USP Fluphenazine Hydrochloride RS in Diluent
Sample stock solution: 1.2 mg/mL of Fluphenazine Hydrochloride in Diluent
Sample solution: 0.06 mg/mL of Fluphenazine Hydrochloride from Sample stock solution in
Diluent. Filter, and discard the first 5 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 12.5-cm; packing L7
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NMT 2.0
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Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fluphenazine hydrochloride (C22 H26 F 3 N3 OS·2HCl) in the portion
of Fluphenazine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Fluphenazine Hydrochloride in the Sample solution (mg/mL)
Solution A: 0.77 g/L of ammonium acetate in water, adjusted with 2 M acetic acid TS to
a pH of 6.0.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
0.5
5.0
10.0
10.1
12.0

Table 1
Solution A
(%)
80
80
5
5
80
80

Solution B
(%)
20
20
95
95
20
20

Diluent: Acetonitrile, water, and glacial acetic acid (50: 50: 0.4)
Standard solution: 0.02 mg/mL of USP Fluphenazine Hydrochloride RS in Diluent
Sample solution: 0.02 mg/mL of Fluphenazine Hydrochloride in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 3.0-mm × 5-cm; 3-µm packing L1
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
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Relative standard deviation: NMT 1.10%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fluphenazine hydrochloride (C22 H26 F 3 N3 OS·2HCl) in the portion
of Fluphenazine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Fluphenazine Hydrochloride in the Sample solution (mg/mL)
USP43

Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.5%
Delete the following:
• Heavy Metals, Method II〈231〉: NMT 30 ppm

(O fficial 1-Jan-2018)

Delete the following:
• Ordinary Impurities 〈466〉
Standard solution and Test solution: 0.1 M methanolic sodium hydroxide
Eluant: Acetone, cyclohexane, and diethylamine (40:15:1)
Visualization: 1
Acceptance criteria: Meets the requirements USP43
Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, and Diluent: Prepare as directed in the Assay.
System suitability solution: 20 µg/mL of USP Fluphenazine Hydrochloride RS and 10
µg/mL each of USP Fluphenazine Related Compound A RS and USP Fluphenazine Related
Compound B RS in Diluent
Sensitivity solution: 0.1 µg/mL of USP Fluphenazine Hydrochloride RS in Diluent
Standard solution: 0.4 µg/mL each of USP Fluphenazine Hydrochloride RS, USP
Fluphenazine Related Compound A RS, and USP Fluphenazine Related Compound B RS in
Diluent
Sample solution: 200 µg/mL of Fluphenazine Hydrochloride in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 274 nm for fluphenazine related compound A and fluphenazine related
compound B; UV 260 nm for fluphenazine and other impurities
Column: 3.0-mm × 5-cm; 3-µm packing L1
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 5.0 between fluphenazine related compound A and fluphenazine
related compound B, at 274 nm, System suitability solution
Relative standard deviation: NMT 5.0% for each Reference Standard peak, at UV 274
nm for fluphenazine related compound A and fluphenazine related compound B, at UV
260 nm for fluphenazine, Standard solution
Signal-to-noise ratio: NLT 10 for the fluphenazine peak, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fluphenazine related compound A and fluphenazine related
compound B, at 274 nm, in the portion of Fluphenazine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fluphenazine related compound A or fluphenazine related
compound B from the Sample solution
rS = peak response of the corresponding Reference Standard from the Standard solution
CS = concentration of USP Fluphenazine Related Compound A RS or USP Fluphenazine
Related Compound B RS in the Standard solution (µg/mL)
CU = concentration of Fluphenazine Hydrochloride in the Sample solution (µg/mL)
Calculate the percentage of fluphenazine biphenothiazinyl analog, fluphenazine
dialkylpiperazine analog, and any individual unspecified impurity, at 260 nm, in the portion
of Fluphenazine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fluphenazine biphenothiazinyl analog, fluphenazine dialkylpiperazine
analog, or any individual unspecified impurity from the Sample solution
rS = peak response of fluphenazine from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(µg/mL)
CU = concentration of Fluphenazine Hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
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Table 2
Relative
Retention
Time
0.7
0.8
1.0

Relative
Response
Factor
—
—
—

Acceptance
Criteria,
NMT (%)
0.2
0.2
—

Name
Fluphenazine related compound A
Fluphenazine related compound B
Fluphenazine
Fluphenazine biphenothiazinyl
analoga
1.8
1.9
0.2
Fluphenazine dialkylpiperazine
analogb
2.2
1.5
0.2
Any individual unspecified impurity
—
1.0
0.10
Total impurities
—
—
1.0
a 2-[4-(3-{2’,8-Bis(trifluoromethyl)-10H-[3,10’-biphenothiazin]-10yl}propyl)piperazin-1-yl]ethan-1-ol.
b 1,4-Bis{3-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]propyl}piperazine.
USP43

SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 65° for 3 h.
Acceptance criteria: NMT 1%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 〈11〉
USP Fluphenazine Hydrochloride RS
USP Fluphenazine Related Compound A RS
10-{3-[4-(2-Hydroxyethyl)piperazin-1-yl]propyl}-2-(trifluoromethyl)-10H-phenothiazine
5-oxide.
C22 H26 F 3 N3 O2 S
453.52
USP Fluphenazine Related Compound B RS
10-{3-[4-(2-Hydroxyethyl)piperazin-1-yl]propyl}-2-(trifluoromethyl)-10H-phenothiazine
5,5-dioxide.
C22 H26 F 3 N3 O3 S
469.52
USP43

Recent Official Publications:
USP42–NF37 Page 1926
BRIEFING
Fluphenazine Hydrochloride Elixir, USP 41 page 1815. As part of the USP monograph
modernization effort, the following changes are proposed:
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1. Add a test for Organic Impurities with a specific liquid chromatographic procedure
validated with the ACE C18 brand of column with L1 packing. The proposed limit for
unspecified degradation products is based on International Council for Harmonisation
(ICH) guidelines. The limits for specified and total impurities are based on the proposed
limits in the monograph for Fluphenazine Hydrochloride, also appearing in this issue of
PF.
2. Replace the current chromatographic procedure in the Assay with a new
chromatographic procedure similar to the procedure used for Organic Impurities. The
typical retention time for fluphenazine is about 4 min.
3. Replace the TLC test in Identification A with the spectral comparison of the
fluphenazine peak using photodiode array detection with the Assay procedure. The
Chromatographic system in the Assay is updated accordingly.
4. Add an orthogonal Identification B with the retention time agreement from the proposed
Assay.
5. Add USP Fluphenazine Related Compound A RS and USP Fluphenazine Related Compound
B RS to the USP Reference Standards section in support of the test for Organic
Impurities.
All interested parties are encouraged to submit their specifications to USP if they are different
from those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: C. Chisolm.)
Correspondence Number—C167036
Comment deadline: January 31, 2019
Fluphenazine Hydrochloride Elixir
DEFINITION
Fluphenazine Hydrochloride Elixir contains NLT 90.0% and NMT 110.0% of the labeled amount
of fluphenazine hydrochloride (C22 H26 F 3 N3 OS·2HCl).
[Note—Throughout the following procedures, protect samples, the Reference Standard, and
solutions containing them by conducting the procedures without delay, under subdued light, or
using low-actinic glassware.]
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatography
Diluent: Methanol and water (80:20)
Standard solution: 20 mg/mL of USP Fluphenazine Hydrochloride RS in Diluent prepared as
follows. Transfer 10 mg of USP Fluphenazine Hydrochloride RS to a separator, and add 20
mL of 6 N sodium hydroxide. Extract the resulting mixture with 20 mL of isooctane.
Evaporate the isooctane solution to dryness, and dissolve the residue in 0.5 mL of Diluent.

PF 44(6): Nov.-Dec. 2018

374

Sample solution: Nominally 20 mg/mL of fluphenazine hydrochloride from Elixir in Diluent
prepared as follows. Transfer a volume of Elixir, equivalent to 10 mg of fluphenazine
hydrochloride, to a separator, and add 20 mL of 6 N sodium hydroxide. Extract the
resulting mixture with 20 mL of isooctane. Evaporate the isooctane solution to dryness,
and dissolve the residue in 0.5 mL of Diluent.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Acetone, cyclohexane, and diethylamine (40:15:1)
Spray reagent: Sulfuric acid in methanol (2 in 5)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram in the Developing solvent system
until the solvent front has moved three-fourths of the length of the plate. Locate the
spots on the plate by lightly spraying it with Spray reagent.
Acceptance criteria: The RF value and color of the principal spot of the Sample solution
correspond to those of the Standard solution. USP43
Add the following:
• A. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Buffer: 0.05 M monobasic potassium phosphate adjusted with phosphoric acid to a pH of
2.5
Diluent: Acetonitrile, methanol, and Buffer (30:30:40)
Mobile phase: 0.2% triethylamine in Diluent
Standard solution: 0.06 mg/mL of USP Fluphenazine Hydrochloride RS in Diluent
Sample solution: Nominally 0.06 mg/mL of fluphenazine hydrochloride from Elixir in Diluent
prepared as follows. Transfer a suitable volume of Elixir, equivalent to 6 mg of fluphenazine
hydrochloride, to a 100-mL volumetric flask using a “to contain” pipet. Rinse the pipet with
Diluent to complete the transfer, and dilute with Diluent to volume. Filter, and use the
filtrate after discarding the first 5 mL of the filtrate.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 12.5-cm; packing L7
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluphenazine hydrochloride
(C22 H26 F 3 N3 OS·2HCl) in the portion of Elixir taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of fluphenazine hydrochloride in the Sample solution
(mg/mL)
Solution A: 0.77 g/L of ammonium acetate in water, adjusted with 2 M acetic acid TS to
a pH of 6.0
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0.0
0.5
5.0
10.0
10.1
12.0

Table 1
Solution A
(%)
80
80
5
5
80
80

Solution B
(%)
20
20
95
95
20
20

Diluent: Acetonitrile, glacial acetic acid, and water (50: 0.4: 50)
Standard solution: 0.02 mg/mL of USP Fluphenazine Hydrochloride RS in Diluent
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Sample solution: Nominally 0.02 mg/mL of fluphenazine hydrochloride from Elixir in Diluent,
prepared as follows. Transfer a suitable volume of Elixir to an appropriate volumetric flask,
and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 260 nm. For Identification A, use a diode array detector in the range of
210–400 nm.
Column: 3.0-mm × 5-cm; 3-µm packing L1
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.10%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluphenazine hydrochloride
(C22 H26 F 3 N3 OS·2HCl) in the portion of Elixir taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of fluphenazine hydrochloride in the Sample solution (mg/mL)
USP43

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, and Diluent: Prepare as directed in the Assay.
System suitability solution: 20 µg/mL of USP Fluphenazine Hydrochloride RS and 10
µg/mL each of USP Fluphenazine Related Compound A RS and USP Fluphenazine Related
Compound B RS in Diluent
Sensitivity solution: 0.2 µg/mL of USP Fluphenazine Hydrochloride RS in Diluent
Standard solution: 0.4 µg/mL each of USP Fluphenazine Hydrochloride RS, USP
Fluphenazine Related Compound A RS, and USP Fluphenazine Related Compound B RS in

PF 44(6): Nov.-Dec. 2018

377

Diluent
Sample solution: Nominally 200 µg/mL of fluphenazine hydrochloride from Elixir in Diluent,
prepared as follows. Transfer a suitable volume of Elixir to an appropriate volumetric flask
and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 274 nm for fluphenazine related compound A and fluphenazine related
compound B; UV 260 nm for fluphenazine and other degradation products
Column: 3.0-mm × 5-cm; 3-µm packing L1
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 5.0 between fluphenazine related compound A and fluphenazine
related compound B, at 274 nm, System suitability solution
Relative standard deviation: NMT 5.0%, for each Reference Standard peak, at 274
nm for fluphenazine related compound A and fluphenazine related compound B, at 260
nm for fluphenazine, Standard solution
Signal-to-noise ratio: NLT 10 for the fluphenazine peak, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fluphenazine related compound A and fluphenazine related
compound B, at 274 nm, in the portion of Elixir taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fluphenazine related compound A or fluphenazine related
compound B from the Sample solution
rS = peak response of the corresponding Reference Standard from the Standard solution
CS = concentration of USP Fluphenazine Related Compound A RS or USP Fluphenazine
Related Compound B RS in the Standard solution (µg/mL)
CU = nominal concentration of fluphenazine hydrochloride in the Sample solution (µg/mL)
Calculate the percentage of any individual degradation product, at 260 nm, in the portion of
Elixir taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual degradation product from the Sample solution
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rS = peak response of fluphenazine from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(µg/mL)
CU = nominal concentration of fluphenazine in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.
Table 2

Name
Fluphenazine related compound A
Fluphenazine related compound B
Fluphenazine
Impurity Ca,b

Relative
Retention
Time
0.7
0.8
1.0
1.8

Acceptance
Criteria,
NMT (%)
0.2
0.2
—
—

Da,c

—
Impurity
2.2
Any individual unspecified degradation product
—
0.20
Total degradation products
—
1.0
a Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
impurities for the drug product.
b 2-[4-[3-[2′,8-Bis(trifluoromethyl)-10H-3,10′-biphenothiazin-10-yl]propyl]piperazin1-yl]ethanol.
c 1,4-Bis(3-(2-(trifluoromethyl)-10H-phenothiazin-10-yl)propyl)piperazine.
USP43

OTHER COMPONENTS
• Alcohol Determination 〈611〉: 90.0%–110.0% of the labeled amount, the labeled amount
being NMT 15.0% of alcohol (C2 H5 OH)
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉
For Elixir packaged in single-unit containers: Meets the requirements
• Deliverable Volume 〈698〉
For Elixir packaged in multiple-unit containers: Meets the requirements
SPECIFIC TESTS
• pH 〈791〉: 5.3–5.8
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light.
Change to read:
• USP Reference Standards 〈11〉
USP Fluphenazine Hydrochloride RS
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USP Fluphenazine Related Compound A RS
10-{3-[4-(2-Hydroxyethyl)piperazin-1-yl]propyl}-2-(trifluoromethyl)-10H-phenothiazine
5-oxide.
C22 H26 F 3 N3 O2 S)
453.52
USP Fluphenazine Related Compound B RS
10-{3-[4-(2-Hydroxyethyl)piperazin-1-yl]propyl}-2-(trifluoromethyl)-10H-phenothiazine
5,5-dioxide.
C22 H26 F 3 N3 O3 S)
469.52
USP43

Recent Official Publications:
USP42–NF37 Page 1926
BRIEFING
Fluphenazine Hydrochloride Injection, USP 41 page 1816. As part of the USP monograph
modernization initiative, it is proposed to make the following changes:
1. Add a test for Organic Impurities with a specific liquid chromatographic procedure
validated with the ACE C18 brand of column with L1 packing. The typical retention time
of fluphenazine is about 4 min. The proposed acceptance criterion for unspecified
degradation products is based on International Council for Harmonisation (ICH)
guidelines. The acceptance criteria for specified and total degradation products are
based on proposed acceptance criteria in the monograph for Fluphenazine
Hydrochloride, also appearing in this issue of PF.
2. Replace the current chromatographic procedure in the Assay with a new
chromatographic procedure similar to the proposed test for Organic Impurities.
3. Replace the TLC test in Identification A with the spectral comparison of the
fluphenazine peak using photodiode array detection with the proposed Assay.
4. Add Identification B based on the retention time agreement from the proposed Assay.
5. Update the Packaging and Storage section to include the storage temperature for the
drug product.
6. Add USP Fluphenazine Related Compound A RS, USP Fluphenazine Related Compound B
RS, and USP Methylparaben RS to the USP Reference Standards section to support the
proposed test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: R.-H. Yeh.)
Correspondence Number—C167037
Comment deadline: January 31, 2019
Fluphenazine Hydrochloride Injection
DEFINITION
Fluphenazine Hydrochloride Injection is a sterile solution of Fluphenazine Hydrochloride in
Water for Injection. It contains NLT 95.0% and NMT 110.0% of the labeled amount of
fluphenazine hydrochloride (C22 H26 F 3 N3 OS·2HCl).
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[Note—Throughout the following procedures, protect samples, the Reference Standard, and
solutions containing them by conducting the procedures without delay, under subdued light, or
using low-actinic glassware.]
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatography
Diluent: Methanol and water (80:20)
Standard solution: 20 mg/mL of USP Fluphenazine Hydrochloride RS in Diluent prepared as
follows. Transfer 10 mg of USP Fluphenazine Hydrochloride RS to a separator, and add 20
mL of 6 N sodium hydroxide. Extract the resulting mixture with 20 mL of isooctane.
Evaporate the isooctane solution to dryness, and dissolve the residue in 0.5 mL of Diluent.
Sample solution: Nominally 20 mg/mL of fluphenazine hydrochloride from Injection in
Diluent prepared as follows. Transfer a volume of Injection, equivalent to 10 mg of
fluphenazine hydrochloride, to a separator, and add 20 mL of 6 N sodium hydroxide.
Extract the resulting mixture with 20 mL of isooctane. Evaporate the isooctane solution to
dryness, and dissolve the residue in 0.5 mL of Diluent.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Acetone, cyclohexane, and diethylamine (40:15:1)
Spray reagent: Sulfuric acid in methanol (2 in 5)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram in the Developing solvent system
until the solvent front has moved three-fourths of the length of the plate. Locate the
spots on the plate by lightly spraying it with Spray reagent.
Acceptance criteria: The RF value and color of the principal spot of the Sample solution
correspond to those of the Standard solution. USP43
Add the following:
• A. The UV spectrum of the fluphenazine peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. USP43
Add the following:
• B. The retention time of the fluphenazine peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
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Buffer: 0.05 M monobasic potassium phosphate adjusted with phosphoric acid to a pH of
2.5
Diluent: Acetonitrile, methanol, and Buffer (30:30:40)
Mobile phase: 0.2% triethylamine in Diluent
Standard solution: 0.06 mg/mL of USP Fluphenazine Hydrochloride RS in Diluent
Sample solution: Nominally 0.06 mg/mL of fluphenazine hydrochloride from Injection in
Diluent prepared as follows. Transfer a suitable volume of Injection, equivalent to 6 mg of
fluphenazine hydrochloride, to a 100-mL volumetric flask using a “to contain” pipet. Rinse
the pipet with Diluent to complete the transfer, and dilute with Diluent to volume. Filter,
and use the filtrate after discarding the first 5 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 12.5-cm; packing L7
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Solution A: 0.77 g/L of ammonium acetate in water, adjusted with 2 M acetic acid TS to
a pH of 6.0
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
0.5
5.0
10.0
10.1
12.0

Table 1
Solution A
(%)
80
80
5
5
80
80

Solution B
(%)
20
20
95
95
20
20

Diluent: Acetonitrile, water, and glacial acetic acid (50: 50: 0.4)
Standard solution: 0.02 mg/mL of USP Fluphenazine Hydrochloride RS in Diluent
Sample solution: Nominally 0.02 mg/mL of fluphenazine hydrochloride from Injection in
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Diluent, prepared as follows. Transfer a suitable volume of Injection to an appropriate
volumetric flask, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 260 nm. For Identification A, use a diode array detector in the range of
210–400 nm.
Column: 3.0-mm × 5-cm; 3-µm packing L1
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.10%
USP43

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluphenazine hydrochloride
(C22 H26 F 3 N3 OS·2HCl) in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of fluphenazine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, and Diluent: Prepare as directed in the Assay.
System suitability solution: 200 µg/mL of USP Fluphenazine Hydrochloride RS, 10 µg/mL
of USP Fluphenazine Related Compound A RS, and 80 µg/mL of USP Methylparaben RS in
Diluent
Sensitivity solution: 0.2 µg/mL of USP Fluphenazine Hydrochloride RS in Diluent
Standard solution: 1.0 µg/mL each of USP Fluphenazine Hydrochloride RS, USP
Fluphenazine Related Compound A RS, and USP Fluphenazine Related Compound B RS in
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Diluent
Sample solution: Nominally 200 µg/mL of fluphenazine hydrochloride from Injection in
Diluent, prepared as follows. Transfer a suitable volume of Injection to an appropriate
volumetric flask, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 274 nm for fluphenazine related compound A and fluphenazine related
compound B; UV 260 nm for fluphenazine and other degradation products
Column: 3.0-mm × 5-cm; 3-µm packing L1
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between the methylparaben and fluphenazine related compound A
peaks, at 274 nm, System suitability solution
Relative standard deviation: NMT 5.0% for each Reference Standard peak, at UV 274
nm for fluphenazine related compound A and fluphenazine related compound B, at UV
260 nm for fluphenazine, Standard solution
Signal-to-noise ratio: NLT 10 for the fluphenazine peak, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fluphenazine related compound A and fluphenazine related
compound B, at 274 nm, in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fluphenazine related compound A or fluphenazine related
compound B from the Sample solution
rS = peak response of the corresponding Reference Standard from the Standard solution
CS = concentration of USP Fluphenazine Related Compound A RS or USP Fluphenazine
Related Compound B RS in the Standard solution (µg/mL)
CU = nominal concentration of fluphenazine hydrochloride in the Sample solution (µg/mL)
Calculate the percentage of any individual unspecified degradation product, at 260 nm, in
the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual unspecified degradation product from the Sample
solution
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rS = peak response of fluphenazine from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(µg/mL)
CU = nominal concentration of fluphenazine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.
Table 2

Name

Relative
Retention
ime

Methylparabena
Fluphenazine related compound A
Fluphenazine related compound B
Fluphenazine

0.6
0.7
0.8
1.0

Fluphenazine biphenothiazinyl analogb,c

1.8

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

—
Fluphenazine dialkylpiperazine analogb,d
2.2
Any individual unspecified degradation product
—
0.20
Total degradation products
—
1.0
a This is an excipient; it is not to be reported or included in the total degradation
products for the drug product.
b Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
degradation products for the drug product.
c 2-[4-(3-{2′,8-Bis(trifluoromethyl)-10H-[3,10′-biphenothiazin]-10yl}propyl)piperazin-1-yl]ethan-1-ol.
d 1,4-Bis{3-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]propyl}piperazine.
USP43

SPECIFIC TESTS
• pH 〈791〉: 4.8–5.2
• Bacterial Endotoxins Test 〈85〉: NMT 166.7 USP Endotoxin Units/mg of fluphenazine
hydrochloride
• Other Requirements: It meets the requirements in Injections and Implanted Drug Products
〈1〉.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, and protect from light.
Store at controlled room temperature. USP43
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)
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USP Fluphenazine Hydrochloride RS
USP Fluphenazine Related Compound A RS
10-{3-[4-(2-Hydroxyethyl)piperazin-1-yl]propyl}-2-(trifluoromethyl)-10H-phenothiazine
5-oxide.
C22 H26 F 3 N3 O2 S
453.52
USP Fluphenazine Related Compound B RS
10-{3-[4-(2-Hydroxyethyl)piperazin-1-yl]propyl}-2-(trifluoromethyl)-10H-phenothiazine
5,5-dioxide.
C22 H26 F 3 N3 O3 S
469.52
USP Methylparaben RS
USP43

Recent Official Publications:
USP42–NF37 Page 1927
BRIEFING
Fluphenazine Hydrochloride Oral Solution, USP 41 page 1817. As part of the USP
monograph modernization effort, the following changes are proposed:
1. Add a test for Organic Impurities with a specific liquid chromatographic procedure
validated with the ACE C18 brand of column with L1 packing. The typical retention time
for fluphenazine is about 4 min. The proposed acceptance criterion for unspecified
degradation products is based on International Council for Harmonisation (ICH)
guidelines. The acceptance criteria for specified and total degradation products are
based on the proposed acceptance criteria in the monograph for Fluphenazine
Hydrochloride, also appearing in this issue of PF.
2. Replace the current chromatographic procedure in the Assay with a new
chromatographic procedure similar to the proposed test for Organic Impurities.
3. Replace the TLC test in Identification A with the spectral comparison of the
fluphenazine peak using photodiode array detection with the proposed Assay.
4. Add Identification B with the retention time agreement from the proposed Assay.
5. Update the Packaging and Storage section to include the storage temperature for the
drug product.
6. Add USP Fluphenazine Related Compound A RS and USP Fluphenazine Related Compound
B RS to the USP Reference Standards section to support the proposed test for Organic
Impurities.
All interested parties are encouraged to submit their specifications to USP if they are different
from those proposed in this revision.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: C. Chisolm.)
Correspondence Number—C167038
Comment deadline: January 31, 2019
Fluphenazine Hydrochloride Oral Solution
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DEFINITION
Fluphenazine Hydrochloride Oral Solution is an aqueous solution of Fluphenazine
Hydrochloride. It contains NLT 90.0% and NMT 110.0% of the labeled amount of
fluphenazine hydrochloride (C22 H26 F 3 N3 OS·2HCl).
[Note—Throughout the following procedures, protect samples, the Reference Standard, and
solutions containing them by conducting the procedures without delay, under subdued light,
or using low-actinic glassware.]
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatography
Diluent: Methanol and water (80:20)
Standard solution: 20 mg/mL of USP Fluphenazine Hydrochloride RS in Diluent prepared as
follows. Transfer 10 mg of USP Fluphenazine Hydrochloride RS to a separator, and add 20
mL of sodium hydroxide solution (1 in 4). Extract the resulting mixture with 20 mL of
isooctane. Evaporate the isooctane solution to dryness, and dissolve the residue in 0.5 mL
of Diluent.
Sample solution: Nominally 20 mg/mL of fluphenazine hydrochloride from Oral Solution in
Diluent prepared as follows. Transfer a volume of Oral Solution, equivalent to 10 mg of
fluphenazine hydrochloride, to a separator, and add 20 mL of sodium hydroxide solution (1
in 4). Extract the resulting mixture with 20 mL of isooctane. Evaporate the isooctane
solution to dryness, and dissolve the residue in 0.5 mL of Diluent.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Acetone, cyclohexane, and diethylamine (40:15:1)
Spray reagent: Sulfuric acid in methanol (2 in 5)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram in the Developing solvent system
until the solvent front has moved three-fourths of the length of the plate. Locate the
spots on the plate by lightly spraying it with Spray reagent.
Acceptance criteria: The RF value and color of the principal spot of the Sample solution
correspond to those of the Standard solution. USP43
Add the following:
• A. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
Add the following:

PF 44(6): Nov.-Dec. 2018

387

• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Buffer: 0.05 M monobasic potassium phosphate adjusted with phosphoric acid to a pH of
2.5
Diluent: Acetonitrile, methanol, and Buffer (30:30:40)
Mobile phase: 0.2% triethylamine in Diluent
Standard solution: 0.06 mg/mL of USP Fluphenazine Hydrochloride RS in Diluent
Sample solution: Nominally 0.06 mg/mL of fluphenazine hydrochloride from Oral Solution in
Diluent prepared as follows. Transfer a suitable volume of Oral Solution, equivalent to 6 mg
of fluphenazine hydrochloride, to a 100-mL volumetric flask using a “to contain” pipet.
Rinse the pipet with Diluent to complete the transfer, and dilute with Diluent to volume.
Filter, and use the filtrate after discarding the first 5 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 12.5-cm; packing L7
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluphenazine hydrochloride
(C22 H26 F 3 N3 OS·2HCl) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(mg/mL)
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CU = nominal concentration of fluphenazine hydrochloride in the Sample solution
(mg/mL)
Solution A: 0.77 g/L of ammonium acetate in water, adjusted with 2 M acetic acid TS to
a pH of 6.0
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0.0
0.5
5.0
10.0
10.1
12.0

Table 1
Solution A
(%)
80
80
5
5
80
80

Solution B
(%)
20
20
95
95
20
20

Diluent: Acetonitrile, water, and glacial acetic acid (50: 50: 0.4)
Standard solution: 0.02 mg/mL of USP Fluphenazine Hydrochloride RS in Diluent
Sample solution: Nominally 0.02 mg/mL of fluphenazine hydrochloride from Oral Solution in
Diluent, prepared as follows. Transfer a suitable volume of Oral Solution to an appropriate
volumetric flask, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 260 nm. For Identification A, use a diode array detector in the range of
210–400 nm.
Column: 3.0-mm × 5-cm; 3-µm packing L1
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.10%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluphenazine hydrochloride
(C22 H26 F 3 N3 OS·2HCl) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of fluphenazine hydrochloride in the Sample solution (mg/mL)
USP43

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, and Diluent: Prepare as directed in the Assay.
System suitability solution: 20 µg/mL of USP Fluphenazine Hydrochloride RS and 10
µg/mL each of USP Fluphenazine Related Compound A RS and USP Fluphenazine Related
Compound B RS in Diluent
Sensitivity solution: 0.2 µg/mL of USP Fluphenazine Hydrochloride RS in Diluent
Standard solution: 0.4 µg/mL each of USP Fluphenazine Hydrochloride RS, USP
Fluphenazine Related Compound A RS, and USP Fluphenazine Related Compound B RS in
Diluent
Sample solution: Nominally 200 µg/mL of fluphenazine hydrochloride from Oral Solution in
Diluent, prepared as follows. Transfer a suitable volume of Oral Solution to an appropriate
volumetric flask, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 274 nm for fluphenazine related compound A and fluphenazine related
compound B; UV 260 nm for fluphenazine and other degradation products
Column: 3.0-mm × 5-cm; 3-µm packing L1
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 5.0 between fluphenazine related compound A and fluphenazine
related compound B, at 274 nm, System suitability solution
Relative standard deviation: NMT 5.0% for each Reference Standard peak, at 274 nm
for fluphenazine related compound A and fluphenazine related compound B, at 260 nm
for fluphenazine, Standard solution
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Signal-to-noise ratio: NLT 10 for the fluphenazine peak, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fluphenazine related compound A and fluphenazine related
compound B, at 274 nm, in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fluphenazine related compound A or fluphenazine related
compound B from the Sample solution
rS = peak response of the corresponding Reference Standard from the Standard solution
CS = concentration of USP Fluphenazine Related Compound A RS or USP Fluphenazine
Related Compound B RS in the Standard solution (µg/mL)
CU = nominal concentration of fluphenazine hydrochloride in the Sample solution (µg/mL)
Calculate the percentage of any individual degradation product, at 260 nm, in the portion of
Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual degradation product from the Sample solution
rS = peak response of fluphenazine from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(µg/mL)
CU = nominal concentration of fluphenazine in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.
Table 2

Name
Fluphenazine related compound A
Fluphenazine related compound B
Fluphenazine
Fluphenazine biphenothiazinyl analoga,b

Relative
Retention
Time
0.7
0.8
1.0
1.8

Acceptance
Criteria,
NMT (%)
0.2
0.2
—
—

—
Fluphenazine dialkylpiperazine analoga,c
2.2
Any individual unspecified degradation product
—
0.20
Total degradation products
—
1.0
a Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
impurities for the drug product.
b 2-[4-(3-{2′,8-Bis(trifluoromethyl)-10H-[3,10′-biphenothiazin]-10yl}propyl)piperazin-1-yl]ethan-1-ol.
c 1,4-Bis{3-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]propyl}piperazine.
USP43
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OTHER COMPONENTS
• Alcohol Determination 〈611〉: 90.0%–110.0% of the labeled amount, the labeled amount
being NMT 15.0% of alcohol (C2 H5 OH)
SPECIFIC TESTS
• pH 〈791〉: 4.0–5.0
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, protected from light.
Store at controlled room temperature. USP43
• Labeling: Label it to indicate that it is to be diluted to appropriate strength with water or
other suitable fluid prior to administration.
Change to read:
• USP Reference Standards 〈11〉
USP Fluphenazine Hydrochloride RS
USP Fluphenazine Related Compound A RS
10-{3-[4-(2-Hydroxyethyl)piperazin-1-yl]propyl}-2-(trifluoromethyl)-10H-phenothiazine
5-oxide.
C22 H26 F 3 N3 O2 S)
453.52
USP Fluphenazine Related Compound B RS
10-{3-[4-(2-Hydroxyethyl)piperazin-1-yl]propyl}-2-(trifluoromethyl)-10H-phenothiazine
5,5-dioxide.
C22 H26 F 3 N3 O3 S)
469.52
USP43

Recent Official Publications:
USP42–NF37 Page 1928
BRIEFING
Fluphenazine Hydrochloride Tablets, USP 41 page 1817. As part of the USP monograph
modernization initiative, it is proposed to make the following changes:
1. Add a test for Organic Impurities with a specific liquid chromatographic procedure
validated with the ACE C18 brand of column with L1 packing. The typical retention time
of fluphenazine is about 4 min. The proposed acceptance criterion for unspecified
degradation products is based on International Council for Harmonisation (ICH)
guidelines. The acceptance criteria for specified and total degradation products are
based on proposed acceptance criteria in the monograph for Fluphenazine
Hydrochloride, also appearing in this issue of PF.
2. Replace the current chromatographic procedure in the Assay with a new
chromatographic procedure similar to the proposed test for Organic Impurities.
3. Replace the TLC test in Identification A with the spectral comparison of the
fluphenazine peak using photodiode array detection with the proposed Assay.
4. Add Identification B based on the retention time agreement from the proposed Assay.
5. Add an equation to the Dissolution test for consistency with current USP style. Add the
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Run time requirement and remove the System suitability requirement for Column
efficiency. The remaining System suitability requirements are sufficient.
6. Update the Packaging and Storage section to include the storage temperature for the
drug product.
7. Add USP Fluphenazine Related Compound A RS and USP Fluphenazine Related Compound
B RS to the USP Reference Standards section to support the proposed test for Organic
Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: R.-H. Yeh.)
Correspondence Number—C167039
Comment deadline: January 31, 2019
Fluphenazine Hydrochloride Tablets
DEFINITION
Fluphenazine Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of fluphenazine hydrochloride (C22 H26 F 3 N3 OS·2HCl).
[Note—Throughout the following procedures, protect samples, the Reference Standard, and
solutions containing them by conducting the procedures without delay, under subdued light,
or using low-actinic glassware.]
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatography
Diluent: Methanol and water (80:20)
Standard solution: 20 mg/mL of USP Fluphenazine Hydrochloride RS in Diluent prepared as
follows. Transfer 10 mg of USP Fluphenazine Hydrochloride RS to a separator. Add 5 mL of
water and 20 mL of dilute hydrochloric acid (1 in 120) to the separator, shake for 10 min,
and add 20 mL of chloroform-saturated sodium carbonate solution (1 in 10). Extract the
resulting mixture with five 20-mL portions of chloroform, shaking gently to avoid emulsion
formation, and pass the extract through a chloroform-washed cotton filter into a 150-mL
beaker. Evaporate the extract on a steam bath to dryness, and dissolve the residue in 0.5
mL of Diluent.
Sample solution: Nominally 20 mg/mL of fluphenazine hydrochloride from Tablets in Diluent
prepared as follows. Transfer a portion of finely powdered Tablets, equivalent to 10 mg of
fluphenazine hydrochloride, to a separator. Add 5 mL of water and 20 mL of dilute
hydrochloric acid (1 in 120) to the separator, shake for 10 min, and add 20 mL of
chloroform-saturated sodium carbonate solution (1 in 10). Extract the resulting mixture
with five 20-mL portions of chloroform, shaking gently to avoid emulsion formation, and
pass the extract through a chloroform-washed cotton filter into a 150-mL beaker.
Evaporate the extract on a steam bath to dryness, and dissolve the residue in 0.5 mL of
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Diluent.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Acetone, cyclohexane, and diethylamine (40:15:1)
Spray reagent: Sulfuric acid in methanol (2 in 5)
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram in the Developing solvent system
until the solvent front has moved three-fourths of the length of the plate. Locate the
spots on the plate by lightly spraying it with Spray reagent.
Acceptance criteria: The RF value and color of the principal spot of the Sample solution
correspond to those of the Standard solution. USP43
Add the following:
• A. The UV spectrum of the fluphenazine peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. USP43
Add the following:
• B. The retention time of the fluphenazine peak of the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Buffer: 0.05 M monobasic potassium phosphate adjusted with phosphoric acid to a pH of
2.5
Diluent: Acetonitrile, methanol, and Buffer (30:30:40)
Mobile phase: 0.2% triethylamine in Diluent
Standard solution: 0.06 mg/mL of USP Fluphenazine Hydrochloride RS in Diluent
Sample stock solution: Transfer 6 Tablets to a suitable volumetric flask, add Diluent,
shake for 1 h, and sonicate for 10 min or until a fine suspension is obtained.
Sample solution: Nominally 0.06 mg/mL of fluphenazine hydrochloride from Sample stock
solution in Diluent. Filter, and use the filtrate after discarding the first 5 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 12.5-cm; packing L7

PF 44(6): Nov.-Dec. 2018

394

Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluphenazine hydrochloride
(C22 H26 F 3 N3 OS·2HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of fluphenazine hydrochloride in the Sample solution
(mg/mL)
Solution A: 0.77 g/L of ammonium acetate in water, adjusted with 2 M acetic acid TS to
a pH of 6.0
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
0.5
5.0
10.0
10.1
12.0

Table 1
Solution A
(%)
80
80
5
5
80
80

Solution B
(%)
20
20
95
95
20
20

Diluent: Acetonitrile, water, and glacial acetic acid (50: 50: 0.4)
Standard solution: 0.02 mg/mL of USP Fluphenazine Hydrochloride RS in Diluent
Sample solution: Nominally 0.02 mg/mL of fluphenazine hydrochloride from Tablets in
Diluent, prepared as follows. Transfer a portion of finely powdered Tablets (NLT 20),
equivalent to 2 mg of fluphenazine hydrochloride into a 100-mL volumetric flask. Add 80
mL of Diluent, and sonicate for NLT 10 min. Allow the solution to cool, and dilute with
Diluent to volume. Centrifuge a portion of the solution and use the clear supernatant.
[Note—A centrifuge speed of 3500 rpm for 10 min may be suitable.]
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 260 nm. For Identification A, use a diode array detector in the range of
210–400 nm.
Column: 3.0-mm × 5-cm; 3-µm packing L1
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.10%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluphenazine hydrochloride
(C22 H26 F 3 N3 OS·2HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of fluphenazine hydrochloride in the Sample solution (mg/mL)
USP43

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: 0.01 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Buffer: 0.05 M monobasic potassium phosphate adjusted with phosphoric acid to a pH of
2.5
Diluent: Acetonitrile, methanol, and Buffer (30:30:40)
Mobile phase: 0.3% triethylamine in Diluent
Sample solution: Dilute a portion of the solution under test with an equal volume of Mobile
phase.
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Standard solution: USP Fluphenazine Hydrochloride RS at a concentration and composition
similar to that of the Sample solution
Chromatographic system and System suitability: Proceed as directed in the Assay,
except use a flow rate of 2 mL/min and an injection volume of 100 µL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 12.5-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 100 µL
Run time: NLT 1.5 times the retention time of fluphenazine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
USP43

Analysis
Samples: Sample solution and Standard solution
Determine the amount of fluphenazine hydrochloride (C22 H26 F 3 N3 OS·2HCl) dissolved.
Calculate the percentage of the labeled amount of fluphenazine hydrochloride
(C22 H26 F 3 N3 OS·2HCl) dissolved:
Result = (rU/rS) × CS × D × V × (1/L) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(mg/mL)
D = dilution factor for the Sample solution, if needed
V = volume of Medium, 900 mL
L = label claim (mg/Tablet) USP43
Tolerances: NLT 75% (Q) of the labeled amount of fluphenazine hydrochloride
(C22 H26 F 3 N3 OS·2HCl) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
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Solution A, Solution B, Mobile phase, and Diluent: Prepare as directed in the Assay.
System suitability solution: 20 µg/mL of USP Fluphenazine Hydrochloride RS and 10
µg/mL each of USP Fluphenazine Related Compound A RS and USP Fluphenazine Related
Compound B RS in Diluent
Sensitivity solution: 0.2 µg/mL of USP Fluphenazine Hydrochloride RS in Diluent
Standard solution: 1.0 µg/mL each of USP Fluphenazine Hydrochloride RS, USP
Fluphenazine Related Compound A RS, and USP Fluphenazine Related Compound B RS in
Diluent
Sample solution: Nominally 200 µg/mL of fluphenazine hydrochloride in Diluent prepared as
follows. Transfer a portion of finely powdered Tablets (NLT 20), equivalent to 2 mg of
fluphenazine hydrochloride into a 10-mL volumetric flask. Add 8 mL of Diluent, and
sonicate for NLT 10 min. Allow the solution to cool, and dilute with Diluent to volume.
Centrifuge a portion of the solution and use the clear supernatant. [Note—A centrifuge
speed of 3500 rpm for 10 min may be suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 274 nm for fluphenazine related compound A and fluphenazine related
compound B; UV 260 nm for fluphenazine and other degradation products.
Column: 3.0-mm × 5-cm; 3-µm packing L1
Flow rate: 0.6 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 5.0 between the fluphenazine related compound A and fluphenazine
related compound B peaks, at 274 nm, System suitability solution
Relative standard deviation: NMT 5.0% for each Reference Standard peak, Standard
solution
Signal-to-noise ratio: NLT 10 for the fluphenazine peak, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fluphenazine related compound A and fluphenazine related
compound B, at 274 nm, in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of fluphenazine related compound A or fluphenazine related
compound B from the Sample solution
rS = peak response of the corresponding Reference Standard from the Standard solution
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CS = concentration of USP Fluphenazine Related Compound A RS or USP Fluphenazine
Related Compound B RS in the Standard solution (µg/mL)
CU = nominal concentration of fluphenazine hydrochloride in the Sample solution (µg/mL)
Calculate the percentage of any individual unspecified degradation product, at 260 nm, in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any individual unspecified degradation product from the Sample
solution
rS = peak response of fluphenazine from the Standard solution
CS = concentration of USP Fluphenazine Hydrochloride RS in the Standard solution
(µg/mL)
CU = nominal concentration of fluphenazine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.
Table 2

Name
Fluphenazine related compound A
Fluphenazine related compound B
Fluphenazine
Fluphenazine biphenothiazinyl analoga,b

Relative
Retention
Time
0.7
0.8
1.0
1.8

Acceptance
Criteria,
NMT (%)
0.8
0.2
—
—

—
Fluphenazine dialkylpiperazine analoga,c
2.2
Any individual unspecified degradation product
—
0.20
Total degradation products
—
1.0
a Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
impurities for the drug product.
b 2-[4-(3-{2′,8-Bis(trifluoromethyl)-10H-[3,10′-biphenothiazin]-10yl}propyl)piperazin-1-yl]ethan-1-ol.
c 1,4-Bis{3-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]propyl}piperazine.
USP43

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature. USP43
Change to read:
• USP Reference Standards 〈11〉
USP Fluphenazine Hydrochloride RS
USP Fluphenazine Related Compound A RS
10-{3-[4-(2-Hydroxyethyl)piperazin-1-yl]propyl}-2-(trifluoromethyl)-10H-phenothiazine
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5-oxide.
C22 H26 F 3 N3 O2 S
453.52
USP Fluphenazine Related Compound B RS
10-{3-[4-(2-Hydroxyethyl)piperazin-1-yl]propyl}-2-(trifluoromethyl)-10H-phenothiazine
5,5-dioxide.
C22 H26 F 3 N3 O3 S
469.52
USP43

Recent Official Publications:
USP42–NF37 Page 1929
BRIEFING
Hydrocortisone Cream, USP 41 page 2058. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1. Replace the TLC procedure in Identification A with a test based on the retention time
agreement in the proposed Assay.
2. Add Identification B based on the UV spectrum agreement in the Assay.
3. Replace the procedure in the Assay with a liquid chromatographic procedure that uses
the same chromatographic system as the proposed Organic Impurities test to be
operationally efficient.
4. Add a test for Organic Impurities based on analyses performed with the ACE C18-AR
brand of column with L1 packing. The typical retention time for hydrocortisone is about
11 min.
5. Add acceptance criteria to the Microbial Enumeration Tests.
6. Update the Packaging and Storage section to be consistent with the approved product
package insert.
7. Add USP Prednisolone RS to the USP Reference Standards section to support the
proposed revisions in the Assay and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: G. Hsu.)
Correspondence Number—C189011
Comment deadline: January 31, 2019
Hydrocortisone Cream
DEFINITION
Hydrocortisone Cream is Hydrocortisone in a suitable cream base. It contains NLT 90.0% and
NMT 110.0% of the labeled amount of hydrocortisone (C21 H30 O5 ).
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Sample solution: Transfer a portion of Cream, equivalent to 5 mg of hydrocortisone, to a
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flask. Add 5 mL of alcohol, and heat on a steam bath for 5 min, with frequent shaking.
Cool, and filter. Use the filtrate.
Analysis: Proceed as directed in the chapter.
Acceptance criteria: Meets the requirements USP43
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Diluent: Dilute methanol (1 in 2)
Mobile phase: Acetonitrile and water (25:75)
Standard stock solution: 500 µg/mL of USP Hydrocortisone RS in methanol
Standard solution: 50 µg/mL of USP Hydrocortisone RS prepared by mixing Standard stock
solution and Diluent (1:9). [Note—If methanol is used in the final dilution of the Sample
solution, similarly use methanol instead of aqueous methanol in the final dilution of the
Standard solution.]
Sample solution: Transfer a quantity of Cream, nominally equivalent to 10 mg of
hydrocortisone, to a 150-mL beaker. Add 40 mL of methanol, and heat on a steam bath
while stirring to melt and disperse the Cream. Cool to room temperature, and filter through
glass wool into a 100-mL volumetric flask. Repeat the extraction with two 20-mL portions
of methanol, combining the filtrates in the 100-mL volumetric flask. Add methanol to
volume, and mix. Quantitatively dilute one volume of this solution with an equal volume of
water, and pass through a membrane filter of 5-µm pore size. If precipitation occurs on
dilution with water and the solution is still cloudy after filtration, dilute the initial Sample
solution with methanol instead of water. Pass this solution through a membrane filter of
5-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Injection volume: 10–25 µL
System suitability
[Note—Adjust the composition of the Mobile phase so that the retention time of
hydrocortisone is about 10 min.]
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Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0% for five replicate injections
Solution A: 0.1% glacial acetic acid in water
Solution B: 0.1% glacial acetic acid in acetonitrile
Solution C: Acetonitrile, glacial acetic acid, and water (40:1:60)
Solution D: Tetrahydrofuran and water (50:50)
Mobile phase: See Table 1.
Time
(min)
0.0
11.0
20.0
30.0
30.1
35.0

Table 1
Solution A
(%)
74
74
55
30
74
74

Solution B
(%)
26
26
45
70
26
26

Diluent: Solution C and Solution D (80:20)
System suitability solution: 0.3 mg/mL of USP Hydrocortisone RS and 6 µg/mL of USP
Prednisolone RS in Diluent. Sonicate to dissolve, if necessary.
Standard solution: 0.3 mg/mL of USP Hydrocortisone RS in Diluent. Sonicate to dissolve, if
necessary.
Sample solution: Nominally 0.3 mg/mL of hydrocortisone, prepared as follows. Transfer 7.5
mg of hydrocortisone from a portion of Cream to a 25-mL volumetric flask. Add 5 mL of
Solution D and vortex for about 3 min or until the sample is thoroughly dispersed. Add
about 15 mL of Solution C and sonicate for about 10 min with intermittent vortexing and
shaking. Dilute with Solution C to volume. Centrifuge a portion of the solution to obtain a
clear supernatant. [Note—The use of a centrifuge speed of 3500 rpm for 30 min may be
suitable.]Use the supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 246 nm. For Identification B, use a diode array detector in the range of
210–400 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 30°
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
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[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between hydrocortisone and prednisolone, System suitability
solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
USP43

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of hydrocortisone (C21 H30 O5 ) in the portion
of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (µg/mL)
(mg/mL) USP43
CU = nominal concentration of hydrocortisone in the Sample solution (µg/mL)
(mg/mL) USP43
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Solution C, Solution D, Mobile phase, Diluent, System
suitability solution, Sample solution, and Chromatographic system: Proceed as
directed in the Assay.
Sensitivity solution: 0.3 µg/mL of USP Hydrocortisone RS in Diluent. Sonicate to dissolve,
if necessary.
Standard solution: 0.0015 mg/mL of USP Hydrocortisone RS in Diluent. Sonicate to
dissolve, if necessary.
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between hydrocortisone and prednisolone, System suitability
solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cortisone or hydrocortisone glyoxal analog in the portion of
Cream taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of cortisone or hydrocortisone glyoxal analog from the Sample
solution
rS = peak response of hydrocortisone from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Calculate the percentage of each unspecified impurity in the portion of Cream taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of hydrocortisone from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.
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Table 2
Relative
Retention
Time

Name

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

6β-Hydroxyhydrocortisonea,b

0.27

—

—

7α-Hydroxyhydrocortisonec,b

0.33
0.81

—

—

0.89
—

0.5
—

—
—
0.96
—

—
—
0.5

Hydrocortisone glyoxal

analogd

Hydrocortisone-6-enee,b
Prednisoloneb
Hydrocortisone
Cortisonef

0.87
0.95
1.00
1.16

Cortodoxoneg,b
1.79
—
b
—
Hydrocortisone acetate
1.92
—
Any individual unspecified impurity
—
—
0.5
Total impurities
—
—
2.0
a 6β,11β,17,21-Tetrahydroxypregn-4-ene-3,20 dione.
b Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
degradation products of the drug product.
c 7α,11β,17,21-Tetrahydroxypregn-4-ene-3,20-dione.
d 11β,17-Dihydroxy-3,20-dioxopregn-4-en-21-al.
e 11β,17,21-Trihydroxypregna-4,6-diene-3,20-dione.
f 17,21-Dihydroxypregna-4-ene-3,11,20-trione.
g 17,21-Dihydroxypregn-4-ene-3,20-dione.
USP43

PERFORMANCE TESTS
• Minimum Fill 〈755〉: Meets the requirements
SPECIFIC TESTS
Change to read:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉:
The total aerobic microbial count is NMT 102 cfu/g. The total yeasts and molds count is
NMT 101 cfu/g. USP43
It meets the requirements of the tests for the absence of Staphylococcus aureus and
Pseudomonas aeruginosa.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. Protect from freezing.

USP43
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Change to read:
• USP Reference Standards 〈11〉
USP Hydrocortisone RS
USP Prednisolone RS
USP43

Recent Official Publications:
USP42–NF37 Page 2181
BRIEFING
Hydrocortisone Gel, USP 41 page 2059. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1. Replace the TLC procedure in Identification A with a test based on the retention time
agreement in the proposed Assay.
2. Add Identification B based on the UV spectrum agreement in the Assay.
3. Replace the procedure in the Assay with a liquid chromatographic procedure that uses
the same chromatographic system as the proposed Organic Impurities test to be
operationally efficient.
4. Add a test for Organic Impurities based on analyses performed with the ACE C18-AR
brand of column with L1 packing. The typical retention time for hydrocortisone is about
11 min.
5. Add the Specific Tests section which includes Microbial Enumeration Tests and Tests
for Specified Microorganisms.
6. Add USP Prednisolone RS to the USP Reference Standards section to support the
proposed revisions in the Assay and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: G. Hsu.)
Correspondence Number—C189012
Comment deadline: January 31, 2019
Hydrocortisone Gel
DEFINITION
Hydrocortisone Gel is Hydrocortisone in a suitable hydroalcoholic gel base. It contains NLT
90.0% and NMT 110.0% of the labeled amount of hydrocortisone (C21 H30 O5 ).
IDENTIFICATION
Delete the following:
• Thin-Layer Chromatographic Identification Test 〈201〉
Sample solution: Transfer a quantity of Gel, equivalent to 5 mg of hydrocortisone, to a
flask. Add 5 mL of alcohol, and heat on a steam bath for 5 min, with frequent shaking.
Cool, and filter. Use the filtrate.
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Acceptance criteria: Meets the requirements

USP43

Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Mobile phase: Methanol, acetonitrile, and water (2:2:6)
Standard stock solution: 0.1 mg/mL of USP Hydrocortisone RS in alcohol and
dichloromethane (75:25)
Standard solution: 10 µg/mL of USP Hydrocortisone RS from Standard stock solution, in
alcohol
Sample stock solution: Dilute an aliquot of Gel, nominally equivalent to 10 mg of
hydrocortisone, with alcohol and dichloromethane (75:25) to obtain a solution having a
concentration of 0.1 mg/mL.
Sample solution: Nominally 10 µg/mL from the Sample stock solution diluted with alcohol
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC capable of column pressure of up to 6000 psi
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1. [Note—Adjust operating parameters such that the
peak from the Standard solution is 0.6 full-scale.]
Injection size: 5–15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0% for five replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C21 H30 O5 in the portion of Gel taken:
Result = (rU /rS) × (CS/CU ) × 100
rU = peak height of the Sample solution
rS = peak height of the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (µg/mL)
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CU = nominal concentration of hydrocortisone in the Sample solution (µg/mL)
Solution A: 0.1% glacial acetic acid in water
Solution B: 0.1% glacial acetic acid in acetonitrile
Solution C: Acetonitrile, glacial acetic acid, and water (40:1:60)
Solution D: Tetrahydrofuran and water (50:50)
Mobile phase: See Table 1.
Time
(min)
0.0
11.0
20.0
30.0
30.1
35.0

Table 1
Solution A
(%)
74
74
55
30
74
74

Solution B
(%)
26
26
45
70
26
26

Diluent: Solution C and Solution D (80:20)
System suitability solution: 0.3 mg/mL of USP Hydrocortisone RS and 6 µg/mL of USP
Prednisolone RS in Diluent. Sonicate to dissolve, if necessary.
Standard solution: 0.3 mg/mL of USP Hydrocortisone RS in Diluent. Sonicate to dissolve, if
necessary.
Sample solution: Nominally 0.3 mg/mL of hydrocortisone, prepared as follows. Transfer 3
mg of hydrocortisone from a portion of Gel to a 10-mL volumetric flask. Add 2 mL of
Solution D and vortex for about 3 min or until the sample is thoroughly dispersed. Add
about 6 mL of Solution C and sonicate for about 10 min with intermittent vortexing and
shaking. Dilute with Solution C to volume. Centrifuge a portion of the solution to obtain a
clear supernatant. [Note—The use of a centrifuge speed of 3500 rpm for 30 min may be
suitable.]Use the supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 246 nm. For Identification B, use a diode array detector in the range of
210–400 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 30°
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
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Suitability requirements
Resolution: NLT 1.5 between hydrocortisone and prednisolone, System suitability
solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of hydrocortisone (C21 H30 O5 ) in the portion
of Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone in the Sample solution (mg/mL)
USP43

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Solution C, Solution D, Mobile phase, Diluent, System
suitability solution, Sample solution, and Chromatographic system: Proceed as
directed in the Assay.
Sensitivity solution: 0.3 µg/mL of USP Hydrocortisone RS in Diluent. Sonicate to dissolve,
if necessary.
Standard solution: 0.0015 mg/mL of USP Hydrocortisone RS in Diluent. Sonicate to
dissolve, if necessary.
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between hydrocortisone and prednisolone, System suitability
solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cortisone or hydrocortisone glyoxal analog in the portion of Gel
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taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of cortisone or hydrocortisone glyoxal analog from the Sample
solution
rS = peak response of hydrocortisone from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Calculate the percentage of each unspecified impurity in the portion of Gel taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of hydrocortisone from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.
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Table 2
Relative
Retention
Time

Name

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

6β-Hydroxyhydrocortisonea,b

0.27

—

—

7α-Hydroxyhydrocortisonec,b

0.33
0.81

—

—

0.89
—

0.5
—

—
—
0.96
—

—
—
0.5
—

Hydrocortisone glyoxal

analogd

Hydrocortisone-6-enee,b
Prednisoloneb
Hydrocortisone
Cortisonef

0.87
0.95
1.00
1.16

Cortodoxoneg,b
1.79
b
—
—
Hydrocortisone acetate
1.92
Any individual unspecified impurity
—
—
0.5
Total impurities
—
—
2.0
a 6β,11β,17,21-Tetrahydroxypregn-4-ene-3,20 dione.
b Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
impurities of the drug product.
c 7α,11β,17,21-Tetrahydroxypregn-4-ene-3,20-dione.
d 11β,17-Dihydroxy-3,20-dioxopregn-4-en-21-al.
e 11β,17,21-Trihydroxypregna-4,6-diene-3,20-dione.
f 17,21-Dihydroxypregna-4-ene-3,11,20-trione.
g 17,21-Dihydroxypregn-4-ene-3,20-dione.
USP43

PERFORMANCE TESTS
• Minimum Fill 〈755〉: Meets the requirements
SPECIFIC TESTS
Add the following:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The
total aerobic microbial count is NMT 102 cfu/g. The total yeasts and molds count is NMT
101 cfu/g. It meets the requirements of the tests for the absence of Staphylococcus
aureus and Pseudomonas aeruginosa. USP43
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 〈11〉
USP Hydrocortisone RS
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USP Prednisolone RS
USP43

Recent Official Publications:
USP42–NF37 Page 2182
BRIEFING
Hydrocortisone Ointment, USP 41 page 2060. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1. Replace the TLC procedure in Identification A with a test based on the retention time
agreement in the proposed Assay.
2. Add Identification B based on the UV spectrum agreement in the Assay.
3. Replace the procedure in the Assay with a liquid chromatographic procedure that uses
the same chromatographic system as the proposed Organic Impurities test to be
operationally efficient.
4. Add a test for Organic Impurities based on analyses performed with the ACE C18-AR
brand of column with L1 packing. The typical retention time for hydrocortisone is about
11 min.
5. Add acceptance criteria to the Microbial Enumeration Tests.
6. Update the Packaging and Storage section to be consistent with the approved product
package insert.
7. Add USP Prednisolone RS to the USP Reference Standards section to support the
proposed revisions in the Assay and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: G. Hsu.)
Correspondence Number—C189014
Comment deadline: January 31, 2019
Hydrocortisone Ointment
DEFINITION
Hydrocortisone Ointment is Hydrocortisone in a suitable ointment base. It contains NLT
90.0% and NMT 110.0% of the labeled amount of hydrocortisone (C21 H30 O5 ).
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test 〈201〉
Sample solution: Transfer a portion of Ointment, equivalent to 5 mg of hydrocortisone, to
a flask. Add 10 mL of methanol, and heat on a steam bath for 5 min with frequent shaking.
Cool to solidify the ointment base, and filter. Use the filtrate.
Acceptance criteria: Meets the requirements USP43
Add the following:
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• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Diluent: Dilute alcohol (1 in 2)
Mobile phase: Acetonitrile and water (25:75)
Standard stock solution: 500 µg/mL of USP Hydrocortisone RS in alcohol
Standard solution: 50 µg/mL of USP Hydrocortisone RS prepared by mixing Standard stock
solution and Diluent (1:9). [Note—If alcohol is used in the final dilution of the Sample
solution, similarly use alcohol instead of aqueous alcohol in the final dilution of the
Standard solution.]
Sample solution: Transfer a quantity of Ointment, nominally equivalent to 10 mg of
hydrocortisone, to a 150-mL beaker. Add 40 mL of alcohol, and heat on a steam bath
while stirring to melt and disperse the Ointment. Cool to room temperature, and filter
through glass wool into a 100-mL volumetric flask. Repeat the extraction with two 20-mL
portions of alcohol, combining the filtrates in the 100-mL volumetric flask. Add alcohol to
volume, and mix. Quantitatively dilute one volume of this solution with an equal volume of
water, and pass through a membrane filter of 5-µm pore size. If precipitation occurs on
dilution with water, and the solution is still cloudy after filtration, dilute the initial Sample
solution with alcohol instead of water. Pass this solution through a membrane filter of
5-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Injection volume: 10–25 µL
System suitability
[Note—Adjust the composition of the Mobile phase so that the retention time of
hydrocortisone is about 10 min.]
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0% for 5 replicate injections
Solution A: 0.1% glacial acetic acid in water
Solution B: 0.1% glacial acetic acid in acetonitrile
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Solution C: Acetonitrile, glacial acetic acid, and water (40:1:60)
Solution D: Tetrahydrofuran and water (50:50)
Mobile phase: See Table 1.
Time
(min)
0.0
11.0
20.0
30.0
30.1
35.0

Table 1
Solution A
(%)
74
74
55
30
74
74

Solution B
(%)
26
26
45
70
26
26

Diluent: Solution C and Solution D (80:20)
System suitability solution: 0.3 mg/mL of USP Hydrocortisone RS and 6 µg/mL of USP
Prednisolone RS in Diluent. Sonicate to dissolve, if necessary.
Standard solution: 0.3 mg/mL of USP Hydrocortisone RS in Diluent. Sonicate to dissolve, if
necessary.
Sample solution: Nominally 0.3 mg/mL of hydrocortisone, prepared as follows. Transfer 7.5
mg of hydrocortisone from a portion of Ointment to a suitable glass centrifuge tube. Pipet
5 mL of Solution D into the centrifuge tube and vortex for about 5 min or until the sample
is thoroughly dispersed. Pipet 20 mL of Solution C into the centrifuge tube and sonicate
for about 10 min with intermittent vortexing and shaking. Centrifuge to obtain a clear
supernatant. [Note—The use of a centrifuge speed of 3500 rpm for 30 min may be
suitable.]Use the supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 246 nm. For Identification B, use a diode array detector in the range of
210–400 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 30°
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between hydrocortisone and prednisolone, System suitability
solution
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Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
USP43

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of hydrocortisone (C21 H30 O5 ) in the portion
of Ointment taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (µg/mL)
(mg/mL) USP43
CU = nominal concentration of hydrocortisone in the Sample solution (µg/mL)
(mg/mL) USP43
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Solution C, Solution D, Mobile phase, Diluent, System
suitability solution, Sample solution, and Chromatographic system: Proceed as
directed in the Assay.
Sensitivity solution: 0.3 µg/mL of USP Hydrocortisone RS in Diluent. Sonicate to dissolve,
if necessary.
Standard solution: 0.0015 mg/mL of USP Hydrocortisone RS in Diluent. Sonicate to
dissolve, if necessary.
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between hydrocortisone and prednisolone, System suitability
solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cortisone or hydrocortisone glyoxal analog in the portion of
Ointment taken:
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Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of cortisone or hydrocortisone glyoxal analog from the Sample
solution
rS = peak response of hydrocortisone from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Calculate the percentage of each unspecified impurity in the portion of Ointment taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of hydrocortisone from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.

Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

6β-Hydroxyhydrocortisonea,b

0.27

—

—

7α-Hydroxyhydrocortisonec,b

—

—

Hydrocortisone glyoxal analogd

0.33
0.81

Hydrocortisone-6-enee,b
Prednisoloneb
Hydrocortisone
Cortisonef

0.87
0.95
1.00
1.16

0.89
—

0.5
—

—
—
0.96
—

—
—
0.5
—

Cortodoxoneg,b
1.79
—
—
Hydrocortisone acetateb
1.92
Any individual unspecified impurity
—
—
0.5
Total impurities
—
—
2.0
a 6β,11β,17,21-Tetrahydroxypregn-4-ene-3,20 dione.
b Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
impurities of the drug product.
c 7α,11β,17,21-Tetrahydroxypregn-4-ene-3,20-dione.
d 11β,17-Dihydroxy-3,20-dioxopregn-4-en-21-al.
e 11β,17,21-Trihydroxypregna-4,6-diene-3,20-dione.
f 17,21-Dihydroxypregna-4-ene-3,11,20-trione.
g 17,21-Dihydroxypregn-4-ene-3,20-dione.
USP43
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PERFORMANCE TESTS
• Minimum Fill 〈755〉: Meets the requirements
SPECIFIC TESTS
Change to read:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉:
The total aerobic microbial count is NMT 102 cfu/g. The total yeasts and molds count is
NMT 101 cfu/g. USP43
It meets the requirements of the tests for absence of Staphylococcus aureus and
Pseudomonas aeruginosa.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. USP43
Change to read:
• USP Reference Standards 〈11〉
USP Hydrocortisone RS
USP Prednisolone RS
USP43

Recent Official Publications:
USP42–NF37 Page 2183
BRIEFING
Hydrocortisone Tablets, USP 41 page 2061. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1. Replace the infrared absorption procedure in Identification A, which uses hexane, with a
test based on the retention time agreement in the proposed Assay.
2. Add Identification B based on the UV spectrum agreement of the major peaks of the
Sample solution and Standard solution in the proposed Assay.
3. Replace the procedure in the Assay with a liquid chromatographic procedure that uses
the same chromatographic system as the proposed Organic Impurities test to be
operationally efficient.
4. Add the calculation equation in the Dissolution test for consistency with the current
style.
5. Delete the Procedure for content uniformity from the Uniformity of Dosage Units test
to allow for flexibility.
6. Add a test for Organic Impurities based on analyses performed with the ACE C18-AR
brand of column with L1 packing. The typical retention time for hydrocortisone is about
11 min. Acceptance criteria for specified and unspecified impurities are included in the
proposed Organic Impurities test. Manufacturers are encouraged to submit their
approved specifications to USP if they are different from those proposed in this revision.
7. Add the Specific Tests section which includes Microbial Enumeration Tests and Tests
for Specified Microorganisms.

PF 44(6): Nov.-Dec. 2018

417

8. Add the storage temperature and instructions to protect from light and moisture in the
Packaging and Storage section based on the storage condition in the product package
insert.
9. Add USP Prednisolone RS to the USP Reference Standards section to support the
proposed revisions to the Assay and the test for Organic Impurities. Delete USP
Prednisone RS from the USP Reference Standards section, as it is no longer used as an
internal standard in the proposed Assay procedure.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: G. Hsu.)
Correspondence Number—C189017
Comment deadline: January 31, 2019
Hydrocortisone Tablets
DEFINITION
Hydrocortisone Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
hydrocortisone (C21 H30 O5 ).
IDENTIFICATION
Delete the following:
• A. Infrared Absorption 〈197M〉
Sample: Powder a number of Tablets, equivalent to 50 mg of hydrocortisone, and digest
with 15 mL of solvent hexane for 15 min. Decant the solvent hexane as completely as
possible, and extract the residue first with 10 mL of solvent hexane, then with 10 mL of
peroxide-free ether in the same manner as before, and discard the extracts. Digest the
final residue with 25 mL of dehydrated alcohol for 15 min with frequent agitation. Filter,
and evaporate the alcohol extract on a steam bath to dryness. Use the residue.
Acceptance criteria: Meet the requirements USP43
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Mobile phase: Butyl chloride, water-saturated butyl chloride, tetrahydrofuran, methanol,
and glacial acetic acid (95:95:14:7:6)

PF 44(6): Nov.-Dec. 2018

418

Internal standard solution: 0.06 mg/mL of USP Prednisone RS in water-saturated
chloroform
Standard solution: 0.1 mg/mL of USP Hydrocortisone RS in Internal standard solution
Sample solution: Nominally 0.1 mg/mL of hydrocortisone from NLT 10 finely powdered
Tablets, prepared as follows. Transfer a portion of the powder, equivalent to 5 mg of
hydrocortisone, to a suitable container, and add 50.0 mL of the Internal standard
solution. Shake vigorously for 30 min, and centrifuge a portion. Use the clear supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L3
Flow rate: 0.9 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3.0 between hydrocortisone and prednisone
Relative standard deviation: NMT 2.0% for four replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of hydrocortisone (C21 H30 O5 ) in the portion
of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of hydrocortisone to the internal standard from the Sample
solution
RS = peak response ratio of hydrocortisone to the internal standard from the Standard
solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone in the Sample solution (mg/mL)
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0.0
11.0
20.0
30.0
30.1
35.0

Table 1
Solution A
(%)
74
74
55
30
74
74

Solution B
(%)
26
26
45
70
26
26

Diluent: Acetonitrile, glacial acetic acid, and water (40:1:60)
System suitability solution: 0.2 mg/mL of USP Hydrocortisone RS and 4 µg/mL of USP
Prednisolone RS in Diluent. Sonicate to dissolve, if necessary.
Standard solution: 0.2 mg/mL of USP Hydrocortisone RS in Diluent. Sonicate to dissolve, if
necessary.
Sample solution: Nominally 0.2 mg/mL of hydrocortisone in Diluent prepared as follows.
Transfer a suitable quantity of finely powdered Tablets (NLT 20) to a suitable volumetric
flask. Add Diluent equivalent to 80% of the flask volume and sonicate. Dilute with Diluent
to volume. Centrifuge to obtain a clear supernatant. [Note—The use of a centrifuge speed
of 3500 rpm for 30 min may be suitable.]Use the supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 246 nm. For Identification B, use a diode array detector in the range of
210–400 nm.
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 30°
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between hydrocortisone and prednisolone, System suitability
solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of hydrocortisone (C21 H30 O5 ) in the portion
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of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of hydrocortisone from the Sample solution
rS = peak response of hydrocortisone from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone in the Sample solution (mg/mL)
USP43

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Standard solution: USP Hydrocortisone RS at a known concentration in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
with Medium if necessary.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: Maximum absorbance at about
USP43

248 nm
Analysis
Samples: Standard solution and Sample solution
Determine the amount of hydrocortisone (C21 H30 O5 ) dissolved.
Calculate the percentage of the labeled amount of hydrocortisone (C21 H30 O5 )
dissolved:
Result = (AU/AS) × CS × D × V × (1/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
D = dilution factor for the Sample solution
V = volume of Medium, 900 mL
L = label claim (mg/Tablet) USP43
Tolerances: NLT 70% (Q) of the labeled amount of hydrocortisone (C21 H30 O5 ) is dissolved.
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Change to read:
• Uniformity of Dosage Units 〈905〉: Meet the requirements
Procedure for content uniformity
Mobile phase, Internal standard solution, Standard solution, Chromatographic
system, and System suitability: Proceed as directed in the Assay.
Sample solution: Nominally 0.1 mg/mL of hydrocortisone, prepared as follows. Transfer 1
Tablet to a suitable container, and add 0.3 mL of water directly onto the Tablet. Allow
the Tablet to stand for about 5 min. Shake the container to break up the Tablet, and
sonicate briefly to ensure complete disintegration. Add a few small glass beads and 50.0
mL of the Internal standard solution to the container. Shake the container for about 30
min. Dilute an accurately measured volume of the clear supernatant with a known,
accurately measured volume of the Internal standard solution to obtain the desired
concentration. Shake the contents of the container to mix.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of hydrocortisone (C21 H30 O5 ) in the
Tablet taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of hydrocortisone to the internal standard from the Sample
solution
RS = peak response ratio of hydrocortisone to the internal standard from the Standard
solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone in the Sample solution (mg/mL)

USP43

IMPURITIES
Add the following:
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.4 µg/mL of USP Hydrocortisone RS in Diluent. Sonicate to dissolve,
if necessary.
Standard solution: 0.002 mg/mL of USP Hydrocortisone RS in Diluent. Sonicate to dissolve,
if necessary.
Sample solution: Nominally 0.4 mg/mL of hydrocortisone in Diluent prepared as follows.
Transfer a suitable quantity of finely powdered Tablets (NLT 20) to a suitable volumetric
flask. Add Diluent equivalent to 80% of the flask volume and sonicate. Dilute with Diluent
to volume. Centrifuge to obtain a clear supernatant. [Note—The use of a centrifuge speed
of 3500 rpm for 30 min may be suitable.]Use the supernatant.
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System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between hydrocortisone and prednisolone, System suitability
solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cortisone or hydrocortisone glyoxal analog in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of cortisone or hydrocortisone glyoxal analog from the Sample
solution
rS = peak response of hydrocortisone from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Calculate the percentage of each unspecified impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each unspecified impurity from the Sample solution
rS = peak response of hydrocortisone from the Standard solution
CS = concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU = nominal concentration of hydrocortisone in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.
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Table 2
Relative
Retention
Time

Name

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

6β-Hydroxyhydrocortisonea,b

0.27

—

—

7α-Hydroxyhydrocortisonec,b

0.33
0.81

—

—

0.89
—

0.5
—

—
—
0.96
—

—
—
0.5
—

Hydrocortisone glyoxal

analogd

Hydrocortisone-6-enee,b
Prednisoloneb
Hydrocortisone
Cortisonef

0.87
0.95
1.00
1.16

Cortodoxoneg,b
1.79
b
—
—
Hydrocortisone acetate
1.92
Any individual unspecified impurity
—
—
0.5
Total impurities
—
—
2.0
a 6β,11β,17,21-Tetrahydroxypregn-4-ene-3,20 dione.
b Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
impurities of the drug product.
c 7α,11β,17,21-Tetrahydroxypregn-4-ene-3,20-dione.
d 11β,17-Dihydroxy-3,20-dioxopregn-4-en-21-al.
e 11β,17,21-Trihydroxypregna-4,6-diene-3,20-dione.
f 17,21-Dihydroxypregna-4-ene-3,11,20-trione.
g 17,21-Dihydroxypregn-4-ene-3,20-dione.
USP43

SPECIFIC TESTS
Add the following:
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The
total aerobic microbial count is NMT 103 cfu/g. The total yeasts and molds count is NMT
102 cfu/g. It meets the requirements of the test for the absence of Escherichia coli. USP43
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. Protect from light and moisture.
Change to read:
• USP Reference Standards 〈11〉
USP Hydrocortisone RS
USP Prednisone RS

USP43
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USP Prednisolone RS
USP43

Recent Official Publications:
USP42–NF37 Page 2184
BRIEFING
Loratadine Capsules. Because there is no existing USP monograph for this drug product, a
new monograph is being proposed based on validated methods of analysis.
1. The Assay is based on an isocratic liquid chromatographic procedure, which was
validated using the GL Sciences Inertsil ODS-3 brand of column with L1 packing. The
typical retention time for loratadine is about 5 min.
2. The Performance Tests section includes the test for Dissolution in which the analytical
method is based on an isocratic liquid chromatographic procedure that was validated
using the Thermo Fisher Hypersil ODS brand of column with L1 packing.
3. The test for Organic Impurities is based on a gradient liquid chromatographic procedure,
which was validated using the Waters Sunfire C18 brand of column with L1 packing. The
typical retention time for loratadine is about 27 min.
4. The Specific Tests section includes procedures for Microbial Enumeration Tests 〈61〉 and
Tests for Specified Microorganisms 〈62〉.
(CHM6: R. Nguyen.)
Correspondence Number—C194993
Comment deadline: January 31, 2019
Add the following:
Loratadine Capsules
DEFINITION
Loratadine Capsules contain NLT 95.0% and NMT 105.0% of the labeled amount of loratadine
(C22 H23 ClN2 O2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution exhibits maxima and minima at
the same wavelengths as those of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.74 g/L of potassium phosphate dibasic in water. Adjust with phosphoric acid to a
pH of 7.2.
Solution A: Acetonitrile and methanol (50:50)
Mobile phase: Solution A and Buffer (75:25)
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Diluent: Acetonitrile, methanol, 0.05 N hydrochloric acid, and 0.6 M potassium phosphate
dibasic (26:26:40:8)
Standard solution: 0.1 mg/mL of USP Loratadine RS in Diluent
Sample solution: Nominally 0.1 mg/mL of loratadine in Diluent, prepared as follows.
Transfer NLT 10 Capsules into a suitable volumetric flask. Add Diluent to about 50% of the
total flask volume. Sonicate for about 30 min. Dilute with Diluent to volume. Transfer an
appropriate volume of this solution into a suitable volumetric flask. Dilute with Diluent to
volume. Pass a portion of the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of loratadine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of loratadine (C22 H23 ClN2 O2 ) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of loratadine from the Sample solution
rS = peak response of loratadine from the Standard solution
CS = concentration of USP Loratadine RS in the Standard solution (mg/mL)
CU = nominal concentration of loratadine in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Perform the test using the conditions under Tier 1. In the presence of cross-linking,
repeat the test with new Capsules using the conditions under Tier 2.
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Tier 1
Solution A: 1 g/L of Tween 20 in 0.1 N hydrochloric acid, prepared as follows. Mix 8.5 mL
of hydrochloric acid in 1 L of water. Add 1 g of Tween 20.
Medium: Solution A; 900 mL
Apparatus 2: 75 rpm with sinker
Time: 20 min
Tier 2
Solution B: 1 g/L of Tween 20 and 1.2 g/L of pepsin in 0.1 N hydrochloric acid, prepared
as follows. Mix 8.5 mL of hydrochloric acid in 1 L of water. Add 1.0 g of Tween 20 and
1.16 g of pepsin.
Medium: Solution B; 900 mL
Apparatus 2: 75 rpm with sinker
Time: 20 min
Determine the amount of loratadine (C22 H23 ClN2 O2 ) dissolved using the following method.
Mobile phase: Prepare as directed in the Assay.
Standard stock solution: 0.1 mg/mL of USP Loratadine RS, prepared as follows. Transfer
an appropriate amount of USP Loratadine RS to a suitable volumetric flask. Add about 20%
of the total flask volume of methanol. Sonicate to dissolve. Dilute with Medium to volume.
Standard solution: 0.01 mg/mL of USP Loratadine RS in Medium, from Standard stock
solution
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6 mm × 25-cm, 5-µm packing L1
Column temperature: 40°
Flow rate: 1.5 mL/min
Injection volume: 50 µL
Run time: NLT 2 times the retention time of loratadine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of loratadine (C22 H23 ClN2 O2 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU = peak response of loratadine from the Sample solution
rS = peak response of loratadine from the Standard solution
CS = concentration of USP Loratadine RS in the Standard solution (mg/mL)
L = label claim (mg/Capsule)
V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of loratadine (C22 H23 ClN2 O2 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Solution A: 1.36 g/L of potassium phosphate monobasic in water. Adjust with phosphoric
acid to a pH of 3.0.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
15
30
42
50
60
65
75

Table 1
Solution A
(%)
75
60
58
58
25
25
75
75

Solution B
(%)
25
40
42
42
75
75
25
25

Diluent: Prepare as directed in the Assay.
Standard stock solution: 1 mg/mL each of USP Loratadine RS and USP Loratadine Related
Compound A RS in methanol
Standard solution: 0.01 mg/mL each of USP Loratadine RS and USP Loratadine Related
Compound A RS in Diluent, from Standard stock solution
Sensitivity solution: 0.4 µg/mL each of USP Loratadine RS and USP Loratadine Related
Compound A RS in Diluent, from Standard solution
Sample solution: Nominally 0.4 mg/mL of loratadine in Diluent, prepared as follows.
Transfer NLT 10 Capsules into a suitable volumetric flask. Add Diluent to about 60% of the
total flask volume. Sonicate for about 20 min. Allow to cool to room temperature, and
dilute with Diluent to volume. Pass a portion of the solution through a suitable filter of
0.45-µm pore size.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35°
Flow rate: 1.2 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and Sensitivity solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Tailing factor: NMT 2.0 for loratadine and loratadine related compound A, Standard
solution
Relative standard deviation: NMT 5.0% for loratadine and loratadine related
compound A, Standard solution
Signal-to-noise ratio: NLT 10 for loratadine and loratadine related compound A,
Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of loratadine related compound A in the portion of Capsules
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of loratadine related compound A from the Sample solution
rS = peak response of loratadine related compound A from the Standard solution
CS = concentration of USP Loratadine Related Compound A RS in the Standard solution
(mg/mL)
CU = nominal concentration of loratadine in the Sample solution (mg/mL)
Calculate the percentage of any unspecified degradation product in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of any unspecified degradation product from the Sample solution
rS = peak response of loratadine from the Standard solution
CS = concentration of USP Loratadine RS in the Standard solution (mg/mL)
CU = nominal concentration of loratadine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
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Table 2

Name
Loratadine related compound A
Loratadine
Any unspecified degradation product
Total degradation products

Relative
Retention
Time
0.16
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.2
—
0.2
1.0

SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial viable count does not exceed 103 cfu/mL, and the total combined yeasts
and molds count does not exceed 102 cfu/mL. It meets the requirements of the test for
the absence of Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at a temperature between 20°–25°. Protect from freezing.
• USP Reference Standards 〈11〉
USP Loratadine RS
USP Loratadine Related Compound A RS
8-Chloro-5,6-dihydro-11-(piperidin-4-ylidene)-11Hbenzo[5,6]cyclohepta[1,2-b]pyridine.
C19 H19 CIN2
310.82
USP43

BRIEFING
Memantine Hydrochloride Extended-Release Capsules. Because there is no existing USP
monograph for this drug product, a new monograph based on validated methods of analysis is
being proposed.
1. The isocratic HPLC procedures in the Assay and in the Dissolution test are based on
analyses performed with the Xterra RP8 brand of column with L7 packing. Detection of
memantine is optimized by incorporating post-column derivatization with an ophthaldehyde reagent. Post-column conditions used were a flow rate of 0.25 mL/min, a
reactor temperature of 50°, a Waters RXN 1000 (or equivalent) reaction coil, and a
Waters RMA (or equivalent) pump. The typical retention time for memantine is about 4
min.
2. The GC procedure in the test for Organic Impurities is based on analyses performed
with the HP-5MS brand of column with phase G27 in which memantine elutes at around
6 min.
(CHM4: M. Koleck.)
Correspondence Number—C153260
Comment deadline: January 31, 2019
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Add the following:
Memantine Hydrochloride Extended-Release Capsules
DEFINITION
Memantine Hydrochloride Extended Release Capsules contain an amount of memantine
hydrochloride equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of
memantine hydrochloride (C12 H21 N·HCl).
IDENTIFICATION
• A. The retention time of
the Standard solution,
• B. The retention time of
the Standard solution,

the memantine peak of the Sample solution corresponds to that of
as obtained in the Assay.
the memantine peak of the Sample solution corresponds to that of
as obtained in the test for Organic Impurities.

ASSAY
• Procedure
Buffer: 18.8 g/L of boric acid in water. Sonicate to dissolve, if necessary. Adjust with 1 N
sodium hydroxide to a pH of 10.4.
Solution A: 0.1 N hydrochloric acid
Solution B: Acetonitrile and Solution A (50:50)
Mobile phase: Acetonitrile, water, and trifluoroacetic acid (20: 80: 0.1)
Post-column reagent: Transfer 2.5 g of o-phthaldehyde to a suitable flask, add 50 mL of
acetonitrile, and shake to dissolve. Add 2.5 mL of 3-mercaptopropionic acid and 450 mL of
Buffer. Mix well and sonicate for 5 min.
Standard solution: 112 µg/mL of USP Memantine Hydrochloride RS prepared as follows.
Transfer a suitable amount of USP Memantine Hydrochloride RS to a suitable volumetric
flask. Add 20% of the flask volume of acetonitrile and 40% of the flask volume of Solution
A. Shake to dissolve and dilute with Solution A to volume.
Sample stock solution: Prepare the solution using the appropriate number of Capsules and
nominal concentration of memantine hydrochloride as stated in Table 1. Transfer the
contents of the appropriate number of Capsules to a suitable volumetric flask. Add 40% of
the flask volume of Solution B, sonicate for 15 min, and stir for 60 min. Sonicate again for
15 min and stir again for 60 min. Dilute with Solution B to volume. Centrifuge and use the
clear solution.
Table 1
Capsule
Strength
(mg/Capsule)
7
14
21
28

Number of
Capsules
20
20
13
10

Nominal Concentration of
Memantine Hydrochloride
(mg/mL)
0.28
0.28
0.27
0.28
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Sample solution: Nominally 0.11 mg/mL of memantine hydrochloride from the Sample stock
solution in Solution A
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 340 nm
Column: 3.0-mm × 10-cm, 3.5-µm packing L7
Column temperature: 50°
Flow rate: 0.5 mL/min
Injection volume: 25 µL
Run time: NLT 2 times the retention time of memantine
Post-column conditions
Reagent: Post-column reagent
Pump and Reaction coil: Use a suitable pump and reaction coil
Flow rate: 0.25 mL/min
Reactor temperature: 50°
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of memantine hydrochloride (C12 H21 N·HCl)
in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Memantine Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of memantine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: Dissolve 2 g of sodium chloride in 18 mL of 25% (v/v) hydrochloric acid, and dilute
with water to 1 L. Adjust with 25% (v/v) hydrochloric acid to a pH of 1.2, and degas; 900
mL
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Apparatus 1: 100 rpm
Times: 1, 4, 8, and 12 h
Buffer, Mobile phase, Post-column reagent, Chromatographic system, and System
suitability: Proceed as directed in the Assay except for the Injection volume.
Standard stock solution: 0.23 mg/mL of USP Memantine Hydrochloride RS in Medium
Standard solution: 0.0138 mg/mL of USP Memantine Hydrochloride RS from the Standard
stock solution in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter.
Injection volume: 50 µL
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of memantine hydrochloride (C12 H21 N·HCl) in the sample
withdrawn from the vessel at each time point (i):
Result i = (rU/rS) × CS
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of memantine hydrochloride (C12 H21 N·HCl)
dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Result 4 = ({C4 × [V − (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of memantine hydrochloride in the portion of sample withdrawn at the
specified time point (mg/mL)
V = volume of Medium, 900 mL
L = label claim (mg/Capsule)
VS = volume of the Sample solution withdrawn at each time point (i) (mL)
Tolerances: See Table 2.
Table 2
Time Point
(i)
1
2
3
4

Time
(h)
1
4
8
12

Amount
Dissolved
(%)
NMT 21
32–57
66–91
NLT 80

The percentages of the labeled amount of memantine hydrochloride (C12 H21 N·HCl) dissolved
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at the times specified conform to Dissolution 〈711〉, Acceptance Table 2.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Solution A: 400 g/L of sodium hydroxide
Internal standard solution: 5 µg/mL of USP Amantadine Hydrochloride RS in acetonitrile
System suitability stock solution: 20 µg/mL of USP Memantine Hydrochloride RS and 5
µg/mL each of USP Memantine Related Compound E RS, USP Memantine Related Compound
F RS, USP Memantine Related Compound G RS, USP Memantine Related Compound H RS,
and USP Memantine Related Compound I RS in Internal standard solution
System suitability solution: Transfer a 10.0-mL aliquot of the System suitability stock
solution into a vial and add 100 µL of Solution A. Tightly cap the vial and mix on a vortex
mixer. Sonicate and shake for about 20 min. Centrifuge a portion and use the clear
solution.
Standard stock solution: 25 µg/mL of USP Memantine Related Compound F RS prepared as
follows. Transfer a suitable amount of USP Memantine Related Compound F RS to an
appropriate volumetric flask. Add methanol to NMT 2.5% of the flask volume. Dilute with
Internal standard solution to volume.
Sensitivity solution: Prepare 1 µg/mL of USP Memantine Related Compound F RS from the
Standard stock solution in Internal standard solution. Transfer a 10.0-mL aliquot into a
vial and add 100 µL of Solution A. Tightly cap the vial and mix on a vortex mixer. Sonicate
and shake for about 20 min. Centrifuge a portion and use the clear solution.
Standard solution: Prepare 5 µg/mL of USP Memantine Related Compound F RS from the
Standard stock solution in Internal standard solution. Transfer a 10.0-mL aliquot into a
vial and add 100 µL of Solution A. Tightly cap the vial and mix on a vortex mixer. Sonicate
and shake for about 20 min. Centrifuge a portion and use the clear solution.
Sample stock solution: Mix and grind the contents of 20 Capsules to a fine powder. To a
200-mL volumetric flask transfer an amount of powder equivalent to the weight of
memantine hydrochloride for each Capsule Strength as shown in Table 3. Add the Volume
of Internal Standard Solution as shown in Table 3, cap tightly, sonicate for 30 min, and
shake for 30 min. Do not dilute to volume.
Table 3

Capsule
Strength
(mg/Capsule)
7
14
21
28

Memantine
Hydrochloride
(mg)
42
42
42
28

Volume of
Internal
Standard
Solution
(mL)
40
40
40
30

Nominal
Concentration
of Memantine
Hydrochloride
(mg/mL)
1.05
1.05
1.05
0.93

Sample solution: Transfer a 10.0-mL aliquot of the Sample stock solution into a vial and
add 100 µL of Solution A. Tightly cap the vial and mix on a vortex mixer. Sonicate and
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shake for about 20 min. Centrifuge a portion and use the clear solution.
Blank: Transfer a 10.0-mL aliquot of the Internal standard solution into a vial and add 100
µL of Solution A. Tightly cap the vial and mix on a vortex mixer. Sonicate and shake for
about 20 min. Centrifuge a portion and use the clear solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m; 0.25-µm film of phase G27
Temperatures
Injection port: 250°
Detector: 300°
Oven: See Table 4.
Table 4
Initial
Temperature
(°)
115
115
200

Temperature
Ramp
(°/min)
0
20
20

Final
Temperature
(°)
115
200
300

Hold Time at Final
Temperature
(min)
6
1.5
8.25

Carrier gas: Helium
Flow rate: 1.6–2.0 mL/min
Injection volume: 1 µL
Injection type: Split; split ratio 16:1
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 5 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between memantine and amantadine, System suitability solution
Relative standard deviation: NMT 6.0% for the peak area ratio of memantine related
compound F to amantadine, Standard solution
Signal-to-noise ratio: NLT 3 for memantine related compound F, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of memantine related compound F in the portion of Capsules
taken:
Result = (RU/RS) × (CS/CU) × 100
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RU = peak area ratio of memantine related compound F to amantadine from the Sample
solution
RS = peak area ratio of memantine related compound F to amantadine from the Standard
solution
CS = concentration of USP Memantine Related Compound F RS in the Standard solution
(µg/mL)
CU = nominal concentration of memantine hydrochloride in the Sample solution (µg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Capsules
taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak area ratio of any individual unspecified impurity to amantadine from the Sample
solution
RS = peak area ratio of memantine related compound F to amantadine from the Standard
solution
CS = concentration of USP Memantine Related Compound F RS in the Standard solution
(µg/mL)
CU = nominal concentration of memantine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 5.
Table 5

Name

Relative
Retention
Time
0.93
0.96
1.00
1.02
1.3
1.4
1.8
—
—

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

Amantadine
Memantine related compound Ga
Memantine
Memantine related compound Ha
Memantine related compound Ia
Memantine related compound F
Memantine related compound Ea
Any individual unspecified impurity
Total impurities
a Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance and are not to be reported or included in the total
impurities for the drug product.
SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 103 cfu/mL. The total yeasts and molds count
does not exceed 102 cfu/mL. It meets the requirements of the test for the absence of
Escherichia coli.
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 〈11〉
USP Amantadine Hydrochloride RS
USP Memantine Hydrochloride RS
USP Memantine Related Compound E RS
N-(3,5-Dimethyladamantan-1-yl)formamide.
C13 H21 NO
207.31
USP Memantine Related Compound F RS
7-Hydroxy memantine hydrochloride;
3-Amino-5,7-dimethyladamantan-1-ol hydrochloride.
C12 H21 NO·HCl
231.76
USP Memantine Related Compound G RS
3-Methyl amantadine hydrochloride;
3-Methyladamantan-1-amine hydrochloride.
C11 H19 N·HCl
201.74
USP Memantine Related Compound H RS
7-Methyl memantine hydrochloride;
3,5,7-Trimethyladamantan-1-amine hydrochloride.
C13 H23 N·HCl
229.79
USP Memantine Related Compound I RS
3-Ethyl amantadine hydrochloride;
3-Ethyladamantan-1-amine hydrochloride.
C12 H21 N·HCl
215.76
USP43

BRIEFING
Metformin Hydrochloride, USP 41 page 2614. As part of the USP monograph modernization
effort, it is proposed to make the following revisions:
1. Revise Identification A to include 〈197A〉 and allow the flexibility of using either 〈197K〉 or
〈197A〉 for this test.
2. Replace the nonspecific Assay by titration with a validated liquid chromatographic
procedure. The proposed liquid chromatographic procedure was validated using the
Partisil SCX brand of column with L9 packing. The typical retention time for metformin is
16 min.
3. Revise the acceptance criteria in the Definition and the Assay from NLT 98.5% and NMT
101.0% to NLT 98.0% and NMT 102.0%, which are typical for chromatographic
procedures.
4. Add Identification C based on retention time match of the Standard solution and Sample
solution, as obtained in the Assay.
5. Add USP Melamine RS to the USP Reference Standards section to support the change in
the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM3: A. Carney.)
Correspondence Number—C204414
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Comment deadline: January 31, 2019
Metformin Hydrochloride

C4 H11 N5 ·HCl

165.62

Imidodicarbonimidic diamide, N,N-dimethyl-, monohydrochloride;
1,1-Dimethylbiguanide monohydrochloride
[1115-70-4].
DEFINITION
Change to read:
Metformin Hydrochloride contains NLT 98.5% and NMT 101.0%
NLT 98.0% and NMT 102.0% USP43
of metformin hydrochloride (C4 H11 N5 ·HCl), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉 or 〈197A〉
USP43

• B. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride: Meets the
requirements
Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Sample: 60 mg of Metformin Hydrochloride
Analysis
[Note—To avoid overheating of the reaction medium, mix thoroughly throughout the
titration, and stop the titration immediately after the endpoint has been reached.]
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Dissolve the Sample in 4 mL of anhydrous formic acid, and add 50 mL of acetic anhydride.
Titrate with 0.1 N perchloric acid VS, determining the endpoint potentiometrically. Perform
a blank determination, and make any necessary correction (see Titrimetry 〈541〉). Each mL
of 0.1 N perchloric acid is equivalent to 8.28 mg of metformin hydrochloride (C4 H11 N5 ·HCl).
Acceptance criteria: 98.5%–101.0% on the dried basis
Buffer: 9.8 g/L of monobasic ammonium phosphate in water
Mobile phase: Buffer and acetonitrile (95:5). Adjust with phosphoric acid to a pH of 3.0.
Standard solution: 0.05 mg/mL of USP Metformin Hydrochloride RS in Mobile phase.
Sonication may be used to promote dissolution. Allow the solution to equilibrate to
ambient temperature.
Sample solution: 0.05 mg/mL of Metformin Hydrochloride in Mobile phase. Sonication may
be used to promote dissolution. Allow the solution to equilibrate to ambient temperature.
[Note—Silanized HPLC vials may be used.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 10-µm packing L9
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of metformin hydrochloride (C4 H11 N5 ·HCl) in the portion of
Metformin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of metformin from the Sample solution
rS = peak response of metformin from the Standard solution
CS = concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Metformin Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%

USP43
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Delete the following:
• Heavy Metals, Method I〈231〉: NMT 10 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Mobile phase: 17 g/L of monobasic ammonium phosphate in water; adjusted with
phosphoric acid to a pH of 3.0
System suitability stock solution: 0.25 mg/mL of metformin hydrochloride
USP Metformin Hydrochloride RS USP43
and 0.1 mg/mL of melamine
USP Melamine RS USP43
in water
System suitability solution: Transfer 1.0 mL of the System suitability stock solution to a
50-mL volumetric flask, and dilute with Mobile phase to volume.
5 µg/mL of USP Metformin Hydrochloride RS and 2 µg/mL of USP Melamine RS from
System suitability stock solution in Mobile phase USP43
Standard stock solution: 0.2 mg/mL of USP Metformin Related Compound A RS in water
Standard solution: 0.001 mg/mL of USP Metformin Related Compound A RS from Standard
stock solution in Mobile phase
Sample solution: 5 mg/mL of Metformin Hydrochloride in Mobile phase
Diluted sample solution: 0.005 mg/mL of Metformin Hydrochloride in Mobile phase from
the Sample solution
Chromatographic system
(See Chromatography 〈621〉, System suitability.)
Mode: LC
Detector: UV 218 nm
Column: 4.6-mm × 25-cm; packing L9
Flow rate: 1.0–1.7 mL/min
Injection volume: 20 µL
Run time: NLT 2 times the retention time of metformin
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between melamine and metformin
Analysis
Samples: Standard solution, Sample solution, and Diluted sample solution
Calculate the percentage of metformin related compound A in the portion of Metformin
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response of metformin related compound A from the Sample solution
rS = peak response of metformin related compound A from the Standard solution
CS = concentration of USP Metformin Related Compound A RS in the Standard solution
(mg/mL)
CU = concentration of Metformin Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any other impurity in the portion of Metformin Hydrochloride
taken:
Result = (rU/rS) × D × 100
rU = peak response of any individual impurity from the Sample solution
rS = peak response of metformin from the Diluted sample solution
D = dilution factor for the preparation of the Diluted sample solution, 0.001
Acceptance criteria
Individual impurities: NMT 0.02% for metformin related compound A; NMT 0.1% for any
other impurity
Total impurities: NMT 0.5%
SPECIFIC TESTS
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 5 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Melamine RS
2,4,6-Triamino-1,3,5-triazine.
C3 H6 N6
126.12
USP43

USP Metformin Hydrochloride RS
USP Metformin Related Compound A RS
1-Cyanoguanidine.
C2 H4 N4
84.08
Recent Official Publications:
USP42–NF37 Page 2778
BRIEFING
Nebivolol Hydrochloride. Because there is no existing USP monograph for this drug
substance, a new monograph based on validated test methods is proposed.
1. The liquid chromatographic procedures in the Assay and the test for Organic Impurities
were validated using the XTerra MS C18 brand of column with L1 packing. The typical
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retention time for nebivolol is about 13.5 min under the conditions specified.
2. The liquid chromatographic procedure in the test for Stereoisomeric Purity was
validated using the Chiralpak AD brand of column with L51 packing. The typical retention
times for d-nebivolol and l-nebivolol are about 11 and 13.5 min, respectively.
3. The liquid chromatographic procedure in the test for Content of Nebivolol Related
Compound C and Nebivolol Related Compound D was validated using the Hypersil BDS C18 brand of column with L1 packing. The typical retention times for nebivolol related
compound C and nebivolol related compound D are about 25 and 29 min, respectively.
(CHM2: S. Ramakrishna.)
Correspondence Number—C181257
Comment deadline: January 31, 2019
Add the following:
Nebivolol Hydrochloride

C22 H25 F 2 NO4 ·HCl

441.90

2H-1-Benzopyran-2-methanol, α,α′-[iminobis(methylene)]bis[6-fluoro-3,4-dihydro]-,
hydrochloride, (αR,α′R,2R,2′S)-rel-;
(1RS,1′RS)-1,1′-[(2RS,2′SR)-Bis(6-fluoro-3,4-dihydro-2H-1-benzopyran-2-yl)]-2,2′iminodiethanol hydrochloride
[152520-56-4].
DEFINITION
Nebivolol Hydrochloride contains NLT 98.0% and NMT 102.0% of nebivolol hydrochloride
(C22 H25 F 2 NO4 ·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉
• B. The retention times of the d-nebivolol and l-nebivolol peaks of the Sample solution
correspond to those of the Standard solution, as obtained in the test for Stereoisomeric
Purity.
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride: Meets the
requirements
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ASSAY
• Procedure
Solution A: 0.5% (w/v) ammonium formate and 0.1% (v/v) formic acid in water
Solution B: Acetonitrile and 0.1% (v/v) formic acid
Mobile phase: See Table 1.
Time
(min)
0
15
25
30

Table 1
Solution A
(%)
80
60
45
45

Solution B
(%)
20
40
55
55

Diluent: Methanol and water (70:30)
Standard solution: 1 mg/mL of USP Nebivolol Hydrochloride RS in Diluent
Sample solution: 1 mg/mL of Nebivolol Hydrochloride in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 10-cm; 3.5-µm packing L1
Column temperature: 35°
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 3.2
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of nebivolol hydrochloride (C22 H25 F 2 NO4 ·HCl) in the portion of
Nebivolol Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of nebivolol from the Sample solution
rS = peak response of nebivolol from the Standard solution
CS = concentration of USP Nebivolol Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Nebivolol Hydrochloride in the Sample solution (mg/mL)
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Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.
System suitability solution: 1 mg/mL of USP Nebivolol Hydrochloride RS, 0.0025 mg/mL of
USP Nebivolol Related Compound A RS, and 0.003 mg/mL of USP Nebivolol Related
Compound E RS in Diluent
[Note—USP Nebivolol Related Compound A RS is included for peak identification purposes
only.]
Standard solution: 0.005 mg/mL of USP Nebivolol Hydrochloride RS in Diluent
Sensitivity solution: 0.5 µg/mL of USP Nebivolol Hydrochloride RS in Diluent from Standard
solution
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.2 between nebivolol and nebivolol related compound E, System
suitability solution
Relative standard deviation: NMT 10.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual specified or unspecified impurity in the portion
of Nebivolol Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each individual specified or unspecified impurity from the Sample
solution
rS = peak response of nebivolol from the Standard solution
CS = concentration of the USP Nebivolol Hydrochloride RS in the Standard solution
(mg/mL)
CU = concentration of Nebivolol Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
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Table 2

Name
Nebivolol related compound E
Nebivolol
Nebivolol related compound A
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
0.94
1.00
1.04
—
—

Acceptance
Criteria,
NMT (%)
0.30
—
0.25
0.10
0.60

• Stereoisomeric Purity
Mobile phase: 0.1% (v/v) N,N-diethylamine in alcohol
Peak identification solution: 5.0 mg/mL of USP Nebivolol Stereoisomers Mixture RS in
methanol
Standard solution: 0.05 mg/mL of USP Nebivolol Hydrochloride RS in methanol
Sensitivity solution: 0.005 mg/mL of USP Nebivolol Hydrochloride RS in methanol from
Standard solution
Sample solution: 5 mg/mL of Nebivolol Hydrochloride in methanol
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 10-µm packing L51
Column temperature: 50°
Flow rate: 0.8 mL/min
Injection volume: 25 µL
Run time: NLT 3.0 times the retention time of nebivolol
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between d-nebivolol and l-nebivolol, Standard solution
Tailing factor: NMT 3.0 for both d-nebivolol and l-nebivolol, Standard solution
Relative standard deviation: NMT 10.0% for both d-nebivolol and l-nebivolol,
Standard solution
Signal-to-noise ratio: NLT 10 for both d-nebivolol and l-nebivolol, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of d-nebivolol and l-nebivolol in the portion of Nebivolol
Hydrochloride taken:
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Result = (rU/rT) × 100
rU = peak response of d-nebivolol or l-nebivolol from the Sample solution
rT = sum of the peak responses of d-nebivolol and l-nebivolol from the Sample solution
Calculate the percentage of each individual specified impurity in the portion of Nebivolol
Hydrochloride taken:
Result = (rU/rT) × (CS/CU) × 100
rU = peak response of each individual specified impurity from the Sample solution
rT = sum of the peak responses of all nebivolol enantiomers from the Standard solution
CS = concentration of USP Nebivolol Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Nebivolol Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 3. Disregard any peak eluting before d-nebivolol. The
reporting threshold is 0.10%.

Name

Table 3
Relative
Retention
Time
1.00
1.23
1.68
1.83
2.09
2.57
2.95

Acceptance
Criteria,
NMT (%)
48.0–52.0
48.0–52.0
0.15
0.15
0.15
0.15
0.15

d-Nebivolol
l-Nebivolol
RRSR = RSRR isomera
RRRRb
SSRS = SRSS isomerc
RRSS = SSRRd
SSSSe
a (R)-1-[(R)-6-Fluorochroman-2-yl]-2-({(S)-2-[(S)-6-fluorochroman-2-yl]-2hydroxyethyl}amino)ethanol.
b (R)-1-[(R)-6-Fluorochroman-2-yl]-2-({(R)-2-[(R)-6-fluorochroman-2-yl]-2hydroxyethyl}amino)ethanol.
c (S)-1-[(S)-6-Fluorochroman-2-yl]-2-({(S)-2-[(S)-6-fluorochroman-2-yl]-2hydroxyethyl}amino)ethanol.
d (R)-2-(Benzyl{(R)-2-[(R)-6-fluorochroman-2-yl]-2-hydroxyethyl}amino)-1-[(S)-6fluorochroman-2-yl]ethan-1-ol.
e (S)-2-(Benzyl{(S)-2-[(R)-6-fluorochroman-2-yl]-2-hydroxyethyl}amino)-1-[(S)-6fluorochroman-2-yl]ethan-1-ol.
• Content of Nebivolol Related Compound C and Nebivolol Related Compound D (if
present)
[Note—All solutions containing nebivolol related compound C are prepared fresh prior to
use.]
Buffer: Dissolve 3.4 g of tetrabutyl ammonium hydrogen sulfate in 1 L of water. Add 0.3 mL
of diethylamine and mix.
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Mobile phase: Acetonitrile and Buffer (25:75)
Diluent: Dilute 1.0 mL of phosphoric acid with water to 1 L.
Standard stock solution 1: 0.3 mg/mL each of USP Nebivolol Related Compound C RS and
USP Nebivolol Related Compound D RS prepared as follows. To a suitable amount of USP
Nebivolol Related Compound C RS and USP Nebivolol Related Compound D RS, in a suitable
volumetric flask, add acetonitrile to fill 50% of the total flask volume, and then add Diluent
to fill 75% of the total flask volume. Sonicate to dissolve, and dilute with Diluent to
volume.
Standard stock solution 2: 15 µg/mL each of USP Nebivolol Related Compound C RS and
USP Nebivolol Related Compound D RS in Diluent from Standard stock solution 1
Standard solution: 0.375 µg/mL each of USP Nebivolol Related Compound C RS and USP
Nebivolol Related Compound D RS in Diluent from Standard stock solution 2
Sample solution: 10 mg/mL of Nebivolol Hydrochloride prepared as follows. To a suitable
amount of Nebivolol Hydrochloride, in a suitable volumetric flask, add acetonitrile to fill
50% of the total flask volume, and then add Diluent to fill 75% of the total flask volume.
Sonicate to dissolve, and dilute with Diluent to volume. Filter if necessary using a suitable
filter of 0.45-µm pore size, and discard the first 2 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 15°
Column: 30°
Flow rate: 2 mL/min
Injection volume: 50 µL
Run time: NLT 4 times the retention time of nebivolol
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between nebivolol related compound C and nebivolol related
compound D
Relative standard deviation: NMT 10.0% for both nebivolol related compound C and
nebivolol related compound D
Signal-to-noise ratio: NLT 15 for both nebivolol related compound C and nebivolol
related compound D
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of nebivolol related compound C and nebivolol related compound D
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in the portion of Nebivolol Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of nebivolol related compound C or nebivolol related compound D from
the Sample solution
rS = peak response of the corresponding related compound from the Standard solution
CS = concentration of the corresponding Reference Standard in the Standard solution
(mg/mL)
CU = concentration of Nebivolol Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 4.
Table 4
Relative
Retention
Name
Time
Nebivolol
1.00
Nebivolol related compound C
2.63
Nebivolol related compound D
2.7
Total impurities
—

Acceptance
Criteria,
NMT (ppm)
—
37.5
37.5
37.5

SPECIFIC TESTS
• Water Determination 〈921〉, Method I: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in well-closed containers at room temperature.
• USP Reference Standards 〈11〉
USP Nebivolol Hydrochloride RS
USP Nebivolol Related Compound A RS
Contains hydrochloride salts of RSRS = SRSR Nebivolol ((S)-1-[(R)-6-Fluorochroman-2yl]-2-({(R)-2-[(S)-6-fluorochroman-2-yl]-2-hydroxyethyl}amino)ethanol);
RSSR Nebivolol ((R,1S,1′S)-2,2′-Azanediylbis{1-[(R)-6-fluorochroman-2yl]ethanol});
and SRRS Nebivolol ((S,1R,1′R)-2,2′-Azanediylbis{1-[(S)-6-fluorochroman-2yl]ethanol}).
C22 H25 F 2 NO4 · HCl
441.90
USP Nebivolol Related Compound C RS
(RS)-6-Fluoro-2-[(RS)-oxiran-2-yl]chroman.
C11 H11 FO2
194.20
USP Nebivolol Related Compound D RS
(RS)-6-Fluoro-2-[(SR)-oxiran-2-yl]chroman.
C11 H11 FO2
194.20
USP Nebivolol Related Compound E RS
1-(Chroman-2-yl)-2-{[2-(6-fluorochroman-2-yl)-2-hydroxyethyl]amino}ethanol.
C22 H26 FNO4
387.44
USP Nebivolol Stereoisomers Mixture RS
Mixture of hydrochloride salts of (R)-1-[(R)-6-Fluorochroman-2-yl]-2-({(S)-2-[(S)-6-
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fluorochroman-2-yl]-2-hydroxyethyl}amino)ethanol;
(R)-1-[(R)-6-Fluorochroman-2-yl]-2-({(R)-2-[(R)-6-fluorochroman-2-yl]-2hydroxyethyl}amino)ethanol;
(S)-1-[(S)-6-Fluorochroman-2-yl]-2-({(S)-2-[(S)-6-fluorochroman-2-yl]-2hydroxyethyl}amino)ethanol.
C22 H25 F 2 NO4 · HCl
441.90
and (R)-2-(Benzyl{(R)-2-[(R)-6-fluorochroman-2-yl]-2-hydroxyethyl}amino)-1-[(S)-6fluorochroman-2-yl]ethan-1-ol;
(S)-2-(Benzyl{(S)-2-[(R)-6-fluorochroman-2-yl]-2-hydroxyethyl}amino)-1-[(S)-6fluorochroman-2-yl]ethan-1-ol.
C29 H31 F 2 NO4
495.57
BRIEFING
Neomycin Sulfate, USP 41 page 2882. As part of the USP monograph modernization efforts,
the following changes are proposed:
1. In the chemical information section, add the chemical structure for neomycin sulfate;
and the chemical formula, chemical name, molecular weight, and CAS number for
neomycin B. Revise the Definition to indicate that the main component is neomycin B.
2. Replace both the TLC-based Identification A and wet chemistry-based Identification B
with a single analysis based on retention time agreement for the neomycin B peak using
the proposed HPLC procedure for the Composition of Neomycin Sulfate test which is
more specific.
3. Add a test for Composition of Neomycin Sulfate based on a validated liquid
chromatographic procedure, similar to the Related substances test in the European
Pharmacopoeia 9.3 monograph for Neomycin Sulfate. The proposed procedure is based
on analyses performed with the Hypersil BDS C18 brand of column with L1 packing. The
typical retention time for neomycin B is about 10 min.
4. Add chapter references for Sterility Tests 〈71〉 and Bacterial Endotoxins Test 〈85〉 to be
consistent with current USP style. The statement where neomycin sulfate is exempt
from the requirements for bacterial endotoxins when used in preparing nonparenteral
dosage forms is removed as this requirement is applicable to some nonparenteral dosage
forms and the requirement is part of the drug product monographs, where applicable. In
the Sterility Tests section, remove the term “injectable” for flexibility.
5. Add storage conditions to the Packaging and Storage section to update the monograph.
6. Add USP Neomycin A RS, USP Neomycin B RS, and USP Neomycin Sulfate System
Suitability Mixture RS to the USP Reference Standards section to support the addition of
the Composition of Neomycin Sulfate test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(BIO4: S. Shane.)
Correspondence Number—C157327
Comment deadline: January 31, 2019
Neomycin Sulfate
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Change to read:

Neomycin B:
2-Deoxy-4-O-(2,6-diamino-2,6-dideoxy- α-d-glucopyranosyl)-5-O-[3-O-(2,6-diamino-2,6dideoxy-β-l-idopyranosyl)-β-d-ribofuranosyl]-d-streptamine.C23 H46 N6 O13
614.65
[119-04-0]. USP43
Neomycin sulfate

[1405-10-3].

DEFINITION
Change to read:
Neomycin Sulfate is the sulfate salt of a kind of neomycin, an antibacterial substance
produced by the growth of Streptomyces fradiae Waksman (Family Streptomycetaceae), or
a mixture of two or more such salts,
the main component being neomycin B sulfate. USP43
It has a potency equivalent to NLT 600 µg of neomycin/mg, calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. It meets the requirements for neomycin under Thin-Layer Chromatographic Identification
Test 〈201BNP〉
Mobile phase, System suitability solution, Sensitivity solution, Standard solution,
Chromatographic system, and System suitability: Proceed as directed in the test for
Composition of Neomycin Sulfate.
Sample identification solution: 0.025 mg/mL of Neomycin Sulfate in Mobile phase
Acceptance criteria: The retention time of the neomycin B peak of the Sample
identification solution corresponds to that of the Standard solution, as obtained in the
test for Composition of Neomycin Sulfate. USP43
Delete the following:
• B. Dissolve about 10 mg in 1 mL of water, add 5 mL of 15 N sulfuric acid, and heat at 100°
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for 100 minutes. Allow to cool, add 10 mL of xylene, and shake for 10 minutes. Allow to
separate, and decant the xylene layer. To the xylene layer add 10 mL of p-bromoaniline
TS, and shake: a vivid pink-red color develops upon standing. USP43
Change to read:
• C.
B. USP43
Identification Tests–General 〈191〉, Chemical Identification Tests, Sulfate
Sample solution: 50 mg/mL
Acceptance criteria: Meets the requirements
ASSAY
• Procedure
(See Antibiotics—Microbial Assays 〈81〉.)
Analysis: Proceed as directed in the chapter.
Acceptance criteria: NLT 600 µg of neomycin/mg on the dried basis
SPECIFIC TESTS
Add the following:
• Composition of Neomycin Sulfate
Mobile phase: 20 mL of trifluoroacetic acid, 6 mL of 50% sodium hydroxide TS, and 500 mL
of water, diluted with water to 1000 mL
System suitability solution: 0.1 mg/mL of USP Neomycin Sulfate System Suitability
Mixture RS (contains neomycin B and neomycin C) in Mobile phase
Sensitivity solution: 0.005 mg/mL of USP Neomycin B RS in Mobile phase
Standard solution: 0.025 mg/mL of USP Neomycin B RS and 0.01 mg/mL of USP Neomycin
A RS in Mobile phase
Sample solution: 0.5 mg/mL of Neomycin Sulfate in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Pulsed amperometric electrochemical
Electrodes
Indicator: Gold
Reference: Silver–silver chloride
Auxiliary: Stainless steel (cell body)
Waveform: See Table 1.
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Time
(s)
0.00
0.10
0.40
0.41
0.55
0.56
1.00

Table 1
Potential
(V)
+0.00
+0.00
+0.00
+0.80
+0.80
−0.60
−0.60

Integration
—
Begin
End
—
—
—
—

Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 0.7 mL/min
Post-column reagent: 20 g/L of sodium hydroxide (carbonate-free), prepared from 50%
sodium hydroxide TS. This solution is added pulselessly to the column effluent using a
375-µL polymeric mixing coil.1
Flow rate of post-column reagent: 0.5 mL/min
Injection volume: 10 µL
Run time: NLT 1.5 times the retention time of neomycin B
System suitability
Samples: System suitability solution,Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 2.0 between the neomycin C and neomycin B peaks, System suitability
solution
Relative standard deviation: NMT 2.0% each for neomycin A and neomycin B,
Standard solution
Signal-to-noise ratio: NLT 10 for the neomycin B peak, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of neomycin A in the portion of Neomycin Sulfate taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU = peak response of neomycin A from the Sample solution
rS = peak response of neomycin A from the Standard solution
CS = concentration of USP Neomycin A RS in the Standard solution (mg/mL)
CU = nominal concentration of neomycin sulfate in the Sample solution (mg/mL)
P = potency of neomycin A in USP Neomycin A RS (mg/mg)
Calculate the percentage of each individual impurity other than neomycin A in the portion of
Neomycin Sulfate taken:
Result = (rU/rS) × (CS/CU) × P × 100
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rU = peak response of each individual impurity other than neomycin A from the Sample
solution
rS = peak response of neomycin B from the Standard solution
CS = concentration of USP Neomycin B RS in the Standard solution (mg/mL)
CU = nominal concentration of neomycin sulfate in the Sample solution (mg/mL)
P = potency of neomycin B in USP Neomycin B RS (mg/mg)
Acceptance criteria See Table 2. The reporting threshold is 1.0%.
Table 2

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Neomycin Aa
0.65
2.0
Neomycin Cb
0.9
3.0–15.0
c
—
Neomycin B
1.0
—
Impurity Gd
1.1
Any individual unspecified impurity
—
5.0
Total unspecified impurities
—
15.0
a 2-Deoxy-4-O-(2,6-diamino-2,6-dideoxy- α-d-glucopyranosyl)-d-streptamine.
b 2-Deoxy-4-O-(2,6-diamino-2,6-dideoxy- α-d-glucopyranosyl)-5-O-[3-O-(2,6diamino-2,6-dideoxy- α-d-glucopyranosyl)-β-d-ribofuranosyl]-d-streptamine.
c 2-Deoxy-4-O-(2,6-diamino-2,6-dideoxy- α-d-glucopyranosyl)-5-O-[3-O-(2,6diamino-2,6-dideoxy-β-l-idopyranosyl)-β-d-ribofuranosyl]-d-streptamine; Framycetin.
d 3-N-Acetyl-2-deoxy-4-O-(2,6-diamino-2,6-dideoxy- α-d-glucopyranosyl)-5-O-[3-O(2,6-diamino-2,6-dideoxy-β-l-idopyranosyl)-β-d-ribofuranosyl]-d-streptamine;
Neomycin B-LP.
USP43

• Loss on Drying 〈731〉
Sample: About 100 mg
Analysis: Dry the Sample under vacuum at a pressure not exceeding 5 mm of mercury at
60° for 3 h.
Acceptance criteria: NMT 8.0%
• pH 〈791〉
Sample solution: 33 mg/mL of neomycin
Acceptance criteria: 5.0–7.5
Change to read:
•
Sterility Tests 〈71〉: USP43
Where the label states that Neomycin Sulfate is sterile, it meets the requirements under
the relevant injectable
USP43

dosage form.
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Change to read:
•
Bacterial Endotoxins Test 〈85〉: USP43
Where the label states that Neomycin sulfate is sterile or that it must be subjected to
further processing during the preparation of injectable dosage forms, the level of bacterial
endotoxins is such that the requirement under the relevant dosage form monograph(s) in
which neomycin is used can be met. Where Neomycin sulfate is intended for use in
preparing nonparenteral sterile dosage forms, it is exempt from the requirements for
bacterial endotoxins.
USP43

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature. USP43
• Labeling: Where it is intended for use in preparing injectable or other sterile dosage forms,
the label states that it is sterile or must be subjected to further processing during the
preparation of injectable or other sterile dosage forms.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Neomycin Sulfate RS
USP Neomycin A RS
2-Deoxy-4-O-(2,6-diamino-2,6-dideoxy- α-d-glucopyranosyl)-d-streptamine
tetrahydrochloride.
C12 H26 N4 O6 ·4HCl
468.19
USP Neomycin B RS
2-Deoxy-4-O-(2,6-diamino-2,6-dideoxy- α-d-glucopyranosyl)-5-O-[3-O-(2,6-diamino2,6-dideoxy-β-l-idopyranosyl)-β-d-ribofuranosyl]-d-streptamine sulfate;
Framycetin.
C23 H46 N6 O13 ·H2 SO4
712.73
USP Neomycin Sulfate System Suitability Mixture RS
A mixture of neomycin B sulfate and neomycin C sulfate.
2-Deoxy-4-O-(2,6-diamino-2,6-dideoxy- α-d-glucopyranosyl)-5-O-[3-O-(2,6-diamino2,6-dideoxy- α-d-glucopyranosyl)-β-d-ribofuranosyl]-d-streptamine sulfate.
C23 H46 N6 O13 ·H2 SO4
712.73
USP43

1 A suitable mixing coil is the knitted reaction coil, part number 043700, available from Dionex C orporation
(www.thermofisher.com). USP43

Recent Official Publications:
USP42–NF37 Page 3068
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BRIEFING
Nicardipine Hydrochloride, USP 41 page 2925. On the basis of comments received and as
part of USP monograph modernization efforts, it is proposed to revise the monograph as
follows:
1. Revise Identification A to allow the flexibility of using either 〈197K〉 or 〈197A〉 for this
test.
2. Revise the Assay and the test for Organic Impurities, based on validated methods of
analysis, to use the specified impurity Reference Standards for the System suitability
solution instead of in-situ reaction. The liquid chromatographic procedure used in the
Assay is based on analyses performed with the Thermo Fisher Accucore XL C8 brand of
column with L7 packing. The typical retention time for nicardipine in the Assay is about
16 min.
3. Update the test for Organic Impurities with the addition of the Sensitivity solution and
the Signal-to-noise ratio.
4. The Bacterial Endotoxins Test is proposed to be included in the Specific Tests section.
5. Update the USP Reference Standards section to add the new Reference Standards to
support the revision of the Assay and the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM2: D. Min.)
Correspondence Number—C201122
Comment deadline: January 31, 2019
Nicardipine Hydrochloride

C26 H29 N3 O6 ·HCl

515.99

3,5-Pyridinedicarboxylic acid, 1,4-dihydro-2,6-dimethyl-4-(3-nitrophenyl)-, methyl 2[methyl(phenylmethyl)amino]ethyl ester, monohydrochloride;
2-(Benzylmethylamino)ethyl methyl 1,4-dihydro-2,6-dimethyl-4-(m-nitrophenyl)-3,5pyridinedicarboxylate monohydrochloride
[54527-84-3].
Nicardipine free base
C26 H29 N3 O6
479.52
[55985-32-5].
DEFINITION
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Nicardipine Hydrochloride contains NLT 98.0% and NMT 102.0% of nicardipine hydrochloride
(C26 H29 N3 O6 ·HCl), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197A〉 or 〈197K〉
USP43

• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Chloride
Sample solution: 2.5 mg/mL in methanol
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Protect all solutions from light.
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust the solution with
potassium hydroxide to a pH of 4.8.
Solution A: Acetonitrile and methanol (82:18)
(90:10) USP43
Mobile phase: Solution A and Buffer (40:60)
(38:62) USP43
System suitability solution: 0.6 mg/mL of USP Nicardipine Hydrochloride RS in Mobile
phase prepared as follows. To a suitable amount of USP Nicardipine Hydrochloride RS in a
suitable volumetric flask add Mobile phase to fill about 10% of the volume of the flask, and
sonicate for 2 min. Then add 10% hydrogen peroxide solution to fill an additional 10% of
the volume of the flask. Allow it to stand for 30 min, then dilute with Mobile phase to
volume.
Nicardipine Hydrochloride degrades to produce nicardipine pyridine analog, nicardipine
dimethyl ester analog, and nicardipine bis analog. Use a freshly prepared sample to avoid
further degradation for analysis.
0.02 mg/mL each of USP Nicardipine Hydrochloride RS, USP Nicardipine Related
Compound B RS, USP Nicardipine Related Compound C RS, and USP Nicardipine Related
Compound D RS in Mobile phase USP43
Standard solution: 0.1 mg/mL of USP Nicardipine Hydrochloride RS in Mobile phase
Sample solution: 0.1 mg/mL of Nicardipine Hydrochloride in Mobile phase. [Note
—Sonication may be necessary for complete dissolution.]
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 237 nm
Column: 4.6-mm × 25-cm; 5-µm
4-µm USP43
packing L7
Column temperature: 35°–40°. [Note—To attain resolution, the Column temperature
may be adjusted instead of the Mobile phase composition.]
USP43

Flow rate: 1.5 mL/min
1.2 mL/min USP43
Injection volume: 50 µL
20 µL
Run time: NLT 2 times the retention time of the nicardipine peak
System suitability
Samples:
System suitability solution and USP43
Standard solution

USP43

[Note—The relative retention times for nicardipine, nicardipine related compound D,
nicardipine related compound C, and nicardipine related compound B are 1.00, 1.10,
1.43, and 1.93 respectively.] USP43
Suitability requirements
Resolution: NLT 1.5 between nicardipine and nicardipine related compound D,
System suitability solution USP43
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of nicardipine hydrochloride (C26 H29 N3 O6 ·HCl) in the portion of
Nicardipine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of nicardipine from the Sample solution
rS = peak response of nicardipine from the Standard solution
CS = concentration of USP Nicardipine Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Nicardipine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
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Delete the following:
• Heavy Metals, Method II 〈231〉: NMT 20 ppm

(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities
Protect all solutions from light.
Buffer, Solution A, Mobile phase, and System suitability solution: Prepare as directed
in the Assay.
Standard solution: 3 µg/mL
0.003 mg/mL USP43
of USP Nicardipine Hydrochloride RS in Mobile phase
Sensitivity solution: 0.3 µg/mL of USP Nicardipine Hydrochloride RS from Standard
solution in Mobile phase USP43
Sample solution: 0.6 mg/mL of Nicardipine Hydrochloride in Mobile phase. [Note
—Sonication may be necessary for complete dissolution.]
Chromatographic system: Proceed as directed in the Assay, except for the Run time.
Run time: NLT 4 times the retention time of nicardipine
System suitability
Samples: System suitability solution, Standard solution,
and Sensitivity solution USP43
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between nicardipine and nicardipine dimethyl ester analog
nicardipine related compound D; USP43
NLT 1.5 between nicardipine bis analog and nicardipine dimethyl ester analog
nicardipine related compound D and nicardipine related compound C, USP43
System suitability solution
Relative standard deviation: NMT 2%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution USP43
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual
specified or any unspecified USP43
impurity in the portion of Nicardipine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each
specified and unspecified USP43
impurity from the Sample solution
rS = peak response of nicardipine from the Standard solution
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CS = concentration of USP Nicardipine Hydrochloride RS in the Standard solution (mg/mL)
CU = concentration of Nicardipine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard peaks less than 0.01%.
Table 1
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

Nicardipine pyridine analoga
0.67
0.1
Nicardipine
1.00
—
Nicardipine dimethyl ester analogb
1.20
0.5
c
Nicardipine bis analog
1.33
0.5
Any other individual unidentified impurity
—
0.1
Total impurities
—
1.0
a 3-{2-[Benzyl(methyl)amino]ethyl} 5-methyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine3,5-dicarboxylate dihydrochloride.
b Dimethyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate.
c Bis{2-[benzyl(methyl)amino]ethyl} 2,6-dimethyl-4-(3-nitrophenyl)-1,4dihydropyridine-3,5-dicarboxylate dihydrochloride.
The reporting threshold is 0.05%.
Table 1

Name
Nicardipine
Nicardipine related compound D (nicardipine bis
analog)
Nicardipine related compound C (nicardipine dimethyl
ester)
Nicardipine related compound B (nicardipine pyridine
analog)
Any unspecified impurity
Total impurities

Relative
Retention
Time
1.00

USP43

SPECIFIC TESTS
Add the following:
• Bacterial Endotoxins Test 〈85〉: Meets the requirements USP43
• Loss on Drying 〈731〉
Analysis: Dry at 105°, protected from light, to constant weight.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS

Acceptance
Criteria,
NMT (%)
—

1.10

0.5

1.43

0.5

1.93
—
—

0.1
0.10
1.0
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• Packaging and Storage: Preserve in tightly closed containers, protected from light.
Change to read:
• USP Reference Standards 〈11〉
USP Nicardipine Hydrochloride RS
USP Nicardipine Related Compound B RS
3-{2-[Benzyl(methyl)amino]ethyl}5-methyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5dicarboxylate.
C26 H27 N3 O6
477.51
USP Nicardipine Related Compound C RS
Dimethyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate.
C17 H18 N2 O6
346.33
USP Nicardipine Related Compound D RS
Bis{2-[benzyl(methyl)amino]ethyl}2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine3,5-dicarboxylate dihydrochloride.
C35 H40 N4 O6 · 2HCl
685.64
USP43

Recent Official Publications:
USP42–NF37 Page 3115
BRIEFING
Nicardipine Hydrochloride in Dextrose Injection. Because there is no existing USP
monograph for this drug product, a new monograph based on validated methods of analysis is
being proposed. The liquid chromatographic procedure in the Assay and the test for Organic
Impurities is based on analyses performed with the Waters Atlantis dC18 brand of column with
L1 packing. The typical retention time for nicardipine is about 14 min.
(CHM2: D. Min.)
Correspondence Number—C199121
Comment deadline: January 31, 2019
Add the following:
Nicardipine Hydrochloride in Dextrose Injection
DEFINITION
Nicardipine Hydrochloride in Dextrose Injection is a sterile solution containing Nicardipine
Hydrochloride and Dextrose in Water for Injection. It contains NLT 90.0% and NMT 110.0%
of the labeled amount of nicardipine hydrochloride (C26 H29 N3 O6 ·HCl). It contains no
preservatives.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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• C. Dextrose
Sample: A suitable portion of Nicardipine Hydrochloride in Dextrose Injection equivalent to
50 mg/mL of dextrose
Analysis: Add a few (5–10) drops of the Sample to 5 mL of hot (heated to a near boil)
alkaline cupric tartrate TS.
Acceptance criteria: A red precipitate of cuprous oxide is formed.
ASSAY
• Procedure
[Caution—Avoid using plastic during handling and transferring nicardipine hydrochloridecontaining solutions.]
Buffer: Dissolve 2.72 g of monobasic potassium phosphate and 2.82 g of 1-hexanesulfonic
acid, sodium salt in 1000 mL of water. Adjust with phosphoric acid to a pH of 3.0.
Mobile phase: Methanol and Buffer (55:45)
System suitability solution: 50 µg/mL of USP Nicardipine Hydrochloride RS and 0.25 µg/mL
of USP Nicardipine Related Compound B RS in Mobile phase. [Note—Sonication may be
needed to aid the dissolution of USP Nicardipine Related Compound B RS.]
Standard solution: 50 µg/mL of USP Nicardipine Hydrochloride RS in Mobile phase
Sample solution: Nominally 50 µg/mL of nicardipine hydrochloride from Nicardipine
Hydrochloride in Dextrose Injection in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 239 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 5°
Column: 50°
Flow rate: 1 mL/min
Injection volume: 70 µL
Run time: NLT 2 times the retention time of nicardipine
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for nicardipine and nicardipine related compound B are
about 1.0 and 1.2.]
Suitability requirements
Resolution: NLT 3 between nicardipine and nicardipine related compound B, System
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suitability solution
Tailing factor: NMT 2.0 for nicardipine, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of nicardipine hydrochloride
(C26 H29 N3 O6 ·HCl) in the portion of Nicardipine Hydrochloride in Dextrose Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of nicardipine from the Sample solution
rS = peak response of nicardipine from the Standard solution
CS = concentration of USP Nicardipine Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of nicardipine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities
Buffer, Mobile phase, System suitability solution, Standard solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.025 µg/mL of USP Nicardipine Hydrochloride RS from Standard
solution in Mobile phase
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 3 between nicardipine and nicardipine related compound B, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of nicardipine related compound B or any unspecified degradation
product in the portion of Nicardipine Hydrochloride in Dextrose Injection taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of nicardipine related compound B or any unspecified degradation
product from the Sample solution
rS = peak response of nicardipine from the Standard solution
CS = concentration of USP Nicardipine Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of nicardipine hydrochloride in the Sample solution (µg/mL)
F = relative response factor (see Table 1)
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Acceptance criteria: See Table 1.

Name
Nicardipine
Nicardipine related compound B
Any unspecified degradation
product
Total degradation products

Table 1
Relative
Retention
Time
1.0
1.2
—
—

Relative
Response
Factor
1.0
1.76
1.0
—

Acceptance
Criteria,
NMT (%)
—
2.0
1.0
3.0

SPECIFIC TESTS
• Bacterial Endotoxins Test 〈85〉: Meets the requirements
• Osmolality and Osmolarity 〈785〉, Osmolality : 250–290 mOsmol/kg
• pH 〈791〉: 3.7–4.7
• Particulate Matter in Injections 〈788〉, Method 1 Light Obscuration Particle Count Test:
Meets the requirements
• Sterility Tests 〈71〉: Meets the requirements
• Other Requirements: Meets the requirements in Injections and Implanted Drug Products 〈1〉
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers of a suitable plastic material.
Store at controlled room temperature. Protect from light. Avoid excessive heat.
• USP Reference Standards 〈11〉
USP Nicardipine Hydrochloride RS
USP Nicardipine Related Compound B RS
3-{2-[Benzyl(methyl)amino]ethyl}5-methyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5dicarboxylate.
C26 H27 N3 O6
477.51
USP43

BRIEFING
Nicardipine Hydrochloride in Sodium Chloride Injection. Because there is no existing USP
monograph for this drug product, a new monograph based on validated methods of analysis is
being proposed. The liquid chromatographic procedure in the Assay and the test for Organic
Impurities is based on analyses performed with the Waters Atlantis dC18 brand of column with
L1 packing. The typical retention time for nicardipine is about 14 min.
(CHM2: D. Min.)
Correspondence Number—C199122
Comment deadline: January 31, 2019
Add the following:
Nicardipine Hydrochloride in Sodium Chloride Injection
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DEFINITION
Nicardipine Hydrochloride in Sodium Chloride Injection is a sterile solution of Nicardipine
Hydrochloride and Sodium Chloride in Water for Injection. It contains NLT 90.0% and NMT
110.0% of the labeled amount of nicardipine hydrochloride (C26 H29 N3 O6 ·HCl). It contains no
preservatives.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Sodium: Meets the
requirements
ASSAY
• Procedure
[Caution—Avoid using plastic during handling and transferring of nicardipine hydrochloridecontaining solutions.]
Buffer: Dissolve 2.72 g of monobasic potassium phosphate and 2.82 g of 1-hexanesulfonic
acid, sodium salt in 1000 mL of water. Adjust with phosphoric acid to a pH of 3.0.
Mobile phase: Methanol and Buffer (55:45)
System suitability solution: 50 µg/mL of USP Nicardipine Hydrochloride RS and 0.25 µg/mL
of USP Nicardipine Related Compound B RS in Mobile phase. [Note—Sonication may be
needed to aid the dissolution of USP Nicardipine Related Compound B RS.]
Standard solution: 50 µg/mL of USP Nicardipine Hydrochloride RS in Mobile phase
Sample solution: Nominally 50 µg/mL of nicardipine hydrochloride from Nicardipine
Hydrochloride in Sodium Chloride Injection in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 239 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 5°
Column: 50°
Flow rate: 1 mL/min
Injection volume: 70 µL
Run time: NLT 2 times the retention time of nicardipine
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System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for nicardipine and nicardipine related compound B are
about 1.0 and 1.2.]
Suitability requirements
Resolution: NLT 3 between nicardipine and nicardipine related compound B, System
suitability solution
Tailing factor: NMT 2.0 for nicardipine, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of nicardipine hydrochloride
(C26 H29 N3 O6 ·HCl) in the portion of Nicardipine Hydrochloride in Sodium Chloride Injection
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of nicardipine from the Sample solution
rS = peak response of nicardipine from the Standard solution
CS = concentration of USP Nicardipine Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of nicardipine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities
Buffer, Mobile phase, System suitability solution, Standard solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.025 µg/mL of USP Nicardipine Hydrochloride RS from Standard
solution in Mobile phase
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 3 between nicardipine and nicardipine related compound B, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of nicardipine related compound B or any unspecified degradation
product in the portion of Nicardipine Hydrochloride in Sodium Chloride Injection taken:
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Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of nicardipine related compound B or any unspecified degradation
product from the Sample solution
rS = peak response of nicardipine from the Standard solution
CS = concentration of USP Nicardipine Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of nicardipine hydrochloride in the Sample solution (µg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1.

Name
Nicardipine
Nicardipine related compound B
Any unspecified degradation
product
Total degradation products

Table 1
Relative
Retention
Time
1.0
1.2

Relative
Response
Factor
1.0
1.76

—

1.0

—

—

Acceptance
Criteria,
NMT (%)
—
2.0
1.0
3.0

SPECIFIC TESTS
• Bacterial Endotoxins Test 〈85〉: Meets the requirements
• Osmolality and Osmolarity 〈785〉, Osmolality
0.1-mg/mL concentration: 270–315 mOsmol/kg
0.2-mg/mL concentration: 265–315 mOsmol/kg
• pH 〈791〉: 3.7–4.7
• Particulate Matter in Injections 〈788〉, Method 1 Light Obscuration Particle Count Test:
Meets the requirements
• Sterility Tests 〈71〉: Meets the requirements
• Other Requirements: Meets the requirements in Injections and Implanted Drug Products 〈1〉
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers of a suitable plastic material.
Store at controlled room temperature. Protect from light. Avoid excessive heat.
• USP Reference Standards 〈11〉
USP Nicardipine Hydrochloride RS
USP Nicardipine Related Compound B RS
3-{2-[Benzyl(methyl)amino]ethyl}5-methyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5dicarboxylate.
C26 H27 N3 O6
477.51
USP43

BRIEFING
Norgestimate and Ethinyl Estradiol Tablets, USP 41 page 2981. As part of USP
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monograph modernization efforts, the following revisions are proposed:
1. Add Identification B as an orthogonal identification test based on spectral comparison of
the peaks using photodiode array detection in the Assay.
2. Replace the Assay based on an internal standard method with a validated stabilityindicating LC procedure. This procedure is validated using the Purospher Star RP18e
brand of column with L1 packing. The typical retention times for ethinyl estradiol, (Z)norgestimate, and (E)-norgestimate are about 5, 12, and 13 min, respectively.
3. Under Performance Tests, replace the Disintegration test with a Dissolution test using a
validated LC procedure. The Dissolution test is based on analyses performed using the
Inertsil Ph-3 brand of column with L11 packing. The typical retention times for ethinyl
estradiol and norgestimate are 5 and 9 min, respectively.
4. Revise the Organic Impurities test to include a validated stability-indicating LC
procedure. The liquid chromatographic procedure is based on analyses performed using
the Zorbax SB C18 brand of column with L1 packing. The typical retention times for
ethinyl estradiol, (Z)-norgestimate, and (E)-norgestimate are about 15, 47, and 48 min,
respectively.
5. Include a storage requirement in the Packaging and Storage section based on the
information for an approved drug product.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: S. Ramachandran, R.-H. Yeh.)
Correspondence Number—C177497; C180904
Comment deadline: January 31, 2019
Norgestimate and Ethinyl Estradiol Tablets
DEFINITION
Norgestimate and Ethinyl Estradiol Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amounts of norgestimate (C23 H31 NO3 ) and ethinyl estradiol (C20 H24 O2 ).
IDENTIFICATION
• A. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectra of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Mobile phase: Tetrahydrofuran, methanol and water (25:10:65)
Internal standard solution: 0.05 mg/mL of dibutyl phthalate in methanol
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Standard solution: Dissolve appropriate quantities of USP Ethinyl Estradiol RS and USP
Norgestimate RS in a volume of Internal standard solution equivalent to 80% of the final
volume. Add a volume of water equivalent to 20% of the final volume, and mix to obtain a
solution having a known concentration of about 7 µg/mL of ethinyl estradiol and a known
concentration of norgestimate similar to that expected in the Sample solution. Pass
through a suitable filter of 0.45-µm pore size.
Sample solution: Add a number of Tablets, equivalent to 0.35 mg of ethinyl estradiol, to a
suitable glass container. Add 10 mL of water, and mix with a vortex mixer until the Tablets
are completely disintegrated. Add 40 mL of Internal standard solution, and mix with a
vortex mixer for at least 23 min. Sonicate the sample for at least 5 min, pass an aliquot
through a suitable filter of 0.45-µm pore size, and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 5-cm; 5-µm packing L1
Flow rate: 2.1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for ethinyl estradiol, (Z)-norgestimate, (E)norgestimate, and dibutyl phthalate are about 0.5, 1.0, 1.2, and 1.5, respectively.]
Suitability requirements
Resolution: NLT 1.5 between (Z)-norgestimate and (E)-norgestimate
Relative standard deviation: NMT 2.0% for the peak response ratio of ethinyl
estradiol, (Z)-norgestimate, and (E)-norgestimate to dibutyl phthalate
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ethinyl estradiol (C20 H24 O2 ) in the
portion of Tablets taken:
Result = (RUE/RSE) × (CSE/CUE) × 100
RUE = ratio of the peak responses of ethinyl estradiol to dibutyl phthalate from the
Sample solution
RSE = ratio of the peak responses of ethinyl estradiol to dibutyl phthalate from the
Standard solution
CSE = concentration of USP Ethinyl Estradiol RS in the Standard solution (mg/mL)
CUE = nominal concentration of ethinyl estradiol in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of norgestimate (C23 H31 NO3 ) in the portion
of Tablets taken:
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Result = (CSN/CUN) × [PA(RUA/RSA) + PS(RUS/RSS)] × 100
CSN = concentration of USP Norgestimate RS in the Standard solution (mg/mL)
CUN = nominal concentration of norgestimate in the Sample solution (mg/mL)
PA = fraction of (E)-norgestimate in USP Norgestimate RS
RUA = ratio of the peak responses of (E)-norgestimate to dibutyl phthalate from the
Sample solution
RSA = ratio of the peak responses of (E)-norgestimate to dibutyl phthalate from the
Standard solution
PS = fraction of (Z)-norgestimate in the USP Norgestimate RS
RUS = ratio of the peak responses of (Z)-norgestimate to dibutyl phthalate from the
Sample solution
RSS = ratio of the peak responses of (Z)-norgestimate to dibutyl phthalate from the
Standard solution
Calculate the ratio of the content of (Z)-norgestimate to ethinyl estradiol in the portion of
Tablets taken, for use in the test for Organic Impurities:
CZ/CE = [(CSN × PS) × (RUS/RSS)]/[CSE(RUE/RSE)]
The terms are as defined above.
Mobile phase: Acetonitrile, tetrahydrofuran, and water (50:5:45)
Diluent: Methanol and water (50:50)
Standard stock solution 1: 0.12 mg/mL of USP Norgestimate RS in methanol
Standard stock solution 2: 0.01 mg/mL of USP Ethinyl Estradiol RS in methanol
Standard solution: Prepare as follows solutions of USP Norgestimate RS and USP Ethinyl
Estradiol RS in Diluent at concentrations as given in Table 1. Transfer a suitable volume of
Standard stock solution 1 and Standard stock solution 2 into a suitable volumetric flask.
Add 10% of Diluent, and dilute with methanol to volume.
Strength of Tablet
Norgestimate/Ethinyl Estradiol
(mg/mg)
0.180/0.035
0.215/0.035
0.250/0.035
0.180/0.025
0.215/0.025
0.250/0.025

Table 1
Concentration
of Norgestimate
(mg/mL)
0.014
0.017
0.020
0.014
0.017
0.020

Concentration
of Ethinyl Estradiol
(mg/mL)
0.003
0.003
0.003
0.002
0.002
0.002

Sample solution: Transfer Tablets (NLT 20) to a suitable volumetric flask. Add 10% of the
total volume of Diluent, and sonicate to disperse. Add 55% of the total volume of
methanol and sonicate for 10 min with intermittent shaking. Maintain the sonicator
temperature with cold water. Equilibrate to room temperature and dilute with methanol to
volume. Centrifuge the resulting solution and use the clear supernatant. Dilute with
methanol, if necessary, to obtain a solution of nominal concentrations of norgestimate and
ethinyl estradiol similar to those of the Standard solution. [Note—The use of a centrifuge
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speed of NLT 3000 rpm for NLT 10 min may be suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 230 nm for norgestimate; 210 nm for ethinyl estradiol. For Identification B,
use a diode array detector in the range of 200–400 nm.
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Autosampler: 10°
Column: 30°
Flow rate: 1 mL/min
Injection volume: 25 µL
Run time: NLT 1.4 times the retention time of (E)-norgestimate
System suitability
Sample: Standard solution
[Note—The relative retention times for ethinyl estradiol, (Z)-norgestimate and (E)norgestimate are about 0.4, 1.0, and 1.1, respectively.]
Suitability requirements
Resolution: NLT 1.5 between (Z)-norgestimate and (E)-norgestimate
Tailing factor: NMT 2.0 for (Z)-norgestimate, (E)-norgestimate, and ethinyl estradiol
Relative standard deviation: NMT 2.0% for (Z)-norgestimate, (E)-norgestimate, and
ethinyl estradiol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of norgestimate (C23 H31 NO3 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = sum of the peak responses at 230 nm of (Z)-norgestimate and (E)-norgestimate
from the Sample solution
rS = sum of the peak responses at 230 nm of (Z)-norgestimate and (E)-norgestimate
from the Standard solution
CS = concentration of USP Norgestimate RS in the Standard solution (mg/mL)
CU = nominal concentration of norgestimate in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of ethinyl estradiol (C20 H24 O2 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response at 210 nm of ethinyl estradiol from the Sample solution
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rS = peak response at 210 nm of ethinyl estradiol from the Standard solution
CS = concentration of USP Ethinyl Estradiol RS in the Standard solution (mg/mL)
CU = nominal concentration of ethinyl estradiol in the Sample solution (mg/mL)
USP43

Acceptance criteria
Norgestimate: 90.0%–110.0%
Ethinyl estradiol: 90.0%–110.0%
PERFORMANCE TESTS
Delete the following:
Disintegration 〈701〉: 15 min

USP43

Add the following:
• Dissolution 〈711〉
Medium: 0.05% polysorbate 20; 600 mL
Apparatus 2: 75 rpm
Times: 20 min for Tablets labeled to contain 0.180 mg of norgestimate and 0.025 mg of
ethinyl estradiol, 0.215 mg of norgestimate and 0.025 mg of ethinyl estradiol, 0.250 mg of
norgestimate and 0.025 mg of ethinyl estradiol, 0.180 mg of norgestimate and 0.035 mg of
ethinyl estradiol, and 0.215 mg of norgestimate and 0.035 mg of ethinyl estradiol; and 30
min for Tablets labeled to contain 0.250 mg of norgestimate and 0.035 mg of ethinyl
estradiol
Mobile phase: Acetonitrile and water (50:50)
Standard stock solution A: 0.025 mg/mL of USP Norgestimate RS prepared as follows.
Initially dissolve in acetonitrile to 5% of the final volume and dilute with Mobile phase to
volume.
Standard stock solution B: 0.0035 mg/mL of USP Ethinyl Estradiol RS prepared as follows.
Initially dissolve in acetonitrile to 1% of the final volume and dilute with Mobile phase to
volume.
Standard solution: (L1 /600) mg/mL of USP Norgestimate RS and (L2 /600) mg/mL of USP
Ethinyl Estradiol RS in Medium from Standard stock solution A and Standard stock solution
B, where L1 is the label claim of norgestimate in mg/Tablet, and L2 is the label claim of
ethinyl estradiol in mg/Tablet.
Sample solution: Pass a portion of the solution under test through a suitable filter. Discard
the first 5 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm for norgestimate; spectrofluorometric with an excitation
wavelength of 285 nm and an emission wavelength of 310 nm for ethinyl estradiol
Column: 4.6-mm × 15-cm; 5-µm packing L11
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Temperatures
Autosampler: 20°
Column: 30°
Flow rate: 1 mL/min
Injection volume: 100 µL
Run time: NLT 2.4 times the retention time of ethinyl estradiol
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for norgestimate and ethinyl estradiol
Relative standard deviation: NMT 2.0% for norgestimate and ethinyl estradiol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of norgestimate (C23 H31 NO3 ) or ethinyl
estradiol (C20 H24 O2 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU = peak response of norgestimate or ethinyl estradiol from the Sample solution
rS = peak response of norgestimate or ethinyl estradiol from the Standard solution
CS = concentration of USP Norgestimate RS or USP Ethinyl Estradiol RS in the Standard
solution (mg/mL)
V = volume of Medium, 600 mL
L = label claim (mg/Tablet)
Tolerances: For Tablets labeled to contain 0.180 mg of norgestimate and 0.025 mg of
ethinyl estradiol, 0.215 mg of norgestimate and 0.025 mg of ethinyl estradiol, 0.250 mg of
norgestimate and 0.025 mg of ethinyl estradiol, 0.180 mg of norgestimate and 0.035 mg of
ethinyl estradiol, and 0.215 mg of norgestimate and 0.035 mg of ethinyl estradiol: NLT
80% (Q) of the labeled amounts of norgestimate (C23 H31 NO3 ) and ethinyl estradiol
(C20 H24 O2 ) is dissolved in 20 min. For Tablets labeled to contain 0.250 mg of norgestimate
and 0.035 mg of ethinyl estradiol: NLT 80% (Q) of the labeled amounts of norgestimate
(C23 H31 NO3 ) and ethinyl estradiol (C20 H24 O2 ) is dissolved in 30 min. USP43
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
Change to read:
• Organic Impurities
Mobile phase, Standard solution, and Sample solution: Prepare as directed in the
Assay.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: 254 nm
Column: 4.6-mm × 5-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection size: 50 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for ethinyl estradiol, (Z)-norgestimate, and (E)norgestimate are about 0.5, 1.0, and 1.2, respectively.]
Suitability requirements
Resolution: NLT 1.5 between (Z)-norgestimate and (E)-norgestimate
Relative standard deviation: NMT 2.0% for the (Z)-norgestimate and (E)norgestimate peaks
Analysis
Sample: Sample solution
Calculate the percentage of any impurity having a relative retention time of about 0.2 or
0.4, relative to the (Z)-norgestimate peak, and detected at 254 nm in the portion of
Tablets taken:
Result = (rU/rZ) × (CZ/CE) × F × 100
rU
= peak response for each impurity
rZ
= peak response for (Z)-norgestimate
CZ/CE = ratio of (Z)-norgestimate to ethinyl estradiol, as defined in the Assay
F
= relative response factor of these impurities, 1.54
Acceptance criteria: The sum of the impurities having relative retention times of about 0.2
and 0.4 is NMT 4.0%.
Solution A: Tetrahydrofuran and water (1:100)
Solution B: Acetonitrile
Mobile phase: See Table 2.
Time
(min)
0.01
36
45
52
60
70

Table 2
Solution A
(%)
60
60
30
30
60
60

Diluent: Acetonitrile and water (80:20)

Solution B
(%)
40
40
70
70
40
40
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System suitability solution: 0.75 mg/mL of USP Norgestimate RS and 0.1 mg/mL of USP
Ethinyl Estradiol RS in Diluent. Sonicate to dissolve as needed.
Sensitivity solution: 0.54 µg/mL of USP Norgestimate RS and 0.08 µg/mL of USP Ethinyl
Estradiol RS in Diluent
Standard solution: 3.75 µg/mL of USP Norgestimate RS and 0.5 µg/mL of USP Ethinyl
Estradiol RS from the System suitability solution in Diluent
Sample solution: Transfer Tablets (NLT 30) to a suitable volumetric flask. Add 20% of the
total volume of water and sonicate to disperse. Add 40% of the total volume acetonitrile
and sonicate for 15 min with intermittent shaking. Dilute with acetonitrile to volume to
obtain solutions of nominal concentrations stated in Table 3 and pass through a suitable
filter.
Tablet Strength
Norgestimate/Ethinyl
Estradiol
(mg/mg)
0.180/0.035
0.215/0.035
0.250/0.035
0.180/0.025
0.215/0.025
0.250/0.025

Table 3
Nominal
Concentration
of Norgestimate
(µg/mL)
540
630
750
540
630
750

Nominal
Concentration
of Ethinyl Estradiol
(µg/mL)
110
110
110
80
80
80

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 242 nm for norgestimate; 210 nm for ethinyl estradiol
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 4 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between (Z)-norgestimate and (E)-norgestimate at 242 nm,
System suitability solution
Tailing factor: NMT 2.0 for (Z)-norgestimate and ethinyl estradiol, System suitability
solution
Relative standard deviation: NMT 5.0% for both norgestimate and ethinyl estradiol,
Standard solution
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Signal-to-noise ratio: NLT 10 for both norgestimate and ethinyl estradiol, Sensitivity
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product related to norgestimate and other
unknown degradation products in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response at 240 nm of each degradation product from the Sample solution
rS = sum of the peak responses at 240 nm of (Z)-norgestimate and (E)-norgestimate
from the Standard solution
CS = concentration of USP Norgestimate RS in the Standard solution (µg/mL)
CU = nominal concentration of norgestimate in the Sample solution (µg/mL)
F = relative response factor (see Table 4)
Calculate the percentage of each degradation product related to ethinyl estradiol in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response at 210 nm of each degradation product from the Sample solution
rS = peak response at 210 nm of ethinyl estradiol from the Standard solution
CS = concentration of USP Ethinyl Estradiol RS in the Standard solution (µg/mL)
CU = nominal concentration of ethinyl estradiol in the Sample solution (µg/mL)
F = relative response factor (see Table 4)
Acceptance criteria: See Table 4. The reporting threshold is 0.10%.
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Table 4
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Name
Ethinyl estradiol related compound
Ba
0.28
1.3
1.0
Ethinyl estradiol
0.32
—
—
—
—
Estroneb
0.36
—
—
17β-Ethinyl estradiolc
0.43
—
—
(E)-Norelgestromind
0.50
—
—
(Z)-Norelgestromine
0.53
—
—
Levonorgestrelf
0.64
—
—
(Z)-Norgestimateg
1.00
—
—
(E)-Norgestimateh
1.01
Levonorgestrel acetatei
1.03
0.93
3.0
Unspecified degradation product
—
1.00
1.0
Total impurities
—
—
5.0
a 19-Nor-17α-pregna-1,3,5(10),9(11)-tetraen-20-yne-3,17-diol.
b 3-Hydroxyestra-1,3,5(10)-trien-17-one.
c 19-Nor-17β-pregna-1,3,5(10)-trien-20-yne-3,17-diol.
d (E)-13-Ethyl-17-hydroxy-18,19-dinor-17α-pregn-4-en-20-yn-3-one oxime.
e (Z)-13-Ethyl-17-hydroxy-18,19-dinor-17α-pregn-4-en-20-yn-3-one oxime.
f 13-Ethyl-17-hydroxy-18,19-dinor-17α-pregn-4-en-20-yn-3-one.
g (Z)-13-Ethyl-17-hydroxy-18,19-dinor-17α-pregn-4-en-20-yn-3-one oxime acetate
(ester).
h (E)-13-Ethyl-17-hydroxy-18,19-dinor-17α-pregn-4-en-20-yn-3-one oxime acetate
(ester).
i 13-Ethyl-17-hydroxy-18,19-dinor-17α-pregn-4-en-20-yn-3-one acetate (ester).
USP43

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. Protect from light.
• USP Reference Standards 〈11〉
USP Ethinyl Estradiol RS
USP Norgestimate RS
Recent Official Publications:
USP42–NF37 Page 3179
BRIEFING

USP43
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Oxprenolol Hydrochloride Extended-Release Tablets, USP 41 page 3089. It is proposed
to omit this monograph for the following reasons:
1. No drug products formulated as defined under Oxprenolol Hydrochloride ExtendedRelease Tablets are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C205573
Comment deadline: January 31, 2019
Delete the following:
Oxprenolol Hydrochloride Extended-Release Tablets

» Oxprenolol Hydrochloride Extended-Release Tablets contain not less than
90.0 percent and not more than 110.0 percent of the labeled amount of
oxprenolol hydrochloride (C 15 H 23 NO 3 ·HCl).
Packaging and storage—Preserve in well-closed, light-resistant containers.
USP Reference standards 〈11〉—
USP Oxprenolol Hydrochloride RS
Identification—Tablets respond to the Identification test under Oxprenolol Hydrochloride
Tablets.
Dissolution 〈711〉—
Acid medium: 0.1 N hydrochloric acid; 900 mL.
Dissolution medium: simulated intestinal fluid TS (without enzyme); 900 mL.
Apparatus 1: 100 rpm.
Times: 1 hour in Acid medium; 1, 3, and 7 hours in Dissolution medium.
Procedure— Determine the amount of C15 H23 NO3 ·HCl dissolved from UV absorbances at the
wavelength of maximum absorption at about 272 nm on the first solution under test, suitably
diluted with Acid medium, in comparison with a Standard solution having a known concentration
of USP Oxprenolol Hydrochloride RS in the same medium. Promptly transfer the basket
containing the Tablet to Dissolution medium. After 1, 3, and 7 hours, respectively, remove 9.0
mL of the test solution and determine the amount of C15 H23 NO3 ·HCl dissolved from UV
absorbances at the wavelength of maximum absorption at about 272 nm on the solution under
test, suitably diluted with Dissolution medium, in comparison with a Standard solution having a
known concentration of USP Oxprenolol Hydrochloride RS in the same medium. [Note—Replace
the aliquots withdrawn for analysis with fresh portions of Dissolution medium.]
Tolerances— The percentages of the labeled amount of C15 H23 NO3 ·HCl dissolved at the times
specified conform to Acceptance Table 2.
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1,
1,
3,
7,

Time (hours)
in Acid medium
in Dissolution medium
in Dissolution medium
in Dissolution medium

Amount dissolved
between 15% and 45%
between 30% and 60%
between 50% and 80%
not less than 75%

Uniformity of dosage units 〈905〉: meet the requirements.
Procedure for content uniformity— Proceed as directed for Procedure for the content
uniformity in the test for Uniformity of dosage units under Oxprenolol Hydrochloride Tablets.
Assay—Determine the mean value of the C15 H23 NO3 ·HCl contents of the Tablets as directed
for Uniformity of dosage units under Oxprenolol Hydrochloride Tablets. USP43
Recent Official Publications:
USP42–NF37 Page 3293
BRIEFING
Oxycodone and Acetaminophen Capsules, USP 41 page 3107. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Oxycodone and Acetaminophen Capsules
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM2: M. Puderbaugh.)
Correspondence Number—C205576
Comment deadline: January 31, 2019
Delete the following:
Oxycodone and Acetaminophen Capsules
DEFINITION
Oxycodone and Acetaminophen Capsules contain Oxycodone Hydrochloride and Acetaminophen,
or Oxycodone Hydrochloride, Oxycodone Terephthalate, and Acetaminophen. Capsules contain
NLT 90.0% and NMT 110.0% of the labeled amounts of oxycodone hydrochloride or oxycodone
hydrochloride and oxycodone terephthalate, calculated as total oxycodone (C18 H21 NO4 ), and
NLT 90.0% and NMT 110.0% of the labeled amount of acetaminophen (C8 H9 NO2 ).
IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution A: 0.5 mg/mL of USP Oxycodone RS in a mixture of methanol and water
(4:1)
Standard solution B: 0.5J mg/mL of USP Acetaminophen RS in a mixture of methanol and
water (4:1). [Note—J is the ratio of the labeled amount, in mg, of acetaminophen to the
labeled amount, in mg, of oxycodone per Capsule.]

PF 44(6): Nov.-Dec. 2018

478

Sample solution: Nominally equivalent to 0.5 mg/mL of oxycodone from Capsules in a
mixture of methanol and water (4:1). Sonicate for 5 min, and shake by mechanical means
for 15 min. Allow to settle, and use the clear supernatant.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of silica gel mixture
Application volume: 20 µL
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (4:1:2)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed in the chapter. Develop the chromatogram until the solvent front has
moved about three-fourths of the length of the plate. Mark the solvent front, and allow
the plate to air-dry for about 30 min. Expose the plate to iodine vapors in a closed
chamber, and locate the spots.
Acceptance criteria: The RF values of the principal spots from the Sample solution
correspond to those from the respective Standard solutions.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Methanol and 0.05 M dibasic potassium phosphate (1:9). Adjust with
phosphoric acid to a pH of 4.0.
Buffer: 0.95 mg/mL of monobasic potassium phosphate in water, phosphoric acid, and nnonylamine (1000:1:1). Prepare as follows: Add 950 mg of monobasic potassium
phosphate to 1000 mL of water. Add 1 mL of phosphoric acid, and stir until dissolved.
While stirring, add 1 mL of n-nonylamine, and stir until a clear solution is obtained. Adjust
with potassium hydroxide TS to a pH of 4.9 ± 0.1.
Mobile phase: Methanol and Buffer (1:9)
Oxycodone standard stock solution: 0.075 mg/mL of USP Oxycodone RS in Solution A
Standard stock solution: 0.03J mg/mL of USP Acetaminophen RS and 0.03 mg/mL of USP
Oxycodone RS in Solution A. Prepare by adding 40% of the flask volume of Solution A to
the appropriate quantity of USP Acetaminophen RS, and then adding 40% of the flask
volume of Oxycodone standard stock solution and diluting with Solution A to volume.
[Note—J is the ratio of the labeled amount of acetaminophen, in mg, to that of oxycodone
equivalent.]
Standard solution: 0.003J mg/mL of USP Acetaminophen RS and 0.003 mg/mL of USP
Oxycodone RS in Mobile phase from Standard stock solution
Sample stock solution: Nominal equivalent of 0.03 mg/mL of oxycodone, from Capsules
(NLT 20), in Solution A in a suitable container. Shake by mechanical means for 1 h.
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Sample solution: 0.003 mg/mL of oxycodone in Mobile phase from Sample stock solution.
Pass the resulting solution through a membrane filter of 0.5-µm or finer pore size,
discarding the first 10 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40°
Flow rate: 2 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for oxycodone and acetaminophen are about 0.6 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 2.4 between acetaminophen and oxycodone
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxycodone (C18 N21 NO4 ) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of oxycodone from the Sample solution
rS = peak response of oxycodone from the Standard solution
CS = concentration of USP Oxycodone RS in the Standard solution (mg/mL)
CU = nominal concentration of oxycodone in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of acetaminophen (C8 H9 NO2 ) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of acetaminophen from the Sample solution
rS = peak response of acetaminophen from the Standard solution
CS = concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
CU = nominal concentration of acetaminophen in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amounts of oxycodone hydrochloride
or oxycodone hydrochloride and oxycodone terephthalate, calculated as total oxycodone
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(C18 H21 NO4 ), and 90.0%–110.0% of the labeled amount of acetaminophen (C8 H9 NO2 )
PERFORMANCE TESTS
• Dissolution, Procedure for a Pooled Sample〈711〉
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Sample solution: Sample per Dissolution 〈711〉. Dilute with Medium as needed.
Analysis: Determine the amounts of oxycodone (C18 H21 NO4 ) and acetaminophen
(C8 H9 NO2 ) dissolved, using the procedure in the Assay, making any necessary volumetric
adjustments, including adjusting the solution under test to a pH of about 5.5 before
injecting.
Tolerances: NLT 75% (Q) of the labeled amounts of oxycodone (C18 H21 NO4 ) and
acetaminophen (C8 H9 NO2 ) is dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 〈11〉
USP Acetaminophen RS
USP Oxycodone RS
USP43

Recent Official Publications:
USP42–NF37 Page 3313
BRIEFING
Oxymetholone, USP 41 page 3115. As part of the USP monograph modernization initiative,
it is proposed to make the following changes:
1. Revise the infrared absorption test in Identification A to allow more flexibility to the
users.
2. Replace the UV procedure in Identification B with the retention time agreement from the
proposed Assay.
3. Replace the current thin-layer chromatographic UV procedure in the Assay with a
specific chromatographic procedure. The procedure is based on analyses performed with
the Zorbax Rx-C18 brand of column with L1 packing. The typical retention time of
oxymetholone is about 8 min.
4. Add a stability-indicating test for Organic Impurities with a GC procedure. The
procedure is based on analyses performed with the DB-5MS brand of fused-silica column
with phase G27 manufactured by Agilent. The typical retention time of oxymetholone is
about 24 min. Alternatively, an Rxi-5Sil MS brand of fused-silica column with phase G27
manufactured by Restek may be suitable as well.
5. Delete the nonspecific tests for Melting Range or Temperature and Completeness of
Solution because there are sufficient tests in the monograph to ensure the quality of
the drug substance.
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6. Add USP Oxymetholone Related Compound B RS to the USP Reference Standards section
to support the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.-H. Yeh.)
Correspondence Number—C160781
Comment deadline: January 31, 2019
Oxymetholone

C21 H32 O3

332.48

Androstan-3-one, 17-hydroxy-2-(hydroxymethylene)-17-methyl-, (5α,17β)-;
17β-Hydroxy-2-(hydroxymethylene)-17α-methyl-5α-androstan-3-one
[434-07-1].
DEFINITION
Oxymetholone contains NLT 97.0% and NMT 103.0% of oxymetholone (C21 H32 O3 ), calculated
on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉 or 〈197A〉
USP43

Delete the following:
• B. Ultraviolet Absorption 〈197U〉
Sample solution: 10 µg/mL in 0.01 N methanolic sodium hydroxide
Acceptance criteria: Meets the requirements USP43
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
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Change to read:
• Procedure
Diluent: Alcohol and chloroform (50:50)
Standard solution: Prepare as directed in Single-Steroid Assay 〈511〉, using USP
Oxymetholone RS.
Sample solution: Dissolve 20 mg of Oxymetholone, previously dried, in Diluent, and dilute
with Diluent to 10.0 mL.
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum at about 315 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in Single-Steroid Assay 〈511〉, Procedure through the third sentence of
the second paragraph (ending with “50-mL centrifuge tube”), except use the Standard
solution and the Sample solution in place of the Standard Preparation and the Assay
Preparation, respectively. Use a mixture of benzene and alcohol (98:2) as the Solvent. To
each tube add 25.0 mL of 0.01 N alcoholic sodium hydroxide, and shake for NLT 2 min.
Centrifuge the tubes for 5 min, and determine the absorbances of the supernatants
against the blank.
Calculate the percentage of oxymetholone (C21 H32 O3 ) in the portion of Oxymetholone
taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Oxymetholone RS in the Standard solution (mg/mL)
CU = concentration of Oxymetholone in the Sample solution (mg/mL)
[Note—Protect solutions containing oxymetholone from light.]
Diluted acetic acid: Dilute 2 mL of glacial acetic acid with 1 L of water.
Mobile phase: Tetrahydrofuran, acetonitrile, and Diluted acetic acid (32:12:56)
Standard solution: 0.1 mg/mL of USP Oxymetholone RS, prepared as follows. Dissolve a
suitable amount of the material with 50% of the flask volume of acetonitrile in an
appropriate volumetric flask. Sonicate until completely dissolved. Dilute with water to
volume.
Sample solution: 0.1 mg/mL of Oxymetholone, prepared as directed in the Standard
solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxymetholone (C21 H32 O3 ) in the portion of Oxymetholone
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Oxymetholone RS in the Standard solution (mg/mL)
CU = concentration of Oxymetholone in the Sample solution (mg/mL)
USP43

Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
Add the following:
• Organic Impurities
[Note—Protect solutions containing oxymetholone from light.]
System suitability solution: 0.1 mg/mL of USP Oxymetholone RS and 0.02 mg/mL of USP
Oxymetholone Related Compound B RS in toluene
Sensitivity solution: 0.001 mg/mL of USP Oxymetholone Related Compound B RS in toluene
Standard solution: 0.01 mg/mL of USP Oxymetholone RS in toluene
Sample solution: 1.0 mg/mL of Oxymetholone in toluene
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m capillary; coated with a 0.25-µm film of phase G27
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Temperatures
Injection port: 240°
Detector: 325°
Column: See Table 1.
Table 1
Initial
Temperature
(°)
200

Temperature
Ramp
(°/min)
2

Final
Temperature
(°)
270

Hold Time at Final
Temperature
(min)
5

Carrier gas: Helium
Flow rate: 1.5 mL/min
Injection volume: 2 µL
Injection type: Split ratio, 5:1
[Note—The use of a deactivated inlet liner is recommended.]
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between oxymetholone and oxymetholone related compound B,
System suitability solution
Tailing factor: NMT 1.2 for oxymetholone, Standard solution
Signal-to-noise ratio: NLT 10 for oxymetholone related compound B, Sensitivity
solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Oxymetholone taken:
Result = (rU/F i) × {1/[rT + Σ(rU/F i)]} × 100
rU = peak response of each impurity from the Sample solution
F i = relative response factor for each corresponding impurity (see Table 2)
rT = peak response of Oxymetholone from the Sample solution
Acceptance criteria: See Table 2. The reporting threshold is 0.1%.
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Name

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Dimethylandrostadiola
0.71
1.4
b
Mestanolone
0.76
1.4
Oxymetholone
1.0
—
Oxymetholone related compound B
1.1
1.0
c
2-Formyl-3-methoxy androstanol
1.2
1.1
Any individual unspecified impurity
—
1.0
Total impurities
—
—
a 3α,17α-Dimethyl-5α-androstan-3β,17β-diol.
b 17β-Hydroxy-17α-methyl-5α-androstan-3-one.
c 2-Formyl-3-methoxy-17α-methyl-5α-androsta-2-en-17β-ol.

1.0
1.0
—
1.0
1.0
0.5
2.0

USP43

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature 〈741〉: 172°–180° USP43
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 20 mg/mL in dioxane
Acceptance criteria: +34° to +38°
• Loss on Drying 〈731〉
Analysis: Dry under vacuum over phosphorus pentoxide for 4 h.
Acceptance criteria: NMT 1.0%
Delete the following:
• Completeness of Solution
Sample solution: 20 mg/mL in dioxane
Acceptance criteria: The solution is clear and free from undissolved solid.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 〈11〉
USP Oxymetholone RS
USP Oxymetholone Related Compound B RS
17β-Hydroxy-1-hydroxymethylene-17α-methyl-5α-androstan-3-one.
C21 H32 O3
332.48
USP43

Recent Official Publications:

USP43
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USP42–NF37 Page 3322
BRIEFING
Oxymetholone Tablets, USP 41 page 3115. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1. Replace Identification A, which uses the toxic solvent chloroform for extraction, with a
UV spectrum match from the proposed Assay.
2. Add an orthogonal Identification B with the retention time agreement from the proposed
Assay.
3. Replace the current UV procedure in the Assay with a specific chromatographic
procedure. The procedure is based on analyses performed with the Zorbax Rx-C18 brand
of column with L1 packing. The typical retention time of oxymetholone is about 8 min.
4. Add an equation to the Dissolution test for consistency with current USP style.
5. Delete the UV procedure in the Uniformity of Dosage Units test to allow flexibility to the
users.
6. Add a stability-indicating test for Organic Impurities with a GC procedure. The
procedure is based on analyses performed with the DB-5MS brand of fused-silica column
with phase G27 manufactured by Agilent. The typical retention time of oxymetholone is
about 24 min. Alternatively, an Rxi-5Sil MS brand of fused-silica column with phase G27
manufactured by Restek may be suitable as well.
7. Update the Packaging and Storage section to include the storage temperature for the
drug product.
8. Add USP Oxymetholone Related Compound B RS to the USP Reference Standards section
to support the test for Organic Impurities.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: R.-H. Yeh.)
Correspondence Number—C165109
Comment deadline: January 31, 2019
Oxymetholone Tablets
DEFINITION
Oxymetholone Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
oxymetholone (C21 H32 O3 ).
IDENTIFICATION
Delete the following:
• A. Infrared Absorption
Sample: Nominally 50 mg of oxymetholone from powdered Tablets
Analysis: Mix the Sample with 15 mL of solvent hexane, and stir occasionally for 15 min.
Centrifuge the mixture, and decant and discard the solvent hexane. Extract the residue
with two 10-mL portions of solvent hexane, centrifuging and decanting as before, and
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discard the solvent hexane. Add 25 mL of chloroform to the residue, mix by shaking for
1–2 min, and filter. Evaporate the filtrate to about 3 mL, add a few mL of solvent hexane
to induce crystallization, and evaporate to dryness.
Acceptance criteria: The IR absorption spectrum of a potassium bromide dispersion
prepared from the oxymetholone so obtained, and previously dried, exhibits maxima only at
the same wavelengths as those of a similar preparation of USP Oxymetholone RS,
crystallized from the same solvent mixture. USP43
Add the following:
• A. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Solution A: 4 g/L of sodium hydroxide in methanol
Solution B: 0.4 g/L of sodium hydroxide in methanol from Solution A
Standard solution: 10 µg/mL of USP Oxymetholone RS in Solution B. [Note—The solution is
freshly prepared.]
Sample solution: Nominally 10 µg/mL of Oxymetholone prepared as follows. Transfer the
equivalent of 20 mg of oxymetholone, from NLT 20 powdered Tablets, to a separator. Add
10 mL of water, and extract with three 25-mL portions of chloroform, filtering each
extract through chloroform-washed cotton. Evaporate the combined chloroform extracts
on a steam bath to dryness, reducing the application of heat as dryness is approached.
Dissolve the residue in methanol, transfer to a 100-mL volumetric flask, dilute with
methanol to volume, and mix. Transfer 5.0 mL of the solution to a 100-mL volumetric flask,
add 10 mL of Solution A, and dilute with methanol to volume.
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum at about 315 nm
Cell: 1 cm
Blank: Solution B
Analysis
Samples: Standard solution and Sample solution
Without delay, concomitantly determine the absorbances of the Standard solution and the
Sample solution.
Calculate the percentage of the labeled amount of oxymetholone (C21 H32 O3 ) in the portion
of Tablets taken:
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Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Oxymetholone RS in the Standard solution (µg/mL)
CU = nominal concentration of oxymetholone in the Sample solution (µg/mL)
[Note—Protect solutions containing oxymetholone from light.]
Diluted acetic acid: Dilute 2 mL of glacial acetic acid with 1 L of water.
Mobile phase: Tetrahydrofuran, acetonitrile, and Diluted acetic acid (32:12:56)
Standard solution: 0.1 mg/mL of USP Oxymetholone RS, prepared as follows. Dissolve an
appropriate amount of the material with 50% of the final flask volume of acetonitrile in a
suitable volumetric flask. Sonicate until completely dissolved. Dilute with water to volume.
Sample solution: Nominally 0.1 mg/mL of oxymetholone, prepared as follows. Transfer a
suitable amount of finely powdered Tablets (NLT 20) to an appropriate volumetric flask.
Add 50% of the final flask volume of acetonitrile and sonicate for 25 min with periodic
swirling. Dilute with water to volume. Centrifuge a portion of the solution and use the
clear supernatant. [Note—Centrifuging at a speed of 3000 rpm for 10 min may be
suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm. For Identification A, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxymetholone (C21 H32 O3 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
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CS = concentration of USP Oxymetholone RS in the Standard solution (mg/mL)
CU = concentration of oxymetholone in the Sample solution (mg/mL)
USP43

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
Medium: 0.05 M alkaline borate buffer, pH 8.5; 900 mL. [Note—See Reagents, Indicators,
and Solutions—Solutions, Buffer Solutions.]
Apparatus 1: 100 rpm
Time: 45 min
Standard solution: USP Oxymetholone RS in Medium. [Note—An amount of acetonitrile not
to exceed 5% of the total volume of the Standard solution may be used to bring the
Reference Standard into solution before dilution with the Medium.]
Sample solution: Pass a portion of the solution under test through a suitable filter, and
dilute with Medium, if necessary, to a concentration that is similar to that of the Standard
solution.
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum at about 313 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of oxymetholone (C21 H32 O3 ) dissolved:
Result = (AU/AS) × CS × D × V × (1/L) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Oxymetholone RS in the Standard solution (mg/mL)
D = dilution factor for the Sample solution, if needed
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
USP43

Tolerances: NLT 75% (Q) of the labeled amount of oxymetholone (C21 H32 O3 ) is dissolved.
Change to read:
• Uniformity of Dosage Units 〈905〉: Meet the requirements
Procedure for content uniformity
Solution A and Solution B: Prepare as directed in the Assay.
Standard solution: 10 µg/mL of USP Oxymetholone RS in Solution B. [Note—The solution
is freshly prepared.]

PF 44(6): Nov.-Dec. 2018

490

Sample solution: Transfer 1 finely powdered Tablet to a 100-mL volumetric flask with
the aid of about 75 mL of methanol. Heat the methanol to boiling, and allow to remain at
a temperature just below the boiling point for 15 min with occasional swirling. Cool to
room temperature, dilute with methanol to volume, and mix. Centrifuge a portion of the
mixture until the solution becomes clear. Transfer a portion of the supernatant,
nominally equivalent to 1 mg of oxymetholone, to a 100-mL volumetric flask. Add 10 mL
of Solution A, and dilute with methanol to volume.
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum at about 315 nm
Cell: 1 cm
Blank: Solution B
Analysis
Samples: Standard solution and Sample solution
Without delay, concomitantly determine the absorbances of the Standard solution and the
Sample solution.
Calculate the percentage of the labeled amount of oxymetholone (C21 H32 O3 ) in the Tablet
taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Oxymetholone RS in the Standard solution (µg/mL)
CU = nominal concentration of oxymetholone in the Sample solution (µg/mL)

USP43

IMPURITIES
Add the following:
• Organic Impurities
[Note—Protect solutions containing oxymetholone from light.]
System suitability solution: 0.1 mg/mL of USP Oxymetholone RS and 0.02 mg/mL of USP
Oxymetholone Related Compound B RS in toluene
Sensitivity solution: 0.001 mg/mL of USP Oxymetholone Related Compound B RS in toluene
Standard solution: 0.02 mg/mL of USP Oxymetholone RS in toluene
Sample solution: Nominally 1.0 mg/mL of oxymetholone, prepared as follows. Transfer a
quantity equivalent to 20 mg of oxymetholone from NLT 5 finely powdered Tablets into a
20-mL volumetric flask. Add 15 mL of toluene and sonicate for 2 min, then shake for
another 20 min. Dilute with toluene to volume. Centrifuge a portion of the solution and use
the clear supernatant. [Note—Centrifuging at a speed of 3000 rpm for 10 min may be
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suitable.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m capillary; coated with a 0.25-µm film of phase G27
Temperatures
Injection port: 240°
Detector: 325°
Column: See Table 1.
Table 1
Initial
Temperature
(°)
200

Temperature
Ramp
(°/min)
2

Final
Temperature
(°)
270

Hold Time at Final
Temperature
(min)
5

Carrier gas: Helium
Flow rate: 1.5 mL/min
Injection volume: 2 µL
Injection type: Split ratio, 5:1
[Note—The use of a deactivated inlet liner is recommended.]
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between oxymetholone and oxymetholone related compound B,
System suitability solution
Tailing factor: NMT 1.2 for oxymetholone, Standard solution
Signal-to-noise ratio: NLT 10 for oxymetholone related compound B, Sensitivity
solution
Analysis
Sample: Sample solution
Calculate the percentage of each degradation product in the portion of Tablets taken:
Result = (rU/F i) × {1/[rT + Σ(rU/F i)]} × 100
rU = peak response of each degradation product from the Sample solution
F i = relative response factor for each corresponding degradation product (see Table 2)
rT = peak response of oxymetholone from the Sample solution
Acceptance criteria: See Table 2.
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Name
Dimethylandrostadiola,b
Mestanolonec
Oxymetholone
Oxymetholone related compound Ba

Table 2
Relative
Retention
Time
0.71
0.76
1.0
1.1
1.2

Relative
Response
Factor
—
1.4
—
—
—

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

2-Formyl-3-methoxy androstanola,d
Any individual unspecified degradation
—
1.0
0.5
product
Total degradation products
—
—
2.0
a Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance, and are not to be reported or included in the total
impurities for the drug product.
b 3α,17α-Dimethyl-5α-androstan-3β,17β-diol.
c 17β-Hydroxy-17α-methyl-5α-androstan-3-one.
d 2-Formyl-3-methoxy-17α-methyl-5α-androsta-2-en-17β-ol.
USP43

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. USP43
Change to read:
• USP Reference Standards 〈11〉
USP Oxymetholone RS
USP Oxymetholone Related Compound B RS
17β-Hydroxy-1-hydroxymethylene-17α-methyl-5α-androstan-3-one.
C21 H32 O3
332.48
USP43

Recent Official Publications:
USP42–NF37 Page 3323
BRIEFING
Paclitaxel Injection, USP 41 page 3136. As part of USP monograph modernization efforts,
the following revisions are proposed:
1. Replace Identification A, a retention time agreement based on the Organic Impurities
test, with an identification test based on the UV spectrum agreement, as obtained in
the Assay.
2. Update the Detector in the Chromatographic system in the Assay to support the
addition of Identification A.
3. Add paclitaxel to the Relative standard deviation requirement in the Organic Impurities
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test for clarification.
Add the chemical names of the impurities to Table 2.
Update the Bacterial Endotoxins Test to delete the numerical limit and refer to the
Bacterial Endotoxins Test 〈85〉 for the calculation of limits.
Update the Packaging and Storage section to reflect the package insert.
Update the USP Reference Standards section to add the chemical formula and molecular
weight of USP Paclitaxel Related Compound B RS.

Additionally, minor editorial changes have been made to update the monograph to current USP
Style.
(CHM3: B. Almasi.)
Correspondence Number—C187935
Comment deadline: January 31, 2019
Paclitaxel Injection
DEFINITION
Paclitaxel Injection is a sterile, stabilized solution of Paclitaxel, suitable for dilution for
intravenous administration. It contains NLT 90.0% and NMT 110.0% of the labeled amount
of paclitaxel (C47 H51 NO14 ).
IDENTIFICATION
Change to read:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Limit of Degradation Products.
The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Diluent: To a volumetric flask, add 50% of the flask volume of methanol and then add
0.02% of the flask volume of acetic acid, glacial. Dilute with methanol to volume.
Mobile phase: Acetonitrile and water (45:55)
Standard solution: 0.6 mg/mL of USP Paclitaxel RS in Diluent
Sample solution: Nominally 0.6 mg/mL of paclitaxel from Injection in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 227 nm.
For Identification A, use a diode array detector in the range of 200–400 nm.
Column: 4.0-mm × 25-cm; 5-µm packing L43
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Retention time: 6.0–10.0 min
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution

USP43

Calculate the quantity, in mg, of paclitaxel in each mL of the Injection taken:
Calculate the percentage of the labeled amount of paclitaxel (C47 H51 NO14 ) in the
portion of Injection taken: USP43
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of paclitaxel from the Sample solution
rS = peak response of paclitaxel from the Standard solution
CS = concentration of USP Paclitaxel RS in the Standard solution (mg/mL)
CU = nominal concentration of paclitaxel in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Procedure: Limit of Degradation Products
Organic Impurities USP43
Solution A: Acetonitrile and water (40:60)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
26
66
67
75

Table 1
Solution A
(%)
100
100
17
100
100

Solution B
(%)
0
0
83
0
0

Standard solution: 1.2 mg/mL of USP Paclitaxel RS and 0.006 mg/mL of USP Paclitaxel
Related Compound B RS in acetonitrile
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Sample solution: Nominally 1.2 mg/mL of paclitaxel from Injection in acetonitrile
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 227 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 35°
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.2 between the paclitaxel related compound B and paclitaxel peaks
Relative standard deviation: NMT 2.0%
for paclitaxel USP43
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of paclitaxel related compound B from the Standard solution
CS = concentration of USP Paclitaxel Related Compound B RS in the Standard solution
(mg/mL)
CU = nominal concentration of paclitaxel in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
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Table 2

Name

Relative
Retention
Time

Acceptance
Criteria, NMT (%)

Baccatin III
a

USP43

0.19

0.8

0.21

0.4

0.50

0.8

0.95

0.5

Ethyl ester side chain
b

USP43

10-Deacetylpaclitaxel
c

USP43

10-Deacetyl-7-epipaclitaxel
USP43

Paclitaxel related compound B
Paclitaxel USP43
7-Epipaclitaxel
d

USP43

Any other degradation product
Total degradation products

1.0 USP43
1.40
USP43

—
—

—

USP43

0.6
0.1
2.0

a (2aR,4S,4aS,6R,9S,11S,12S,12aR,12bS)-12-(Benzoyloxy)-4,9,11-trihydroxy4a,8,13,13-tetramethyl-5-oxo-3,4,4a,5,6,9,10,11,12,12a-decahydro-1H-7,11methanocyclodeca[3,4]benzo[1,2-b]oxete-6,12b(2aH)-diyl diacetate.
b Ethyl (2R,3S)-3-benzamido-2-hydroxy-3-phenylpropanoate.
c (2aR,4S,4aS,6R,9S,11S,12S,12bS)-12b-Acetoxy-9-(((2R,3S)-3-benzamido-2hydroxy-3-phenylpropanoyl)oxy)-4,6,11-trihydroxy-4a,8,13,13-tetramethyl-5-oxo2a,3,4,4a,5,6,9,10,11,12,12a,12b-dodecahydro-1H-7,11methanocyclodeca[3,4]benzo[1,2-b]oxet-12-yl benzoate.
d (2aR,4R,4aS,6R,9S,11S,12S,12bS)-9-(((2R,3S)-3-Benzamido-2-hydroxy-3phenylpropanoyl)oxy)-12-(benzoyloxy)-4,11-dihydroxy-4a,8,13,13-tetramethyl-5-oxo3,4,4a,5,6,9,10,11,12,12a-decahydro-1H-7,11methanocyclodeca[3,4]benzo[1,2-b]oxete-6,12b(2aH)-diyl diacetate. USP43
SPECIFIC TESTS
Change to read:
• Bacterial Endotoxins Test 〈85〉: NMT 0.67 USP Endotoxin Unit/mg of paclitaxel
Meets the requirements USP43
• pH 〈791〉
Sample: 1 in 10
Acceptance criteria: 3.0–7.0
• Other Requirements: It meets the requirements in Injections and Implanted Drug Products
〈1〉.
ADDITIONAL REQUIREMENTS
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Change to read:
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, at controlled room temperature.
Protect from light. USP43
• Labeling: Label it to indicate that it is to be diluted with a suitable parenteral vehicle before
intravenous infusion.
Change to read:
• USP Reference Standards 〈11〉
(CN 1-May-2018)

USP Paclitaxel RS
USP Paclitaxel Related Compound B RS
10-Deacetyl-7-epipaclitaxel.
C45 H49 O13 N
811.87
Recent Official Publications:
USP42–NF37 Page 3344

USP43

BRIEFING
Parachlorophenol, USP 41 page 3164. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated with Parachlorophenol are currently marketed in the United
States.
2. Drug products containing Parachlorophenol are currently not used in veterinary medicine
in the United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C205582
Comment deadline: January 31, 2019
Delete the following:
Parachlorophenol

C6 H5 ClO

128.56

Phenol, 4-chloro-;
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[106-48-9].

DEFINITION
Parachlorophenol contains NLT 99.0% and NMT 100.5% of parachlorophenol (C6 H5 ClO).
IDENTIFICATION
• A.
Sample solution: 10 mg/mL of Parachlorophenol
Analysis: Add bromine TS dropwise to the Sample solution.
Acceptance criteria: A white precipitate is formed; at first it redissolves, but then it
becomes permanent as an excess of the reagent is added.
• B.
Sample solution: 10 mg/mL of Parachlorophenol
Analysis: Add 1 drop of ferric chloride TS to 10 mL of Sample solution.
Acceptance criteria: The solution acquires a violet-blue color.
• C.
Analysis: Heat a few crystals, held on a copper wire, in the edge of a nonluminous flame.
Acceptance criteria: A green color is imparted to the flame.
• D.
Sample: 1 g of Parachlorophenol
Analysis: Mix the Sample and 5 mL of sodium hydroxide solution (1 in 3), then add 1.5 g of
monochloroacetic acid. Shake, and heat on a steam bath for 1 h. Cool, dilute with 15 mL
of water, and acidify with hydrochloric acid. Extract with 50 mL of ether, wash the ether
solution with 10 mL of cold water, then extract the ether solution with 25 mL of sodium
carbonate solution (1 in 20). Acidify the solution with hydrochloric acid, collect the
resulting precipitate on a filter, and recrystallize it from hot water.
Acceptance criteria: The resulting parachlorophenoxyacetic acid melts between 154° and
158°.
ASSAY
• Procedure
Sample: 1 g of Parachlorophenol
Titrimetric system
(See Titrimetry 〈541〉.)
Mode: Residual titration
Titrant: 0.1 N bromine VS
Back-titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 500-mL volumetric flask, and dissolve and dilute with
water to volume. Transfer a 25.0-mL portion of the solution to an iodine flask, cool in an
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ice bath to 4°, and add 20.0 mL of Titrant. Add 5 mL of hydrochloric acid, and immediately
insert the stopper. Maintain the flask at a temperature of 4° for 30 min, shaking at
frequent intervals. Allow it to stand for 15 min, remove the stopper just sufficiently to
introduce quickly 5 mL of potassium iodide solution (1 in 5), taking care that no bromine
vapor escapes, and at once insert the stopper in the flask. Shake thoroughly, remove the
stopper, and rinse it and the neck of the flask with a small portion of water, allowing the
washings to flow into the flask. Shake the mixture, and titrate the liberated iodine with
Back-titrant, using 3 mL of starch TS as the indicator. Perform a blank determination.
Each mL of 0.1 N bromine is equivalent to 3.214 mg of parachlorophenol (C6 H5 ClO).
Acceptance criteria: 99.0%–100.5%
IMPURITIES
• Limit of Nonvolatile Residue
Sample: 1 g of Parachlorophenol
Analysis: Heat the Sample in a tared container on a steam bath until it is volatilized, and
dry at 105° for 1 h.
Acceptance criteria: NMT 0.1% of residue remains.
• Limit of Chloride
Sample solution: 10 mg/mL of Parachlorophenol
Analysis: Acidify 10 mL of Sample solution with 2 N nitric acid, and add a few drops of
silver nitrate TS.
Acceptance criteria: No turbidity or opalescence is produced.
SPECIFIC TESTS
• Clarity and Reaction of Solution
Sample solution: 10 mg/mL of Parachlorophenol
Acceptance criteria: Solution is clear and is acid to litmus.
• Congealing Temperature 〈651〉: Between 42° and 44°
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Recent Official Publications:
USP42–NF37 Page 3373

USP43

BRIEFING
Piperazine Citrate Tablets, USP 41 page 3334. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Piperazine Citrate Tablets are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM3: M. Puderbaugh.)
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Correspondence Number—C205596
Comment deadline: January 31, 2019
Delete the following:
Piperazine Citrate Tablets

» Piperazine Citrate Tablets contain an amount of piperazine citrate
equivalent to not less than 93.0 percent and not more than 107.0 percent of
the labeled amount of piperazine hexahydrate (C 4 H 10 N 2 ·6H 2 O).
Packaging and storage—Preserve in tight containers.
Identification—
A: Finely powder a number of Tablets, equivalent to about 200 mg of piperazine citrate, mix
with 5 mL of 3 N hydrochloric acid, and filter. To the filtrate add, with stirring, 1 mL of sodium
nitrite solution (1 in 2). Chill in an ice bath for 15 minutes, stirring if necessary, to induce
crystallization, filter the precipitate on a sintered-glass funnel, wash with 10 mL of cold water,
and dry at 105°: the N,N′-dinitrosopiperazine so obtained melts between 156° and 160°.
B: To a quantity of powdered Tablets, equivalent to about 500 mg of piperazine citrate, add 10
mL of water, shake, and filter: the filtrate responds to the tests for Identification
Tests—General 〈191〉, Citrate.
Dissolution 〈711〉, Procedure for a Pooled Sample —
Medium: water; 900 mL.
Apparatus 2: 50 rpm.
Time: 45 minutes.
Procedure— Determine the amount of piperazine hexahydrate (C4 H10 N2 ·6H2 O) dissolved,
employing the procedure set forth in the Assay, making any necessary modifications.
Tolerances— Not less than 75% (Q) of the labeled amount of C4 H10 N2 ·6H2 O is dissolved in 45
minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Assay—Weigh and finely powder not less than 20 Tablets. Shake an accurately weighed
portion of the powder, equivalent to about 200 mg of piperazine citrate, for 1 hour with 10 mL
of a mixture of 1 part of 3 N hydrochloric acid and 3 parts of water, filter, and wash the residue
with two 10-mL portions of water. To the combined extract and washings add 75 mL of
trinitrophenol TS, and proceed as directed in the Assay under Piperazine Citrate Syrup,
beginning with “stir well.” USP43
Recent Official Publications:
USP42–NF37 Page 3548
BRIEFING
Potassium Perchlorate, USP 41 page 3384. It is proposed to omit this monograph for the
following reasons:
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1. No drug products formulated with Potassium Perchlorate are currently marketed in the
United States.
2. Drug products containing Potassium Perchlorate are currently not used in veterinary
medicine in the United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205598
Comment deadline: January 31, 2019
Delete the following:
Potassium Perchlorate

» Potassium Perchlorate contains not less than 99.0 percent and not more
than 100.5 percent of KClO 4 , calculated on the dried basis.
[C AUTION—Great care should be taken in handling Potassium Perchlorate in
solution or in the dry state, as explosions may occur if it is brought into
contact with organic or other readily oxidizable substances.]
Packaging and storage—Preserve in well-closed containers.
Identification—
A: Ignite a small portion of a solution (1 in 10) on a platinum wire in a nonluminous flame: a
transient violet color is imparted to the flame.
B: Add a few drops of methylene blue solution (1 in 1000) to the solution (1 in 10): a violetcolored precipitate is formed.
pH 〈791〉: between 5.0 and 6.5, in a 0.1 M solution.
Loss on drying 〈731〉—Dry it over silica gel for 12 hours: it loses not more than 0.5% of its
weight.
Insoluble substances—Dissolve 20 g in 150 mL of warm water, pass through a tared mediumporosity filtering crucible, and wash with three 50-mL portions of warm water. Dry the residue
at 105° for 3 hours: the weight of the residue does not exceed 1 mg (0.005%).
Chloride and Sulfate 〈221〉—A 5.0-g portion shows no more chloride than corresponds to 0.20
mL of 0.020 N hydrochloric acid (0.003%).
Delete the following:
Heavy metals, Method I 〈231〉: 0.001%. (O fficial 1-Jan-2018)
Limit of sodium—Ignite a small portion of a solution (1 in 10) on a platinum wire in a
nonluminous flame: no pronounced yellow color is imparted to the flame.
Assay—
Mobile phase— Transfer 16.6 g of phthalic acid to a 100-mL volumetric flask, dissolve in and
dilute with methanol to volume, and mix. Transfer 10.0 mL of this solution to a 1000-mL flask,
dilute with water to volume, and mix. Adjust with about 450 mg of lithium hydroxide to a pH of
4.5, filter, and degas.
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Standard preparation— Transfer about 50 mg of potassium perchlorate, accurately weighed, to
a 50-mL volumetric flask, dilute with water to volume, and mix. Transfer 10.0 mL of this solution
to a 100-mL volumetric flask, dilute with water to volume, and mix to obtain a solution having a
known concentration of about 0.1 mg per mL.
Assay preparation— Using about 50 mg of Potassium Perchlorate, accurately weighed, proceed
as directed for the Standard preparation.
Chromatographic system (see Chromatography 〈621〉)—The liquid chromatograph is equipped
with a conductivity detector and a 4.6-mm × 7.5-cm column that contains 6-µm packing L23.
The flow rate is about 1.2 mL per minute. Chromatograph the Standard preparation, and record
the peak responses as directed for Procedure: the tailing factor is not more than 1.5; and the
relative standard deviation for replicate injections is not more than 2.0%.
Procedure— Separately inject equal volumes (about 50 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. Calculate the quantity, in mg, of KClO4 in the portion of
Potassium Perchlorate taken by the formula:
500C(rU / rS)
in which C is the concentration, in mg per mL, of potassium perchlorate in the Standard
preparation; and rU and rS are the peak responses obtained from the Assay preparation and
the Standard preparation, respectively. USP43
Recent Official Publications:
USP42–NF37 Page 3599
BRIEFING
Prednisolone Cream, USP 41 page 3412. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Prednisolone Cream are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205604
Comment deadline: January 31, 2019
Delete the following:
Prednisolone Cream

» Prednisolone Cream contains not less than 90.0 percent and not more than
110.0 percent of the labeled amount of C 21 H 28 O 5 , in a suitable cream base.
Packaging and storage—Preserve in collapsible tubes or in tight containers.
USP Reference standards 〈11〉—
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USP Prednisolone RS
Identification—Evaporate in a test tube to dryness about 5 mL of the dilute solution obtained
in the Assay. Add 2 to 3 mL of warm perchloric acid, mix, and warm on a steam bath for about
2 minutes: a blood-red color develops. Add 5 mL of water: the color is not discharged.
Minimum fill 〈755〉: meets the requirements.
Assay—
Sulfuric acid reagent— Prepare a solution of sulfuric acid, dehydrated alcohol, and water
solution (4:3:3).
Modified phenylhydrazine-sulfuric acid TS— Dissolve 65 mg of phenylhydrazine hydrochloride in
100 mL of Sulfuric acid reagent.
Standard preparation— Dissolve in dehydrated alcohol a suitable quantity, accurately weighed,
of USP Prednisolone RS, and dilute quantitatively and stepwise with dehydrated alcohol to
obtain a solution having a known concentration of about 0.1 mg per mL.
Assay preparation— To an accurately weighed portion of Cream, equivalent to about 20 mg of
prednisolone, add 25 mL of dehydrated alcohol. Warm on a steam bath to disperse the assay
specimen, then chill to congeal it. Filter through paper, previously washed with dehydrated
alcohol, into a 200-mL volumetric flask. Repeat twice more, starting with “add 25 mL of
dehydrated alcohol.” Dilute with dehydrated alcohol to volume. (Retain about 5 mL of this
dilution for the Identification test.)
Procedure— Pipet 2 mL of Assay preparation into each of two 50-mL conical flasks (identify as
Assay preparation and Assay preparation blank). Pipet 2 mL of Standard preparation into each
of two 50-mL conical flasks (identify as Standard preparation and Standard preparation blank).
Pipet 2 mL of dehydrated alcohol into a 50-mL conical flask (identify as Reagent blank). Add
20.0 mL of Sulfuric acid reagent to the Assay preparation blank and to the Standard
preparation blank. Add 20.0 mL of Modified phenylhydrazine-sulfuric acid to the Assay
preparation, to the Standard preparation, and to the Reagent blank, respectively. Maintain the
flasks in a water bath at 60° for about 45 minutes, then chill in a water-ice bath. Filter each
through a fine-porosity, sintered-glass funnel, and identify the filtrate flasks correspondingly.
Concomitantly determine the absorbances of the solutions at the wavelength of maximum
absorbance at about 410 nm, with a suitable spectrophotometer, against dehydrated alcohol.
Calculate the quantity, in mg, of C21 H28 O5 in the portion of Cream taken by the formula:
200C[(AU − AUB − AR) / (AS − ASB − AR)]
in which C is the concentration, in mg per mL, of USP Prednisolone RS in the Standard
preparation, AU and AS are the absorbances of the solutions from the Assay preparation and
the Standard preparation, respectively, AUB and ASB are the absorbances of the solutions from
the Assay preparation blank and the Standard preparation blank, respectively, and AR is the
absorbance of the Reagent blank. USP43
Recent Official Publications:
USP42–NF37 Page 3632
BRIEFING
Prednisolone Acetate, USP 41 page 3413. As part of the USP monograph modernization
effort, it is proposed make the following changes:
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1. Replace the current Organic Impurities test with a specific liquid chromatographic
procedure validated with the Kromasil C18 brand of column with L1 packing. The Buffer
has a pH of around 4. The limits for specified and total impurities are based on the limits
in the corresponding European Pharmacopoeia 9.3 monograph, and the limits for
unspecified impurities are based on ICH guidelines.
2. Replace the procedure for the Assay with the same chromatographic system used in the
Organic Impurities test. The typical retention time for prednisolone acetate is about
16.5 min.
3. Identification A is revised to allow for flexibility for the user.
4. Identification B is revised to replace a non-specific UV test with a specific test based
on the retention time agreement from the proposed Assay.
5. The molecular weight in the chemical information section was updated to conform to
the USAN Dictionary. A chemical structure was also added.
6. Add USP Hydrocortisone Acetate RS and USP Prednisolone RS to the USP Reference
Standards section to support the proposed Assay and Organic Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: C. Chisolm.)
Correspondence Number—C186493
Comment deadline: January 31, 2019
Prednisolone Acetate
Change to read:

USP43

C23 H30 O6
402.49

402.48
USP43

Pregna-1,4-diene-3,20-dione, 21-(acetyloxy)-11,17-dihydroxy-, (11β)-;
11β,17,21-Trihydroxypregna-1,4-diene-3,20-dione 21-acetate
[52-21-1].
DEFINITION
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Prednisolone Acetate contains NLT 97.0% and NMT 102.0% of prednisolone acetate
(C23 H30 O6 ), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉 or 〈197A〉
USP43

Delete the following:
• B. Ultraviolet Absorption 〈197U〉
Standard solution: 10 µg/mL of USP Prednisolone Acetate RS in methanol
Sample solution: 10 µg/mL of Prednisolone Acetate in methanol
Analytical wavelength: 242 nm
Acceptance criteria: Absorptivities, calculated on the dried basis, differ by NMT 2.5%.
USP43

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Mobile phase: n-Butyl chloride, tetrahydrofuran, methanol, glacial acetic acid, and watersaturated n-butyl chloride (95:14:7:6:95)
Internal standard stock solution: 10 mg/mL of betamethasone in tetrahydrofuran
Internal standard solution: 1 mg/mL of betamethasone from Internal standard stock
solution in water-saturated chloroform
Standard stock solution: 0.1 mg/mL of USP Prednisolone Acetate RS, prepared as follows.
Transfer 10 mg of USP Prednisolone Acetate RS to a 100-mL volumetric flask. Add 20.0 mL
of Internal standard solution and dissolve, using sonication if necessary. Dilute to volume
with water-saturated chloroform.
Standard solution: 25 µg/mL of USP Prednisolone Acetate RS from Standard stock solution
in water-saturated chloroform
Sample stock solution: 0.1 mg/mL of Prednisolone Acetate, prepared as follows. Transfer
10 mg of Prednisolone Acetate to a 100-mL volumetric flask. Add 20.0 mL of Internal
standard solution and dissolve, using sonication if necessary. Dilute to volume with watersaturated chloroform.
Sample solution: 25 µg/mL of Prednisolone Acetate from Sample stock solution in watersaturated chloroform
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L3
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for prednisolone acetate and betamethasone are
about 1.0 and 1.6, respectively.]
Suitability requirements
Resolution: NLT 3.0 between prednisolone acetate and betamethasone
Relative standard deviation: NMT 2.0% for prednisolone acetate
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of prednisolone acetate (C23 H30 O6 ) in the portion of
Prednisolone Acetate taken:
Result = (RU /RS) × (CS/CU ) × 100
RU = peak response ratio of prednisolone acetate to internal standard from the Sample
solution
RS = peak response ratio of prednisolone acetate to internal standard from the
Standard solution
CS = concentration of USP Prednisolone Acetate RS in the Standard solution (µg/mL)
CU = concentration of prednisolone acetate in the Sample solution (µg/mL)
Solution A: 37.3 g/L of potassium chloride in water
Solution B: 68.1 g/L of sodium acetate in water
Solution C: 169 mL/L of hydrochloric acid in water
Buffer: Solution A, Solution B, Solution C, and water (15:5:1:79)
Mobile phase: Acetonitrile and water (35:65)
Diluent: Acetonitrile and Buffer (50:50)
System suitability solution: 0.02 mg/mL each of USP Prednisolone Acetate RS and USP
Hydrocortisone Acetate RS in Diluent. Sonicate to dissolve if necessary.
Standard stock solution: 2.5 mg/mL of USP Prednisolone Acetate RS in methanol
Standard solution: 0.25 mg/mL of USP Prednisolone Acetate RS from Standard stock
solution in Diluent
Sample stock solution: 2.5 mg/mL of Prednisolone Acetate in methanol
Sample solution: 0.25 mg/mL of Prednisolone Acetate from Sample stock solution in
Diluent
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 5°
Column: 40°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
Run time: NLT 2.7 times the retention time of prednisolone acetate
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between prednisolone acetate and hydrocortisone acetate,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of prednisolone acetate (C23 H30 O6 ) in the portion of Prednisolone
Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Prednisolone Acetate RS in the Standard solution (mg/mL)
CU = concentration of Prednisolone Acetate in the Sample solution (mg/mL)
USP43

Acceptance criteria: 97.0%–102.0% on the dried basis
IMPURITIES
Change to read:
• Organic Impurities
Mobile phase: Isooctane, butyl chloride, and methanol (49:49:2)
Sample solution: 1 mg/mL of Prednisolone Acetate in chloroform
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 254 nm
Column: 6.0-mm × 4.0-cm; packing L3
Flow rate: 3 mL/min
Injection volume: 10 µL
System suitability
Sample: Sample solution
Suitability requirements
Column efficiency: NLT 800 theoretical plates
Relative standard deviation: NMT 2.0%
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Prednisolone Acetate taken:
Result = (rU /rT ) × 100
rU = peak response for each impurity
rT = sum of all peak responses
Acceptance criteria
Individual impurities: NMT 1.0%
Total impurities: NMT 2.0%
Buffer, Mobile phase, Diluent, System suitability solution, and Chromatographic
system: Proceed as directed in the Assay.
Standard stock solution A: 1.0 mg/mL of USP Prednisolone Acetate RS in Diluent.
Sonicate to dissolve if necessary.
Standard stock solution B: 1.0 mg/mL each of USP Hydrocortisone Acetate RS and USP
Prednisolone RS in Diluent. Sonicate to dissolve if necessary.
Standard solution: 2.5 µg/mL of USP Prednisolone Acetate RS from Standard stock
solution A and 25 µg/mL each of USP Hydrocortisone Acetate RS and USP Prednisolone RS
from Standard stock solution B in Diluent
Sensitivity solution: 1.3 µg/mL of USP Prednisolone Acetate RS from Standard stock
solution A in Diluent
Sample solution: 2.5 mg/mL of Prednisolone Acetate in methanol
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between prednisolone acetate and hydrocortisone acetate,
System suitability solution
Relative standard deviation: NMT 5.0% for the prednisolone acetate, hydrocortisone
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acetate, and prednisolone peaks, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of prednisolone and hydrocortisone acetate in the portion of
Prednisolone Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of prednisolone or hydrocortisone acetate from the Sample solution
rS = peak response of prednisolone or hydrocortisone acetate from the Standard solution
CS = concentration of USP Prednisolone RS or USP Hydrocortisone Acetate RS in the
Standard solution (µg/mL)
CU = concentration of Prednisolone Acetate in the Sample solution (µg/mL)
Calculate the percentage of prednisolone diacetate and any other individual impurity in the
portion of Prednisolone Acetate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of prednisolone acetate from the Standard solution
CS = concentration of USP Prednisolone Acetate RS in the Standard solution (µg/mL)
CU = concentration of Prednisolone Acetate in the Sample solution (µg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1. The reporting threshold is 0.05%.
Table 1
Relative
Retention
Time
0.4
1.0
1.1
1.9
—
—

Relative
Response
Factor
—
—
—
0.84
1.0
—

Acceptance
Criteria,
NMT (%)
1.0
—
1.0
0.5
0.10
2.0

Name
Prednisolone
Prednisolone acetate
Hydrocortisone acetate
Prednisolone diacetatea
Any individual impurity
Total impurities
a 17-Hydroxy-3,20-dioxopregna-1,4-diene-11β,21-diyl diacetate.
USP43

SPECIFIC TESTS
• Optical Rotation 〈781S〉, Procedures, Specific Rotation
Sample solution: 10 mg/mL, in dioxane
Acceptance criteria: +112° to +119°
• Loss on Drying 〈731〉
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Analysis: Dry at 105° for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at 25°, excursions
permitted between 15° and 30°.
Change to read:
• USP Reference Standards 〈11〉
USP Hydrocortisone Acetate RS
USP Prednisolone RS
USP43

USP Prednisolone Acetate RS
Recent Official Publications:
USP42–NF37 Page 3633
BRIEFING
Prednisolone Acetate Ophthalmic Suspension, USP 41 page 3415. As part of the USP
monograph modernization effort, it is proposed make the following changes:
1. Add an Organic Impurities test with a specific liquid chromatographic procedure
validated with the Kromasil C18 brand of column with L1 packing. The Buffer has a pH of
around 4. The limits for specified and total impurities are based on the limits in the
corresponding European Pharmacopoeia 9.3 monograph for Prednisolone Acetate, and
the limits for unspecified impurities are based on ICH guidelines.
2. Replace the procedure for the Assay with the same chromatographic system used in the
Organic Impurities test. The typical retention time for prednisolone acetate is about
16.5 min.
3. Replace the single Identification test, based on a TLC test, with two tests,
Identification A and Identification B, based on the retention time agreement and UV
spectrum agreement using the proposed Assay. This proposed revision eliminates the
use of chloroform, which is a safety hazard.
4. Add a storage temperature to the Packaging and Storage section.
5. Add USP Hydrocortisone Acetate RS and USP Prednisolone RS to the USP Reference
Standards section to support the proposed Assay and Organic Impurities test.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM5: C. Chisolm.)
Correspondence Number—C186507
Comment deadline: January 31, 2019
Prednisolone Acetate Ophthalmic Suspension
DEFINITION
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Prednisolone Acetate Ophthalmic Suspension is a sterile, aqueous suspension of prednisolone
acetate containing a suitable antimicrobial preservative. It may contain suitable buffers,
stabilizers, and suspending and viscosity agents. It contains NLT 90.0% and NMT 115.0% of
the labeled amount of prednisolone acetate (C23 H30 O6 ).
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatography
Standard solution: 1.5 mg/mL USP Prednisolone Acetate RS in chloroform
Sample solution: Transfer an amount of Ophthalmic Suspension equivalent to 7.5 mg of
Prednisolone Acetate to a test tube, add 5mL of chloroform, and shake. Centrifuge and
use the chloroform layer.
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Acetone and chloroform (1:4)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram in the Developing solvent system until the solvent front has
moved three-fourths the length of the plate. Mark the solvent front, and locate the
spots on the plate by examining under UV light.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and water (2:3)
Standard solution: 0.1 mg/mL of USP Prednisolone Acetate RS in acetonitrile and water
(1:1)
System suitability stock solution: 0.1 mg/mL of prednisolone in acetonitrile and methanol
(1:1)
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System suitability solution: System suitability stock solution and Standard solution (1:1)
Sample solution: Nominally 0.1 mg/mL of prednisolone acetate prepared as follows.
Transfer a suitable amount of Ophthalmic Suspension to a suitable volumetric flask and
dilute with acetonitrile and water (1:1) to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: Packing L1
Flow rate: 2 mL/min
Injection size: 10 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for prednisolone and prednisolone acetate are about
0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between prednisolone and prednisolone acetate, System suitability
solution
Column efficiency: NLT 7000 theoretical plates, Standard solution
Tailing factor: NMT 2.0, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of prednisolone acetate ( C23 H30 O6 ) in
the portion of Ophthalmic Suspension taken:
Result = (rU /rS) × (CS/CU ) × 100
rU
rS
CS
CU

= peak response from the Sample solution
= peak response from the Standard solution
= concentration of USP Prednisolone Acetate RS in the Standard solution (mg/mL)
= nominal concentration of prednisolone acetate in the Sample solution (mg/mL)

Solution A: 37.3 g/L of potassium chloride in water
Solution B: 68.1 g/L of sodium acetate in water
Solution C: 169 mL/L of hydrochloric acid in water
Buffer: Solution A, Solution B, Solution C, and water (15:5:1:79)
Mobile phase: Acetonitrile and water (35:65)
Diluent: Acetonitrile and Buffer (50:50)
System suitability solution: 0.02 mg/mL each of USP Prednisolone Acetate RS and USP
Hydrocortisone Acetate RS in Diluent. Sonicate to dissolve if necessary.
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Standard stock solution: 2.5 mg/mL of USP Prednisolone Acetate RS in methanol
Standard solution: 0.25 mg/mL of USP Prednisolone Acetate RS from Standard stock
solution in Diluent
Sample stock solution: Nominally 2.5 mg/mL of prednisolone acetate in methanol prepared
as follows. Transfer a suitable portion of Ophthalmic Suspension to a suitable volumetric
flask. Dissolve in and dilute with methanol to volume and mix.
Sample solution: Nominally 0.25 mg/mL of prednisolone acetate from Sample stock
solution in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm. For Identification B, use a diode array detector in the range of
200–400 nm.
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Autosampler: 5°
Column: 40°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
Run time: NLT 2.7 times the retention time of prednisolone acetate
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between prednisolone acetate and hydrocortisone acetate,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of prednisolone acetate (C23 H30 O6 ) in the
portion of Ophthalmic Suspension taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Prednisolone Acetate RS in the Standard solution (mg/mL)
CU = nominal concentration of prednisolone acetate in the Sample solution (mg/mL)
USP43
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Acceptance criteria: 90.0%–115.0%
IMPURITIES
Add the following:
• Organic Impurities
Buffer, Mobile phase, Diluent, System suitability solution, and Chromatographic
system: Proceed as directed in the Assay.
Standard stock solution A: 1.0 mg/mL of USP Prednisolone Acetate RS in Diluent.
Sonicate to dissolve if necessary.
Standard stock solution B: 1.0 mg/mL each of USP Hydrocortisone Acetate RS and USP
Prednisolone RS in Diluent. Sonicate to dissolve if necessary.
Standard solution: 5.0 µg/mL of USP Prednisolone Acetate RS from Standard stock
solution A and 25 µg/mL each of USP Hydrocortisone Acetate RS and USP Prednisolone RS
from Standard stock solution B in Diluent
Sensitivity solution: 2.5 µg/mL of USP Prednisolone Acetate RS from Standard stock
solution A in Diluent
Sample solution: Nominally 2.5 mg/mL of prednisolone acetate in methanol prepared as
follows. Transfer a suitable portion of Ophthalmic Suspension to a suitable volumetric
flask. Dissolve in and dilute with methanol to volume and mix.
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between prednisolone acetate and hydrocortisone acetate,
System suitability solution
Relative standard deviation: NMT 5.0% for the prednisolone acetate, hydrocortisone
acetate, and prednisolone peaks, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of prednisolone and hydrocortisone acetate in the portion of
Prednisolone Acetate taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of prednisolone or hydrocortisone acetate from the Sample solution
rS = peak response of prednisolone or hydrocortisone acetate from the Standard solution
CS = concentration of USP Prednisolone RS or USP Hydrocortisone Acetate RS in the
Standard solution (µg/mL)
CU = nominal concentration of prednisolone acetate in the Sample solution (µg/mL)
Calculate the percentage of prednisolone diacetate and any other individual impurity in the
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portion of Prednisolone Acetate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of prednisolone acetate from the Standard solution
CS = concentration of USP Prednisolone Acetate RS in the Standard solution (µg/mL)
CU = nominal concentration of prednisolone acetate in the Sample solution (µg/mL)
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1. The reporting threshold is 0.10%.
Table 1
Relative
Retention
Time
0.4
1.0
1.1
1.9
—
—

Relative
Response
Factor
—
—
—
0.84
1.0
—

Acceptance
Criteria,
NMT (%)
1.0
—
1.0
0.5
0.20
2.0

Name
Prednisolone
Prednisolone acetate
Hydrocortisone acetate
Prednisolone diacetatea
Any individual impurity
Total impurities
a 17-Hydroxy-3,20-dioxopregna-1,4-diene-11β,21-diyl diacetate.
USP43

SPECIFIC TESTS
• Sterility Tests 〈71〉: Meets the requirements
• pH 〈791〉: 5.0–6.0
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at 8°–24° in an upright position. USP43
Change to read:
• USP Reference Standards 〈11〉
USP Hydrocortisone Acetate RS
USP Prednisolone RS
USP43

USP Prednisolone Acetate RS
Recent Official Publications:
USP42–NF37 Page 3635
BRIEFING
Primidone Oral Suspension, USP 41 page 3434. It is proposed to omit this monograph for
the following reasons:
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1. No drug products formulated as defined under Primidone Oral Suspension are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205610
Comment deadline: January 31, 2019
Delete the following:
Primidone Oral Suspension
DEFINITION
Primidone Oral Suspension is a suspension of Primidone in a suitable aqueous vehicle. It
contains, in each 100 mL, NLT 4.5 g and NMT 5.5 g of primidone (C12 H14 N2 O2 ).
IDENTIFICATION
• A. The retention time of the major peak in the Sample solution corresponds to that in the
Standard solution, both relative to the internal standard, as obtained in the Assay.
ASSAY
• Procedure
Internal standard solution: 10 mg/mL of androsterone in alcohol
Standard solution: 1 mg/mL of USP Primidone RS in alcohol prepared as follows. Dissolve
first in alcohol using 65% of the final volume, and boil for 1 h. Allow to cool to ambient
temperature, and add the Internal standard solution to fill 10% of the final volume. Dilute
with alcohol to volume, and filter.
Sample solution: Nominally 1 mg/mL of primidone in alcohol, from well-mixed Oral
Suspension prepared as follows. Dissolve first in alcohol using 70% of the final volume, and
boil for 1 h. Allow to cool to ambient temperature, and add the Internal standard solution
to fill 10% of the final volume. Dilute with alcohol to volume, and filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 4.0-mm × 120-cm; packed with 10% liquid phase G3 on support S1AB
Temperature
Detector: 310°
Injector: 310°
Column: 260°
Carrier gas: Helium
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Flow rate: 40 mL/min
Injection size: 3 µL
System suitability
Sample: Standard solution (three replicate injections)
[Note—The relative retention times for primidone and androsterone are about 0.8 and
1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between primidone and androsterone
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity of primidone (C12 H14 N2 O2 ), in mg, in each 100 mL of Oral Suspension
taken:
Result = (RU/RS) × (CS/CU) × D × 100
RU = ratio of the peak response of primidone to the internal standard from the Sample
solution
RS = ratio of the peak response of primidone to the internal standard from the Standard
solution
CS = concentration of USP Primidone RS in the Standard solution (mg/mL)
CU = nominal concentration of primidone in the Sample solution (mg/mL)
D = density of the Oral Suspension (g/mL)
Acceptance criteria: 4.5–5.5 g in each 100 mL
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements for oral suspension packaged in
single-unit containers
• Deliverable Volume 〈698〉: Meets the requirements for oral suspension packaged in multipleunit containers
SPECIFIC TESTS
• pH 〈791〉: 5.5–8.5
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 〈11〉
USP Primidone RS
USP43

Recent Official Publications:
USP42–NF37 Page 3655
BRIEFING
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Procaine and Tetracaine Hydrochlorides and Levonordefrin Injection, USP 41 page
3445. It is proposed to omit this monograph for the following reasons:
1. No drug products formulated as defined under Procaine and Tetracaine Hydrochlorides
and Levonordefrin Injection are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205614
Comment deadline: January 31, 2019
Delete the following:
Procaine and Tetracaine Hydrochlorides and Levonordefrin Injection

» Procaine and Tetracaine Hydrochlorides and Levonordefrin Injection is a
sterile solution of Procaine Hydrochloride, Tetracaine Hydrochloride, and
Levonordefrin in W ater for Injection. It contains not less than 95.0 percent
and not more than 105.0 percent of the labeled amount of procaine
hydrochloride (C 13 H 20 N 2 O 2 ·HCl), not less than 95.0 percent and not more
than 105.0 percent of the labeled amount of tetracaine hydrochloride
(C 15 H 24 N 2 O 2 ·HCl), and not less than 90.0 percent and not more than 110.0
percent of the labeled amount of levonordefrin (C 9 H 13 NO 3 ).
Packaging and storage—Preserve in single-dose or in multiple-dose containers, preferably of
Type I glass.
Labeling—The label indicates that the Injection is not to be used if its color is pinkish or darker
than slightly yellow or if it contains a precipitate.
Delete the following:
USP Reference standards 〈11〉—
USP Endotoxin RS
USP Epinephrine Bitartrate RS
(CN 1-May-2018)

Color and clarity—Using the Injection as the Test solution, proceed as directed for Color and
clarity under Mepivacaine Hydrochloride and Levonordefrin Injection.
Identification—
A: Mix 10 mL of Injection with 10 mL of 3 N hydrochloric acid, cool to 0° in an ice bath, add 5
mL of sodium nitrite solution (1 in 5), stirring gently, add 2 mL of a solution of 0.1 g of 2naphthol in 5 mL of 1 N sodium hydroxide, and observe immediately: a bright orange-red
precipitate is formed (presence of a primary aminophenyl group).
B: It responds to the tests for Identification Tests--General 〈191〉, Chloride.
C: To about 25 mL of Injection add 1 drop of ferric chloride TS: the solution immediately turns

PF 44(6): Nov.-Dec. 2018

519

a light green and changes to a light blue within 1 minute. Add 2 drops of 3 N hydrochloric acid:
the color reverts to light green (presence of levonordefrin).
Bacterial Endotoxins Test 〈85〉—It contains not more than 0.6 USP Endotoxin Unit per mg of
procaine hydrochloride.
pH 〈791〉: between 3.5 and 5.0.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
Assay for procaine hydrochloride—Transfer 25.0 mL of Injection to a 250-mL beaker, add 10
mL of dilute hydrochloric acid (1 in 2), 15 mL of water, and 1.0 mL of formaldehyde solution,
and allow to stand for 3 minutes. Titrate with 0.1 M sodium nitrite VS, using starch iodide paper
as an external indicator. Perform a blank determination, and make any necessary correction.
Calculate the quantity, in mg, of C13 H20 N2 O2 ·HCl in each mL of the Injection taken by the
formula:
(272.78 / 25)(V2M2 − 0.5V1M1)
in which V2 is the volume, in mL, and M2 is the exact molarity of the 0.1 M sodium nitrite
solution used in the titration, V1 and M1 are as defined under Assay for tetracaine
hydrochloride, and 272.78 is the molecular weight of procaine hydrochloride.
Assay for tetracaine hydrochloride—Transfer 50.0 mL of Injection to a 100-mL beaker, add 5
g of sodium acetate and 5 mL of isopropyl alcohol, and stir until the sodium acetate is
dissolved. Add 1.5 mL of potassium thiocyanate solution (75 in 100), and stir while cooling in an
ice bath. Keep in the ice bath for 1 hour, stirring about four times during the period. Do not stir
excessively. Prepare a filtering crucible with double suitable filter paper, connect to a suction
flask, and moisten the paper with a few drops of the clear supernatant. Remove the excess
liquid by suction. Filter the mixture, and dry by suction. Transfer the entire contents of the
crucible to the original beaker, and rinse the crucible with 10 mL of dilute hydrochloric acid (1 in
2), followed by 30 mL of water. Transfer the rinsings to the beaker. Cool in ice, and titrate with
0.02 M sodium nitrite VS, using starch iodide paper as an external indicator. Perform a blank
determination, using 10 mL of dilute hydrochloric acid (1 in 2) and 30 mL of water, and make
any necessary correction. Calculate the quantity, in mg, of C15 H24 N2 O2 ·HCl in each mL of the
Injection taken by the formula:
(300.83 / 50)(V1M1)
in which V1 is the volume, in mL, and M1 is the exact molarity of the 0.02 M sodium nitrite used
in the titration, and 300.83 is the molecular weight of tetracaine hydrochloride.
Assay for levonordefrin—
Ferro-citrate solution, Buffer solution, andStandard preparation— Prepare as directed under
Epinephrine Assay 〈391〉.
Assay preparation— Proceed with Injection as directed for Assay Preparation under Epinephrine
Assay 〈391〉, except to read “levonordefrin” where “epinephrine” is specified.
Procedure— Proceed as directed for Procedure under Epinephrine Assay 〈391〉. Calculate the
quantity, in mg, of levonordefrin (C9 H13 NO3 ) in each mL of the Injection taken by the formula:
(183.21 / 333.30)(0.05C / V)(AU / AS)
in which 183.21 and 333.30 are the molecular weights of levonordefrin and epinephrine
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bitartrate, respectively, C is the concentration, in µg per mL, of USP Epinephrine Bitartrate RS
in the Standard preparation, and V is the volume, in mL, of Injection taken. USP43
Recent Official Publications:
USP42–NF37 Page 3667
BRIEFING
Promazine Hydrochloride Syrup, USP 41 page 3463. It is proposed to omit this monograph
for the following reasons:
1. No drug products formulated as defined under Promazine Hydrochloride Syrup are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205619
Comment deadline: January 31, 2019
Delete the following:
Promazine Hydrochloride Syrup

» Promazine Hydrochloride Syrup contains not less than 95.0 percent and not
more than 110.0 percent of the labeled amount of C 17 H 20 N 2 S·HCl.
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Promazine Hydrochloride RS
[Note—Throughout the following procedures, protect test or assay specimens, the Reference
Standard, and solutions containing them, by conducting the procedures without delay, under
subdued light, or using low-actinic glassware.]
Identification—It responds to Identification test B under Promazine Hydrochloride.
Assay—[Note—Use low-actinic glassware.] Transfer a volume of Syrup, equivalent to about 10
mg of promazine hydrochloride, to a 250-mL separator. Proceed as directed in the Assay under
Promazine Hydrochloride Oral Solution, beginning with “Add water to adjust the volume to
about 45 mL.” Calculate the quantity, in mg, of C17 H20 N2 S·HCl in each mL of the Syrup taken
by the formula:
(0.25C / V)(AU / AS)
in which C is the concentration, in µg per mL, of USP Promazine Hydrochloride RS in the
Standard solution, V is the volume, in mL, of Syrup taken, and AU and AS are the absorbances
of the solution from the Syrup and the Standard solution, respectively. USP43
Recent Official Publications:
USP42–NF37 Page 3685
BRIEFING
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Propoxycaine and Procaine Hydrochlorides and Levonordefrin Injection, USP 41 page
3491. It is proposed to omit this monograph for the following reasons:
1. No drug products formulated as defined under Propoxycaine and Procaine Hydrochlorides
and Levonordefrin Injection are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205621
Comment deadline: January 31, 2019
Delete the following:
Propoxycaine and Procaine Hydrochlorides and Levonordefrin Injection

» Propoxycaine and Procaine Hydrochlorides and Levonordefrin Injection is a
sterile solution of Propoxycaine Hydrochloride, Procaine Hydrochloride, and
Levonordefrin in W ater for Injection. It contains not less than 95.0 percent
and not more than 105.0 percent of the labeled amount of propoxycaine
hydrochloride (C 16 H 26 N 2 O 3 ·HCl), not less than 95.0 percent and not more
than 105.0 percent of the labeled amount of procaine hydrochloride
(C 13 H 20 N 2 O 2 ·HCl), and not less than 90.0 percent and not more than 110.0
percent of the labeled amount of levonordefrin (C 9 H 13 NO 3 ).
Packaging and storage—Preserve in single-dose containers, preferably of Type I glass.
Labeling—The label indicates that the Injection is not to be used if its color is pinkish or darker
than slightly yellow or if it contains a precipitate.
Change to read:
USP Reference standards 〈11〉—
(CN 1-May-2018)

USP Procaine Hydrochloride RS
USP Propoxycaine Hydrochloride RS
Color and clarity—Using the Injection as the Test solution, proceed as directed for Color and
clarity under Mepivacaine Hydrochloride and Levonordefrin Injection.
Identification—
A: Cool a mixture of 10 mL of Injection and 10 mL of 3 N hydrochloric acid in an ice bath to 0°,
add 5 mL of sodium nitrite solution (1 in 5), stirring gently, and 2 mL of a solution of 0.1 g of 2naphthol in 5 mL of 1 N sodium hydroxide, and observe immediately: a bright orange-red
precipitate is formed (presence of a primary aminophenyl group).
B: It responds to the tests for Identification Tests— General 〈191〉, Chloride .
C: To about 25 mL of Injection add 1 drop of ferric chloride TS: the solution immediately turns
a light green and changes to a light blue within 1 minute. Add 2 drops of 3 N hydrochloric acid:
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the color reverts to light green (presence of levonordefrin).
Bacterial Endotoxins Test 〈85〉—It contains not more than 0.8 USP Endotoxin Unit per mg of
propoxycaine hydrochloride.
pH 〈791〉: between 3.5 and 5.0.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
Assay for propoxycaine and procaine hydrochlorides—
Standard propoxycaine hydrochloride preparation— Prepare, by quantitative and stepwise
dilution, a solution in dilute hydrochloric acid (1 in 6) containing about 50 µg of USP
Propoxycaine Hydrochloride RS, accurately weighed, in each mL.
Standard procaine hydrochloride preparation— Prepare, by quantitative and stepwise dilution,
a solution in dilute hydrochloric acid (1 in 6) containing about 200 µg of USP Procaine
Hydrochloride RS, accurately weighed, in each mL.
Assay preparation— Transfer an accurately measured volume of Injection, equivalent to about
100 mg of procaine hydrochloride, to a 125-mL separator containing 25 mL of chloroform and 10
mL of water. Add 5 mL of sodium carbonate TS, shake vigorously, allow the layers to separate,
and transfer the chloroform layer to a second separator. Extract the aqueous layer with two
10-mL portions of chloroform, adding the extracts to the second separator. Extract the
combined chloroform extracts with 35 mL of dilute hydrochloric acid (1 in 6), transfer the
chloroform to a third separator, and transfer the acid extract to a 100-mL volumetric flask.
Extract the chloroform with two 10-mL portions of dilute hydrochloric acid (1 in 6), add the acid
extracts to the volumetric flask, add dilute hydrochloric acid (1 in 6) to volume, and mix.
Transfer 15.0 mL of this solution to a second 100-mL volumetric flask, add dilute hydrochloric
acid (1 in 6) to volume, and mix.
Procedure— Concomitantly determine the absorbances of the Standard preparations and the
Assay preparation in 1-cm cells at 296 and 272 nm, with a suitable spectrophotometer, using
water as the blank. Calculate the quantity, in mg, of propoxycaine hydrochloride
(C16 H26 N2 O3 ·HCl) in each mL of the Injection taken by the formula:
(0.667C / V)(A296A4 − A272A3) / (A1A4 − A2A3)
in which C is the concentration, in µg per mL, of USP Propoxycaine Hydrochloride RS in the
Standard propoxycaine hydrochloride preparation.
Calculate the quantity, in mg, of procaine hydrochloride (C13 H20 N2 O2 ·HCl) in each mL of the
Injection taken by the formula:
(0.667C / V)(A272A1 − A296A2) / (A1A4 − A2A3)
in which C is the concentration, in µg per mL, of USP Procaine Hydrochloride RS in the Standard
procaine hydrochloride preparation, V is the volume, in mL, of Injection taken, A1 and A2 are
the absorbances of the Standard propoxycaine hydrochloride preparation at 296 and 272 nm,
respectively, A3 and A4 are the absorbances of the Standard procaine hydrochloride
preparation at 296 and 272 nm, respectively, and A296 and A272 are the absorbances of the
Assay preparation at 296 and 272 nm, respectively.
Assay for levonordefrin—
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Ferro-citrate solution, Buffer solution, and Standard preparation—Prepare as directed under
Epinephrine Assay 〈391〉.
Assay preparation— Proceed with Injection as directed for Assay Preparation under Epinephrine
Assay 〈391〉, except to read “levonordefrin” where “epinephrine” is specified.
Procedure— Proceed as directed for Procedure under Epinephrine Assay 〈391〉. Calculate the
quantity, in mg, of levonordefrin (C9 H13 NO3 ) in each mL of the Injection taken by the formula:
(183.21 / 333.30)(0.05C / V)(AU / AS)
in which 183.21 and 333.30 are the molecular weights of levonordefrin and epinephrine
bitartrate, respectively, C is the concentration, in µg per mL, of USP Epinephrine Bitartrate RS
in the Standard preparation, and V is the volume, in mL, of Injection taken. USP43
Recent Official Publications:
USP42–NF37 Page 3715
BRIEFING
Propoxycaine and Procaine Hydrochlorides and Norepinephrine Bitartrate Injection,
USP 41 page 3492. It is proposed to omit this monograph for the following reasons:
1. No drug products formulated as defined under Propoxycaine and Procaine Hydrochlorides
and Norepinephrine Bitartrate Injection are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205622
Comment deadline: January 31, 2019
Delete the following:
Propoxycaine and Procaine Hydrochlorides and Norepinephrine Bitartrate Injection

» Propoxycaine and Procaine Hydrochlorides and Norepinephrine Bitartrate
Injection is a sterile solution of Propoxycaine Hydrochloride, Procaine
Hydrochloride, and Norepinephrine Bitartrate in W ater for Injection. It
contains not less than 95.0 percent and not more than 105.0 percent of the
labeled amount of propoxycaine hydrochloride (C 16 H 26 N 2 O 3 ·HCl), not less
than 95.0 percent and not more than 105.0 percent of the labeled amount of
procaine hydrochloride (C 13 H 20 N 2 O 2 ·HCl), and an amount of norepinephrine
bitartrate (C 8 H 11 NO 3 ·C 4 H 6 O 6 ·H 2 O) equivalent to not less than 90.0 percent
and not more than 110.0 percent of the labeled amount of norepinephrine
(C 8 H 11 NO 3 ).
Packaging and storage—Preserve in single-dose or in multiple-dose containers, preferably of
Type I glass.
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Labeling—The label indicates that the Injection is not to be used if its color is pinkish or darker
than slightly yellow or if it contains a precipitate.
Change to read:
USP Reference standards 〈11〉—
(CN 1-May-2018)

USP Norepinephrine Bitartrate RS
USP Procaine Hydrochloride RS
USP Propoxycaine Hydrochloride RS
Color and clarity—Using the Injection as the Test solution, proceed as directed for Color and
clarity under Norepinephrine Bitartrate Injection.
Identification—
A: Cool a mixture of 10 mL of Injection and 10 mL of 3 N hydrochloric acid in an ice bath to 0°,
add 5 mL of sodium nitrite solution (1 in 5), stirring gently, and 2 mL of a solution of 0.1 g of 2naphthol in 5 mL of 1 N sodium hydroxide, and observe immediately: a bright orange-red
precipitate is formed (presence of a primary aminophenyl group).
B: It responds to the tests for Identification Tests — General 〈191〉, Chloride .
C: To about 5 mL of Injection add 1 drop of ferric chloride TS: a green color develops
(presence of norepinephrine bitartrate).
Bacterial Endotoxins Test 〈85〉 —It contains not more than 0.8 USP Endotoxin Unit per mg of
propoxycaine hydrochloride.
pH 〈791〉: between 3.5 and 5.0.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
Assay for propoxycaine and procaine hydrochlorides—
Standard propoxycaine hydrochloride preparation— Prepare, by quantitative and stepwise
dilution, a solution in 2 N hydrochloric acid containing about 50 µg of USP Propoxycaine
Hydrochloride RS, accurately weighed, in each mL.
Standard procaine hydrochloride preparation— Prepare, by quantitative and stepwise dilution,
a solution in 2 N hydrochloric acid containing about 200 µg of USP Procaine Hydrochloride RS,
accurately weighed, in each mL.
Assay preparation— Transfer an accurately measured volume of Injection, equivalent to about
100 mg of procaine hydrochloride, to a 125-mL separator containing 25 mL of chloroform and 10
mL of water. Add 5 mL of sodium carbonate TS, shake vigorously, allow the layers to separate,
and transfer the chloroform layer to a second separator. Extract the aqueous layer with two
10-mL portions of chloroform, adding the extracts to the second separator. Extract the
combined chloroform extracts with 35 mL of 2 N hydrochloric acid, transfer the chloroform to a
third separator, and transfer the acid extract to a 100-mL volumetric flask. Extract the
chloroform with two 10-mL portions of 2 N hydrochloric acid, add the acid extracts to the
volumetric flask, dilute with 2 N hydrochloric acid to volume, and mix. Transfer 15.0 mL of this
solution to a second 100-mL volumetric flask, dilute with 2 N hydrochloric acid to volume, and
mix.
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Procedure— Concomitantly determine the absorbances of the Standard preparations and the
Assay preparation, in 1-cm cells, at 296 nm and 272 nm, with a suitable spectrophotometer,
using water as the blank.
Calculate the quantity, in mg, of propoxycaine hydrochloride (C16 H26 N2 O3 ·HCl) in each mL of
the Injection taken by the formula:
(0.667C / V)(A296A4 − A272A3) / (A1A4 − A2A3)
in which C is the concentration, in µg per mL, of USP Propoxycaine Hydrochloride RS in the
Standard propoxycaine hydrochloride preparation, V is the volume, in mL, of Injection taken, A1
and A2 are the absorbances of the Standard propoxycaine hydrochloride preparation at 296 nm
and 272 nm, respectively, A3 and A4 are the absorbances of the Standard procaine
hydrochloride preparation at 296 nm and 272 nm, respectively, and A296 and A272 are the
absorbances of the Assay preparation at 296 nm and 272 nm, respectively.
Calculate the quantity, in mg, of procaine hydrochloride (C13 H20 N2 O2 ·HCl) in each mL of the
Injection taken by the formula:
(0.667C / V)(A272A1 − A296A2) / (A1A4 − A2A3)
in which C is the concentration, in µg per mL, of USP Procaine Hydrochloride RS in the Standard
procaine hydrochloride preparation, and V is the volume, in mL, of Injection taken.
Assay for norepinephrine—
Ferro-citrate solution, Buffer solution, and Standard preparation—Prepare as directed under
Epinephrine Assay 〈391〉, except to read “USP Norepinephrine Bitartrate RS” for “USP Epinephrine
Bitartrate RS” throughout.
Assay preparation— Prepare as directed for Assay Preparationunder Epinephrine Assay 〈391〉
except to read “norepinephrine” where “epinephrine” is specified.
Procedure— Proceed as directed for Procedure under Epinephrine Assay 〈391〉. Calculate the
quantity, in mg, of norepinephrine (C8 H11 NO3 ) in each mL of the Injection taken by the formula:
(169.18 / 337.28)(0.05C / V)(AU / AS)
in which 169.18 and 337.28 are the molecular weights of norepinephrine and norepinephrine
bitartrate monohydrate, respectively; C is the concentration, in µg per mL, of USP
Norepinephrine Bitartrate RS in the Standard preparation; and V is the volume, in mL, of
Injection taken. USP43
Recent Official Publications:
USP42–NF37 Page 3716
BRIEFING
Propyliodone, USP 41 page 3500. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Propyliodone are currently marketed in the United
States.
2. Drug products containing Propyliodone are currently not used in veterinary medicine in
the United States.
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(CHM4: M. Puderbaugh.)
Correspondence Number—C205623
Comment deadline: January 31, 2019
Delete the following:
Propyliodone

C10 H11 I2 NO3

447.01

1(4H)-Pyridineacetic acid, 3,5-diiodo-4-oxo-, propyl ester.
Propyl 3,5-diiodo-4-oxo-1(4H)pyridineacetate [587-61-1].

» Propyliodone contains not less than 99.0 percent and not more than 101.0
percent of C 10 H 11 I 2 NO 3 , calculated on the dried basis.
Packaging and storage—Preserve in tight, light-resistant containers. Store at 25°, excursions
permitted between 15° and 30°.
Identification—
A: Heat 100 mg with a few drops of sulfuric acid: violet vapors are evolved.
B: Reflux 1 g with 10 mL of 1 N sodium hydroxide for 30 minutes, add 10 mL of water, and
acidify to litmus paper with hydrochloric acid: the precipitate of 3,5-diiodo-4-oxo-1(4H)pyridineacetic acid, after being washed with water and dried at 105°, melts at about 245°.
Melting range 〈741〉: between 187° and 190°.
Acidity—Dissolve 1.0 g in 40 mL of hot n-propyl alcohol previously neutralized to
phenolphthalein TS, cool, and allow to stand in an ice bath for 15 minutes with frequent
shaking. Filter, wash the residue with neutralized n-propyl alcohol, combine the filtrate and
washings, add phenolphthalein TS, and titrate with 0.050 N sodium hydroxide to a pink color
that persists for 15 seconds: not more than 0.15 mL of 0.050 N sodium hydroxide is required for
neutralization.
Loss on drying 〈731〉—Dry it at 105° to constant weight: it loses not more than 0.5% of its
weight.
Residue on ignition 〈281〉: not more than 0.1%.
Iodine and iodide—Shake 2.4 g with 30 mL of water for 15 minutes, filter, and to 10 mL of
filtrate add 1 mL of 2 N nitric acid, 1 mL of sodium nitrite solution (1 in 500), and 2 mL of
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chloroform. Shake, and centrifuge: any purple color in the chloroform layer is not darker than
that obtained with a mixture of 6 mL of water and 4 mL of potassium iodide solution (2.6 in
100,000) treated in the same manner (0.01% of I).
Delete the following:
Heavy metals, Method II 〈231〉: 0.002%. (O fficial 1-Jan-2018)
Assay—Using about 15 mg of Propyliodone, accurately weighed, proceed as directed in the
Assay under Iodoquinol. Each mL of 0.02 N sodium thiosulfate is equivalent to 0.7450 mg of
C10 H11 I2 NO3 . USP43
Recent Official Publications:
USP42–NF37 Page 3725
BRIEFING
Pyrvinium Pamoate, USP 41 page 3532. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated with Pyrvinium Pamoate are currently marketed in the
United States.
2. Drug products containing Pyrvinium Pamoate are currently not used in veterinary
medicine in the United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C205628
Comment deadline: January 31, 2019
Delete the following:
Pyrvinium Pamoate

C75 H70 N6 O6

1151.39

Quinolinium, 6-(dimethylamino)-2-[2-(2,5-dimethyl-1-phenyl]-1H-pyrrol-3-yl)ethenyl]-1methyl-, salt with 4,4'-methylenebis[3-hydroxy-2-naphthalenecarboxylic acid] (2:1);
6-(Dimethylamino)-2-[2-(2,5-dimethyl-1-phenylpyrrol-3-yl)vinyl]-1-methylquinolinium 4,4'methylenebis[3-hydroxy-2-naphthoate] (2:1)
[3546-41-6].
DEFINITION
Pyrvinium Pamoate contains NLT 96.0% and NMT 104.0% of pyrvinium pamoate (C75 H70 N6 O6 ),
calculated on the anhydrous basis.
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IDENTIFICATION
• A. Infrared Absorption 〈197K〉
• B.
Sample solution: Proceed as directed in the Assay.
Acceptance criteria: Exhibits absorbance maxima at about 358 and 505 nm, and the ratio
A505/A358 is 1.93–2.07
ASSAY
• Procedure
Use low-actinic flasks in preparing the solutions, and otherwise protect the solutions from
unnecessary exposure to bright light. Complete the Assay without prolonged interruption.
Standard stock solution: 1 mg/mL of USP Pyrvinium Pamoate RS dissolved in glacial acetic
acid using 50% of the final volume. Dilute with methanol to final volume.
Standard solution: 10 µg/mL of USP Pyrvinium Pamoate RS from the Standard stock
solution in methanol
Sample stock solution: 1 mg/mL of Pyrvinium Pamoate dissolved in glacial acetic acid
using 50% of the final volume. Dilute with methanol to final volume.
Sample solution: 10 µg/mL of Pyrvinium Pamoate from the Sample stock solution in
methanol
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: 505 nm
Cell: 1 cm
Blank: Methanol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of pyrvinium pamoate (C75 H70 N6 O6 ) in the portion of Pyrvinium
Pamoate taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Pyrvinium Pamoate RS in the Standard solution (µg/mL)
CU = concentration of Pyrvinium Pamoate in the Sample solution (µg/mL)
Acceptance criteria: 96.0%–104.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.5%
SPECIFIC TESTS

PF 44(6): Nov.-Dec. 2018

529

• Water Determination 〈921〉, Method I
Sample: 200 mg
Analysis: Use 10 mL each of methanol and chloroform as the solvent.
Acceptance criteria: NMT 6.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 〈11〉
USP Pyrvinium Pamoate RS
USP43

Recent Official Publications:
USP42–NF37 Page 3758
BRIEFING
Pyrvinium Pamoate Oral Suspension, USP 41 page 3532. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Pyrvinium Pamoate Oral Suspension are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C205629
Comment deadline: January 31, 2019
Delete the following:
Pyrvinium Pamoate Oral Suspension
DEFINITION
Pyrvinium Pamoate Oral Suspension contains, in each 100 mL, an amount of pyrvinium pamoate
equivalent to NLT 0.90 g and NMT 1.10 g of pyrvinium (C26 H28 N3 +).
IDENTIFICATION
• A.
Standard solution and Sample solution: Prepare as directed in the Assay.
Analysis: Obtain the absorbance spectrum of the Standard solution and the Sample
solution at 300–600 nm.
Acceptance criteria: Concomitantly measured, the Sample solution exhibits the same
maxima and minima at the same wavelengths as the Standard solution.
ASSAY
• Procedure
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Use low-actinic flasks in preparing the solutions, and otherwise protect the solutions from
unnecessary exposure to bright light. Complete the Assay without prolonged interruption.
Standard solution: 9 µg/mL of USP Pyrvinium Pamoate RS prepared as follows. Dissolve in
4 mL of acetic acid per each 3 mg of USP Pyrvinium Pamoate RS. Dilute with methanol to
final volume. Further dilute in methanol, if necessary.
Sample stock solution: Using a pipet calibrated “to contain”, transfer 5 mL of Oral
Suspension to a 250-mL volumetric flask. Complete the transfer by rinsing the pipet with
10 mL of methanol. Add 100 mL of glacial acetic acid, and mix to dissolve the pyrvinium
pamoate. Dilute this solution with methanol to volume, and mix.
Sample solution: Transfer 3 mL of the resulting solution to a 100-mL volumetric flask, and
dilute with methanol to volume.
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: 505 nm
Cell: 1 cm
Blank: Methanol
Analysis
Samples: Standard solution and Sample solution
Calculate the labeled quantity of pyrvinium (C26 H28 N3 +), in g per 100 mL of Oral
Suspension:
Result = (AU/AS) × CS × (Mr1/Mr2) × F 1 × F 2
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Pyrvinium Pamoate RS in the Standard solution (µg/mL)
Mr1 = molecular weight of pyrvinium, 382.52
Mr2 = half of the molecular weight of pyrvinium pamoate, 575.70
F 1 = 100 mL
F 2 = conversion factor, 10−6 g/µg
Acceptance criteria: 0.90–1.10 g
SPECIFIC TESTS
• pH 〈791〉: 6.0–8.0, determined potentiometrically
PERFORMANCE TESTS
• Uniformity of Dosage Units 〈905〉: Meets the requirements for oral suspension packaged in
single-unit containers
• Deliverable Volume 〈698〉: Meets the requirements for oral suspension packaged in multipleunit containers
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 〈11〉
USP Pyrvinium Pamoate RS
USP43

Recent Official Publications:
USP42–NF37 Page 3758
BRIEFING
Pyrvinium Pamoate Tablets, USP 41 page 3533. It is proposed to omit this monograph for
the following reasons:
1. No drug products formulated as defined under Pyrvinium Pamoate Tablets are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM1: M. Puderbaugh.)
Correspondence Number—C205630
Comment deadline: January 31, 2019
Delete the following:
Pyrvinium Pamoate Tablets
DEFINITION
Pyrvinium Pamoate Tablets contain an amount of pyrvinium pamoate equivalent to NLT 92.0%
and NMT 108.0% of the labeled amount of pyrvinium (C26 H28 N3 +).
IDENTIFICATION
• A.
Standard solution and Sample solution: Prepare as directed in the Assay.
Analysis: Obtain the absorbance spectrum of the Standard solution and the Sample
solution at 300–600 nm.
Acceptance criteria: Concomitantly measured, the Sample solution exhibits the same
maxima and minima at the same wavelengths as the Standard solution.
ASSAY
• Procedure
Use low-actinic flasks in preparing the solutions, and otherwise protect the solutions from
unnecessary exposure to bright light. Complete the Assay without prolonged interruption.
Standard solution: 9 µg/mL of USP Pyrvinium Pamoate RS prepared as follows. Dissolve in
1 mL of acetic acid per each 3 mg of USP Pyrvinium Pamoate RS. Dilute with methanol to
final volume. Further dilute in methanol, if necessary.
Sample stock solution: Nominally 1 mg/L of pyrvinium prepared as follows. Place 500 mg
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of pyrvinium from a number of Tablets in a 500-mL volumetric flask, and add 25 mL of
water and 25 mL of acetone. Completely disintegrate the Tablets by heating on a steam
bath for 10 min with frequent mixing, allowing part of the acetone to boil off slowly. To
the hot mixture add 250 mL of glacial acetic acid, and mix occasionally for 5 min without
further heating to dissolve the pyrvinium pamoate. Dilute with methanol to volume at room
temperature, and mix. Centrifuge a portion of the mixture until a clear solution is obtained.
Use the clear solution to prepare the Sample solution.
Sample solution: Nominally 6 µg/mL of pyrvinium from the Standard stock solution in
methanol
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: 505 nm
Cell: 1 cm
Blank: Methanol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of pyrvinium (C26 H28 N3 +) in the portion of Tablets taken:
Result = (AU/AS) × (CS/CU) × (Mr1/Mr2) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Pyrvinium Pamoate RS in the Standard solution (µg/mL)
CU = nominal concentration of pyrvinium pamoate in the Sample solution (µg/mL)
Mr1 = molecular weight of pyrvinium, 382.52
Mr2 = half of the molecular weight of pyrvinium pamoate, 575.70
Acceptance criteria: 92.0%–108.0%
PERFORMANCE TESTS
• Disintegration 〈701〉
Time: 30 min
Acceptance criteria: Meet the requirements
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 〈11〉
USP Pyrvinium Pamoate RS
USP43

Recent Official Publications:
USP42–NF37 Page 3759
BRIEFING
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Regorafenib. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods of analysis is proposed. The liquid chromatographic
procedures used in the Assay and the test for Organic Impurities are based on analyses
performed with the XBridge Phenyl brand of column with L11 packing. The typical retention time
for regorafenib is about 25 min. The liquid chromatographic procedure used in the test for Limit
of Regorafenib Related Compound A is based on analyses performed with the XBridge Shield
RP18 brand of column with L1 packing. The typical retention time for regorafenib related
compound A is about 6–8 min.
(CHM3: F. Mao.)
Correspondence Number—C161055
Comment deadline: January 31, 2019
Add the following:
Regorafenib

C21 H15 ClF 4 N4 O3 ·H2 O

500.83

2-Pyridinecarboxamide, 4-[4-[[[[4-chloro-3-(trifluoromethyl)phenyl]amino]carbonyl]amino]-3fluorophenoxy]-N-methyl-, monohydrate;
4-[4-({[4-Chloro-3-(trifluoromethyl)phenyl]carbamoyl}amino)-3-fluorophenoxy]-Nmethylpyridine-2-carboxamide monohydrate
[1019206-88-2].
Anhydrous
C21 H15 ClF 4 N4 O3
482.82
[755037-03-7].
DEFINITION
Regorafenib contains NLT 97.5% and NMT 101.5% of regorafenib (C21 H15 ClF 4 N4 O3 ),
calculated on the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197K〉 or 〈197A〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Store the solutions containing regorafenib at 2°–8° and protect from light.
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Solution A: 0.1% (v/v) trifluoroacetic acid in water
Solution B: Acetonitrile and Solution A (3:97)
Mobile phase: See Table 1. Return to original conditions, and equilibrate the system for at
least 5 min.
Time
(min)
0
2
15
25
33
37

Table 1
Solution B
(%)
100
100
78
60
36
36

Acetonitrile
(%)
0
0
22
40
64
64

Standard solution: 0.45 mg/mL of USP Regorafenib RS in methanol
Sample solution: 0.45 mg/mL of Regorafenib in methanol
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 232 nm
Column: 2.1-mm × 15-cm; 3.5-µm packing L11
Temperatures
Autosampler: 8°
Column: 63°
Flow rate: 0.9 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of regorafenib (C21 H15 ClF 4 N4 O3 ) in the portion of Regorafenib
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of regorafenib from the Sample solution
rS = peak response of regorafenib from the Standard solution
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CS = concentration of USP Regorafenib RS in the Standard solution (mg/mL)
CU = concentration of Regorafenib in the Sample solution (mg/mL)
Acceptance criteria: 97.5%–101.5% on the anhydrous and solvent-free basis
IMPURITIES
• Organic Impurities
Store the solutions containing regorafenib at 2°–8° and protect from light.
Solution A, Solution B, Mobile phase, and Chromatographic system: Proceed as
directed in the Assay.
Standard stock solution: 1.5 mg/mL of USP Regorafenib RS in methanol
Standard solution: 1.5 µg/mL of USP Regorafenib RS in methanol, from Standard stock
solution
System suitability solution: 4.0 µg/mL of USP Sorafenib Tosylate RS in Standard stock
solution
Sensitivity solution: 0.75 µg/mL of USP Regorafenib RS in methanol from Standard solution
Sample solution: 1.5 mg/mL of Regorafenib in methanol
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
[Note—The relative retention times for sorafenib and regorafenib are 0.9 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 3.0 between the sorafenib and regorafenib peaks, System suitability
solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Regorafenib taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of regorafenib from the Standard solution
CS = concentration of USP Regorafenib RS in the Standard solution (mg/mL)
CU = concentration of Regorafenib in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Acceptance criteria See Table 2. The reporting threshold is 0.05%.
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Table 2
Relative
Retention
Time

Name

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Regorafenib dipicolinamide analoga
0.43
2.0
0.15
b
Regorafenib diarylurea analog
0.76
1.7
0.25
Regorafenib
1.00
—
—
4-Arylurea regorafenib analogc
1.27
0.95
0.15
Any individual unspecified impurity
—
1.0
0.10
Total impurities
—
—
1.0
a 4-(3-Fluoro-4-{[2-(methylcarbamoyl)pyridin-4-yl]amino}phenoxy)-Nmethylpicolinamide.
b N,N’-Bis{4-[2-(N-methylcarbamoyl)-4-pyridyloxy]-2-fluorophenyl}urea.
c 4-(4-{3-[4-Chloro-3-(trifluoromethyl)phenyl]ureido}-3-(4-{3-[4-chloro-3(trifluoromethyl)phenyl]ureido}-3-fluorophenoxy)phenoxy)-N-methylpicolinamide.
• Limit of Regorafenib Related Compound A
Store the solutions containing regorafenib or regorafenib related compound A at 2°–8°
and protect from light.
Solution A: Dissolve 1.5 g of potassium phosphate, monobasic and 0.5 g of potassium
phosphate, dibasic in 1 L of water.
Solution B: Solution A and acetonitrile (92:8)
Mobile phase: See Table 3. Return to original conditions, and equilibrate the system for at
least 10 min.
Time
(min)
0
2
17

Table 3
Solution B
(%)
100
100
22

Acetonitrile
(%)
0
0
78

Standard solution: 5.0 µg/mL of USP Regorafenib Related Compound A RS in
tetrahydrofuran
Sample solution: 50.0 mg/mL of Regorafenib in tetrahydrofuran
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 228 nm
Column: 3.0-mm × 15-cm; 3.5-µm packing L1
Temperatures
Autosampler: 2°–8°
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Column: 50°
Flow rate: 1.0 mL/min
Injection volume: 3 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 10.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of regorafenib related compound A in the portion of Regorafenib
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of regorafenib related compound A from the Sample solution
rS = peak response of regorafenib related compound A from the Standard solution
CS = concentration of USP Regorafenib Related Compound A RS in the Standard solution
(mg/mL)
CU = concentration of Regorafenib in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.01%
SPECIFIC TESTS
• Water Determination 〈921〉, Method I, Method Ic
Sample: 50 mg
Test preparation: Evaporation technique
Temperature: 150°
Heating time: 3 min
Carrier gas: Nitrogen
Flow rate: 70 mL/min
Acceptance criteria: 3.2%–4.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and protect from light. Store at room
temperature.
• USP Reference Standards 〈11〉
USP Regorafenib RS
USP Regorafenib Related Compound A RS
4-(4-Amino-3-fluorophenoxy)-N-methylpicolinamide.
C13 H12 FN3 O2
261.26
USP Sorafenib Tosylate RS
1-[4-Chloro-3-(trifluoromethyl)phenyl]-3-(4-{[2-(methylcarbamoyl)pyridin-4yl]oxy}phenyl}urea mono(4-methylbenzenesulfonate).
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637.03

USP43

BRIEFING
Risedronate Sodium, USP 41 page 3633. As part of the USP monograph modernization
effort, the follow changes are being proposed:
1. Revise Identification A to remove the cumbersome sample preparation and allow the
flexibility of using either 〈197K〉 or 〈197A〉 for this test.
2. Add Identification C based on the retention time agreement of the Standard solution
and Sample solution, as obtained in the Assay.
3. Remove the Capacity factor and the Relative standard deviation for the Standard
solution from the System suitability requirements in Organic Impurities, Procedure 2.
4. Remove the specific Methods Ic and Ia from the test for Water Determination to allow
flexibility.
5. Update the USP Reference Standards section to include additional chemical information
for USP Risedronate Related Compound A RS.
Additionally, minor editorial changes have been made to update the monograph to current
USP style.
(CHM3: A. Carney.)
Correspondence Number—C205116
Comment deadline: January 31, 2019
Risedronate Sodium

C7 H10 NNaO7 P2
305.09
C7 H10 NNaO7 P2 ·H2 O
323.12
C7 H10 NNaO7 P2 ·2.5 H2 O
350.13
Phosphonic acid, [1-hydroxy-2-(3-pyridinyl)ethylidene]bis-, monosodium salt;
Sodium trihydrogen [1-hydroxy-2-(3-pyridyl)ethylidene]diphosphonate;
Hemi-pentahydrate
[329003-65-8].
Monohydrate
[353228-19-0].
DEFINITION
Risedronate Sodium contains one or two-and-one-half molecules of hydration. The
monohydrate form contains NLT 98.0% and NMT 102.0% of risedronate sodium
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(C7 H10 NNaO7 P2 ), calculated on the dried basis. The hemi-pentahydrate form contains NLT
98.0% and NMT 102.0% of risedronate sodium (C7 H10 NNaO7 P2 ), calculated on the
anhydrous basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: USP43
The spectra of trifluorovinyl chloride polymer and mineral oil dispersions of it, separately
prepared from a test specimen, exhibit maxima in the regions of 4000–1350 cm–1 and
1350–450 cm–1, respectively, only at the same wavelengths as those of similar
preparations of USP Risedronate Sodium RS. [Note—If a difference appears in the infrared
spectra of the analyte and the standard, dissolve equal portions of the test specimen and
the USP Reference Standard in equal volumes of water containing about 50 mg/mL of
potassium bromide. Evaporate the solutions to dryness at 105° for 120 min. Repeat the
test on the residues.]
〈197K〉 or 〈197A〉 USP43
Change to read:
• B. Identification Tests—General 〈191〉, Chemical Identification Tests, Sodium: Meets the
requirements of test A. (CN 1-May-2018) [Note—Complete dissolution of the sample is
achieved only after the addition of the 15% potassium carbonate.]
Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Mobile phase: 1.8 g/L of edetate disodium in water. Adjust with 1 N sodium hydroxide to a
pH of 9.5 ± 0.1.
Standard solution: Dissolve USP Risedronate Sodium RS and USP Risedronate Related
Compound A RS in Mobile phase to obtain a solution containing 1.0 mg/mL of anhydrous
risedronate sodium and 0.1 mg/mL of risedronate related compound A.
1.0 mg/mL of USP Risedronate Sodium RS and 0.1 mg/mL of USP Risedronate Related
Compound A RS in Mobile phase USP43
Sample solution: 1.1 mg/mL of Risedronate Sodium in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 263 nm
Column: 4.0-mm × 25-cm; 10-µm packing L48
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Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.3 between risedronate related compound A and risedronate
Tailing factor: NMT 1.6 for the risedronate peak
Relative standard deviation: NMT 1.0% for the risedronate peak from three replicate
injections
USP43

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of risedronate sodium (C7 H10 NNaO7 P2 ) in the portion of
Risedronate Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response
of risedronate USP43
from the Sample solution
rS = peak response
of risedronate USP43
from the Standard solution
CS = concentration of USP Risedronate Sodium RS in the Standard solution (mg/mL)
CU = concentration of Risedronate Sodium in the Sample solution (mg/mL)
Acceptance criteria
Monohydrate: 98.0%–102.0% on the dried basis
Hemi-pentahydrate: 98.0%–102.0% on the anhydrous basis
IMPURITIES
Delete the following:
• Heavy Metals
Lead nitrate solution: Add 1 mL of nitric acid to 100 mL of water. Dissolve 100 mg of lead
nitrate in it, and dilute with water to 1000 mL.
Sodium bicarbonate solution: Transfer 0.840 g of sodium bicarbonate to a 1000-mL
volumetric flask containing about 950 mL of water. Dissolve in and dilute with water to
volume. Adjust with 0.1 N sodium hydroxide or 0.1 N hydrochloric acid, as necessary, to a
pH of 4.40 ± 0.02.
Hydrogen sulfide solution: Transfer 200 mL of Sodium bicarbonate solution to a suitable
conical flask, and bubble hydrogen sulfide gas through the solution until it turns a strip of
lead acetate test paper black (see Reagents, Indicators, and Solutions—Indicator and
Test Papers).
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Standard solutions: Transfer 500 mg of Risedronate Sodium to each of three separate
beakers. Add 41 mL of water to each beaker, and stir to dissolve. Adjust with 0.1 N
sodium hydroxide or 0.1 N hydrochloric acid, as necessary, to a pH of 4.40 ± 0.02. Label
the first beaker as Standard solution 1. Add 200 µL of Lead nitrate solution to the second
beaker (Standard solution 2) and 400 µL to the third beaker (Standard solution 3). These
solutions contain the equivalent of 0, 12.5, and 25 µg of lead (representing 0, 10, and 20
ppm, respectively).
Sample solution: Transfer 1.75 g of Risedronate Sodium to a suitable beaker. Add 41 mL
of water, and stir to dissolve. Adjust with 0.1 N sodium hydroxide or 0.1 N hydrochloric
acid, as necessary, to a pH of 4.40 ± 0.02.
Analysis: Add 7 mL of Hydrogen sulfide solution to each of the beakers containing the
Standard solutions and the Sample solution. Allow the solutions to stand for at least 5
min. Add 60 µL of 1 N hydrochloric acid to each of the beakers containing the Standard
solutions, add 200 µL of 1 N hydrochloric acid to the beaker containing the Sample
solution, and stir. Transfer the solutions into 50-mL color-comparison tubes, and view
downward over a white surface.
Acceptance criteria: The color of the solution obtained from the Sample solution is not
darker than that of the solution from Standard solution 3 (NMT 20 ppm).
(O fficial 1-Jan-2018)

Change to read:
• Organic Impurities, Procedure 1
[Note—Perform both Procedure 1 and Procedure 2.]
Mobile phase, Standard solution, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
Diluted standard solution: Dilute a portion of the Standard solution with Mobile phase to
obtain a solution containing 5 µg/mL of anhydrous risedronate sodium and about 0.5 µg/mL
of risedronate related compound A.
0.005 mg/mL of USP Risedronate Sodium RS and 0.5 µg/mL of USP Risedronate Related
Compound A RS in Mobile phase from the Standard solution USP43
System suitability
Samples: Standard solution and Diluted standard solution
Suitability requirements
Resolution: NLT 2.3 between risedronate related compound A and risedronate,
Standard solution
Tailing factor: NMT 1.6 for the risedronate peak, Standard solution
Relative standard deviation: NMT 1.0% for the risedronate peak, from three replicate
injections
USP43

Standard solution; NMT 15% for the risedronate related compound A peak, from three
replicate injections
USP43

Diluted standard solution
Analysis
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Samples: Sample solution and Diluted standard solution
Calculate the percentage of each impurity in the portion of Risedronate Sodium taken:
Result= (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of risedronate from the Diluted standard solution
CS = concentration of USP Risedronate Sodium RS in the Diluted standard solution
(mg/mL)
CU = concentration of Risedronate Sodium in the Sample solution (mg/mL)
F = relative response factor (see Table 1)
Table 1

Name
3-Pyridyl acetic acid
USP Risedronate Related Compound A RS
Risedronate related compound A USP43
(2-Pyridinyl isomer)
Risedronate sodium

Relative
Retention
Time
0.22

0.84
1.0

Relative
Response
Factor
1.65

1.0
—

Acceptance criteria:
The reporting threshold is 0.05%. USP43
Any individual impurity: NMT 0.10%
[Note—Disregard the peak due to the sodium ion, eluting at about 1.6 min, and any peak
observed in the blank. The reporting level for impurities is 0.05%.
USP43

]
Change to read:
• Organic Impurities, Procedure 2
Mobile phase: Transfer 16.15 g of dibasic potassium phosphate and 0.46 g of edetate
disodium to a 1-L beaker, and dissolve in about 400 mL of water. Add 1 vial of
commercially available tetrabutylammonium dihydrogen phosphate buffered solution in
methanol1 and 1 mL of hydrochloric acid. Adjust with 1 N sodium hydroxide or 1 N
hydrochloric acid, as necessary, to a pH of 7.5 ± 0.1, and dilute with water to 480 mL.
Add 20 mL of methanol, mix well, pass the solution through a nylon filter of 0.45-µm pore
size, and degas.
Diluent: Transfer 0.46 g of edetate disodium to a 1-L beaker, and dissolve in 500 mL of
water. Adjust with 1 N sodium hydroxide to a pH of 7.5 ± 0.1.
Standard solution: 5 µg/mL
0.005 mg/mL USP43
of USP Risedronate Related Compound B RS in Diluent
Diluted standard solution: 0.5 µg/mL of USP Risedronate Related Compound B RS in
Diluent from the Standard solution
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Sample solution: 2 mg/mL of Risedronate Sodium in Diluent, using sonication if necessary
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 263 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution and Diluted standard solution
Suitability requirements
Capacity factor: Greater than 2, Standard solution
USP43

Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 5% from three replicate injections, Standard
solution;
USP43

NMT 10%, from three replicate injections
USP43

Diluted standard solution
Analysis
Samples: Standard solution and Sample solution
[Note—Disregard any peak eluting before risedronate related compound B. The
risedronate peak elutes unretained at the void volume.]
Calculate the percentage of each impurity in the portion of Risedronate Sodium taken:
Result= (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of each impurity from the Sample solution
rS = peak response of risedronate related compound B from the Standard solution
CS = concentration of USP Risedronate Related Compound B RS in the Standard solution
(mg/mL)
CU = concentration of Risedronate Sodium in the Sample solution (mg/mL)
Mr1 = molecular weight of risedronate related compound B as a free acid, 530.20
Mr2 = molecular weight of risedronate related compound B as a tetrahydrate disodium
salt, 646.22
Acceptance criteria:
The reporting threshold is 0.05%. USP43
Risedronate related compound B: NMT 0.10%
Individual impurities: NMT 0.10%
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Total impurities: NMT 0.50%, Procedure 1 and Procedure 2 being combined.[Note
—Disregard any peak observed in the blank. The reporting level for impurities is 0.05%.
USP43

]
SPECIFIC TESTS
Change to read:
• Water Determination 〈921〉 , Method Ic
USP43

: Perform the test by direct introduction of solid sample into the titrator. Alternatively,
Method 1a may be used.
USP43

Acceptance criteria: 11.9%–13.9%; where it is labeled as a hemi-pentahydrate
Change to read:
• Loss on Drying
(See Thermal Analysis 〈891〉.)
Analysis: Determine the percentage of volatile substances by thermogravimetric analysis
on an appropriately calibrated instrument.
USP43

Sample: 7–15 mg of Risedronate Sodium
Heating rate: 10°/min in a stream of nitrogen at a flow rate of about 40 mL/min
Temperature range: Ambient temperature to 250°
Acceptance criteria: 5.5%–7.5%; where it is labeled as a monohydrate
ADDITIONAL REQUIREMENTS
• Labeling: Label to indicate whether it is the monohydrate or the hemi-pentahydrate form.
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
Change to read:
• USP Reference Standards 〈11〉
USP Risedronate Sodium RS
USP Risedronate Related Compound A RS
2-Pyridinyl isomer or
USP43

[1-hydroxy-2-(2-pyridinyl)ethylidene]bis(phosphonic acid) monohydrate.
C7 H11 NO7 P2 ·
H2 O USP43
283.12
301.13 USP43
USP Risedronate Related Compound B RS
Cyclic dimer;
Disodium tetrahydrate salt;
[3,6-Bis[(3-pyridinyl)methyl]-2,5-dihydroxy-2,5-dioxido-1,4,2,5-dioxadiphosphorinane-
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3,6-diyl]bis[phosphonic acid] disodium tetrahydrate salt.
C14 H16 N2 O12 P4 Na2 ·4H2 O
646.22
1 Available from Waters C orp. as Part #85101 (PIC A).

Recent Official Publications:
USP42–NF37 Page 3868
BRIEFING
Risperidone Oral Solution, USP 41 page 3639. As part of the USP monograph modernization
effort, it is proposed to make the following changes:
1. Add Identification B with UV spectrum agreement based on the Assay.
2. Revise the Chromatographic system in the Assay to support the proposed Identification
B.
3. Add a Sensitivity solution, Signal-to-noise ratio requirement, and reporting threshold to
the Organic Impurities test for consistency with USP style.
4. The names and chemical structures of several impurities contained in USP Risperidone
Related Compounds Mixture RS were updated to reflect the current naming conventions.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM4: C. Chisolm.)
Correspondence Number—C196851
Comment deadline: January 31, 2019
Risperidone Oral Solution
DEFINITION
Risperidone Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of
risperidone (C23 H27 FN4 O2 ). It may contain a suitable preservative.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• B. The UV spectrum of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Buffer: 5.0 g/L of ammonium acetate in water
Mobile phase: Acetonitrile and Buffer (11:39)
(22:78) USP43
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System suitability solution: 0.25 mg/mL
250 µg/mL USP43
of USP Risperidone Related Compounds Mixture RS prepared as follows. Weigh USP
Risperidone Related Compounds Mixture RS into a suitable volumetric flask. Dissolve first in
20% of the flask volume of methanol. Add 20% of the flask volume of water followed by
50% of the flask volume of Buffer, and allow to cool to room temperature. Dilute with
methanol to volume.
Standard stock solution: 1 mg/mL
1000 µg/mL USP43
of USP Risperidone RS in methanol
Standard solution: 0.2 mg/mL
200 µg/mL USP43
of USP Risperidone RS prepared from the Standard stock solution as follows. Transfer 5.0
mL of the Standard stock solution to a 25-mL volumetric flask. Add 5.0 mL of water
followed by 12.5 mL of Buffer, and allow to cool to room temperature. Dilute with
methanol to volume.
Sample solution: Nominal concentration of 0.2 mg/mL of risperidone prepared
Nominally 200 µg/mL of risperidone USP43
from Oral Solution as follows. Transfer an amount of Oral Solution, equivalent to 5 mg of
risperidone to a 25-mL volumetric flask, add 12.5 mL of Buffer, fill with methanol almost to
volume, and mix well. Allow to cool to room temperature, and dilute with methanol to
volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 275 nm.
For Identification B, use a diode array detector in the range of 190–400 nm.
Column: 4.6-mm × 10-cm; 3-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time:
NLT USP43
2 times the retention time of risperidone
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between bicyclorisperidone and
risperidone USP43
Z-oxime, System suitability solution
Relative standard deviation: NMT 2.0%

USP43
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1.0% USP43
, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of risperidone (C23 H27 FN4 O2 ) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of risperidone from the Sample solution
rS = peak response of risperidone from the Standard solution
CS = concentration of USP Risperidone RS in the Standard solution (mg/mL)
(µg/mL) USP43
CU = nominal concentration of risperidone in the Sample solution (mg/mL)
(µg/mL) USP43
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Deliverable Volume 〈698〉: Meets the requirements
IMPURITIES
Change to read:
• Organic Impurities
Buffer, Mobile phase, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard stock solution: 5 µg/mL of USP Risperidone RS in methanol
Standard solution: 1 µg/mL of USP Risperidone RS from the Standard stock solution
prepared as follows. Transfer 5.0 mL of the Standard stock solution to a 25-mL volumetric
flask. Add 5.0 mL of water followed by 12.5 mL of Buffer, and allow to cool to room
temperature. Dilute with methanol to volume.
Sensitivity solution: 0.2 µg/mL of USP Risperidone RS from the Standard stock solution
prepared as follows. Transfer 1.0 mL of the Standard stock solution to a 25-mL volumetric
flask. Add 5.0 mL of water followed by 12.5 mL of Buffer, and allow to cool to room
temperature. Dilute with methanol to volume. USP43
System suitability
Samples: System suitability solution, Standard solution, and
Sensitivity solution USP43
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between bicyclorisperidone and
risperidone USP43
Z-oxime, System suitability solution
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Relative standard deviation: NMT 10%
NMT 5%, USP43
Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution

USP43

Calculate the percentage of each impurity
unspecified degradation product USP43
in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU = peak response of each individual impurity
unspecified degradation product USP43
from the Sample solution
rS = peak response of risperidone from the Standard solution
CS = concentration of USP Risperidone RS in the Standard solution (mg/mL)
(µg/mL) USP43
CU = nominal concentration of risperidone in the Sample solution (mg/mL)
(µg/mL) USP43
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1.
The reporting threshold is 0.10%.

USP43
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Name
Risperidone cis-N-oxidea
Bicyclorisperidoneb
Risperidone
Z-oximec,
d

USP43

Table 1
Relative
Retention
Time
0.33
0.43

USP43

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.97
0.67

0.50
0.50

—

—

0.53
1.0

Risperidone
—
—
Any unspecified
—
degradation product
1.0
0.20
Total impurities
—
—
1.0
a cis-3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)-1-piperidinyl]ethyl]-6,7,8,9tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one,N-oxide monohydrate
cis-3-{2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)-1-piperidinyl]ethyl}-2-methyl-6,7,8,9tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one N-oxide. USP43
b 3-(4-Fluoro-2-hydroxyphenyl)-1-[2-(6,7,8,9-tetrahydro-2-methyl-4-oxo-4H-pyrido[1,2-a]pyrimidin-3-yl)ethyl]-1-aza-2-azoniabicyclo[2.2.2]oct-2-ene salt
3-(4-Fluoro-2-hydroxyphenyl)-1-{2-(6,7,8,9-tetrahydro-2-methyl-4-oxo-4H-pyrido[1,2-a]pyrimidin-3-yl)ethyl}-2-aza-1-azoniabicyclo[2.2.2]oct-2-ene iodide. USP43
c (Z)-3-[2-[4-(2,4-Difluorophenyl)(hydroxyimino)methyl]-1-piperidinyl]ethyl]-6,7,8,9tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one.[Note—Process impurity, not to
be quantified in the drug product. It is used to establish system suitability only.]
3-(2-{4-[(Z)-(2,4-Difluorophenyl)(hydroxyimino)methyl]piperidin-1-yl}ethyl)-2methyl-6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one.
d Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance, and are not to be reported or included in the total
impurities for the drug product. USP43
SPECIFIC TESTS
• pH 〈791〉: 2.0–4.0
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 102 cfu/mL. The total yeasts and molds count
does not exceed 101 cfu/mL. It meets the requirements of the test for absence of
Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in light-resistant containers. Store at controlled room
temperature. Do not freeze.
Change to read:
• USP Reference Standards 〈11〉
USP Risperidone RS
USP Risperidone Related Compounds Mixture RS
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Contains a mixture of the following four compounds:
Risperidone.
Risperidone cis-N-oxide: cis-3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)-1piperidinyl]ethyl]-6,7,8,9-tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one, Noxide
cis-3-{2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)-1-piperidinyl]ethyl}-2-methyl-6,7,8,9tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one N-oxide.
C23 H27 FN4 O3
426.48 USP43
Bicyclorisperidone: 3-(4-Fluoro-2-hydroxyphenyl)-1-[2-(6,7,8,9-tetrahydro-2-methyl4-oxo-4H-pyrido-[1,2-a]pyrimidin-3-yl)ethyl]-2-aza-1-azoniabicyclo[2.2.2]oct-2-ene
iodide
3-(4-Fluoro-2-hydroxyphenyl)-1-{2-(6,7,8,9-tetrahydro-2-methyl-4-oxo-4H-pyrido[1,2-a]pyrimidin-3-yl)ethyl}-2-aza-1-azoniabicyclo[2.2.2]oct-2-ene iodide.
C23 H28 FIN4 O2
538.41 USP43

Risperidone USP43
Z-oxime: (Z)-3-[2-[4-(2,4-Difluorophenyl)(hydroxyimino)methyl]-1-piperidinyl]ethyl]6,7,8,9-tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one
3-(2-{4-[(Z)-(2,4-Difluorophenyl)(hydroxyimino)methyl]piperidin-1-yl}ethyl)-2methyl-6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one.
C23 H28 F 2 N4 O2
430.50 USP43
Recent Official Publications:
USP42–NF37 Page 3873
BRIEFING
Ritodrine Hydrochloride, USP 41 page 3643. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated with Ritodrine Hydrochloride are currently marketed in the
United States.
2. Drug products containing Ritodrine Hydrochloride are currently not used in veterinary
medicine in the United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205638
Comment deadline: January 31, 2019
Delete the following:
Ritodrine Hydrochloride

PF 44(6): Nov.-Dec. 2018

C17 H21 NO3 ·HCl

551

323.81

Benzenemethanol, 4-hydroxy- α-[1-[[2-(4-hydroxyphenyl)ethyl]amino]ethyl]-, hydrochloride,
(R*, S*)-.
erythro-p-Hydroxy- α-[1-[(p-hydroxyphenethyl)amino]ethyl]benzyl alcohol hydrochloride
[23239-51-2].

» Ritodrine Hydrochloride contains not less than 97.0 percent and not more
than 103.0 percent of C 17 H 21 NO 3 ·HCl, calculated on the dried basis.
Packaging and storage—Preserve in tight containers. Store at 25°, excursions permitted
between 15° and 30°.
USP Reference standards 〈11〉—
USP Ritodrine Hydrochloride RS
Identification—
A: The IR absorption spectrum of a potassium bromide dispersion of it exhibits maxima only at
the same wavelengths as that of a similar preparation of USP Ritodrine Hydrochloride RS.
B: The retention time of the ritodrine hydrochloride in the Assay preparation obtained in the
Assay corresponds to that of the Standard preparation obtained in the Assay.
C: A solution (1 in 100) responds to the tests for Identification Tests—General 〈191〉, Chloride.
pH 〈791〉: between 4.5 and 6.0, in a solution (1 in 50).
Loss on drying 〈731〉: Dry it at 105° for 2 hours: it loses not more than 1.0% of its weight.
Residue on ignition 〈281〉: not more than 0.2%.
Delete the following:
Heavy metals, Method II 〈231〉: not more than 0.002%.
Related compounds—

(O fficial 1-Jan-2018)

Mobile phase and Chromatographic system— Prepare as directed in the Assay.
Test preparation— Prepare a solution containing about 1 mg of Ritodrine Hydrochloride in each
mL of Mobile phase.
Diluted test preparation— Quantitatively dilute a suitable volume of the Test preparation with
Mobile phase to obtain a solution having a known concentration of 0.01 mg per mL of ritodrine
hydrochloride.
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Procedure— Chromatograph the Test preparation and the Diluted test preparation, as directed
in the Assay. The relative retention times are about 0.3 for tyramine, 0.65 for erythro-1-(4ketocyclohexyl)-2-[(1-hydroxyphenethyl)amino]propanol-1, 0.85 for erythro-p-hydroxy-[1-(4ketocyclohexylethyl)amino]ethyl benzyl alcohol, 1.0 for ritodrine, 1.15 for threo diastereomer of
ritodrine, and 2.3 for p-hydroxy-β-(p-hydroxyphenethyl)amino]propiophenone. Determine the
peak responses for ritodrine and for the related compounds from the chromatograms obtained
from the Diluted test preparation and the Test preparation,respectively. Calculate the
percentage of related compounds found: not more than 0.5% of any individual impurity and not
more than 2.0% of total impurities is found.
Assay—
Mobile phase— Dissolve 6.6 g of dibasic ammonium phosphate and 1.1 g of sodium 1heptanesulfonate in 700 mL of water, and mix with 300 mL of methanol. Adjust by the addition
of phosphoric acid to a pH of 3.0, mix, filter, and degas. Make adjustments if necessary (see
System Suitability under Chromatography 〈621〉).
Standard preparation— Dissolve an accurately weighed quantity of USP Ritodrine Hydrochloride
RS in Mobile phase to obtain a solution having a known concentration of about 0.2 mg per mL.
Assay preparation— Transfer about 200 mg of Ritodrine Hydrochloride, accurately weighed, to a
100-mL volumetric flask, dissolve in Mobile phase,dilute with Mobile phase to volume, and mix.
Transfer 10.0 mL of this solution to a 100-mL volumetric flask, dilute with Mobile phase to
volume, and mix.
System suitability preparation— Dissolve about 20 mg of Ritodrine Hydrochloride in about 50 mL
of Mobile phase. Add 5.6 mL of sulfuric acid, dilute with Mobile phase to 100 mL, and mix. Heat
a portion of this solution for about 2 hours at about 85°, and then cool to room temperature.
Cautiously mix 10.0 mL of the cooled solution with 8.0 mL of sodium hydroxide solution (1 in
10), and allow to cool. This solution contains ritodrine and its threo diastereomer.
Chromatographic system— The chromatograph is equipped with a 4.6-mm × 25-cm stainless
steel column that contains packing L7 and an UV detector that monitors absorption at 214 nm.
Chromatograph about 50 µL of the System suitability preparation: the resolution between
ritodrine and its threo diastereomer is not less than 1.0. [Note—Chromatograms obtained as
directed for this test, exhibit relative retention times of 1.0 for ritodrine and approximately 1.2
for the threodiastereomer.]
Procedure— Separately inject equal volumes (20 to 50 µL) of the Standard preparation and the
Assay preparation into the chromatograph (see Chromatography 〈621〉) by means of a suitable
sampling valve. Record the chromatograms and measure the peak responses. Calculate the
quantity, in mg, of C17 H21 NO3 ·HCl in the portion of Ritodrine Hydrochloride taken by the
formula:
1000C(rU / rS)
in which C is the concentration, in mg per mL, of USP Ritodrine Hydrochloride RS in the
Standard preparation;and rU and rS are the peak responses for Ritodrine Hydrochloride obtained
from the Assay preparation and the Standard preparation,respectively. USP43
Recent Official Publications:
USP42–NF37 Page 3878
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BRIEFING
Ritodrine Hydrochloride Injection, USP 41 page 3644. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Ritodrine Hydrochloride Injection are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205639
Comment deadline: January 31, 2019
Delete the following:
Ritodrine Hydrochloride Injection

» Ritodrine Hydrochloride Injection is a sterile solution of Ritodrine
Hydrochloride in W ater for Injection. It contains not less than 90.0 percent
and not more than 110.0 percent of the labeled amount of C 17 H 21 NO 3 ·HCl.
Packaging and storage—Preserve in single-dose containers, preferably of Type I glass. Store
at room temperature, preferably below 30°.
Change to read:
USP Reference standards 〈11〉—
USP Ritodrine Hydrochloride RS
(CN 1-May-2018)

Identification—The retention time of the ritodrine hydrochloride in the Assay preparation
obtained in the Assay corresponds to that of the Standard preparation obtained in the Assay.
Bacterial Endotoxins Test 〈85〉 —It contains not more than 0.5 USP Endotoxin Unit per mg.
pH 〈791〉: between 4.8 and 5.5.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
Assay—
Mobile phase, Standard preparation, andSystem suitability preparation— Proceed as directed in
the Assay under Ritodrine Hydrochloride.
Assay preparation— Dilute an accurately measured volume of Injection, equivalent to about 20
mg of ritodrine hydrochloride, with Mobile phase to 100.0 mL, and mix.
Chromatographic system— Proceed as directed in the Assay under Ritodrine Hydrochloride
except that the liquid chromatograph is equipped with a 275-nm detector.
Procedure— Proceed as directed in the Assay under Ritodrine Hydrochloride. Calculate the
quantity, in mg, of C17 H21 NO3 ·HCl in each mL of the Injection taken by the formula:
(100C / V)(rU / rS)
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in which V is the volume, in mL, of Injection taken, and the other terms are as defined therein.
USP43

Recent Official Publications:
USP42–NF37 Page 3879
BRIEFING
Ritodrine Hydrochloride Tablets, USP 41 page 3645. It is proposed to omit this monograph
for the following reasons:
1. No drug products formulated as defined under Ritodrine Hydrochloride Tablets are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205640
Comment deadline: January 31, 2019
Delete the following:
Ritodrine Hydrochloride Tablets

» Ritodrine Hydrochloride Tablets contain not less than 90.0 percent and not
more than 110.0 percent of the labeled amount of C 17 H 21 NO 3 ·HCl.
Packaging and storage—Preserve in tight containers. Store at room temperature, preferably
below 30°.
USP Reference standards 〈11〉—
USP Ritodrine Hydrochloride RS
Identification—The retention time of the Tablets in the Assay preparation obtained in the
Assay corresponds to that of the Standard preparation obtained in the Assay.
Dissolution 〈711〉—
Medium: 0.01 N hydrochloric acid; 900 mL.
Apparatus 2: 50 rpm.
Time: 30 minutes.
Procedure— Determine the amount of C17 H21 NO3 ·HCl dissolved by employing the procedure set
forth in the Assay, using a filtered portion of the solution under test as the Assay preparation
in comparison with a Standard solution having a known concentration of USP Ritodrine
Hydrochloride RS in the same Medium.
Tolerances— Not less than 80% (Q) of the labeled amount of C17 H21 NO3 ·HCl is dissolved in 30
minutes.
Uniformity of dosage units 〈905〉: meet the requirements.
Procedure for content uniformity— Transfer 1 Tablet to a 200-mL volumetric flask, add about 5
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mL of water, and stir until disintegration is complete. Add about 150 mL of methanolic sulfuric
acid solution (0.005 M sulfuric acid in methanol), continue stirring for an additional 15 minutes,
dilute with methanolic sulfuric acid solution to volume, and mix. Filter a portion of the mixture,
discarding the first 20 mL of the filtrate. Dissolve an accurately weighed quantity of USP
Ritodrine Hydrochloride RS in methanolic sulfuric acid solution, and dilute quantitatively and
stepwise with the same solvent to obtain a Standard solution having a known concentration of
about 50 µg per mL. Concomitantly determine the absorbances of both solutions in 1-cm cells
at the wavelength of maximum absorbance at about 276 nm, with a suitable
spectrophotometer, using methanolic sulfuric acid solution as the blank. Calculate the quantity,
in mg, of C17 H21 NO3 ·HCl in the Tablet taken by the formula:
(TC / D)(AU / AS)
in which T is the labeled quantity, in mg, of ritodrine hydrochloride in the Tablet, C is the
concentration, in µg per mL, of USP Ritodrine Hydrochloride RS in the Standard solution, D is
the concentration, in µg per mL, of ritodrine hydrochloride in the solution from the Tablet based
upon the labeled quantity per Tablet and the extent of dilution, and AU and AS are the
absorbances of the solution from the Tablet and the Standard solution, respectively.
Assay—
Mobile phase, Standard preparation, andSystem suitability preparation— Proceed as directed in
the Assay under Ritodrine Hydrochloride.
Assay preparation— Weigh and finely powder not less than 20 Tablets. Transfer an accurately
weighed portion of the powder, equivalent to about 20 mg of ritodrine hydrochloride, to a 100mL volumetric flask. Add about 70 mL of Mobile phase, stir for about 15 minutes, dilute with
Mobile phase to volume, mix, and filter a portion to remove any particulate matter.
Chromatographic system— Proceed as directed in the Assay under Ritodrine Hydrochloride
Injection.
Procedure— Proceed as directed in the Assay under Ritodrine Hydrochloride. Calculate the
quantity, in mg, of C17 H21 NO3 ·HCl in the portion of Tablets taken by the formula:
100C(rU / rS)
in which the terms are as defined therein.

USP43

Recent Official Publications:
USP42–NF37 Page 3879
BRIEFING
Scopolamine Hydrobromide Injection, USP 41 page 3729. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Scopolamine Hydrobromide Injection are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM3: M. Puderbaugh.)
Correspondence Number—C205642
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Comment deadline: January 31, 2019
Delete the following:
Scopolamine Hydrobromide Injection

» Scopolamine Hydrobromide Injection is a sterile solution of Scopolamine
Hydrobromide in W ater for Injection. It contains not less than 90.0 percent
and not more than 110.0 percent of the labeled amount of
C 17 H 21 NO 4 ·HBr·3H 2 O.
Packaging and storage—Preserve in light-resistant, single-dose or multiple-dose containers,
preferably of Type I glass.
Change to read:
USP Reference standards 〈11〉—
USP Scopolamine Hydrobromide RS
(CN 1-May-2018)

Identification—
A: Transfer a volume of Injection, equivalent to about 3 mg of scopolamine hydrobromide, to a
50-mL separator, dilute with water, if necessary, to 10 mL, add 0.2 mL of ammonium hydroxide,
and extract with 25 mL of chloroform. Add 50 mL of ether to the chloroform solution, and pass
the mixture through a 25- × 250-mm chromatographic tube fitted with a pledget of glass wool
at the base and packed with 2 g of purified siliceous earth that previously has been mixed with
1 mL of 0.2 N phosphoric acid saturated with sodium bromide. Discard the eluate, and pass 25
mL of water-saturated ether through the column and discard. Elute with 100 mL of watersaturated chloroform, collect the eluate in a suitable receiver, and evaporate just to dryness.
Dissolve the residue in 1 mL of alcohol, and proceed as directed in Identification test A under
Scopolamine Hydrobromide, beginning with “and evaporate the solution on a steam bath to
dryness.”
B: Add to the Injection silver nitrate TS: a yellowish white precipitate, insoluble in nitric acid
but slightly soluble in 6 N ammonium hydroxide, is formed.
Bacterial endotoxins 〈85〉—It contains not more than 555.0 USP Endotoxin Units per mg of
scopolamine hydrobromide.
pH 〈791〉: between 3.5 and 6.5.
Other requirements—It meets the requirements under Injections and Implanted Drug
Products 〈1〉.
Assay—
pH 9.0 Buffer— Dissolve 34.8 g of dibasic potassium phosphate in 900 mL of water, and adjust
with 3 N hydrochloric acid or 1 N sodium hydroxide, as necessary, to a pH of 9.0, determined
electrometrically, and mix.
Internal standard solution— Transfer about 25 mg of homatropine hydrobromide to a 50-mL
volumetric flask, dissolve in and dilute with water to volume, and mix. Prepare fresh daily.
Standard stock solution— Transfer about 10 mg of USP Scopolamine Hydrobromide RS,
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accurately weighed, to a 100-mL volumetric flask, dissolve in and dilute with water to volume,
and mix. Prepare fresh daily.
Standard preparation— Pipet 10 mL of the Standard stock solution into a separator, add 2.0 mL
of Internal standard solution and 5.0 mL of pH 9.0 Buffer, and carefully adjust the solution with
1 N sodium hydroxide to a pH of 9.0, avoiding any excess. Immediately extract with two 10-mL
portions of methylene chloride, filter the methylene chloride extracts through 1 g of anhydrous
sodium sulfate supported by a small cotton plug in a funnel into a 50-mL beaker, and evaporate
under nitrogen to approximately 2.0 mL.
Assay solution— Transfer an accurately measured volume of Injection, equivalent to about 10
mg of scopolamine hydrobromide, to a 100-mL volumetric flask. Dilute with water to volume,
and mix.
Assay preparation— Pipet 10 mL of the Assay solution into a separator, and proceed as
directed for Standard preparation, beginning with “add 2.0 mL of Internal standard solution.”
Chromatographic system (see Chromatography 〈621〉)— The gas chromatograph contains a 2mm × 1.8-m glass column packed with 3% liquid phase G3 on support S1AB. The carrier gas is
nitrogen, flowing at a rate of 25 mL per minute. The column temperature is maintained at 225°.
Chromatograph the Standard preparation, and record the peak responses as directed for
Procedure: the resolution factor, R, between homatropine and scopolamine is not less than 5;
the tailing factor is not more than 2.0; and the relative standard deviation for replicate
injections is not more than 2.0%.
Procedure— Separately inject equal volumes (about 1 µL) of the Standard preparation and the
Assay preparation into the chromatograph, record the chromatograms, and measure the peak
areas. Calculate the ratio, AU, of the area of the scopolamine hydrobromide peak to the area of
the internal standard peak in the chromatogram from the Assay preparation, and similarly
calculate the ratio, AS, in the chromatogram from the Standard preparation. Calculate the
quantity, in mg, of scopolamine hydrobromide (C17 H21 NO4 ·HBr·3H2 O) in the volume of Injection
taken by the formula:
1.141W(AU / AS),
in which 1.141 is the ratio of the molecular weight of scopolamine hydrobromide trihydrate to
that of anhydrous scopolamine hydrobromide; W is the weight, in mg, of USP Scopolamine
Hydrobromide RS in the Standard preparation; and AU and AS are as calculated above. USP43
Recent Official Publications:
USP42–NF37 Page 3974
BRIEFING
Scopolamine Hydrobromide Ophthalmic Solution, USP 41 page 3730. It is proposed to
omit this monograph for the following reasons:
1. No drug products formulated as defined under Scopolamine Hydrobromide Ophthalmic
Solution are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM3: M. Puderbaugh.)
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Correspondence Number—C205643
Comment deadline: January 31, 2019
Delete the following:
Scopolamine Hydrobromide Ophthalmic Solution

» Scopolamine Hydrobromide Ophthalmic Solution is a sterile, buffered,
aqueous solution of Scopolamine Hydrobromide. It contains not less than
90.0 percent and not more than 110.0 percent of the labeled amount of
C 17 H 21 NO 4 ·HBr·3H 2 O. It may contain suitable antimicrobial agents and
stabilizers, and may contain suitable additives for the purpose of increasing
its viscosity.
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Scopolamine Hydrobromide RS
Identification—
A: A volume of Ophthalmic Solution, equivalent to about 3 mg of scopolamine hydrobromide,
responds to Identification test A under Scopolamine Hydrobromide Injection.
B: Add to the Ophthalmic Solution silver nitrate TS: a yellowish white precipitate, insoluble in
nitric acid but slightly soluble in 6 N ammonium hydroxide, is formed.
Sterility Tests 〈71〉: meets the requirements.
pH 〈791〉: between 4.0 and 6.0
Assay—Transfer an accurately measured volume of Ophthalmic Solution, equivalent to about
10 mg of scopolamine hydrobromide, to a 100-mL volumetric flask, dilute with water to volume,
and mix. Using this as the Assay solution, proceed as directed in the Assay under Scopolamine
Hydrobromide Injection. Calculate the quantity, in mg, of C17 H21 NO4 ·HBr·3H2 O in the volume of
Ophthalmic Solution taken by the formula given therein. USP43
Recent Official Publications:
USP42–NF37 Page 3975
BRIEFING
Scopolamine Hydrobromide Tablets, USP 41 page 3730. It is proposed to omit this
monograph for the following reasons:
1. No drug products formulated as defined under Scopolamine Hydrobromide Tablets are
currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM3: M. Puderbaugh.)
Correspondence Number—C205644
Comment deadline: January 31, 2019
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Delete the following:
Scopolamine Hydrobromide Tablets

» Scopolamine Hydrobromide Tablets contain not less than 90.0 percent and
not more than 110.0 percent of the labeled amount of C 17 H 21 NO 4 ·HBr·3H 2 O.
Packaging and storage—Preserve in tight, light-resistant containers.
USP Reference standards 〈11〉—
USP Scopolamine Hydrobromide RS
Identification—Place an amount of powdered Tablets, equivalent to about 3 mg of
scopolamine hydrobromide, in a 50-mL separator, add 10 mL of water, and shake for 2 minutes.
Proceed as directed in Identification test A under Scopolamine Hydrobromide Injection,
beginning with “add 0.2 mL of ammonium hydroxide.”
Disintegration 〈701〉: 15 minutes, the use of disks being omitted.
Uniformity of dosage units 〈905〉: meet the requirements.
Assay—Weigh and finely powder not less than 20 Tablets. Transfer an accurately weighed
portion of the powder, equivalent to about 1.0 mg of scopolamine hydrobromide, to a separator
containing 5 mL of pH 9.0 buffer, and add, by pipet, 2.0 mL of Internal standard solution
(prepared as directed in the Assay under Scopolamine Hydrobromide Injection). Adjust with 1 N
sodium hydroxide to a pH of 9.0, extract with two 10-mL portions of methylene chloride, filter
the methylene chloride extracts through 1 g of anhydrous sodium sulfate supported by a small
cotton plug in a funnel into a 50-mL beaker, and evaporate under nitrogen to approximately 2.0
mL. Using this as the Assay preparation, proceed as directed in the Assay under Scopolamine
Hydrobromide Injection. Calculate the quantity, in mg, of C17 H21 NO4 ·HBr·3H2 O in the portion of
Tablets taken by the formula:
1.141(W / 10)(AU / AS)
in which W is the weight, in mg, of USP Scopolamine Hydrobromide RS in the Standard solution;
and 1.141 is the ratio of the molecular weight of scopolamine hydrobromide trihydrate to that
of anhydrous scopolamine hydrobromide and AU and AS are as defined therein. USP43
Recent Official Publications:
USP42–NF37 Page 3975
BRIEFING
Secobarbital, USP 41 page 3730. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Secobarbital are currently marketed in the United
States.
2. Drug products containing Secobarbital are currently not used in veterinary medicine in
the United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205645
Comment deadline: January 31, 2019
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Delete the following:
Secobarbital

C12 H18 N2 O3

238.28

2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-(1-methylbutyl)-5- (2-propenyl)-.
5-Allyl-5-(1-methylbutyl)barbituric acid [76-73-3].

» Secobarbital contains not less than 97.5 percent and not more than 100.5
percent of C 12 H 18 N 2 O 3 , calculated on the dried basis.
Packaging and storage—Preserve in tight containers.
USP Reference standards 〈11〉—
USP Secobarbital RS
Identification, Infrared Absorption 〈197M〉.
Loss on drying 〈731〉—Dry it over silica gel for 18 hours: it loses not more than 1.0% of its
weight.
Residue on ignition 〈281〉: not more than 0.1%.
Isomer content—Dissolve about 300 ± 5 mg in 5 mL of sodium hydroxide solution (1 in 100),
add a solution of 300 ± 5 mg of p-nitrobenzyl bromide in 10 mL of alcohol, reflux for 30 minutes,
cool, collect the precipitate on a small filter, and wash with water: the precipitate,
recrystallized from 25 mL of alcohol and dried at 105° for 30 minutes, melts between 156° and
161°.
Assay—Add about 450 mg of Secobarbital, accurately weighed, to 60 mL of dimethylformamide
in a 125-mL conical flask. Add 4 drops of thymol blue TS, and titrate with 0.1 N sodium
methoxide VS, using a magnetic stirrer and taking precautions against the absorption of
atmospheric carbon dioxide. Perform a blank determination, and make any necessary correction.
Each mL of 0.1 N sodium methoxide is equivalent to 23.83 mg of C12 H18 N2 O3 . USP43
Recent Official Publications:
USP42–NF37 Page 3976
BRIEFING
Selenium Sulfide, USP 41 page 3739. As part of the USP monograph modernization
initiative, the following changes are proposed:
1. Replace the wet chemical analyses in Identification A and Identification B with emission
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lines comparison between the Standard solution and the Sample solution from the
proposed Assay.
Replace the titrimetric Assay with an inductively coupled plasma–optical emission
spectroscopy (ICP–OES) instrumental procedure validated for the selenium emission line
at 196 nm.
Replace the UV–Vis spectroscopic procedure in the test for Soluble Selenium
Compounds with an ICP–OES instrumental procedure similar to that proposed in the
Assay.
Revise the Packaging and Storage section to change the packaging requirement for
containers from well-closed to tight.
Add a new USP Reference Standards section to include USP Selenium Sulfide RS to
support the proposed Assay and the test for Soluble Selenium Compounds.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(CHM6: M. Chang.)
Correspondence Number—C127206
Comment deadline: January 31, 2019
Selenium Sulfide
SeS2
143.09
Selenium sulfide (SeS2 )

[7488-56-4].

DEFINITION
Selenium Sulfide contains NLT 52.0% and NMT 55.5% of selenium (Se).
IDENTIFICATION
Change to read:
• A. Selenium
Sample solution: 20 mL of the Sample solution from the Assay, filtered
Analysis: To 10 mL of the Sample solution add 5 mL of water and 5 g of urea. Heat to
boiling, cool, and add 2 mL of potassium iodide solution (1 in 10).
Acceptance criteria: A yellowish-orange to orange color is produced, and it darkens
rapidly.
Characteristic emission lines for selenium at 196, 204, and 206 nm from the Sample
solution correspond to those of the Standard solution, as obtained in the Assay. USP43
Change to read:
• B. Sulfur
Sample solution: The solution obtained at the end of Identification test A
Analysis: Allow the Sample solution to stand for 10 min, filter, and to the filtrate add 10
mL of barium chloride TS.
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Acceptance criteria: The solution becomes turbid.
Characteristic emission lines for sulfur at 181, 182, and 183 nm from the Sample solution
correspond to those of the Standard solution, as obtained in the Assay. USP43
ASSAY
Change to read:
• Procedure
Sample : 100 mg of Selenium Sulfide
Sample solution: Place the Sample in a suitable container, add 25 mL of fuming nitric acid,
and digest over gentle heat until no further solution occurs. Cool, transfer the solution to
a 250-mL volumetric flask containing 100 mL of water, cool again, and dilute with water to
volume, and mix.
Analysis: Add 25 mL of water and 10 g of urea to 50 mL of the Sample solution in a
suitable flask, and heat to boiling. Cool, add 3 mL of starch TS, then add 10 mL of
potassium iodide solution (1 in 10). Immediately titrate with 0.05 N sodium thiosulfate VS.
Perform a blank determination, and make any necessary correction. Each mL of 0.05 N
sodium thiosulfate is equivalent to 987.0 µg of selenium (Se).
Use water with a resistivity of NLT 18 megohm-cm to prepare the solutions.
Blank: 10% (v/v) fuming nitric acid in water
Standard stock solution: 400 µg/mL solution of USP Selenium Sulfide RS prepared as
follows. Transfer an appropriate amount of USP Selenium Sulfide RS to a suitable
container. Add 0.25 mL of fuming nitric acid per milligram of USP Selenium Sulfide RS, and
digest over gentle heat until no further solution occurs. A small insoluble residue may
remain. Cool, transfer the solution to a suitable volumetric flask containing 40% of water,
cool again, and dilute with water to volume.
Standard solution 1: 45 µg/mL of selenium sulfide from Standard stock solution in Blank
Standard solution 2: 90 µg/mL of selenium sulfide from Standard stock solution in Blank
Standard solution 3: 180 µg/mL of selenium sulfide from Standard stock solution in Blank
Sample solution: 100 µg/mL of Selenium Sulfide prepared as directed in the Standard
stock solution except add 1 mL of fuming nitric acid per milligram of Selenium Sulfide
Instrumental conditions
(See Plasma Spectrochemistry 〈730〉.)
Mode: ICP–OES
Analytical wavelength: Characteristic emission line for selenium at 196 nm. For
Identification A, detect additional selenium emission lines at 204 and 206 nm. For
Identification B, detect sulfur emission lines at 181, 182, and 183 nm.
System suitability
Samples: Blank, Standard solution 1, Standard solution 2, and Standard solution 3
Suitability requirements
Linearity: Construct a linear calibration curve using the intensity of the emission from
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the Blank, Standard solution 1, Standard solution 2, and Standard solution 3. The
correlation coefficient is NLT 0.999.
Drift: Within ±5%, Standard solution 2 (see Plasma Spectrochemistry 〈730〉,
Qualification of Plasma Spectrophotometers, Performance Qualification)
Relative standard deviation: NMT 1.0% from five replicate analyses, Standard
solution 2
Analysis
Sample: Sample solution
Plot the intensity of the emission of the Sample solution on the calibration curve obtained
from the System suitability, and determine the concentration, CS, in µg/mL, for selenium
sulfide in the Sample solution.
Calculate the percentage of selenium (Se) in the portion of Selenium Sulfide taken:
Result = (CS/CU) × (Ar/Mr) × 100
CS = concentration of selenium sulfide in the Sample solution determined (µg/mL)
CU = concentration of Selenium Sulfide in the Sample solution (µg/mL)
Ar = atomic weight of selenium, 78.96
Mr = molecular weight of selenium sulfide, 143.09
USP43

Acceptance criteria: 52.0%–55.5%
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.2%
Change to read:
• Soluble Selenium Compounds
Reagent solution: 3,3′–diaminobenzidine hydrochloride solution (1 in 200), freshly prepared
Standard solution: 0.5 µg/mL of selenium prepared from selenious acid in water
Sample solution: Mix 10.0 g of Selenium Sulfide with 100.0 mL of water in a 250–mL flask,
allow to stand for 1 h, with frequent agitation, and filter.
Instrumental conditions
Mode: UV-Vis
Detector: 420 nm
Cell: 1 cm
Blank: water
Analysis
Samples: Standard solution, Sample solution, and Blank
Add 2 mL of 2.5 M formic acid to 10 mL of each of Standard solution, Sample solution, and
Blank. Dilute with water to 50 mL, mix, and adjust, if necessary, to a pH of 2.5 ± 0.5. Add
2 mL of Reagent solution to each, mix, allow to stand for 45 min, and adjust with 6 N
ammonium hydroxide to a pH of 6.5 ± 0.5. Transfer to a separator, add 10.0 mL of
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toluene, shake vigorously for 1 min, allow the layers to separate, and discard the aqueous
phase. Concomitantly determine the absorbances of the toluene layers.
Acceptance criteria: The absorbance of the Sample solution is NMT that of the Standard
solution (NMT 5 ppm).
Use water with a resistivity of NLT 18 megohm-cm to prepare the solutions.
Standard stock solution and Instrumental conditions: Proceed as directed in the Assay.
Blank: 2% (v/v) nitric acid in water
Standard solution 1: 0.03 µg/mL of selenium from Standard stock solution in Blank,
equivalent to 0.054 µg/mL of selenium sulfide
Standard solution 2: 0.05 µg/mL of selenium from Standard stock solution in Blank,
equivalent to 0.091 µg/mL of selenium sulfide
Standard solution 3: 0.07 µg/mL of selenium from Standard stock solution in Blank,
equivalent to 0.127 µg/mL of selenium sulfide
Sample solution: 10.0 mg/mL of Selenium Sulfide prepared as follows. Mix 1.0 g of
Selenium Sulfide with 100.0 mL of water in a 250-mL flask and allow to stand for 1 h with
frequent agitation. Pass through a suitable filter.
System suitability
Samples: Blank, Standard solution 1, Standard solution 2, and Standard solution 3
Suitability requirements
Linearity: Construct a linear calibration curve using the intensity of the emission from
the Blank, Standard solution 1, Standard solution 2, and Standard solution 3. The
correlation coefficient is NLT 0.995.
Drift: Within ±20%, Standard solution 2 (see Plasma Spectrochemistry 〈730〉,
Qualification of Plasma Spectrophotometers, Performance Qualification)
Relative standard deviation: NMT 10% from five replicate analyses, Standard solution
2
Analysis
Sample: Sample solution
Plot the intensity of the emission of the Sample solution on the calibration curve obtained
from the System suitability, and determine the concentration, CS, in µg/mL, for selenium in
the Sample solution.
Calculate the percentage of soluble selenium compounds in the portion of Selenium Sulfide
taken:
Result = (CS/CU) × F × 100
CS = concentration of selenium in the Sample solution determined (µg/mL)
CU = concentration of Selenium Sulfide in the Sample solution (mg/mL)
F = conversion factor, 0.001 mg/µg
Acceptance criteria: NMT 0.0005% (5 ppm)

USP43
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ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed
tight USP43
containers.
Add the following:
• USP Reference Standards 〈11〉
USP Selenium Sulfide RS
USP43

Recent Official Publications:
USP42–NF37 Page 3985
BRIEFING
Sodium Acetate Solution, USP 41 page 3773. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated as defined under Sodium Acetate Solution are currently
marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM5: M. Puderbaugh.)
Correspondence Number—C205648
Comment deadline: January 31, 2019
Delete the following:
Sodium Acetate Solution

» Sodium Acetate Solution is an aqueous solution of Sodium Acetate. It
contains not less than 97.0 percent and not more than 103.0 percent (w/w)
of the labeled amount of C 2 H 3 NaO 2 .
Packaging and storage—Preserve in tight containers.
Identification—It responds to the tests for Sodium 〈191〉 and for Acetate 〈191〉.
pH 〈791〉: between 7.5 and 9.2, when diluted with carbon dioxide-free water to contain 5% of
solids.
Insoluble matter—Dilute a quantity of Solution, equivalent to 20 g of anhydrous sodium
acetate, with water to 150 mL, heat to boiling, and digest in a covered beaker on a steam bath
for 1 hour. Filter through a tared filtering crucible, wash thoroughly, and dry at 105°: the
weight of the residue does not exceed 1 mg (0.005%).
Chloride 〈221〉—A quantity of Solution, equivalent to 1.0 g of anhydrous sodium acetate, shows
no more chloride than corresponds to 0.50 mL of 0.020 N hydrochloric acid (0.035%).
Sulfate 〈221〉—A quantity of Solution, equivalent to 10 g of anhydrous sodium acetate, shows
no more sulfate than corresponds to 0.50 mL of 0.020 N sulfuric acid (0.005%).
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Calcium and magnesium—Dilute a quantity of Solution, equivalent to 1.0 g of anhydrous
sodium acetate, to 100 mL with water. To 20 mL of this solution add 2 mL each of 6 N
ammonium hydroxide, ammonium oxalate TS, and sodium phosphate TS: no turbidity is produced
within 5 minutes.
Potassium—To a quantity of Solution, equivalent to 3.0 g of anhydrous sodium acetate, add
0.2 mL of sodium bitartrate TS: no turbidity is produced within 5 minutes.
Delete the following:
Heavy metals, Method I 〈231〉—Dilute a quantity of Solution, equivalent to 2.0 g of
anhydrous sodium acetate, with water to 25 mL, and use glacial acetic acid instead of 1 N
acetic acid for adjustment of the pH: the limit is 0.001%. (O fficial 1-Jan-2018)
Assay—Weigh accurately about 1 g of Solution into a 250-mL conical flask, cautiously add (in
a fume hood) 2.6 mL of acetic anhydride, mix, and allow to stand for 5 minutes. Add 25 mL of
glacial acetic acid and 2 drops of p-naphtholbenzein TS, and titrate with 0.1 N perchloric acid
VS. Perform a blank determination, using 0.5 mL of water, and make any necessary correction.
Each mL of 0.1 N perchloric acid is equivalent to 8.203 mg of C2 H3 NaO2 . USP43
Recent Official Publications:
USP42–NF37 Page 4018
BRIEFING
Sodium Benzoate Compounded Oral Solution. A new compounded preparation monograph
is proposed based on a validated stability-indicating method used to assess stability. The liquid
chromatographic procedure in the Assay is based on analyses validated using the Luna C18(2)
brand of column with L1 packing. The typical retention time for sodium benzoate is about 6.5
min.
Please submit comments to CompoundingSL@usp.org.
(CMP: B. Serumaga.)
Correspondence Number—C196030
Comment deadline: January 31, 2019
Add the following:
Sodium Benzoate Compounded Oral Solution
DEFINITION
Sodium Benzoate Compounded Oral Solution contains NLT 90.0% and NMT 110.0% of the
labeled amount of sodium benzoate (C7 H5 NaO2 ).
Prepare Sodium Benzoate Compounded Oral Solution 100 mg/mL and 300 mg/mL as follows
(see Pharmaceutical Compounding—Nonsterile Preparations 〈795〉).
Sodium Benzoate Compounded Oral Solution 100 mg/mL
Sodium Benzoate powder
10 g
Purified Water, a sufficient quantity to make 100 mL
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Sodium Benzoate Compounded Oral Solution 300 mg/mL
Sodium Benzoate powder
30 g
Purified Water, a sufficient quantity to make 100 mL
In an appropriately size calibrated container, dissolve the Sodium Benzoate powder in about
80 mL of Purified Water. Stir until dissolved. Bring to final volume with Purified Water and
mix well.
ASSAY
• Procedure
Solution A: 30 mM of potassium phosphate buffer adjusted with phosphoric acid to a pH of
3
Mobile phase: Methanol and Solution A (50:50)
Standard solution: 0.1 mg/mL of USP Sodium Benzoate RS in Mobile phase
Sample solution
For Oral Solution 100 mg/mL: Transfer 1 mL of Oral Solution into a 100-mL volumetric
flask, add approximately 80 mL of Mobile phase, and vortex. Dilute with Mobile phase to
volume. Transfer 1 mL of this solution to a 10-mL volumetric flask, add approximately 8
mL of Mobile phase, and vortex. Dilute with Mobile phase to volume.
For Oral Solution 300 mg/mL: Transfer 1 mL of Oral Solution into a 100-mL volumetric
flask, add approximately 80 mL of Mobile phase, and vortex. Dilute with Mobile phase to
volume. Transfer 7 mL of this solution to a 200-mL volumetric flask, add approximately
150 mL of Mobile phase, and vortex. Dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability)
Mode: LC
Detector: UV 230 nm
Column: 2-mm × 15-cm; 3-µm packing L1
Flow rate: 0.2 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The retention time for sodium benzoate is about 6.5 min.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sodium benzoate (C7 H5 NaO2 ) in the

PF 44(6): Nov.-Dec. 2018

568

portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of sodium benzoate from the Sample solution
rS = peak response of sodium benzoate from the Standard solution
CS = concentration of USP Sodium Benzoate RS in the Standard solution (mg/mL)
CU = nominal concentration of sodium benzoate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH 〈791〉
For Oral Solution 100 mg/mL: 6.7–7.7
For Oral Solution 300 mg/mL: 7.3–8.3
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Package in tight, light-resistant containers. Store in a refrigerator
or at controlled room temperature.
• Beyond-Use Date: NMT 90 days from the date on which it was prepared when stored at
controlled room temperature or in a refrigerator.
• Labeling: Label it to state the Beyond-Use Date.
• USP Reference Standards 〈11〉
USP Sodium Benzoate RS
USP43

BRIEFING
Sodium Butyrate, USP 41 page 3781. It is proposed to omit this monograph for the
following reasons:
1. No drug products formulated with Sodium Butyrate are currently marketed in the United
States.
2. Drug products containing Sodium Butyrate are currently not used in veterinary medicine
in the United States.
(CHM3: M. Puderbaugh.)
Correspondence Number—C205649
Comment deadline: January 31, 2019
Delete the following:
Sodium Butyrate
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110.09

Butyric acid, sodium salt.
Sodium butyrate [156-54-7].

» Sodium Butyrate contains not less than 98.0 percent and not more than
101.0 percent of C 4H 7NaO 2, calculated on the anhydrous basis.
Packaging and storage—Preserve in tight containers, and store at controlled room
temperature.
Labeling—Label it to indicate that it is intended for use in compounding dosage forms for rectal
use only.
USP Reference standards 〈11〉—
USP Sodium Butyrate RS
Identification—
A: Infrared Absorption 〈197K〉, on the undried specimen.
B: A solution (1 in 10) meets the requirements of the tests for Identification Tests — General
〈191〉, Sodium .
Alkalinity—Dissolve 2.0 g in 20 mL of water, and add 1 drop of phenolphthalein TS: if a pink
color is produced, it is discharged by 0.50 mL of 0.10 N sulfuric acid.
Water Determination 〈921〉,Method I : not more than 1.0%.
Delete the following:
Heavy metals, Method II 〈231〉: 0.001%. (O fficial 1-Jan-2018)
Assay—Dissolve about 200 mg of Sodium Butyrate, accurately weighed, in 50 mL of glacial
acetic acid. Add 1 drop of crystal violet TS, and titrate with 0.1 N perchloric acid to a green
endpoint. Perform a blank determination, and make any necessary correction. Each mL of 0.1 N
perchloric acid is equivalent to 11.01 mg of C4H7NaO2. USP43
Recent Official Publications:
USP42–NF37 Page 4026
BRIEFING
Thioridazine, USP 41 page 4063. It is proposed to omit this monograph for the following
reasons:
1. No drug products formulated with Thioridazine are currently marketed in the United
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1. No drug products formulated with Thioridazine are currently marketed in the United
States.
2. Drug products containing Thioridazine are currently not used in veterinary medicine in
the United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205490
Comment deadline: January 31, 2019
Delete the following:
Thioridazine

C21 H26 N2 S2

370.57

10H-Phenothiazine, 10-[2-(1-methyl-2-piperidinyl)ethyl]-2-(methylthio)-;
10-[2-(1-Methyl-2-piperidyl)ethyl]-2-(methylthio)phenothiazine
[50-52-2].
DEFINITION
Thioridazine contains NLT 99.0% and NMT 101.0% of C21 H26 N2 S2 , calculated on the dried
basis.
[Note—Throughout the following procedures, protect samples, the Reference Standard, and the
solutions containing them by conducting the procedures without delay, under subdued light, or
using low-actinic glassware.]
IDENTIFICATION
• A. Infrared Absorption 〈197K〉
ASSAY
• Procedure
Sample solution: 300 mg of Thioridazine in 60 mL of glacial acetic acid
Analysis: Titrate with 0.1 N perchloric acid VS, determining the endpoint
potentiometrically. Perform a blank determination, and make any necessary correction
(see Titrimetry 〈541〉). Each mL of 0.1 N perchloric acid is equivalent to 37.06 mg of
C21 H26 N2 S2 .
Acceptance criteria: 99.0%–101.0% on the dried basis
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IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.1%
• Organic Impurities
[Note—Conduct this procedure without delay, under subdued light.]
Diluent: Methanol and ammonium hydroxide (49:1)
Standard solution A: 50 µg/mL of USP Thioridazine RS in Diluent
Standard solution B: 20 µg/mL of USP Thioridazine RS in Diluent
Sample solution: 10 mg/mL of Thioridazine in Diluent
Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: Chloroform, isopropyl alcohol, and ammonium hydroxide
(74:25:1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Immediately develop until the solvent front has moved about three-fourths of the length of
the plate. Remove the plate from the chamber, mark the solvent front, allow the solvent
to evaporate, and examine the plate under short-wavelength UV light.
Acceptance criteria: The chromatograms show principal spots at about the same RF
value; no secondary spot, if present from the Sample solution, is more intense than the
principal spot from Standard solution A (0.5%); and the sum of the intensities of all
secondary spots, if present in the Sample solution, is NMT 0.5%.
SPECIFIC TESTS
• Loss on Drying 〈731〉: Dry a sample in vacuum at 50° for 4 h: it loses NMT 0.5% of its
weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• USP Reference Standards 〈11〉
USP Thioridazine RS
USP43

Recent Official Publications:
USP42–NF37 Page 4317
BRIEFING
Thioridazine Hydrochloride Oral Solution, USP 41 page 4064. It is proposed to omit this
monograph for the following reasons:
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1. No drug products formulated as defined under Thioridazine Hydrochloride Oral Solution
are currently marketed in the United States.
2. The drug product is currently not on the list for approved veterinary medicine in the
United States.
(CHM4: M. Puderbaugh.)
Correspondence Number—C205491
Comment deadline: January 31, 2019
Delete the following:
Thioridazine Hydrochloride Oral Solution
DEFINITION
Thioridazine Hydrochloride Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled
amount of thioridazine hydrochloride (C21 H26 N2 S2 ·HCl).
[Note—Throughout the following procedures, protect samples, the Reference Standard, and the
solutions containing them by conducting the procedures without delay, under subdued light, or
by using low-actinic glassware.]
IDENTIFICATION
• A. Identification—Organic Nitrogenous Bases 〈181〉
Sample solution: 2 mg/mL of thioridazine hydrochloride from a volume of Oral Solution in
water. [Note—Use 2 mL of sodium bicarbonate solution (1 in 12) in place of the 2 mL of 1
N sodium hydroxide specified in the test.]
Acceptance criteria: Meets the requirements
ASSAY
[Note—Conduct this procedure with minimum exposure to light.]
• Procedure
Diluent: Shake 125 mL of chloroform with 5 mL of ammonium hydroxide in a separator,
slowly filter the bottom layer through filter paper containing anhydrous sodium sulfate, and
discard the top layer.
Standard solution: 6 µg/mL of USP Thioridazine Hydrochloride RS in Diluent
Sample stock solution: Nominal concentration of0.6 mg/mL in chloroform prepared as
follows: Pipet a portion of Oral Solution, equivalent to 120 mg of thioridazine
hydrochloride, into a separator containing 15 mL of water. Render alkaline with ammonium
hydroxide, and extract with three 25-mL portions of Diluent. Filter the extracts through a
pledget of glass wool into a 200-mL volumetric flask. Rinse the filter, and add chloroform
to volume.
Sample solution: Nominally 6 µg/mL in Diluent from Sample stock solution
Instrumental conditions
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Mode: UV-Vis
Analytical wavelength: 265 nm
Cell: 1 cm
Blank: Diluent
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the percentage of thioridazine hydrochloride (C21 H26 N2 S2 ·HCl) in the portion of
Oral Solution taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of USP Thioridazine Hydrochloride RS in the Standard solution (µg/mL)
CU = nominal concentration of thioridazine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
OTHER COMPONENTS
• Alcohol Determination 〈611〉: NMT 4.75% of C2 H5 OH
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• Labeling: Label it to indicate that it is to be diluted to appropriate strength with water or
other suitable fluid prior to administration.
• USP Reference Standards 〈11〉
USP Thioridazine Hydrochloride RS
USP43

Recent Official Publications:
USP42–NF37 Page 4319
BRIEFING
Ticagrelor. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods of analysis is proposed:
1. The HPLC procedure in the Assay is based on analyses performed with the ACE Phenyl
brand of column with L11 packing manufactured by Advanced Chromatography
Technologies. The typical retention time for ticagrelor is about 6 min.
2. The HPLC procedure in the test for Limit of Ticagrelor Related Compound A is based on
analyses performed with the Zorbax SB-C18 brand of column with L1 packing
manufactured by Agilent. The typical retention time for ticagrelor related compound A is
about 6 min.
3. The HPLC procedure in the test for Organic Impurities is based on analyses performed
with the ACE Phenyl brand of column with L11 packing manufactured by Advanced
Chromatography Technologies. The typical retention time for ticagrelor is about 23 min.
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(CHM2: D. Min.)
Correspondence Number—C196694
Comment deadline: January 31, 2019
Add the following:
Ticagrelor

C23 H28 F 2 N6 O4 S

522.57

1,2-Cyclopentanediol, 3-[7-[[(1R,2S)-2-(3,4-difluorophenyl)cyclopropyl]amino]-5(propylthio)-3H-1,2,3-triazolo[4,5-d]pyrimidin-3-yl]-5-(2-hydroxyethoxy)-, (1S,2S,3R,5S)-;
(1S,2S,3R,5S)-3-{7-[(1R,2S)-2-(3,4-Difluorophenyl)cyclopropylamino]-5-(propylthio)-3H[1,2,3]triazolo[4,5-d]pyrimidin-3-yl}-5-(2-hydroxyethoxy)cyclopentane-1,2-diol
[27469327-5].
DEFINITION
Ticagrelor contains NLT 98% and NMT 102% of ticagrelor (C23 H28 F 2 N6 O4 S), calculated on
the solvent-free basis.
IDENTIFICATION
• A. Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197A〉 or 〈197K〉
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Protect all solutions containing ticagrelor from light.
Buffer: 1 M monobasic sodium phosphate in water. Adjust with orthophosphoric acid to a
pH of 3.
Mobile phase: Dilute 10 mL of Buffer with 570 mL of water. Add 430 mL of acetonitrile and
mix.
Diluent: Acetonitrile and water (35:65)
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Standard solution: 0.5 mg/mL of USP Ticagrelor RS in Diluent
Sample solution: 0.5 mg/mL of Ticagrelor in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 242 nm
Column: 3.0-mm × 15-cm; 3-µm packing L11
Column temperature: 40°
Flow rate: 0.65 mL/min
Injection volume: 5 µL
Run time: NLT 1.5 times retention time of ticagrelor
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ticagrelor (C23 H28 F 2 N6 O4 S) in the portion of Ticagrelor taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of ticagrelor from the Sample solution
rS = peak response of ticagrelor from the Standard solution
CS = concentration of USP Ticagrelor RS in the Standard solution (mg/mL)
CU = concentration of Ticagrelor in the Sample solution (mg/mL)
Acceptance criteria: 98%–102% on the solvent-free basis
IMPURITIES
• Residue on Ignition 〈281〉: NMT 0.6%
• Limit of Ticagrelor Related Compound A (if present)
Buffer: Prepare as directed in the Assay.
Solution A: Dilute 10 mL of Buffer with 900 mL of water. Add 100 mL of acetonitrile and
mix.
Solution B: Dilute 10 mL of Buffer with 300 mL of water. Add 700 mL of acetonitrile and
mix.
Mobile phase: See Table 1.

PF 44(6): Nov.-Dec. 2018

576

Time
(min)
0
8
9
20
20.1
25

Table 1
Solution A
(%)
94
94
0
0
94
94

Solution B
(%)
6
6
100
100
6
6

Diluent A: Acetonitrile and water (10:90)
Diluent B: Acetonitrile and water (50:50)
Standard solution: 0.024 µg/mL of USP Ticagrelor Related Compound A RS in Diluent A
Sample solution: 3000 µg/mL of Ticagrelor prepared as follows. Transfer 150 mg of
Ticagrelor to a 50-mL volumetric flask. Add 10 mL of Diluent B and dissolve. Dilute with
water to volume. Centrifuge and use the supernatant.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm; 1.8-µm packing L1
Column temperature: 55°
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 10%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ticagrelor related compound A in the portion of Ticagrelor
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of ticagrelor related compound A from the Sample solution
rS = peak response of ticagrelor related compound A from the Standard solution
CS = concentration of USP Ticagrelor Related Compound A RS in the Standard solution
(µg/mL)
CU = concentration of Ticagrelor in the Sample solution (µg/mL)
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Acceptance criteria: 0.0008% (8 ppm)
• Organic Impurities
Protect all solutions containing ticagrelor from light.
Buffer, Diluent, Sample solution, and Chromatographic system: Proceed as directed in
the Assay.
Solution A: Dilute 10 mL of Buffer with 900 mL of water. Add 100 mL of acetonitrile and
mix.
Solution B: Dilute 10 mL of Buffer with 300 mL of water. Add 700 mL of acetonitrile and
mix.
Mobile phase: See Table 2.
Time
(min)
0
40
45
45.1
60

Table 2
Solution A
(%)
80
25
25
80
80

Solution B
(%)
20
75
75
20
20

System suitability solution: 500 µg/mL of USP Ticagrelor RS and 1.0 µg/mL of USP
Ticagrelor Related Compound B RS in Diluent
Standard solution: 0.5 µg/mL of USP Ticagrelor RS in Diluent
Sensitivity solution: 0.25 µg/mL of USP Ticagrelor RS from Standard solution in Diluent
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—See Table 3 for the relative retention times of the specified impurities.]
Suitability requirements
Resolution: NLT 1.5 between the ticagrelor and ticagrelor related compound B peaks,
System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each specified and any unspecified impurities in the portion of
Ticagrelor taken:
Result = (rU/ rS) × (CS/CU) × (1/F) × 100
rU = peak response of each corresponding impurity from the Sample solution
rS = peak response of ticagrelor from the Standard solution
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CS = concentration of USP Ticagrelor RS in the Standard solution (µg/mL)
CU = concentration of Ticagrelor in the Sample solution (µg/mL)
F = relative response factor (see Table 3)
Acceptance criteria: See Table 3. The reporting threshold is 0.05%.

Name

Table 3
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Ticagrelor aminea
0.15
2.0
0.2
Ticagrelor
1.00
—
—
Ticagrelor related compound B
1.06
1.0
0.25
O-Acetyl ticagrelorb
1.23
1.0
0.15
c
Ticagrelor acetonide
1.49
1.0
0.30
Any unspecified impurity
—
1.0
0.10
Total impurities
—
—
1.0
a (1S,2S,3R,5S)-3-{7-Amino-5-(propylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl}5-(2-hydroxyethoxy)cyclopentane-1,2-diol.
b 2-{[(1S,2S,3S,4R)-4-(7-{[(1R,2S)-2-(3,4-Difluorophenyl)cyclopropyl]amino}-5(propylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)-2,3dihydroxycyclopentyl]oxy}ethyl acetate.
c 2-{[(3aR,4S,6R,6aS)-6-(7-{[(1R,2S)-2-(3,4-Difluorophenyl)cyclopropyl]amino}-5(propylthio)-3H-[1,2,3]triazolo[4,5-d]pyrimidin-3-yl)-2,2-dimethyltetrahydro-4Hcyclopenta[d][1,3]dioxol-4-yl]oxy}ethanol.
ADDITIONAL REQUIREMENTS
• Packaging and Storage Requirements 〈659〉: Preserve in well-closed containers. Protect
from light. Store at room temperature.
• USP Reference Standards 〈11〉
USP Ticagrelor RS
USP Ticagrelor Related Compound A RS
(1R,2S)-2-(3,4-Difluorophenyl)cyclopropan-1-amine hydrochloride.
C9 H9 F 2 N·HCl
205.63
USP Ticagrelor Related Compound B RS
(1S,2S,3R,5S)-3-({3-[(1R,2S)-2-(3,4-Difluorophenyl)cyclopropyl]-5-(propylthio)-3H[1,2,3]triazolo[4,5-d]pyrimidin-7-yl}amino)-5-(2-hydroxyethoxy)cyclopentane-1,2diol.
C23 H28 F 2 N6 O4 S
522.57
USP43

BRIEFING
Venlafaxine Extended-Release Tablets. Because there is no existing USP monograph for
this dosage form, a new monograph, based on validated methods of analysis, is proposed.
1. The liquid chromatographic procedures for the Assay and the test for Dissolution are
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based on analyses performed with the Hypersil BDS brand of column with L7 packing
manufactured by Thermo Scientific. The typical retention time for venlafaxine is about 8
min.
2. The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Zorbax SB brand of column with L1 packing manufactured
by Agilent Technologies. The typical retention time for venlafaxine is about 45 min. The
Phenomenex Luna is a suitable alternative column for the procedure.
(CHM4: S. Ramachandran.)
Correspondence Number—C186498
Comment deadline: January 31, 2019
Add the following:
Venlafaxine Extended-Release Tablets
DEFINITION
Venlafaxine Extended-Release Tablets contain Venlafaxine Hydrochloride equivalent to NLT
90.0% and NMT 110.0% of the labeled amount of venlafaxine (C17 H27 NO2 ).
IDENTIFICATION
• A. Spectroscopic Identification Tests 〈197K〉, Infrared Spectroscopy: The IR absorption
spectrum of the sample exhibits maxima at or near 1512, 1242, 1178, 829, and 770 cm−1.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 11.4 g/L of ammonium dihydrogen phosphate, adjusted with 10% phosphoric acid to
a pH of 3.5
Mobile phase: Acetonitrile and Buffer (51:149)
Standard stock solution: 0.86 mg/mL of USP Venlafaxine Hydrochloride RS (equivalent to
0.76 mg/mL of venlafaxine) in methanol
Standard solution: 0.09 mg/mL of USP Venlafaxine Hydrochloride RS (equivalent to 0.08
mg/mL of venlafaxine) from the Standard stock solution in Mobile phase
Sample stock solution: Prepare the concentrations as given in Table 1. Transfer a portion
of finely powdered Tablets (NLT 10) to an appropriate volumetric flask. Add 30% of the
flask volume of methanol and sonicate for 30 min with intermittent vigorous shaking. Cool
to room temperature. Dilute with methanol to volume.
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Table 1
Strength of Tablet
Nominal Concentration
Venlafaxine
of Venlafaxine
(mg)
(mg/mL)
37.5
3.8
75
3.8
150
3.0
Sample solution: Nominally 0.08 mg/mL of venlafaxine in Mobile phase, prepared from the
Sample stock solution. Pass a portion of the solution through a suitable filter of 0.45-µm
pore size, and discard the first 2 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 35°
Flow rate: 1.2 mL/min
Injection volume: 20 µL
Run time: NLT 1.6 times the retention time of venlafaxine hydrochloride
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of venlafaxine (C17 H27 NO2 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of venlafaxine from the Sample solution
rS = peak response of venlafaxine from the Standard solution
CS = concentration of USP Venlafaxine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of venlafaxine in the Sample solution (mg/mL)
Mr1 = molecular weight of venlafaxine, 277.40
Mr2 = molecular weight of venlafaxine hydrochloride, 313.86
Acceptance criteria: 90.0%–110.0%
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PERFORMANCE TESTS
• Dissolution 〈711〉
Medium: pH 6.8 phosphate buffer (dissolve 6.8 g/L of monobasic potassium phosphate and
0.85 g/L of sodium hydroxide, and adjust with 0.2 N sodium hydroxide or phosphoric acid
to a pH of 6.8); 900 mL
Apparatus 1: 10 mesh; 100 rpm
Times: 1, 4, 8, and 20 h
Buffer, Mobile phase, and Chromatographic system: Proceed as directed in the Assay.
Standard stock solution: 0.8 mg/mL of USP Venlafaxine Hydrochloride RS (equivalent to
0.7 mg/mL of venlafaxine) in water
Standard solution: 0.1 mg/mL of USP Venlafaxine Hydrochloride RS (equivalent to 0.09
mg/mL of venlafaxine) in Medium
Sample solution: At the times specified, withdraw 10 mL of the solution under test, and
pass through a suitable filter of 0.45-µm pore size. Discard the first 5 mL of the filtrate.
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of venlafaxine (C17 H27 NO2 ) in the sample withdrawn from
the vessel at each time point (i):
Result = (rU/rS) × CS × (Mr1/Mr2)
rU = peak response of venlafaxine from the Sample solution
rS = peak response of venlafaxine from the Standard solution
CS = concentration of USP Venlafaxine Hydrochloride RS in the Standard solution
(mg/mL)
Mr1 = molecular weight of venlafaxine, 277.40
Mr2 = molecular weight of venlafaxine hydrochloride, 313.86
Calculate the percentage of the labeled amount of venlafaxine (C17 H27 NO2 ) dissolved at
each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V − VS)] + (C1 × VS)} × (1/L) × 100
Result 3 = ({C3 × [V − (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100
Result 4 = ({C4 × [V − (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100
Ci = concentration of venlafaxine in the Sample solution at the specified time point
(mg/mL)
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V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
VS = volume of the Sample solution withdrawn at each time point (mL)
Tolerances: See Table 2 and Table 3.
Table 2. For Products Labeled to Contain 37.5 or 75 mg
Amount
Time Point
Time
Dissolved
(i)
(h)
(%)
1
1
NMT 20
2
4
25–45
3
8
50–75
4
20
NLT 80
Table 3. For Products Labeled to Contain 150 mg
Amount
Time Point
Time
Dissolved
(i)
(h)
(%)
1
1
NMT 20
2
4
20–40
3
8
40–65
4
20
NLT 80
The percentages of the labeled amount of venlafaxine (C17 H27 NO2 ) dissolved at the times
specified conform to Dissolution 〈711〉, Acceptance Table 2.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
IMPURITIES
• Organic Impurities
Buffer: 11.4 g/L of ammonium dihydrogen phosphate, adjusted with 10% phosphoric acid to
a pH of 3.5
Solution A: Acetonitrile and Buffer (10:90)
Solution B: Acetonitrile and Buffer (50:50)
Mobile phase: See Table 4.
Time
(min)
0
15
65
100
101
110

Table 4
Solution A
(%)
100
100
40
40
100
100

Solution B
(%)
0
0
60
60
0
0
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Standard stock solution: 0.08 mg/mL of USP Venlafaxine Hydrochloride RS (equivalent to
0.07 mg/mL of venlafaxine) in methanol
Sensitivity solution: 1 µg/mL of USP Venlafaxine Hydrochloride RS from the Standard
stock solution in Solution A
Standard solution: 0.002 mg/mL of USP Venlafaxine Hydrochloride RS from the Standard
stock solution in Solution A
Sample stock solution: Prepare as directed in the Assay.
Sample solution: Nominally 1.1 mg/mL of venlafaxine in Solution A, prepared from the
Sample stock solution. Pass a portion of the solution through a suitable filter of 0.45-µm
pore size, and discard the first 2 mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each degradation product in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak response of each degradation product from the Sample solution
rS = peak response of venlafaxine from the Standard solution
CS = concentration of USP Venlafaxine Hydrochloride RS in the Standard solution
(mg/mL)
CU = nominal concentration of venlafaxine in the Sample solution (mg/mL)
Mr1 = molecular weight of venlafaxine, 277.40
Mr2 = molecular weight of venlafaxine hydrochloride, 313.86
Acceptance criteria: See Table 5. The reporting threshold is 0.10%.
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Table 5
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

4-(Dimethylaminoethyl)anisola,b
Venlafaxine

0.3
1.0

Deoxyvenlafaxine-1-enec,b

1.4

—
—
—

Deoxy venlafaxined,b

1.5

—

—
Venlafaxine acetamide analoge,b
2.0
Any unspecified degradation product
—
0.2
Total impurities
—
0.75
a 2-(4-Methoxyphenyl)-N,N-dimethylethylamine.
b Process impurity, controlled in the drug substance and not to be reported or
included in the total impurities for the drug product.
c 2-(Cyclohex-1-en-1-yl)-2-(4-methoxyphenyl)-N,N-dimethylethan-1-amine).
d 2-Cyclohexyl-2-(4-methoxyphenyl)-N,N-dimethylethylamine.
e (2-(1-Hydroxy-cyclohexyl)-2-(4-methoxy-phenyl)-N,N-dimethyl-acetamide).
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• USP Reference Standards 〈11〉
USP Venlafaxine Hydrochloride RS
USP43

BRIEFING
Vitamin A Tablets, USP 41 page 4330 and PF 44(2) [March–April 2018]. As part of USP
monograph modernization efforts, it is proposed to add the new Assay, Procedure 2 for
determination of vitamins A. The liquid chromatographic procedure is performed with the
Phenomenex Luna C18(2) brand of column with L1 packing. The typical retention times for
retinyl acetate and retinyl palmitate are 5.8 and 11.5 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C208175
Comment deadline: January 31, 2019
Vitamin A Tablets
DEFINITION
Vitamin A Tablets contain retinyl acetate or retinyl palmitate in an amount equivalent to NLT
95.0% and NMT 120.0% of the labeled amount of vitamin A as retinol (C20 H30 O).
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IDENTIFICATION
[Note—Use low-actinic glassware.]
• A.
Sample solution: A solution containing the equivalent of 6 µg/mL of retinol from powdered
Tablets in methylene chloride
Analysis: To 1 mL of Sample solution add 10 mL of antimony trichloride TS.
Acceptance criteria: A transient blue color appears at once.
• B. Thin-Layer Chromatographic Identification Test 〈201〉
Standard solution: Equivalent to 0.5 mg/mL of retinol from USP Retinyl Acetate RS or USP
Retinyl Palmitate RS in methylene chloride
Sample solution: To a portion of finely powdered Tablets, equivalent to 5 mg of retinol,
add 15 mL of water, sonicate, and shake vigorously for 2 min. Extract with 10 mL of
methylene chloride by shaking for 2 min. Centrifuge, and use the lower layer of methylene
chloride extract.
Application volume: 10 µL, 8-mm band
Developing solvent system: Cyclohexane and ether (4:1)
Spray reagent: Phosphomolybdic acid TS
Analysis: Proceed as directed in the chapter, using the Developing solvent system. Locate
the spots on the plate using the Spray reagent.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution.
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Add the following:
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, with
the method used being stated in the labeling only if Procedure 1 is not used.] USP43
Change to read:
• Procedure
1
[Note—Where vitamin A (retinyl acetate or retinyl palmitate) is specified in the following
procedure, use the chemical form present in the formulation and the relevant Reference
Standard. USP43
Use low-actinic glassware.]
Mobile phase: n-Hexane
Standard solution 1: 15 µg/mL of retinol from USP Retinyl Acetate RS in n-hexane
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Standard solution 2: 15 µg/mL of retinol from USP Retinyl Palmitate RS in n-hexane
System suitability solution: Mix equal volumes of Standard solution 1 and Standard
solution 2.
Sample solution: Finely powder NLT 20 Tablets. To a portion of the powder, equivalent to
5 Tablets, accurately weighed, add 15 mL of water and sonicate for 5 min. Add 15 mL of
n-hexane, and shake for 15 min on a wrist-action shaker in a water bath maintained at
60°. Add 10 mL of dimethyl sulfoxide, and shake for an additional period of 30 min on a
wrist-action shaker in a water bath maintained at 60°. [Note—Set up the wrist-action
shaker to ensure that the contents of the container are mixed vigorously and thoroughly.]
Centrifuge, and transfer the hexane layer to a 100-mL volumetric flask. Repeat the
extraction with 3 additional 15-mL portions of n-hexane by thoroughly shaking each for 5
min. Dilute the extracts in the volumetric flask with n-hexane to volume. Further dilute
this solution with n-hexane to obtain a solution with a concentration equivalent to 15
µg/mL of retinol.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl palmitate and all-trans-retinyl acetate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution 1 or Standard solution 2 and Sample solution
Calculate the percentage of the labeled amount of vitamin A activity, as retinol (C20 H30 O),
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
rS = peak area of the all-trans-retinyl ester from the appropriate Standard solution
CS = concentration of retinol in the appropriate Standard solution (µg/mL)
CU = nominal concentration of vitamin A, as retinol, in the Sample solution (µg/mL)
Acceptance criteria: 95.0%–120.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
Add the following:
• Procedure 2
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[Note—Where vitamin A (retinyl acetate or retinyl palmitate) is specified in the following
procedure, use the chemical form present in the formulation and the relevant Reference
Standard. Use low-actinic glassware.]
Solution A: Methanol and water (90:10)
Solution B: Methanol and isopropyl alcohol (55:45)
Mobile phase: See Table 1.
Time
(min)
0
8
13
13.1
15

Table 1
Solution A
(%)
100
0
0
100
100

Solution B
(%)
0
100
100
0
0

Vitamin A standard stock solution: 0.2 mg/mL of retinol (C20 H30 O) from USP Retinyl
Acetate RS or USP Retinyl Palmitate RS in isopropyl alcohol. Dissolve with the aid of
sonication if necessary.
Standard solution: 0.04 mg/mL of retinol in methanol from Vitamin A standard stock
solution
Sample solution: Finely powder NLT 20 Tablets. Transfer an accurately weighed portion of
the powder, equivalent to 4.0 mg of retinol into a 100-mL volumetric flask. Add 10 mL of
water and immediately swirl the sample, add 20 mL of dimethyl sulfoxide, and sonicate for
30 min with vigorous intermittent shaking. Cool to room temperature, add 70 mL of
isopropyl alcohol, and swirl for 1 min to dissolve the vitamin. Place the sample in a
sonicator for 5 min, and then cool the flask to room temperature. Dilute with methanol to
volume and mix well. Pass a portion of the solution through a nylon filter of 0.45-µm pore
size, and discard the first milliliter of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5 for retinyl acetate and NMT 2.0 for retinyl palmitate
Relative standard deviation: NMT 2.0%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of vitamin A activity, as retinol (C20 H30 O),
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant all-trans-retinyl ester from Sample solution 1
rS = peak area of the relevant all-trans-retinyl ester from the Standard solution
CS = concentration of retinol in the Standard solution (mg/mL)
CU = nominal concentration of vitamin A, as retinol, in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–120.0%

USP43

PERFORMANCE TESTS
Change to read:
• Dissolution 〈711〉
[Note—Perform this test under light conditions that minimize photo degradation.]
Medium: 1% (w/v) sodium ascorbate and 1% (w/v) octoxynol 9 in 0.05 M phosphate
buffer with a pH of 6.8; 900 mL
Apparatus 2: 75 rpm
Time: 45 min
Solution A: Methanol and water (90:10)
Solution B: Methanol and isopropyl alcohol (55:45)
Mobile phase: See the gradient table below.
Time
(min)
0
8
13
13.1
15

Solution A
(%)
100
0
0
100
100

Solution B
(%)
0
100
100
0
0

USP43

Sample solution: Withdraw a portion of the solution under test, pass through a suitable
filter of 0.45-µm pore size, and use the pooled sample as the test specimen.
Standard solution: Dissolve a suitable amount of USP Retinyl Acetate RS or USP Retinyl
Palmitate RS in isopropyl alcohol, and dilute with Medium to obtain a concentration similar
to that of the Sample solution. [Note—The amount of isopropyl alcohol should be 5%–
10%.]
Chromatographic system
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(See Chromatography 〈621〉, System Suitability).
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5 for retinyl acetate and NMT 2.0 for retinyl palmitate
Relative standard deviation: NMT 2.0%
USP43

Analysis
Proceed as directed in Assay, Procedure 2, making any necessary modifications.
USP43

Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of retinyl acetate or retinyl palmitate
dissolved:
Result = (rU/rS) × (CS × V/L) × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
rS = peak area of the all-trans-retinyl ester from the appropriate Standard solution
CS = concentration of retinol in the appropriate Standard solution (µg/mL)
V = volume of Medium, 900 mL
L = label claim of vitamin A, as retinol (µg/Tablet)
Tolerances: NLT 75% (Q) of the labeled amount of retinyl acetate or retinyl palmitate is
dissolved.
• Uniformity of Dosage Units 〈905〉: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Protect Tablets from light.
Change to read:
• Labeling: Label it to indicate the chemical form of vitamin A present and to indicate the
vitamin A activity in terms of the equivalent amount of retinol Vitamin A activity may be
stated also in USP units. USP units of activity for vitamins, where such exist or formerly
existed, are equivalent to the corresponding international units, where such formerly
existed. International units (IU) for vitamins also have been discontinued; however, the
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use of IU on the labels of vitamin products continues. Where articles are labeled in terms
of Units in addition to the required labeling, the relationship of the USP Units or IU to mass
is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol (vitamin A alcohol) or
0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol
equivalent (RE)
in mg/Tablet. USP43
• USP Reference Standards 〈11〉
USP Retinyl Acetate RS
USP Retinyl Palmitate RS
Recent Official Publications:
USP42–NF37 Page 4594
BRIEFING
Calcium with Vitamin D Tablets, USP 41 page 4501. As part of USP monograph
modernization efforts the following changes are proposed:
1. Add an Identification section.
2. Add a new analytical procedure, Vitamin D (Cholecalciferol or Ergocalciferol), Method 2,
to the Strength section. The liquid chromatographic procedure is performed with the
Agilent Poroshell 120 SB-AQ brand of column with L96 packing. The typical retention
times for cholecalciferol and ergocalciferol are 11.5 and 12.1 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C208176
Comment deadline: January 31, 2019
Calcium with Vitamin D Tablets
DEFINITION
Calcium with Vitamin D Tablets contain NLT 90.0% and NMT 125.0% of the labeled amount of
calcium (Ca), derived from substances generally recognized as safe, and NLT 90.0% and
NMT 165.0% of the labeled amount of vitamin D as cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O). They contain no other vitamins or minerals for which nutritional
value is claimed. They may contain other labeled added substances or additional ingredients
in amounts that are unobjectionable.
IDENTIFICATION
Add the following:
• A. Characteristic absorption of calcium as obtained in the tests in Strength

USP43

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
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Standard solution, as obtained in the test for Vitamin D (Cholecalciferol or Ergocalciferol),
Method 2. USP43
STRENGTH
Add the following:
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, with
the method used being stated in the labeling only if Method 1 is not used.] USP43
Change to read:
• Calcium
[Note—A commercially available atomic absorption standard solution for calcium may be
used where preparation of a Calcium standard stock solution is described in the following
assay. Concentrations of the Standard solutions and the Sample stock solution may be
modified to fit the linear or working range of the instrument.]
Lanthanum chloride solution: Dissolve 26.7 g of lanthanum chloride in 0.125 N
hydrochloric acid to make 100 mL.
Calcium standard stock solution: Weigh 1.001 g of calcium carbonate, chelometric
standard, previously dried at 300° for 3 h and cooled in a desiccator for 2 h. Dissolve in 25
mL of 1 N hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL
to obtain a solution with a concentration of 400 µg/mL of calcium.
Standard stock solution: 100 µg/mL of calcium from a volume of Calcium standard stock
solution in 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks separately pipet 1.0, 1.5, 2.0,
2.5, and 3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum
chloride solution, dilute with water to volume, and obtain Standard solutions with
concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 µg/mL, of calcium.
Sample stock solution: Weigh and finely powder NLT 20 Tablets. Transfer the equivalent
to 500 mg of calcium, in 25 mL of hydrochloric acid, and heat for 30 min on a steam bath.
Cool, dilute with water to 1000 mL, and filter.
Sample solution: Quantitatively dilute a volume of Sample stock solution with 0.125 N
hydrochloric acid to obtain a concentration of 100 µg/mL of calcium. Transfer 2.0 mL of
this solution to a 100-mL volumetric flask, add 1.0 mL of Lanthanum chloride solution, and
dilute with water to volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometer
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line, 422.7 nm
Blank: 1 mL of Lanthanum chloride solution per 100 mL of 0.125 N hydrochloric acid
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Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions, against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of calcium, and draw the straight
line best fitting the 5 plotted points. From the graph, determine the concentration (C), in
µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of calcium in the Sample solution (µg/mL)
CU = nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
Change to read:
• Vitamin D (Cholecalciferol or Ergocalciferol),
Method 1
[Note—Where the use of vitamin D (cholecalciferol or ergocalciferol) is specified in the
following procedure, use the chemical form present in the formulation and the relevant
Reference Standard. USP43
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Ergocalciferol RS or USP Cholecalciferol RS in n-hexane
System suitability solution: Heat a volume of Standard solution at 60° for 1 h to partially
isomerize vitamin D (ergocalciferol or cholecalciferol) to its corresponding precursor.
Sample solution: Weigh and grind NLT 20 Tablets. Transfer the equivalent to 20 µg of
cholecalciferol or ergocalciferol to a container having a polytef-lined screw-cap. Add 8 mL
of dimethyl sulfoxide and 12 mL of n-hexane, and shake for 45 min on a wrist-action
shaker with tubes in a water bath maintained at 60°. Centrifuge for 10 min, withdraw the
hexane layer by means of a pipet, and transfer to an evaporation flask. Add 12 mL of nhexane to the dimethyl sulfoxide layer, mix on a vortex mixer for 5 min, and again
withdraw the hexane layer by means of a pipet and add to the evaporation flask. Repeat
this extraction with 3 additional 12-mL portions of n-hexane, adding the hexane extracts
to the evaporation flask. Evaporate the combined hexane extracts under vacuum at room
temperature to dryness. Dissolve in and dilute the residue in a volume of n-hexane to
obtain a concentration of 2 µg/mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Column: 4.6-mm × 15-cm; 3-µm packing L8
Detector: UV 265 nm
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Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D.
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of cholecalciferol or ergocalciferol from the Sample solution
rS = peak area of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
F = correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
Add the following:
• Vitamin D (Cholecalciferol or Ergocalciferol), Method 2
[Note—Where the use of a vitamin D (cholecalciferol or ergocalciferol) is specified in the
following procedure, use the chemical form present in the formulation and the relevant
Reference Standard. Use low-actinic glassware throughout this procedure.]
Diluent: Water, dimethylformamide, and isopropyl alcohol (5:10:35, v/v)
Mobile phase: Acetonitrile and water (70:30)
Cholecalciferol standard stock solution: 0.5 mg/mL of USP Cholecalciferol RS in isopropyl
alcohol
Ergocalciferol standard stock solution: 0.5 mg/mL of USP Ergocalciferol RS in isopropyl
alcohol
System suitability solution: Combine equal volumes of Cholecalciferol standard stock
solution and Ergocalciferol standard stock solution. Dilute with Diluent to obtain a
concentration of about 1 µg/mL each of cholecalciferol and ergocalciferol.
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Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in Diluent
from the Standard stock solution, prepared accurately
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
nominally equivalent to 50 µg of cholecalciferol, into a 50-mL volumetric flask, add 5 mL of
water, and sonicate for 10 min with intermittent shaking. Add 10 mL of dimethylformamide,
sonicate for 15 min with intermittent shaking, cool to room temperature, and dilute with
isopropyl alcohol to volume. Mix well and pass through a nylon filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 2.7-µm packing L96
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for cholecalciferol and ergocalciferol are 1.0 and 1.1,
respectively.]
Suitability requirements
Resolution: NLT 1.5 between the cholecalciferol and ergocalciferol peaks, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of cholecalciferol or ergocalciferol from the Sample solution
rS = peak area of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of cholecalciferol or ergocalciferol in the Standard solution (µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
Acceptance criteria: 90.0%–165.0%

USP43

PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Dissolution: Meet the requirements with respect to
calcium
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Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Analysis: Determine the amount of calcium (Ca) dissolved, using the procedure in the
assay for Calcium, making any necessary volumetric adjustments.
Tolerances: NLT 75% of the labeled amount of calcium (Ca) is dissolved.
• Weight Variation 〈2091〉: Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count does not exceed 3 ×
103 cfu/g, and the total combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Calcium with Vitamin D Tablets. The label
states also the quantities of calcium and vitamin D in terms of metric units/Tablet, and the
salt form of calcium and the chemical form of vitamin D present in the Tablet.
• USP Reference Standards 〈11〉
USP Cholecalciferol RS
USP Ergocalciferol RS
Recent Official Publications:
USP42–NF37 Page 4799
BRIEFING
Calcium and Vitamin D with Minerals Tablets, USP 41 page 4502. As part of USP
monograph modernization efforts the following changes are proposed:
1. Add an Identification section.
2. Add a new analytical procedure, Cholecalciferol or Ergocalciferol (Vitamin D), Method 2
to the Strength section. The liquid chromatographic procedure is performed with the
Agilent Poroshell 120 SB-AQ brand of column with L96 packing. The typical retention
times for cholecalciferol and ergocalciferol are 11.5 and 12.1 min, respectively.
3. Add clarifications to the Labeling section to express vitamin D content in metric units
(µg)/Tablet, due to new labeling requirements from FDA.
Also minor editorial changes have been made to update the monograph to current USP style.
(NBDS: N. Davydova.)
Correspondence Number—C208177
Comment deadline: January 31, 2019
Calcium and Vitamin D with Minerals Tablets
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DEFINITION
Calcium and Vitamin D with Minerals Tablets contain vitamin D as Ergocalciferol (vitamin D2 )
or Cholecalciferol (vitamin D3 ), Calcium, and one or more minerals derived from substances
generally recognized as safe, furnishing one or more of the following elements in ionizable
form: copper, magnesium, manganese, and zinc. Tablets contain NLT 90.0% and NMT
165.0% of the labeled amount of vitamin D as cholecalciferol (C27 H44 O) or ergocalciferol
(C28 H44 O), and NLT 90.0% and NMT 125.0% of the labeled amount of calcium (Ca), copper
(Cu), magnesium (Mg), manganese (Mn), and zinc (Zn). Calcium and Vitamin D with Minerals
Tablets may contain other labeled added substances that are generally recognized as safe,
in amounts that are unobjectionable.
IDENTIFICATION
Add the following:
• A. Characteristic absorption of each mineral as obtained in the tests in Strength

USP43

Add the following:
• B. The retention time of the vitamin D peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the test for Vitamin D (Cholecalciferol or
Ergocalciferol), Method 2. USP43
STRENGTH
Change to read:
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, with
the method used being stated in the labeling only if Method 1 is not used.] USP43
Change to read:
• Vitamin D (Cholecalciferol or Ergocalciferol),
Method 1
[Note—Where the use of a vitamin D (cholecalciferol or ergocalciferol) is specified in the
following procedure, use the chemical form present in the formulation and the relevant
Reference Standard. USP43
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Ergocalciferol RS or USP Cholecalciferol RS in n-hexane
System suitability solution: Heat a volume of Standard solution at 60° for 1 h to partially
isomerize vitamin D (ergocalciferol or cholecalciferol) to its corresponding precursor.
Sample solution: Weigh and grind NLT 20 Tablets. Transfer the equivalent to 20 µg of
cholecalciferol or ergocalciferol to a container having a polytef-lined screw-cap. Add 8 mL
of dimethyl sulfoxide and 12 mL of n-hexane, and shake for 45 min on a wrist-action
shaker with tubes in a water bath maintained at 60°. Centrifuge for 10 min, withdraw the
hexane layer by means of a pipet, and transfer to an evaporation flask. Add 12 mL of n-
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hexane to the dimethyl sulfoxide layer, mix on a vortex mixer for 5 min, and again
withdraw the hexane layer by means of a pipet and add to the evaporation flask. Repeat
this extraction with 3 additional 12-mL portions of n-hexane, adding the hexane extracts
to the evaporation flask. Evaporate the combined hexane extracts under vacuum at room
temperature to dryness. Dissolve in and dilute the residue in a volume of n-hexane to
obtain a concentration of 2 µg/mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 5-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the responses for the vitamin D peaks.
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak height for cholecalciferol or ergocalciferol from the Sample solution
rS = peak height for cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Ergocalciferol RS or USP Cholecalciferol RS in the Standard
solution (µg/mL)
CU = nominal concentration of ergocalciferol or cholecalciferol in the Sample solution
(µg/mL)
F = correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O)
Add the following:
• Vitamin D (Cholecalciferol or Ergocalciferol), Method 2
[Note—Where the use of a vitamin D (cholecalciferol or ergocalciferol) is specified in the
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following procedure, use the chemical form present in the formulation and the relevant
Reference Standard. Use low-actinic glassware throughout this procedure.]
Diluent: Water, dimethylformamide, and isopropyl alcohol (5:10:35, v/v)
Mobile phase: Acetonitrile and water (70:30)
Cholecalciferol standard stock solution: 0.5 mg/mL of USP Cholecalciferol RS in isopropyl
alcohol
Ergocalciferol standard stock solution: 0.5 mg/mL of USP Ergocalciferol RS in isopropyl
alcohol
System suitability solution: Combine equal volumes of Cholecalciferol standard stock
solution and Ergocalciferol standard stock solution. Dilute with Diluent to obtain a
concentration of about 1 µg/mL each of cholecalciferol and ergocalciferol.
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in Diluent
from the Standard stock solution, prepared accurately
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
nominally equivalent to 50 µg of cholecalciferol, into a 50-mL volumetric flask, add 5 mL of
water, and sonicate for 10 min with intermittent shaking. Add 10 mL of dimethylformamide,
sonicate for 15 min with intermittent shaking, cool to room temperature, and dilute with
isopropyl alcohol to volume. Mix well and pass through a nylon filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 2.7-µm packing L96
Column temperature: 40°
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for cholecalciferol and ergocalciferol are 1.0 and 1.1,
respectively.]
Suitability requirements
Resolution: NLT 1.5 between the cholecalciferol and ergocalciferol peaks, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak area of cholecalciferol or ergocalciferol from the Sample solution
rS = peak area of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of cholecalciferol or ergocalciferol in the Standard solution (µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
Acceptance criteria: 90.0%–165.0%
• Calcium, Method 1

USP43

[Note—A commercially available atomic absorption standard solution for calcium may be
used where preparation of a Calcium standard stock solution is described in the following
assay. Concentrations of the Standard solutions and the Sample stock solution may be
modified to fit the linear or working range of the instrument.]
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard stock solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium
carbonate, previously dried at 300° for 3 h and cooled in a desiccator for 2 h. Dissolve in
25 mL of 1 N hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000
mL.
Standard stock solution: 100 µg/mL of calcium from Calcium standard stock solution
diluted with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain Standard solutions with concentrations
of 1.0, 1.5, 2.0, 2.5, and 3.0 µg/mL of calcium.
Sample stock solution: Weigh and finely powder NLT 20 Tablets. Mix a portion of the
powder equivalent to a nominal amount of 500 mg of calcium with 25 mL of concentrated
hydrochloric acid, and heat for 30 min on a steam bath. Cool, dilute with water to 1000
mL, and filter.
Sample solution: Quantitatively dilute a volume of the Sample stock solution with 0.125 N
hydrochloric acid to obtain a nominal concentration of 100 µg/mL of calcium. Transfer 2.0
mL of this solution to a 100-mL volumetric flask, add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line, 422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
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Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of calcium, and draw the straight line
best fitting the 5 plotted points. From the graph, determine the concentration (C), in
µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of calcium in the Sample solution (µg/mL)
CU = nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
(v/v) solution of nitric acid solution, and dilute with a 1% (v/v) solution of nitric acid to
1000 mL. This solution contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from Copper standard solution diluted with
0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer the equivalent of 5 mg
of copper from powdered Tablets to a porcelain crucible. Heat for 6–12 h in a muffle
furnace maintained at 550°, and cool. Add 15 mL of hydrochloric acid, and boil gently on a
hot plate or a steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask, rinsing the crucible with portions of 6 N hydrochloric
acid. Dilute the contents of the flask with water to volume, and filter, discarding the first
5 mL of the filtrate. Dilute the filtrate quantitatively with 0.125 N hydrochloric acid to
obtain a concentration of 2 µg/mL of copper.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Copper emission line, 324.7 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
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Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of copper, and draw the straight line
best fitting the 5 plotted points. From the graph, determine the concentration (C), in
µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of copper in the Sample solution (µg/mL)
CU = nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Magnesium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Magnesium standard stock solution: Transfer 1.00 g of magnesium to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution having a known concentration of 1000 µg/mL.
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard stock solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Sample solution: Finely powder NLT 20 Tablets. Transfer the equivalent of 200 mg of
magnesium to a porcelain crucible. Heat for 6–12 h in a muffle furnace maintained at 550°,
and cool. Add 15 mL of hydrochloric acid, and boil gently on a hot plate or a steam bath
for 30 min, intermittently rinsing the inner surface of the crucible with 6 N hydrochloric
acid. Cool, and quantitatively transfer the contents of the crucible to a 100-mL volumetric
flask, rinsing the crucible with portions of 6 N hydrochloric acid. Dilute the contents of the
flask with water to volume, and filter, discarding the first 5 mL of the filtrate. Dilute the
filtrate quantitatively with 0.125 N hydrochloric acid to obtain a concentration of 0.4
µg/mL of magnesium, adding 1 mL of Lanthanum chloride solution per 100 mL of the final
volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Magnesium emission line, 285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
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Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of magnesium, and draw the straight
line best fitting the 5 plotted points. From the graph, determine the concentration (C), in
µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of magnesium in the Sample solution (µg/mL)
CU = nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese, weighed, to a 1000mL volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from Manganese standard stock solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with concentrations of 0.5, 0.75, 1.0, 1.5,
and 2.0 µg/mL of manganese.
Sample solution: Finely powder NLT 20 Tablets. Transfer the equivalent of 9 mg of
manganese from powdered Tablets to a porcelain crucible. Heat for 6–12 h in a muffle
furnace maintained at 550°, and cool. Add 15 mL of hydrochloric acid, and boil gently on a
hot plate or a steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask, rinsing the crucible with portions of 6 N hydrochloric
acid. Dilute the contents of the flask with water to volume, and filter, discarding the first
5 mL of the filtrate. Dilute the filtrate quantitatively with 0.125 N hydrochloric acid to
obtain a concentration of 1 µg/mL of manganese.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Manganese emission line, 279.5 nm
Blank: 0.125 N hydrochloric acid
Analysis
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Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the 5 plotted points. From the graph, determine the concentration
(C), in mg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Tablets taken:
Result = (C/CU) × 100
C = measured concentration of manganese in the Sample solution (µg/mL)
CU = nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese
• Zinc, Method 1
Zinc standard stock solution: 1000 µg/mL of zinc from zinc oxide dissolved in 5 M
hydrochloric acid (3.89 mg/mL), and diluted with water to final volume. [Note—Dissolve in
5 M hydrochloric acid by warming, if necessary, cool, and then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from Zinc standard stock solution diluted with
0.125 N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of Standard stock solution to
separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer the equivalent of 40
mg of zinc from powdered Tablets to a porcelain crucible. Heat for 6–12 h in a muffle
furnace maintained at 550°, and cool. Add 15 mL of hydrochloric acid, and boil gently on a
hot plate or a steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask, rinsing the crucible with portions of 6 N hydrochloric
acid. Dilute the contents of the flask with water to volume, and filter, discarding the first
5 mL of the filtrate. Dilute the filtrate quantitatively with 0.125 N hydrochloric acid to
obtain a concentration of 2 µg/mL of zinc.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Zinc emission line, 213.8 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution

PF 44(6): Nov.-Dec. 2018

604

Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of zinc, and draw the straight line best
fitting the 5 plotted points. From the graph, determine the concentration (C), in µg/mL, of
zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Tablets taken:
Result = (C/CU) × 100
C = measured concentration of zinc in the Sample solution (µg/mL)
CU = nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Calcium, Copper, Magnesium, Manganese, and Zinc, Method 2
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding 1 volume
of Stock aqua regia solution to 2 volumes of water. Dilute with additional water to volume,
and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% (v/v) nitric
acid solution and 1000 mg/L of scandium in 5% (v/v) nitric acid solution with Diluent
(1:1:198), and mix.
Standard stock solution (Ca, Cu, Mg, Mn, and Zn): [Note—It is only necessary to include
the minerals of interest in the solution.] Using commercially available element standard
(single- or multi-element) solutions in 5% (v/v) nitric acid solution, pipet the appropriate
amount of element standard solution into a volumetric flask, and dilute with 5% (v/v)
nitric acid solution to obtain a solution having final concentrations of about 1000 mg/L of
calcium, 100 mg/L of copper, 500 mg/L of magnesium, 100 mg/L of manganese, and 250
mg/L of zinc.
Standard solutions: Prepare a mixture of Standard stock solution in Diluent to prepare a
6-point calibration curve to bracket the concentration range of each mineral of interest.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion equal to the
average Tablet weight to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua regia
solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently until fumes cease (about 1 h). Remove from
heat, cool, and dilute with water to volume. Pass about 30 mL into a centrifuge tube using
a 5-µm pore size nylon syringe filter. If necessary, make any further dilutions using the
Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 〈730〉.)
Mode: Inductively coupled plasma spectrometry, using a spectrometer set to measure
the emission of each mineral of interest at about the corresponding wavelength. [Note
—The operating conditions may be developed and optimized based on the

PF 44(6): Nov.-Dec. 2018

605

manufacturer's recommendation. The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and
precision.]
System suitability
Sample: System suitability solution
[Note—Analyze the System suitability solution and obtain the response as directed for
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph,
determine the concentration (C), in mg/L, for each mineral of interest in the Sample
solution.
Calculate the percentage of the labeled amount for each mineral:
Result = C × (V/W) × F × (WT/L) × 100
C = measured concentration of the relevant element in the Sample solution (mg/L)
V = volume of the Sample solution (L)
W = sample weight (mg)
F = dilution factor of the Sample solution
WT = average weight (mg/Tablet)
L = labeled amount of the relevant element (mg/Tablet)
Acceptance criteria: NLT 90.0%–125.0% of the labeled amount of calcium (Ca), copper
(Cu), magnesium (Mg), manganese (Mn), and zinc (Zn)
PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Dissolution: Meet the requirements with respect to
calcium
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Analysis: Determine the amount of calcium (Ca) dissolved, using the procedure in the
assay for Calcium, making any necessary volumetric adjustments.
Tolerances: NLT 75% of the labeled amount of Ca is dissolved.
• Weight Variation 〈2091〉: Meet the requirements
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SPECIFIC TESTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count does not exceed 3 ×
103 cfu/g, and the total combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• Labeling: The label states that the product is Calcium and Vitamin D with Minerals Tablets.
The label also states the quantities of each mineral and vitamin D /dosage unit
in terms of metric units/Tablet, USP43
the salt form of the mineral used as the source of each element present, and the chemical
form of vitamin D present in the dosage unit.
• USP Reference Standards 〈11〉
USP Cholecalciferol RS
USP Ergocalciferol RS
Recent Official Publications:
USP42–NF37 Page 4800
BRIEFING
Japanese Sophora Flower. A new USP monograph for this plant material as a dietary
ingredient is being proposed. Validation data for the liquid chromatographic procedure in the
test for Content of Flavonol Glycosides and Quercetin was obtained using the Shimadzu Inertsil
ODS-SP C18 brand of column with L1 packing. The typical retention times for rutin, kaempferol3-O-rutinoside, isorhamnetin-3-O-rutinoside, quercetin, kaempferol, and isorhamnetin are 9, 14,
15, 22, 28.5, and 29.0 min, respectively.
(BDSHM: C. Ma.)
Correspondence Number—C201641
Comment deadline: January 31, 2019
Add the following:
Japanese Sophora Flower
DEFINITION
Japanese Sophora Flower consists of the dried opened flowers or flower buds of
Styphnolobium japonicum (L.) Schott (Syn. Sophora japonica L. Mant.) (Family Fabaceae).
The flower contains NLT 7.5% and NMT 15% and the flower bud contains NLT 15% and
NMT 27% of total flavonol glycosides calculated as the sum of rutin (C27 H30 O16 ),
kaempferol-3-O-rutinoside (C27 H30 O15 ), and isorhamnetin-3-O-rutinoside (C28 H32 O16 ) on
the dried basis. The flower contains NLT 6.5% and NMT 13% and the flower bud contains
NLT 14% and NMT 25% of rutin on the dried basis. The article contains NLT 0.3% and NMT
1.0% of quercetin (C15 H10 O7 ) on the dried basis.
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IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.5 mg/mL of USP Rutin RS and 0.1 mg/mL each of USP
Isorhamnetin-3-O-Rutinoside RS and USP Quercetin RS in methanol. Sonicate to dissolve.
Standard solution B: 10 mg/mL of USP Sophora japonica Flower Dry Extract RS in
methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution: 20 mg/mL of finely powdered Japanese Sophora Flower from flowers or
10 mg/mL of finely powdered Japanese Sophora Flower from flower buds in methanol.
Sonicate for 10 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 2 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: 20 ± 5°
Developing solvent system: n-Butyl acetate, methanol, water, and formic acid (7.5: 2:
1: 1)
Derivatization reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry the plate at 100° for 3 min. Treat the plate with
Derivatization reagent A, and dry for 5 min in a current of cool air. Immediately, treat the
plate with Derivatization reagent B, dry for 5 min in a current of cool air, and examine
under long wavelength UV light (about 365 nm).
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Standard solution A exhibits a yellow band due to rutin; a
green band above the rutin band due to isorhamnetin-3-O-rutinoside; and a yellow band
due to quercetin in the upper-third of the chromatogram. Standard solution B exhibits a
yellow band corresponding in RF to rutin in Standard solution A; 3 faint yellow bands
below the rutin band in the lower-third section; a pair of green bands above the rutin
band, one of them corresponding in RF to isorhamnetin-3-O-rutinoside in Standard
solution A; and a yellow band above the green bands. In the upper-third section,
Standard solution B exhibits a yellow band corresponding in RF to quercetin in Standard
solution A; a green band above the quercetin band; and a faint blue band below the
quercetin band.
Acceptance criteria: The Sample solution exhibits the following bands corresponding to
similar bands from Standard solution B: a yellow band corresponding in RF and color to the
rutin band from Standard solution A; up to 3 faint yellow bands below the rutin band in the
lower-third section; a pair of green bands above the rutin band, one of them
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corresponding to isorhamnetin-3-O-rutinoside in Standard solution A; and a yellow band
above the green bands. In the upper-third section, the Sample solution exhibits a yellow
band corresponding in RF and color to quercetin in Standard solution A; a green band
above the quercetin band; and a faint blue band below the quercetin band. A yellow band
below the faint blue band may or may not be observed.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Flavonol Glycosides and
Quercetin. Analyze the chromatogram between 0.7, the relative retention time of rutin,
and the retention time of isorhamnetin.
Acceptance criteria: The Sample solution exhibits the most intense peak corresponding to
rutin in Standard solution A and peaks due to kaempferol-3-O-rutinoside, isorhamnetin3-O-rutinoside, quercetin, kaempferol, and isorhamnetin corresponding to the same
constituents in Standard solution B. The 2 minor peaks of kaempferol and isorhamnetin
may or may not be observed. No other peak is more intense than the peak corresponding
to kaempferol-3-O-rutinoside. The relative content of rutin to total flavonol glycosides is
about 90%. The content ratios of kaempferol-3-O-rutinoside, isorhamnetin-3-O-rutinoside,
and quercetin relative to rutin are within the ranges listed in Table 2.
COMPOSITION
• Content of Flavonol Glycosides and Quercetin
Solution A: 0.2% formic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
8
10
20
25
30
35

Table 1
Solution A
(%)
82
82
75
70
64
60
5

Solution B
(%)
18
18
25
30
36
40
95

Solvent: Methanol and water (8:2)
Standard solution A: 0.30 mg/mL of USP Rutin RS in Solvent
Standard solution B: 2 mg/mL of USP Sophora japonica Flower Dry Extract RS in Solvent.
Sonicate for 30 min, centrifuge, and pass through a suitable membrane filter of 0.45-µm or
finer pore size.
Sample solution: Transfer about 40 mg of finely powdered Japanese Sophora Flower from
flowers or 20 mg of finely powdered Japanese Sophora Flower from flower buds,
accurately weighed, into a suitable flask. Add 10.0 mL of Solvent, and close tightly. Weigh
the filled flask accurately, and sonicate for 30 min. Cool to room temperature and adjust
with Solvent to the initial weight, if needed. Before injection, pass through a suitable
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membrane filter of 0.45-µm or finer pore size, and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 1.5 between kaempferol-3-O-rutinoside and isorhamnetin-3-Orutinoside, Standard solution B
Tailing factor: NMT 1.5 for rutin and quercetin, Standard solution B
Relative standard deviation: NMT 2.0% for rutin in repeated injections, Standard
solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Sophora japonica Flower Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Sophora japonica Flower Dry Extract RS being
used, identify the peaks corresponding to rutin, kaempferol-3-O-rutinoside, isorhamnetin3-O-rutinoside, quercetin, kaempferol, and isorhamnetin in the Sample solution.
[Note—See Table 2 for the relative retention times.]
Table 2

Analyte
Rutin
Kaempferol-3-O-rutinoside
Isorhamnetin-3-O-rutinoside
Quercetin
Kaempferol
Isorhamnetin

Approximate
Relative
Retention Time
1.00
1.56
1.68
2.50
3.15
3.21

Conversion
Factor
1.0
1.2
0.94
0.5
—
—

Content
Ratio
Relative
to Rutin
1.0
0.02–0.06
0.05–0.1
0.02–0.2
<0.01
<0.01

Calculate separately the percentages of rutin, kaempferol-3-O-rutinoside, isorhamnetin-
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3-O-rutinoside, and quercetin in the portion of Japanese Sophora Flower taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of rutin from Standard solution A
CS = concentration of USP Rutin RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Japanese Sophora Flower used to prepare the Sample solution (mg)
F = conversion factor for the relevant analyte (see Table 2)
Calculate the content of total flavonol glycosides as the sum of the percentages of rutin,
kaempferol-3-O-rutinoside, and isorhamnetin-3-O-rutinoside.
Acceptance criteria
Total flavonol glycosides: 7.5%–15% for flower on the dried basis; 15%–27% for flower
bud on the dried basis
Rutin: 6.5%–13% for flower on the dried basis; 14%–25% for flower bud on the dried
basis
Quercetin: 0.3%–1.0% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic
Flower: The opened flower is crumpled, rolled, and has a thin, short pedicel. The calyx is
campanulate, yellow-green or brown, 3–4 mm long, and consists of 5 fused sepals with
longitudinal striations at the base and split into 5 lobes at the apex. The corolla is
papilionaceous, pale yellow or light yellowish-brown, often broken and about 10–15 mm
long; one petal larger than the rest, sub-round, with a reflexed apex and a bright yellow
unguis at its internal base. The other 4 petals are oblong. There are 10 individual
stamens, 9 of which have filaments joined near the base, surrounding a pistil that is
cylindrical and curved.
Flower bud: The flower bud is ovoid or ellipsoid, 2–6 mm long, and 2 mm in diameter. The
dark-green or brown calyx is about half the length of the whole flower bud, consisting of
5 fused sepals with longitudinal striations at the base. The unopened yellowish-white
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corolla covers 10 stamens surrounding a pistil.
Articles of Botanical Origin 〈561〉, Methods of Analysis, Foreign Organic Matter: NMT 2.0%
Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 16% for flower; NLT 28% for flower bud
Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method
2: NLT 28% for flower; NLT 32% for flower bud
Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 14.0% for flower;
NMT 8.0% for flower bud
Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 1.0%
Loss on Drying 〈731〉
Sample: Finely powdered
Analysis: Dry the Sample at 105° for 5 h.
Acceptance criteria: NMT 11.0% for flower; NMT 13.0% for flower bud

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store at controlled room temperature.
• Labeling: The label states the Latin binomial and the parts of the plant contained in the
article following the official name.
• USP Reference Standards 〈11〉
USP Isorhamnetin-3-O-Rutinoside RS
USP Quercetin RS
USP Rutin RS
USP Sophora japonica Flower Dry Extract RS
USP43

BRIEFING
Japanese Sophora Flower Dry Extract. A new USP monograph for this plant extract as a
dietary supplement is being proposed. Validation data for the liquid chromatographic procedure
in the test for Content of Flavonol Glycosides and Quercetin was obtained using the Shimadzu
Inertsil ODS-SP C18 brand of column with L1 packing. The typical retention times for rutin,
kaempferol-3-O-rutinoside, isorhamnetin-3-O-rutinoside, quercetin, kaempferol, and
isorhamnetin are 9, 14, 15, 22, 28.5, and 29.0 min, respectively.
(BDSHM: C. Ma.)
Correspondence Number—C201643
Comment deadline: January 31, 2019
Add the following:
Japanese Sophora Flower Dry Extract
DEFINITION
Japanese Sophora Flower Dry Extract is prepared from the dried opened flowers or flower
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buds of Japanese sophora [Styphnolobium japonicum (L.) Schott (Syn. Sophora japonica L.
Mant.)] by extraction with water or hydroalcoholic mixtures. It contains NLT 90% and NMT
110% of the labeled amount of total flavonol glycosides calculated as the sum of rutin
(C27 H30 O16 ), kaempferol-3-O-rutinoside (C27 H30 O15 ), and isorhamnetin-3-O-rutinoside
(C28 H32 O16 ) on the dried basis. It contains NLT 90% and NMT 110% of the labeled amount
of rutin on the dried basis. It contains NLT 0.4% and NMT 3.0% of quercetin (C15 H10 O7 ) on
the dried basis. It may contain suitable added substances as carriers.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.5 mg/mL of USP Rutin RS and 0.1 mg/mL each of USP
Isorhamnetin-3-O-Rutinoside RS and USP Quercetin RS in methanol. Sonicate to dissolve.
Standard solution B: 10 mg/mL of USP Sophora japonica Flower Dry Extract RS in
methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution: 10 mg/mL of Japanese Sophora Flower Dry Extract from flowers or 5
mg/mL of Japanese Sophora Flower Dry Extract from flower buds in methanol. Sonicate for
10 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 2 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: 20 ± 5°
Developing solvent system: n-Butyl acetate, methanol, water, and formic acid (7.5: 2:
1: 1)
Derivatization reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry the plate at 100° for 3 min. Treat the plate with
Derivatization reagent A, and dry for 5 min in a current of cool air. Immediately treat the
plate with Derivatization reagent B, dry for 5 min in a current of cool air, and examine
under long wavelength UV light (about 365 nm).
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements: Standard solution A exhibits a yellow band due to rutin; a
green band above the rutin band due to isorhamnetin-3-O-rutinoside; and a yellow band
due to quercetin in the upper-third of the chromatogram. Standard solution B exhibits a
yellow band corresponding in RF to rutin in Standard solution A; 3 faint yellow bands
below the rutin band in the lower-third section; a pair of green bands above the rutin
band, one of them corresponding in RF to isorhamnetin-3-O-rutinoside in Standard
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solution A; and a yellow band above the green bands. In the upper-third section,
Standard solution B exhibits a yellow band corresponding in RF to quercetin in Standard
solution A; a green band above the quercetin band; and a faint blue band below the
quercetin band.
Acceptance criteria: The Sample solution exhibits the following bands corresponding to
similar bands from Standard solution B: a yellow band corresponding in RF and color to the
rutin band from Standard solution A; up to 3 faint yellow bands below the rutin band in the
lower-third section; a pair of green bands above the rutin band, one of them
corresponding to isorhamnetin-3-O-rutinoside in Standard solution A; and a yellow band
above the green bands. In the upper-third section, the Sample solution exhibits a yellow
band corresponding in RF and color to quercetin in Standard solution A; a green band
above the quercetin band; and a faint blue band below the quercetin band. A yellow band
below the faint blue band may or may not be observed.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Flavonol Glycosides and
Quercetin. Analyze the chromatogram between 0.7, the relative retention time of rutin,
and the retention time of isorhamnetin.
Acceptance criteria: The Sample solution exhibits the most intense peak corresponding to
rutin in Standard solution A and peaks due to kaempferol-3-O-rutinoside, isorhamnetin3-O-rutinoside, quercetin, kaempferol, and isorhamnetin corresponding to the same
constituents in Standard solution B. The 2 minor peaks of kaempferol and isorhamnetin
may or may not be observed. No other peak is more intense than the peak corresponding
to kaempferol-3-O-rutinoside. The relative content of rutin to total flavonol glycosides is
about 90%. The content ratios of kaempferol-3-O-rutinoside, isorhamnetin-3-O-rutinoside,
and quercetin relative to rutin are within the ranges listed in Table 2.
COMPOSITION
• Content of Flavonol Glycosides and Quercetin
Solution A: 0.2% formic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Time
(min)
0
8
10
20
25
30
35

Table 1
Solution A
(%)
82
82
75
70
64
60
5

Solution B
(%)
18
18
25
30
36
40
95

Solvent: Methanol and water (8:2)
Standard solution A: 0.30 mg/mL of USP Rutin RS in Solvent
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Standard solution B: 2 mg/mL of USP Sophora japonica Flower Dry Extract RS in Solvent.
Sonicate for 30 min, centrifuge, and pass through a suitable membrane filter of 0.45-µm or
finer pore size.
Sample solution: Transfer about 20 mg of Japanese Sophora Flower Dry Extract from
flowers or 10 mg of Japanese Sophora Flower Dry Extract from flower buds, accurately
weighed, into a suitable flask. Add 10.0 mL of Solvent, and close tightly. Weigh the filled
flask accurately, and sonicate for 30 min. Cool to room temperature and adjust with
Solvent to the initial weight, if needed. Before injection, pass through a suitable membrane
filter of 0.45-µm or finer pore size, and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 1.5 between kaempferol-3-O-rutinoside and isorhamnetin-3-Orutinoside, Standard solution B
Tailing factor: NMT 1.5 for rutin and quercetin, Standard solution B
Relative standard deviation: NMT 2.0% for rutin in repeated injections, Standard
solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Sophora japonica Flower Dry
Extract RS being used.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Sophora japonica Flower Dry Extract RS being
used, identify the peaks corresponding to rutin, kaempferol-3-O-rutinoside, isorhamnetin3-O-rutinoside, quercetin, kaempferol, and isorhamnetin in the Sample solution.
[Note—See Table 2 for the relative retention times.]
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Table 2

Analyte
Rutin
Kaempferol-3-O-rutinoside
Isorhamnetin-3-O-rutinoside
Quercetin
Kaempferol
Isorhamnetin

Approximate
Relative
Retention Time
1.00
1.56
1.68
2.50
3.15
3.21

Conversion
Factor
1.0
1.2
0.94
0.5
—
—

Content
Ratio
Relative
to Rutin
1.0
0.02–0.06
0.05–0.1
0.02–0.2
<0.01
<0.01

Calculate separately the percentages of rutin, kaempferol-3-O-rutinoside, isorhamnetin3-O-rutinoside, and quercetin in the portion of Japanese Sophora Flower Dry Extract
taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of rutin from Standard solution A
CS = concentration of USP Rutin RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Japanese Sophora Flower Dry Extract used to prepare the Sample solution
(mg)
F = conversion factor for the relevant analyte (see Table 2)
Calculate the content of total flavonol glycosides as the sum of the percentages of rutin,
kaempferol-3-O-rutinoside, and isorhamnetin-3-O-rutinoside.
Calculate the percentage of the labeled amount of total flavonol glycosides in the portion of
Japanese Sophora Flower Dry Extract taken:
Result = (P/L) × 100
P = content of total flavonol glycosides, determined previously (%)
L = labeled amount of total flavonol glycosides (%)
Calculate the percentage of the labeled amount of rutin in the portion of Japanese Sophora
Flower Dry Extract taken:
Result = (P/L) × 100
P = content of rutin, determined previously (%)
L = labeled amount of rutin (%)
Acceptance criteria
Total flavonol glycosides: 90%–110% of the labeled amount on the dried basis
Rutin: 90%–110% of the labeled amount on the dried basis
Quercetin: 0.4%–3.0% on the dried basis
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CONTAMINANTS
• Botanical Extracts 〈565〉, Preparations, General Pharmacopeial Requirements, Pesticide
Residues: Meets the requirements
• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 9.0%
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 5 h.
Acceptance criteria: NMT 13.0%
• Botanical Extracts 〈565〉, Preparations, General Pharmacopeial Requirements, Residual
Solvents: Meets the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store in a cool place.
• Labeling: The label states the Latin binomial and the parts of the plant from which the
article was prepared following the official name. The labeling indicates the content of total
flavonol glycosides and the content of rutin in percentages on the dried basis. It meets the
other labeling requirements under Botanical Extracts 〈565〉.
• USP Reference Standards 〈11〉
USP Isorhamnetin-3-O-Rutinoside RS
USP Quercetin RS
USP Rutin RS
USP Sophora japonica Flower Dry Extract RS
USP43

BRIEFING
Japanese Sophora Flower Powder. A new USP monograph for this plant material as a
dietary ingredient is being proposed. Validation data for the liquid chromatographic procedure in
the test for Content of Flavonol Glycosides and Quercetin was obtained using the Shimadzu
Inertsil ODS-SP C18 brand of column with L1 packing. The typical retention times for rutin,
kaempferol-3-O-rutinoside, isorhamnetin-3-O-rutinoside, quercetin, kaempferol, and
isorhamnetin are 9, 14, 15, 22, 28.5, and 29.0 min, respectively.
(BDSHM: C. Ma.)
Correspondence Number—C201642
Comment deadline: January 31, 2019
Add the following:
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Japanese Sophora Flower Powder
DEFINITION
Japanese Sophora Flower Powder consists of the dried opened flowers or flower buds of
Japanese sophora [Styphnolobium japonicum (L.) Schott (Syn. Sophora japonica L. Mant.)]
reduced to a fine or very fine powder. The powder from opened flowers contains NLT 7.5%
and NMT 15%, and the powder from flower buds contains NLT 15% and NMT 27%, of total
flavonol glycosides calculated as the sum of rutin (C27 H30 O16 ), kaempferol-3-O-rutinoside
(C27 H30 O15 ), and isorhamnetin-3-O-rutinoside (C28 H32 O16 ) on the dried basis. The flower
powder contains NLT 6.5% and NMT 13%, and the flower bud powder contains NLT 14%
and NMT 25%, of rutin on the dried basis. The article contains NLT 0.3% and NMT 1.0% of
quercetin (C15 H10 O7 ) on the dried basis.
IDENTIFICATION
• A. HPTLC for Articles of Botanical Origin 〈203〉
Standard solution A: 0.5 mg/mL of USP Rutin RS and 0.1 mg/mL each of USP
Isorhamnetin-3-O-Rutinoside RS and USP Quercetin RS in methanol. Sonicate to dissolve.
Standard solution B: 10 mg/mL of USP Sophora japonica Flower Dry Extract RS in
methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution: 20 mg/mL of Japanese Sophora Flower Powder from flowers or 10 mg/mL
of Japanese Sophora Flower Powder from flower buds in methanol. Sonicate for 10 min,
centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel F 254 mixture
Application volume: 2 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Temperature: 20 ± 5°
Developing solvent system: n-Butyl acetate, methanol, water, and formic acid (7.5: 2:
1: 1)
Derivatization reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
Derivatization reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands and dry in air. Develop in a saturated chamber, remove the
plate from the chamber, and dry the plate at 100° for 3 min. Treat the plate with
Derivatization reagent A, and dry for 5 min in a current of cool air. Immediately treat the
plate with Derivatization reagent B, dry for 5 min in a current of cool air, and examine
under long wavelength UV light (about 365 nm).
System suitability
Samples: Standard solution A and Standard solution B
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Suitability requirements: Standard solution A exhibits a yellow band due to rutin; a
green band above the rutin band due to isorhamnetin-3-O-rutinoside; and a yellow band
due to quercetin in the upper-third of the chromatogram. Standard solution B exhibits a
yellow band corresponding in RF to the rutin in Standard solution A; 3 faint yellow bands
below the rutin band in the lower-third section; a pair of green bands above the rutin
band, one of them corresponding in RF to isorhamnetin-3-O-rutinoside in Standard
solution A; and a yellow band above the green bands. In the upper-third section,
Standard solution B exhibits a yellow band corresponding in RF to quercetin in Standard
solution A; a green band above the quercetin band; and a faint blue band below the
quercetin band.
Acceptance criteria: The Sample solution exhibits the following bands corresponding to
similar bands from Standard solution B: a yellow band corresponding in RF and color to the
rutin band from Standard solution A; up to 3 faint yellow bands below the rutin band in the
lower-third section; a pair of green bands above the rutin band, one of them
corresponding to isorhamnetin-3-O-rutinoside in Standard solution A; and a yellow band
above the green bands. In the upper-third section, the Sample solution exhibits a yellow
band corresponding in RF and color to quercetin band in Standard solution A; a green band
above the quercetin band; and a faint blue band below the quercetin band. A yellow band
below the faint blue band may or may not be observed.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Flavonol Glycosides and
Quercetin. Analyze the chromatogram between 0.7, the relative retention time of rutin,
and the retention time of isorhamnetin.
Acceptance criteria: The Sample solution exhibits the most intense peak corresponding to
rutin in Standard solution A and peaks due to kaempferol-3-O-rutinoside, isorhamnetin3-O-rutinoside, quercetin, kaempferol, and isorhamnetin corresponding to the same
constituents in Standard solution B. The 2 minor peaks of kaempferol and isorhamnetin
may or may not be observed. No other peak is more intense than the peak corresponding
to kaempferol-3-O-rutinoside. The relative content of rutin to total flavonol glycosides is
about 90%. The content ratios of kaempferol-3-O-rutinoside, isorhamnetin-3-O-rutinoside,
and quercetin relative to rutin are within the ranges listed in Table 2.
COMPOSITION
• Content of Flavonol Glycosides and Quercetin
Solution A: 0.2% formic acid in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Time
(min)
0
8
10
20
25
30
35

Table 1
Solution A
(%)
82
82
75
70
64
60
5

Solution B
(%)
18
18
25
30
36
40
95

Solvent: Methanol and water (8:2)
Standard solution A: 0.30 mg/mL of USP Rutin RS in Solvent
Standard solution B: 2 mg/mL of USP Sophora japonica Flower Dry Extract RS in Solvent.
Sonicate for 30 min, centrifuge, and pass through a suitable membrane filter of 0.45-µm or
finer pore size.
Sample solution: Transfer about 40 mg of Japanese Sophora Flower Powder from flowers
or 20 mg of Japanese Sophora Flower Powder from flower buds, accurately weighed, into a
suitable flask. Add 10.0 mL of Solvent, and close tightly. Weigh the filled flask accurately,
and sonicate for 30 min. Cool to room temperature and adjust with Solvent to the initial
weight, if needed. Before injection, pass through a suitable membrane filter of 0.45-µm or
finer pore size, and discard the first portion of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 1.5 between kaempferol-3-O-rutinoside and isorhamnetin-3-Orutinoside, Standard solution B
Tailing factor: NMT 1.5 for rutin and quercetin, Standard solution B
Relative standard deviation: NMT 2.0% for rutin in repeated injections, Standard
solution A
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Sophora japonica Flower Dry
Extract RS being used.
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Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Sophora japonica Flower Dry Extract RS being
used, identify the peaks corresponding to rutin, kaempferol-3-O-rutinoside, isorhamnetin3-O-rutinoside, quercetin, kaempferol, and isorhamnetin in the Sample solution.
[Note—See Table 2 for the relative retention times.]
Table 2

Analyte
Rutin
Kaempferol-3-O-rutinoside
Isorhamnetin-3-O-rutinoside
Quercetin
Kaempferol
Isorhamnetin

Approximate
Relative
Retention Time
1.00
1.56
1.68
2.50
3.15
3.21

Conversion
Factor
1.0
1.2
0.94
0.5
—
—

Content
Ratio
Relative
to Rutin
1.0
0.02–0.06
0.05–0.1
0.02–0.2
<0.01
<0.01

Calculate separately the percentages of rutin, kaempferol-3-O-rutinoside, isorhamnetin3-O-rutinoside, and quercetin in the portion of Japanese Sophora Flower Powder taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU = peak area of the relevant analyte from the Sample solution
rS = peak area of rutin from Standard solution A
CS = concentration of USP Rutin RS in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W = weight of Japanese Sophora Flower Powder used to prepare the Sample solution
(mg)
F = conversion factor for the relevant analyte (see Table 2)
Calculate the content of total flavonol glycosides as the sum of the percentages of rutin,
kaempferol-3-O-rutinoside, and isorhamnetin-3-O-rutinoside.
Acceptance criteria
Total flavonol glycosides: 7.5%–15% for flower powder on the dried basis; 15%–27%
for flower bud powder on the dried basis
Rutin: 6.5%–13% for flower powder on the dried basis; 14%–25% for flower bud powder
on the dried basis
Quercetin: 0.3%–1.0% on the dried basis
CONTAMINANTS
• Articles of Botanical Origin 〈561〉, Limits of Elemental Impurities: Meets the requirements
• Articles of Botanical Origin 〈561〉, Pesticide Residue Analysis: Meets the requirements
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• Articles of Botanical Origin 〈561〉, Test for Aflatoxins: Meets the requirements
• Microbial Enumeration Tests 〈2021〉: The total aerobic bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant gram-negative bacterial count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meets the requirements
SPECIFIC TESTS
• Botanical Characteristics
Macroscopic
Flower: Yellowish-green powder
Flower bud: Pale yellow powder
Microscopic Pollen grains are sub-spherical or blunt triangular with 3 germinating pores and
a smooth exine, 14–19 µm in diameter. Non-glandular hairs consist of 1–3 cells, 80–700 µm
long. Fragments of sepals contain anomocytic stomata with 4–8 subsidiary cells;
parenchyma from the sepals contains prisms of calcium oxalate and agglomerates of
crystalline needles of rutin; calyx cells in surface view are polygonal. Fragments of petals
with cells covered by a finely striated cuticle, sometimes accompanied by fine annular or
spiral vessels and parenchyma, with some cells containing agglomerates of crystalline
needles of rutin. Fragments of anthers show the characteristic fibrous layer and immature
pollen grains. Examined under a microscope, after treating the preparation with chloral
hydrate solution and without heating, brownish-yellow rutin crystals are visible, free or
included in cells, as crystalline conglomerates or very fine needles in fan-shaped
aggregates.
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Alcohol-Soluble Extractives, Method
1: NLT 16% for flower powder; NLT 28% for flower bud powder
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Water-Soluble Extractives, Method
2: NLT 28% for flower powder; NLT 32% for flower bud powder
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 14.0% for flower
powder; NMT 8.0% for flower bud powder
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Acid-Insoluble Ash: NMT 1.0%
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 5 h.
Acceptance criteria: NMT 11.0% for flower powder; NMT 13.0% for flower bud powder
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture,
and store at controlled room temperature.
• Labeling: The label states the Latin binomial and the parts of the plant contained in the
article following the official name.
• USP Reference Standards 〈11〉
USP Isorhamnetin-3-O-Rutinoside RS
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USP Quercetin RS
USP Rutin RS
USP Sophora japonica Flower Dry Extract RS
USP43

BRIEFING
Oil-Soluble Vitamins Tablets, USP 41 page 4944. As part of USP monograph modernization
efforts, it is proposed to add a new alternative analytical procedure for the simultaneous
determination of vitamins A, E, D, and K1 (phytonadione). This liquid chromatographic procedure
is based on analyses performed with Phenomenex Luna C18(2) brand of column with L1 packing.
Some carotenoids (cryptoxanthin and lycopene) have significant absorbance at 265 and 325 nm
and may coelute with vitamin D and vitamin A (as retinyl palmitate), respectively, thus
interfering with the determination. Therefore, a system suitability requirement is used to ensure
peak purity of vitamin D and vitamin A (as retinyl palmitate). If the system suitability for peak
purity cannot be resolved, another monograph procedure should be used for analysis of vitamin
D and vitamin A (as retinyl palmitate).
Additionally, the following changes are proposed:
1. Add a section on Identification.
2. Add clarifications to the Definition section regarding the vitamin E isomers used in tablet
formulations.
3. Replace the description of the test procedures for each method under Strength for
Vitamin A, Vitamin D (Cholecalciferol or Ergocalciferol), and Vitamin E with cross
references to Vitamin A Assay 〈571〉, Vitamin D Assay 〈581〉, and Vitamin E Assay 〈551〉.
4. Add clarifications to the calculations and acceptance criteria for the tests for Vitamin E
in the Strength section in accordance with the new labeling requirements from FDA to
express vitamin content.
5. Add to the Labeling section the requirement to express vitamin A, vitamin D, and vitamin
E content in metric units, (mg or µg/Tablet), due to new labeling requirements from
FDA.
6. Change the terms "d" and "dl" for vitamin E isomers to the terms "RRR" and "all-rac",
respectively, to reflect the preferred nomenclature in the most current US regulations.
7. Modify the footnote in the Labeling section regarding the relationship between the
formerly used USP Units and mass.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C202599
Comment deadline: January 31, 2019
Oil-Soluble Vitamins Tablets
DEFINITION
Change to read:
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Oil-Soluble Vitamins Tablets contain 2 or more of the following oil-soluble vitamins: Vitamin A
as retinyl acetate or retinyl palmitate, USP43
Vitamin D as Ergocalciferol (vitamin D2 ) or Cholecalciferol (vitamin D3 ), Vitamin E
as RRR- or all-rac-alpha-tocopherol, RRR- or all-rac-alpha-tocopheryl acetate, or RRR- or allrac-alpha-tocopheryl acid succinate, USP43
Phytonadione (vitamin K1 ), and Beta Carotene. Tablets contain NLT 90.0% and NMT 165.0% of
the labeled amount of vitamin A as retinol or esters of retinol in the form of retinyl acetate
(C22 H32 O2 ) or retinyl palmitate (C36 H46 O2 )
as retinol USP43
(C20 H30 O), vitamin D as cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O), vitamin E as
alpha tocopherol, alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate
(C33 H54 O5 )
as 2R-alpha-tocopherol USP43
(C29 H50 O2 ), phytonadione (C31 H46 O2 ), and beta carotene (C40 H56 ).
Oil-Soluble Vitamins Tablets contain no other vitamins or any minerals. They may contain
other labeled added substances that are generally recognized as safe, in amounts that are
unobjectionable.
IDENTIFICATION
Add the following:
• A. The retention times of the vitamin peaks of the Sample solutions correspond to those
of the corresponding vitamin peaks of the Standard solutions as obtained in the tests for
Strength. USP43
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, with
the method used being stated in the labeling only if Method 1 is not used.]
Change to read:
• Vitamin A, Method 1
Proceed as directed in Vitamin A Assay 〈571〉, Assay, Chromatographic Methods, Procedure
1, except for the Sample stock solution and Sample solution.
USP43

[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified
in the following procedure, use the chemical form present in the formulation. USP Vitamin
A RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use lowactinic glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in n-hexane
System suitability stock solution: 15 µg/mL of retinyl palmitate in n-hexane
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System suitability solution: Mix equal volumes of System suitability stock solution and
the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate and
retinyl palmitate.
USP43

Sample stock solution: (ERR 1-Aug-2017) Finely powder NLT 20 Tablets. Transfer a
portion of the powder, equivalent to 5 Tablets, to a container having a polytef-lined
screw-cap. Add 10 mL of dimethyl sulfoxide and 15 mL of n-hexane, and shake for 45 min
on a wrist-action shaker in a water bath maintained at 60°. [Note—Set up the wristaction shaker to ensure that the contents of the container are mixed vigorously and
thoroughly.] Centrifuge at 3000 rpm for 10 min, and transfer the hexane layer by means of
a pipet to a 100-mL volumetric flask. Add 15 mL of n-hexane to the dimethyl sulfoxide
layer, shake thoroughly for 5 min, and transfer the hexane layer by means of a pipet to
the 100-mL volumetric flask. Repeat this extraction with 3 additional 15-mL portions of nhexane. Dilute the extracts in the volumetric flask with n-hexane to volume.
Sample solution: Dilute a 10-mL volume of the Sample stock solution (ERR 1-Aug-2017)
with n-hexane to obtain a solution with a concentration of 15 µg/mL of vitamin A as
retinol (C20 H30 O).
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection size: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area of all-trans-retinyl acetate from the Standard solution and the peak
area of all-trans-retinyl acetate or all-trans-retinyl palmitate in the chromatogram of the
Sample solution.
For products containing vitamin A acetate or vitamin A palmitate, calculate the percentage
of the labeled amount of vitamin A, as retinol (C20 H30 O) in the portion of the Tablets
taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
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rS = peak area of the all-trans-retinyl ester from the Standard solution
CS = concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU = nominal concentration of vitamin A, as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS,
to retinol, 0.872
[Note—The molar responses of retinyl acetate and retinyl palmitate are equivalent.]

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
Change to read:
• Vitamin A, Method 2
Proceed as directed in Vitamin A Assay 〈571〉, Assay, Chromatographic Methods, Procedure
2.
USP43

[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL
of sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Mobile phase: n-Hexane and ethyl acetate (99.7:0.3)
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in 2,2,4trimethylpentane
System suitability stock solution: 15 µg/mL of retinyl palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: [Note—This preparation is suitable for the determination of vitamin A,
vitamin D, and vitamin E, when present in the formulation.] Finely powder NLT 20 Tablets.
If vitamin D is present in the formulation, transfer a portion of the powder, equivalent to
30 µg of the labeled amount of cholecalciferol or ergocalciferol, to a container having a
polytef-lined screw cap. If vitamin D is not present in the formulation, use a portion of the
powder, equivalent to 90 mg of the labeled amount of vitamin E (as alpha tocopherol,
alpha tocopheryl acetate, or alpha tocopheryl hemisuccinate). If vitamin E is not present
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in the formulation, use a portion of the powder, equivalent to 2.5 mg of the labeled
amount of retinyl acetate or retinyl palmitate. Add 0.5 g of sodium bicarbonate, 1.5 mL of
Lecithin solution, and 12.5 mL of 2,2,4-trimethylpentane, and disperse on a vortex mixer.
Add 6 mL of Sodium ascorbate–pyrogallol solution, shake slowly, and allow the solution to
degas. Continue shaking until the evolution of gas has ceased, and then shake for an
additional 12 min. Add 6 mL of dimethyl sulfoxide, mix on a vortex mixer to form a
suspension, and shake for 12 min. Add 6 mL of 3 N methanolic sulfuric acid solution, mix
on a vortex mixer to form a suspension, and shake for 12 min. Add 12.5 mL of 2,2,4trimethylpentane, mix on a vortex mixer to form a suspension, and shake for 10 min.
Centrifuge for 10 min to break up the emulsion and to clarify the supernatant. [Note—The
supernatant is used for the determination of vitamin A, and also vitamin D and vitamin E, if
present in the formulation.] If necessary, quantitatively dilute a volume of the
supernatant with 2,2,4-trimethylpentane to obtain a concentration close to that of the
Standard solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1.5 mL/min
Injection size: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8.0 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area of all-trans-retinyl acetate from the Standard solution and the peak
area of all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample solution.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
rS = peak area of the all-trans-retinyl ester from the Standard solution
CS = concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU = nominal concentration of vitamin A, as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in the USP Vitamin A
RS, to retinol, 0.872
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[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration. The molar responses of retinyl acetate and retinyl
palmitate are equivalent.]

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
Change to read:
• Vitamin A, Method 3
Proceed as directed in Vitamin A Assay 〈571〉, Assay, Chromatographic Methods, Procedure
3.
USP43

[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Extraction solvent: n-Hexane and methylene chloride (3:1)
Potassium hydroxide solution: 800 mg/mL of potassium hydroxide in water.
[Note—Cautiously add potassium hydroxide in water. Mix, and cool.]
Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Standard stock solution: 30 µg/mL of retinyl acetate from USP Vitamin A RS in Diluent.
[Note—This solution may be stored in a refrigerator for 1 week.]
Standard solution: Dilute a volume of Standard stock solution with Diluent to obtain a
concentration of 1 µg/mL of USP Vitamin A RS. Transfer 10.0 mL of this solution to a
stoppered 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3 mL of Potassium
hydroxide solution. Insert the stopper tightly, shake for 15 min over a water bath
maintained at 60 ± 5°, and cool to room temperature. Add 7 mL of water and 25.0 mL of
Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s. Rinse the
sides of the flask with 60 mL of water, and allow to stand for 10 min until the layers
separate. Withdraw a portion of the organic layer for injection into the chromatograph.
This Standard solution contains 0.34 µg/mL of retinol.
Sample solution: Finely powder a counted number of Tablets. Transfer a portion of the
powder, equivalent to 1.5 mg of retinyl acetate, to a stoppered 125-mL flask. Add 5 mL of
water, 15 mL of Diluent, and 3 mL of Potassium hydroxide solution. Insert the stopper
tightly, shake for 15 min over a water bath maintained at 60 ± 5°, and cool to room
temperature. Add 7 mL of water and 25.0 mL of Extraction solvent. Insert the stopper
tightly, and shake vigorously for 60 s or longer, if necessary, for complete extraction.
Rinse the sides of the flask with 60 mL of water, and allow to stand for 10 min until the
layers separate. [Note—Do not shake, because an emulsion may form.] Withdraw a portion
of the organic layer, and dilute with Extraction solvent to obtain a concentration of 0.34
µg/mL of retinol.
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Chromatographic system
(See Chromatography 〈621〉, System Suitability).
Mode: LC
Detector: UV 335 nm
Column: 6.2-mm × 8-cm; packing L3
Column temperature: 40°
Flow rate: 4 mL/min
Injection size: 50 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 13-cis-retinol and all-trans-retinol are 0.92 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of all-trans-retinol and 13-cis-retinol.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Tablets taken:
Result = (rT1/rT2) × (CS/CU) × F × 100
rT1 = sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Sample
solution
rT2 = sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Standard
solution
CS = concentration of retinyl acetate (C23 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU = nominal concentration of vitamin A, as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS,
to retinol, 0.872

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
Change to read:
• Vitamin D (Cholecalciferol or Ergocalciferol), Method 1
Proceed as directed in Vitamin D Assay 〈581〉, Assay, Chromatographic Methods, Procedure
1, except for the Sample solution.
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USP43

[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following
procedure, use the chemical form present in the formulation and the relevant USP
Reference Standard. Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60° for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
USP43

Sample solution: Prepare as directed for the Sample stock solution (ERR 1-Aug-2017) in
Vitamin A, Method 1. Transfer NLT 20 mL of this solution to a suitable container, and, if
necessary, evaporate under vacuum at room temperature to obtain a concentration of 2
µg/mL of cholecalciferol or ergocalciferol.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection size: 100 µL
System suitability
Sample: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of vitamin D.
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of cholecalciferol or ergocalciferol from the Sample solution
rS = peak area of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
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CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
F = correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
Change to read:
• Vitamin D (Cholecalciferol or Ergocalciferol), Method 2
Proceed as directed in Vitamin D Assay 〈581〉, Assay, Chromatographic Methods, Procedure
2.
USP43

[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following
procedure, use the chemical form present in the formulation and the relevant USP
Reference Standard. Use low-actinic glassware throughout this procedure.]
3 N methanolic sulfuric acid solution, Sodium ascorbate–pyrogallol solution, Lecithin
solution, and Sample solution: Proceed as directed in Vitamin A, Method 2.
Mobile phase: n-Hexane and tertiary butyl alcohol (98.75: 1.25)
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in 2,2,4trimethylpentane
System suitability solution: Heat a volume of the Standard solution at 60° for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1 mL/min
Injection size: 40 µL
System suitability
Sample: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
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Samples: Standard solution and Sample solution
Measure the peak areas of vitamin D.
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of cholecalciferol or ergocalciferol from the Sample solution
rS = peak area of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
Change to read:
• Vitamin D (Cholecalciferol or Ergocalciferol), Method 3
Proceed as directed in Vitamin D Assay 〈581〉, Assay, Chromatographic Methods, Procedure
3, except for the Analysis.
USP43

[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following
procedure, use the chemical form present in the formulation and the relevant USP
Reference Standard. Use low-actinic glassware throughout this procedure.]
Diluted acetic acid: Glacial acetic acid solution (1 in 10) in water
Phenolphthalein solution: 10 mg/mL of phenolphthalein in alcohol
Potassium hydroxide solution: Slowly dissolve 14 g of potassium hydroxide in a mixture
of 31 mL of dehydrated alcohol and 5 mL of water. Prepare fresh daily.
Extraction solvent: Methylene chloride and isopropyl alcohol (99.8: 0.2)
Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
dehydrated alcohol. [Note—Prepare fresh every 4 weeks. Store in a freezer.]
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution by initially washing the column with 4.0 mL
of a mixture of methylene chloride and isopropyl alcohol (4:1), followed by 5.0 mL of
Extraction solvent. Do not allow the column to dry.] Dilute a volume of Standard stock
solution with dehydrated alcohol to obtain a concentration of 5 µg/mL of USP
Cholecalciferol RS or USP Ergocalciferol RS. Prepare this solution fresh daily. Transfer 2.0
mL of this solution to a stoppered 125-mL flask. Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution, insert the stopper, and shake for 30 min in a water bath

PF 44(6): Nov.-Dec. 2018

632

maintained at 60°. Allow to cool to room temperature, and transfer the contents of the
flask to a 250-mL separatory funnel. Add 15.0 mL of water to the flask, insert the
stopper, shake vigorously, and transfer this solution to the separatory funnel. Rinse the
flask with 60 mL of n-hexane, and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for 15 min until the layers separate.
Drain and discard the aqueous layer. Add 15.0 mL of water to the hexane layer in the
separatory funnel, insert the stopper, and shake vigorously. Allow to stand for 10 min until
the layers separate, and discard the aqueous layer. Add 1 drop of Phenolphthalein solution
and 15.0 mL of water to the separatory funnel. Add Diluted acetic acid dropwise, with
shaking, until the washing is neutral. Allow to stand for 10 min until the layers separate.
Drain and discard the aqueous layer. Filter the hexane layer through anhydrous sodium
sulfate supported by a small pledget of cotton into a 100-mL, round-bottom flask. Rinse
the funnel and sodium sulfate with a few mL of n-hexane, and collect the rinsings in the
same flask. Evaporate the hexane in the flask on a rotary evaporator at 50° to dryness.
Immediately add 2.0 mL of Extraction solvent to dissolve the residue. Transfer this
solution to a freshly conditioned solid-phase extraction column containing silica packing
with a sorbent mass-to-column volume ratio of 500 mg to 2.8 mL or equivalent, rinse the
round-bottom flask with 1.0 mL of Extraction solvent, and transfer to the column. Elute
the column with 2.0 mL of Extraction solvent, and discard this fraction. Elute the column
with 7.0 mL of Extraction solvent, and collect the eluate in a suitable flask. Place the flask
in a warm water bath maintained at 42°, and evaporate the solvent with the aid of a
stream of nitrogen. Immediately add 2.0 mL of acetonitrile to the residue, and use the
solution for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 µg of cholecalciferol or ergocalciferol, to the stoppered 125-mL flask, and
proceed as directed for the Standard solution, beginning with “Add 15.0 mL of water and
15.0 mL of Potassium hydroxide solution”.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 27°
Flow rate: 0.7 mL/min
Injection size: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
USP43

Analysis
Samples: Standard solution and Sample solution
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Measure the peak areas of vitamin D.
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of cholecalciferol or ergocalciferol from the Sample solution
rS = peak area of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
Change to read:
• Vitamin E, Method 1
Proceed as directed in Vitamin E Assay 〈551〉, Assay, Procedure 1, except for the Sample
solution and Analysis.
USP43

[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl
acid succinate) is specified in the following procedure, use the chemical form present in
the formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
System suitability solution: Prepare a 0.65-mg/mL solution of USP Ergocalciferol RS in
methanol. Transfer 1.0 mL of this solution to a 100-mL volumetric flask containing 100 mg
of USP Alpha Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with the aid of
sonication if necessary, and dilute with methanol to volume. Store this solution in a
refrigerator.
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
USP43

Sample solution: Prepare as directed for the Sample stock solution (ERR 1-Aug-2017) in
Vitamin A, Method 1. Transfer NLT 20 mL of this solution to a suitable container, and, if
necessary, evaporate under vacuum at room temperature to dryness. Transfer the residue
to a suitable volumetric flask with the aid of methanol, and dilute with methanol to volume
to obtain a concentration of 2 mg/mL of alpha-tocopherol, alpha-tocopheryl acetate, or
alpha-tocopheryl acid succinate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection size: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for ergocalciferol and alpha tocopheryl acetate are
about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha tocopheryl acetate, System
suitability solution
Tailing factor: Between 0.8 and 1.2, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
USP43

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of alpha-tocopherol (C29 H50 O2 ), alphatocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate (C33 H54 O5 )
as 2R-alpha-tocopherol (C29 H50 O2 ) USP43
in the portion of Tablets taken:
Result = (rS/rU) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × F × 100

USP43

rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
CS = concentration of the corresponding USP Reference Standard
all-rac-alpha-tocopherol from either USP Alpha Tocopherol RS or USP Alpha
Tocopheryl Acetate RS or RRR-alpha-tocopherol from USP Alpha Tocopheryl Acid
Succinate RS USP43
in the Standard solution (mg/mL)
CU = nominal concentration of the corresponding form of vitamin E
as 2R-alpha-tocopherol USP43
in the Sample solution (mg/mL)
= conversion factor for the content of all-rac-alpha-tocopherol to 2R-alphatocopherol, 1/2 (for products labeled to contain all-rac vitamin E sources) and 1 (for
F products labeled to contain RRR vitamin E sources) USP43
Acceptance criteria: 90.0%–165.0% of the labeled amount of alpha-tocopherol
(C29 H50 O2 ), alpha-tocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate
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USP43

Change to read:
• Vitamin E, Method 2
Proceed as directed in Vitamin E Assay 〈551〉, Assay, Procedure 2, except for the Analysis.
USP43

[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl
acid succinate) is specified in the following procedure, use the chemical form present in
the formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Mobile phase: Mix 240 mL of methanol with 10 mL of water followed by 0.5 mL of 50%
phosphoric acid, and dilute with acetonitrile to 1000 mL.
System suitability solution: 2 mg/mL each of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, and USP Alpha Tocopheryl Acid Succinate RS in methanol
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Proceed as directed for Sample solution in Vitamin A, Method 2. Transfer
a volume of the supernatant 2,2,4-trimethylpentane to a suitable volumetric flask, the
volume of the specimen withdrawn from the 2,2,4-trimethylpentane and the size of the
volumetric flask being such that the final concentration of the Sample solution is
equivalent to that of the Standard solution. Evaporate nearly to dryness, add several mL
of methanol, and evaporate the remaining 2,2,4-trimethylpentane. Dilute with methanol to
volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection size: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acid succinate, alpha tocopherol,
and alpha tocopheryl acetate are about 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid succinate and alpha tocopherol;
NLT 3.0 between alpha tocopherol and alpha tocopheryl acetate, System suitability
solution
Relative standard deviation: NMT 3.0%, Standard solution
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Analysis
Samples: Standard solution and Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of alpha tocopherol (C29 H50 O2 ), alpha
tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
CS = concentration of the corresponding USP Reference Standard in the Standard
solution (mg/mL)
CU = nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane and
the dilution factor to exchange the solvent from 2,2,4-trimethylpentane to methanol to
calculate the nominal concentration.]
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha-tocopherol (C29 H50 O2 ), alphatocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate (C33 H54 O5 ) as 2Ralpha-tocopherol (C29 H50 O2 ) in the portion of Tablets taken as follows:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
CS = concentration of all-rac--alpha-tocopherol from either USP Alpha Tocopherol RS or
USP Alpha Tocopheryl Acetate RS or RRR-alpha-tocopherol from USP Alpha
Tocopheryl Acid Succinate RS in the Standard solution (mg/mL)
CU = nominal concentration of the corresponding form of vitamin E as 2R-alphatocopherol in the Sample solution (mg/mL)
F = conversion factor for the content of all-rac-alpha-tocopherol to 2R-alphatocopherol, 1/2 (for products labeled to contain all-rac vitamin E sources) and 1 (for
products labeled to contain RRR vitamin E sources)
USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of alpha-tocopherol
(C29 H50 O2 ), alpha-tocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate
(C33 H54 O5 ) as
2R-alpha-tocopherol USP43
Change to read:
• Vitamin E, Method 3
Proceed as directed in Vitamin E Assay 〈551〉, Assay, Procedure 3, except for the Analysis.
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USP43

Diluent: Acetonitrile and ethyl acetate (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in methanol
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 8 mg of alpha tocopherol, to a 125-mL flask fitted with a ground-glass joint.
Add 25.0 mL of water, 25.0 mL of dehydrated alcohol, and 3.5 g of potassium hydroxide
pellets. Shake for 1 h in a water bath maintained at 55°. Cool, and transfer with the aid of
a minimum volume of water to a 125-mL separatory funnel. Rinse the flask with 50 mL of
n-hexane, and add the rinsing to the separatory funnel. Insert the stopper, shake
vigorously for 60 s, and allow the layers to separate. Drain the aqueous layer into a
second 250-mL separatory funnel, and repeat the extraction with 50 mL of n-hexane.
Discard the aqueous layer, and combine the hexane extracts. Wash the combined extracts
with 25 mL of water, allow the layers to separate, and discard the aqueous layer. Add 3
drops of glacial acetic acid, and repeat the washing procedure two more times. Filter the
washed hexane layer through anhydrous sodium sulfate into a 250-mL round-bottom flask.
Rinse the funnel and sodium sulfate with a few mL of n-hexane, and add the rinsing to the
hexane solution in the flask. Place the flask in a water bath maintained at 50°, and
evaporate the hexane solution with the aid of a rotary evaporator to dryness. Immediately
add 25.0 mL of Diluent, and swirl to dissolve the residue.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40°
Flow rate: 3 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of vitamin E as alpha tocopherol (C29 H50 O2 )
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of alpha tocopherol from the Sample solution
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rS = peak area of alpha tocopherol from the Standard solution
CS = concentration of alpha tocopherol in the Standard solution (mg/mL)
CU = nominal concentration of vitamin E as alpha tocopherol in the Sample solution
(mg/mL)
[Note—Calculate the content of alpha tocopheryl acetate (C31 H52 O3 ) or alpha tocopheryl
acid succinate (C33 H54 O5 ) by dividing the content, in mg/Tablet of vitamin E as alpha
tocopherol (C29 H50 O2 ), by the factor 0.91 or 0.81, respectively.]
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha-tocopherol (C29 H50 O2 ), alpha ocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate (C33 H54 O5 ) as 2Ralpha-tocopherol (C29 H50 O2 ) in the portion of Tablets taken as follows:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
CS = concentration of all-rac-alpha-tocopherol from either USP Alpha Tocopherol RS or
USP Alpha Tocopheryl Acetate RS or RRR-alpha-tocopherol from USP Alpha
Tocopheryl Acid Succinate RS in the Standard solution (mg/mL)
CU = nominal concentration of the corresponding form of vitamin E as 2R-alphatocopherol in the Sample solution (mg/mL)
F = conversion factor for the content of all-rac-alpha-tocopherol to 2R-alphatocopherol, 1/2 (for products labeled to contain all-rac vitamin E sources) and 1 (for
products labeled to contain RRR vitamin E sources)
USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of alpha-tocopherol
(C29 H50 O2 ), alpha-tocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate
(C33 H54 O5 ) as
2R-alpha-tocopherol USP43
Change to read:
• Phytonadione, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
Standard solution: 20 µg/mL of USP Phytonadione RS from Standard stock solution diluted
with methanol
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from Standard stock solution diluted with methanol. [Note
—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the Standard
stock solution, and then dilute with methanol to volume.]
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Sample solution: Prepare as directed for the Sample stock solution (ERR 1-Aug-2017) in
Vitamin A, Method 1. Transfer NLT 20 mL of this solution to a suitable container, and
evaporate under vacuum at room temperature to dryness. Transfer the residue with the
aid of methanol to a suitable volumetric flask, and dilute with methanol to volume to
obtain a concentration of 20 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for alpha-tocopheryl acetate and phytonadione are
0.68 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between alpha-tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of phytonadione from the Sample solution
rS = peak area of phytonadione from the Standard solution
CS = concentration of USP Phytonadione RS in the Standard solution (µg/mL)
CU = nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Phytonadione, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solvent: Methanol and isopropyl alcohol (19:1)
Mobile phase: Mix 800 mL of methanol, 200 mL of methylene chloride, 0.1 mL of glacial
acetic acid, 1.36 g of zinc chloride, and 0.41 g of sodium acetate.
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Internal standard solution: 5 µg/mL of menaquinone 4 (vitamin K2 ) in Solvent. [Note—A
concentrated stock solution of menaquinone 4 (100 µg/mL) can be stored for 2 months in
a refrigerator.]
Standard stock solution: 5 µg/mL of USP Phytonadione RS, prepared by dissolving in
methylene chloride with the aid of sonication, and diluting with Solvent to final volume
Standard solution: Transfer 1.0 mL of the Standard stock solution and 1.0 mL of the
Internal standard solution to a suitable flask and dilute with Solvent to 5 mL. Pass through
a membrane filter of 0.45-µm or finer pore size.
Sample solution: Finely powder NLT 20 Tablets. To a centrifuge tube, fitted with a cap,
transfer an amount of powder, not exceeding 800 mg and equivalent to an amount of
phytonadione not exceeding 50 µg. Add 4 mL of water. Insert the stopper, and mix using a
vortex mixer until the sample is dispersed. Place the tube in a water bath at 60° for 5 min.
Remove from the bath, and again shake or mix using a vortex mixer for 1 min while the
preparation is still hot. Add 8 mL of alcohol, and swirl the contents to mix. Place the tube
in a water bath at 60° for 5 min. Remove from the bath, and again shake or mix using a
vortex mixer for 2 min while the preparation is still hot. Cool to room temperature. Add a
volume of Internal standard solution, equivalent to 1.0 mL per each 5 µg of the expected
amount of phytonadione in the aliquot taken. Add 20.0 mL of petroleum ether, and cap
the tube tightly. Shake or mix using a vortex mixer for 15 min to thoroughly mix the
contents. Centrifuge to separate the 2 layers. Transfer a volume of the top layer of
petroleum ether, equivalent to 5–50 µg of the nominal amount of phytonadione, to an
appropriate flask. Place the flask in a water bath at 35°–45°, and evaporate the solvent
under a stream of nitrogen until an oily residue is left. Dissolve the residue in a volume of
Solvent to obtain a concentration of 1 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Fluorometric
Excitation wavelength: 320 nm
Emission wavelength: 420 nm
Column: 4.6-mm × 25-cm; 5-µm, end-capped packing L1, and a postcolumn reactor
constituted with a 4.6-mm × 3-cm PEEK column tightly packed with zinc powder. [Note
—Prepare the postcolumn reactor daily, or as necessary, to meet the System suitability
requirements.]
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for the internal standard and phytonadione are 1.0
and 1.4, respectively.]
Suitability requirements
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Column efficiency: NLT 2500 theoretical plates for the phytonadione peak
Tailing factor: NMT 1.5 for the phytonadione peak
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the portion
of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of phytonadione to that of the internal standard from the
Sample solution
RS = peak response ratio of phytonadione to that of the internal standard from the
Standard solution
CS = concentration of USP Phytonadione RS in the Standard solution (µg/mL)
CU = nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of labeled amount of phytonadione (C31 H46 O2 )
Add the following:
• Vitamin A, Vitamin D, and Vitamin E, Method 4; Phytonadione, Method 3
[Note—Where vitamin A (retinyl acetate or retinyl palmitate), vitamin D (cholecalciferol or
ergocalciferol), or vitamin E (alpha-tocopherol, alpha-tocopheryl acetate, or alphatocopheryl acid succinate) are specified in the following procedure, use the chemical form
present in the formulation and the relevant Reference Standard. Use low-actinic
glassware]
Diluent: Methanol and water (90:10 v/v)
Solution A: 0.1% (v/v) trifluoroacetic acid in Diluent
Solution B: 0.1% (v/v) trifluoroacetic acid in methanol
Mobile phase: See Table 1.
Time
(min)
0
19
27
28
30

Table 1
Solution A
(%)
100
0
0
100
100

Solution B
(%)
0
100
100
0
0

Vitamin A standard stock solution: A solution containing the equivalent of 0.2 mg/mL of
retinol from USP Retinyl Acetate RS or USP Retinyl Palmitate RS in isopropyl alcohol.
Dissolve with the aid of sonication if necessary.
Vitamin D standard stock solution: 0.05 mg/mL of USP Cholecalciferol RS or USP
Ergocalciferol RS in isopropyl alcohol. Dissolve with the aid of sonication if necessary.
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Vitamin E standard stock solution: 3.0 mg/mL of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, or USP Alpha Tocopheryl Acid Succinate RS in isopropyl alcohol.
Dissolve with the aid of sonication if necessary.
Phytonadione standard stock solution: 0.04 mg/mL of USP Phytonadione RS in isopropyl
alcohol. Dissolve with the aid of sonication if necessary.
Sample solution 1: Finely powder NLT 20 Tablets. Transfer an accurately weighed portion
of the powder into a 50-mL volumetric flask to obtain a solution containing known nominal
concentrations in the ranges of 0.05–0.1 mg/mL of vitamin A and 0.5–0.15 mg/mL of
vitamin E. Add 10 mL of dimethyl sulfoxide and sonicate for 30 min with vigorous
intermittent shaking. Cool to room temperature, dilute with isopropyl alcohol to volume and
mix well. Pass a portion of the solution through a nylon filter of 0.45-µm pore size, and
discard the first milliliter of the filtrate.
Sample solution 2: Transfer an accurately weighed portion of the powder from NLT 20
finely powdered Tablets into a 50-mL volumetric flask to obtain a solution containing
known nominal concentrations in the ranges of 1.0–3.5 µg/mL of vitamin D and 1.0–3.5
µg/mL of phytonadione. Add 5 mL of water and sonicate for 10 min with intermittent
shaking. Add 10 mL of dimethyl sulfoxide and sonicate for 30 min with vigorous
intermittent shaking. Cool to room temperature, dilute to volume withisopropyl alcohol, and
mix well. Pass a portion of the solution through a nylon filter of 0.45-µm pore size, and
discard the first milliliter of the filtrate.
Standard solution: Transfer calculated volumes of Vitamin A standard stock solution,
Vitamin D standard stock solution, Vitamin E standard stock solution, and Phytonadione
standard stock solution into a suitable volumetric flask and dilute to volume with isopropyl
alcohol to obtain a solution with final vitamin concentrations similar to those obtained for
the corresponding vitamins in the Sample solution 1 and Sample solution 2.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detectors
For Sample solution 1 containing retinyl acetate: UV 325 nm for 7 min, then switch
to 265 nm
For Sample solution 1 containing retinyl palmitate: UV 265 nm for 18 min, then
switch to 325 nm
For Sample solution 2: UV 265 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Temperatures
Sample: 4°
Column: 35°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution, Sample solution 1, Sample solution 2
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Suitability requirements
Relative standard deviation: NMT 2.0% for each individual peak, Standard solution
Peak purity of vitamin D and vitamin A (as retinyl palmitate): Monitor the
chromatograms of the Sample solution 1 and Sample solution 2 at 450 nm. The area of
any peak at the retention time of retinyl palmitate from Sample solution 1 and any
peak at the retention time of vitamin D (as cholecalciferol or ergocalciferol) from
Sample solution 2 should be NMT 5% of the corresponding peak areas detected at 325
nm and 265 nm, respectively. [Note—This test is required due to possible interference
with carotenoids (cryptoxanthin and lycopene) that may be present in the formulation.
Use another procedure in the monograph for analysis of vitamin D and vitamin A (as
retinyl palmitate) if the system is not suitable.]
Analysis
Samples: Sample solution 1, Sample solution 2 and Standard solution
Calculate the percentage of the labeled amount of vitamin A activity, as retinol (C20 H30 O),
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
rS = peak area of the all-trans-retinyl ester from the Standard solution
CS = concentration of retinol in the Standard solution (mg/mL)
CU = nominal concentration of vitamin A, as retinol, in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of vitamin E, as 2R-alpha-tocopherol
(C29 H50 O2 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
CS = concentration of all-rac-alpha-tocopherol from either USP Alpha Tocopherol RS or
USP Alpha Tocopheryl Acetate RS or RRR-alpha-tocopherol from USP Alpha
Tocopheryl Acid Succinate RS in the Standard solution (mg/mL)
CU = nominal concentration of vitamin E, as 2R-alpha-tocopherol, in the Sample solution
(mg/mL)
F = conversion factor for the content of all-rac-alpha-tocopherol to RRR-alphatocopherol equivalent, 1/2 (for products labeled to contain all-rac vitamin E sources)
and 1 (for products labeled to contain RRR vitamin E sources)
Calculate the percentage of the labeled amount of vitamin D, as cholecalciferol (C27 H44 O)
or ergocalciferol (C28 H44 O), and phytonadione (C31 H46 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the related vitamin from the Sample solution
rS = peak area of the related vitamin from the Standard solution
CS = concentration of related vitamin in the Standard solution (µg/mL)
CU = nominal concentration of related vitamin in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–165.0% of the labeled amount of each individual vitamin
USP43

• Beta Carotene
[Note—Use low-actinic glassware throughout this procedure.]
Potassium hydroxide solution: Dissolve 58.8 g of potassium hydroxide in 50 mL of water.
Iodine solution: 0.01 mg/mL of iodine in cyclohexane. [Note—Prepare this solution fresh
daily]
Sample solution: Weigh NLT 20 Tablets. Grind the Tablets to a fine powder, and transfer a
quantity of the powder, equivalent to 2 mg of beta carotene, to a 500-mL saponification
flask. Add 100 mL of alcohol, 6 mL of Potassium hydroxide solution, and a magnetic stirring
bar. Attach an air condenser to the flask, and heat under reflux for 45 min with constant
stirring. Cool to room temperature, add 170 mL of solvent hexane, and stir for 30 min.
Quantitatively transfer the contents of the flask to a 500-mL separatory funnel with
portions of solvent hexane. Allow the layers to separate for 5–10 min, and transfer the
upper organic layer to a 500-mL volumetric flask. Transfer the lower aqueous layer into
the saponification flask, add 170 mL of solvent hexane, and stir for an additional 20 min.
Quantitatively transfer the contents of the saponification flask to the separatory funnel
with the aid of portions of solvent hexane. Allow the layers to separate for 10 min. Drain
the lower aqueous layer, and discard. Transfer the organic layer to the volumetric flask
containing the previously collected organic layer. Rinse the separatory funnel with small
portions of solvent hexane, and transfer the washings to the volumetric flask. Dilute the
hexane extracts with solvent hexane to volume, add 3 g of anhydrous sodium sulfate,
shake, and allow to settle. Quantitatively transfer a volume of this solution, equivalent to
100 µg of beta carotene, to a 50-mL volumetric flask. Evaporate under a stream of
nitrogen to dryness, and immediately add cyclohexane. Add 2 mL of Iodine solution, and
heat for 15 min in a water bath maintained at 65°. Cool rapidly, and dilute with
cyclohexane to volume.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: Vis
Analytical wavelength: 452 nm
Blank: Cyclohexane
Analysis
Sample: Sample solution
Determine the absorbance against the Blank.
Calculate the percentage of the labeled amount of beta carotene (C40 H56 ) in the portion of
Tablets taken:
Result = (AU/F) × (100/CU)
AU = absorbance of the Sample solution
F = absorptivity of beta carotene at 452 nm, 223
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CU = nominal concentration of beta carotene in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Disintegration: Meet the requirements
• Weight Variation 〈2091〉: Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count does not exceed
3000 cfu/g, and the combined molds and yeasts count does not exceed 300 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• Labeling:1 Label the Tablets to state that the product is Oil-Soluble Vitamins Tablets. The
label also states the quantity of each vitamin /dosage unit
in mg/Tablet or µg/Tablet USP43
and where necessary the chemical form in which it is present. Where the product contains
vitamin E, the label indicates whether it is the d
RRR USP43
- or dl
all-rac USP43
- form. Where more than one assay method is given for a particular vitamin, the labeling
states the assay method used only if Method 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Cholecalciferol RS
USP Ergocalciferol RS
USP Phytonadione RS
USP Vitamin A RS
USP Retinyl Acetate RS
USP Retinyl Palmitate RS
USP43

1 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed.
USP43

The USP Unit for Vitamin E has been discontinued. International units (IU) for vitamins also have been
discontinued; however, the use of IU on the labels of vitamin products continues. Where articles are labeled in
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terms of Units in addition to the required labeling, the relationship of the USP Units or IU to mass is as follows.
One USP Vitamin A Unit = 0.3 µg of all-trans-retinol (vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate
(vitamin A acetate) or 0.55 µg of all-trans-retinyl palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP
Vitamin A Units) = 1 retinol equivalent (RE); 1 IU of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP
Vitamin D Unit = 0.025 µg of ergocalciferol or cholecalciferol; and 1 mg of dl
all-rac USP43
-alpha-tocopherol = 1.1 former USP Vitamin E Units; 1 mg of -alpha-tocopheryl acetate = 1 former USP
Vitamin E unit; 1 mg of dl
all-rac USP43
-alpha-tocopheryl acid succinate = 0.89 former USP Vitamin E Units; 1 mg of d
RRR USP43
-alpha-tocopherol = 1.49 former USP Vitamin E Units; 1 mg of d
RRR USP43
-alpha-tocopheryl acetate = 1.36 former USP Vitamin E Units; and 1 mg of d
RRR USP43
-alpha-tocopheryl acid succinate = 1.21 former USP Vitamin E Units. In terms of d
RRR USP43
-alpha-tocopherol equivalents, 1 mg of d
RRR USP43
-alpha-tocopheryl acetate = 0.91; 1 mg of d
RRR USP43
-alpha-tocopheryl acid succinate = 0.81; 1 mg of dl
all-rac USP43
-alpha-tocopherol = 0.74; 1 mg of dl
all-rac USP43
-alpha-tocopheryl acetate = 0.67; and 1 mg of dl
all-rac USP43
-alpha-tocopheryl acid succinate = 0.60.
Note that 1 mg of Institute of Medicine (IOM) alpha-tocopherol equivalent = 1 mg of 2R-alphatocopherol = 1
mg of RRR-alpha-tocopherol = 2 mg of all-rac-alpha-tocopherol. USP43

Recent Official Publications:
USP42–NF37 Page 5297
BRIEFING
Oil-Soluble Vitamins with Minerals Tablets, USP 41 page 4966. As part of USP monograph
modernization efforts, it is proposed to add a new alternative analytical procedure for the
simultaneous determination of vitamins A, E, D and K1 (phytonadione). This liquid
chromatographic procedure is based on analyses performed with the Phenomenex Luna C18(2)
brand of column with L1 packing. Some carotenoids (cryptoxanthin and lycopene) have
significant absorbance at 265 and 325 nm and may coelute with vitamin D and vitamin A (as
retinyl palmitate), respectively, thus interfering with the determination. Therefore, a system
suitability requirement is used to ensure peak purity of vitamin D and vitamin A (as retinyl
palmitate). If the system suitability for peak purity cannot be resolved, another monograph
procedure should be used for analysis of vitamin D and vitamin A (as retinyl palmitate).
Additionally, the following changes are proposed:
1. Add a section on Identification.
2. Add clarifications to the Definition section regarding the vitamin E isomers used in tablet
formulations.
3. Replace the description of the test procedures in Strength for Vitamin A, Vitamin D, and
Vitamin E with cross references to Vitamin A Assay 〈571〉, Vitamin D Assay 〈581〉, and
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Vitamin E Assay 〈551〉.
Add clarifications to the calculations and acceptance criteria for vitamin E in the
Strength section in accordance with the new labeling requirements from FDA to express
vitamins content.
Add to the Labeling section the requirement to express vitamin A, vitamin D, and vitamin
E content in metric units (mg or µg/Tablet) due to new labeling requirements from FDA.
Change the terms "d" and "dl" for vitamin E isomers to the terms "RRR" and "all-rac",
respectively, to reflect the preferred nomenclature in the most current US regulations.
Add USP Beta Carotene System Suitability Solution RS and USP Beta Carotene RS to the
USP Reference Standards section.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C202600
Comment deadline: January 31, 2019
Oil-Soluble Vitamins with Minerals Tablets
DEFINITION
Change to read:
Oil-Soluble Vitamins Tablets contain 2 or more of the following oil-soluble vitamins: Vitamin A
as retinyl acetate or retinyl palmitate, USP43
Vitamin D as Ergocalciferol (vitamin D2 ) or Cholecalciferol (vitamin D3 ), Vitamin E
as RRR- or all-rac-alpha-tocopherol, RRR- or all-rac-alpha-tocopheryl acetate, or RRR- or allrac-alpha-tocopheryl-acid succinate, USP43
Phytonadione (vitamin K1 ), and Beta Carotene; and one or more minerals derived from
substances generally recognized as safe, furnishing one or more of the following elements in
ionizable form: boron, calcium, chromium, copper, fluorine, iodine, iron, magnesium, manganese,
molybdenum, nickel, phosphorus, potassium, selenium, tin, vanadium, and zinc. Tablets contain
NLT 90.0% and NMT 165.0% of the labeled amount of vitamin A as retinol or esters of retinol in
the form of retinyl acetate (C22 H32 O2 ) or retinyl palmitate (C36 H46 O2 )
as retinol USP43
(C20 H30 O), vitamin D as cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O), vitamin E as
alpha tocopherol, alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate
(C33 H54 O5 )
as 2R-alpha-tocopherol USP43
(C29 H50 O2 ), phytonadione (C31 H46 O2 ), and beta carotene (C40 H56 ); NLT 90.0% and NMT
125.0% of the labeled amount of calcium (Ca), copper (Cu), iron (Fe), manganese (Mn),
magnesium (Mg), phosphorus (P), potassium (K), and zinc (Zn); and NLT 90.0% and NMT
160.0% of the labeled amount of boron (B), chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V).
Oil-Soluble Vitamins Tablets may contain other labeled added substances that are generally
recognized as safe, in amounts that are unobjectionable.
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IDENTIFICATION
Add the following:
• A. Characteristic absorption of each mineral as obtained in the tests in Strength

USP43

Add the following:
• B. The retention times of the vitamin peaks of the Sample solutions corresponds to those
of the corresponding vitamin peaks of the Standard solutions as obtained in the tests for
Strength. USP43
STRENGTH
Add the following:
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, with
the method used being stated in the labeling only if Method 1 is not used.] USP43
Change to read:
• Vitamin A, Method 1
Proceed as directed in Vitamin A Assay 〈571〉, Assay, Chromatographic Methods, Procedure
1, except for the Sample stock solution and Sample solution.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution 1: 13 µg/mL of retinol from USP Retinyl Acetate RS in n-hexane
Standard solution 2: 13 µg/mL of retinol from USP Retinyl Palmitate RS in n-hexane
System suitability solution: Mix equal volumes of Standard solution 1 and Standard
solution 2.
USP43

Sample stock solution: (ERR 1-Aug-2017) Finely powder NLT 20 Tablets. To a portion of
the powder, equivalent to 5 Tablets, add 15 mL of water, and sonicate for 5 min. Add 15
mL of n-hexane, and shake for 15 min in a water bath maintained at 60°. Add 10 mL of
dimethyl sulfoxide, and shake for an additional period of 30 min in a water bath maintained
at 60°. Centrifuge at 3000 rpm for 10 min, and transfer the hexane layer by means of a
pipet to a 100-mL volumetric flask. Add 15 mL of n-hexane to the dimethyl sulfoxide layer,
shake thoroughly for 5 min, and transfer the hexane layer by means of a pipet to the 100mL volumetric flask. Repeat this extraction with 3 additional 15-mL portions of n-hexane.
Sample solution: Dilute the Sample stock solution (ERR 1-Aug-2017) with n-hexane to
obtain a solution with a concentration equivalent to 13 µg/mL of retinol (C20 H30 O).
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution 1 or Standard solution 2 and Sample solution
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
rS = peak area of the all-trans-retinyl ester from the appropriate Standard solution
CS = concentration of retinol in the appropriate Standard solution (µg/mL)
CU = nominal concentration of vitamin A, as retinol, in the Sample solution (µg/mL)

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
Change to read:
• Vitamin D (Cholecalciferol or Ergocalciferol), Method 1
Proceed as directed in Vitamin D Assay 〈581〉, Assay, Chromatographic Methods, Procedure
1, except for the Sample solution.
USP43

[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following
procedure, use the chemical form present in the formulation and the relevant USP
Reference Standard. Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60° for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
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USP43

Sample solution: Prepare as directed for the Sample stock solution (ERR 1-Aug-2017) in
Vitamin A, Method 1. Transfer NLT 20 mL of this solution to a suitable container, and, if
necessary, evaporate under vacuum at room temperature to obtain a concentration of 2
µg/mL of cholecalciferol or ergocalciferol.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of cholecalciferol or ergocalciferol from the Sample solution
rS = peak area of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
F = correction factor to account for the average amount of pre-vitamin D present in the
Sample solution, 1.09

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
Change to read:
• Vitamin E, Method 1
Proceed as directed in Vitamin E Assay 〈551〉, Assay, Procedure 1, except for the Sample
solution and Analysis.
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USP43

[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl
acid succinate) is specified in the following procedure, use the chemical form present in
the formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution in water (1 in 100)
Mobile phase: Methanol and Solution A (19:1)
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
USP43

Sample solution: Prepared as directed for the Sample stock solution (ERR 1-Aug-2017) in
Vitamin A, Method 1. Transfer NLT 20 mL of this solution to a suitable container, and
evaporate under vacuum at room temperature to dryness. Transfer the residue with the
aid of methanol to a suitable volumetric flask, and dilute with methanol to volume to
obtain a concentration of 2 mg/mL of alpha-tocopherol, alpha-tocopheryl acetate, or
alpha-tocopheryl acid succinate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 3.0%
USP43

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of alpha tocopherol (C29 H50 O2 ), alpha
tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 )
as 2R-alpha-tocopherol (C29 H50 O2 ) USP43
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU)
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× F USP43
× 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
CS = concentration of the corresponding USP Reference Standard
all-rac-alpha-tocopherol from either USP Alpha Tocopherol RS or USP Alpha
Tocopheryl Acetate RS or RRR-alpha tocopherol from USP Alpha Tocopheryl Acid
Succinate RS USP43
in the Standard solution (mg/mL)
CU = nominal concentration of the corresponding form of vitamin E
as 2R-alpha-tocopherol USP43
in the Sample solution (mg/mL)
= conversion factor for the content of all-rac -alpha-tocopherol to 2R-alphatocopherol, 1/2 (for products labeled to contain all-rac vitamin E sources) and 1 (for
F products labeled to contain RRR vitamin E sources) USP43
Acceptance criteria: 90.0%–165.0% of the labeled amount of alpha tocopherol
(C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate
(C33 H54 O5 ) as
2R-alpha tocopherol USP43
Change to read:
• Phytonadione,
Method 1 USP43
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume.]
Sample solution: Prepare as directed for the Sample stock solution (ERR 1-Aug-2017) in
Vitamin A, Method 1. Transfer NLT 20 mL of this solution to a suitable container, and
evaporate under vacuum at room temperature to dryness. Transfer the residue with the
aid of methanol to a suitable volumetric flask, and dilute with methanol to volume to
obtain a concentration of 20 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
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Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area from the Sample solution
rS = peak area from the Standard solution
CS = concentration of USP Phytonadione RS in the Standard solution (µg/mL)
CU = nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
Add the following:
• Vitamin A, Vitamin D, Vitamin E, and Phytonadione, Method 2
[Note—Where vitamin A (retinyl acetate or retinyl palmitate), vitamin D (cholecalciferol or
ergocalciferol), or vitamin E (alpha-tocopherol, alpha-tocopheryl acetate, or alphatocopheryl acid succinate) are specified in the following procedure, use the chemical form
present in the formulation and the relevant Reference Standard. Use low-actinic
glassware.]
Diluent: Methanol and water (90:10 v/v)
Solution A: 0.1% (v/v) trifluoroacetic acid in Diluent
Solution B: 0.1% (v/v) trifluoroacetic acid in methanol
Mobile phase: See Table 1.
Time
(min)
0
19
27
28
30

Table 1
Solution A
(%)
100
0
0
100
100

Solution B
(%)
0
100
100
0
0

Vitamin A standard stock solution: A solution containing the equivalent of 0.2 mg/mL of
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retinol from USP Retinyl Acetate RS or USP Retinyl Palmitate RS in isopropyl alcohol.
Dissolve with the aid of sonication if necessary.
Vitamin D standard stock solution: 0.05 mg/mL of USP Cholecalciferol RS or USP
Ergocalciferol RS in isopropyl alcohol. Dissolve with the aid of sonication if necessary.
Vitamin E standard stock solution: 3.0 mg/mL of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, or USP Alpha Tocopheryl Acid Succinate RS in isopropyl alcohol.
Dissolve with the aid of sonication if necessary.
Phytonadione standard stock solution: 0.04 mg/mL of USP Phytonadione RS in isopropyl
alcohol. Dissolve with the aid of sonication if necessary.
Sample solution 1: Finely powder NLT 20 Tablets. Transfer an accurately weighed portion
of the powder into a 50-mL volumetric flask to obtain a solution having known nominal
concentrations in the ranges of 0.05–0.1 mg/mL of vitamin A and 0.5–0.15 mg/mL of
vitamin E. Add 10 mL of dimethyl sulfoxide, and sonicate for 30 min with vigorous
intermittent shaking. Cool to room temperature, dilute with isopropyl alcohol to volume,
and mix well. Pass a portion of the solution through a nylon filter of 0.45-µm pore size,
and discard the first milliliter of the filtrate.
Sample solution 2: Transfer an accurately weighed portion of the powder from NLT 20
finely powdered Tablets into a 50-mL volumetric flask to obtain a solution having known
nominal concentrations in the ranges of 1.0–3.5 µg/mL of vitamin D and 1.0–3.5 µg/mL of
phytonadione. Add 5 mL of water and sonicate for 10 min with intermittent shaking. Add
10 mL of dimethyl sulfoxide and sonicate for 30 min with vigorous intermittent shaking.
Cool to room temperature, dilute with isopropyl alcohol to volume, and mix well. Pass a
portion of the solution through a nylon filter of 0.45-µm pore size, and discard the first
milliliter of the filtrate.
Standard solution: Transfer calculated volumes of Vitamin A standard stock solution,
Vitamin D standard stock solution, Vitamin E standard stock solution, and Phytonadione
standard stock solution into a suitable volumetric flask, and dilute with isopropyl alcohol to
volume to obtain a solution with final vitamin concentrations similar to those obtained for
the corresponding vitamins in the Sample solution 1 and Sample solution 2.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detectors
For Sample solution 1 containing retinyl acetate: UV 325 nm for 7 min, then switch
to 265 nm
For Sample solution 1 containing retinyl palmitate: UV 265 nm for 18 min, then
switch to 325 nm
For Sample solution 2: UV 265 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Temperatures
Sample: 4°
Column: 35°
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Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Sample solution 1, Sample solution 2, and Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% for each individual peak, Standard solution
Peak purity of vitamin D and vitamin A (as retinyl palmitate): Monitor the
chromatograms of the Sample solution 1 and Sample solution 2 at 450 nm. The area of
any peak at the retention time of retinyl palmitate from Sample solution 1 and any
peak at the retention time of vitamin D (as cholecalciferol or ergocalciferol) from
Sample solution 2 should be NMT 5% of the corresponding peak areas detected at 325
nm and 265 nm, respectively. [Note—This test is required due to possible interference
with carotenoids (cryptoxanthin and lycopene) that may be present in the formulation.
Use another procedure in the monograph for analysis of vitamin D and vitamin A
(retinyl palmitate) if the system is not suitable.]
Analysis
Samples: Sample solution 1 , Sample solution 2, and Standard solution
Calculate the percentage of the labeled amount of vitamin A activity, as retinol (C20 H30 O),
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
rS = peak area of the all-trans-retinyl ester from the Standard solution
CS = concentration of retinol in the Standard solution (mg/mL)
CU = nominal concentration of vitamin A, as retinol, in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of vitamin E, as 2R-alpha-tocopherol
(C29 H50 O2 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
CS = concentration of all-rac-alpha-tocopherol from either USP Alpha Tocopherol RS or
USP Alpha Tocopheryl Acetate RS or RRR-alpha tocopherol from USP Alpha
Tocopheryl Acid Succinate RS in the Standard solution (mg/mL)
CU = nominal concentration of vitamin E, as 2R-alpha tocopherol, in the Sample solution
(mg/mL)
F = conversion factor for the content of all-rac-alpha tocopherol to RRR-alphatocopherol equivalent, 1/2 (for products labeled to contain all-rac vitamin E sources)
and 1 (for products labeled to contain RRR vitamin E sources)
Calculate the percentage of the labeled amount of vitamin D, as cholecalciferol (C27 H44 O)
or ergocalciferol (C28 H44 O), and phytonadione (C31 H46 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak area of the related vitamin from the Sample solution
rS = peak area of the related vitamin from the Standard solution
CS = concentration of related vitamin in the Standard solution (µg/mL)
CU = nominal concentration of related vitamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of each individual vitamin
USP43

Change to read:
• Beta Carotene
[Note—Use low-actinic glassware.]
Mobile phase: Transfer 50 mg of butylated hydroxytoluene into a 1-L volumetric flask, and
dissolve with 20 mL of 2-propanol. Add 0.2 mL of N-ethyldiisopropylamine, 25 mL of 0.2%
ammonium acetate solution, 455 mL of acetonitrile, and about 450 mL of methanol. Allow
the solution to reach room temperature, and dilute with methanol to volume.
Diluent: 50 µg/mL of butylated hydroxytoluene in alcohol
System suitability solution: Transfer 20 mg of USP Beta Carotene System Suitability RS
to a 50-mL volumetric flask. Add 1 mL of water, 4 mL of tetrahydrofuran, and sonicate for
5 min. Dilute with Diluent to volume, and sonicate for 5 min. Cool to room temperature,
pass the suspension through a membrane filter of 0.45-µm pore size, and use the clear
filtrate.
Standard stock solution: 60 µg/mL of USP Beta Carotene RS in tetrahydrofuran
Standard solution A: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, add 5.0 mL of tetrahydrofuran, and dilute with Diluent to volume.
Standard solution B: Transfer 5.0 mL of the Standard stock solution into a 100-mL
volumetric flask, and dilute with cyclohexane to volume. Prepare in triplicate.
Determine the concentration of Standard solution A from the concentration of Standard solution
B.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Analytical wavelength: 457 nm
Cell path: 1 cm
Blank: Cyclohexane
Analysis
Sample: Standard solution B
Calculate the concentration of total beta carotene (mg/mL) as all-trans-beta carotene
(C40 H56 ) in Standard solution B. [Note—The concentration of Standard solution B equals
the concentration of Standard solution A.]
Result = A/F
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A = average absorbance of the 3 preparations of Standard solution B
F = absorptivity of pure all-trans-beta carotene in cyclohexane, 250
Sample solution: Prepare as directed for the Sample stock solution (ERR 1-Aug-2017) in
Vitamin A. Transfer NLT 20 mL of this solution to a suitable container, and evaporate
under vacuum at room temperature to dryness. Dissolve the residue in a mixture of
methylene chloride and Diluent (1:1), and dilute with the same mixture to obtain a
concentration of 3 µg/mL of beta carotene. Pass through a membrane filter of 0.45-µm
pore size, if necessary.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV-Vis 448 nm
Column: 4.6-mm × 25-cm; 5-µm packing L68
Column temperature: 30°
Flow rate: 0.6 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution A
The approximate relative retention times of the components in the System suitability
solution are listed in Table 1
Table 2. USP43
Table 1
Table 2 USP43
Relative
Retention
Name
Time
all-trans-Alpha carotene
0.93
all-trans-Beta carotene
1.00
9-cis-Beta carotene
1.07
13-cis-Beta carotene
1.17
15-cis-Beta carotene
1.21

Relative
Response
Factor
1.1
1
1
1.2
1.4

Suitability requirements
Chromatogram similarity: The chromatogram from the System suitability solution is
similar to the reference chromatogram provided with the USP Beta Carotene System
Suitability RS being used.
Resolution: NLT 1.5 between beta carotene and alpha carotene and between beta
carotene and 9-cis-beta carotene, System suitability solution
Tailing factor: NMT 2.0 for the beta carotene peak, Standard solution A
Relative standard deviation: NMT 2.0% for the beta carotene peak from replicate
injections, Standard solution A
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Analysis
Samples: Standard solution A and Sample solution
Calculate the percentage of all-trans-beta carotene in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of all-trans-beta carotene in the Sample solution
rS = peak area of all-trans-beta carotene in Standard solution A
CS = concentration of all-trans-beta carotene in Standard solution A as determined by
spectrometric procedure
CU = nominal concentration of beta carotene in the Sample solution
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300° for 3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from the Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
1.0, 1.5, 2.0, 2.5, and 3.0 µg/mL of calcium.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a porcelain crucible. Heat the crucible in a muffle furnace
maintained at 550° for 6–12 h, and cool. Add 60 mL of hydrochloric acid, and boil gently
on a hot plate or steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask. Rinse the crucible with small portions of 6 N
hydrochloric acid, and add the rinsings to the flask. Dilute with water to volume, and filter,
discarding the first 5 mL of the filtrate. Dilute this solution quantitatively, with 0.125 N
hydrochloric acid, to obtain a concentration of 2 µg/mL of calcium, adding 1 mL of
Lanthanum chloride solution per 100 mL of the final volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectroscopy
Analytical wavelength: Calcium emission line at 422.7 nm
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
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Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions, against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of calcium, and draw the straight
line best fitting the 5 plotted points. From the graph, determine the concentration (C), in
µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of calcium in the Sample solution (µg/mL)
CU = nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120° for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from the Chromium standard solution
diluted with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the 4 flasks with 0.125 N
hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0 µg/mL of
chromium.
Sample solution: Prepare as directed for Calcium, Method 1, except obtain a
concentration of 2.5 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at 357.9 nm
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the 4 plotted points. From the graph, determine the concentration
(C), in µg/mL, of chromium in the Sample solution.
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Calculate the percentage of the labeled amount of chromium (Cr) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of chromium in the Sample solution (µg/mL)
CU = nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
solution of nitric acid, and dilute with a 1% solution of nitric acid to 1000 mL. This solution
contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from the Copper standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with 0.125 N hydrochloric acid to volume to
obtain concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Prepare as directed for Calcium, Method 1, except obtain a
concentration of 2 µg/mL of copper and omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectroscopy
Analytical wavelength: Copper emission line at 324.7 nm
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of copper, and draw the straight
line best fitting the 5 plotted points. From the graph, determine the concentration (C), in
µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of copper in the Sample solution (µg/mL)
CU = nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
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[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water
contained in a 1000-mL volumetric flask. Allow the solution to equilibrate to room
temperature, and dilute with water to volume. Adjust with a few drops of acetic acid to a
pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium fluoride
in water, previously dried at 100° for 4 h and cooled in a desiccator
Intermediate stock solution A: 100 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0 mL
of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A. To
each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Transfer a quantity of the finely powdered Tablets, equivalent to 200 µg
of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1 N hydrochloric acid, 25.0 mL of
3 M sodium acetate solution, and 25.0 mL of Sodium citrate solution, and dilute with
water to volume.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0 mL
each of the Standard solutions and the Sample solution. Measure the potentials (see pH
〈791〉), in mV, of the Standard solutions and the Sample solution, with a pH meter capable
of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ion-indicating
electrode and a calomel reference electrode. [Note—When taking measurements, immerse
the electrodes in the solution, stir on a magnetic stirrer having an insulated top until
equilibrium is attained (1–2 min), and record the potential. Rinse and dry the electrodes
between measurements, taking care to avoid damaging the crystal of the specific-ion
electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
potential, in mV. From the standard response curve and the measured potential of the
Sample solution, determine the concentration (C), in µg/mL, of fluoride in the Sample
solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of fluoride in the Sample solution (µg/mL)
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CU = nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution in the following manner. Using a vacuum at
a pressure not exceeding 5 mm of mercury, wash the column with one column volume of
methanol followed by one column volume of pH 10.0 buffer. Do not allow the column top
to dry. If the top of the column becomes dry, recondition the column.] Transfer 10.0 mL
of Standard stock solution to a 100-mL volumetric flask. Add 75 mL of water, and adjust
with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water to volume. Filter,
discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask, add 15.0 mL of water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this solution through a 3-mL
solid-phase extraction column containing L1 packing that is connected through an adaptor
to a second solid-phase extraction column containing sulfonylpropyl strong cationexchange packing. Discard the first 3 mL of the eluate, and collect the rest of the eluate
in a suitable flask for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of powdered Tablets,
equivalent to 1 mg of fluorine, in 15 mL of water, and shake vigorously. Rinse the sides of
the flask with 15 mL of water, and allow to stand for 10 min. Dilute with water to 85 mL,
adjust with 1 N sodium hydroxide to a pH of 10.4 ± 0.1, and dilute with water to 100 mL.
Prepare as directed for the Standard solution, beginning with “Filter, discarding the first 15
mL of the filtrate.”
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity
Column
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
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Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for fluoride.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area from the Sample solution
rS = peak area from the Standard solution
CS = concentration of fluoride in the Standard solution (µg/mL)
CU = nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide, Method 1
Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis
Sample: Tablets
Transfer an amount of finely powdered Tablets, equivalent to 3 mg of iodide, to a nickel
crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium hydroxide solution, and
10 mL of alcohol, taking care that the entire specimen is moistened. Heat the crucible on
a steam bath to evaporate the alcohol, then dry the crucible at 100° for 30 min to
prevent spattering upon subsequent heating. Transfer the crucible with its contents to a
furnace heated to 500°, and heat the crucible for 15 min. [Note—Heating at 500° is
necessary to carbonize any organic matter present; a higher temperature may be used, if
necessary, to ensure complete carbonization of all organic matter.]
Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and boil gently
for 10 min. Filter the solution, and wash the crucible with boiling water, collecting the
filtrate and washings in a beaker. Add phosphoric acid until the solution is neutral to
methyl orange, then add 1 mL excess of phosphoric acid. Add excess of Bromine water,
and boil the solution gently until colorless for 5 min longer. Add a few crystals of salicylic
acid, and cool the solution to 20°. Add 1 mL of phosphoric acid and 0.5 g of potassium
iodide, and titrate the liberated iodine with 0.005 N sodium thiosulfate VS, adding starch
TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Tablets taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
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NA = actual normality of the sodium thiosulfate solution used
F = correction factor to convert mg to µg, 1000 µg/mL
Ime = milliequivalent weight of iodine, 21.16 mg/meq
Aw = average weight of the Tablets
W = weight of the portion of Tablets taken
L = labeled amount of iodine (µg/Tablet)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iodide, Method 2: Proceed as directed.
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of the Iron standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL
of iron.
Sample solution: Prepare as directed for Calcium, Method 1, except obtain a
concentration of 5 µg/mL of iron and omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectroscopy
Analytical wavelength: Iron emission line at 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the 5 plotted points. From the graph, determine the concentration (C), in
µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Tablets taken:
Result = (C/CU) × 100
C = measured concentration of iron in the Sample solution (µg/mL)
CU = nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
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Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a known concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from the Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Sample solution: Prepare as directed for Calcium, Method 1, except obtain a
concentration of 0.4 µg/mL of magnesium.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Magnesium emission line at 285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the 5 plotted points. From the graph, determine the concentration
(C), in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of magnesium in the Sample solution (µg/mL)
CU = nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese to a 1000-mL
volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
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hydrochloric acid to volume to obtain solutions with known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
Sample solution: Proceed as directed for Calcium, Method 1, except obtain a
concentration of 1 µg/mL of manganese and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectroscopy
Analytical wavelength: Manganese emission line at 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the 5 plotted points. From the graph, determine the concentration
(C), in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Tablets taken:
Result = (C/CU) × 100
C = measured concentration of manganese in the Sample solution (µg/mL)
CU = nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from the Molybdenum standard
solution diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min, cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Sample solution: Transfer a portion of the powder, equivalent to 1000 µg of molybdenum,
to a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric acid may be
varied to ensure that the powder is uniformly dispersed.] Carefully swirl the flask to
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disperse the test specimen. Sonicate for 10 min, or until the test specimen is completely
dissolved. Gently boil the solution for 15 min, and cool to room temperature. Carefully add
8 mL of perchloric acid, heat until perchloric acid fumes appear, and swirl the flask to
dissipate the fumes. Repeat the heating and swirling until the fumes appear again. Cool to
room temperature. Quantitatively transfer the contents of the flask to a 100-mL
volumetric flask with the aid of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectroscopy
Analytical wavelength: Molybdenum emission line at 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the 3 plotted points. From the graph, determine the concentration
(C), in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (C/CU) × 100
C = measured concentration of molybdenum in the Sample solution (µg/mL)
CU = nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% stannous chloride solution: Transfer 40 mg of stannous chloride to a beaker, add
20 mL of 6.5 N hydrochloric acid solution, and heat the solution until the stannous chloride
is dissolved. Cool, and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum in water
Sample: A portion of finely powdered Tablets, equivalent to 40 µg of molybdenum
Instrumental conditions
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(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Analytical wavelength: 465 nm
Cell: 1 cm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample
Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers. Add
20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil slowly
on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid, cover
the beakers with a watchglass, and continue the heating until digestion is complete, as
indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in the
beakers to dryness. Rinse the sides of the beakers and the watchglasses with water, and
add more water to complete 50 mL in each beaker. Gently boil the water solution for a few
min. Cool to room temperature. Add 2 drops of methyl orange TS, and neutralize with
ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively transfer the
contents of the beakers to separate 100-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresponding volumetric flasks, and dilute with water
to volume. Transfer 50.0 mL of each solution to separatory funnels. To each separatory
funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL
of Potassium thiocyanate solution, 1.5 mL of 20% stannous chloride solution, and 15.0 mL
of amyl alcohol, and shake the separatory funnel for 1 min. Allow the layers to separate,
and discard the aqueous layers. Add 25 mL of Diluted stannous chloride solution to each
separatory funnel, and shake gently for 15 s. Allow the layers to separate, and discard
the aqueous layers. Transfer the organic layer from each separatory funnel to a centrifuge
tube, and centrifuge at 2000 rpm for 10 min. Determine the absorbances of the organic
phases obtained from the Standard solution and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU = absorbance of the Sample
AS = absorbance of the Standard solution
V = volume of the Standard solution analyzed, 2.0 mL
CS = concentration of molybdenum in the Standard solution (µg/mL)
MU = nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, and then dilute with Sulfuric acid
solution to volume.]
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Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add one drop of sulfuric acid
per 100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105° for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from the Phosphorus standard stock solution
diluted with water
Sample solution: [Note—Finely powder and weigh a counted number of Tablets.] Transfer
a portion of the powder, equivalent to 100 mg of phosphorus, to 25 mL of nitric acid, and
digest on a hot plate for 30 min. Add 15 mL of hydrochloric acid, and continue the
digestion to the cessation of brown fumes. Cool, and transfer the contents of the flask to
a 500-mL volumetric flask with the aid of small portions of water. Dilute with water to
volume. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and dilute with
water to volume.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: Vis
Analytical wavelength: 650 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
To 3 separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard solution, the
Sample solution, and water to provide the blank. To each of the 3 flasks add 1.0 mL each
of Ammonium molybdate solution, Hydroquinone solution, and Sodium bisulfite solution,
and swirl to mix. Dilute the contents of each flask with water to volume, and allow the
flasks to stand for 30 min. Determine the absorbances of the solutions against the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of Tablets
taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of phosphorus in the Standard solution (µg/mL)
CU = nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105° for 2 h, in water
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Standard stock solution: 10 µg/mL of potassium from the Potassium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Sample solution: Prepare as directed for Calcium, Method 1, except obtain a
concentration of 1.5 µg/mL of potassium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Potassium emission line at 766.5 nm
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the 5 plotted points. From the graph, determine the concentration
(C), in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of potassium in the Sample solution (µg/mL)
CU = nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness 3 times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a concentration
of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from the Selenium standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
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of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Transfer a portion of the powder, equivalent to 1000 µg of selenium, to
a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric acid may be
varied to ensure that the powder is uniformly dispersed.] Carefully swirl the flask to
disperse the test specimen. Sonicate for 10 min or until the test specimen is completely
dissolved. Gently boil the solution for 15 min, and cool to room temperature. Carefully add
8 mL of perchloric acid to the flask, heat the flask until perchloric acid fumes appear, and
swirl the flask to dissipate the fumes. Repeat the heating and swirling until the fumes
appear again. Cool to room temperature. Transfer the contents of the flask to a 50-mL
volumetric flask with the aid of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Selenium emission line at 196.0 nm
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the 3 plotted points. From the graph, determine the concentration (C), in
µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of selenium in the Sample solution (µg/mL)
CU = nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, then add
hydroxylamine hydrochloride, and dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
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cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness 3 times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 20 µg of
selenium, to a suitable flask. Add 10 mL of nitric acid, and warm gently on a hot plate.
Continue heating until the initial nitric acid reaction has subsided, then add 3 mL of
perchloric acid.
[Caution—Exercise care at this stage, because the perchloric acid reaction becomes
vigorous.]
Continue heating on the hot plate until the appearance of white fumes of perchloric acid or
until the digest begins to darken. Add 0.5 mL of nitric acid and resume heating, adding
additional amounts of nitric acid if further darkening occurs. Digest for 10 min after the
first appearance of perchloric acid fumes or until the digest becomes colorless. Cool the
flask, add 2.5 mL of Hydrochloric acid solution, and return the flask to the hot plate to
expel residual nitric acid. Heat the mixture for 3 min after it begins to boil. Cool the flask
to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Analytical wavelength: 380 nm
Cell: 1 cm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, the Standard solution, and the Blank as follows. Add 5 mL of
Reagent A to each flask, and swirl gently to mix. Adjust the solution in each flask with
50% ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each
flask, and swirl gently to mix. Place the flasks in a water bath maintained at 50°, and
equilibrate for 30 min, taking care that the flasks are covered to protect them from light.
Cool to room temperature, and transfer the contents of each flask to separate separatory
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funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer to a
centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions obtained from the Samples against the
solution obtained from the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU = absorbances of the cyclohexane layer from the Sample solution
AS = absorbances of the cyclohexane layer from the Standard solution
V = volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS = concentration of selenium in the Standard stock solution (µg/mL)
MU = nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard stock solution: 1000 µg/mL of zinc from zinc oxide in 5 M hydrochloric acid
(3.89 mg/mL) and diluted with water to final volume. [Note—Dissolve in 5 M hydrochloric
acid by warming, if necessary, cool, and then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from the Zinc standard stock solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Prepare as directed for the Sample solution in Calcium, Method 1,
except obtain a concentration of 2 µg/mL of zinc and omit the use of the Lanthanum
chloride solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Zinc emission line at 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the 5 plotted points. From the graph, determine the concentration (C), in
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µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Tablets taken:
Result = (C/CU) × 100
C = measured concentration of zinc in the Sample solution (µg/mL)
CU = nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding 1 volume
of Stock aqua regia solution to 2 volumes of water. Dilute with additional water to volume,
and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% nitric acid
solution, 1000 mg/L of scandium in 5% nitric acid solution, and Diluent (1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% nitric acid solution to obtain a solution having final concentrations of about 1000 mg/L
of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L of
manganese, 800 mg/L of phosphorus, and 250 mg/L of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% hydrochloric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
20% hydrochloric acid solution to obtain a solution having final concentrations of about
200 mg/L of boron, and 100 mg/L each of chromium, molybdenum, nickel, selenium, tin,
and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2, as required, in Diluent to prepare a 6-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution 1 (for Tablets containing minerals in Standard stock solution 1 and
Standard stock solution 2): Weigh and finely powder NLT 20 Tablets. Transfer a portion,
equal to 3.5 times the average Tablet weight, to a 250-mL volumetric flask. Slowly add 25
mL of Stock aqua regia solution in 5-mL increments followed by mixing. [Note—If the
sample contains a carbonate, bubbling will occur. Wait until bubbling ends to proceed.]
Bring the solution to a boil on a hot plate. Continue to heat gently until fumes cease
(about 1 h). [Note—If the sample contains selenium, digest for NMT 15 min.] Remove from
heat, cool, and dilute with water to volume. Pass about 30 mL into a centrifuge tube using
a nylon syringe filter of 5-µm pore size. If necessary, make any further dilutions using the
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Diluent.
Sample solution 2 (for Tablets containing minerals only in Standard stock solution 2):
Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to 3.5 times the
average Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua
regia solution in 5-mL increments followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently until fumes cease (about 1 h). [Note—If the
sample contains selenium, digest for NMT 15 min.] Remove from heat, cool, and dilute with
water to volume. Pass about 30 mL into a centrifuge tube using a nylon syringe filter of 5µm pore size. If necessary, make any further dilutions using the Diluent.
Sample solution 3 (for Tablets containing minerals only in Standard stock solution 1):
Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to the average Tablet
weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua regia solution in 5mL increments, followed by mixing. [Note—If the sample contains a carbonate, bubbling
will occur. Wait until bubbling ends to proceed.] Bring the solution to a boil on a hot plate.
Continue to heat gently (about 1 h) until fumes cease. Remove from heat, cool, and dilute
with water to volume. Pass about 30 mL into a centrifuge tube using a nylon syringe filter
of 5-µm pore size. If necessary, make any further dilutions using the Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 〈730〉.)
Mode: Inductively coupled plasma spectrometry, using a spectrometer set to measure
the emission of each mineral of interest at about the corresponding wavelength. [Note
—The operating conditions may be developed and optimized based on the
manufacturer's recommendation. The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and
precision.]
System suitability
Sample: System suitability solution
[Note—Analyze the System suitability solution, and obtain the response as directed in
the Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph,
determine the concentration (C), in mg/L, for each mineral of interest in the Sample
solution.
Calculate the percentage of the labeled amount for each mineral taken:
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Result = C × (V/W) × F × (CW/L) × 100
C = measured concentration of the relevant element in the Sample solution (mg/L)
V = volume of the Sample solution (L)
W = sample weight (mg)
F = dilution factor of the Sample solution
CW = average weight (mg/Tablet)
L = label claim (mg/Tablet)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); and 90.0%–
160.0% of the labeled amount of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Dissolution: Meet the requirements
• Weight Variation 〈2091〉: Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count does not exceed 3 ×
103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• Labeling:1 The label states that the product is Oil-Soluble Vitamins with Minerals Tablets.
The label also states the quantity of each vitamin and mineral per dosage unit
in mg/Tablet or µg/Tablet USP43
and where necessary the chemical form in which a vitamin is present and also states the
salt form of the mineral used as the source of each element. Where the product contains
vitamin E, the label indicates whether it is the dRRR USP43
or dl
all-rac USP43
form. Where more than one assay method is given for a particular mineral, the labeling
states with which assay method the product complies only if Method 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Beta Carotene RS
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USP Beta Carotene System Suitability RS
USP43

USP
USP
USP
USP
USP
USP

Cholecalciferol RS
Ergocalciferol RS
Phytonadione RS
Retinyl Acetate RS
Retinyl Palmitate RS
Sodium Fluoride RS

1 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed.
USP43

The USP Unit for Vitamin E has been discontinued. International units (IU) for vitamins also have been
discontinued; however, the use of IU on the labels of vitamin products continues. Where articles are labeled in
terms of Units in addition to the required labeling, the relationship of the USP Units or IU to mass is as follows.
One USP Vitamin A Unit = 0.3 µg of all-trans-retinol (vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate
(vitamin A acetate) or 0.55 µg of all-trans-retinyl palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP
Vitamin A Units) = 1 retinol equivalent (RE); 1 IU of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP
Vitamin D Unit = 0.025 µg of ergocalciferol or cholecalciferol; and 1 mg of dl
all-rac USP43
-alpha tocopherol = 1.1 former USP Vitamin E Units; 1 mg of -alpha tocopheryl acetate = 1 former USP Vitamin
E unit; 1 mg of dl
all-rac USP43
-alpha tocopheryl acid succinate = 0.89 former USP Vitamin E Units; 1 mg of d
RRR USP43
-alpha tocopherol = 1.49 former USP Vitamin E Units; 1 mg of d
RRR USP43
-alpha tocopheryl acetate = 1.36 former USP Vitamin E Units; and 1 mg of d
RRR USP43
-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E Units. In terms of d
RRR USP43
-alpha tocopherol equivalents, 1 mg of d
RRR USP43
-alpha tocopheryl acetate = 0.91; 1 mg of d
RRR USP43
-alpha tocopheryl acid succinate = 0.81; 1 mg of dl
all-rac USP43
-alpha tocopherol = 0.74; 1 mg of dl
all-rac USP43
-alpha tocopheryl acetate = 0.67; and 1 mg of dl
all-rac USP43
-alpha tocopheryl acid succinate = 0.60.
Note that 1 mg of Institute of Medicine (IOM) alpha-tocopherol equivalent = 1 mg of RRR-alpha-tocopherol =
2 mg of all-rac-alpha-tocopherol. USP43

Recent Official Publications:
USP42–NF37 Page 5321
BRIEFING
Oil- and Water-Soluble Vitamins Tablets, USP 41 page 5004. As part of USP monograph
modernization efforts, the following revisions are proposed:
1. Add a new alternative analytical procedure for the simultaneous determination of
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vitamins A, E, D, and K1 (phytonadione). This liquid chromatographic procedure is based
on analyses performed with the Phenomenex Luna C18(2) brand of column with L1
packing. Some carotenoids (cryptoxanthin and lycopene), have significant absorbance
at 265 and 325 nm and may coelute with vitamin D and vitamin A (as retinyl palmitate),
respectively, thus interfering with the determination. Therefore, a System suitability
requirement is used to ensure peak purity of vitamin D and vitamin A (as retinyl
palmitate). If the system suitability for peak purity cannot be resolved, another
monograph procedure should be used for analysis of vitamin D and vitamin A (as retinyl
palmitate).
2. Add the new analytical procedure for simultaneous determination of vitamins C, B1 , B2 ,
B3 , B6 , folic acid, and pantothenic acid. The liquid chromatographic procedure is based
on analyses performed with the GL Sciences Inertsil ODS 3V brand of column with L1
packing. The typical retention times for thiamin, ascorbic acid, niacinamide, pyridoxine,
calcium pantothinate, folic acid, and riboflavin are 2.5, 3.5, 4.8, 7.0, 11.5, 15.8, and
17.9 min respectively.
Additionally, the following changes are proposed:
1. Add a section on Identification.
2. Add clarifications to the Definition section regarding the vitamin E isomers used in tablet
formulations and the content of water soluble vitamins as expressed on the label.
3. Replace the description of the test procedures for each method under Strength for
Vitamin A, Vitamin D (Cholecalciferol or Ergocalciferol), and Vitamin E with cross
references to Vitamin A Assay 〈571〉, Vitamin D Assay 〈581〉, and Vitamin E Assay 〈551〉.
4. Change the terms "d" and "dl" for vitamin E isomers to the terms "RRR" and "all-rac",
respectively, to reflect the preferred nomenclature in the most current US regulations.
5. Add clarifications to the calculations and acceptance criteria in the tests for Vitamin E
in the Strength section in accordance with the new labeling requirements from FDA to
express vitamin content.
6. Replace the description of the test procedures under Strength for Folic Acid, Method 1
and Method 2; Niacin, Method 2 and Niacinamide, Method 2; Riboflavin, Method 2; and
Thiamine, Method 2 with cross references to Folic Acid Assay 〈411〉; Niacin or
Niacinamide Assay 〈441〉; Riboflavin Assay 〈481〉; and Thiamine Assay 〈531〉, respectively.
7. Add to the Labeling section the requirement to express vitamin A, vitamin D, and vitamin
E content in metric units (mg or µg/Tablet) in accordance with the new labeling
requirements from FDA to express vitamin content.
8. Modify the footnote in the Labeling section regarding the relationship between the
formerly used USP Units and mass.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C202593
Comment deadline: January 31, 2019
Oil- and Water-Soluble Vitamins Tablets
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DEFINITION
Change to read:
Oil- and Water-Soluble Vitamins Tablets contain one or more of the following oil-soluble
vitamins: Vitamin A,
as retinyl acetate or retinyl palmitate, USP43
vitamin D as Ergocalciferol (vitamin D2 ) or Cholecalciferol (vitamin D3 ), Vitamin E\
as RRR- or all-rac-alpha-tocopherol, RRR- or all-rac-alpha-tocopheryl acetate, or RRR- or allrac-alpha-tocopheryl acid succinate, USP43
Phytonadione (vitamin K1 ), and Beta Carotene; and one or more of the following water-soluble
vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium Ascorbate, Biotin,
Cyanocobalamin, Folic Acid, Niacin or Niacinamide, pantothenic acid (as Calcium Pantothenate
or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride, Riboflavin, and Thiamine
Hydrochloride or Thiamine Mononitrate. Tablets contain NLT 90.0% and NMT 165.0% of the
labeled amount of vitamin A as retinol or esters of retinol in the form of retinyl acetate
(C22 H32 O2 ) or retinyl palmitate (C36 H46 O2 )
as retinol USP43
(C20 H30 O); vitamin D as cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O); vitamin E as
alpha tocopherol, alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate
(C33 H54 O5 )
as 2R-alpha-tocopherol USP43
(C29 H50 O2 ); phytonadione (C31 H46 O2 ); and beta carotene (C40 H56 ); and NLT 90.0% and NMT
150.0% of the labeled amount of ascorbic acid (C6 H8 O6 ); or its salts as calcium ascorbate
(C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 )
USP43

biotin (C10 H16 N2 O3 S), cyanocobalamin (C63 H88 CoN14 O14 P), folic acid (C19 H19 N7 O6 ), niacin
(C6 H5 NO2 ) or niacinamide (C6 H6 N2 O), calcium pantothenate (C18 H32 CaN2 O10 ), pyridoxine
hydrochloride
USP43

(C8 H11 NO3 · HCl
USP43

), riboflavin (C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine
mononitrate.
as thiamine ion (C12 H17 N4 OS+) USP43
They do not contain any minerals. They may contain other labeled added substances that
are generally recognized as safe, in amounts that are unobjectionable.
IDENTIFICATION
Add the following:
• A. The retention times of the vitamin peaks of the Sample solutions correspond to those
of the corresponding vitamin peaks of the Standard solutions as obtained in the tests for
Strength. USP43
STRENGTH
[Note—Where more than one assay method is given for an individual ingredient, the requirements
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may be met by following any one of the specified methods, with the method used being stated
in the labeling only if Method 1 is not used.]
Change to read:
• Vitamin A, Method 1
Proceed as directed in Vitamin A Assay 〈571〉, Assay, Chromatographic Methods, Procedure 1
except for the Sample stock solution and Sample solution.
USP43

[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified
in the following procedure, use the chemical form present in the formulation. USP Vitamin
A RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use lowactinic glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in n-hexane
System suitability stock solution: 15 µg/mL of retinyl palmitate in n-hexane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
USP43

Sample stock solution: (ERR 1-Aug-2017) Finely powder NLT 20 Tablets. Transfer a
portion of the powder, equivalent to 5 Tablets, to a container having a polytef-lined
screw-cap. Add 10 mL of dimethyl sulfoxide and 15 mL of n-hexane, and shake for 45 min
on a wrist-action shaker in a water bath maintained at 60°. [Note—Set up the wristaction shaker to ensure that the contents of the container are mixed vigorously and
thoroughly.] Centrifuge at 3000 rpm for 10 min, and transfer the hexane layer by means of
a pipet to a 100-mL volumetric flask. Add 15 mL of n-hexane to the dimethyl sulfoxide
layer, shake thoroughly for 5 min, and transfer the hexane layer by means of a pipet to
the 100-mL volumetric flask. Repeat this extraction with 3 additional 15-mL portions of nhexane. Dilute the extracts in the volumetric flask with n-hexane to volume.
Sample solution: Dilute a 10-mL volume of the Sample stock solution (ERR 1-Aug-2017)
with n-hexane to obtain a solution with a concentration of 15 µg/mL of vitamin A as
retinol (C20 H30 O).
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
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System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the peak
area for all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample solution.
For products containing vitamin A acetate or vitamin A palmitate, calculate the
percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
rS = peak area of the all-trans-retinyl ester from the Standard solution
CS = concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU = nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS,
to retinol, 0.872
[Note—The molar responses of retinyl acetate and retinyl palmitate are equivalent.]

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
Change to read:
• Vitamin A, Method 2
Proceed as directed in Vitamin A Assay 〈571〉, Assay, Chromatographic Methods, Procedure
2.
USP43

[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL
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of sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Mobile phase: n-Hexane and ethyl acetate (99.7: 0.3)
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in 2,2,4trimethylpentane
System suitability stock solution: 15 µg/mL of retinyl palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: [Note—This preparation is suitable for the determination of vitamin A,
vitamin D, and vitamin E, when present in the formulation.] Finely powder NLT 20 Tablets.
If vitamin D is present in the formulation, transfer a portion of the powder, equivalent to
30 µg of the labeled amount of cholecalciferol or ergocalciferol (vitamin D), to a container
having a polytef-lined screw cap. If vitamin D is not present in the formulation, use a
portion of the powder equivalent to 90 mg of the labeled amount of vitamin E (as alpha
tocopherol, alpha tocopheryl acetate, or alpha tocopheryl hemisuccinate). If vitamin E is
not present in the formulation, use a portion of the powder equivalent to 2.5 mg of the
labeled amount of vitamin A, as retinyl acetate or retinyl palmitate. Add 0.5 g of sodium
bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of 2,2,4-trimethylpentane, and
disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–pyrogallol solution, shake
slowly, and allow the solution to degas. Continue shaking until the evolution of gas has
ceased, and then shake for an additional 12 min. Add 6 mL of dimethyl sulfoxide, mix on a
vortex mixer to form a suspension, and shake for 12 min. Add 6 mL of 3 N methanolic
sulfuric acid solution, mix on a vortex mixer to form a suspension, and shake for 12 min.
Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to form a suspension, and
shake for 10 min. Centrifuge for 10 min to break up the emulsion and to clarify the
supernatant. [Note—The supernatant is used for the determination of vitamin A, and also
vitamin D and vitamin E, if present in the formulation.] If necessary, quantitatively dilute a
volume of the supernatant with 2,2,4-trimethylpentane to obtain a concentration close to
that of the Standard solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1.5 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8.0 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
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Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area of all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
rS = peak area of the all-trans-retinyl ester from the Standard solution
CS = concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU = nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in the USP Vitamin A
RS, to retinol, 0.872
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration. The molar responses of retinyl acetate and retinyl
palmitate are equivalent.]

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
Change to read:
• Vitamin A, Method 3
Proceed as directed in Vitamin A Assay 〈571〉, Assay, Chromatographic Methods, Procedure
3.
USP43

[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Extraction solvent: n-Hexane and methylene chloride (3:1)
Potassium hydroxide solution: 800 mg/mL of potassium hydroxide in water.
[Note—Cautiously add the potassium hydroxide to the water. Mix, and cool.]
Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Standard stock solution: 30 µg/mL of retinyl acetate from USP Vitamin A RS in Diluent.
[Note—This solution may be stored in a refrigerator for 1 week.]
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Standard solution: Dilute a volume of the Standard stock solution with Diluent to obtain a
concentration of 1 µg/mL of USP Vitamin A RS. Transfer 10.0 mL of this solution to a
stoppered 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3 mL of Potassium
hydroxide solution. Insert the stopper tightly, shake for 15 min over a water bath
maintained at 60 ± 5°, and cool to room temperature. Add 7 mL of water and 25.0 mL of
Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s. Rinse the
sides of the flask with 60 mL of water, and allow to stand for 10 min until the layers
separate. Withdraw a portion of the organic layer for injection into the chromatograph.
This Standard solution contains 0.34 µg/mL of retinol.
Sample solution: Finely powder a counted number of Tablets. Transfer a portion of the
powder, equivalent to 1.5 mg of retinyl acetate, to a stoppered 125-mL flask. Add 5 mL of
water, 15 mL of Diluent, and 3 mL of Potassium hydroxide solution. Insert the stopper
tightly, shake for 15 min over a water bath maintained at 60 ± 5°, and cool to room
temperature. Add 7 mL of water and 25.0 mL of Extraction solvent. Insert the stopper
tightly, and shake vigorously for 60 s or longer, if necessary, for complete extraction.
Rinse the sides of the flask with 60 mL of water, and allow to stand for 10 min until the
layers separate. [Note—Do not shake, because an emulsion may form.] Withdraw a portion
of the organic layer, and dilute with Extraction solvent to obtain a concentration of 0.34
µg/mL of retinol.
Chromatographic system
(See Chromatography 〈621〉, System Suitability).
Mode: LC
Detector: UV 335 nm
Column: 6.2-mm × 8-cm; packing L3
Column temperature: 40°
Flow rate: 4 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 13-cis-retinol and all-trans-retinol are 0.92 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for all-trans-retinol and 13-cis-retinol. Calculate the percentage of
the labeled amount of vitamin A, as retinol (C20 H30 O), in the portion of Tablets taken:
Result = (rT1/rT2) × (CS/CU) × F × 100
rT1 = sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Sample
solution
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rT2 = sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Standard
solution
CS = concentration of retinyl acetate (C23 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU = nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS,
to retinol, 0.872

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
Change to read:
• Vitamin D (Cholecalciferol or Ergocalciferol), Method 1
Proceed as directed in Vitamin D Assay 〈581〉, Assay, Chromatographic Methods, Procedure
1, except for the Sample solution.
USP43

[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following
procedure, use the chemical form present in the formulation and the relevant USP
Reference Standard. Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60° for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
USP43

Sample solution: Proceed as directed for the Sample stock solution (ERR 1-Aug-2017) in
Vitamin A, Method 1. Transfer NLT 20 mL of this solution to a suitable container, and, if
necessary, evaporate under vacuum at room temperature to obtain a concentration of 2
µg/mL of cholecalciferol or ergocalciferol.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
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Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of cholecalciferol or ergocalciferol from the Sample solution
rS = peak area of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
F = correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
Change to read:
• Vitamin D (Cholecalciferol or Ergocalciferol), Method 2
Proceed as directed in Vitamin D Assay 〈581〉, Assay, Chromatographic Methods, Procedure
2.
USP43

[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following
procedure, use the chemical form present in the formulation and the relevant USP
Reference Standard. Use low-actinic glassware throughout this procedure.]
3 N methanolic sulfuric acid solution, Sodium ascorbate–pyrogallol solution, Lecithin
solution, and Sample solution: Proceed as directed in Vitamin A, Method 2.
Mobile phase: n-Hexane and tertiary butyl alcohol (98.75: 1.25)
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in 2,2,4trimethylpentane
System suitability solution: Heat a volume of the Standard solution at 60° for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of cholecalciferol or ergocalciferol from the Sample solution
rS = peak area of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration.]

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
Change to read:
• Vitamin D (Cholecalciferol or Ergocalciferol), Method 3
Proceed as directed in Vitamin D Assay 〈581〉, Assay, Chromatographic Methods, Procedure
3, except for the Analysis.
USP43

[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following
procedure, use the chemical form present in the formulation and the relevant USP
Reference Standard. Use low-actinic glassware throughout this procedure.]
Diluted acetic acid: Glacial acetic acid solution (1 in 10) in water
Phenolphthalein solution: 10 mg/mL of phenolphthalein in alcohol
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Potassium hydroxide solution: Slowly dissolve 14 g of potassium hydroxide in a mixture
of 31 mL of dehydrated alcohol and 5 mL of water. Prepare fresh daily.
Extraction solvent: Methylene chloride and isopropyl alcohol (99.8: 0.2)
Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
dehydrated alcohol. [Note—Prepare fresh every 4 weeks. Store in a freezer.]
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution by initially washing the column with 4.0 mL
of a mixture of methylene chloride and isopropyl alcohol (4:1), followed by 5.0 mL of
Extraction solvent. Do not allow the column to dry.] Dilute a volume of Standard stock
solution with dehydrated alcohol to obtain a concentration of 5 µg/mL of USP
Cholecalciferol RS or USP Ergocalciferol RS. Prepare this solution fresh daily. Transfer 2.0
mL of this solution to a stoppered 125-mL flask. Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution, insert the stopper, and shake for 30 min in a water bath
maintained at 60°. Allow to cool to room temperature, and transfer the contents of the
flask to a 250-mL separatory funnel. Add 15.0 mL of water to the flask, insert the
stopper, shake vigorously, and transfer this solution to the separatory funnel. Rinse the
flask with 60 mL of n-hexane, and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for 15 min until the layers separate.
Drain and discard the aqueous layer. Add 15.0 mL of water to the hexane layer in the
separatory funnel, insert the stopper, and shake vigorously. Allow to stand for 10 min until
the layers separate, and discard the aqueous layer. Add 1 drop of Phenolphthalein solution
and 15.0 mL of water to the separatory funnel. Add Diluted acetic acid dropwise, with
shaking, until the washing is neutral. Allow to stand for 10 min until the layers separate.
Drain and discard the aqueous layer. Filter the hexane layer through anhydrous sodium
sulfate supported by a small pledget of cotton into a 100-mL round-bottom flask. Rinse
the funnel and sodium sulfate with a few mL of n-hexane, and collect the rinsings in the
same flask. Evaporate the hexane in the flask on a rotary evaporator at 50° to dryness.
Immediately add 2.0 mL of Extraction solvent to dissolve the residue. Transfer this
solution to a freshly conditioned solid-phase extraction column containing silica packing
with a sorbent mass-to-column volume ratio of 500 mg to 2.8 mL or equivalent, rinse the
round-bottom flask with 1.0 mL of Extraction solvent, and transfer to the column. Elute
the column with 2.0 mL of Extraction solvent, and discard this fraction. Elute the column
with 7.0 mL of Extraction solvent, and collect the eluate in a suitable flask. Place the flask
in a warm water bath maintained at 42°, and evaporate the solvent with the aid of a
stream of nitrogen. Immediately add 2.0 mL of acetonitrile to the residue, and use the
solution for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 µg of cholecalciferol or ergocalciferol, to a stoppered 125-mL flask, and
proceed as directed for the Standard solution, beginning with “Add 15.0 mL of water and
15.0 mL of Potassium hydroxide solution”.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC

PF 44(6): Nov.-Dec. 2018

689

Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 27°
Flow rate: 0.7 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
USP43

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D.
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of cholecalciferol or ergocalciferol from the Sample solution
rS = peak area of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
Change to read:
• Vitamin E, Method 1
Proceed as directed in Vitamin E Assay 〈551〉, Assay, Procedure 1, except for the Sample
solution and Analysis.
USP43

[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl
acid succinate) is specified in the following procedure, use the chemical form present in
the formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
System suitability solution: Prepare a 0.65-mg/mL solution of USP Ergocalciferol RS in
methanol. Transfer 1.0 mL of this solution to a 100-mL volumetric flask containing 100 mg
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of USP Alpha Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with the aid of
sonication if necessary, and dilute with methanol to volume. Store this solution in a
refrigerator.
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
USP43

Sample solution: Prepare as directed for the Sample stock solution (ERR 1-Aug-2017) in
Vitamin A, Method 1. Transfer NLT 20 mL of this solution to a suitable container and, if
necessary, evaporate under vacuum at room temperature to dryness. Transfer the residue
to a suitable volumetric flask with the aid of methanol, and dilute with methanol to volume
to obtain a concentration of 2 mg/mL of alpha-tocopherol, alpha-tocopheryl acetate, or
alpha-tocopheryl acid succinate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for ergocalciferol and alpha tocopheryl acetate are
about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha tocopheryl acetate, System
suitability solution
Tailing factor: Between 0.8 and 1.2, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
USP43

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of alpha-tocopherol (C29 H50 O2 ), alphatocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate (C33 H54 O5 )
as 2R-alpha-tocopherol (C29 H50 O2 ) USP43
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU)
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× F USP43
× 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
CS = concentration of the corresponding USP Reference Standard
all-rac-alpha-tocopherol from either USP Alpha Tocopherol RS or USP Alpha
Tocopheryl Acetate RS or RRR-alpha-tocopherol from USP Alpha Tocopheryl Acid
Succinate RS USP43
in the Standard solution (mg/mL)
CU = nominal concentration of the corresponding form of vitamin E
as 2R-alpha-tocopherol USP43
in the Sample solution (mg/mL)
= conversion factor for the content of all-rac-alpha-tocopherol to 2R-alphatocopherol, 1/2 (for products labeled to contain all-rac vitamin E sources) and 1 (for
F products labeled to contain RRR vitamin E sources) USP43
Acceptance criteria: 90.0%–165.0% of the labeled amount of alpha-tocopherol
(C29 H50 O2 ), alpha-tocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate
(C33 H54 O5 )
as 2R-alpha-tocopherol USP43
Change to read:
• Vitamin E, Method 2
Proceed as directed in Vitamin E Assay 〈551〉, Assay, Procedure 2, except for Analysis.
USP43

[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl
acid succinate) is specified in the following procedure, use the chemical form present in
the formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Mobile phase: Mix 240 mL of methanol with 10 mL of water, followed by 0.5 mL of 50%
phosphoric acid, and dilute with acetonitrile to 1000 mL.
System suitability solution: 2 mg/mL each of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, and USP Alpha Tocopheryl Acid Succinate RS in methanol
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 2.
Transfer a volume of the supernatant 2,2,4-trimethylpentane layer to a suitable
volumetric flask, the volume of the specimen withdrawn from the 2,2,4-trimethylpentane
layer and the size of the volumetric flask being such that the final concentration of the
Sample solution is equivalent to that of the Standard solution. Evaporate nearly to
dryness, add several mL of methanol, and evaporate the remaining 2,2,4trimethylpentane. Dilute with methanol to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acid succinate, alpha tocopherol,
and alpha tocopheryl acetate are about 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid succinate and alpha tocopherol and
NLT 3.0 between alpha tocopherol and alpha tocopheryl acetate, System suitability
solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
CS = concentration of the corresponding USP Reference Standard in the Standard
solution (mg/mL)
CU = nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane and
the dilution factor to exchange the solvent from 2,2,4-trimethylpentane to methanol to
calculate the nominal concentration.]
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha-tocopherol (C29 H50 O2 ), alphatocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate (C33 H54 O5 ) as 2Ralpha-tocopherol (C29 H50 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
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CS = concentration of all-rac-alpha-tocopherol from either USP Alpha Tocopherol RS or
USP Alpha Tocopheryl Acetate RS or RRR-alpha-tocopherol from USP Alpha
Tocopheryl Acid Succinate RS in the Standard solution (mg/mL)
CU = nominal concentration of the corresponding form of vitamin E as 2R-alphatocopherol in the Sample solution (mg/mL)
F = conversion factor for the content of all-rac-alpha-tocopherol to 2R-alphatocopherol, 1/2 for products labeled to contain all-rac vitamin E sources) and 1 (for
products labeled to contain RRR vitamin E sources)
USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of alpha-tocopherol
(C29 H50 O2 ), alpha-tocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate
(C33 H54 O5 )
as 2R-alpha-tocopherol USP43
Change to read:
• Vitamin E, Method 3
Proceed as directed in Vitamin E Assay 〈551〉, Assay, Procedure 3, except for the Analysis.
USP43

Diluent: Acetonitrile and ethyl acetate (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in methanol
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 8 mg of alpha tocopherol, to a 125-mL flask fitted with a ground-glass joint.
Add 25.0 mL of water, 25.0 mL of dehydrated alcohol, and 3.5 g of potassium hydroxide
pellets. Shake for 1 h in a water bath maintained at 55°. Cool, and transfer with the aid of
a minimum volume of water to a 125-mL separatory funnel. Rinse the flask with 50 mL of
n-hexane, and add the rinsing to the separatory funnel. Insert the stopper, shake
vigorously for 60 s, and allow the layers to separate. Drain the aqueous layer into a
second 250-mL separatory funnel, and repeat the extraction with 50 mL of n-hexane.
Discard the aqueous layer, and combine the hexane extracts. Wash the combined extracts
with 25 mL of water, allow the layers to separate, and discard the aqueous layer. Add 3
drops of glacial acetic acid, and repeat the washing procedure two more times. Filter the
washed hexane layer through anhydrous sodium sulfate into a 250-mL round-bottom flask.
Rinse the funnel and sodium sulfate with a few mL of n-hexane, and add the rinsing to the
hexane solution in the flask. Place the flask in a water bath maintained at 50°, and
evaporate the hexane solution with the aid of a rotary evaporator to dryness. Immediately
add 25.0 mL of Diluent, and swirl to dissolve the residue.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40°
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Flow rate: 3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of vitamin E as
alpha tocopherol (C29 H50 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of alpha tocopherol from the Sample solution
rS = peak area of alpha tocopherol from the Standard solution
CS = concentration of alpha tocopherol in the Standard solution (mg/mL)
CU = nominal concentration of vitamin E as alpha tocopherol in the Sample solution
(mg/mL)
[Note—Calculate the content of alpha tocopheryl acetate (C31 H52 O3 ) or alpha tocopheryl
acid succinate (C33 H54 O5 ) by dividing the content, in mg/Tablet of vitamin E as alpha
tocopherol (C29 H50 O2 ), by the factor 0.91 or 0.81, respectively.]
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha-tocopherol (C29 H50 O2 ), alphatocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate (C33 H54 O5 ) as 2Ralpha-tocopherol (C29 H50 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
CS = concentration of all-rac-alpha-tocopherol from either USP Alpha Tocopherol RS or
USP Alpha Tocopheryl Acetate RS or RRR-alpha-tocopherol from USP Alpha
Tocopheryl Acid Succinate RS in the Standard solution (mg/mL)
CU = nominal concentration of the corresponding form of vitamin E as 2R-alphatocopherol in the Sample solution (mg/mL)
F = conversion factor for the content of all-rac-alpha-tocopherol to 2R-alphatocopherol, 1/2 (for products labeled to contain all-rac vitamin E sources) and 1 (for
products labeled to contain RRR vitamin E sources)
USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of alpha-tocopherol
(C29 H50 O2 ), alpha-tocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate
(C33 H54 O5 )
as 2R-alpha-tocopherol USP43

PF 44(6): Nov.-Dec. 2018

695

Change to read:
• Phytonadione, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume.]
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
Sample solution: Transfer NLT 20 mL of the solution retained as directed for the Sample
stock solution (ERR 1-Aug-2017) in Vitamin A, Method 1 to a suitable container, and, if
necessary, evaporate under vacuum at room temperature to dryness. Transfer the residue
to a suitable volumetric flask with the aid of methanol, and dilute with methanol to volume
to obtain a concentration of 20 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha-tocopheryl acetate and phytonadione are
0.68 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between alpha-tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of phytonadione
(C31 H46 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak area of phytonadione from the Sample solution
rS = peak area of phytonadione from the Standard solution
CS = concentration of USP Phytonadione RS in the Standard solution (µg/mL)
CU = nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Phytonadione, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solvent: Methanol and isopropyl alcohol (19:1)
Mobile phase: Mix 800 mL of methanol, 200 mL of methylene chloride, 0.1 mL of glacial
acetic acid, 1.36 g of zinc chloride, and 0.41 g of sodium acetate.
Internal standard solution: 5 µg/mL of menaquinone 4 (vitamin K2 ) in Solvent. [Note—A
concentrated stock solution of menaquinone 4 (100 µg/mL) can be stored for 2 months in
a refrigerator.]
Standard stock solution: 5 µg/mL of USP Phytonadione RS, prepared by dissolving in
methylene chloride with the aid of sonication, and diluting with Solvent to final volume.
Standard solution: Transfer 1.0 mL of the Standard stock solution and 1.0 mL of the
Internal standard solution to a suitable flask, and dilute with Solvent to 5 mL. Pass
through a membrane filter of 0.45-µm or finer pore size.
Sample solution: Finely powder NLT 20 Tablets. To a centrifuge tube fitted with a cap
transfer an amount of powder not exceeding 800 mg and equivalent to an amount of
phytonadione not exceeding 50 µg. Add 4 mL of water. Insert the stopper, and mix using a
vortex mixer until the sample is dispersed. Place the tube in a water bath at 60° for 5 min.
Remove from the bath, and again shake or mix using a vortex mixer for 1 min while the
preparation is still hot. Add 8 mL of alcohol, and swirl the contents to mix. Place the tube
in a water bath at 60° for 5 min. Remove from the bath, and again shake or mix using a
vortex mixer for 2 min while the preparation is still hot. Cool to room temperature. Add a
volume of the Internal standard solution, equivalent to 1.0 mL for each 5 µg of the
expected amount of phytonadione in the aliquot taken. Add 20.0 mL of petroleum ether,
and cap the tube tightly. Shake or mix using a vortex mixer for 15 min to thoroughly mix
the contents. Centrifuge to separate the 2 layers. Transfer a volume of the top layer of
petroleum ether, equivalent to 5–50 µg of the nominal amount of phytonadione, to an
appropriate flask. Place the flask in a water bath at 35°–45°, and evaporate the solvent
under a stream of nitrogen until an oily residue is left. Dissolve the residue in a volume of
Solvent to obtain a concentration of 1 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Fluorometric detector
Excitation wavelength: 320 nm
Emission wavelength: 420 nm
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Column: 4.6-mm × 25-cm; 5-µm, end-capped packing L1, and a postcolumn reactor
constituted with a 4.6-mm × 3-cm PEEK column tightly packed with zinc powder. [Note
—Prepare the postcolumn reactor daily, or as necessary, to meet the System suitability
requirements.]
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for the internal standard and phytonadione are 1.0
and 1.4, respectively.]
Suitability requirements
Column efficiency: NLT 2500 theoretical plates for the phytonadione peak
Tailing factor: NMT 1.5 for the phytonadione peak
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the portion
of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of phytonadione to that of the internal standard from the
Sample solution
rS = peak response ratio of phytonadione to that of the internal standard from the
Standard solution
CS = concentration of USP Phytonadione RS in the Standard solution (µg/mL)
CU = nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of labeled amount of phytonadione (C31 H46 O2 )
Add the following:
• Vitamin A, Vitamin D (Cholecalciferol or Ergocalciferol), Vitamin E, Method 4;
Phytonadione, Method 3
[Note—Where vitamin A (retinyl acetate or retinyl palmitate), vitamin D (cholecalciferol or
ergocalciferol), or vitamin E (alpha-tocopherol, alpha-tocopheryl acetate, or alphatocopheryl acid succinate) are specified in the following procedure, use the chemical form
present in the formulation and the relevant Reference Standard. Use low-actinic
glassware.]
Diluent: Methanol and water (90:10, v/v)
Solution A: 0.1% (v/v) trifluoroacetic acid in Diluent
Solution B: 0.1% (v/v) trifluoroacetic acid in methanol
Mobile phase: See Table 1.
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Time
(min)
0
19
27
28
30

Table 1
Solution A
(%)
100
0
0
100
100

Solution B
(%)
0
100
100
0
0

Vitamin A standard stock solution: A solution containing the equivalent of 0.2 mg/mL of
retinol from USP Retinyl Acetate RS or from USP Retinyl Palmitate RS in isopropyl alcohol.
Dissolve with the aid of sonication if necessary.
Vitamin D standard stock solution: 0.05 mg/mL of USP Cholecalciferol RS or USP
Ergocalciferol RS in isopropyl alcohol. Dissolve with the aid of sonication if necessary.
Vitamin E standard stock solution: 3.0 mg/mL of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, or USP Alpha Tocopheryl Acid Succinate RS in isopropyl alcohol.
Dissolve with the aid of sonication if necessary.
Phytonadione standard stock solution: 0.04 mg/mL of USP Phytonadione RS in isopropyl
alcohol. Dissolve with the aid of sonication if necessary.
Sample solution 1: Finely powder NLT 20 Tablets. Transfer an accurately weighed portion
of the powder to a 50-mL volumetric flask to obtain a solution containing known nominal
concentrations in the ranges of 0.05–0.1 mg/mL of vitamin A and 0.5–0.15 mg/mL of
vitamin E. Add 10 mL of dimethyl sulfoxide and sonicated for 30 min with vigorous
intermittent shaking. Cool to room temperature, dilute to volume with isopropyl alcohol and
mixed well. Pass a portion of the solution through a 0.45-µm pore size nylon filter and
discard the first milliliter of the filtrate.
Sample solution 2: Transfer an accurately weighed portion of the powder from NLT 20
finely powdered Tablets to a 50-mL volumetric flask to obtain a solution containing known
nominal concentrations in the ranges of 1.0–3.5 µg/mL of vitamin D and 1.0–3.5 µg/mL of
phytonadione. Add 5 mL of water and sonicate for 10 min with intermittent shaking. Add
10 mL of dimethyl sulfoxide and sonicate for 30 min with vigorous intermittent shaking.
Cool to room temperature, dilute with isopropyl alcohol to volume, and mix well. Pass a
portion of the solution through a nylon filter of 0.45-µm pore size, and discard the first
milliliter of the filtrate.
Standard solution: Transfer calculated volumes of Vitamin A standard stock solution,
Vitamin D standard stock solution, Vitamin E standard stock solution, and Phytonadione
standard stock solution to a suitable volumetric flask, and dilute with isopropyl alcohol to
volume to obtain a solution with final vitamin concentrations similar to those obtained for
the corresponding vitamins in Sample solution 1 and Sample solution 2.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detectors
For Sample solution 1 containing retinyl acetate: UV 325 nm for 7 min, then switch
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to 265 nm
For Sample solution 1 containing retinyl palmitate: UV 265 nm for 18 min, then
switch to 325 nm
For Sample solution 2: UV 265 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Temperatures
Sample: 4°
Column: 35°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Sample solution 1, Sample solution 2, and Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% for each individual peak, Standard solution
Peak purity of vitamin D and vitamin A (as retinyl palmitate): Monitor the
chromatograms of Sample solution 1 and Sample solution 2 at 450 nm. The area of any
peak at the retention time of retinyl palmitate from Sample solution 1 and any peak at
the retention time of vitamin D (as cholecalciferol or ergocalciferol) from Sample
solution 2 should be NMT 5% of the corresponding peak areas detected at 325 nm and
265 nm, respectively. [Note—This test is required because of possible interference
with carotenoids (cryptoxanthin and lycopene) that may be present in the formulation.
Use another procedure in the monograph for analysis of vitamin D and vitamin A (as
retinyl palmitate) if the system is not suitable.]
Analysis
Samples: Sample solution 1, Sample solution 2, and Standard solution
Calculate the percentage of the labeled amount of vitamin A activity, as retinol (C20 H30 O),
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
rS = peak area of the all-trans-retinyl ester from the Standard solution
CS = concentration of retinol in the Standard solution (mg/mL)
CU = nominal concentration of vitamin A, as retinol, in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of vitamin E, as 2R-alpha-tocopherol
(C29 H50 O2 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
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CS = concentration of all-rac-alpha-tocopherol from either USP Alpha Tocopherol RS or
USP Alpha Tocopheryl Acetate RS or RRR-alpha-tocopherol from USP Alpha
Tocopheryl Acid Succinate RS in the Standard solution (mg/mL)
CU = nominal concentration of vitamin E, as 2R-alpha-tocopherol, in the Sample solution
(mg/mL)
F = conversion factor for the content of all-rac-alpha-tocopherol to RRR-alphatocopherol equivalent, 1/2 for products labeled to contain all-rac vitamin E sources)
and 1 (for products labeled to contain RRR vitamin E) sources
Calculate the percentage of the labeled amount of vitamin D, as cholecalciferol (C27 H44 O)
or ergocalciferol (C28 H44 O), and phytonadione (C31 H46 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the related vitamin from the Sample solution
rS = peak area of the related vitamin from the Standard solution
CS = concentration of the related vitamin in the Standard solution (µg/mL)
CU = nominal concentration of the related vitamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of each individual vitamin
USP43

• Beta Carotene
[Note—Use low-actinic glassware throughout this procedure.]
Potassium hydroxide solution: Dissolve 58.8 g of potassium hydroxide in 50 mL of water.
Iodine solution: 0.01 mg/mL of iodine in cyclohexane. [Note—Prepare this solution fresh
daily.]
Sample solution: Weigh NLT 20 Tablets. Grind the Tablets to a fine powder, and transfer a
quantity of the powder, equivalent to 2 mg of beta carotene, to a 500-mL saponification
flask. Add 100 mL of alcohol, 6 mL of Potassium hydroxide solution, and a magnetic stirring
bar. Attach an air condenser to the flask, and heat under reflux for 45 min with constant
stirring. Cool to room temperature. Add 170 mL of solvent hexane, and stir for 30 min.
Quantitatively transfer the contents of the flask to a 500-mL separatory funnel with
portions of solvent hexane. Allow the layers to separate for 5–10 min, and transfer the
upper organic layer to a 500-mL volumetric flask. Transfer the lower aqueous layer into
the saponification flask. Add 170 mL of solvent hexane, and stir for an additional 20 min.
Quantitatively transfer the contents of the saponification flask to the separatory funnel
with the aid of portions of solvent hexane. Allow the layers to separate for 10 min. Drain
the lower aqueous layer, and discard. Transfer the organic layer to the volumetric flask
containing the previously collected organic layer. Rinse the separatory funnel with small
portions of solvent hexane, and transfer the washings to the volumetric flask. Dilute the
hexane extracts with solvent hexane to volume. Add 3 g of anhydrous sodium sulfate,
shake, and allow to settle. Quantitatively transfer a volume of this solution, equivalent to
100 µg of beta carotene, to a 50-mL volumetric flask. Evaporate under a stream of
nitrogen to dryness, and immediately add cyclohexane. Add 2 mL of Iodine solution, and
heat for 15 min in a water bath maintained at 65°. Cool rapidly, and dilute with
cyclohexane to volume.
Instrumental conditions
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(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: Vis
Analytical wavelength: 452 nm
Blank: Cyclohexane
Analysis
Sample: Sample solution
Determine the absorbance against the Blank. Calculate the percentage of the labeled
amount of beta carotene (C40 H56 ) in the portion of Tablets taken:
Result = (AU/F) × (100/CU)
AU = absorbance of the Sample solution
F = absorptivity of beta carotene at 452 nm, 223
CU = nominal concentration of beta carotene in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
Change to read:
• Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate
(See Vitamin C Assay 〈580〉.)
[Note—For labeling purposes, consider 〈580〉, Method I—Titrimetric Method as Method 1;
〈580〉, Method II—Chromatographic Method, Procedure 1 as Method 2; and 〈580〉,
Method II—Chromatographic Method, Procedure 2 as Method 3. USP43
]
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 ),
calcium ascorbate (C12 H14 CaO12 ·2H2 O), or sodium ascorbate (C6 H7 NaO6 )
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 1 mg of biotin, to a 200-mL volumetric flask. Add 3 mL of dimethyl sulfoxide,
and swirl to wet the contents. Place the flask in a water bath at 60°–70° for 5 min.
Sonicate for 5 min, dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
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Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of biotin. Calculate the percentage of the labeled amount of biotin
(C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of biotin from the Sample solution
rS = peak area of biotin from the Standard solution
CS = concentration of USP Biotin RS in the Standard solution (µg/mL)
CU = nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
Change to read:
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the media prepared as described
herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water, prepared by diluting the Standard
stock solution with water on the day of the assay
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of 50% alcohol, and
swirl to wet the contents. Heat the flask in a water bath at 60°–70° for 5 min. Sonicate
for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of the filtrate
quantitatively, and stepwise if necessary, with water to obtain a solution with a
concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
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the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to make 1000 mL. Add 20 g of activated charcoal, stir for 1
h, and filter. Repeat the treatment with activated charcoal. Store under toluene in a cool
place at a temperature not below 10°. Filter the solution if a precipitate forms during
storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water. Heat to 70°–80°, and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to make 1000 mL. Store under toluene in a cool place at a
temperature NLT 10°.
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
add water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 1
Table 2, USP43
and adjust with 1 N sodium hydroxide to a pH of 6.8. Dilute with water to 250 mL.
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Table 1
Table 2 USP43
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Adenine–guanine–uracil solution
Calcium pantothenate solution
Riboflavin–thiamine hydrochloride solution
p-Aminobenzoic acid–niacin–pyridoxine
hydrochloride solution
Salt solution A
Salt solution B

25 mL
25 mL
0.25 mL
10 g
5g
5 mL
5 mL
5 mL
5 mL
5 mL
5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121° for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in 3 or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30° and 37° held constant
to within ±0.5°. Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121° for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus plantarum to a sterile tube containing
10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature between
30° and 37° held constant to within ±0.5°. The cell suspension is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to 4 similar but empty tubes add 5.0 mL of Basal
medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to
three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
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Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121° for 5 min. Cool. Add 1 drop of Inoculum to each tube, except 2 of the 4 tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature of between 30° and 37° held constant to within ±0.5° until, following 16–24
h of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to a spectrophotometer cell. Place the cell in a spectrophotometer that
has been set at a specific wavelength of 540–660 nm, and read the transmittance when a
steady state is reached. This steady state is observed a few seconds after agitation
when the galvanometer reading remains constant for 30 s or more. Allow approximately
the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (ΣS) as the difference, y = 2.00 − ΣS. Plot this response on the ordinate of
cross-section paper against the logarithm of the milliliter of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 − ΣU, adding together the 2 transmittances (ΣU) for each
level of the Sample solution. Read from the standard curve the logarithm of the volume of
the Standard solution corresponding to each of those values of y that falls within the
range of lowest and highest points plotted for the Standard. Subtract from each logarithm
so obtained the logarithm of the volume, in mL, of the Sample solution to obtain the
difference, X, for each dosage level. Average the values of X for each of three or more
dosage levels to obtain X, which equals the log-relative potency, M′, of the Sample
solution. Determine the quantity, in µg, of biotin (C10 H16 N2 O3 S) in the portion of Tablets
taken:
antilog M = antilog (M′ + log R)
R = amount of biotin assumed to be present in the portion of Tablets taken (µg)
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of
the Tablets taken:
Result = [(antilog M)/N] × 100
N = nominal amount of biotin in the portion of the Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
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Biological Assays 〈111〉, The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 800 mL of water and 100 mL of triethylamine to a 1000-mL volumetric
flask. Add 80 mL of 85% phosphoric acid, and dilute with water to volume.
Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of Solution A to a 1000-mL
volumetric flask. Dilute with water to volume.
Standard solution: 0.6 µg/mL of USP Biotin RS in water. [Note—A portion of the Standard
solution will be used to determine the percent recovery of biotin from the Solid-phase
extraction procedure.]
Sample solution: Finely powder NLT 20 Tablets. Transfer an amount of powdered Tablets
to a volumetric flask to obtain a nominal concentration of 0.6 µg/mL of biotin. Add water
up to 80% of the flask capacity, and sonicate for 30–40 min, with occasional mixing, to
dissolve. Dilute with water to volume, and filter. Adjust the pH of the solution with either
dilute acetic acid or 0.1 N sodium hydroxide to a pH of 6.0–7.0.
Solid-phase extraction: [Note—Condition the extraction column specified in this
procedure in the following manner. Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.] Separately pipet 5.0 mL each of the Sample
solution and Standard solution into freshly conditioned solid-phase extraction columns
consisting of a mixed-mode packing with a sorbent-mass of 60 mg. [Note—The mixedmode packing consists of anion-exchange and reversed-phase sorbents. The reversephase component is a copolymer of N-vinylpyrrolidone and divinylbenzene. The anion
exchange moiety is a trialkylamino group.2]
Wash the column with 10 mL of 30% (v/v) methanol in water. Apply an appropriate volume
(4.9 mL) of 30% (v/v) methanol in 0.1 N hydrochloric acid to the column. Collect the
eluate in a 5-mL volumetric flask, containing 100 µL of 40% (w/v) sodium acetate in
water, and dilute with 30% (v/v) methanol in 0.1 N hydrochloric acid to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and a portion of the Standard solution that has undergone
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Solid-phase extraction
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution and Standard solution that
has undergone Solid-phase extraction
Recovery: 95%–100%, Standard solution that has undergone Solid-phase extraction
Analysis
Samples: Standard solution and Sample solution that have both undergone Solid-phase
extraction
Measure the peak area of biotin. Calculate the percentage of the labeled amount of biotin
(C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of biotin from the Sample solution
rS = peak area of biotin from the Standard solution
CS = concentration of USP Biotin RS in the Standard solution (µg/mL)
CU = nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store in a
dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from the Standard stock solution
diluted with water
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of cyanocobalamin, to a 250-mL flask. Quantitatively add 100.0 mL
of water, and carefully extract for 2 min. Filter 10 mL of the extract, and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
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Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area of cyanocobalamin. Calculate the percentage of the labeled amount
of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of cyanocobalamin from the Sample solution
rS = peak area of cyanocobalamin from the Standard solution
CS = concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
CU = nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of the Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powdered
Tablets, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for
each gram of powdered Tablets taken, 25 mL of an aqueous extracting solution prepared
just before use to contain, in each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of
anhydrous citric acid, and 1.0 g of sodium metabisulfite. Autoclave the mixture at 121° for
10 min. Allow any undissolved particles of the extract to settle, and filter or centrifuge if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution
containing vitamin B12 activity equivalent to the nominal activity of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Biotin, Method 2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Biotin, Method 2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70°, add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to make 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL. Add 2 drops of hydrochloric acid. Store
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this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store
in a refrigerator.
Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg
of biotin, and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene,
protected from light, in a refrigerator.
Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium
pantothenate, 40 mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg
of pyridoxamine dihydrochloride, and 2 mg of folic acid in a mixture of water and
neutralized alcohol (3:1) to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2
Table 3, USP43
carefully dissolving cystine and tryptophan in the 1 N hydrochloric acid before adding the
next 8 solutions to the resulting solution. Add 100 mL of water, and dissolve thedextros,
sodium acetate, and ascorbic acid. Filter, if necessary. Add the Polysorbate 80 solution,
adjust with 1 N sodium hydroxide to a pH 5.5–6.0, and dilute with Purified Water to make
250 mL.
Table 2
Table 3 USP43
l-Cystine
l-Tryptophan
1 N hydrochloric acid
Adenine–guanine–uracil solution
Xanthine solution
Vitamin solution A
Vitamin solution B
Salt solution A
Salt solution B
Asparagine solution
Acid-hydrolyzed casein solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Ascorbic acid
Polysorbate 80 solution

0.1 g
0.05 g
10 mL
5 mL
5 mL
10 mL
10 mL
5 mL
5 mL
5 mL
25 mL
10 g
5g
1g
5 mL

Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass,
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with the aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to make 100 mL. Place 10-mL portions of the solution in test tubes, and plug
with cotton. Sterilize the tubes and contents in an autoclave at 121° for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize,
and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121°
for 15 min in an autoclave, and allow the tubes to cool in an upright position. Inoculate 3
or more of the tubes by stab transfer of a pure culture of Lactobacillus leichmannii.3 [Note
—Before first using a fresh culture in this assay, make NLT 10 successive transfers of the
culture in a 2-week period.] Incubate for 16–24 h at a temperature of between 30° and
40° held constant to within ±0.5°. Store in a refrigerator.
Prepare fresh stab cultures at least 3 times each week, and do not use them for preparing
the Inoculum if more than 4 days old. The activity of the microorganism can be increased
by daily or twice-daily transfer of the stab culture, to the point where definite turbidity in
the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing culture
seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus leichmannii to 2 sterile tubes
containing 10 mL each of the Culture medium. Incubate these cultures for 16–24 h at a
temperature of between 30° and 40° held constant to within ±0.5°. Under aseptic
conditions centrifuge the cultures, and decant the supernatant. Suspend the cells from
the culture in 5 mL of sterile Suspension medium, and combine. Using sterile Suspension
medium, adjust the volume so that a 1-in-20 dilution in saline TS produces 70%
transmittance when read on a suitable spectrophotometer that has been set at a
wavelength of 530 nm, equipped with a 10-mm cell, and read against saline TS set at
100% transmittance. Prepare a 1-in-400 dilution of the adjusted suspension using sterile
Basal medium stock solution. [Note—This dilution may be altered, when necessary, to
obtain the desired test response.] The cell suspension is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water and
with the wavelength set at 530 nm.
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Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable means,
followed preferably by heating at 250° for 2 h, using hard-glass 20-mm × 150-mm test
tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to 4 similar but empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in
one tube rack and the duplicate set in a second rack or section of a rack, preferably in
random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121° for
5 min, arranging to reach this temperature in NMT 10 min by preheating the autoclave if
necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except 2 of the 4 containing
no Standard solution (the uninoculated blanks). Incubate the tubes at a temperature of
between 30° and 40°, held constant to within ±0.5° for 16–24 h.
Terminate growth by heating to a temperature NLT 80° for 5 min. Cool to room temperature.
After agitating its contents, read the transmittance at 530 nm when a steady state is
reached. This steady state is observed a few seconds after agitation when the reading
remains constant for 30 s or more. Allow approximately the same time interval for the
reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
the inoculated blank. If the difference is greater than 5%, or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (ΣS) as the difference, y = 2.00 − ΣS. Plot this response on the ordinate
of cross-section paper against the logarithm of the milliliter of the Standard solution per
tube on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
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smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 − ΣU, adding together the two transmittances (ΣU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of 3 or more dosage levels to obtain X, which equals the log-relative potency, M′,
of the Sample solution. Determine the quantity, in µg, of cyanocobalamin
(C63 H88 CoN14 O14 P) in the portion of Tablets taken:
antilog M = antilog (M′ + log R)
R = amount of cyanocobalamin assumed to be present in the portion of Tablets taken
(µg)
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P) in
the portion of Tablets taken:
Result = [(antilog M)/N] × 100
N = nominal amount of cyanocobalamin in the portion of the Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Vitamin B12 Activity in
Design and Analysis of Biological Assays 〈111〉, The Confidence Interval and Limits of
Potency). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ
by more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Folic Acid, Method 1
Proceed as directed in Folic Acid Assay 〈411〉, Assay, Procedure 1.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
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standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (1%–3%).]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in the Internal standard solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of powder, equivalent
to 0.4 mg of folic acid, to a 50-mL amber-colored centrifuge tube. Add 25.0 mL of the
Internal standard solution, shake by mechanical means for 10 min, and centrifuge. Filter a
portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak area ratio of folic acid to methylparaben from the Sample solution
RS = peak area ratio of folic acid to methylparaben from the Standard solution
CS = concentration of USP Folic Acid RS in the Standard solution (µg/mL)
CU = nominal concentration of folic acid in the Sample solution (µg/mL)

USP43
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Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
Change to read:
• Folic Acid, Method 2
Proceed as directed in Folic Acid Assay 〈411〉, Assay, Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring, in 500 mL of water containing
10 mL of ammonium hydroxide.
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of the Standard stock solution with 10.0 mL of methanol
and 35.0 mL of Reagent. Shake for 15 min in a water bath maintained at 60°, and cool.
Filter, discarding the first few mL of the filtrate.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 0.3 mg of
folic acid, to a 125-mL stoppered flask. Add 10.0 mL of methanol and 35.0 mL of Reagent.
Shake for 15 min in a water bath maintained at 60°, and cool. Filter, discarding the first
few mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of
folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak area of folic acid from the Sample solution
rS = peak area of folic acid from the Standard solution
CS = concentration of USP Folic Acid RS in the Standard solution (µg/mL)
CU = nominal concentration of folic acid in the Sample solution (µg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 15 mg of calcium pantothenate, to a centrifuge tube. Add 25.0 mL of the
Internal standard solution, and shake vigorously for 10 min. Centrifuge, filter, and use the
clear filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate and the internal standard. Calculate the
percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the
portion of Tablets taken:
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Result = (RU/RS) × (CS/CU) × 100
RU = peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample
solution
RS = peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Standard solution
CS = concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
CU = nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of the Standard stock
solution with water to obtain a concentration of 0.01–0.04 µg/mL of calcium
pantothenate, the exact concentration being such that the responses obtained as
directed in the Analysis, 2.0 and 4.0 mL of the Standard solution, are within the linear
portion of the log-concentration response curve.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 50 mg of calcium pantothenate, to a 1000-mL volumetric flask containing
500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate solution (1
in 60), dilute with water to volume, and filter. Dilute a volume of this solution to obtain a
solution having approximately the same concentration as that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to make 1000 mL. Add 20 g of activated charcoal, stir for 1
h, and filter. Repeat the treatment with activated charcoal. Store under toluene in a cool
place at a temperature not below 10°. Filter the solution if a precipitate forms during
storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70°–80°, and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to make 1000 mL. Store under toluene in a cool place at a
temperature not below 10°.
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
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Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 3
Table 4, USP43
and adjust with 1 N sodium hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 3
Table 4 USP43
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Adenine–guanine–uracil solution
Riboflavin–thiamine hydrochloride–biotin solution
p-Aminobenzoic acid–niacin–pyridoxine
hydrochloride solution
Salt solution A
Salt solution B

25 mL
25 mL
0.25 mL
10 g
5g
5 mL
5 mL
5 mL
5 mL
5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121° for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in 3 or more of the tubes, using a pure culture of
Lactobacillus plantarum,1 incubating for 16–24 h at a temperature between 30° and 37°
held constant to within ±0.5°. Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121° for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
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Transfer cells from the Stock culture of Lactobacillus plantarum to a sterile tube containing
10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature between
30° and 37° held constant to within ±0.5°. The cell suspension is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to 4 similar but empty tubes add 5.0 mL of Basal
medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to 3 or more of the levels specified for the Standard solution, including the
levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121° for 5 min. Cool, and add 1 drop of Inoculum to each tube, except 2 of the 4 tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30° and 37°, held constant to within ±0.5° until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to an optical container if necessary. Read the transmittance between
540 and 660 nm when a steady state is reached. This steady state is observed a few
seconds after agitation when the galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (ΣS) as the difference, y = 2.00 − ΣS. Plot this response on the ordinate
of cross-section paper against the logarithm of the milliliter of Standard solution per
tube on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 − ΣU, adding together the two transmittances (ΣU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
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each of 3 or more dosage levels to obtain X, which equals the log-relative potency, M′,
of the Sample solution. Determine the quantity, in mg, of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Tablets taken:
antilog M = antilog (M′ + log R)
R = amount of calcium pantothenate assumed to be present in the portion of the
Tablets taken (mg)
Calculate the percentage of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of
Tablets taken:
Result = [(antilog M)/N] × 100
N = nominal amount of calcium pantothenate in the portion of Tablets taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 〈111〉, The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from the Standard stock
solution diluted with water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of calcium pantothenate, to a 250-mL volumetric flask. Add 10 mL of
methanol, and swirl the flask to disperse. Dilute with water to volume, mix, and filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
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Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate. Calculate the percentage of the labeled
amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of calcium pantothenate from the Sample solution
rS = peak area of calcium pantothenate from the Standard solution
CS = concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
CU = nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65°–70° for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride, riboflavin,
and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL of Diluent, and mix
using a vortex mixer for 30 s to completely suspend the powder. Immerse the centrifuge
tube in a hot water bath maintained at 65°–70°, heat for 5 min, and mix on a vortex mixer
for 30 s. Return the tube to the hot water bath, heat for another 5 min, and mix on a
vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature, and use
the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
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Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine
are about 0.3, 0.5, 0.8, and 1.0, respectively.]

USP43

Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacinamide from the Sample solution
rS = peak area of niacinamide from the Standard solution
CS = concentration of USP Niacinamide RS in the Standard solution (mg/mL)
CU = nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacin from the Sample solution
rS = peak area of niacin from the Standard solution
CS = concentration of USP Niacin RS in the Standard solution (mg/mL)
CU = nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the corresponding vitamin from the Sample solution
rS = peak area of the corresponding vitamin from the Standard solution
CS = concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
CU = nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
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For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1 = molecular weight of thiamine mononitrate, 327.36
Mr2 = molecular weight of thiamine hydrochloride, 337.27
Calculate the percentage of the labeled amount of vitamin B1 as thiamine ion
(C12 H17 N4 OS+), vitamin B2 as riboflavin (C17 H20 N4 O6 ), vitamin B3 as niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), vitamin B6 as pyridoxine (C8 H11 NO3 ), calcium pantothenate
(C18 H32 CaN2 O10 ), and folic acid (C19 H19 N7 O6 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin from the corresponding Sample solution
rS = peak area of the relevant vitamin from the corresponding Standard solution
CS = concentration of the relevant vitamin Reference Standard in the corresponding
Standard solution (µg/mL)
CU = nominal concentration of the relevant vitamin in the corresponding Sample solution
(µg/mL) USP43
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
each individual vitamin USP43
Change to read:
• Niacin, Method 2
Proceed as directed in Niacin or Niacinamide Assay 〈441〉, Assay, Chromatographic Methods,
Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
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Standard solution: Transfer 5.0 mL of the Standard stock solution to a 25-mL volumetric
flask, and dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Finely powder
NLT 20 Tablets. Transfer a portion of the powder, equivalent to a nominal amount of 2 mg
of riboflavin, to a 200-mL volumetric flask. If riboflavin is not present in the formulation,
use a portion of the powder equivalent to 2 mg of pyridoxine. If pyridoxine is not present
in the formulation, use a portion of the powder equivalent to 20 mg of niacin or
niacinamide. Add 100.0 mL of Extraction solvent, and mix for 20 min, using a wrist-action
shaker. Immerse the flask in a water bath maintained at 70°–75°, and heat for 20 min. Mix
on a vortex mixer for 30 s, cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacin. Calculate the percentage of the labeled amount of niacin
(C6 H5 NO2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacin from the Sample solution
rS = peak area of niacin from the Standard solution
CS = concentration of USP Niacin RS in the Standard solution (mg/mL)
CU = nominal concentration of niacin in the Sample solution (mg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
Change to read:
• Niacinamide, Method 2
Proceed as directed in Niacin or Niacinamide Assay 〈441〉, Assay, Chromatographic Methods,

PF 44(6):
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2018 in Niacin or Niacinamide Assay 〈441〉, Assay, Chromatographic Methods,724
Proceed
as directed

Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Solution A, Extraction solvent, Mobile phase, Standard stock solution, Standard
solution, Sample solution, Chromatographic system, and System suitability: Using
USP Niacinamide RS in place of USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacinamide. Calculate the percentage of the labeled amount of
niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacinamide from the Sample solution
rS = peak area of niacinamide from the Standard solution
CS = concentration of USP Niacinamide RS in the Standard solution (mg/mL)
CU = nominal concentration of niacinamide in the Sample solution (mg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 25-mL volumetric
flask, and dilute with Extraction solvent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
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Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of pyridoxine. Calculate the percentage of the labeled amount of
pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of pyridoxine from the Sample solution
rS = peak area of pyridoxine from the Standard solution
CS = concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
Change to read:
• Riboflavin, Method 2
Proceed as directed in Riboflavin Assay 〈481〉, Assay, Chromatographic Methods, Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed in Niacin, Method 2.
Solution B: 6.8 mg/mL of sodium acetate in water
Mobile phase: Prepare a mixture of Solution B and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65°–75°. Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of the Standard stock solution with Extraction solvent to
25.0 mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
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Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of riboflavin from the Sample solution
rS = peak area of riboflavin from the Standard solution
CS = concentration of USP Riboflavin RS in the Standard solution (mg/mL)
CU = nominal concentration of riboflavin in the Sample solution (mg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
Change to read:
• Thiamine, Method 2
Proceed as directed in Thiamine Assay 〈531〉, Assay, Chromatographic Methods, Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 mg/mL of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from the Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Weigh and finely powder NLT 20 Tablets. Mix a portion of the powder
with a volume of 0.2 N hydrochloric acid to obtain a concentration of 0.02 mg/mL of
thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30 min. Cool
to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
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System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for the major peaks. For products containing thiamine
hydrochloride, calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1 = molecular weight of thiamine mononitrate, 327.36
Mr2 = molecular weight of thiamine hydrochloride, 337.27

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
as thiamine ion (C12 H17 N4 OS+) USP43
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
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USP Thiamine Hydrochloride RS in the Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of the Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60°, and cool. Filter, discarding the first few milliliters of the
filtrate.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine hydrochloride,
0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride to a stoppered 125-mL flask.
Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1), and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60°, and cool. Filter, discarding the first few milliliters of the
filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50°
Flow rate: 2.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide. Calculate the percentage of the labeled
amount of niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacin or niacinamide from the Sample solution
rS = peak area of niacin or niacinamide from the Standard solution
CS = concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution
(mg/mL)
CU = nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak area of the corresponding vitamin from the Sample solution
rS = peak area of the corresponding vitamin from the Standard solution
CS = concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
CU = nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1 = molecular weight of thiamine mononitrate, 327.36
Mr2 = molecular weight of thiamine hydrochloride, 337.27
Calculate the percentage of the labeled amount of vitamin B1 as thiamine ion
(C12 H17 N4 OS+), vitamin B2 as riboflavin (C17 H20 N4 O6 ), vitamin B3 as niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), vitamin B6 as pyridoxine (C8 H11 NO3 ), calcium pantothenate
(C18 H32 CaN2 O10 ), and folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin from the relevant Sample solution
rS = peak area of the relevant vitamin from the relevant Standard solution
CS = concentration of the relevant vitamin Reference Standard in the relevant Standard
solution (µg/mL)
CU = nominal concentration of the relevant vitamin in the relevant Sample solution
(µg/mL) USP43
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
each individual vitamin USP43
Add the following:
• Folic Acid, Method 3; Ascorbic Acid, Niacin or Niacinamide, Pyridoxine
Hydrochloride, Calcium Pantothenate, Riboflavin, and Thiamine, Method 4
[Note—Use low-actinic glassware.]
Solution A: 0.56 g of edetate disodium and 2.04 g of potassium phosphate monobasic in
1000 mL of water. Adjust with phosphoric acid to a pH of 3.0.
Solution B: Acetonitrile, acetic acid, glacial, and water (5:1:94)
Solution C: 2 mL of ammonium hydroxide and 1 g of sodium perchlorate in 100 mL of water
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Solution D: 2 mL of ammonium hydroxide, 1 g of sodium perchlorate, and 2 g of sodium
ascorbate in 100 mL of water
Mobile phase A: 0.02% trifluoroacetic acid in water
Mobile phase B: Acetonitrile
Mobile phase: See Table 5.
Time
(min)
0
1.0
6.0
15.0
17.0
19.0
19.1
25.0

Table 5
Mobile Phase A
(%)
100
100
95
83
80
80
100
100

Mobile Phase B
(%)
0
0
5
17
20
20
0
0

Ascorbic acid standard stock solution: 1.0 mg/mL of ascorbic acid from USP Ascorbic
Acid RS in Solution A
Thiamine standard stock solution: 0.2 mg/mL of thiamine from USP Thiamine
Hydrochloride RS in Solution B. The solution can be placed on a steam bath for about 5–10
min with frequent swirling to assist in dissolution.
Riboflavin standard stock solution: 0.2 mg/mL of USP Riboflavin RS in Solution B. Heat
the solution to 65°–70° for 10 min to assist in dissolution.
Niacin or niacinamide standard stock solution: 1.0 mg/mL of USP Niacin RS or USP
Niacinamide RS in Solution A
Pyridoxine standard stock solution: 0.2 mg/mL of pyridoxine from USP Pyridoxine
Hydrochloride RS in Solution C
Folic acid standard stock solution: 0.2 mg/mL of folic acid from USP Folic Acid RS in
Solution C
Calcium pantothenate standard stock solution: 1.0 mg/mL of calcium pantothenate
from USP Calcium Pantothenate RS in Mobile phase A
System suitability solution: Transfer 0.5 mL of Ascorbic acid standard stock solution, 2.5
mL of Thiamine standard stock solution, and 0.5 mL of Niacin or niacinamide standard
stock solution into a 10-mL volumetric flask, and dilute with Mobile phase A to volume.
Sample solution 1: Weigh and finely powder NLT 20 Tablets. Transfer a calculated amount
of accurately weighed powder into a 100-mL volumetric flask to obtain a solution
containing known nominal concentrations of thiamine, riboflavin, and calcium pantothenate
in the ranges of 5–30 µg/mL for thiamine, 10–60 µg/mL for riboflavin, and 25–150 µg/mL
for calcium pantothenate. Add Solution B to about half the volume, and mix on a vortex
mixer for 5 min. Heat the flask at 65°–70° for 5 min, swirling frequently. Sonicate
additionally for 5 min, cool to room temperature, dilute with Mobile phase A to volume, and
mix well. Pass a portion of the solution through a suitable filter of 0.45-µm pore size, and
discard the first milliliter of the filtrate.
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Sample solution 2: Transfer a portion of finely powdered Tablets into a 100-mL volumetric
flask to obtain a solution containing known nominal concentrations of ascorbic acid and
niacin or niacinamide in the ranges of 50–300 µg/mL for ascorbic acid and 12–65 µg/mL for
niacin or niacinamide. Add Solution A to about half the volume, mix on a vortex mixer for 5
min, and sonicate for 10 min with occasional shaking. Cool to room temperature, dilute
with Solution A to volume, and mix well. Pass a portion of the solution through a suitable
filter of 0.45-µm pore size, and discard the first milliliter of the filtrate.
Sample solution 3: Transfer a portion of finely powdered Tablets into a 100-mL volumetric
flask to obtain a solution containing known nominal concentrations of pyridoxine
hydrochloride and folic acid in the ranges of 5–30 µg/mL for pyridoxine hydrochloride and
2–12 µg/mL for folic acid, add Solution D to about half the volume, heat on a water bath
at 40° for 5 min, and sonicate for 10 min with occasional shaking. Cool to room
temperature, dilute with Solution D to volume, and mix well. Pass a portion of the solution
through a suitable filter of 0.45-µm pore size, and discard the first milliliter of the filtrate.
Standard solution 1: Accurately transfer calculated volumes of Thiamine standard stock
solution, Riboflavin standard stock solution, and Calcium pantothenate standard stock
solution into a suitable volumetric flask to obtain a solution with final vitamin
concentrations similar to the nominal concentrations in Sample solution 1 for the
corresponding vitamins, dilute with Mobile phase A to volume, and mix well.
Standard solution 2: Accurately transfer calculated volumes of Ascorbic acid standard
stock solution and Niacin or niacinamide standard stock solution, into a suitable
volumetric flask to obtain a solution with final vitamin concentrations similar to the nominal
concentrations in Sample solution 2 for the corresponding vitamins, dilute with Mobile
phase A to volume, and mix well.
Standard solution 3: Accurately transfer calculated volumes of Pyridoxine standard stock
solution and Folic acid standard stock solution into a suitable volumetric flask to obtain a
solution with final vitamin concentrations similar to the nominal concentrations in Sample
solution 3 for the corresponding vitamins, dilute with Solution C to volume, and mix well.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detectors
For calcium pantothenate: UV 210 nm
For thiamine, ascorbic acid, niacin or niacinamide, and riboflavin: UV 254 nm
For pyridoxine hydrochloride and folic acid: UV 280 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution 1, Standard solution 2, and
Standard solution 3
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Suitability requirements
Resolution: NLT 3.5 between the thiamine and ascorbic acid peaks and NLT 4.0
between the ascorbic acid and niacin or niacinamide peaks, System suitability solution
Relative standard deviation: NMT 2.0% for each individual peak, Standard solution 1,
Standard solution 2, and Standard solution 3
Analysis
Samples: Sample solutions 1–3 and Standard solutions 1–3
Calculate the percentage of the labeled amount of vitamin B1 as thiamine ion
(C12 H17 N4 OS+), vitamin B2 as riboflavin (C17 H20 N4 O6 ), vitamin B3 as niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), vitamin B6 as pyridoxine (C8 H11 NO3 ), calcium pantothenate
(C18 H32 CaN2 O10 ), and folic acid (C19 H19 N7 O6 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin from the corresponding Sample solution
rS = peak area of the relevant vitamin from the corresponding Standard solution
CS = concentration of the relevant vitamin Reference Standard in the corresponding
Standard solution (µg/mL)
CU = nominal concentration of the relevant vitamin in the corresponding Sample solution
(µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of each individual vitamin
USP43

PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Dissolution: Meet the requirements
• Weight Variation 〈2091〉: Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count does not exceed 3 ×
103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• Labeling:4 The label states that the product is Oil- and Water-Soluble Vitamins Tablets. The
label also states the quantity of each vitamin /dosage unit
in mg/Tablet or µg/Tablet USP43
and, where necessary, the chemical form in which it is present. Where the product
contains vitamin E, the label indicates whether it is the d
RRR USP43
or dl
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all-rac USP43
form. Where more than one assay method is given for a particular vitamin, the labeling
states with which assay method the product complies only if Method 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Biotin RS
1H-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro-2-oxo-, 3aS-[(3aα,4β,6aα)];
(3aS,4S,6aR)-Hexahydro-2-oxo-1H-thieno[3,4-d]imidazole-4-valeric acid.
C10 H16 N2 O3 S
244.31
USP Calcium Pantothenate RS
β-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium salt (2:1), (R)-;
Calcium d-pantothenate (1:2).
C18 H32 CaN2 O10
476.53
USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3β,5Z,7E)-;
Cholecalciferol.
C27 H44 O
384.64
USP Cyanocobalamin RS
Vitamin B12 .
C63 H88 CoN14 O14 P
1355.37
USP Ergocalciferol RS
9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3β,5Z,7E,22E)-;
Ergocalciferol.
C28 H44 O
396.65
USP Folic Acid RS
l-Glutamic acid, N-[4-[[(2-amino-1,4-dihydro-4-oxo-6pteridinyl)methyl]amino]benzoyl]-;
Folic acid;
N-[p-[[(2-Amino-4-hydroxy-6-pteridinyl)methyl]amino]-benzoyl]-l-glutamic acid.
C19 H19 N7 O6
441.40
USP Niacin RS
3-Pyridinecarboxylic acid;
Nicotinic acid.
C6 H5 NO2
123.11
USP Niacinamide RS
3-Pyridinecarboxamide;
Nicotinamide.
C6 H6 N2 O
122.12
USP Phytonadione RS
1,4-Naphthalenedione, 2-methyl-3-(3,7,11,15-tetramethyl-2-hexadecenyl)-, [R[R*,R*-(E)]]-;
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Phylloquinone.
C31 H46 O2
450.70
USP Pyridoxine Hydrochloride RS
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-, hydrochloride;
Pyridoxol hydrochloride.
C8 H11 NO3 ·HCl
205.64
USP Retinyl Acetate RS
3,7-Dimethyl-9-(2,6,6-trimethyl-1- cyclohexen-1-yl) 2,4,6,8-nonatetraen-1-ol
acetate.
USP Retinyl Palmitate RS
[(2E,4E,6E,8E)-3,7-Dimethyl-9-(2,6,6-trimethyl-1-cyclohex-1-en-1-yl)nona-2,4,6,8tetraen-1-yl] hexadecanoate.
USP43

USP Riboflavin RS
Riboflavine.
C17 H20 N4 O6
376.36
USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-5-(2-hydroxyethyl)-4-methyl-,
chloride, monohydrochloride;
Thiamine monohydrochloride.
C12 H17 ClN4 OS·HCl
337.27
USP Vitamin A RS
3,7-Dimethyl-9-(2,6,6-trimethyl-1- cyclohexen-1-yl) 2,4,6,8-nonatetraen-1-ol acetate
(vitamin A acetate).
USP43

1 ATC C #8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 A suitable cartridge is the Waters Oasis MAX Vac RC , particle size 30 µm, part #186000371.
3 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbrueckii) may be obtained as No. 7830
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).
4 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however, the use of IU on the labels of
vitamin products continues.
USP43

Where articles are labeled in terms of Units in addition to the required labeling, the relationship of the USP
Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol (vitamin A alcohol) or
0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl palmitate (vitamin A
palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU of beta carotene =
0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or cholecalciferol; and 1
mg of dl
all-rac USP43
-alpha-tocopherol = 1.1 former USP Vitamin E Units; 1 mg of dl
all-rac USP43
-alpha-tocopheryl acetate = 1 former USP Vitamin E unit; 1 mg of dl
all-rac USP43
-alpha-tocopheryl acid succinate = 0.89 former USP Vitamin E Units; 1 mg of d
RRR USP43
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-alpha-tocopherol = 1.49 former USP Vitamin E Units; 1 mg of d
RRR USP43
-alpha-tocopheryl acetate = 1.36 former USP Vitamin E Units; and 1 mg of d
RRR USP43
-alpha-tocopheryl acid succinate = 1.21 former USP Vitamin E Units. In terms of d
RRR USP43
-alpha-tocopherol equivalents, 1 mg of d
RRR USP43
-alpha-tocopheryl acetate = 0.91; 1 mg of d
RRR USP43
-alpha-tocopheryl acid succinate = 0.81; 1 mg of dl
all-rac USP43
-alpha-tocopherol = 0.74; 1 mg of dl
all-rac USP43
-alpha-tocopheryl acetate = 0.67; and 1 mg of dl
all-rac USP43
-alpha-tocopheryl acid succinate = 0.60.
Note that 1 mg of Institute of Medicine (IOM) alpha-tocopherol equivalent = 1 mg of 2R-alpha-tocopherol = 1
mg of RRR-alpha-tocopherol = 2 mg of all-rac-alpha-tocopherol. USP43

Recent Official Publications:
USP42–NF37 Page 5362
BRIEFING
Oil- and Water-Soluble Vitamins with Minerals Tablets, USP 41 page 5061. As part of
USP monograph modernization efforts, it is proposed the following:
1. Add a new alternative analytical procedure for the simultaneous determination of
vitamins A, E, D, and K1 (phytonadione). This liquid chromatographic procedure is based
on analyses performed with the Phenomenex Luna C18(2) brand of column with L1
packing. Some carotenoids (cryptoxanthin and lycopene), have significant absorbance
at 265 and 325 nm and may coelute with vitamin D and vitamin A (as retinyl palmitate),
respectively, thus interfering with the determination. Therefore, a system suitability
requirement is used to ensure peak purity of vitamin D and vitamin A (as retinyl
palmitate). If the system suitability for peak purity cannot be resolved, another
monograph procedure should be used for analysis of vitamin D and vitamin A (as retinyl
palmitate).
2. Add the new analytical procedure for simultaneous determination of vitamins C, B1 , B2 ,
B3 , B6 , folic acid, and pantothenic acid. The liquid chromatographic procedure is based
on analyses performed with the GL Sciences Inertsil ODS 3V brand of column with L1
packing. The typical retention times for thiamin, ascorbic acid, niacinamide, pyridoxine,
calcium pantothinate, folic acid, and riboflavin are 2.5, 3.5, 4.8, 7.0, 11.5, 15.8, and
17.9 min respectively.
Additionally, the following changes are proposed:
1. Add a section on Identification.
2. Add clarifications to the Definition section regarding the vitamin E isomers used in tablet
formulations and the content of water soluble vitamins as expressed on the label.
3. Replace the description of the test procedures for each method under Strength for
Vitamin A, Vitamin D (Cholecalciferol or Ergocalciferol), and Vitamin E with cross
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references to Vitamin A Assay 〈571〉, Vitamin D Assay 〈581〉, and Vitamin E Assay 〈551〉.
Change the terms "d" and "dl" for vitamin E isomers to the terms "RRR" and "all-rac",
respectively, to reflect the preferred nomenclature in the most current U.S. regulations.
Add clarifications to the calculations and acceptance criteria in the tests for Vitamin E
in the Strength section in accordance with the new labeling requirements from FDA to
express vitamin content.
Replace the description of the test procedures under Strength for Folic Acid, Method 1
and Method 2; Niacin, Method 2 and Niacinamide, Method 2; Riboflavin, Method 2; and
Thiamine, Method 2 with cross references to Folic Acid Assay 〈411〉; Niacin or
Niacinamide Assay 〈441〉; Riboflavin Assay 〈481〉; and Thiamine Assay 〈531〉, respectively.
Add to the Labeling section the requirement to express vitamin A, vitamin D, and vitamin
E content in metric units (mg orµg/Tablet) in accordance with the new labeling
requirements from FDA to express vitamin content.
Modify the footnote in the Labeling section regarding the relationship between the
formerly used USP Units and mass.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C202597
Comment deadline: January 31, 2019
Oil- and Water-Soluble Vitamins with Minerals Tablets
DEFINITION
Change to read:
Oil- and Water-Soluble Vitamins with Minerals Tablets contain one or more of the following oilsoluble vitamins: Vitamin A,
as retinyl acetate or retinyl palmitate USP43
vitamin D as Ergocalciferol (vitamin D2 ) or Cholecalciferol (vitamin D3 ), Vitamin E
as RRR- or all-rac-alpha-tocopherol, RRR- or all-rac-alpha-tocopheryl acetate, or RRR- or allrac-alpha-tocopheryl acid succinate, USP43
Phytonadione (vitamin K1 ), and Beta Carotene; and one or more of the following water-soluble
vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium Ascorbate, Biotin,
Cyanocobalamin, Folic Acid, Niacin or Niacinamide, pantothenic acid (as Calcium Pantothenate
or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride, Riboflavin, and Thiamine
Hydrochloride or Thiamine Mononitrate; and one or more minerals derived from substances
generally recognized as safe, furnishing one or more of the following elements in ionizable form:
boron, calcium, chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum,
nickel, phosphorus, potassium, selenium, tin, vanadium, and zinc. Tablets contain NLT 90.0%
and NMT 165.0% of the labeled amount of vitamin A as retinol or esters of retinol in the form of
retinyl acetate (C22 H32 O2 ) or retinyl palmitate (C36 H46 O2 )
as retinol USP43
(C20 H30 O); vitamin D as cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O); vitamin E as
alpha tocopherol, alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate
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(C33 H54 O5 )
as 2R-alpha-tocopherol USP43
(C29 H50 O2 ); phytonadione (C31 H46 O2 ); and beta carotene (C40 H56 ); and NLT 90.0% and NMT
150.0% of the labeled amount of ascorbic acid (C6 H8 O6 ); or its salts as calcium ascorbate
(C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 )
USP43

biotin (C10 H16 N2 O3 S), cyanocobalamin (C63 H88 CoN14 O14 P), folic acid (C19 H19 N7 O6 ), niacin
(C6 H5 NO2 ) or niacinamide (C6 H6 N2 O), calcium pantothenate (C18 H32 CaN2 O10 ), pyridoxine
hydrochloride
USP43

(C8 H11 NO3 ·· HCl
USP43

), riboflavin (C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine
mononitrate.
as thiamine ion (C12 H17 N4 OS) USP43
and NLT 90.0% and NMT 125.0% of the labeled amount of calcium (Ca), copper (Cu), iron (Fe),
manganese (Mn), magnesium (Mg), phosphorus (P), potassium (K), and zinc (Zn); and NLT
90.0% and NMT 160.0% of the labeled amount of boron (B), chromium (Cr), fluorine (F), iodine
(I), molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V).
They may contain other labeled added substances that are generally recognized as safe, in
amounts that are unobjectionable.
IDENTIFICATION
Add the following:
• A. Characteristic absorption of each mineral as obtained in the tests in Strength

USP43

Add the following:
• B. The retention times of the vitamin peaks of the Sample solutions correspond to those
of the corresponding vitamin peaks of the Standard solutions as obtained in the tests for
Strength. USP43
STRENGTH
[Note—Where more than one assay method is given for an individual ingredient, the requirements
may be met by following any one of the specified methods, with the method used being stated
in the labeling only if Method 1 is not used.]
Change to read:
• Vitamin A, Method 1
Proceed as directed in Vitamin A Assay 〈571〉, Assay, Chromatographic Methods, Procedure
1, except for the Sample stock solution and Sample solution.
USP43

[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified
in the following procedure, use the chemical form present in the formulation. USP Vitamin
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A RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use lowactinic glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in n-hexane
System suitability stock solution: 15 µg/mL of retinyl palmitate in n-hexane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
USP43

Sample stock solution: (ERR 1-Aug-2017) Finely powder NLT 20 Tablets. Transfer a
portion of the powder, equivalent to 5 Tablets, to a container having a polytef-lined
screw-cap. Add 10 mL of dimethyl sulfoxide and 15 mL of n-hexane, and shake for 45 min
on a wrist-action shaker in a water bath maintained at 60°. [Note—Set up the wristaction shaker to ensure that the contents of the container are mixed vigorously and
thoroughly.] Centrifuge at 3000 rpm for 10 min, and transfer the hexane layer by means of
a pipet to a 100-mL volumetric flask. Add 15 mL of n-hexane to the dimethyl sulfoxide
layer, shake thoroughly for 5 min, and transfer the hexane layer by means of a pipet to
the 100-mL volumetric flask. Repeat this extraction with 3 additional 15-mL portions of nhexane. Dilute the extracts in the volumetric flask with n-hexane to volume.
Sample solution: Dilute a 10-mL volume of the Sample stock solution (ERR 1-Aug-2017)
with n-hexane to obtain a solution with a concentration of 15 µg/mL of vitamin A as
retinol (C20 H30 O).
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area for all-trans-retinyl acetate or all-trans-retinyl palmitate in the chromatogram
of the Sample solution. For products containing vitamin A acetate or vitamin A
palmitate, calculate the percentage of the labeled amount of vitamin A, as retinol
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(C20 H30 O), in the portion of the Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
rS = peak area of the all-trans-retinyl ester from the Standard solution
CS = concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the
Standard solution (µg/mL)
CU = nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS
to retinol, 0.872
[Note—The molar responses of retinyl acetate and retinyl palmitate are equivalent.]

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
Change to read:
• Vitamin A, Method 2
Proceed as directed in Vitamin A Assay 〈571〉, Assay, Chromatographic Methods, Procedure
2.
USP43

[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified
in the following procedure, use the chemical form present in the formulation. USP Vitamin
A RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use lowactinic glassware throughout this procedure.]
3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL
of sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Mobile phase: n-Hexane and ethyl acetate (99.7: 0.3)
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in 2,2,4trimethylpentane
System suitability stock solution: 15 µg/mL of retinyl palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: [Note—This preparation is suitable for the determination of vitamin A,
vitamin D, and vitamin E, when present in the formulation.] Finely powder NLT 20 Tablets.
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If vitamin D is present in the formulation, transfer a portion of the powder, equivalent to
30 µg of the labeled amount of cholecalciferol or ergocalciferol (vitamin D), to a container
having a polytef-lined screw cap. If vitamin D is not present in the formulation, use a
portion of the powder equivalent to 90 mg of the labeled amount of vitamin E (as alpha
tocopherol, alpha tocopheryl acetate, or alpha tocopheryl hemisuccinate). If vitamin E is
not present in the formulation, use a portion of the powder equivalent to 2.5 mg of the
labeled amount of vitamin A, as retinyl acetate or retinyl palmitate. Add 0.5 g of sodium
bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of 2,2,4-trimethylpentane, and
disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–pyrogallol solution, shake
slowly, and allow the solution to degas. Continue shaking until the evolution of gas has
ceased, and then shake for an additional 12 min. Add 6 mL of dimethyl sulfoxide, mix on a
vortex mixer to form a suspension, and shake for 12 min. Add 6 mL of 3 N methanolic
sulfuric acid solution, mix on a vortex mixer to form a suspension, and shake for 12 min.
Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to form a suspension, and
shake for 10 min. Centrifuge for 10 min to break up the emulsion and to clarify the
supernatant. [Note—The supernatant is used for the determination of vitamin A, and also
vitamin D and vitamin E, if present in the formulation.] If necessary, quantitatively dilute a
volume of the supernatant with 2,2,4-trimethylpentane to obtain a concentration close to
that of the Standard solution.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1.5 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8.0 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area of all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
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rS = peak area of the all-trans-retinyl ester from the Standard solution
CS = concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the
Standard solution (µg/mL)
CU = nominal concentration of vitamin A as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in the USP Vitamin
A RS, to retinol, 0.872
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration. The molar responses of retinyl acetate and retinyl
palmitate are equivalent.]

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
Change to read:
• Vitamin A, Method 3
Proceed as directed in Vitamin A Assay 〈571〉, Assay, Chromatographic Methods, Procedure
3.
USP43

[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Extraction solvent: n-Hexane and methylene chloride (3:1)
Potassium hydroxide solution: 800 mg/mL of potassium hydroxide in water.
[Note—Cautiously add potassium hydroxide in water. Mix, and cool.]
Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Standard stock solution: 30 µg/mL of retinyl acetate from USP Vitamin A RS in Diluent.
[Note—This solution may be stored in a refrigerator for 1 week.]
Standard solution: Dilute a volume of Standard stock solution with Diluent to obtain a
concentration of 1 µg/mL of USP Vitamin A RS. Transfer 10.0 mL of this solution to a
stoppered 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3 mL of Potassium
hydroxide solution. Insert the stopper tightly, shake for 15 min over a water bath
maintained at 60 ± 5°, and cool to room temperature. Add 7 mL of water and 25.0 mL of
Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s. Rinse the
sides of the flask with 60 mL of water, and allow to stand for 10 min until the layers
separate. Withdraw a portion of the organic layer for injection into the chromatograph.
This Standard solution contains 0.34 µg/mL of retinol.
Sample solution: Finely powder a counted number of Tablets. Transfer a portion of the
powder equivalent to 1.5 mg of retinyl acetate to a stoppered 125-mL flask. Add 5 mL of
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water, 15 mL of Diluent, and 3 mL of Potassium hydroxide solution. Insert the stopper
tightly, shake for 15 min over a water bath maintained at 60 ±5°, and cool to room
temperature. Add 7 mL of water and 25.0 mL of Extraction solvent. Insert the stopper
tightly, and shake vigorously for 60 s or longer, if necessary, for complete extraction.
Rinse the sides of the flask with 60 mL of water, and allow to stand for 10 min until the
layers separate. [Note—Do not shake because an emulsion may form.] Withdraw a portion
of the organic layer, and dilute with Extraction solvent to obtain a concentration of 0.34
µg/mL of retinol.
Chromatographic system
(See Chromatography 〈621〉, System Suitability).
Mode: LC
Detector: UV 335 nm
Column: 6.2-mm × 8-cm; packing L3
Column temperature: 40°
Flow rate: 4 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 13-cis-retinol and all-trans-retinol are 0.92 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for all-trans-retinol and 13-cis-retinol.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Tablets taken:
Result = (rT1/rT2) × (CS/CU) × F × 100
rT1 = sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Sample
solution
rT2 = sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the
Standard solution
CS = concentration of retinyl acetate (C23 H32 O2 ) from USP Vitamin A RS in the
Standard solution (µg/mL)
CU = nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A
RS, to retinol, 0.872
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USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
Change to read:
• Vitamin D (Cholecalciferol or Ergocalciferol), Method 1
Proceed as directed in Vitamin D Assay 〈581〉, Assay, Chromatographic Methods, Procedure
1, except for the Sample solution.
USP43

[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following
procedure, use the chemical form present in the formulation and the relevant USP
Reference Standard. Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60° for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
USP43

Sample solution: Prepare as directed for the Sample stock solution. (ERR 1-Aug-2017) in
Vitamin A, Method 1. Transfer NLT 20 mL of this solution to a suitable container, and if
necessary, evaporate under vacuum at room temperature to obtain a concentration of 2
µg/mL of cholecalciferol or ergocalciferol.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D.
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Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of cholecalciferol or ergocalciferol from the Sample solution
rS = peak area of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
F = correction factor to account for the average amount of previtamin D present in
the Sample solution, 1.09

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
Change to read:
• Vitamin D (Cholecalciferol or Ergocalciferol), Method 2
Proceed as directed in Vitamin D Assay 〈581〉, Assay, Chromatographic Methods, Procedure
2.
USP43

[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following
procedure, use the chemical form present in the formulation and the relevant USP
Reference Standard. Use low-actinic glassware throughout this procedure.]
3 N methanolic sulfuric acid solution, Sodium ascorbate–pyrogallol solution, Lecithin
solution, and Sample solution: Proceed as directed in Vitamin A, Method 2.
Mobile phase: n-Hexane and tertiary butyl alcohol (98.75: 1.25)
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in 2,2,4trimethylpentane
System suitability solution: Heat a volume of the Standard solution at 60° for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1 mL/min
Injection volume: 40 µL
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System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of cholecalciferol or ergocalciferol from the Sample solution
rS = peak area of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration.]

USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
Change to read:
• Vitamin D (Cholecalciferol or Ergocalciferol), Method 3
Proceed as directed in Vitamin D Assay 〈581〉, Assay, Chromatographic Methods, Procedure
3, except for the Analysis.
USP43

[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following
procedure, use the chemical form present in the formulation and the relevant USP
Reference Standard. Use low-actinic glassware throughout this procedure.]
Diluted acetic acid: Glacial acetic acid solution (1 in 10) in water
Phenolphthalein solution: 10 mg/mL of phenolphthalein in alcohol
Potassium hydroxide solution: Slowly dissolve 14 g of potassium hydroxide in a mixture
of 31 mL of dehydrated alcohol and 5 mL of water. Prepare fresh daily.
Extraction solvent: Methylene chloride and isopropyl alcohol (99.8: 0.2)
Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
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dehydrated alcohol. [Note—Prepare fresh every 4 weeks. Store in a freezer.]
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution by initially washing the column with 4.0 mL
of a mixture of methylene chloride and isopropyl alcohol (4:1), followed by 5.0 mL of
Extraction solvent. Do not allow the column to dry.] Dilute a volume of Standard stock
solution with dehydrated alcohol to obtain a concentration of 5 µg/mL of USP
Cholecalciferol RS or USP Ergocalciferol RS. Prepare this solution fresh daily. Transfer 2.0
mL of this solution to a stoppered 125-mL flask. Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution, insert the stopper, and shake for 30 min in a water bath
maintained at 60°. Allow to cool to room temperature, and transfer the contents of the
flask to a 250-mL separatory funnel. Add 15.0 mL of water to the flask, insert the
stopper, shake vigorously, and transfer this solution to the separatory funnel. Rinse the
flask with 60 mL of n-hexane, and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for 15 min until the layers separate.
Drain, and discard the aqueous layer. Add 15.0 mL of water to the hexane layer in the
separatory funnel, insert the stopper, and shake vigorously. Allow to stand for 10 min until
the layers separate, and discard the aqueous layer. Add 1 drop of Phenolphthalein solution
and 15.0 mL of water to the separatory funnel. Add Diluted acetic acid dropwise, with
shaking, until the washing is neutral. Allow to stand for 10 min until the layers separate.
Drain, and discard the aqueous layer. Filter the hexane layer through anhydrous sodium
sulfate supported by a small pledget of cotton into a 100-mL round-bottom flask. Rinse
the funnel and sodium sulfate with a few mL of n-hexane, and collect the rinsings in the
same flask. Evaporate the hexane in the flask on a rotary evaporator at 50° to dryness.
Immediately add 2.0 mL of Extraction solvent to dissolve the residue. Transfer this
solution to a freshly conditioned solid-phase extraction column containing silica packing
with a sorbent mass-to-column volume ratio of 500 mg to 2.8 mL or equivalent, rinse the
round-bottom flask with 1.0 mL of Extraction solvent, and transfer to the column. Elute
the column with 2.0 mL of Extraction solvent, and discard this fraction. Elute the column
with 7.0 mL of Extraction solvent, and collect the eluate in a suitable flask. Place the flask
in a warm water bath maintained at 42°, and evaporate the solvent with the aid of a
stream of nitrogen. Immediately add 2.0 mL of acetonitrile to the residue, and use the
solution for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 µg of cholecalciferol or ergocalciferol, to the stoppered 125-mL flask, and
proceed as directed for the Standard solution beginning with “Add 15.0 mL of water and
15.0 mL of Potassium hydroxide solution”.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 27°
Flow rate: 0.7 mL/min
Injection volume: 15 µL
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System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
USP43

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D.
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of cholecalciferol or ergocalciferol from the Sample solution
rS = peak area of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
Change to read:
• Vitamin E, Method 1
Proceed as directed in Vitamin E Assay 〈551〉, Assay, Procedure 1, except for the Sample
solution and Analysis.
USP43

[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl
acid succinate) is specified in the following procedure, use the chemical form present in
the formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
System suitability solution: Prepare a 0.65-mg/mL solution of USP Ergocalciferol RS in
methanol. Transfer 1.0 mL of this solution to a 100-mL volumetric flask containing 100 mg
of USP Alpha Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with the aid of
sonication if necessary, and dilute with methanol to volume. Store this solution in a
refrigerator.
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
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USP43

Sample solution:
Prepare as directed for the Sample stock solution (ERR 1-Aug-2017) in
Vitamin A, Method 1. Transfer NLT 20 mL of this solution to a suitable container, and
evaporate under vacuum at room temperature to dryness. Transfer the residue with the
aid of methanol to a suitable volumetric flask, and dilute with methanol to volume to
obtain a concentration of 2 mg/mL of alpha-tocopherol, alpha-tocopheryl acetate, or
alpha-tocopheryl acid succinate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for ergocalciferol and alpha tocopheryl acetate are
about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha tocopheryl acetate, System
suitability solution
Tailing factor: Between 0.8 and 1.2, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
USP43

Analysis
Samples: Standard solution and Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of alpha-tocopherol (C29 H50 O2 ), alphatocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate (C33 H54 O5 )
as 2R-alpha-tocopherol (C29 H50 O2 ) USP43
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU)
× F USP43
× 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
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CS = concentration of the corresponding USP Reference Standard
all-rac-alpha-tocopherol from either USP Alpha Tocopherol RS or USP Alpha
Tocopheryl Acetate RS or RRR-alpha-tocopherol from USP Alpha Tocopheryl Acid
Succinate RS USP43
in the Standard solution (mg/mL)
CU = nominal concentration of the corresponding form of vitamin E
as 2R-alpha-tocopherol USP43
in the Sample solution (mg/mL)
= conversion factor for the content of all-rac-alpha-tocopherol to 2R-alphatocopherol, 1/2 (for products labeled to contain all-rac vitamin E sources) and 1 (for
F products labeled to contain RRR vitamin E sources) USP43
Acceptance criteria: 90.0%–165.0% of the labeled amount of alpha-tocopherol
(C29 H50 O2 ), alpha-tocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate
(C33 H54 O5 ) as
2R-alpha-tocopherol USP43
Change to read:
• Vitamin E, Method 2
Proceed as directed in Vitamin E Assay 〈551〉, Assay, Procedure 2, except for the Analysis.
USP43

[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl
acid succinate) is specified in the following procedure, use the chemical form present in
the formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Mobile phase: Mix 240 mL of methanol with 10 mL of water, followed by 0.5 mL of 50%
phosphoric acid, and dilute with acetonitrile to 1000 mL.
System suitability solution: 2 mg/mL each of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, and USP Alpha Tocopheryl Acid Succinate RS in methanol
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 2.
Transfer a volume of the supernatant 2,2,4-trimethylpentane to a suitable volumetric
flask, the volume of the specimen withdrawn from the 2,2,4-trimethylpentane, and the
size of the volumetric flask being such that the final concentration of the Sample solution
is equivalent to that of the Standard solution. Evaporate nearly to dryness, add several
mL of methanol, and evaporate the remaining 2,2,4-trimethylpentane. Dilute with methanol
to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
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Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acid succinate, alpha tocopherol,
and alpha tocopheryl acetate are about 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid succinate and alpha tocopherol and
NLT 3.0 between alpha tocopherol and alpha tocopheryl acetate, System suitability
solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
CS = concentration of the corresponding USP Reference Standard in the Standard
solution (mg/mL)
CU = nominal concentration of the corresponding form of vitamin E in the Sample
solution (mg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane and
the dilution factor to exchange the solvent from 2,2,4-trimethylpentane to methanol to
calculate the nominal concentration.]
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha-tocopherol (C29 H50 O2 ), alphatocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate (C33 H54 O5 ) as 2Ralpha-tocopherol (C29 H50 O2 ) in the portion of Tablets taken as follows:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
CS = concentration of all-rac-alpha-tocopherol from either USP Alpha Tocopherol RS or
USP Alpha Tocopheryl Acetate RS or RRR-alpha-tocopherol from USP Alpha
Tocopheryl Acid Succinate RS in the Standard solution (mg/mL)
CU = nominal concentration of the corresponding form of vitamin E as 2R-alphatocopherol in the Sample solution (mg/mL)
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F = conversion factor for the content of all-rac-alpha-tocopherol to 2R-alphatocopherol, 1/2 (for products labeled to contain all-rac vitamin E sources) and 1 (for
products labeled to contain RRR vitamin E sources)
USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of alpha-tocopherol
(C29 H50 O2 ), alpha-tocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate
(C33 H54 O5 ) as
2R-alpha-tocopherol USP43
Change to read:
• Vitamin E, Method 3
Proceed as directed in Vitamin E Assay 〈551〉, Assay, Procedure 3, except for the Analysis.
USP43

Diluent: Acetonitrile and ethyl acetate (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in methanol
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 8 mg of alpha tocopherol, to a 125-mL flask fitted with a ground-glass joint.
Add 25.0 mL of water, 25.0 mL of dehydrated alcohol, and 3.5 g of potassium hydroxide
pellets. Shake for 1 h in a water bath maintained at 55°. Cool, and transfer with the aid of
a minimum volume of water to a 125-mL separatory funnel. Rinse the flask with 50 mL of
n-hexane, and add the rinsing to the separatory funnel. Insert the stopper, shake
vigorously for 60 s, and allow the layers to separate. Drain the aqueous layer into a
second 250-mL separatory funnel, and repeat the extraction with 50 mL of n-hexane.
Discard the aqueous layer, and combine the hexane extracts. Wash the combined extracts
with 25 mL of water, allow the layers to separate, and discard the aqueous layer. Add 3
drops of glacial acetic acid, and repeat the washing procedure two more times. Filter the
washed hexane layer through anhydrous sodium sulfate into a 250-mL round-bottom flask.
Rinse the funnel and sodium sulfate with a few mL of n-hexane, and add the rinsing to the
hexane solution in the flask. Place the flask in a water bath maintained at 50°, and
evaporate the hexane solution with the aid of a rotary evaporator to dryness. Immediately
add 25.0 mL of the Diluent, and swirl to dissolve the residue.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40°
Flow rate: 3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
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Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of vitamin E, as
alpha tocopherol (C29 H50 O2 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of alpha tocopherol from the Sample solution
rS = peak area of alpha tocopherol from the Standard solution
CS = concentration of alpha tocopherol in the Standard solution (mg/mL)
CU = nominal concentration of vitamin E, as alpha tocopherol, in the Sample solution
(mg/mL)
[Note—Calculate the nominal amount of vitamin E as alpha tocopherol (C29 H50 O2 ) by
multiplying the content of alpha tocopheryl acetate (C31 H52 O3 ) or alpha tocopheryl
acid succinate (C33 H54 O5 ), in mg/Tablet, by the factors 0.91 or 0.81, respectively.]
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha-tocopherol (C29 H50 O2 ), alphatocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate (C33 H54 O5 ) as 2Ralpha-tocopherol (C29 H50 O2 ) in the portion of Tablets taken as follows:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
CS = concentration of all-rac-alpha-tocopherol from either USP Alpha Tocopherol RS and
USP Alpha Tocopheryl Acetate RS or RRR-alpha-tocopherol from USP Alpha
Tocopheryl Acid Succinate RS in the Standard solution (mg/mL)
CU = nominal concentration of the corresponding form of vitamin E as 2R-alphatocopherol in the Sample solution (mg/mL)
F = conversion factor for the content of all-rac-alpha-tocopherol to 2R-alphatocopherol, 1/2 (for products labeled to contain all-rac vitamin E sources) and 1 (for
products labeled to contain RRR vitamin E sources)
USP43

Acceptance criteria: 90.0%–165.0% of the labeled amount of alpha-tocopherol
(C29 H50 O2 ), alpha-tocopheryl acetate (C31 H52 O3 ), or alpha-tocopheryl acid succinate
(C33 H54 O5 ) as
2R-alpha-tocopherol USP43
Change to read:
• Phytonadione, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
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Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume.]
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
Sample solution: Prepared as directed for the Sample stock solution (ERR 1-Aug-2017) in
Vitamin A, Method 1. Transfer NLT 20 mL of the solution to a suitable container, and, if
necessary, evaporate under vacuum at room temperature to dryness. Transfer the residue
to a suitable volumetric flask with the aid of methanol, and dilute with methanol to volume
to obtain a concentration of 20 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha-tocopheryl acetate and phytonadione are
0.68 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between alpha-tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of phytonadione
(C31 H46 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of phytonadione from the Sample solution
rS = peak area of phytonadione from the Standard solution
CS = concentration of USP Phytonadione RS in the Standard solution (µg/mL)
CU = nominal concentration of phytonadione in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Phytonadione, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solvent: Methanol and isopropyl alcohol (19:1)
Mobile phase: Mix 800 mL of methanol, 200 mL of methylene chloride, 0.1 mL of glacial
acetic acid, 1.36 g of zinc chloride, and 0.41 g of sodium acetate.
Internal standard solution: 5 µg/mL of menaquinone 4 (vitamin K2 ) in the Solvent. [Note
—A concentrated stock solution of menaquinone 4 (100 µg/mL) can be stored for 2
months in a refrigerator.]
Standard stock solution: 5 µg/mL of USP Phytonadione RS, prepared by dissolving in
methylene chloride with the aid of sonication and diluting with Solvent to final volume
Standard solution: Transfer 1.0 mL of the Standard stock solution and 1.0 mL of the
Internal standard solution to a suitable flask, and dilute with Solvent to 5 mL. Pass
through a membrane filter of 0.45-µm or finer pore size.
Sample solution: Finely powder NLT 20 Tablets. To a centrifuge tube fitted with a cap
transfer an amount of powder not exceeding 800 mg and equivalent to an amount of
phytonadione not exceeding 50 µg. Add 4 mL of water. Insert the stopper, and mix using a
vortex mixer until the sample is dispersed. Place the tube in a water bath at 60° for 5 min.
Remove from the bath, and again shake or mix using a vortex mixer for 1 min while the
preparation is still hot. Add 8 mL of alcohol, and swirl the contents to mix. Place the tube
in a water bath at 60° for 5 min. Remove from the bath, and again shake or mix using a
vortex mixer for 2 min while the preparation is still hot. Cool to room temperature. Add a
volume of the Internal standard solution, equivalent to 1.0 mL per each 5 µg of the
expected amount of phytonadione in the aliquot taken. Add 20.0 mL of petroleum ether,
and cap the tube tightly. Shake or mix using a vortex mixer for 15 min to thoroughly mix
the contents. Centrifuge to separate the 2 layers. Transfer a volume of the top layer of
petroleum ether, equivalent to 5–50 µg of the nominal amount of phytonadione, to an
appropriate flask. Place the flask in a water bath at 35°–45°, and evaporate the solvent
under a stream of nitrogen until an oily residue is left. Dissolve the residue in a volume of
the Solvent to obtain a concentration of 1 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Fluorometric detector
Excitation: 320 nm
Emission: 420 nm
Column: 4.6-mm × 25-cm; 5-µm, end-capped packing L1, and a postcolumn reactor
constituted with a 4.6-mm × 3-cm PEEK column tightly packed with zinc powder. [Note
—Prepare the postcolumn reactor daily, or as necessary, to meet the System suitability
requirements.]
Flow rate: 1 mL/min
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Injection volume: 25 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for the internal standard and phytonadione are 1.0
and 1.4, respectively.]
Suitability requirements
Column efficiency: NLT 2500 theoretical plates for the phytonadione peak
Tailing factor: NMT 1.5 for the phytonadione peak
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the portion
of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of phytonadione to the internal standard from the Sample
solution
RS = peak response ratio of phytonadione to the internal standard from the Standard
solution
CS = concentration of USP Phytonadione RS in the Standard solution (µg/mL)
CU = nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of labeled amount of phytonadione (C31 H46 O2 )
Add the following:
• Vitamin A, Vitamin D (Cholecalciferol or Ergocalciferol), and Vitamin E, Method 4;
Phytonadione, Method 3
[Note—Where vitamin A (retinyl acetate or retinyl palmitate), vitamin D (cholecalciferol or
ergocalciferol), or vitamin E (alpha-tocopherol, alpha-tocopheryl acetate, or alphatocopheryl acid succinate) are specified in the following procedure, use the chemical form
present in the formulation and the relevant Reference Standard. Use low-actinic
glassware.]
Diluent: Methanol and water (90:10, v/v)
Solution A: 0.1% (v/v) trifluoroacetic acid in Diluent
Solution B: 0.1% (v/v) trifluoroacetic acid in methanol
Mobile phase: See Table 1.
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Time
(min)
0
19
27
28
30

Table 1
Solution A
(%)
100
0
0
100
100

Solution B
(%)
0
100
100
0
0

Vitamin A standard stock solution: A solution containing the equivalent of 0.2 mg/mL of
retinol from USP Retinyl Acetate RS or USP Retinyl Palmitate RS in isopropyl alcohol.
Dissolve with the aid of sonication if necessary.
Vitamin D standard stock solution: 0.05 mg/mL of USP Cholecalciferol RS or USP
Ergocalciferol RS in isopropyl alcohol. Dissolve with the aid of sonication if necessary.
Vitamin E standard stock solution: 3.0 mg/mL of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, or USP Alpha Tocopheryl Acid Succinate RS in isopropyl alcohol.
Dissolve with the aid of sonication if necessary.
Phytonadione standard stock solution: 0.04 mg/mL of USP Phytonadione RS in isopropyl
alcohol. Dissolve with the aid of sonication if necessary.
Sample solution 1: Finely powder NLT 20 Tablets. Transfer an accurately weighed portion
of the powder into a 50-mL volumetric flask to obtain a solution containing known nominal
concentrations in the ranges of 0.05–0.1 mg/mL of vitamin A and 0.5–0.15 mg/mL of
vitamin E. Add 10 mL of dimethyl sulfoxide and sonicate for 30 min with vigorous
intermittent shaking. Cool to room temperature, dilute with isopropyl alcohol to volume,
and mix well. Pass a portion of the solution through a nylon filter of 0.45-µm pore size,
and discard the first milliliter of the filtrate.
Sample solution 2: Transfer an accurately weighed portion of the powder from NLT 20
finely powdered Tablets into a 50-mL volumetric flask to obtain a solution containing
known nominal concentrations in the ranges of 1.0–3.5 µg/mL of vitamin D and 1.0–3.5
µg/mL of phytonadione. Add 5 mL of water and sonicate for 10 min with intermittent
shaking. Add 10 mL of dimethyl sulfoxide and sonicate for 30 min with vigorous
intermittent shaking. Cool to room temperature, dilute with isopropyl alcohol to volume,
and mix well. Pass a portion of the solution through a nylon filter of 0.45-µm pore size,
and discard the first milliliter of the filtrate.
Standard solution: Transfer calculated volumes of Vitamin A standard stock solution,
Vitamin D standard stock solution, Vitamin E standard stock solution, and Phytonadione
standard stock solution into a suitable volumetric flask, and dilute with isopropyl alcohol to
volume to obtain a solution with final vitamin concentrations similar to those obtained for
the corresponding vitamins in Sample solution 1 and Sample solution 2.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detectors
For Sample solution 1 containing retinyl acetate: UV 325 nm for 7 min, then switch
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to 265 nm
For Sample solution 1 containing retinyl palmitate: UV 265 nm for 18 min, then
switch to 325 nm
For Sample solution 2: UV 265 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Temperatures
Sample: 4°
Column: 35°
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Sample solution 1, Sample solution 2, and Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% for each individual peak, Standard solution
Peak purity of vitamin D and vitamin A (as retinyl palmitate): Monitor the
chromatograms of Sample solution 1 and Sample solution 2 at 450 nm. The area of any
peak at the retention time of retinyl palmitate from Sample solution 1 and any peak at
the retention time of vitamin D (as cholecalciferol or ergocalciferol) from Sample
solution 2 should be NMT 5% of the corresponding peak areas detected at 325 nm and
265 nm, respectively. [Note—This test is required because of possible interference
with carotenoids (cryptoxanthin and lycopene) that may be present in the formulation.
Use another procedure in the monograph for analysis of vitamin D and vitamin A (as
retinyl palmitate) if the system is not suitable]
Analysis
Samples: Sample solution 1, Sample solution 2, and Standard solution
Calculate the percentage of the labeled amount of vitamin A activity, as retinol (C20 H30 O),
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the all-trans-retinyl ester from the Sample solution
rS = peak area of the all-trans-retinyl ester from the Standard solution
CS = concentration of retinol in the Standard solution (mg/mL)
CU = nominal concentration of vitamin A, as retinol, in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of vitamin E, as 2R-alpha-tocopherol
(C29 H50 O2 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak area of the relevant vitamin E form from the Sample solution
rS = peak area of the relevant vitamin E form from the Standard solution
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CS = concentration of all-rac-alpha-tocopherol from either USP Alpha Tocopherol RS or
USP Alpha Tocopheryl Acetate RS or RRR-alpha-tocopherol from USP Alpha
Tocopheryl Acid Succinate RS in the Standard solution (mg/mL)
CU = nominal concentration of vitamin E, as 2R-alpha-tocopherol, in the Sample solution
(mg/mL)
F = conversion factor for the content of all-rac-alpha-tocopherol to RRR-alphatocopherol equivalent, 1/2 (for products labeled to contain all-rac vitamin E sources)
and 1 (for products labeled to contain RRR vitamin E sources)
Calculate the percentage of the labeled amount of vitamin D, as cholecalciferol (C27 H44 O)
or ergocalciferol (C28 H44 O), and phytonadione (C31 H46 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the related vitamin from the Sample solution
rS = peak area of the related vitamin from the Standard solution
CS = concentration of related vitamin in the Standard solution (µg/mL)
CU = nominal concentration of related vitamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of each individual vitamin
USP43

• Beta Carotene
[Note—Use low-actinic glassware throughout this procedure.]
Potassium hydroxide solution: Dissolve 58.8 g potassium hydroxide in 50 mL of water.
Iodine solution: 0.01 mg/mL of iodine in cyclohexane. [Note—Prepare this solution fresh
daily.]
Sample solution: Weigh NLT 20 Tablets. Grind the Tablets to a fine powder, and transfer a
quantity of the powder, equivalent to 2 mg of beta carotene, to a 500-mL saponification
flask. Add 100 mL of alcohol, 6 mL of Potassium hydroxide solution, and a magnetic stirring
bar. Attach an air condenser to the flask, and heat under reflux for 45 min with constant
stirring. Cool to room temperature. Add 170 mL of solvent hexane, and stir for 30 min.
Quantitatively transfer the contents of the flask to a 500-mL separatory funnel with
portions of solvent hexane. Allow the layers to separate for 5–10 min, and transfer the
upper organic layer to a 500-mL volumetric flask. Transfer the lower aqueous layer into
the saponification flask. Add 170 mL of solvent hexane, and stir for an additional 20 min.
Quantitatively transfer the contents of the saponification flask to the separatory funnel
with the aid of portions of solvent hexane. Allow the layers to separate for 10 min. Drain
the lower aqueous layer, and discard. Transfer the organic layer to the volumetric flask
containing the previously collected organic layer. Rinse the separatory funnel with small
portions of solvent hexane, and transfer the washings to the volumetric flask. Dilute the
hexane extracts with solvent hexane to volume. Add 3 g of anhydrous sodium sulfate,
shake, and allow to settle. Quantitatively transfer a volume of this solution, equivalent to
100 µg of beta carotene, to a 50-mL volumetric flask. Evaporate under a stream of
nitrogen to dryness, and immediately add cyclohexane. Add 2 mL of Iodine solution, and
heat for 15 min in a water bath maintained at 65°. Cool rapidly, and dilute with
cyclohexane to volume.
Instrumental conditions
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(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: Vis
Analytical wavelength: 452 nm
Blank: Cyclohexane
Analysis
Sample: Sample solution
Determine the absorbance against the Blank.
Calculate the percentage of the labeled amount of beta carotene (C40 H56 ) in the portion of
Tablets taken:
Result = (AU/F) × (100/CU)
AU = absorbance of the Sample solution
F = absorptivity of beta carotene at 452 nm, 223
CU = nominal concentration of beta carotene in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
Change to read:
• Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate
(See Vitamin C Assay 〈580〉.)
[Note—For labeling purposes, consider 〈580〉, Method I—Titrimetric Method as Method 1;
〈580〉, Method II—Chromatographic Method, Procedure 1 as Method 2; and 〈580〉,
Method II—Chromatographic Method, Procedure 2 as Method 3. USP43
]
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 ), or
its salts as calcium ascorbate (C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 )
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 1 mg of biotin, to a 200-mL volumetric flask. Add 3 mL of dimethyl sulfoxide,
and swirl to wet the contents. Place the flask in a water bath at 60°–70° for 5 min.
Sonicate for 5 min, dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of biotin. Calculate the percentage of the labeled amount of biotin
(C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of biotin from the Sample solution
rS = peak area of biotin from the Standard solution
CS = concentration of USP Biotin RS in the Standard solution (µg/mL)
CU = nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
Change to read:
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the media prepared as described
herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store in a
refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water, prepared by dilution of the
Standard stock solution with water on the day of the assay
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of 50% alcohol, and
swirl to wet the contents. Heat the flask in a water bath at 60°–70° for 5 min. Sonicate
for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of the filtrate
quantitatively, and stepwise if necessary, with water to obtain a solution with a
concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
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the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to make 1000 mL. Add 20 g of activated charcoal, stir for 1
h, and filter. Repeat the treatment with activated charcoal. Store under toluene in a cool
place at a temperature not below 10°. Filter the solution if a precipitate forms during
storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water. Heat to 70°–80°, and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and add water to make 1000 mL. Store under toluene in a cool place at a temperature
NLT 10°.
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
add water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under
toluene.
Salt solution B: 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous
sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 1
Table 2, USP43
and adjust with 1 N sodium hydroxide to a pH of 6.8. Dilute with water to 250 mL.
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Table 1
Table 2 USP43
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Adenine–guanine–uracil solution
Calcium pantothenate solution
Riboflavin–thiamine hydrochloride solution
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution
Salt solution A
Salt solution B

762

25 mL
25 mL
0.25 mL
10 g
5g
5 mL
5 mL
5 mL
5 mL
5 mL
5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121° for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in 3 or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30° and 37° held constant
to within ±0.5°. Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121° for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
Culture medium. Incubate this culture for 16–24 h at a temperature between 30° and 37°
held constant to within ±0.5°. The cell suspension is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to 4 similar but empty tubes add 5.0 mL of Basal
medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to 3 or
more of the levels specified for the Standard solution, including the levels of 2.0, 3.0, and
4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and sufficient water
to make 10 mL. Place one complete set of Standard and sample tubes together in one
tube rack and the duplicate set in a second rack or section of a rack, preferably in random
order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
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121° for 5 min. Cool. Add 1 drop of Inoculum to each tube, except 2 of the 4 tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30° and 37° held constant to within ±0.5° until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to a spectrophotometer cell. Place the cell in a spectrophotometer that
has been set at a specific wavelength of 540–660 nm, and read the transmittance when a
steady state is reached. This steady state is observed a few seconds after agitation
when the galvanometer reading remains constant for 30 s or more. Allow approximately
the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (ΣS) as the difference, y = 2.00 − ΣS. Plot this response on the ordinate of
cross-section paper against the logarithm of the milliliter of the Standard solution per tube
on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 − ΣU, adding together the two transmittances (ΣU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of lowest and highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to
obtain the difference, X, for each dosage level. Average the values of X for each of 3 or
more dosage levels to obtain X, which equals the log-relative potency, M′, of the Sample
solution.
Determine the quantity, in µg, of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
antilog M = antilog (M′ + log R)
R = amount of biotin assumed to be present in the portion of the Tablets taken (µg)
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of
the Tablets taken:
Result = [(antilog M)/N] × 100
N = nominal amount of biotin in the portion of the Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
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Biological Assays 〈111〉, The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 800 mL of water and 100 mL of triethylamine to a 1000-mL volumetric
flask. Add 80 mL of 85% phosphoric acid, and dilute with water to volume.
Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of Solution A to a 1000-mL
volumetric flask. Dilute with water to volume.
Standard solution: 0.6 µg/mL of USP Biotin RS in water. [Note—A portion of the Standard
solution will be used to determine the percent recovery of biotin from the Solid-phase
extraction procedure.]
Sample solution: Finely powder NLT 20 Tablets. Transfer an amount of powdered Tablets
to a volumetric flask to obtain a nominal concentration of 0.6 µg/mL of biotin. Add water
up to 80% of the flask capacity, and sonicate for 30–40 min, with occasional mixing, to
dissolve. Dilute with water to volume, and filter. Adjust the pH of the solution with either
dilute acetic acid or 0.1 N sodium hydroxide to a pH of 6.0–7.0.
Solid-phase extraction: [Note—Condition the extraction column specified in this
procedure in the following manner. Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.] Separately pipet 5.0 mL each of the Sample
solution and Standard solution into freshly conditioned solid-phase extraction columns
consisting of a mixed-mode packing with a sorbent-mass of 60 mg. [Note—The mixedmode packing consists of anion-exchange and reversed-phase sorbents. The reversephase component is a polymer of copolymer N-vinylpyrrolidone and divinylbenzene. The
anion exchange moiety is a trialkylamino group.2]
Wash the column with 10 mL of 30% (v/v) methanol in water. Apply an appropriate volume
(4.9 mL) of 30% (v/v) methanol in 0.1 N hydrochloric acid to the column. Collect the
eluate in a 5-mL volumetric flask, containing 100 µL of 40% (w/v) sodium acetate in
water, and dilute with 30% (v/v) methanol in 0.1 N hydrochloric acid to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and portion of the Standard solution that has undergone
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Solid-phase extraction
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution and Standard solution that
has undergone Solid-phase extraction
Recovery: 95%–100%, Standard solution that has undergone Solid-phase extraction
Analysis
Samples: Standard solution and the Sample solution that have both undergone Solidphase extraction
Measure the peak areas of biotin. Calculate the percentage of the labeled amount of biotin
(C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of biotin from the Sample solution
rS = peak area of biotin from the Standard solution
CS = concentration of USP Biotin RS in the Standard solution (µg/mL)
CU = nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store in a
dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from Standard stock solution
diluted with water
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of cyanocobalamin, to a 250-mL flask. Quantitatively add 100.0 mL
of water, and carefully extract for 2 min. Filter 10 mL of the extract, and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
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Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of cyanocobalamin.
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area from the Sample solution
rS = peak area from the Standard solution
CS = concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
CU = nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of the Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of the Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powdered
Tablets, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for
each gram of powdered Tablets taken, 25 mL of an aqueous extracting solution prepared
just before use to contain, in each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of
anhydrous citric acid, and 1.0 g of sodium metabisulfite. Autoclave the mixture at 121° for
10 min. Allow any undissolved particles of the extract to settle, and filter or centrifuge if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution
containing vitamin B12 activity equivalent to the nominal activity of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Biotin, Method 2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Biotin, Method 2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70°, add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to make 200 mL. Store under toluene in a refrigerator.
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Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store
in a refrigerator.
Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg
of biotin, and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene,
protected from light, in a refrigerator.
Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium
pantothenate, 40 mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg
of pyridoxamine dihydrochloride, and 2 mg of folic acid in a mixture of water and
neutralized alcohol (3:1) to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2
Table 3, USP43
carefully dissolving cystine and tryptophan in the 1N hydrochloric acid before adding the
next 8 solutions to the resulting solution. Add 100 mL of water, and dissolve the dextrose,
sodium acetate, and ascorbic acid. Filter, if necessary. Add the Polysorbate 80 solution,
adjust with 1 N sodium hydroxide to a pH of 5.5–6.0, and dilute with Purified Water to
make 250 mL.
Table 2
Table 3 USP43
l-Cystine
l-Tryptophan
1 N hydrochloric acid
Adenine–guanine–uracil solution
Xanthine solution
Vitamin solution A
Vitamin solution B
Salt solution A
Salt solution B
Asparagine solution
Acid-hydrolyzed casein solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Ascorbic acid
Polysorbate 80 solution

0.1 g
0.05 g
10 mL
5 mL
5 mL
10 mL
10 mL
5 mL
5 mL
5 mL
25 mL
10 g
5g
1g
5 mL
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Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass
with the aid of reduced pressure through a layer of the filter aid. Repeat if necessary until
a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and add
water to make 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121° for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of the Basal medium stock solution with
an equal volume of water. Place 10-mL portions of the diluted medium in test tubes.
Sterilize, and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121°
for 15 min in an autoclave, and allow the tubes to cool in an upright position. Inoculate 3
or more of the tubes by stab transfer of a pure culture of Lactobacillus leichmannii.3 [Note
—Before first using a fresh culture in this assay, make NLT 10 successive transfers of the
culture in a 2-week period.] Incubate for 16–24 h at a temperature between 30° and 40°
held constant to within ±0.5°. Store in a refrigerator.
Prepare fresh stab cultures at least 3 times each week, and do not use them for preparing
the Inoculum if more than 4 days old. The activity of the microorganism can be increased
by daily or twice-daily transfer of the stab culture, to the point where definite turbidity in
the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing culture
seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus leichmannii to 2 sterile tubes containing 10 mL
each of the Culture medium. Incubate these cultures for 16–24 h at a temperature
between 30° and 40° held constant to within ±0.5°. Under aseptic conditions centrifuge
the cultures, and decant the supernatant. Suspend the cells from the culture in 5 mL of
sterile Suspension medium, and combine. Using sterile Suspension medium, adjust the
volume so that a 1-in-20 dilution in saline TS produces 70% transmittance when read on a
suitable spectrophotometer that has been set at a wavelength of 530 nm, equipped with
a 10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in-400
dilution of the adjusted suspension using sterile Basal medium stock solution. [Note—This
dilution may be altered, when necessary, to obtain the desired test response.] The cell
suspension is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water, and
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with the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable means,
followed preferably by heating at 250° for 2 h using hard-glass 20-mm × 150-mm test
tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to 4 similar but empty tubes add 5.0 mL of
the Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121° for
5 min, arranging to reach this temperature in NMT 10 min by preheating the autoclave if
necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except 2 of the 4 containing
no Standard solution (the uninoculated blanks). Incubate the tubes at a temperature
between 30° and 40°, held constant to within ±0.5°, for 16–24 h.
Terminate growth by heating to a temperature NLT 80° for 5 min. Cool to room temperature.
After agitating its contents, read the transmittance at 530 nm when a steady state is
reached. This steady state is observed a few seconds after agitation when the reading
remains constant for 30 s or more. Allow approximately the same time interval for the
reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
the inoculated blank. If the difference is greater than 5% or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (ΣS) as the difference, y = 2.00 − ΣS. Plot this response on the ordinate
of cross-section paper against the logarithm of the milliliter of the Standard solution per
tube on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
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whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 − ΣU, adding together the two transmittances (ΣU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of 3 or more dosage levels to obtain X, which equals the log-relative potency, M′,
of the Sample solution.
Determine the quantity, in µg, of cyanocobalamin (C63H88CoN14O14P) in the portion of
Tablets taken:
antilog M = antilog (M′ + log R)
R = amount of cyanocobalamin assumed to be present in the portion of Tablets taken
(µg)
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P) in
the portion of the Tablets taken:
Result = [(antilog M)/N] × 100
N = nominal amount of cyanocobalamin in the portion of the Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Vitamin B12 Activity
USP43

Design and Analysis of Biological Assays 〈111〉, The Confidence Interval and Limits of
Potency). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ
by more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Folic Acid, Method 1
Proceed as directed in Folic Acid Assay 〈411〉, Assay, Procedure 1.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
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Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (1%–3%).]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in the Internal standard solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of powder, equivalent
to 0.4 mg of folic acid, to a 50-mL amber-colored centrifuge tube. Add 25.0 mL of the
Internal standard solution, shake by mechanical means for 10 min, and centrifuge. Filter a
portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak area ratio of folic acid to methylparaben from the Sample solution
RS = peak area ratio of folic acid to methylparaben from the Standard solution
CS = concentration of USP Folic Acid RS in the Standard solution (µg/mL)
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CU = nominal concentration of folic acid in the Sample solution (µg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
Change to read:
• Folic Acid, Method 2
Proceed as directed in Folic Acid Assay 〈411〉, Assay, Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring, in 500 mL of water containing
10 mL of ammonium hydroxide.
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of the Standard stock solution with 10.0 mL of methanol
and 35.0 mL of Reagent. Shake for 15 min in a water bath maintained at 60°, and cool.
Filter, discarding the first few mL of the filtrate.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 0.3 mg of
folic acid, to a 125-mL stoppered flask. Add 10.0 mL of methanol and 35.0 mL of Reagent.
Shake for 15 min in a water bath maintained at 60°, and cool. Filter, discarding the first
few mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of
folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of folic acid from the Sample solution
rS = peak area of folic acid from the Standard solution
CS = concentration of USP Folic Acid RS in the Standard solution (µg/mL)
CU = nominal concentration of folic acid in the Sample solution (µg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in the Internal standard
solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 15 mg of calcium pantothenate, to a centrifuge tube. Add 25.0 mL of the
Internal standard solution, and shake vigorously for 10 min. Centrifuge, filter, and use the
clear filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
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Measure the peak areas of calcium pantothenate and the internal standard.
Calculate the percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 )
in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample
solution
RS = peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Standard solution
CS = concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
CU = nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of the Standard stock
solution with water to obtain a concentration of 0.01–0.04 µg/mL of calcium
pantothenate, the exact concentration being such that the responses obtained as
directed in the Analysis, using 2.0 and 4.0 mL of the Standard solution, are within the
linear portion of the log-concentration-response curve.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 50 mg of calcium pantothenate, to a 1000-mL volumetric flask containing
500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate solution (1
in 60), dilute with water to volume, and filter. Dilute a volume of this solution to obtain a
solution having approximately the same concentration as that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to make 1000 mL. Add 20 g of activated charcoal, stir for 1
h, and filter. Repeat the treatment with activated charcoal. Store under toluene in a cool
place at a temperature not below 10°. Filter the solution if a precipitate forms during
storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70°–80°, and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to make 1000 mL. Store under toluene in a cool place at a
temperature not below 10°.
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Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 3
Table 4, USP43
and adjust with 1 N sodium hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 3
Table 4 USP43
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Adenine–guanine–uracil solution
Riboflavin–thiamine hydrochloride–biotin solution
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution
Salt solution A
Salt solution B

25 mL
25 mL
0.25 mL
10 g
5g
5 mL
5 mL
5 mL
5 mL
5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121° for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in 3 or more of the tubes using a pure culture of
Lactobacillus plantarum,1 incubating for 16–24 h at a temperature between 30° and 37°
held constant to within ±0.5°. Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for the Inoculum if the culture is more than 1 week
old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
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tubes with cotton, sterilize in an autoclave at 121° for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus plantarum to a sterile tube containing
10 mL of the Culture medium. Incubate this culture for 16–24 h at a temperature
between 30° and 37° held constant to within ±0.5°. The cell suspension is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to 4 similar but empty tubes, add 5.0 mL of the
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to 3 or more of the levels specified for the Standard solution, including the
levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121° for 5 min. Cool, and add 1 drop of Inoculum to each tube, except 2 of the 4 tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30° and 37°, held constant to within ±0.5° until, following 16–24 h
of incubation, until there has been no substantial increase in turbidity in the tubes
containing the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to an optical container if necessary. Read the transmittance between
540 and 660 nm when a steady state is reached. This steady state is observed a few
seconds after agitation when the galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard calculate the response from the sum of the duplicate values of the
transmittance (ΣS) as the difference, y = 2.00 − ΣS. Plot this response on the ordinate
of cross-section paper against the logarithm of the milliliter of the Standard solution per
tube on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 − ΣU, adding together the two transmittances (ΣU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
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volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of 3 or more dosage levels to obtain X, which equals the log-relative potency, M′,
of the Sample solution. Determine the quantity, in mg, of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Tablets taken:
antilog M = antilog (M′ + log R)
R = amount of calcium pantothenate assumed to be present in the portion of the
Tablets taken (mg)
Calculate the percentage of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of the
Tablets taken:
Result = [(antilog M)/N] × 100
N = nominal amount of calcium pantothenate in the portion of the Tablets taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 〈111〉, The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from the Standard stock
solution diluted with water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of calcium pantothenate, to a 250-mL volumetric flask. Add 10 mL of
methanol, and swirl the flask to disperse. Dilute with water to volume, mix, and filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50°
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Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate.
Calculate the percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 )
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of calcium pantothenate from the Sample solution
rS = peak area of calcium pantothenate from the Standard solution
CS = concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
CU = nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS, to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65°–70° for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride, riboflavin,
and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL of Diluent, and mix
using a vortex mixer for 30 s to completely suspend the powder. Immerse the centrifuge
tube in a hot water bath maintained at 65°–70°, heat for 5 min, and mix on a vortex mixer
for 30 s. Return the tube to the hot water bath, heat for another 5 min, and mix on a
vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature, and use
the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
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Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine
are about 0.3, 0.5, 0.8, and 1.0, respectively.]

USP43

Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacinamide from the Sample solution
rS = peak area of niacinamide from the Standard solution
CS = concentration of USP Niacinamide RS in the Standard solution (mg/mL)
CU = nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacin from the Sample solution
rS = peak area of niacin from the Standard solution
CS = concentration of USP Niacin RS in the Standard solution (mg/mL)
CU = nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak area of the corresponding vitamin from the Sample solution
rS = peak area of the corresponding vitamin from the Standard solution
CS = concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
CU = nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1 = molecular weight of thiamine mononitrate, 327.36
Mr2 = molecular weight of thiamine hydrochloride, 337.27
Calculate the percentage of the labeled amount of vitamin B1 as thiamine ion
(C12 H17 N4 OS+), vitamin B2 as riboflavin (C17 H20 N4 O6 ), vitamin B3 as niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), vitamin B6 as pyridoxine (C8 H11 NO3 ), calcium pantothenate
(C18 H32 CaN2 O10 ), and folic acid (C19 H19 N7 O6 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin from the corresponding Sample solution
rS = peak area of the relevant vitamin from the corresponding Standard solution
CS = concentration of the relevant vitamin Reference Standard in the corresponding
Standard solution (µg/mL)
CU = nominal concentration of the relevant vitamin in the corresponding Sample solution
(µg/mL) USP43
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
each individual vitamin USP43
Change to read:
• Niacin, Method 2
Proceed as directed in Niacin or Niacinamide Assay 〈441〉, Assay, Chromatographic Methods,
Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
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Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in the Extraction solvent
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 25-mL volumetric
flask, and dilute with the Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Finely powder
NLT 20 Tablets. Transfer a portion of the powder, equivalent to a nominal amount of 2 mg
of riboflavin, to a 200-mL volumetric flask. If riboflavin is not present in the formulation,
use a portion of the powder equivalent to 2 mg of pyridoxine. If pyridoxine is not present
in the formulation, use a portion of the powder equivalent to 20 mg of niacin or
niacinamide. Add 100.0 mL of the Extraction solvent, and mix for 20 min, using a wristaction shaker. Immerse the flask in a water bath maintained at 70°–75°, and heat for 20
min. Mix on a vortex mixer for 30 s, cool to room temperature, and filter. Use the clear
filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacin from the Sample solution
rS = peak area of niacin from the Standard solution
CS = concentration of USP Niacin RS in the Standard solution (mg/mL)
CU = nominal concentration of niacin in the Sample solution (mg/mL)
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USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
Change to read:
• Niacinamide, Method 2
Proceed as directed in Niacin or Niacinamide Assay 〈441〉, Assay, Chromatographic Methods,
Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Solution A, Extraction solvent, Mobile phase, Standard stock solution, Standard
solution, Sample solution, Chromatographic system, and System suitability: Using
USP Niacinamide RS in place of USP Niacin RS, proceed as directed for Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacinamide. Calculate the percentage of the labeled amount of
niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacinamide from the Sample solution
rS = peak area of niacinamide from the Standard solution
CS = concentration of USP Niacinamide RS in the Standard solution (mg/mL)
CU = nominal concentration of niacinamide in the Sample solution (mg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed for Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in the Extraction
solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with the Extraction solvent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
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Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of pyridoxine. Calculate the percentage of the labeled amount of
pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of pyridoxine from the Sample solution
rS = peak area of pyridoxine from the Standard solution
CS = concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
Change to read:
• Riboflavin, Method 2
Proceed as directed in Riboflavin Assay 〈481〉, Assay, Chromatographic Methods, Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed for Niacin, Method 2.
Solution A: 6.8 mg/mL of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of the Extraction solvent. Immerse the flask for 5 min in a water
bath maintained at 65°–75°. Mix well, and repeat if necessary until dissolved. Chill rapidly
in a cold water bath to room temperature, and dilute with the Extraction solvent to
volume.
Standard solution: Dilute 5.0 mL of the Standard stock solution with the Extraction
solvent to 25.0 mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of riboflavin from the Sample solution
rS = peak area of riboflavin from the Standard solution
CS = concentration of USP Riboflavin RS in the Standard solution (mg/mL)
CU = nominal concentration of riboflavin in the Sample solution (mg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
Change to read:
• Thiamine, Method 2
Proceed as directed in Thiamine Assay 〈531〉, Assay, Chromatographic Methods, Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 g/L of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from the Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Weigh and finely powder NLT 20 Tablets. Mix a portion of the powder
with a volume of 0.2 N hydrochloric acid to obtain a concentration of 0.02 mg/mL of
thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30 min. Cool
to room temperature, and filter. Use the clear filtrate.
Chromatographic system
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(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for the major peaks. For products containing thiamine
hydrochloride, calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1 = molecular weight of thiamine mononitrate, 327.36
Mr2 = molecular weight of thiamine hydrochloride, 337.27

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
as thiamine ion (C12 H17 N4 OS+) USP43
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
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Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in the Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of the Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60°, and cool. Filter, discarding the first few milliliters of the
filtrate.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine hydrochloride,
0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride to a stoppered 125-mL flask.
Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1), and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60°, and cool. Filter, discarding the first few milliliters of the
filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50°
Flow rate: 2.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacin or niacinamide.
Calculate the percentage of the labeled amount of niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacin or niacinamide from the Sample solution
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rS = peak area of niacin or niacinamide from the Standard solution
CS = concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution
(mg/mL)
CU = nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the corresponding vitamin from the Sample solution
rS = peak area of the corresponding vitamin from the Standard solution
CS = concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
CU = nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1 = molecular weight of thiamine mononitrate, 327.36
Mr2 = molecular weight of thiamine hydrochloride, 337.27
Calculate the percentage of the labeled amount of vitamin B1 as thiamine ion
(C12 H17 N4 OS+), vitamin B2 as riboflavin (C17 H20 N4 O6 ), vitamin B3 as niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), vitamin B6 as pyridoxine (C8 H11 NO3 ), calcium pantothenate
(C18 H32 CaN2 O10 ), and folic acid (C19 H19 N7 O6 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin from the corresponding Sample solution
rS = peak area of the relevant vitamin from the corresponding Standard solution
CS = concentration of the relevant vitamin Reference Standard in the corresponding
Standard solution (µg/mL)
CU = nominal concentration of the relevant vitamin in the corresponding Sample solution
(µg/mL) USP43
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
each individual vitamin USP43
Add the following:
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• Folic Acid Method 3; Ascorbic Acid, Niacin or Niacinamide, Pyridoxine Hydrochloride,
Calcium Pantothenate, Riboflavin, and Thiamine, Method 4
[Note—Use low-actinic glassware.]
Solution A: 0.56 g of edetate disodium and 2.04 g of potassium phosphate monobasic per
1000 mL of water. Adjust with phosphoric acid to a pH of 3.0.
Solution B: Acetonitrile, acetic acid, glacial, and water (5:1:94)
Solution C: Aqueous solution containing 2 mL of ammonium hydroxide, 1 g of sodium
perchlorate per 100 mL
Solution D: Aqueous solution containing 2 mL of ammonium hydroxide, 1 g of sodium
perchlorate and 2 g of sodium ascorbate per 100 mL
Mobile phase A: 0.02% trifluoroacetic acid in water
Mobile phase B: Acetonitrile
Mobile phase: See Table 5.
Time
(min)
0
1.0
6.0
15.0
17.0
19.0
19.1
25.0

Table 5
Mobile Phase A
(%)
100
100
95
83
80
80
100
100

Mobile Phase B
(%)
0
0
5
17
20
20
0
0

Ascorbic acid standard stock solution: 1.0 mg/mL of ascorbic acid from USP Ascorbic
Acid RS in Solution A
Thiamine standard stock solution: 0.2 mg/mL of thiamine from USP Thiamine
Hydrochloride RS in Solution B. The solution can be placed on a steam bath for about 5–10
min with frequent swirling to assist in dissolution.
Riboflavin standard stock solution: 0.2 mg/mL of USP Riboflavin RS in Solution B. Heat
the solution to 65°–70° for 10 min to assist in dissolution.
Niacin or niacinamide standard stock solution: 1.0 mg/mL of USP Niacin RS or USP
Niacinamide RS in Solution A
Pyridoxine standard stock solution: 0.2 mg/mL of pyridoxine from USP Pyridoxine
Hydrochloride RS in Solution C
Folic acid standard stock solution: 0.2 mg/mL of folic acid from USP Folic Acid RS in
Solution C
Calcium pantothenate standard stock solution: 1.0 mg/mL of calcium pantothenate
from USP Calcium Pantothenate RS in Mobile phase A
System suitability solution: Transfer 0.5 mL of Ascorbic Acid standard stock solution, 2.5
mL of Thiamine standard stock solution, and 0.5 mL of Niacin or niacinamide standard
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stock solution into 10-mL volumetric flask and dilute to volume with Mobile phase A.
Sample solution 1: Weigh and finely powder NLT 20 Tablets. Transfer a calculated amount
of accurately weighed powder into a 100-mL volumetric flask to obtain a solution
containing known nominal concentrations of thiamine, riboflavin, and calcium pantothenate
in the ranges of 5–30 µg/mL for thiamine, 10–60 µg/mL for riboflavin, and 25–150 µg/mL
for calcium pantothenate. Add Solution B to about half the volume and mix on a vortex
mixer for 5 min. Heat the flask at 65°–70° for 5 min, swirling frequently and sonicate
additionally for 5 min. Cool to room temperature, dilute with Mobile phase A to volume, and
mix well. Pass a portion of the solution through a suitable filter of 0.45-µm pore size and
discard the first milliliter of the filtrate.
Sample solution 2: Transfer a portion of finely powdered Tablets into a 100-mL volumetric
flask to obtain a solution containing known nominal concentrations of ascorbic acid and
niacin or niacinamide in the ranges of 50–300 µg/mL for ascorbic acid and 12–65 µg/mL for
niacin or niacinamide, add Solution A to about half the volume and mix on a vortex mixer
for 5 min, sonicate for 10 min with occasional shaking. Cool to room temperature, dilute
with Solution A to volume, mix well. Pass a portion of the solution through a suitable filter
of 0.45-µm pore size and discard the first milliliter of the filtrate.
Sample solution 3: Transfer a portion of finely powdered Tablets into a 100-mL volumetric
flask to obtain a solution containing known nominal concentrations of pyridoxine
hydrochloride and folic acid in the ranges of 5–30 µg/mL for pyridoxine hydrochloride and
2–12 µg/mL for folic acid, add Solution D to about half the volume, heat on a water bath
at 40° for 5 min and sonicate for 10 min with occasional shaking. Cool to room
temperature, dilute with Solution D to volume, and mix well. Pass a portion of the solution
through a suitable filter of 0.45-µm pore size and discard the first milliliter of the filtrate.
Standard solution 1: Accurately transfer calculated volumes of Thiamine standard stock
solution, Riboflavin standard stock solution, and Calcium pantothenate standard stock
solution into a suitable volumetric flask to obtain a solution with final vitamin
concentrations similar to the nominal concentrations in the Sample solution 1 for the
corresponding vitamins, dilute with Mobile phase A to volume, mix well.
Standard solution 2: Accurately transfer calculated volumes of Ascorbic acid standard
stock solution and Niacin or niacinamide standard stock solution, into a suitable
volumetric flask to obtain a solution with final vitamin concentrations similar to the nominal
concentrations in the Sample solution 2 for the corresponding vitamins, dilute with Mobile
phase A to volume, mix well.
Standard solution 3: Accurately transfer calculated volumes of Pyridoxine standard stock
solution and Folic acid standard stock solution into a suitable volumetric flask to obtain a
solution with final vitamin concentrations similar to the nominal concentrations in Sample
solution 3 for the corresponding vitamins, dilute with Solution C to volume, and mix well.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detectors
For calcium pantothenate: UV 210 nm
For thiamine, ascorbic acid, niacin or niacinamide, and riboflavin: UV 254 nm
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For pyridoxine hydrochloride and folic acid: UV 280 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution 1, Standard solution 2 and
Standard solution 3
Suitability requirements
Resolution: NLT 3.5 between the thiamine and ascorbic acid peaks and NLT 4.0
between the ascorbic acid and niacin or niacinamide peaks, System suitability solution
Relative standard deviation: NMT 2.0% for each individual peak, Standard solution 1,
Standard solution 2, and Standard solution 3
Analysis
Samples: Sample solutions 1–3 and Standard solutions 1–3
Calculate the percentage of the labeled amount of vitamin B1 as thiamine ion
(C12 H17 N4 OS+), vitamin B2 as riboflavin (C17 H20 N4 O6 ), vitamin B3 as niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), vitamin B6 as pyridoxine (C8 H11 NO3 ), calcium pantothenate
(C18 H32 CaN2 O10 ), and folic acid (C19 H19 N7 O6 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin from the corresponding Sample solution
rS = peak area of the relevant vitamin from the corresponding Standard solution
CS = concentration of the relevant vitamin Reference Standard in the corresponding
Standard solution (µg/mL)
CU = nominal concentration of the relevant vitamin in the corresponding Sample solution
(µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of each individual vitamin
USP43

[Note—In the following assays commercially available atomic absorption standard solutions for
the minerals, where applicable, may be used where preparation of a Standard stock solution is
described. Use deionized water where water is specified. Where atomic absorption
spectrophotometry is specified in the assay, the Standard solutions and the Sample solution
may be diluted quantitatively with the solvent specified, if necessary, to yield solutions of
suitable concentrations adaptable to the linear or working range of the instrument.]
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300° for 3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
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Standard stock solution: 100 µg/mL of calcium from the Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of the Lanthanum
chloride solution, and dilute with water to volume to obtain concentrations of 1.0, 1.5,
2.0, 2.5, and 3.0 µg/mL of calcium.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a porcelain crucible. Heat the crucible in a muffle furnace
maintained at 550° for 6–12 h, and cool. Add 60 mL of hydrochloric acid, and boil gently
on a hot plate or steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask. Rinse the crucible with small portions of 6 N
hydrochloric acid, and add the rinsings to the flask. Dilute with water to volume, and filter,
discarding the first 5 mL of the filtrate. Dilute this solution quantitatively, with 0.125 N
hydrochloric acid, to obtain a concentration of 2 µg/mL of calcium, adding 1 mL of the
Lanthanum chloride solution per 100 mL of the final volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectroscopy
Analytical wavelength: Calcium emission line at 422.7 nm
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of calcium, and draw the straight
line best fitting the 5 plotted points. From the graph, determine the concentration (C), in
µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of calcium in the Sample solution (µg/mL)
CU = nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120° for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from the Chromium standard solution
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diluted with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the 4 flasks with 0.125 N
hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0 µg/mL of
chromium.
Sample solution: Prepare as directed for Calcium, Method 1, except obtain a
concentration of 1 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at 357.9 nm
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the 4 plotted points. From the graph, determine the concentration
(C), in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of chromium in the Sample solution (µg/mL)
CU = nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
solution of nitric acid, and dilute with a 1% solution of nitric acid to 1000 mL. This solution
contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from the Copper standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Prepare as directed for Calcium, Method 1, except obtain a
concentration of 2 µg/mL of copper and omit the use of the Lanthanum chloride solution.
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Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Copper emission line at 324.7 nm
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of copper, and draw the straight
line best fitting the 5 plotted points. From the graph, determine the concentration (C), in
µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = concentration of copper in the Sample solution from the graph (µg/mL)
CU = nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water
contained in a 1000-mL volumetric flask. Allow the solution to equilibrate to room
temperature, and dilute with water to volume. Adjust with a few drops of acetic acid to a
pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100° for 4 h and cooled in a desiccator in water
Intermediate stock solution A: 100 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Standard solutions: To 5 separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0 mL
of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A. To
each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
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Sample solution: Transfer a quantity of the finely powdered Tablets, equivalent to 200 µg
of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1 N hydrochloric acid, 25.0 mL of
3 M sodium acetate solution, and 25.0 mL of Sodium citrate solution, and dilute with
water to volume.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0 mL
each of the Standard solutions and the Sample solution. Measure the potentials (see pH
〈791〉), in mV, of the Standard solutions and the Sample solution, with a pH meter capable
of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ion-indicating
electrode and a calomel reference electrode. [Note—When taking measurements, immerse
the electrodes in the solution, stir on a magnetic stirrer having an insulated top until
equilibrium is attained (1–2 min), and record the potential. Rinse and dry the electrodes
between measurements, taking care to avoid damaging the crystal of the specific-ion
electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
potential, in mV. From the standard response curve and the measured potential of the
Sample solution, determine the concentration (C), in µg/mL, of fluoride in the Sample
solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of fluoride in the Sample solution (µg/mL)
CU = nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution in the following manner. Using a vacuum at
a pressure not exceeding 5 mm of mercury, wash the column with 1 column volume of
methanol followed by 1 column volume of pH 10.0 buffer. Do not allow the column top to
dry. If the top of the column becomes dry, recondition the column.] Transfer 10.0 mL of
the Standard stock solution to a 100-mL volumetric flask. Add 75 mL of water, and adjust
with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water to volume. Filter,
discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask, add 15.0 mL of water, and adjust with 0.1 N sodium hydroxide to a pH of
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10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this solution through a 3-mL
solid-phase extraction column containing L1 packing that is connected through an adapter
to a second solid-phase extraction column containing sulfonylpropyl strong cationexchange packing. Discard the first 3 mL of the eluate, and collect the rest of the eluate
in a suitable flask for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of powdered Tablets,
equivalent to 1 mg of fluorine, in 15 mL of water, and shake vigorously. Rinse the sides of
the flask with 15 mL of water, and allow to stand for 10 min. Dilute with water to 85 mL,
adjust with 1 N sodium hydroxide to a pH of 10.4 ± 0.1, and dilute with water to 100 mL.
Prepare as directed for the Standard solution, beginning with “Filter, discarding the first 15
mL of the filtrate”.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area from the Sample solution
rS = peak area from the Standard solution
CS = concentration of fluoride in the Standard solution (µg/mL)
CU = nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide
Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis: Transfer an amount of finely powdered Tablets, equivalent to 3 mg of iodide, to
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a nickel crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium hydroxide
solution, and 10 mL of alcohol, taking care that the entire specimen is moistened. Heat
the crucible on a steam bath to evaporate the alcohol, then dry the crucible at 100° for
30 min to prevent spattering upon subsequent heating. Transfer the crucible with its
contents to a furnace heated to 500°, and heat the crucible for 15 min. [Note—Heating at
500° is necessary to carbonize any organic matter present; a higher temperature may be
used, if necessary, to ensure complete carbonization of all organic matter.]
Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and boil gently
for 10 min. Filter the solution, and wash the crucible with boiling water, collecting the
filtrate and washings in a beaker. Add phosphoric acid until the solution is neutral to
methyl orange, then add 1 mL excess of phosphoric acid. Add excess of Bromine water,
and boil the solution gently until colorless and then for 5 min longer. Add a few crystals of
salicylic acid, and cool the solution to 20°. Add 1 mL of phosphoric acid and 0.5 g of
potassium iodide, and titrate the liberated iodine with 0.005 N sodium thiosulfate VS,
adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Tablets taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA = actual normality of the sodium thiosulfate solution used
F = correction factor to convert mg to µg, 1000 µg/mL
Ime = milliequivalent weight of iodine, 21.16 mg/meq
Aw = average weight of the Tablets
W = weight of the portion of the Tablets taken
L = labeled amount of iodine (µg/Tablet)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, and dilute with water to volume.
Standard solutions: To separate 100-mL volumetric flasks, transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of the Iron standard stock solution. Dilute the contents of each flask with water
to volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL of iron.
Sample solution: Prepare as directed for Calcium, Method 1, except obtain a
concentration of 5 µg/mL of iron and omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Iron emission line at 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
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Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the 5 plotted points. From the graph, determine the concentration (C), in
µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Tablets taken:
Result = (C/CU) × 100
C = measured concentration of iron in the Sample solution (µg/mL)
CU = nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a known concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from the Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of the Lanthanum
chloride solution, and dilute with 0.125 N hydrochloric acid to volume to obtain
concentrations of 0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Sample solution: Prepare as directed for Calcium, Method 1, except obtain a
concentration of 0.4 µg/mL of magnesium.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Magnesium emission line at 285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the 5 plotted points. From the graph, determine the concentration
(C), in µg/mL, of magnesium in the Sample solution.
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Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of magnesium in the Sample solution (µg/mL)
CU = nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese to a 1000-mL
volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
Sample solution: Prepare as directed for Calcium, Method 1, except obtain a
concentration of 1 µg/mL of manganese and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Manganese emission line at 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the 5 plotted points. From the graph, determine the concentration
(C), in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Tablets taken:
Result = (C/CU) × 100
C = measured concentration of manganese in the Sample solution (µg/mL)
CU = nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
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• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from the Molybdenum standard
solution diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min, cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Sample solution: Transfer a portion of the powder, equivalent to 1000 µg of molybdenum,
to a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric acid may be
varied to ensure that the powder is uniformly dispersed.] Carefully swirl the flask to
disperse the test specimen. Sonicate for 10 min or until the test specimen is completely
dissolved. Gently boil the solution for 15 min, and cool to room temperature. Carefully add
8 mL of perchloric acid, heat until perchloric acid fumes appear, and swirl the flask to
dissipate the fumes. Repeat the heating and swirling until the fumes appear again. Cool to
room temperature. Quantitatively transfer the contents of the flask to a 100-mL
volumetric flask with the aid of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Molybdenum emission line at 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the 3 plotted points. From the graph, determine the concentration
(C), in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (C/CU) × 100
C = measured concentration of molybdenum in the Sample solution (µg/mL)
CU = nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
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• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% stannous chloride solution: Transfer 40 mg of stannous chloride to a beaker, add
20 mL of 6.5 N hydrochloric acid solution, and heat the solution until the stannous chloride
is dissolved. Cool, and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum in water
Sample: A portion of finely powdered Tablets equivalent to 40 µg of molybdenum
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Vis
Analytical wavelength: 465 nm
Cell: 1 cm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample
Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers. Add
20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil slowly
on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid, cover
the beakers with a watchglass, and continue the heating until digestion is complete, as
indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in the
beakers to dryness. Rinse the sides of the beakers and the watchglasses with water, and
add more water to complete 50 mL in each beaker. Gently boil the water solution for a few
min. Cool to room temperature. Add 2 drops of methyl orange TS, and neutralize with
ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively transfer the
contents of the beakers to separate 100-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresponding volumetric flasks, and dilute with water
to volume. Transfer 50.0 mL of each solution to separatory funnels. To each separatory
funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL
of Potassium thiocyanate solution, 1.5 mL of 20% stannous chloride solution, and 15.0 mL
of amyl alcohol, and shake the separatory funnel for 1 min. Allow the layers to separate,
and discard the aqueous layers. Add 25 mL of Diluted stannous chloride solution to each
separatory funnel, and shake gently for 15 s. Allow the layers to separate, and discard
the aqueous layers. Transfer the organic layer from each separatory funnel to a centrifuge
tube, and centrifuge at 2000 rpm for 10 min. Determine the absorbances of the organic
phases obtained from the Standard solution and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
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Tablets taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU = absorbance of the Sample
AS = absorbance of the Standard solution
V = volume of the Standard solution analyzed, 2.0 mL
CS = concentration of molybdenum in the Standard solution (µg/mL)
MU = nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in the Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, and then dilute with the Sulfuric
acid solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add 1 drop of sulfuric acid per
100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105° for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from Phosphorus standard stock solution
diluted with water
Sample solution: [Note—Finely powder and weigh a counted number of Tablets.] Transfer
a portion of the powder, equivalent to 100 mg of phosphorus, to 25 mL of nitric acid, and
digest on a hot plate for 30 min. Add 15 mL of hydrochloric acid, and continue the
digestion to the cessation of brown fumes. Cool, and transfer the contents of the flask to
a 500-mL volumetric flask with the aid of small portions of water. Dilute with water to
volume. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and dilute with
water to volume.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: Vis
Analytical wavelength: 650 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
To 3 separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard solution, the
Sample solution, and water to provide the blank. To each of the 3 flasks add 1.0 mL each
of Ammonium molybdate solution, Hydroquinone solution, and Sodium bisulfite solution,
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and swirl to mix. Dilute the contents of each flask with water to volume, and allow the
flasks to stand for 30 min. Determine the absorbances of the solutions against the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of Tablets
taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of phosphorus in the Standard solution (µg/mL)
CU = nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105° for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from the Potassium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Sample solution: Prepare as directed for Calcium, Method 1, except obtain a
concentration of 1 µg/mL of potassium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Potassium emission line at 766.5 nm
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the 5 plotted points. From the graph, determine the concentration
(C), in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of Tablets
taken:
Result = (C/CU) × 100
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C = measured concentration of potassium in the Sample solution (µg/mL)
CU = nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness 3 times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a concentration
of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from the Selenium standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Transfer a portion of the powder, equivalent to 1000 µg of selenium, to
a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric acid may be
varied to ensure that the powder is uniformly dispersed.] Carefully swirl the flask to
disperse the test specimen. Sonicate for 10 min or until the test specimen is completely
dissolved. Gently boil the solution for 15 min, and cool to room temperature. Carefully add
8 mL of perchloric acid to the flask, heat the flask until perchloric acid fumes appear, and
swirl the flask to dissipate the fumes. Repeat the heating and swirling until the fumes
appear again. Cool to room temperature. Transfer the contents of the flask to a 50-mL
volumetric flask with the aid of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Selenium emission line at 196.0 nm
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the 3 plotted points. From the graph, determine the concentration (C), in
µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
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taken:
Result = (C/CU) × 100
C = concentration of selenium in the Sample solution from the graph (µg/mL)
CU = nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, then add
hydroxylamine hydrochloride, and dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with 3 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Ádd 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness 3 times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 20 µg of
selenium, to a suitable flask. Add 10 mL of nitric acid, and warm gently on a hot plate.
Continue heating until the initial nitric acid reaction has subsided, then add 3 mL of
perchloric acid.
[Caution—Exercise care at this stage because the perchloric acid reaction becomes
vigorous.]
Continue heating on the hot plate until the appearance of white fumes of perchloric acid or
until the digest begins to darken. Add 0.5 mL of nitric acid and resume heating, adding
additional amounts of nitric acid if further darkening occurs. Digest for 10 min after the
first appearance of perchloric acid fumes or until the digest becomes colorless. Cool the
flask, add 2.5 mL of Hydrochloric acid solution, and return the flask to the hot plate to
expel residual nitric acid. Heat the mixture for 3 min after it begins to boil. Cool the flask
to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
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Mode: UV
Analytical wavelength: 380 nm
Cell: 1 cm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, the Standard solution, and the Blank as follows. Add 5 mL of
Reagent A to each flask, and swirl gently to mix. Adjust the solution in each flask with
50% ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each
flask, and swirl gently to mix. Place the flasks in a water bath maintained at 50°, and
equilibrate for 30 min, taking care that the flasks are covered to protect them from light.
Cool to room temperature, and transfer the contents of each flask to separate separatory
funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer to a
centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions obtained from the Samples against the
solution obtained from the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU = absorbances of the cyclohexane layer from the Sample solution
AS = absorbances of the cyclohexane layer from the Standard solution
V = volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS = concentration of selenium in the Standard stock solution (µg/mL)
MU = nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard stock solution: 1000 µg/mL of zinc from zinc oxide in 5 M hydrochloric acid
(3.89 mg/mL) and diluted with water to final volume. [Note—Dissolve in 5 M hydrochloric
acid by warming, if necessary, cool, and then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from the Zinc standard stock solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of Standard stock solution to
separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Prepare as directed for the Sample solution in Calcium, Method 1,
except obtain a concentration of 2 µg/mL of zinc and omit the use of the Lanthanum
chloride solution.
Instrumental conditions

PF 44(6): Nov.-Dec. 2018

806

(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Zinc emission line at 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the 5 plotted points. From the graph, determine the concentration (C), in
µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Tablets taken:
Result = (C/CU) × 100
C = measured concentration of zinc in the Sample solution (µg/mL)
CU = nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of the Stock aqua regia solution and water (1:9) by adding 1
volume of Stock aqua regia solution to 2 volumes of water. Dilute with additional water to
volume, and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% nitric acid
solution, 1000 mg/L of scandium in 5% nitric acid solution, and Diluent (1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% nitric acid solution to obtain a solution having final concentrations of about 1000 mg/L
of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L of
manganese, 800 mg/L of phosphorus, and 250 mg/L of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% hydrochloric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
20% hydrochloric acid solution to obtain a solution having final concentrations of about

PF 44(6): Nov.-Dec. 2018

807

200 mg/L of boron, and 100 mg/L each of chromium, molybdenum, nickel, selenium, tin,
and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2, as required, in the Diluent to prepare a 6-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution 1 (for Tablets containing minerals in Standard stock solution 1 and
Standard stock solution 2): Weigh and finely powder NLT 20 Tablets. Transfer a portion,
equal to 3.5 times the average Tablet weight, to a 250-mL volumetric flask. Slowly add 25
mL of the Stock aqua regia solution in 5-mL increments, followed by mixing. [Note—If the
sample contains a carbonate, bubbling will occur. Wait until bubbling ends to proceed.]
Bring the solution to a boil on a hot plate. Continue to heat gently until fumes cease
(about 1 h). [Note—If the sample contains selenium, digest for NMT 15 min.] Remove from
heat, cool, and dilute with water to volume. Pass about 30 mL into a centrifuge tube using
a 5-µm pore size nylon syringe filter. If necessary, make any further dilutions using the
Diluent.
Sample solution 2 (for Tablets containing minerals only in Standard stock solution 2):
Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to 3.5 times the
average Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of the Stock aqua
regia solution in 5-mL increments followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently until fumes cease (about 1 h). [Note—If the
sample contains selenium, digest for NMT 15 min.] Remove from heat, cool, and dilute with
water to volume. Pass about 30 mL into a centrifuge tube using a nylon syringe filter of 5µm pore size. If necessary, make any further dilutions using the Diluent.
Sample solution 3 (for Tablets containing minerals only in Standard stock solution 1):
Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to the average Tablet
weight, to a 250-mL volumetric flask. Slowly add 25 mL of the Stock aqua regia solution in
5-mL increments, followed by mixing. [Note—If the sample contains a carbonate, bubbling
will occur. Wait until bubbling ends to proceed.] Bring the solution to a boil on a hot plate.
Continue to heat gently (about 1 h) until fumes cease. Remove from heat, cool, and dilute
with water to volume. Pass about 30 mL into a centrifuge tube using a nylon syringe filter
of 5-µm pore size. If necessary, make any further dilutions using the Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 〈730〉.)
Mode: Inductively coupled plasma spectrometry, using a spectrometer set to measure
the emission of each mineral of interest at about the corresponding wavelength. [Note
—The operating conditions may be developed and optimized based on the
manufacturer's recommendation. The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and
precision.]
System suitability
Sample: System suitability solution
[Note—Analyze the System suitability solution, and obtain the response as directed in the
Analysis.]
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Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph,
determine the concentration (C), in mg/L, for each mineral of interest in the Sample
solution.
Calculate the percentage of the labeled amount for each mineral taken:
Result = C × (V/W) × F × (CW/L) × 100
C = measured concentration of the relevant element in the Sample solution (mg/L)
V = volume of the Sample solution (L)
W = sample weight (mg)
F = dilution factor of the Sample solution
CW = average Tablet weight (mg)
L = labeled amount (mg/Tablet)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); and 90.0%–
160.0% of the labeled amount of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Dissolution: Meet the requirements
• Weight Variation 〈2091〉: Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count does not exceed 3 ×
103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• Labeling:4 The label states that the product is Oil- and Water-Soluble Vitamins with Minerals
Tablets. The label also states the quantity of each vitamin and mineral /dosage unit
in mg/Tablet or µg/Tablet USP43
and where necessary the chemical form in which a vitamin is present and also states the
salt form of the mineral used as the source of each element. Where the product contains
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vitamin E, the label indicates whether it is the d
RRR USP43
or dl
all-rac USP43
form. Where more than one assay method is given for a particular vitamin, the labeling
states with which assay method the product complies only if Method 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Alpha Tocopherol RS
2H-1-Benzopyran-6-ol, 3,4-dihydro-2,5,7,8,-tetramethyl-2-(4,8,12-trimethyltridecyl).
C29 H50 O2
430.70
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Biotin RS
1H-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro-2-oxo-, 3aS-[(3aα,4β,6aα)].
C10 H16 N2 O3 S
244.31
USP Calcium Pantothenate RS
β-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium salt (2:1), (R)-.
C18 H32 CaN2 O10
476.53
USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3β,5Z,7E)-.
C27 H44 O
384.64
USP Cyanocobalamin RS
Vitamin B12 .
C63 H88 CoN14 O14 P
1355.37
USP Ergocalciferol RS
9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3β,5Z,7E,22E)-.
C28 H44 O
396.65
USP Folic Acid RS
USP Niacin RS
3-Pyridinecarboxylic acid.
C6 H5 NO2
123.11
USP Niacinamide RS
3-Pyridinecarboxamide.
C6 H6 N2 O
122.12
USP Phytonadione RS
USP Pyridoxine Hydrochloride RS
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-, hydrochloride.
C8 H11 NO3 ·HCl
205.64
USP Retinyl Acetate RS
3,7-Dimethyl-9-(2,6,6-trimethyl-1- cyclohexen-1-yl) 2,4,6,8-nonatetraen-1-ol
acetate.
USP Retinyl Palmitate RS
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[(2E,4E,6E,8E)-3,7-Dimethyl-9-(2,6,6-trimethyl-1-cyclohex-1-en-1-yl)nona-2,4,6,8tetraen-1-yl] hexadecanoate.
USP43

USP Riboflavin RS
Riboflavine.
C17 H20 N4 O6
376.36
USP Sodium Fluoride RS
Sodium fluoride.
NaF
41.99
USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-5-(2-hydroxyethyl)-4-methyl-,
chloride, monohydrochloride.
C12 H17 ClN4 OS·HCl
337.27
USP Vitamin A RS
3,7-Dimethyl-9-(2,6,6-trimethyl-1- cyclohexen-1-yl) 2,4,6,8-nonatetraen-1-ol acetate
(vitamin A acetate).
USP43

1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 A suitable cartridge is the Waters Oasis MAX Vac RC , particle size 30 µm, part #186000371.
3 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbruekii) may be obtained as #7830 from
ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).
4 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however, the use of IU on the labels of
vitamin products continues.
USP43

Where articles are labeled in terms of Units in addition to the required labeling, the relationship of the USP
Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol (vitamin A alcohol) or
0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl palmitate (vitamin A
palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU of beta carotene =
0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or cholecalciferol; and 1
mg of dl
all-rac USP43
-alpha-tocopherol = 1.1 former USP Vitamin E Units; 1 mg of dl
all-rac USP43
-alpha-tocopheryl acetate = 1 former USP Vitamin E unit; 1 mg of dl
all-rac USP43
-alpha-tocopheryl acid succinate = 0.89 former USP Vitamin E Units; 1 mg of d
RRR USP43
-alpha-tocopherol = 1.49 former USP Vitamin E Units; 1 mg of d
RRR USP43
-alpha-tocopheryl acetate = 1.36 former USP Vitamin E Units; and 1 mg of d
RRR USP43
-alpha-tocopheryl acid succinate = 1.21 former USP Vitamin E Units. In terms of d
RRR USP43
-alpha-tocopherol equivalents, 1 mg of d
RRR USP43
-alpha-tocopheryl acetate = 0.91; 1 mg of d
RRR USP43

PF 44(6): Nov.-Dec. 2018

811

-alpha-tocopheryl acid succinate = 0.81; 1 mg of dl
all-rac USP43
-alpha-tocopherol = 0.74; 1 mg of dl
all-rac USP43
-alpha-tocopheryl acetate = 0.67; and 1 mg of dl
all-rac USP43
-alpha-tocopheryl acid succinate = 0.60.
Note that 1 mg of Institute of Medicine (IOM) alpha-tocopherol equivalent = 1 mg of 2R-alpha-tocopherol = 1
mg of RRR-alpha-tocopherol = 2 mg of all-rac-alpha-tocopherol. USP43

Recent Official Publications:
USP42–NF37 Page 5423
BRIEFING
Water-Soluble Vitamins Tablets, USP 41 page 5098. As part of USP monograph
modernization efforts, it is proposed to add a new analytical procedure for determination of
vitamins C, B1 , B2 , B3 , B6 , folic acid and pantothenic acid. The liquid chromatographic
procedure is based on analyses performed with the GL Sciences Inertsil ODS 3V brand of
column with L1 packing. The typical retention times for thiamin, ascorbic acid, niacinamide,
pyridoxine, calcium pantothinate, folic acid, and riboflavin are 2.5, 3.5, 4.8, 7.0, 11.5, 15.8, and
17.9 min, respectively.
Additionally, the following changes are proposed:
1. Add a section on Identification.
2. Replace the description of some test procedures under Strength for Folic Acid, Method 1
and Method 2; Niacin, Method 2 and Niacinamide, Method 2; Riboflavin, Method 2; and
Thiamine, Method 2 with cross references to Folic Acid Assay 〈411〉; Niacin or
Niacinamide Assay 〈441〉; Riboflavin Assay 〈481〉; and Thiamine Assay 〈531〉, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C202602
Comment deadline: January 31, 2019
Water-Soluble Vitamins Tablets
DEFINITION
Change to read:
Water-Soluble Vitamins Tablets contain two or more of the following water-soluble vitamins:
Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium Ascorbate, Biotin,
Cyanocobalamin, Folic Acid, Niacin or Niacinamide, pantothenic acid (as Calcium Pantothenate
or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride, Riboflavin, and Thiamine
Hydrochloride or Thiamine Mononitrate. Tablets contain NLT 90.0% and NMT 150.0% of the
labeled amount of ascorbic acid (C6 H8 O6 ), or its salts as calcium ascorbate
(C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 )
USP43
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biotin (C10 H16 N2 O3 S), calcium pantothenate (C18 H32 CaN2 O10 ), cyanocobalamin
(C63 H88 CoN14 O14 P), folic acid (C19 H19 N7 O6 ), niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O),
pyridoxine hydrochloride
USP43

(C8 H11 NO3 ·HCl
USP43

), riboflavin (C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine
mononitrate.
as thiamine ion (C12 H17 N4 OS+) USP43
They do not contain any form of Beta Carotene or Vitamin A, D, E, or K. They do not contain
any minerals for which nutritional value is claimed. They may contain other labeled added
substances in quantities that are unobjectionable.
IDENTIFICATION
Add the following:
• A. The retention times of the vitamin peaks of the Sample solutions correspond to those
of the corresponding vitamin peaks of the Standard solutions as obtained in the tests for
Strength. USP43
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, with
the method used being stated in the labeling only if Method 1 is not used.]
Change to read:
• Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate
(See Vitamin C Assay 〈580〉.)
[Note—For labeling purposes, consider 〈580〉, Method I—Titrimetric Method as Method 1;
〈580〉, Method II—Chromatographic Method, Procedure 1 as Method 2 and 〈580〉,
Method II—Chromatographic Method, Procedure 2 as Method 3. USP43
]
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 ), or
its equivalent as calcium ascorbate (C12 H14 CaO12 ·2H2 O), or sodium ascorbate (C6 H7 NaO6 )
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, and 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
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Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 1 mg of biotin, to a 200-mL volumetric flask. Add 3 mL
of dimethyl sulfoxide, and swirl to wet the contents. Place the flask in a water bath at
60°–70° for 5 min. Sonicate for 5 min, dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of biotin. Calculate the percentage of the labeled amount of biotin
(C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of biotin from the Sample solution
rS = peak area of biotin from the Standard solution
CS = concentration of USP Biotin RS in the Standard solution (µg/mL)
CU = nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the media prepared as described.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store in a
refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water, prepared by diluting the Standard
stock solution with water on the day of the assay
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of 50% alcohol, and
swirl to wet the contents. Heat the flask in a water bath at 60°–70° for 5 min. Sonicate
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for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of the filtrate with
water quantitatively, and stepwise if necessary, to obtain a solution with a concentration
of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10°. Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water. Heat to 70°–80°, and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a cool place at a temperature
NLT 10°.
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
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Table 1
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Adenine–guanine–uracil solution
Calcium pantothenate solution
Riboflavin–thiamine hydrochloride solution
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution
Salt solution A
Salt solution B

815

25 mL
25 mL
0.25 mL
10 g
5g
5 mL
5 mL
5 mL
5 mL
5 mL
5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121° for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in 3 or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30° and 37° held constant
to within ±0.5°. Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121° for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
Culture medium. Incubate this culture for 16–24 h at a temperature between 30° and 37°
held constant to within ±0.5°. The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to four similar but empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to 3 or
more of the levels specified for the Standard solution, including the levels of 2.0, 3.0, and
4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and sufficient water
to make 10 mL. Place one complete set of Standard and sample tubes together in one
tube rack and the duplicate set in a second rack or section of a rack, preferably in random
order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121° for 5 min. Cool. Add 1 drop of Inoculum to each tube, except 2 of the 4 tubes
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containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30° and 37° held constant to within ±0.5° until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to a spectrophotometer cell. Place the cell in a spectrophotometer that
has been set at a specific wavelength of 540–660 nm, and read the transmittance when a
steady state is reached. This steady state is observed a few seconds after agitation
when the galvanometer reading remains constant for 30 s or more. Allow approximately
the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (ΣS) as the difference, y = 2.00 − ΣS. Plot this response on the ordinate of
cross-section paper against the logarithm of the milliliter of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 − ΣU, adding together the two transmittances (ΣU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of lowest and highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to
obtain the difference, X, for each dosage level. Average the values of X for each of three
or more dosage levels to obtain X, which equals the log-relative potency, M′, of the
Sample solution.
Determine the quantity, in µg, of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
antilog M = antilog (M′ + log R)
R = amount of biotin assumed to be present in the portion of Tablets taken (µg)
Calculate the percentage of the labeled amount of biotin in the portion of tablets taken:
(C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = [(antilog M)/N] × 100
N = nominal amount of biotin in the portion of Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 〈111〉, The Confidence Interval and Limits of Potency). If the two
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determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 800 mL of water and 100 mL of triethylamine to a 1000-mL volumetric
flask. Add 80 mL of 85% phosphoric acid, and dilute with water to volume.
Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of Solution A to a 1000-mL
volumetric flask. Dilute with water to volume.
Standard solution: 0.6 µg/mL of USP Biotin RS in water. [Note—A portion of the Standard
solution will be used to determine the percent recovery of biotin from the Solid-phase
extraction procedure.]
Sample solution: Finely powder NLT 20 Tablets. Transfer an amount of powdered Tablets
to a volumetric flask to obtain a nominal concentration of 0.6 µg/mL of biotin. Add water
up to 80% of the flask capacity, and sonicate for 30–40 min, with occasional mixing, to
dissolve. Dilute with water to volume, and filter. Adjust the solution with either diluted
acetic acid or 0.1 N sodium hydroxide to a pH of 6.0–7.0.
Solid-phase extraction: [Note—Condition the extraction column specified in this
procedure in the following manner. Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.]
Separately pipet 5.0 mL of the Sample solution and Standard solution into freshly
conditioned solid-phase extraction columns consisting of a mixed-mode packing with a
sorbent mass of 60 mg. [Note—The mixed-mode packing consists of anion-exchange and
reversed-phase sorbents. The reverse-phase component is a copolymer of Nvinylpyrrolidone and divinylbenzene. The anion-xchange moiety is a trialkylamino group.2]
Wash the column with 10 mL of 30% (v/v) methanol in water. Apply an appropriate volume
(4.9 mL) of 30% (v/v) methanol in 0.1 N hydrochloric acid to the column. Collect the
eluate in a 5-mL volumetric flask, containing 100 µL of 40% (w/v) sodium acetate in
water, and dilute with 30% (v/v) methanol in 0.1 N hydrochloric acid to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and a portion of Standard solution that has undergone Solidphase extraction
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Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution and Standard solution that
has undergone Solid-phase extraction
Recovery: 95%–100%, Standard solution that has undergone Solid-phase extraction
Analysis
Samples: Standard solution and Sample solution that have both undergone Solid-phase
extraction
Measure the responses for the biotin peak. Calculate the percentage of the labeled amount
of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Biotin RS in the Standard solution (µg/mL)
CU = nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store in a
dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from Standard stock solution
diluted with water
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of cyanocobalamin, to a 250-mL flask. Quantitatively add 100.0 mL
of water, and carefully extract for 2 min. Filter 10 mL of the extract, and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
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Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for cyanocobalamin. Calculate the percentage of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of cyanocobalamin from the Sample solution
rS = peak area of cyanocobalamin from the Standard solution
CS = concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
CU = nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powdered
Tablets, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for
each gram of powdered Tablets taken, 25 mL of an aqueous extracting solution prepared
just before use to contain, in each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of
anhydrous citric acid, and 1.0 g of sodium metabisulfite. Autoclave the mixture at 121° for
10 min. Allow any undissolved particles of the extract to settle, and filter or centrifuge if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution
containing vitamin B12 activity approximately equivalent to that of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Biotin, Method 2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Biotin, Method 2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70°, add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of

PF 44(6): Nov.-Dec. 2018

820

ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store
in a refrigerator.
Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg
of biotin, and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene,
protected from light, in a refrigerator.
Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium
pantothenate, 40 mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg
of pyridoxamine dihydrochloride, and 2 mg of folic acid in a mixture of water and
neutralized alcohol (3:1) to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving cystine and tryptophan
in the hydrochloric acid before adding the next eight solutions to the resulting solution.
Add 100 mL of water, and dissolve dextrose, sodium acetate, and ascorbic acid. Filter, if
necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium hydroxide to a pH of
5.5–6.0, and dilute with Purified Water to 250 mL.
Table 2
l-Cystine
l-Tryptophan
1 N Hydrochloric acid
Adenine–guanine–uracil solution
Xanthine solution
Vitamin solution A
Vitamin solution B
Salt solution A
Salt solution B
Asparagine solution
Acid-hydrolyzed casein solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Ascorbic acid
Polysorbate 80 solution

0.1 g
0.05 g
10 mL
5 mL
5 mL
10 mL
10 mL
5 mL
5 mL
5 mL
25 mL
10 g
5g
1g
5 mL

Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass,
with the aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
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equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121° for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize,
and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121°
for 15 min in an autoclave, and allow the tubes to cool in an upright position. Inoculate
three or more of the tubes by stab transfer of a pure culture of Lactobacillus leichmannii.3
[Note—Before first using a fresh culture in this assay, make NLT 10 successive transfers
of the culture in a 2-week period.] Incubate for 16–24 h at a temperature between 30°
and 40° held constant to within ±0.5°. Store in a refrigerator.
Prepare fresh stab cultures at least 3 times each week, and do not use them for preparing
the Inoculum if more than 4 days old. The activity of the microorganism can be increased
by daily or twice-daily transfer of the stab culture, to the point where definite turbidity in
the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing culture
seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus leichmannii to two sterile tubes containing 10 mL
each of the Culture medium. Incubate these cultures for 16–24 h at a temperature
between 30° and 40° held constant to within ±0.5°. Under aseptic conditions centrifuge
the cultures, and decant the supernatant. Suspend the cells from the culture in 5 mL of
Suspension medium, and combine. Using sterile Suspension medium, adjust the volume so
that a 1-in-20 dilution in saline TS produces 70% transmittance when read on a suitable
spectrophotometer that has been set at a wavelength of 530 nm, equipped with a 10-mm
cell, and read against saline TS set at 100% transmittance. Prepare a 1-in-400 dilution of
the adjusted suspension using sterile Basal medium stock solution. [Note—This dilution
may be altered, when necessary, to obtain the desired test response.] The cell
suspension is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water, the
wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable means,
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followed preferably by heating at 250° for 2 h, using hard-glass 20-mm × 150-mm test
tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to 4 similar but empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in
one tube rack and the duplicate set in a second rack or section of a rack, preferably in
random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121° for
5 min, arranging to reach this temperature in NMT 10 min by preheating the autoclave if
necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except 2 of the 4 containing
no Standard solution (the uninoculated blanks). Incubate the tubes at a temperature
between 30° and 40°, held constant to within ±0.5°, for 16–24 h.
Terminate growth by heating to a temperature NLT 80° for 5 min. Cool to room temperature.
After agitating contents, read the transmittance at 530 nm when a steady state is
reached. This steady state is observed a few seconds after agitation when the reading
remains constant for 30 s or more. Allow approximately the same time interval for the
reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
the inoculated blank. If the difference is greater than 5%, or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (ΣS) as the difference, y = 2.00 − ΣS. Plot this response on the ordinate
of cross-section paper against the logarithm of the milliliter of Standard solution per
tube on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 − ΣU, adding together the two transmittances (ΣU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
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within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M′, of the Sample solution.
Determine the quantity, in µg, of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of
Tablets taken:
antilog M = antilog (M′ + log R)
R = amount of cyanocobalamin assumed to be present in the portion of Tablets taken
(µg)
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P) in
the portion of Tablets taken:
Result = [(antilog M)/N] × 100
N = nominal amount of cyanocobalamin in the portion of Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see
USP43

in Design and Analysis of Biological Assays 〈111〉, The Confidence Interval and Limits of
Potency). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ
by more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Folic Acid, Method 1
Proceed as directed in Folic Acid Assay 〈411〉, Assay, Procedure 1.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (between 1% and 3%).]
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Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in Internal standard solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of powder, equivalent
to 0.4 mg of folic acid, to a 50-mL amber-colored centrifuge tube. Add 25.0 mL of Internal
standard solution. Shake by mechanical means for 10 min, and centrifuge. Filter a portion
of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak area ratio of folic acid to methylparaben from the Sample solution
RS = peak area ratio of folic acid to methylparaben from the Standard solution
CS = concentration of USP Folic Acid RS in the Standard solution (µg/mL)
CU = nominal concentration of folic acid in the Sample solution (µg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
Change to read:
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• Folic Acid, Method 2
Proceed as directed in Folic Acid Assay 〈411〉, Assay, Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of Standard stock solution with 10.0 mL of a mixture of
methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of methanol and ethylene
glycol (1:1). Shake for 15 min in a water bath maintained at 60°, and cool. Filter,
discarding the first few mL of the filtrate.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 0.3 mg of
folic acid, to a 125-mL stoppered flask. Add 10.0 mL of a mixture of methanol and glacial
acetic acid (9:1) and 30.0 mL of a mixture of methanol and ethylene glycol (1:1). Shake
for 15 min in a water bath maintained at 60°, and cool. Filter, discarding the first few mL
of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of
folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of folic acid from the Sample solution
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rS = peak area of folic acid from the Standard solution
CS = concentration of USP Folic Acid RS in the Standard solution (µg/mL)
CU = nominal concentration of folic acid in the Sample solution (µg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 15 mg of calcium pantothenate, to a centrifuge tube. Add 25.0 mL of the
Internal standard solution, and shake vigorously for 10 min. Centrifuge, filter, and use the
clear filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate and the internal standard.
Calculate the percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 )
in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
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RU = peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample
solution
RS = peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Standard solution
CS = concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
CU = nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in the Analysis,
2.0 and 4.0 mL of the Standard solution being used, are within the linear portion of the
log-concentration response curve.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 50 mg of calcium pantothenate, to a 1000-mL
volumetric flask containing 500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of
sodium acetate solution (1 in 60), dilute with water to volume, and filter. Dilute a volume
of this solution to obtain a solution with approximately the same concentration as that of
the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10°. Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70°–80°, and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a cool place at a temperature
NLT 10°.
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
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toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Adenine–guanine–uracil solution
Riboflavin–thiamine hydrochloride–biotin solution
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution
Salt solution A
Salt solution B

25 mL
25 mL
0.25 mL
10 g
5g
5 mL
5 mL
5 mL
5 mL
5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121° for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes, using a pure culture of
Lactobacillus plantarum1 incubating for 16–24 h at a temperature between 30° and 37°
held constant to within ±0.5°. Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121° for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
Culture medium. Incubate this culture for 16–24 h at a temperature between 30° and 37°
held constant to within ±0.5°. The cell suspension is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
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To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to 4 similar but empty tubes add 5.0 mL of Basal
medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution, including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121° for 5 min. Cool, and add 1 drop of Inoculum to each tube, except 2 of the 4 tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30° and 37°, held constant to within ±0.5° until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to an optical container if necessary. Read the transmittance between
540 and 660 nm when a steady state is reached. This steady state is observed a few
seconds after agitation when the galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (ΣS) as the difference, y = 2.00 − ΣS. Plot this response on the ordinate
of cross-section paper against the logarithm of the milliliter of Standard solution per
tube on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 − ΣU, adding together the two transmittances (ΣU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M′, of the Sample solution.
Determine the quantity, in mg, of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of
Tablets taken:
antilog M = antilog (M′ + log R)
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R = amount of calcium pantothenate assumed to be present in the portion of Tablets
taken (mg)
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = [(antilog M)/N] × 100
N = nominal amount of calcium pantothenate in the portion of Tablets taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 〈111〉, The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from Standard stock
solution diluted with water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 10 mg of calcium pantothenate, to a 250-mL volumetric
flask. Add 10 mL of methanol, and swirl the flask to disperse. Dilute with water to volume,
mix, and filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
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Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the labeled
amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of calcium pantothenate from the Sample solution
rS = peak area of calcium pantothenate from the Standard solution
CS = concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
CU = nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65°–70° for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride, riboflavin,
and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL of Diluent, and mix
using a vortex mixer for 30 s to completely suspend the powder. Immerse the centrifuge
tube in a hot water bath maintained at 65°–70°, heat for 5 min, and mix using a vortex
mixer for 30 s. Return the tube to the hot water bath, heat for another 5 min, and mix on
a vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature, and use
the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
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Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine
are about 0.3, 0.5, 0.8, and 1.0, respectively.]

USP43

Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacinamide from the Sample solution
rS = peak area of niacinamide from the Standard solution
CS = concentration of USP Niacinamide RS in the Standard solution (mg/mL)
CU = nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacin from the Sample solution
rS = peak area of niacin from the Standard solution
CS = concentration of USP Niacin RS in the Standard solution (mg/mL)
CU = nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the corresponding vitamin from the Sample solution
rS = peak area of the corresponding vitamin from the Standard solution
CS = concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
CU = nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1 = molecular weight of thiamine mononitrate, 327.36
Mr2 = molecular weight of thiamine hydrochloride, 337.27
Calculate the percentage of the labeled amount of vitamin B1 as thiamine ion
(C12 H17 N4 OS+), vitamin B2 as riboflavin (C17 H20 N4 O6 ), vitamin B3 as niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), vitamin B6 as pyridoxine (C8 H11 NO3 ), calcium pantothenate
(C18 H32 CaN2 O10 ), and folic acid (C19 H19 N7 O6 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin from the corresponding Sample solution
rS = peak area of the relevant vitamin from the corresponding Standard solution
CS = concentration of the relevant vitamin Reference Standard in the corresponding
Standard solution (µg/mL)
CU = nominal concentration of the relevant vitamin in the corresponding Sample solution
(µg/mL) USP43
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
of the labeled amount of each individual vitamin USP43
Change to read:
• Niacin, Method 2
Proceed as directed in Niacin or Niacinamide Assay 〈441〉, Assay, Chromatographic Methods,
Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.
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Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Finely powder
NLT 20 Tablets. Transfer a portion of the powder, equivalent to a nominal amount of 2 mg
of riboflavin, to a 200-mL volumetric flask. If riboflavin is not present in the formulation,
transfer a portion of the powder equivalent to a nominal amount of 2 mg of pyridoxine. If
pyridoxine is not present in the formulation, use a portion of the powder equivalent to a
nominal amount of 20 mg of niacin or niacinamide. Add 100.0 mL of Extraction solvent, and
mix for 20 min, using a wrist-action shaker. Immerse the flask in a water bath maintained
at 70°–75°, and heat for 20 min. Mix on a vortex mixer for 30 s, cool to room temperature,
and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin. Calculate the percentage of the labeled amount of niacin
(C6 H5 NO2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacin from the Sample solution
rS = peak area niacin from the Standard solution
CS = concentration of USP Niacin RS in the Standard solution (mg/mL)
CU = nominal concentration of niacin in the Sample solution (mg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
Change to read:
• Niacinamide, Method 2
Proceed as directed in Niacin or Niacinamide Assay 〈441〉, Assay, Chromatographic Methods,
Procedure 2.
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USP43

[Note—Use low-actinic glassware throughout this procedure.]
Solution A, Extraction solvent, Mobile phase, Standard stock solution, Standard
solution, Sample solution, Chromatographic system, and System suitability: Using
USP Niacinamide RS in place of USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacinamide. Calculate the percentage of the labeled amount of
niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacinamide from the Sample solution
rS = peak area of niacinamide from the Standard solution
CS = concentration of USP Niacinamide RS in the Standard solution (mg/mL)
CU = nominal concentration of niacinamide in the Sample solution (mg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
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Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for pyridoxine.
Calculate the percentage of the labeled amount of pyridoxine hydrochloride (C8 H11 NO3 ·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of pyridoxine from the Sample solution
rS = peak area of pyridoxine from the Standard solution
CS = concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
Change to read:
• Riboflavin, Method 2
Proceed as directed in Riboflavin Assay 〈481〉, Assay, Chromatographic Methods, Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed in Niacin, Method 2.
Solution A: 6.8 mg/mL of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65°–75°. Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of Standard stock solution with Extraction solvent to
25.0 mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution

PF 44(6): Nov.-Dec. 2018

837

Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of riboflavin from the Sample solution
rS = peak area of riboflavin from the Standard solution
CS = concentration of USP Riboflavin RS in the Standard solution (mg/mL)
CU = nominal concentration of riboflavin in the Sample solution (mg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
Change to read:
• Thiamine, Method 2
Proceed as directed in Thiamine Assay 〈531〉, Assay, Chromatographic Methods, Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 mg/mL of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Weigh and finely powder NLT 20 Tablets. Mix a portion of the powdered
Tablets with a volume of 0.2 N hydrochloric acid to obtain a nominal concentration of 0.02
mg/mL of thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30
min. Cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
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System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of the major peaks. For products containing thiamine hydrochloride,
calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1 = molecular weight of thiamine mononitrate, 327.36
Mr2 = molecular weight of thiamine hydrochloride, 337.27

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
as thiamine ion (C12 H17 N4 OS+) USP43
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
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USP Thiamine Hydrochloride RS in the Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1), and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60°, and cool. Filter, discarding the first few milliliters of the
filtrate.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine hydrochloride,
0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride, to a stoppered 125-mL flask.
Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60°, and cool. Filter, discarding the first few milliliters of the
filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50°
Flow rate: 2.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacin or niacinamide. Calculate the percentage of the labeled
amount of niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacin or niacinamide from the Sample solution
rS = peak area of niacin or niacinamide from the Standard solution
CS = concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution
(mg/mL)
CU = nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
(for products containing thiamine hydrochloride) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak area of the corresponding vitamin from the Sample solution
rS = peak area of the corresponding vitamin from the Standard solution
CS = concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
CU = nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1 = molecular weight of thiamine mononitrate, 327.36
Mr2 = molecular weight of thiamine hydrochloride, 337.27
Calculate the percentage of the labeled amount of vitamin B1 as thiamine ion
(C12 H17 N4 OS+), vitamin B2 as riboflavin (C17 H20 N4 O6 ), vitamin B3 as niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), vitamin B6 as pyridoxine (C8 H11 NO3 ), calcium pantothenate
(C18 H32 CaN2 O10 ), and folic acid (C19 H19 N7 O6 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin from the corresponding Sample solution
rS = peak area of the relevant vitamin from the corresponding Standard solution
CS = concentration of the relevant vitamin Reference Standard in the corresponding
Standard solution (µg/mL)
CU = nominal concentration of the relevant vitamin in the corresponding Sample solution
(µg/mL) USP43
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
of the labeled amount of each individual vitamin USP43
Add the following:
• Folic Acid, Method 3; Ascorbic Acid, Niacin or Niacinamide, Pyridoxine
Hydrochloride, Calcium Pantothenate, Riboflavin, and Thiamine, Method 4
[Note—Use low-actinic glassware.]
Solution A: 0.56 g of edetate disodium and 2.04 g of potassium phosphate monobasic per
1000 mL of water. Adjust with phosphoric acid to a pH of 3.0.
Solution B: Acetonitrile, acetic acid, glacial, and water (5:1:94)
Solution C: Aqueous solution containing 2 mL of ammonium hydroxide and 1 g of sodium
perchlorate per 100 mL
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Solution D: Aqueous solution containing 2 mL of ammonium hydroxide, 1 g of sodium
perchlorate, and 2 g of sodium ascorbate per 100 mL
Mobile phase A: 0.02% trifluoroacetic acid in water
Mobile phase B: Acetonitrile
Mobile phase: See Table 4.
Time
(min)
0
1.0
6.0
15.0
17.0
19.0
19.1
25.0

Table 4
Mobile Phase A
(%)
100
100
95
83
80
80
100
100

Mobile Phase B
(%)
0
0
5
17
20
20
0
0

Ascorbic acid standard stock solution: 1.0 mg/mL of ascorbic acid from USP Ascorbic
Acid RS in Solution A
Thiamine standard stock solution: 0.2 mg/mL of thiamine from USP Thiamine
Hydrochloride RS in Solution B. The solution can be placed on a steam bath for about 5–10
min with frequent swirling to assist in dissolution.
Riboflavin standard stock solution: 0.2 mg/mL of USP Riboflavin RS in Solution B. Heat
the solution to 65°–70° for 10 min to assist in dissolution.
Niacin or niacinamide standard stock solution: 1.0 mg/mL of USP Niacin RS or USP
Niacinamide RS in Solution A
Pyridoxine standard stock solution: 0.2 mg/mL of pyridoxine from USP Pyridoxine
Hydrochloride RS in Solution C
Folic acid standard stock solution: 0.2 mg/mL of folic acid from USP Folic Acid RS in
Solution C
Calcium Pantothenate standard stock solution: 1.0 mg/mL of calcium pantothenate
from USP Calcium Pantothenate RS in Mobile phase A
System suitability solution: Transfer 0.5 mL of Ascorbic acid standard stock solution, 2.5
mL of Thiamine standard stock solution, and 0.5 mL of Niacin or niacinamide standard
stock solution into 10-mL volumetric flask and dilute with Mobile phase A to volume.
Sample solution 1: Weigh and finely powder NLT 20 Tablets. Transfer a calculated amount
of accurately weighed powder into a 100-mL volumetric flask to obtain a solution
containing known nominal concentrations of thiamine, riboflavin, and calcium pantothenate
in the ranges of 5–30 µg/mL for thiamine, 10–60 µg/mL for riboflavin, and 25–150 µg/mL
for calcium pantothenate. Add Solution B to about half the volume and mix on a vortex
mixer for 5 min. Heat the flask at 65°–70° for 5 min, swirling frequently, and sonicate
additionally for 5 min. Cool to room temperature, dilute with Mobile phase A to volume, and
mix well. Pass a portion of the solution through a suitable filter of 0.45-µm pore size and
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discard the first milliliter of the filtrate.
Sample solution 2: Transfer a portion of finely powdered Tablets into a 100-mL volumetric
flask to obtain a solution containing known nominal concentrations of ascorbic acid and
niacin or niacinamide in the ranges of 50–300 µg/mL for ascorbic acid and 12–65 µg/mL for
niacin or niacinamide, add Solution A to about half the volume, and mix on a vortex mixer
for 5 min. Sonicate for 10 min with occasional shaking. Cool to room temperature, dilute
with Solution A to volume, and mix well. Pass a portion of the solution through a suitable
filter of 0.45-µm pore siz, and discard the first milliliter of the filtrate.
Sample solution 3: Transfer a portion of finely powdered Tablets into a 100-mL volumetric
flask to obtain a solution containing known nominal concentrations of pyridoxine
hydrochloride and folic acid in the ranges of 5–30 µg/mL for pyridoxine hydrochloride and
2–12 µg/mL for folic acid, add Solution D to about half the volume, heat in a water bath at
40° for 5 min, and sonicate for 10 min with occasional shaking. Cool to room temperature,
dilute with Solution D to volume, and mix well. Pass a portion of the solution through a
suitable filter of 0.45-µm pore size, and discard the first milliliter of the filtrate.
Standard solution 1: Transfer calculated volumes of Thiamine standard stock solution,
Riboflavin standard stock solution, and Calcium pantothenate standard stock solution into
a suitable volumetric flask to obtain a solution with final vitamin concentrations similar to
the nominal concentrations in Sample solution 1 for the corresponding vitamins. Dilute with
Mobile phase A to volume, and mix well.
Standard solution 2: Transfer calculated volumes of Ascorbic acid standard stock solution
and Niacin or niacinamide standard stock solution to a suitable volumetric flask to obtain
a solution with final vitamin concentrations similar to the nominal concentrations in Sample
solution 2 for the corresponding vitamins. Dilute with Mobile phase A to volume, and mix
well.
Standard solution 3: Transfer calculated volumes of Pyridoxine standard stock solution
and Folic acid standard stock solution into a suitable volumetric flask to obtain a solution
with final vitamin concentrations similar to the nominal concentrations in Sample solution 3
for the corresponding vitamins. Dilute with Solution C to volume, and mix well.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detectors
For calcium pantothenate: UV 210 nm
For thiamine, ascorbic acid, niacin or niacinamide, and riboflavin: UV 254 nm
For pyridoxine hydrochloride and folic acid: UV 280 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution 1, Standard solution 2, and
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Standard solution 3
Suitability requirements
Resolution: NLT 3.5 between the thiamine and ascorbic acid peaks; NLT 4.0 between
the ascorbic acid and niacin or niacinamide peaks, System suitability solution
Relative standard deviation: NMT 2.0% for each individual peak, Standard solution 1,
Standard solution 2, and Standard solution 3
Analysis
Samples: Sample solutions 1–3 and Standard solutions 1–3
Calculate the percentage of the labeled amount of vitamin B1 as thiamine ion
(C12 H17 N4 OS+), vitamin B2 as riboflavin (C17 H20 N4 O6 ), vitamin B3 as niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), vitamin B6 as pyridoxine (C8 H11 NO3 ), calcium pantothenate
(C18 H32 CaN2 O10 ), and folic acid (C19 H19 N7 O6 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin from the corresponding Sample solution
rS = peak area of the relevant vitamin from the corresponding Standard solution
CS = concentration of the relevant vitamin Reference Standard in the corresponding
Standard solution (µg/mL)
CU = nominal concentration of the relevant vitamin in the corresponding Sample solution
(µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of each individual vitamin
USP43

PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Dissolution: Meet the requirements
• Weight Variation 〈2091〉: Meet the requirements
CONTAMINANTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count does not exceed 3 ×
103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Water-Soluble Vitamins Tablets. The label
also states the quantity of each vitamin in terms of metric units per dosage unit, and
where necessary, the salt form in which it is present. Where more than one assay method
is given for a particular vitamin, the labeling states which assay method is used only if
Method 1 is not used.
• USP Reference Standards 〈11〉
USP Biotin RS
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Calcium Pantothenate RS
Cyanocobalamin RS
Folic Acid RS
Niacin RS
Niacinamide RS
Pyridoxine Hydrochloride RS
Riboflavin RS
Thiamine Hydrochloride RS

1 ATC C #8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 A suitable cartridge is the Waters Oasis MAX Vac RC , particle size 30 µm, part #86000371.
3 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbrueckii) may be obtained as #7830
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).

Recent Official Publications:
USP42–NF37 Page 5464
BRIEFING
Water-Soluble Vitamins with Minerals Tablets, USP 41 page 5137. As part of USP
monograph modernization efforts, it is proposed to add the new analytical procedure, Folic Acid,
Method 3; Ascorbic Acid, Niacin or Niacinamide, Pyridoxine Hydrochloride, Calcium
Pantothenate, Riboflavin, and Thiamine, Method 4 for determination of vitamins C, B1, B2, B3,
B6, folic acid, and pantothenic acid. The liquid chromatographic procedure is based on analyses
performed with the GL Sciences Inertsil ODS 3V brand of column with L1 packing. The typical
retention times for thiamin, ascorbic acid, niacinamide, pyridoxine, calcium pantothinate, folic
acid, and riboflavin are 2.5, 3.5, 4.8, 7.0, 11.5, 15.8, and 17.9 min, respectively.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(NBDS: N. Davydova.)
Correspondence Number—C202603
Comment deadline: January 31, 2019
Water-Soluble Vitamins with Minerals Tablets
DEFINITION
Change to read:
Water-Soluble Vitamins with Minerals Tablets contain one or more of the following water-soluble
vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium Ascorbate, Biotin,
Cyanocobalamin, Folic Acid, Niacin or Niacinamide, pantothenic acid (as Calcium Pantothenate
or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride, Riboflavin, and Thiamine
Hydrochloride or Thiamine Mononitrate; and one or more minerals derived from substances
generally recognized as safe, furnishing one or more of the following elements in ionizable form:
boron, calcium, chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum,
nickel, phosphorus, potassium, selenium, tin, vanadium, and zinc. Tablets contain NLT 90.0%
and NMT 150.0% of the labeled amount of ascorbic acid (C6 H8 O6 ) , biotin (C10 H16 N2 O3 S),
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cyanocobalamin (C63 H88 CoN14 O14 P), folic acid (C19 H19 N7 O6 ), calcium pantothenate
(C18 H32 CaN2 O10 ), niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O), pyridoxine hydrochloride
USP43

(C8 H11 NO3 ·HCl
USP43

), riboflavin (C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine
mononitrate.
as thiamine ion (C12 H17 N4 OS+); USP43
NLT 90.0% and NMT 125.0% of the labeled amount of calcium (Ca), copper (Cu), iron (Fe),
magnesium (Mg), manganese (Mn), phosphorus (P), potassium (K), and zinc (Zn); and NLT
90.0% and NMT 160.0% of the labeled amount of boron (B), chromium (Cr), fluorine (F), iodine
(I), molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V).
They do not contain any form of Beta Carotene or vitamin A, D, E, or K. They may contain
other labeled added substances that are generally recognized as safe, in quantities that are
unobjectionable.
IDENTIFICATION
Add the following:
• A. Characteristic absorption of each mineral as obtained in the tests in Strength

USP43

Add the following:
• B. The retention times of the vitamin peaks of the Sample solutions correspond to those
of the corresponding vitamin peaks of the Standard solutions as obtained in the tests for
Strength. USP43
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, with
the method used being stated in the labeling only if Method 1 is not used.]
Change to read:
• Ascorbic Acid, Calcium Ascorbate, and Sodium Ascorbate
(See Vitamin C Assay 〈580〉.)
[Note—For labeling purposes, consider 〈580〉, Method I—Titrimetric Method as Method 1;
〈580〉, Method II—Chromatographic Method, Procedure 1 as Method 2; and 〈580〉,
Method II—Chromatographic Method, Procedure 2 as Method 3. USP43
]
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, and 1 mL of phosphoric
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acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of powder, equivalent
to a nominal amount of 1 mg of biotin, to a 200-mL volumetric flask. Add 3 mL of dimethyl
sulfoxide, and swirl to wet the contents. Place the flask in a water bath at 60°–70° for 5
min. Sonicate for 5 min, dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the responses for the biotin peaks. Calculate the percentage of the labeled amount
of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Biotin RS in the Standard solution (µg/mL)
CU = nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that when constituted as directed, they have growth-promoting
properties equal to or superior to those obtained with the media prepared as described
herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store in a
refrigerator.
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Standard solution: On the day of the assay, dilute the Standard stock solution with water
to a concentration of 0.1 ng/mL of USP Biotin RS.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 100 µg of biotin, to a 200-mL volumetric flask. Add 3
mL of 50% alcohol, and swirl to wet the contents. Heat the flask in a water bath at 60°–
70° for 5 min. Sonicate for 5 min, dilute with diluted alcohol to volume, and filter. Dilute a
volume of the filtrate quantitatively, and stepwise if necessary, with water to obtain a
solution with a concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10°. Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in 1.0 g of l-tryptophan (or 2.0
g of d,l-tryptophan) in 700–800 mL of water. Heat to 70°–80°, and add dilute hydrochloric
acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and dilute with
water to 1000 mL. Store under toluene in a cool place at a temperature NLT 10°.
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
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Table 1
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Adenine–guanine–uracil solution
Calcium pantothenate solution
Riboflavin–thiamine hydrochloride solution
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution
Salt solution A
Salt solution B

848

25 mL
25 mL
0.25 mL
10 g
5g
5 mL
5 mL
5 mL
5 mL
5 mL
5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121°, and allow the tubes to cool in an upright position. Prepare stab
cultures in 3 or more of the tubes, using a pure culture of Lactobacillus plantarum,1
incubating for 16–24 h at a temperature between 30° and 37° held constant to within
±0.5°. Store in a refrigerator. Prepare a fresh stab of the stock culture every week, and
do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121°, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
Culture medium. Incubate this culture for 16–24 h at a temperature between 30° and 37°
held constant to within ±0.5°. The cell suspension is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to 4 similar but empty tubes add 5.0 mL of Basal
medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to 3 or
more of the levels specified for the Standard solution, including the levels of 2.0, 3.0, and
4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and sufficient water
to make 10 mL. Place one complete set of Standard and sample tubes together in one
tube rack and the duplicate set in a second rack or section of a rack, preferably in random
order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121° for 5 min. Cool. Add 1 drop of Inoculum to each tube, except 2 of the 4 tubes
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containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30° and 37° held constant to within ±0.5° until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to a spectrophotometer cell. Place the cell in a spectrophotometer that
has been set at a specific wavelength of 540–660 nm, and read the transmittance when a
steady state is reached. This steady state is observed a few seconds after agitation
when the galvanometer reading remains constant for 30 s or more. Allow approximately
the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (Σ) as the difference, y = 2.00 − Σ. Plot this response on the ordinate of
cross-section paper against the logarithm of the milliliter of Standard solution per tube
on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that fall within the range
of lowest and highest points plotted for the Standard. Subtract from each logarithm so
obtained the logarithm of the volume, in mL, of the Sample solution to obtain the
difference, X, for each dosage level. Average the values of X for each of 3 or more
dosage levels to obtain X, which equals the log-relative potency, M′, of the Sample
solution.
Determine the quantity, in µg, of USP Biotin RS corresponding to the biotin in each mg of
the portion of Tablets taken:
antilog M = antilog (M′ + log R)
R = amount of biotin assumed to be present in each mg in the portion of Tablets taken
(µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 〈111〉, The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of 2 or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
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• Biotin, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 800 mL of water and 100 mL of triethylamine to a 1000-mL volumetric
flask. Add 80 mL of 85% phosphoric acid, and dilute with water to volume.
Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of Solution A to a 1000-mL
volumetric flask. Dilute with water to volume.
Standard solution: 0.6 µg/mL of USP Biotin RS in water.[Note—A portion of the Standard
solution will be used to determine the percent recovery of biotin from the Solid-phase
extraction procedure.]
Sample solution: Finely powder NLT 20 Tablets. Transfer an amount of powdered Tablets
to a volumetric flask to obtain a nominal concentration of 0.6 µg/mL of biotin. Add water
up to 80% of the flask capacity, and sonicate for 30–40 min, with occasional mixing, to
dissolve. Dilute with water to volume, and filter. Adjust the pH of the solution with either
diluted acetic acid or 0.1 N sodium hydroxide to 6.0–7.0.
Solid-phase extraction: [Note—Condition the extraction column specified in this
procedure in the following manner. Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.] Separately pipet 5.0 mL of the Sample solution
and Standard solution into freshly conditioned solid-phase extraction columns consisting of
a mixed-mode packing with a sorbent mass of 60 mg. [Note—The mixed-mode packing
consists of anion-exchange and reversed-phase sorbents. The reverse-phase component
is a copolymer N-vinylpyrrolidone and divinylbenzene. The anion exchange moiety is a
trialkylamino group.2]
Wash the column with 10 mL of 30% (v/v) methanol in water. Apply an appropriate volume
(4.9 mL) of 30% (v/v) methanol in 0.1 N hydrochloric acid to the column. Collect the
eluate in a 5-mL volumetric flask, containing 100 µL of 40% (w/v) sodium acetate in
water, and dilute with 30% (v/v) methanol in 0.1 N hydrochloric acid to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and a portion of Standard solution that has undergone Solidphase extraction
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution and Standard solution that
has undergone Solid-phase extraction
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Recovery: 95%–100%, Standard solution that has undergone Solid-phase extraction
Analysis
Samples: Standard solution and Sample solution that have both undergone Solid-phase
extraction
Measure the responses for the biotin peak.
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Biotin RS in the Standard solution (µg/mL)
CU = nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store in a
dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from the Standard stock solution
diluted with water
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 100 µg of cyanocobalamin, to a 250-mL flask.
Quantitatively add 100.0 mL of water, and carefully extract for 2 min. Filter 10 mL of the
extract, and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
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Samples: Standard solution and Sample solution
Measure the peak responses for cyanocobalamin. Calculate the percentage of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of cyanocobalamin from the Sample solution
rS = peak response of cyanocobalamin from the Standard solution
CS = concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
CU = nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard cyanocobalamin stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25%
alcohol. Store in a refrigerator.
Standard solution: Dilute a suitable volume of Standard cyanocobalamin stock solution
with water to a measured volume such that after the incubation period as directed in the
Analysis, the difference in transmittance between the inoculated blank and the 5.0-mL
level of the Standard solution is NLT that which corresponds to a difference of 1.25 mg in
dried cell weight. This concentration usually falls between 0.01 and 0.04 ng/mL of
Standard solution. Prepare this solution fresh for each assay.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powdered
Tablets, equivalent to a nominal amount of 1.0 µg of cyanocobalamin, to an appropriate
vessel containing, for each gram of powdered Tablets taken, 25 mL of an aqueous
extracting solution prepared just before use to contain, in each 100 mL, 1.29 g of dibasic
sodium phosphate, 1.1 g of anhydrous citric acid, and 1.0 g of sodium metabisulfite.
Autoclave the mixture at 121° for 10 min. Allow any undissolved particles of the extract to
settle, and filter or centrifuge if necessary. Dilute an aliquot of the clear solution with
water to obtain a final solution containing vitamin B12 activity equivalent to the nominal
activity of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10°. Filter the solution if a precipitate forms during storage..
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator..
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Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70°, add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store
in a refrigerator.
Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg
of biotin, and 20 mg of niacin in 0.02 N glacial acetic acid to make 400 mL. Store under
toluene, protected from light, in a refrigerator.
Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium
pantothenate, 40 mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg
of pyridoxamine dihydrochloride, and 2 mg of folic acid in a mixture of water and
neutralized alcohol (3:1) to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving cystine and tryptophan
in the hydrochloric acid before adding the next 8 solutions in the resulting solution. Add
100 mL of water, and dissolve the dextrose, sodium acetate, and ascorbic acid. Filter, if
necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium hydroxide to a pH of
between 5.5 and 6.0, and dilute with Purified Water to 250 mL.
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Table 2
l-Cystine
l-Tryptophan
1 N hydrochloric acid
Adenine–guanine–uracil solution
Xanthine solution
Vitamin solution A
Vitamin solution B
Salt solution A
Salt solution B
Asparagine solution
Acid-hydrolyzed casein solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Ascorbic acid
Polysorbate 80 solution

0.1 g
0.05 g
10 mL
5 mL
5 mL
10 mL
10 mL
5 mL
5 mL
5 mL
25 mL
10 g
5g
1g
5 mL

Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant and pass,
with the aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121° for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize,
and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution into test tubes, cover the tubes, sterilize at 121°
for 15 min in an autoclave (exhaust line temperature), and allow the tubes to cool in an
upright position. Inoculate 3 or more of the tubes by stab transfer of a pure culture of
Lactobacillus leichmannii.3 [Note—Before first using a fresh culture in this assay, make
NLT 10 successive transfers of the culture in a 2-week period.] Incubate for 16–24 h at a
temperature between 30° and 40° held constant to within ±0.5°. Store in a refrigerator.
Prepare fresh stab cultures at least 3 times each week, and do not use them for preparing
the Inoculum if more than 4 days old. The activity of the microorganism can be increased
by daily or twice-daily transfer of the stab culture, to the point where definite turbidity in
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the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing culture
seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus leichmannii to 2 sterile tubes each containing 10
mL of the Culture medium. Incubate these cultures for 16–24 h at a temperature between
30° and 40° held constant to within ±0.5°. Under aseptic conditions centrifuge the
cultures, and decant the supernatant. Suspend the cells from the culture in 5 mL of sterile
Suspension medium, and combine. Using sterile Suspension medium, adjust the volume so
that a 1-in-20 dilution in saline TS produces 70% transmittance when read on a suitable
spectrophotometer that has been set at a wavelength of 530 nm, equipped with a 10-mm
cell, and read against saline TS set at 100% transmittance. Prepare a 1-in-400 dilution of
the adjusted suspension using Basal medium stock solution. [Note—This dilution may be
altered, when necessary, to obtain the desired test response.] The cell suspension is the
Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water and
with the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable means,
followed preferably by heating at 250° for 2 h, using hard-glass 20-mm × 150-mm test
tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to 4 similar but empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in
one tube rack and the duplicate set in a second rack or section of a rack, preferably in
random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121° for
5 min, arranging to reach this temperature in NMT 10 min by preheating the autoclave if
necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except 2 of the 4 containing
no Standard solution (the uninoculated blanks). Incubate the tubes at a temperature
between 30° and 40°, held constant to within ±0.5°, for 16–24 h.
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Terminate growth by heating to a temperature NLT 80° for 5 min. Cool to room temperature.
After agitating contents, place the container in a spectrophotometer that has been set at
a wavelength of 530 nm, and read the transmittance when a steady state is reached.
This steady state is observed a few seconds after agitation when the reading remains
constant for 30 s or more. Allow approximately the same time interval for the reading on
each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
the inoculated blank. If the difference is greater than 5%, or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (Σ) as the difference, y = 2.00 − Σ. Plot this response on the ordinate of
cross-section paper against the logarithm of the milliliter of Standard solution per tube
on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that falls within the range
of the lowest and highest points plotted for the Standard. Subtract from each logarithm
so obtained the logarithm of the volume, in mL, of the Sample solution to obtain the
difference, X, for each dosage level. Average the values of X for each of 3 or more
dosage levels to obtain X, which equals the log-relative potency, M′, of the Sample
solution.
Determine the quantity, in µg, of USP Cyanocobalamin RS corresponding to the
cyanocobalamin in each mg of the portion of Tablets taken:
antilog M = antilog (M′ + log R)
R = amount of cyanocobalamin assumed to be present in each mg in the portion of
Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 〈111〉, The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of 2 or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
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Change to read:
• Folic Acid, Method 1
Proceed as directed in Folic Acid Assay 〈411〉, Assay, Procedure 1.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (between 1% and 3%).]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in Internal standard solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 0.4 mg of folic acid, to a 50-mL amber-colored
centrifuge tube. Add 25.0 mL of Internal standard solution, shake by mechanical means
for 10 min, and centrifuge. Filter a portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and 1.0,
respectively.]
Suitability requirements
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Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak area ratio of folic acid to methylparaben from the Sample solution
RS = peak area ratio of folic acid to methylparaben from the Standard solution
CS = concentration of USP Folic Acid RS in the Standard solution (µg/mL)
CU = nominal concentration of folic acid in the Sample solution (µg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
Change to read:
• Folic Acid, Method 2
Proceed as directed in Folic Acid Assay 〈411〉, Assay, Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring, in 500 mL of water containing
10 mL of ammonium hydroxide.
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of Standard stock solution with 10.0 mL of methanol and
35.0 mL of Reagent, shake for 15 min in a water bath maintained at 60°, and cool. Filter,
discarding the first few mL of the filtrate.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to a nominal
amount of 0.3 mg of folic acid, to a 125-mL stoppered flask. Add 10.0 mL of methanol and
35.0 mL of Reagent. Shake for 15 min in a water bath maintained at 60°, and cool. Filter,
discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
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Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of
folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of folic acid from the Sample solution
rS = peak area of folic acid from the Standard solution
CS = concentration of USP Folic Acid RS in the Standard solution (µg/mL)
CU = nominal concentration of folic acid in the Sample solution (µg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 15 mg of calcium pantothenate, to a centrifuge tube.
Add 25.0 mL of the Internal standard solution, and shake vigorously for 10 min.
Centrifuge, filter, and use the clear filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
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System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for calcium pantothenate and the internal standard. Calculate
the percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the
portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU = peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Sample solution
RS = peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Standard solution
CS = concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
CU = nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide while protected from absorption of
moisture during the weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL
of 0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with
water to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS.
Store under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in Analysis, 2.0–
4.0 mL of the Standard solution being used, are within the linear portion of the logconcentration response curve.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 50 mg of calcium pantothenate, to a 1000-mL
volumetric flask containing 500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of
sodium acetate solution (16.66 mg/mL), dilute with water to volume, and filter. Dilute a
volume of this solution to obtain a solution with approximately the same concentration as
that of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Cyanocobalamin, Method 2.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine and 1.0 g of l-tryptophan (or
2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70°–80°, and add dilute
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hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and
dilute with water to 1000 mL. Store under toluene in a cool place at a temperature NLT
10°.
Adenine–guanine–uracil solution: Prepare as directed in Cyanocobalamin, Method 2.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Adenine–guanine–uracil solution
Riboflavin–thiamine hydrochloride–biotin solution
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution
Salt solution A
Salt solution B

25 mL
25 mL
0.25 mL
10 g
5g
5 mL
5 mL
5 mL
5 mL
5 mL

Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water; add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar; and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121°, and allow the tubes to cool in an upright position.
Prepare stab cultures in 3 or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30° and 37° held constant
to within ±0.5°. Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121°, and cool.
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Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
Culture medium. Incubate this culture for 16–24 h at a temperature between 30° and 37°
held constant to within ±0.5°. The cell suspension is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL of
the Standard solution. To each tube and to 4 similar but empty tubes add 5.0 mL of Basal
medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to 3 or more of the levels specified for the Standard solution, including the
levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121° for 5 min. Cool, and add 1 drop of Inoculum to each tube, except 2 of the 4 tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30° and 37°, held constant to within ±0.5° until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, and transfer to an optical container if necessary. Place the container in a
spectrophotometer that has been set at a specific wavelength between 540 and 660 nm,
and read the transmittance when a steady state is reached. This steady state is
observed a few seconds after agitation when the galvanometer reading remains constant
for 30 s or more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (Σ) as the difference, y = 2.00 − Σ. Plot this response on the ordinate of
cross-section paper against the logarithm of the milliliter of Standard solution per tube
on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that fall within the range
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of the lowest and highest points plotted for the Standard. Subtract from each logarithm
so obtained the logarithm of the volume, in mL, of the Sample solution to obtain the
difference, X, for each dosage level. Average the values of X for each of 3 or more
dosage levels to obtain X, which equals the log-relative potency, M′, of the Sample
solution.
Determine the quantity, in mg, of USP Calcium Pantothenate RS corresponding to the
calcium pantothenate in each mg of the portion of Tablets taken:
antilog M = antilog (M′ + log R)
R = amount of calcium pantothenate assumed to be present in each mg in the portion
of Tablets taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 〈111〉, The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of 2 or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 3
Buffer solution: 5.0 mg/mL of monobasic potassium phosphate in water. Adjust with
phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from Standard stock
solution diluted with water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 10 mg of calcium pantothenate, to a 250-mL volumetric
flask. Add 10 mL of methanol, and swirl the flask to disperse. Dilute with water to volume,
mix, and filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
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Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the labeled
amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area from the Sample solution
rS = peak area from the Standard solution
CS = concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
CU = nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65°–70° for 10 min with regular shaking, or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 10 mg of niacinamide and 2.5 mg each of pyridoxine
hydrochloride, riboflavin, and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0
mL of Diluent, and mix using a vortex mixer for 30 s to completely suspend the powder.
Immerse the centrifuge tube in a hot water bath maintained at 65°–70°, heat for 5 min,
and mix on a vortex mixer for 30 s. Return the tube to the hot water bath, heat for
another 5 min, and mix on a vortex mixer for 30 s. Filter a portion of the solution, cool to
room temperature, and use the clear filtrate. [Note—Use the filtrate within 3 h of
filtration.]
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC

PF 44(6): Nov.-Dec. 2018

865

Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine
are about 0.3, 0.5, 0.8, and 1.0, respectively.]

USP43

Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacinamide from the Sample solution
rS = peak area of niacinamide from the Standard solution
CS = concentration of USP Niacinamide RS in the Standard solution (mg/mL)
CU = nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacin from the Sample solution
rS = peak area of niacin from the Standard solution
CS = concentration of USP Niacin RS in the Standard solution (mg/mL)
CU = nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the corresponding vitamin from the Sample solution
rS = peak area of the corresponding vitamin from the Standard solution
CS = concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
CU = nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
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For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1 = molecular weight of thiamine mononitrate, 327.36
Mr2 = molecular weight of thiamine hydrochloride, 337.27
Calculate the percentage of the labeled amount of vitamin B1 as thiamine ion
(C12 H17 N4 OS+), vitamin B2 as riboflavin (C17 H20 N4 O6 ), vitamin B3 as niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), vitamin B6 as pyridoxine (C8 H11 NO3 ), calcium pantothenate
(C18 H32 CaN2 O10 ), and folic acid (C19 H19 N7 O6 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin from the corresponding Sample solution
rS = peak area of the relevant vitamin from the corresponding Standard solution
CS = concentration of the relevant vitamin Reference Standard in the corresponding
Standard solution (µg/mL)
CU = nominal concentration of the relevant vitamin in the corresponding Sample solution
(µg/mL) USP43
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
each individual vitamin USP43
Change to read:
• Niacin, Method 2
Proceed as directed in Niacin or Niacinamide Assay 〈441〉, Assay, Chromatographic Methods,
Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
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Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Finely powder
NLT 20 Tablets. Transfer a portion of the powder, equivalent to a nominal amount of 2 mg
of riboflavin, to a 200-mL volumetric flask. If riboflavin is not present in the formulation,
use a portion of the powder equivalent to a nominal amount of 2 mg of pyridoxine. If
pyridoxine is not present in the formulation, use a portion of the powder equivalent to a
nominal amount of 20 mg of niacin or niacinamide. Add 100.0 mL of Extraction solvent, and
mix for 20 min, using a wrist-action shaker. Immerse the flask in a water bath maintained
at 70°–75°, and heat for 20 min. Mix on a vortex mixer for 30 s, cool to room temperature,
and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin. Calculate the percentage of the labeled amount of niacin
(C6 H5 NO2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacin from the Sample solution
rS = peak area of niacin from the Standard solution
CS = concentration of USP Niacin RS in the Standard solution (mg/mL)
CU = nominal concentration of niacin in the Sample solution (mg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
Change to read:
• Niacinamide, Method 2
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Proceed as directed in Niacin or Niacinamide Assay 〈441〉, Assay, Chromatographic Methods,
Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, Standard stock solution, Standard solution,
Sample solution, and Chromatographic system: Using USP Niacinamide RS in place of
USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacinamide. Calculate the percentage of the labeled amount of
niaciniamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niaciniamide from the Sample solution
rS = peak area of niaciniamide from the Standard solution
CS = concentration of USP Niacinamide RS in the Standard solution (mg/mL)
CU = nominal concentration of niacinamide in the Sample solution (mg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
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Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for pyridoxine. Calculate the percentage of the labeled amount of
pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of pyridoxine from the Sample solution
rS = peak area of pyridoxine from the Standard solution
CS = concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
Change to read:
• Riboflavin, Method 2
Proceed as directed in Riboflavin Assay 〈481〉, Assay, Chromatographic Methods, Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent: Prepare as directed in Niacin, Method 2.
Solution A: 6.8 g/L of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65°–75°. Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of Standard stock solution with Extraction solvent to
25.0 mL.
Sample solution: Prepare as directed in Niacin, Method 2.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
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System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of riboflavin from the Sample solution
rS = peak area of riboflavin from the Standard solution
CS = concentration of USP Riboflavin RS in the Standard solution (mg/mL)
CU = nominal concentration of riboflavin in the Sample solution (mg/mL)

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
Change to read:
• Thiamine, Method 2
Proceed as directed in Thiamine Assay 〈531〉, Assay, Chromatographic Methods, Procedure 2.
USP43

[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 mg/mL of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Weigh and finely powder NLT 20 Tablets. Mix a portion of the powdered
Tablets with a volume of 0.2 N hydrochloric acid to obtain a nominal concentration of 0.02
mg/mL of thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30
min. Cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
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Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks. For products containing thiamine hydrochloride,
calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1 = molecular weight of thiamine mononitrate, 327.36
Mr2 = molecular weight of thiamine hydrochloride, 337.27

USP43

Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
as thiamine ion (C12 H17 N4 OS+) USP43
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
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Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60°, and cool. Filter, discarding the first few milliliters of the
filtrate.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent to a nominal amount of 7.5 mg of niacin or niacinamide, 1.2 mg of
pyridoxine hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride, to a
stoppered 125-mL flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid
(9:1) and 30.0 mL of a mixture of methanol and ethylene glycol (1:1). Insert the stopper,
shake for 15 min in a water bath maintained at 60°, and cool. Filter, discarding the first
few milliliters of the filtrate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50°
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the peaks. Calculate the percentage of the labeled amount of niacin
(C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of niacin or niacinamide from the Sample solution
rS = peak area of niacin or niacinamide from the Standard solution
CS = concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution
(mg/mL)
CU = nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the corresponding vitamin from the Sample solution
rS = peak area of the corresponding vitamin from the Standard solution
CS = concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
CU = nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU = peak area of thiamine from the Sample solution
rS = peak area of thiamine from the Standard solution
CS = concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU = nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1 = molecular weight of thiamine mononitrate, 327.36
Mr2 = molecular weight of thiamine hydrochloride, 337.27
Calculate the percentage of the labeled amount of vitamin B1 as thiamine ion
(C12 H17 N4 OS+), vitamin B2 as riboflavin (C17 H20 N4 O6 ), vitamin B3 as niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), vitamin B6 as pyridoxine (C8 H11 NO3 ), calcium pantothenate
(C18 H32 CaN2 O10 ), and folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin from the corresponding Sample solution
rS = peak area of the relevant vitamin from the corresponding Standard solution
CS = concentration of the relevant vitamin Reference Standard in the corresponding
Standard solution (µg/mL)
CU = nominal concentration of the relevant vitamin in the corresponding Sample solution
(µg/mL) USP43
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
each individual vitamin USP43
Add the following:
• Folic Acid, Method 3; Ascorbic Acid, Niacin or Niacinamide, Pyridoxine
Hydrochloride, Calcium Pantothenate, Riboflavin, and Thiamine, Method 4
[Note—Use low-actinic glassware.]
Solution A: 0.56 g of edetate disodium and 2.04 g of potassium phosphate monobasic per
1000 mL of water. Adjust with phosphoric acid to a pH of 3.0.
Solution B: Acetonitrile, acetic acid, glacial, and water (5:1:94)
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Solution C: Aqueous solution containing 2 mL of ammonium hydroxide and 1 g of sodium
perchlorate per 100 mL
Solution D: Aqueous solution containing 2 mL of ammonium hydroxide, 1 g of sodium
perchlorate, and 2 g of sodium ascorbate per 100 mL
Mobile phase A: 0.02% trifluoroacetic acid in water
Mobile phase B: Acetonitrile
Mobile phase: See Table 4.
Time
(min)
0
1.0
6.0
15.0
17.0
19.0
19.1
25.0

Table 4
Mobile Phase A
(%)
100
100
95
83
80
80
100
100

Mobile Phase B
(%)
0
0
5
17
20
20
0
0

Ascorbic acid standard stock solution: 1.0 mg/mL of ascorbic acid from USP Ascorbic
Acid RS in Solution A
Thiamine standard stock solution: 0.2 mg/mL of thiamine from USP Thiamine
Hydrochloride RS in Solution B. The solution can be placed on a steam bath for about 5–10
min with frequent swirling to assist in dissolution.
Riboflavin standard stock solution: 0.2 mg/mL of USP Riboflavin RS in Solution B. Heat
the solution to 65°–70° for 10 min to assist in dissolution.
Niacin or niacinamide standard stock solution: 1.0 mg/mL of USP Niacin RS or USP
Niacinamide RS in Solution A
Pyridoxine standard stock solution: 0.2 mg/mL of pyridoxine from USP Pyridoxine
Hydrochloride RS in Solution C
Folic acid standard stock solution: 0.2 mg/mL of folic acid from USP Folic Acid RS in
Solution C
Calcium pantothenate standard stock solution: 1.0 mg/mL of calcium pantothenate
from USP Calcium Pantothenate RS in Mobile phase A
System suitability solution: Transfer 0.5 mL of Ascorbic acid standard stock solution, 2.5
mL of Thiamine standard stock solution, and 0.5 mL of Niacin or niacinamide standard
stock solution to a 10-mL volumetric flask and dilute with Mobile phase A to volume.
Sample solution 1: Weigh and finely powder NLT 20 Tablets. Transfer a calculated amount
of accurately weighed powder to a 100-mL volumetric flask to obtain a solution containing
known nominal concentrations of thiamine, riboflavin, and calcium pantothenate in the
ranges of 5–30 µg/mL for thiamine, 10–60 µg/mL for riboflavin, and 25–150 µg/mL for
calcium pantothenate. Add Solution B to about half the volume and mix on a vortex mixer
for 5 min. Heat the flask at 65°–70° for 5 min, swirl frequently, and sonicate additionally
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for 5 min. Cool to room temperature, dilute with Mobile phase A to volume, and mix well.
Pass a portion of the solution through a suitable filter of 0.45-µm pore size, and discard
the first milliliter of the filtrate.
Sample solution 2: Transfer a portion of finely powdered Tablets to a 100-mL volumetric
flask to obtain a solution containing known nominal concentrations of ascorbic acid and
niacin or niacinamide in the ranges of 50–300 µg/mL for ascorbic acid and 12–65 µg/mL for
niacin or niacinamide, add Solution A to about half the volume, and vortex for 5 min, and
sonicate for 10 min with occasional shaking. Cool to room temperature, dilute with Solution
A to volume, and mix well. Pass a portion of the solution through a suitable filter of
0.45-µm pore size, and discard the first milliliter of the filtrate.
Sample solution 3: Transfer a portion of finely powdered Tablets to a 100-mL volumetric
flask to obtain a solution containing known nominal concentrations of pyridoxine
hydrochloride and folic acid in the ranges of 5–30 µg/mL for pyridoxine hydrochloride and
2–12 µg/mL for folic acid, add Solution D to about half the volume, heat in a water bath at
40° for 5 min and sonicate for 10 min with occasional shaking. Cool to room temperature,
dilute with Solution D to volume, and mix well. Pass a portion of the solution through a
suitable filter of 0.45-µm pore size, and discard the first milliliter of the filtrate.
Standard solution 1: Transfer calculated volumes of Thiamine standard stock solution,
Riboflavin standard stock solution, and Calcium pantothenate standard stock solution into
a suitable volumetric flask to obtain a solution with final vitamin concentrations similar to
the nominal concentrations in Sample solution 1 for the corresponding vitamins. Dilute with
Mobile phase A to volume, and mix well.
Standard solution 2: Transfer calculated volumes of Ascorbic acid standard stock solution
and Niacin or niacinamide standard stock solution into a suitable volumetric flask to obtain
a solution with final vitamin concentrations similar to the nominal concentrations in Sample
solution 2 for the corresponding vitamins. Dilute with Mobile phase A to volume, and mix
well.
Standard solution 3: Transfer calculated volumes of Pyridoxine standard stock solution
and Folic acid standard stock solution into a suitable volumetric flask to obtain a solution
with final vitamin concentrations similar to the nominal concentrations in Sample solution 3
for the corresponding vitamins. Dilute with Solution C to volume, and mix well.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector
For calcium pantothenate: UV 210 nm
For thiamine, ascorbic acid, niacin or niacinamide, and riboflavin: UV 254 nm
For pyridoxine hydrochloride and folic acid: UV 280 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 25°
Flow rate: 1.0 mL/min
Injection volume: 20 µL
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System suitability
Samples: System suitability solution, Standard solution 1, Standard solution 2, and
Standard solution 3
Suitability requirements
Resolution: NLT 3.5 between the thiamine and ascorbic acid peaks; NLT 4.0 between
the ascorbic acid and niacin or niacinamide peaks, System suitability solution
Relative standard deviation: NMT 2.0% for each individual peak, Standard solution 1,
Standard solution 2, and Standard solution 3
Analysis
Samples: Sample solutions 1–3 and Standard solutions 1–3
Calculate the percentage of the labeled amount of vitamin B1 as thiamine ion
(C12 H17 N4 OS+), vitamin B2 as riboflavin (C17 H20 N4 O6 ), vitamin B3 as niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), vitamin B6 as pyridoxine (C8 H11 NO3 ), calcium pantothenate
(C18 H32 CaN2 O10 ), and folic acid (C19 H19 N7 O6 ), in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of the relevant vitamin from the corresponding Sample solution
rS = peak area of the relevant vitamin from the corresponding Standard solution
CS = concentration of the relevant vitamin Reference Standard in the corresponding
Standard solution (µg/mL)
CU = nominal concentration of the relevant vitamin in the corresponding Sample solution
(µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of each individual vitamin
USP43

[Note—Commercially available atomic absorption standard solutions for the minerals, where
applicable, may be used where preparation of a Standard stock solution is described in the
following assays. Use deionized water where water is specified. Where atomic absorption
spectrophotometry is specified in the assay, the Standard solutions and the Sample solution
may be diluted quantitatively with the solvent specified, if necessary, to yield solutions of
suitable concentrations adaptable to the linear or working range of the instrument.]
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300° for 3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5,
and 3.0 µg/mL of calcium.
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Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a porcelain crucible. Heat the crucible in a muffle furnace
maintained at 550° for 6–12 h, and cool. Add 60 mL of hydrochloric acid, and boil gently
on a hot plate or steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask. Rinse the crucible with small portions of 6 N
hydrochloric acid, and add the rinsings to the flask. Dilute with water to volume, and filter,
discarding the first 5 mL of the filtrate. Dilute this solution, quantitatively, with 0.125 N
hydrochloric acid to obtain a nominal concentration of 2 µg/mL of calcium, adding 1 mL of
Lanthanum chloride solution per 100 mL of the final volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line at 422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of calcium, and draw the straight
line best fitting the 5 plotted points. From the graph , determine the concentration (C), in
µg/mL of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of calcium in the Sample solution (µg/mL)
CU = nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120° for 4 h, in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from Chromium standard solution diluted
with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the 4 flasks with 0.125 N
hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0 µg/mL of
chromium.
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Sample solution: Prepare as directed in Calcium, Method 1, except obtain 1 µg/mL of
chromium and omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Chromium emission line at 357.9 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the 4 plotted points. From the graph, determine the concentration
(C), in µg/mL of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of chromium in the Sample solution (µg/mL)
CU = nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
(v/v) solution of nitric acid, and dilute with a 1% (v/v) solution of nitric acid to 1000 mL.
This solution contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from Copper standard solution diluted with
0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Prepare as directed in Calcium, Method 1, except obtain 2 µg/mL of
copper and omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Copper hollow-cathode
Flame: Air–acetylene
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Analytical wavelength: Copper emission line at 324.7 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of copper, and draw the straight
line best fitting the 5 plotted points. From the graph, determine the concentration (C), in
µg/mL of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of copper in the Sample solution (µg/mL)
CU = nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water in a
1000-mL volumetric flask. Allow the solution to equilibrate to room temperature, and dilute
with water to volume. Adjust with a few drops of acetic acid to a pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100° for 4 h and cooled in a desiccator in water
Intermediate stock solution A: 100 µg/mL of fluoride from Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from Fluoride standard stock solution
diluted with water
Standard solutions: To 5 separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0 mL
of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A. To
each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Transfer a quantity of the finely powdered Tablets, equivalent to a
nominal amount of 200 µg of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1 N
hydrochloric acid, 25.0 mL of 3 M sodium acetate solution, and 25.0 mL of Sodium citrate
solution, and dilute with water to 100 mL.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0 mL
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each of the Standard solutions and the Sample solution. Measure the potentials (see pH
〈791〉), in mV, of the Standard solutions and the Sample solution with a pH meter capable
of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ion-indicating
electrode and a calomel reference electrode. [Note—When taking measurements, immerse
the electrodes in the solution, stir on a magnetic stirrer with an insulated top until
equilibrium is attained (1–2 min), and record the potential. Rinse and dry the electrodes
between measurements, taking care to avoid damaging the crystal of the specific-ion
electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
the potential, in mV. From the standard response curve and the measured potential of the
Sample solution, determine the concentration (C), in µg/mL, of fluoride in the Sample
solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of fluoride in the Sample solution (µg/mL)
CU = nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution in the following manner. Using a vacuum at
a pressure not exceeding 5 mm of mercury, wash the column with 1 column volume of
methanol followed by 1 column volume of pH 10.0 buffer. Do not allow the column top to
dry. If the top of the column becomes dry, recondition the column.] Transfer 10.0 mL of
the Standard stock solution to a 100-mL volumetric flask. Add 75 mL of water, and adjust
with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water to volume. Filter,
discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask, add 15.0 mL of water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this solution through a 3-mL
solid-phase extraction column containing L1 packing that is connected through an adaptor
to a second solid-phase extraction column containing sulfonylpropyl strong cationexchange packing. Discard the first 3 mL of the eluate, and collect the rest of the eluate
in a suitable flask for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of powdered Tablets,
equivalent to a nominal amount of 1 mg of fluorine, to 15 mL of water, and shake
vigorously. Rinse the sides of the flask with 15 mL of water to a 100-mL volumetric flask.
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Add 15 mL of water, and allow to stand for 10 min. Dilute with water to 85 mL, adjust with
1 N sodium hydroxide to a pH of 10.4 ± 0.1, and dilute with water to 100 mL. Prepare as
directed for the Standard solution, beginning with “Filter, discarding the first 15 mL of the
filtrate.”
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of fluorine from the Sample solution
rS = peak area of fluorine from the Standard solution
CS = concentration of fluoride in the Standard solution (µg/mL)
CU = nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Iodide
Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis: Transfer a portion of finely powdered Tablets, equivalent to a nominal amount of
3 mg of iodide, to a nickel crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v)
sodium hydroxide solution, and 10 mL of alcohol, taking care that the entire specimen is
moistened. Heat the crucible on a steam bath to evaporate the alcohol, then dry the
crucible at 100° for 30 min to prevent spattering upon subsequent heating. Transfer the
crucible with its contents to a furnace heated to 500°, and heat the crucible for 15 min.
[Note—Heating at 500° is necessary to carbonize any organic matter present; a higher
temperature may be used, if necessary, to ensure complete carbonization of all organic
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matter.] Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and
boil gently for 10 min. Filter the solution, and wash the crucible with boiling water,
collecting the filtrate and washings in a beaker. Add phosphoric acid until the solution is
neutral to methyl orange, then add 1 mL excess of phosphoric acid. Add excess of
Bromine water, and boil the solution gently until colorless and then for 5 min longer. Add a
few crystals of salicylic acid, and cool the solution to 20°. Add 1 mL of phosphoric acid
and 0.5 g of potassium iodide, and titrate the liberated iodine with 0.005 N sodium
thiosulfate VS, adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Tablets taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA = actual normality of the sodium thiosulfate solution used (meq/mL)
F = correction factor to convert mg to µg, 1000 µg/mg
Ime = milliequivalent weight of iodine, 21 mg/meq
Aw = average weight of the Tablets
W = weight of the portion of Tablets taken
L = labeled amount of iodine (µg/Tablet)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of Iron standard stock solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL of iron.
Sample solution: Proceed as directed in Calcium, Method 1, except obtain a nominal
concentration of 5 µg/mL of iron and omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Iron emission line at 248.3 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the 5 plotted points. From the graph, determine the concentration (C), in
µg/mL, of iron in the Sample solution.
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Calculate the percentage of the labeled amount of iron (Fe) in the portion of Tablets taken:
Result = (C/CU) × 100
C = measured concentration of iron in the Sample solution (µg/mL)
CU = nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Sample solution: Proceed as directed in Calcium, Method 1, except obtain a nominal
concentration of 0.4 µg/mL of magnesium.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Magnesium emission line at 285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the 5 plotted points. From the graph, determine the concentration
(C), in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of magnesium in the Sample solution (µg/mL)
CU = nominal concentration of magnesium in the Sample solution (µg/mL)

PF 44(6): Nov.-Dec. 2018

884

Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer a weighed amount of 1.00 g of manganese
to a 1000-mL volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric
acid to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
manganese.
Standard stock solution: 50 µg/mL of manganese from Manganese standard stock solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with concentrations of 0.5, 0.75, 1.0, 1.5,
and 2.0 µg/mL of manganese.
Sample solution: Prepare as directed in Calcium, Method 1, except obtain a nominal
concentration of 1 µg/mL of manganese and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Manganese emission line at 279.5 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the 5 plotted points. From the graph, determine the concentration
(C), in µg/mL, of manganese (Mn) in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Tablets taken:
Result = (C/CU) × 100
C = measured concentration of manganese in the Sample solution (µg/mL)
CU = nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
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molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from Molybdenum standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min, cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Sample solution: Transfer a portion of the powder, equivalent to a nominal amount of
1000 µg of molybdenum, to a suitable flask, and add 12 mL of nitric acid. [Note—The
volume of nitric acid may be varied to ensure that the powder is uniformly dispersed.]
Carefully swirl the flask to disperse the test specimen. Sonicate for 10 min, or until the
test specimen is completely dissolved. Gently boil the solution for 15 min, and cool to room
temperature. Carefully add 8 mL of perchloric acid, heat until perchloric acid fumes
appear, and swirl the flask to dissipate the fumes. Repeat the heating and swirling until no
fumes are present. Cool to room temperature. Quantitatively transfer the contents of the
flask to a 100-mL volumetric flask with the aid of Diluent, and dilute with Diluent to
volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Molybdenum emission line at 313.3 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the 3 plotted points. From the graph, determine the concentration
(C), in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (C/CU) × 100
C = measured concentration of molybdenum in the Sample solution (µg/mL)
CU = nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
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Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% stannous chloride solution: Transfer 40 g of stannous chloride to a beaker, add 20
mL 6.5 N hydrochloric acid, and heat the solution until the stannous chloride is dissolved.
Cool, and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum in water
Sample: A portion of finely powdered Tablets, equivalent to a nominal amount of 40 µg of
molybdenum
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 465 nm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample
Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers. Add
20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil slowly
on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid, cover
the beakers with a watchglass, and continue the heating until digestion is complete, as
indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in the
beakers to dryness. Rinse the sides of the beakers and the watchglasses with water, and
add more water to make 50 mL in each beaker. Gently boil the water solution for a few
min. Cool to room temperature. Add 2 drops of methyl orange TS, and neutralize with
ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively transfer the
contents of the beakers to separate 100-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresponding volumetric flasks, and dilute with water
to volume. Transfer 50.0 mL of each solution to separatory funnels. To each separatory
funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL
of Potassium thiocyanate solution, 1.5 mL of 20% stannous chloride solution, and 15.0 mL
of amyl alcohol, and shake the separatory funnels for 1 min. Allow the layers to separate,
and discard the aqueous layers. Add 25 mL of Diluted stannous chloride solution to each
separatory funnel, and shake gently for 15 s. Allow the layers to separate, and discard
the aqueous layers. Transfer the organic layers from each separatory funnel to a
centrifuge tube, and centrifuge at 2000 rpm for 10 min. Determine the absorbances of the
organic phases from the Standard solution and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
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AU = absorbance of the solution from the Tablets
AS = absorbance of the solution from the Standard solution
V = volume of the Standard solution analyzed, 2.0 mL
CS = concentration of molybdenum in the Standard solution (µg/mL)
MU = nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, then dilute with Sulfuric acid
solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add 1 drop of sulfuric acid per
100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105° for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from Phosphorus standard stock solution
diluted with water
Sample solution: [Note—Finely powder and weigh a counted number of Tablets.] Transfer
a portion of the powder, equivalent to a nominal amount of 100 mg of phosphorus, to 25
mL of nitric acid, and digest on a hot plate for 30 min. Add 15 mL of hydrochloric acid, and
continue the digestion to the cessation of brown fumes. Cool, and transfer the contents
of the flask to a 500-mL volumetric flask with the aid of small portions of water. Dilute
with water to volume. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and
dilute with water to volume.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 650 nm
Analysis
Samples: Standard solution and Sample solution
To 3 separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard solution, the
Sample solution, and water to provide the blank. To each of the 3 flasks add 1.0 mL each
of Ammonium molybdate solution, Hydroquinone solution, and Sodium bisulfite solution,
and swirl to mix. Dilute the contents of each flask with water to volume, and allow the
flasks to stand for 30 min. Determine the absorbances of the solutions against the blank.
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Calculate the percentage of the labeled amount of phosphorus (P) in the portion of Tablets
taken:
Result = (AU/AS) × (CS/CU) × 100
AU = absorbance of the Sample solution
AS = absorbance of the Standard solution
CS = concentration of phosphorus in the Standard solution (µg/mL)
CU = nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90%–125% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105° for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from Potassium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Sample solution: Prepare as directed in Calcium, Method 1, except obtain a nominal
amount of 1 µg/mL of potassium and omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Potassium emission line at 766.5 nm
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the 5 plotted points. From the graph, determine the concentration
(C), in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of Tablets
taken:
Result = (C/CU) × 100
C = measured concentration of potassium in the Sample solution (µg/mL)
CU = nominal concentration of potassium in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness 3 times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a concentration
of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from Selenium standard solution diluted
with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Transfer a portion of powder, equivalent to a nominal amount of 1000 µg
of selenium, to a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric
acid may be varied to ensure that the powder is uniformly dispersed.] Carefully swirl the
flask to disperse the test specimen. Sonicate for 10 min or until the test specimen is
completely dissolved. Gently boil the solution for 15 min, and cool to room temperature.
Carefully add 8 mL of perchloric acid to the flask, heat the flask until perchloric acid fumes
appear, and swirl the flask to dissipate the fumes. Repeat the heating and swirling until
the fumes appear again. Cool to room temperature. Transfer the contents of the flask to a
50-mL volumetric flask with the aid of Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Selenium emission line at 196.0 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the 3 plotted points. From the graph, determine the concentration (C), in
µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (C/CU) × 100
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C = measured concentration of selenium in the Sample solution (µg/mL)
CU = nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, add hydroxylamine
hydrochloride, then dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with 3 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness 3 times. Dissolve the residue in 3 N hydrochoric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10.0 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to a nominal
amount of 20 µg of selenium, to a suitable flask. Add 10 mL of nitric acid, and warm gently
on a hot plate. Continue heating until the initial nitric acid reaction has subsided, then add
3 mL of perchloric acid. [Caution—Exercise care at this stage, because the perchloric
acid reaction becomes vigorous.] Continue heating on the hot plate until the appearance
of white fumes of perchloric acid or until the digest begins to darken. Add 0.5 mL of nitric
acid, and resume heating, adding additional amounts of nitric acid if further darkening
occurs. Digest for 10 min after the first appearance of perchloric acid fumes or until the
digest becomes colorless. Cool the flask. Add 2.5 mL of Hydrochloric acid solution, and
return the flask to the hot plate to expel residual nitric acid. Heat the mixture for 3 min
after it begins to boil. Cool the flask to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy 〈857〉.)
Mode: UV
Cell: 1 cm
Analytical wavelength: 380 nm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL

PF 44(6): Nov.-Dec. 2018

891

Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, Standard solution, and Blank as follows. Add 5 mL of Reagent A
to each flask, and swirl gently to mix. Adjust the solution in each flask with 50%
ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each flask,
and swirl gently to mix. Place the flasks in a water bath maintained at 50°, and equilibrate
for 30 min, taking care that the flasks are covered to protect them from light. Cool to
room temperature, and transfer the contents of each flask to separate separatory
funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer to a
centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions from the Samples against the solution from
the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU = absorbance of the cyclohexane layer from the Sample solution
AS = absorbance of the cyclohexane layer from the Standard solution
V = volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS = concentration of selenium in the Standard stock solution (µg/mL)
MU = nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard stock solution: 1000 µg/mL of zinc from zinc oxide dissolved in 5 M
hydrochloric acid (3.89 mg/mL) and diluted with water to final volume. [Note—Dissolve in 5
M hydrochloric acid by warming if necessary, cool, then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from Zinc standard stock solution diluted with
0.125 N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Prepare as directed in Calcium, Method 1, obtain a nominal
concentration of 2 µg/mL of zinc and omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Zinc emission line at 213.8 nm
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Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the 5 plotted points. From the graph, determine the concentration (C), in
µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Tablets taken:
Result = (C/CU) × 100
C = measured concentration of zinc in the Sample solution (µg/mL)
CU = nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding 1 volume
of Stock aqua regia solution to 2 volumes of water. Dilute with additional water to volume,
and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% (v/v) nitric
acid solution and 1000 mg/L of scandium in 5% (v/v) nitric acid solution with Diluent
(1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is necessary to
include only the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% (v/v) nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% (v/v) nitric acid solution to obtain a solution with final concentrations of about 1000
mg/L of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L
of manganese, 800 mg/L of phosphorus, and 250 mg/mL of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is necessary to include
only the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% (v/v) hydrochloric acid solution, pipet
the appropriate amount of element standard solution into a volumetric flask, and dilute
with 20% (v/v) hydrochloric acid solution to obtain a solution with final concentrations of
about 200 mg/L of boron and 100 mg/L each of chromium, molybdenum, nickel, selenium,
tin, and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2 as required, in Diluent, to prepare a6-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution 1 (for Tablets containing minerals in Standard stock solution 1 and
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Standard stock solution 2): Weigh and finely powder NLT than 20 Tablets. Transfer a
portion, equal to 3.5 times the average Tablet weight, to a 250-mL volumetric flask.
Slowly add 25 mL of Stock aqua regia solution in 5-mL increments, followed by mixing.
[Note—If the sample contains a carbonate, bubbling will occur. Wait until bubbling ends to
proceed.] Bring the solution to a boil on a hot plate. Continue to heat gently until fumes
cease (about 1 h). [Note—If the sample contains selenium, digest for NMT 15 min.]
Remove from heat, cool, and dilute with water to volume. Pass about 30 mL into a
centrifuge tube, using a nylon syringe filter of 5-µm pore size. If necessary, make any
further dilutions using Diluent.
Sample solution 2 (for Tablets containing minerals only in Standard stock solution 2):
Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to 3.5 times the
average Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua
regia solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently until fumes cease (about 1 h). [Note—If the
sample contains selenium, digest for NMT 15 min.] Remove from heat, cool, and dilute with
water to volume. Pass about 30 mL into a centrifuge tube using a nylon syringe filter of 5µm pore size. If necessary, make any further dilutions using Diluent.
Sample solution 3 (for Tablets containing minerals only in Standard stock solution 1):
Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to the average Tablet
weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua regia solution in 5mL increments, followed by mixing. [Note—If the sample contains a carbonate, bubbling
will occur. Wait until bubbling ends to proceed.] Bring the solution to a boil on a hot plate.
Continue to heat gently (about 1 h) until fumes cease. Remove from heat, cool, and dilute
with water to volume. Pass about 30 mL into a centrifuge tube, using a nylon syringe filter
of 5-µm pore size. If necessary, make any further dilutions using Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 〈730〉.)
Mode: Inductively coupled plasma emission spectrometry, using a spectrometer set to
measure the emission of each mineral of interest at about the corresponding
wavelength. [Note—The operating conditions may be developed and optimized on the
basis of the manufacturer's recommendation. The wavelengths selected should be
demonstrated experimentally to provide sufficient specificity, sensitivity, linearity,
accuracy, and precision.]
System suitability
Sample: System suitability solution [Note—Analyze the System suitability solution, and
obtain the response as directed in Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using Diluent as the blank. Plot the
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emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph,
determine the concentration (C), in mg/L, for each mineral of interest in the Sample
solution.
Calculate the percentage of the labeled amount for each mineral:
Result = C × (V/W) × F × (CW/L) × 100
C = measured concentration of the relevant element in the Sample solution (mg/L)
V = volume of the Sample solution (L)
W = sample weight (mg)
F = dilution factor of the Sample solution
CW = average Tablet weight (mg)
L = labeled amount/Tablet (mg)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); and 90.0%–
160.0% of the labeled amount of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V).
PERFORMANCE TESTS
• Disintegration and Dissolution 〈2040〉, Dissolution: Meet the requirements
• Weight Variation 〈2091〉: Meet the requirements
SPECIFIC TESTS
• Microbial Enumeration Tests 〈2021〉: The total aerobic microbial count does not exceed 3 ×
103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms 〈2022〉, Test Procedures, Test for Absence of
Salmonella Species and Test for Absence of Escherichia coli: Meet the requirements
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Water-Soluble Vitamins with Minerals Tablets.
The label also states the quantity of each vitamin and mineral in terms of metric units per
dosage unit and, where necessary, the chemical form in which a vitamin is present, and
also states the salt form of the mineral used as the source of each element. Where more
than one assay method is given for a particular vitamin or mineral, the labeling states with
which assay method the product complies only if Method 1 is not used.
Change to read:
• USP Reference Standards 〈11〉
USP Ascorbic Acid RS
USP43

USP Biotin RS
USP Calcium Pantothenate RS
USP Cyanocobalamin RS
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Folic Acid RS
Niacin RS
Niacinamide RS
Pyridoxine Hydrochloride RS
Riboflavin RS
Sodium Fluoride RS
Thiamine Hydrochloride RS

1 ATC C #8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 A suitable cartridge is the Waters Oasis MAX Vac RC cartridge, particle size 30 µm, part #186000371.
3 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbruekii) may be obtained as No. 7830
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).

Recent Official Publications:
USP42–NF37 Page 5506
BRIEFING
Alginic Acid, NF 36 page 5190. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1. Update the Definition of the monograph.
2. Combine the current Identification A and Identification B into the revised Identification
B.
3. Replace the current Identification A with an IR spectroscopic method.
4. Add the USP Reference Standards section, which includes USP Alginic Acid RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: H. Wang.)
Correspondence Number—C151321
Comment deadline: January 31, 2019
Alginic Acid

(C6 H8 O6 )n
Alginic acid
[9005-32-7].
UNII: 8C3Z4148WZ
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DEFINITION
Change to read:
Alginic Acid is a hydrophilic colloidal carbohydrate extracted with dilute alkali from various
species of brown seaweeds (Phaeophyceae).
Alginic Acid is a linear, unbranched copolymer of β-d-mannuronic acid (M) and α-lguluronic acid (G) linked to each other by 1→4 glycosidic bonds. The M and G units in the
Alginic Acid may be randomly or non-randomly arrayed as heterogeneous or homogeneous
sequences. The typical average molecular weight for Alginic Acid is in the range of
10,000–600,000 g/mol. NF38
IDENTIFICATION
Change to read:
• A.
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: NF38
Analysis: To 5 mL of a 1-in-150 solution in 0.1 N sodium hydroxide add 1 mL of calcium
chloride TS.
Acceptance criteria: A voluminous, gelatinous precipitate is formed.

〈197K〉 or 〈197A〉

NF38

Change to read:
• B.
Analysis 1: To 5 mL of a 1-in-150 solution in 0.1 N sodium hydroxide add 1 mL of calcium
chloride TS.
Acceptance criteria 1: A voluminous, gelatinous precipitate is formed. NF38
Analysis
2: NF38
To 5 mL of a 1-in-150 solution in 0.1 N sodium hydroxide add 1 mL of 4 N sulfuric acid.
Acceptance criteria
2: NF38
A heavy, gelatinous precipitate is formed.
• C.
Analysis: To 5 mg in a test tube add 5 mL of water, 1 mL of a freshly prepared 1-in-100
solution of 1,3-naphthalenediol in alcohol, and 5 mL of hydrochloric acid. Heat the mixture
to boiling, boil gently for 3 min, then cool to 15°. Transfer the contents of the test tube
to a 30-mL separator with the aid of 5 mL of water, and extract with 15 mL of isopropyl
ether.
Acceptance criteria: The isopropyl ether extract exhibits a deeper purplish hue than that
from a blank, similarly prepared.
IMPURITIES
• Arsenic 〈211〉, Procedures, Method II: NMT 3 ppm
• Lead 〈251〉
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Standard solution: 5 mL of Diluted standard lead solution
Test preparation: Add 1.0 g to 20 mL of nitric acid in a 250-mL conical flask, mix, and
heat carefully until the Alginic Acid is dissolved. Continue heating until the volume is
reduced to 7 mL. Cool rapidly to room temperature, transfer to a 100-mL volumetric flask,
and dilute with water to volume.
Analysis: Proceed as directed in the chapter, using 15 mL of ammonium citrate solution, 3
mL of potassium cyanide solution, and 0.5 mL of hydroxylamine hydrochloride solution.
After the first dithizone extraction, wash the combined chloroform layers with 5 mL of
water, discarding the water layer and continuing in the usual manner by extracting with
20 mL of 0.2 N nitric acid.
Acceptance criteria: A 50.0-mL portion of the Test preparation contains NMT 5 µg of lead
(corresponding to NMT 10 ppm).
Delete the following:
• Heavy Metals, Method II〈231〉
Analysis: Use a platinum crucible for the ignition, and use nitric acid in place of sulfuric
acid to wet the test specimen.
Acceptance criteria: NMT 40 ppm (O fficial 1-Jan-2018)
SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 2 × 102 cfu/g. The tests for Salmonella species
and Escherichia coli are negative.
• pH 〈791〉: 1.5–3.5, in a 3-in-100 dispersion in water
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 15.0%
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash
Sample: 4 g of Alginic Acid
Analysis: Proceed as directed in the chapter, carefully igniting the Sample in a tared
platinum dish, until the residue is thoroughly carbonized (5 min). Then ignite in a muffle
furnace at a temperature of 800 ± 25° until the carbon is completely burned off (20–35
min).
Acceptance criteria: NMT 4.0% of ash
• Fats and Fixed Oils 〈401〉, Procedures, Acid Value
Sample: 1 g of Alginic Acid
Analysis: Suspend the Sample in a mixture of 50 mL of water and 30.0 mL of calcium
acetate solution (11 in 250). Shake thoroughly, allow the mixture to stand for 1 h, and
add phenolphthalein TS. Titrate the liberated acetic acid with 0.1 N sodium hydroxide VS.
Perform a blank determination, and calculate the Acid Value:
Result = [(VS − VB) × N × F]/W
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VS = volume of 0.1 N sodium hydroxide VS consumed in the titration of the Sample (mL)
VB = volume of 0.1 N sodium hydroxide VS consumed in the titration of the blank (mL)
N = normality of sodium hydroxide VS (mEq/mL)
F = equivalency factor of potassium hydroxide, 56.11 (mg/mEq)
W = weight of Alginic Acid taken (g)
Acceptance criteria: NLT 230 on the dried basis
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Add the following:
• USP Reference Standards 〈11〉
USP Alginic Acid RS
NF38

Recent Official Publications:
USP42–NF37 Page 5562
BRIEFING
Lauroyl Polyoxylglycerides, NF 36 page 5417. On the basis of comments received, it is
proposed to remove lauroyl polyoxylglycerides 400 from the monograph because no
manufacturers supply this grade in the market for pharmaceutical purposes. On the basis of
comments received, it is also proposed to apply IR and TLC identification tests only to lauroyl
polyoxylglycerides 300 and 1500, add USP Lauroyl Polyoxylglycerides 300 RS in the monograph,
and change the current USP Lauroyl Polyoxylglycerides RS to USP Lauroyl Polyoxylglycerides
1500 RS. The following detailed changes are being proposed:
1. The chemical structure and CAS numbers are added.
2. The IR and TLC tests in the Identification section are revised to be only applicable to
lauroyl polyoxylglycerides 300 and 1500 and in both tests each of the grades is
performed against its corresponding Reference Standard.
3. Identification D based on Fats and Fixed Oils 〈401〉, Procedures, Saponification Value is
added as identification for lauroyl polyoxylglycerides 600.
4. The test for Hydroxyl Value in the Specific Tests section is updated to remove lauroyl
polyoxylglycerides 400.
5. The test for Saponification Value in the Specific Tests section is updated to remove
lauroyl polyoxylglycerides 400.
6. The USP Reference Standards section is revised to change the current Reference
Standard to USP Lauroyl Polyoxylglycerides 1500 RS and add USP Lauroyl
Polyoxylglycerides 300 RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: P. Zhang.)
Correspondence Number—C197664; C197671
Comment deadline: January 31, 2019
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Lauroyl Polyoxylglycerides
Add the following:

Lauroyl Polyoxylglycerides 300 [12737-91-6].
Lauroyl Polyoxylglycerides 600 [137802-73-4].
Lauroyl Polyoxylglycerides 1500 [121548-04-7].

NF38

DEFINITION
Lauroyl Polyoxylglycerides is a mixture of monoesters, diesters, and triesters of glycerol and
monoesters and diesters of polyethylene glycols. The polyethylene glycols used have a
mean molecular weight between 300 and 1500. The article is produced by partial alcoholysis
of saturated oils, mainly containing triglycerides of lauric acid with polyethylene glycols, by
esterification of glycerol and polyethylene glycols with fatty acids, or as a mixture of
glycerol esters and ethylene oxide condensate with the fatty acids of the hydrogenated
oils. It may contain free polyethylene glycols.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 〈197K〉
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: 〈197A〉. This test only
applies to Lauroyl Polyoxylglycerides 300 and Lauroyl Polyoxylglycerides 1500. Use USP
Lauroyl Polyoxylglycerides 300 RS for the Lauroyl Polyoxylglycerides 300 sample. Use USP
Lauroyl Polyoxylglycerides 1500 RS for the Lauroyl Polyoxylglycerides 1500 sample. For
Lauroyl Polyoxylglycerides 300, 〈197F 〉 can also be used. [Note—The Standard or sample
needs to be melted at 70° first and is suspended neat between suitable plates.] For
Lauroyl Polyoxylglycerides 1500, 〈197K〉 can also be used. NF38
Change to read:
• B. Thin-Layer Chromatographic Identification Test 〈201〉:
For Lauroyl Polyoxylglycerides 300 and Lauroyl Polyoxylglycerides 1500 only NF38
Standard solution: 50 mg/mL of USP Lauroyl Polyoxylglycerides RS
USP Lauroyl Polyoxylglycerides 300 RS (for Lauroyl Polyoxylglycerides 300 sample) or
USP Lauroyl Polyoxylglycerides 1500 RS (for Lauroyl Polyoxylglycerides 1500 sample) NF38
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in methylene chloride
Sample solution: 50 mg/mL of Lauroyl Polyoxylglycerides in methylene chloride
Application volume: 10 µL
Developing solvent system: Ether and hexanes (70:30)
Spray reagent: 0.1 mg/mL of rhodamine B in alcohol
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter, then spray the plate with Spray reagent, and locate
the spots on the plate by examination under UV light at a wavelength of 365 nm.
Acceptance criteria: The RF values of the principal spots of the Sample solution
correspond to those of the Standard solution.
• C. It meets the requirements in Specific Tests (see Table 1) for Fats and Fixed Oils 〈401〉,
Procedures, Fatty Acid Composition.
Add the following:
• D. It meets the requirements in Specific Tests for Fats and Fixed Oils 〈401〉, Procedures,
Saponification Value for Lauroyl Polyoxylglycerides 600 only. NF38
IMPURITIES
Delete the following:
• Heavy Metals〈231〉, Method II: NMT 10 µg/g (O fficial 1-Jan-2018)
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash: NMT 0.1%
• Alkaline Impurities
Sample: 5.0 g
Analysis: Heat the Sample slightly until the test substance melts, add 10 mL of alcohol
and 0.05 mL of bromophenol blue TS, and mix well. While the solution is still warm, titrate
with 0.01 N hydrochloric acid VS to change the color to yellow.
Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochloric acid is required.
• Limit of Free Ethylene Oxide and Dioxane
Analysis: Proceed as directed in Ethylene Oxide and Dioxane 〈228〉, Method I.
Acceptance criteria
Ethylene oxide: NMT 1 µg/g
Dioxane: NMT 10 µg/g
• Limit of Free Glycerol
Sample: 1.2 g
Periodic acetic acid solution: Dissolve 0.446 g of sodium periodate in 2.5 mL of a 25%
(v/v) solution of sulfuric acid, diluting to 100.0 mL with glacial acetic acid.
Potassium iodide solution: 75 mg/mL of potassium iodide
Blank: 25 mL of methylene chloride
Titrimetric system
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(See Titrimetry 〈541〉.)
Mode: Residual titration
Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 25 mL of methylene chloride, heating if necessary. Cool,
and add 100 mL of water and 25.0 mL of Periodic acetic acid solution. Shake, and allow to
stand for 30 min. Add 40 mL of Potassium iodide solution, and allow to stand for 1 min.
Add 1 mL of starch TS, and titrate the liberated iodine with 0.1 M sodium thiosulfate VS.
Perform a blank determination, and make any necessary correction.
Calculate the percentage of glycerol in the sample taken:
Result = {[(VB − VS) × N × F]/W} × 100
VB = Titrant volume consumed by the Blank (mL)
VS = Titrant volume consumed by the Sample (mL)
N = actual normality of the Titrant (mEq/mL)
F = equivalency factor, 23.0 mg/mEq
W = Sample weight (mg)
Acceptance criteria: NMT 5.0%
SPECIFIC TESTS
• Fats and Fixed Oils 〈401〉, Procedures, Acid Value
Sample: 2.0 g
Acceptance criteria: NMT 2.0
• Fats and Fixed Oils 〈401〉, Procedures, Fatty Acid Composition: Lauroyl Polyoxylglycerides
exhibits the composition profile of fatty acids shown in Table 1.
Carbon-Chain
Length
8
10
12
14
16
18

Table 1
Number of
Double Bonds
0
0
0
0
0
0

Percentage
(%)
≤15.0
≤12.0
30.0–50.0
5.0–25.0
4.0–25.0
5.0–35.0

Change to read:
• Fats and Fixed Oils 〈401〉, Procedures, Hydroxyl Value
Sample: 1.0 g
Acceptance criteria: Within the range specified in Table 2 for the labeled type
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Table 2
Type of
Polyethylene Glycols
300
400

Hydroxyl
Value
65–85
60–80

NF38

600
1500

NF38

50–70
36–56

• Fats and Fixed Oils 〈401〉, Procedures, Iodine Value: NMT 2.0
• Fats and Fixed Oils 〈401〉, Procedures, Peroxide Value
Sample: 2.0 g
Acceptance criteria: NMT 6.0
Change to read:
• Fats and Fixed Oils 〈401〉, Procedures, Saponification Value
Sample: 2.0 g
Acceptance criteria: Within the range specified in Table 3 for the labeled type
Table 3
Type of
Polyethylene Glycols
300
400
NF38

600
1500

Saponification
Value
190–204
170–190
NF38

150–170
79–93

• Water Determination 〈921〉, Method I
Sample: 1.0 g
Analysis: Instead of using methanol as the solvent, one of two solvent systems can be
used: a mixture of methylene chloride and anhydrous methanol (70:30 v/v), or anhydrous
pyridine.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture.
Store at controlled room temperature.
• Labeling: Label it to indicate the type and the average nominal molecular weight of
polyethylene glycols used as part of the official title.
Change to read:
• USP Reference Standards 〈11〉
USP Lauroyl Polyoxylglycerides RS
USP Lauroyl Polyoxylglycerides 300 RS
USP Lauroyl Polyoxylglycerides 1500 RS
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NF38

Recent Official Publications:
USP42–NF37 Page 5799
BRIEFING
Potassium Alginate, NF 36 page 5531. As part of the USP monograph modernization effort,
it is proposed to make the following changes:
1. Update the Definition of the monograph.
2. Combine the current Identification A and Identification B into the revised Identification
B.
3. Replace the current Identification A with an IR spectroscopic method.
4. Update Identification D.
5. Add the USP Reference Standards section which includes USP Potassium Alginate RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: H. Wang.)
Correspondence Number—C151321
Comment deadline: January 31, 2019
Potassium Alginate

Alginic acid, potassium salt;
Potassium alginate
[9005-36-1].
UNII: 44ZPJ5W2J1
DEFINITION
Change to read:
Potassium Alginate is the purified carbohydrate product extracted from various species of
brown seaweeds by the use of dilute alkali. It consists chiefly of the potassium salt of Alginic
Acid, a linear, glycuronoglycan consisting of β-1,4-linked d-mannuronic acid and l-guluronic acid
units in the pyranose ring form
unbranched copolymer of β-d-mannuronic acid (M) and α-l-guluronic acid (G) linked to each
other by 1→4 glycosidic bonds. The M and G units in the alginates may be randomly or nonrandomly arrayed as heterogeneous or homogeneous sequences. NF38
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It yields NLT 16.5% and NMT 19.5% of carbon dioxide (CO2 ), equivalent to NLT 89.2% and NMT
105.5% of potassium alginate, calculated on the dried basis.
Typical average molecular weight is in the range of 10,000–600,000 g/mol. NF38
IDENTIFICATION
Change to read:
• A.
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: NF38
Analysis: To 5 mL of a 1-in-100 solution in 0.1 N sodium hydroxide add 1 mL of calcium
chloride TS.
Acceptance criteria: A voluminous, gelatinous precipitate is formed.

〈197K〉 or 〈197A〉

NF38

Change to read:
• B.
Analysis 1: To 5 mL of a 1-in-100 solution in 0.1 N sodium hydroxide add 1 mL of calcium
chloride TS
Acceptance criteria 1: A voluminous, gelatinous precipitate is formed. NF38
Analysis
2: NF38
To 10 mL of a 1-in-100 solution in 0.1 N sodium hydroxide add 1 mL of 2 N sulfuric acid.
Acceptance criteria
2: NF38
A heavy, gelatinous precipitate is formed.
• C.
Analysis: To 5 mg in a test tube add 5 mL of water, 1 mL of a freshly prepared 1-in-100
solution of 1,3-naphthalenediol in alcohol, and 5 mL of hydrochloric acid. Heat the mixture
to boiling, boil gently for 3 min, then cool to 15°. Transfer the contents of the test tube
to a 30-mL separator with the aid of 5 mL of water, and extract with 15 mL of isopropyl
ether.
Acceptance criteria: The isopropyl ether extract exhibits a deeper purplish hue than that
from a blank, similarly prepared.
Change to read:
• D. Identification Tests—General 〈191〉, Chemical Identification Tests, Potassium
Sample solution: 5 mg/mL of Potassium Alginate NF38
Analysis
1: NF38
Ignite completely 0.2 g at as low a temperature as possible.
Transfer 1 mL of the Sample solution into a test tube, add 1 mL of sodium bitartrate TS,
stir the inside of the test tube with a glass rod, and add 0.5 mL of alcohol. NF38
Acceptance criteria
1: NF38

PF 44(6): Nov.-Dec. 2018

905

A solution of the residue meets the requirements of the tests.
A white crystalline precipitate is formed.
Analysis 2: To the test tube from Analysis 1 add 3 mL of 6 N ammonium hydroxide.
Acceptance criteria 2: The white crystalline precipitate is dissolved. NF38
ASSAY
• Alginates Assay 〈311〉: 16.5%–19.5% of carbon dioxide (CO2 ), equivalent to 89.2%–105.5%
of potassium alginate on the dried basis
IMPURITIES
• Arsenic 〈211〉, Procedures, Method II: NMT 1.5 ppm
• Lead 〈251〉
Standard solution: 5 mL of Diluted standard lead solution
Test preparation: Add 1.0 g to 20 mL of nitric acid in a 250-mL conical flask, mix, and
heat carefully until the Potassium Alginate is dissolved. Continue the heating until the
volume is reduced to 7 mL. Cool rapidly to room temperature, transfer to a 100-mL
volumetric flask, and dilute with water to volume. Use a 50-mL sample of the Test
preparation.
Analysis: Proceed as directed in the chapter, using 15 mL of ammonium citrate solution, 3
mL of potassium cyanide solution, and 0.5 mL of hydroxylamine hydrochloride solution
being used for the test. After the first dithizone extractions, wash the combined
chloroform layers with 5 mL of water, discarding the water layer and continuing in the
usual manner by extracting with 20 mL of 0.2 N nitric acid.
Acceptance criteria: A 50.0-mL portion of the Test preparation contains NMT 5 µg of lead
(corresponding to NMT 10 ppm of lead).
Delete the following:
• Heavy Metals〈231〉, Method II
Analysis: Conduct the ignition in a platinum crucible, and use nitric acid in place of sulfuric
acid to wet the sample.
Acceptance criteria: NMT 40 ppm (O fficial 1-Jan-2018)
SPECIFIC TESTS
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash
Analysis: Proceed as directed in the chapter, carefully igniting 3 g in a tared platinum dish
until the residue is thoroughly carbonized (5 min), and then igniting in a muffle furnace at
a temperature of 800 ± 25° until the carbon is completely burned off (approximately 75
min).
Acceptance criteria: 24.0%–32.0% of ash is found, calculated on the as-is basis.
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
aerobic microbial count does not exceed 103 cfu/g, and the total combined molds and
yeasts count does not exceed 102 cfu/g.
• Loss on Drying 〈731〉
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Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 15%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. No storage requirements
specified.
Add the following:
• USP Reference Standards 〈11〉
USP Potassium Alginate RS
NF38

Recent Official Publications:
USP42–NF37 Page 5916
BRIEFING
Sodium Alginate, NF 36 page 5564. As part of the USP monograph modernization effort, it
is proposed to make the following changes:
1. Update the Definition of the monograph.
2. Combine the current Identification A and Identification B into the revised Identification
B.
3. Replace the current Identification A with an IR spectroscopic method.
4. Add Identification C to identify sodium.
5. Add the USP Reference Standards section which includes USP Sodium Alginate RS.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: H. Wang.)
Correspondence Number—C151321
Comment deadline: January 31, 2019
Sodium Alginate

(C6 H7 NaO6 )n
Alginic acid, sodium salt;
Sodium alginate
[9005-38-3].
UNII: C269C4G2ZQ
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UNII: 8C3Z4148WZ
DEFINITION
Change to read:
Sodium Alginate is the purified carbohydrate product extracted from brown seaweeds by the
use of dilute alkali. It consists chiefly of the sodium salt of Alginic Acid, a polyuronic acid
composed of β-d-mannuronic acid residues linked so that the carboxyl group of each unit is
free while the aldehyde group is shielded by a glycosidic linkage. It contains NLT 90.8% and
NMT 106.0% of sodium alginate of average equivalent weight 222.00, calculated on the dried
basis.
linear, unbranched, amorphous copolymer of β-d-mannuronic acid (M) and α-l-guluronic acid
(G) linked to each other by 1→4 glycosidic bonds. The M and G units in the alginates may be
randomly or non-randomly arrayed as heterogeneous or homogeneous sequences. It contains
NLT 90.8% and NMT 106.0% of sodium alginate, calculated on the dried basis. The typical
average molecular weight for Sodium Alginate is in the range of 10,000–600,000 g/mol. NF38
IDENTIFICATION
Change to read:
• A.
Spectroscopic Identification Tests 〈197〉, Infrared Spectroscopy: NF38
Sample solution: A solution (1 in 100)
Analysis: To 5 mL of Sample solution add 1 mL of calcium chloride TS.
Acceptance criteria: A voluminous, gelatinous precipitate is formed immediately.

〈197K〉 or 〈197A〉

NF38

Change to read:
• B.
Sample solution 1: A solution (1 in 100)
Analysis 1: To 5 mL of Sample solution 1 add 1 mL of calcium chloride TS.
Acceptance criteria 1: A voluminous, gelatinous precipitate is formed immediately.
Sample solution
2: NF38
A solution (1 in 100)
Analysis
2: NF38
To 10 mL of Sample solution
2 NF38
add 1 mL of 4 N sulfuric acid.
Acceptance criteria
2: NF38
A heavy, gelatinous precipitate is formed.
Add the following:

NF38
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• C. Identification Tests—General 〈191〉, Chemical Identification Tests, Sodium
Sample solution: Ignite 0.2 g of Sodium Alginate at 700° for 2 h, and dissolve the residue
in 2 mL of water.
15% Potassium carbonate solution: Dissolve 7.5 g of potassium carbonate in 50 mL of
water and mix well.
Analysis 1: Transfer 2 mL of the Sample solution to a test tube, add 2 mL of 15%
Potassium carbonate solution, and heat to boiling.
Acceptance criteria 1: No precipitate is formed.
Analysis 2: To the test tube from Analysis 1 add 4 mL of potassium pyroantimonate TS,
heat to boiling, cool in ice water, and rub the inside of the test tube with a glass rod.
Acceptance criteria 2: A dense precipitate is formed. NF38
ASSAY
• Alginates
(See Alginates Assay 〈311〉.)
Sample: 250 mg
Analysis: Each mL of 0.2500 N sodium hydroxide consumed is equivalent to 27.75 mg of
sodium alginate.
Acceptance criteria: 90.8%–106.0% on the dried basis
IMPURITIES
• Arsenic 〈211〉, Procedures, Method II: NMT 1.5 ppm
• Lead 〈251〉
Standard solution: 5 mL of Diluted Standard Lead Solution
Test preparation: Add 1.0 g to 20 mL of nitric acid in a 250-mL conical flask, mix, and
heat carefully until the Sodium Alginate is dissolved. Continue heating until the volume is
reduced to 7 mL. Cool rapidly to room temperature, transfer to a 100-mL volumetric flask,
and dilute with water to volume.
Analysis: Proceed as directed in the chapter, using 15 mL of ammonium citrate solution, 3
mL of potassium cyanide solution, and 0.5 mL of hydroxylamine hydrochloride solution.
After the first dithizone extraction, wash the combined chloroform layers with 5 mL of
water, discarding the water layer and continuing in the usual manner by extracting with
20 mL of 0.2 N nitric acid.
Acceptance criteria: A 50-mL portion of the Test preparation contains NMT 5 µg of lead
(corresponding to NMT 10 ppm).
Delete the following:
• Heavy Metals, Method II〈231〉
[Note—Conduct the ignition in a platinum crucible, and use nitric acid in place of sulfuric
acid to wet the test specimen.]
Acceptance criteria: NMT 40 ppm

(O fficial 1-Jan-2018)
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SPECIFIC TESTS
• Microbial Enumeration Tests 〈61〉 and Tests for Specified Microorganisms 〈62〉: The total
bacterial count does not exceed 200 cfu/g. The tests for Salmonella species and
Escherichia coli are negative.
• Loss on Drying 〈731〉
Analysis: Dry at 105° for 4 h.
Acceptance criteria: NMT 15.0%
• Articles for Botanical Origin, 〈561〉, Methods of Analysis, Total Ash
Analysis: Proceed as directed in the chapter, carefully igniting 3 g in a tared platinum dish
until the residue is thoroughly carbonized (5 min), and then igniting in a muffle furnace at
a temperature of 800 ± 25° until the carbon is completely burned off (approximately 75
min).
Acceptance criteria: 18.0%–27.0% of ash on the dried basis
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Add the following:
• USP Reference Standards 〈11〉
USP Sodium Alginate RS
NF38

Recent Official Publications:
USP42–NF37 Page 5950
BRIEFING
Medium-Chain Triglycerides, NF 36 page 5645 and PF 44(5) [Sept.–Oct. 2018]. On the
basis of comments and data received and as part of USP monograph modernization efforts, it is
proposed to make the following revisions:
1. Delete Identification A because Identification B based on Fats and Fixed Oils 〈401〉,
Procedures, Fatty Acid Composition is a more informative test to confirm identity of
Medium-Chain Triglycerides than Identification A which is based on Fats and Fixed Oils
〈401〉, Procedures, Saponification Value.
2. Rename Identification B as Identification A.
3. Under Specific Tests, the following changes are proposed:
Delete the test for Saponification Value because the tests for Hydroxyl Value
and Acid Value adequately control quality of this excipient. The test for Hydroxyl
Value with a limit of NMT 10 confirms that partial glycerides or free glycerin are
virtually absent. The Acid Value test with a limit of NMT 0.2 shows that the
fatty acids are totally esterified.
Delete the test for Unsaponifiable Matter. Medium-Chain Triglycerides is
prepared by esterifying purified fatty acids, which have very low levels of
unsaponifiable matter, with glycerin.
Delete the Refractive Index test because it is not very distinctive or specific.
The acceptable refractive index values under Medium-Chain Triglycerides will be
reported in the Description and Solubility reference table.
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Add a Bacterial Endotoxins Test as a requirement for Medium-Chain Triglycerides
used in injectable dosage forms.
4. In the Labeling section, add a statement to accommodate a special Medium-Chain
Triglycerides grade that is used in injectable dosage forms and parenteral nutrition
therapy.
Revisions to the Limit of Chromium, Limit of Copper, Limit of Lead, Limit of Nickel, and Limit of
Tin tests appeared in PF 44(5). These revision were proposed via an Interim Revision
Announcement to the Second Supplement to USP 42–NF 37, with an official date of March 1,
2019.
Additionally, minor editorial changes have been made to update the monograph to current USP
style.
(EXC1: G. Holloway.)
Correspondence Number—C188511; C206099
Comment deadline: January 31, 2019
Medium-Chain Triglycerides
Glycerides, mixed decanoyl and octanoyl;
Caprylic and capric triglycerides.
DEFINITION
Medium-Chain Triglycerides consist of a mixture of triglycerides of saturated fatty acids,
mainly of caprylic acid (C8 H16 O2 ) and capric acid (C10 H20 O2 ). The fatty acids are derived
from the oil extracted from the hard, dried fraction of the endosperm of Cocos nucifera L.
or from the dried endosperm of Elaeis guineensis Jacq. They contain NLT 95% of saturated
fatty acids with 8 and 10 carbon atoms.
IDENTIFICATION
Delete the following:
• A. Meet the requirements in Specific Tests for Fats and Fixed Oils 〈401〉, Procedures,
Saponification Value NF38
Change to read:
• B.
A. NF38
Meet the requirements in Specific Tests for Fats and Fixed Oils 〈401〉, Procedures, Fatty
Acid Composition
IMPURITIES
Delete the following:
• Heavy Metals, Method II〈231〉
[Note—Use this test for Medium-Chain Triglycerides intended for use other than in
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parenteral nutrition.]
Sample solution: Transfer 2.0 g of Medium-Chain Triglycerides to a quartz crucible. Add
0.5 g of magnesium oxide. Ignite the crucible to dull redness until a homogeneous white or
grayish-white mass is obtained. Ignite at 800° for 1 h, cool, and dissolve the residue by
adding two 5-mL portions of diluted hydrochloric acid. Add 0.1 mL of phenolphthalein TS
and then ammonium hydroxide until a pink color is obtained. Cool, add glacial acetic acid
until the solution is decolorized, then add 0.5 mL in excess, and dilute with water to 20.0
mL.
Standard solution: To 0.5 g of magnesium oxide add 2.0 mL of Lead Standard Solution,
and evaporate to dryness at 105° for 1 h. Using the same conditions as prescribed for the
Sample solution, ignite, dissolve in diluted hydrochloric acid, add ammonia and then acetic
acid, and dilute with water to 20.0 mL.
Analysis: To 12 mL of the Sample solution add 2.0 mL of pH 3.5 Acetate Buffer and 1.2 mL
of thioacetamide–glycerin base TS. To 10 mL of the Standard solution add 2.0 mL of the
Sample solution, and add 2.0 mL of pH 3.5 Acetate Buffer and 1.2 mL of
thioacetamide–glycerin base TS. Prepare a blank, using a mixture of 10 mL of water and
2.0 mL of the Sample solution. Compared to the blank, the Standard solution shows a light
brown color. Dilute both the Sample solution and the Standard solution with water to 50
mL, allow to stand for 2 min, and view downward over a white surface.
Acceptance criteria: NMT 10 µg/g; any brown color of the Sample solution is not darker
than that of the Standard solution. (O fficial 1-Jan-2018)
Delete the following:
• Limit of Chromium
[Note—Use this test for Medium-Chain Triglycerides intended for use in parenteral nutrition.]
Sample stock solution: 500 mg/mL of Medium-Chain Triglycerides in diisobutyl ketone
Sample solution: 200 mg/mL of Medium-Chain Triglycerides in diisobutyl ketone, from
Sample stock solution
Chromium standard stock solution: 0.283 mg/mL of potassium dichromate in water,
using potassium dichromate previously dried at 105° for 4 h
Chromium standard solution: Immediately before use, prepare 0.283 µg/mL of potassium
dichromate in water, from the Chromium standard stock solution. This solution contains
the equivalent of 0.1 µg/mL of chromium.
Standard solutions: Into each of three 10-mL volumetric flasks, transfer 4.0 mL of Sample
stock solution, add 0.5, 1.0, and 2.0 mL, respectively, of Chromium standard solution,
and dilute with diisobutyl ketone to volume. These solutions contain 0.005, 0.01, and 0.02
µg/mL of chromium.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometer equipped with a graphite furnace
Analytical wavelength: 357.8 nm
Lamp: Chromium hollow-cathode
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Carrier gas: Argon
Analysis
Samples: Standard solutions and Sample solution
Determine the abosrbances of the Standard solutions and the Sample solution in triplicate,
and determine the average of the steady readings for each. Plot the average
absorbances of the Standard solutions and the Sample solution versus the
concentration of added chromium. Draw the straight line best fitting the points, and
extrapolate the line until it meets the concentration axis. The distance between this
point and the intersection of the axes represents the concentration of chromium in the
Sample solution.
Acceptance criteria: NMT 0.05 µg/g

(IRA 1-Mar-2019)

Delete the following:
• Limit of Copper
[Note—Use this test for Medium-Chain Triglycerides intended for use in parenteral nutrition.]
Sample stock solution and Sample solution: Proceed as directed in the test for Limit of
Chromium.
Copper standard stock solution: 0.393 mg/mL of cupric sulfate in water
Copper standard solution: Immediately before use, prepare 0.393 µg/mL of cupric sulfate
in water, from the Copper standard stock solution. This solution contains the equivalent
of 0.1 µg/mL of copper.
Standard solutions: Into each of three 10-mL volumetric flasks, transfer 4.0 mL of Sample
stock solution. Add 1.0, 2.0, and 4.0 mL, respectively, of Copper standard solution, and
dilute with diisobutyl ketone to volume. These solutions contain 0.01, 0.02, and 0.04
µg/mL of copper.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometer equipped with a graphite furnace
Analytical wavelength: 324.7 nm
Lamp: Copper hollow-cathode
Carrier gas: Argon
Analysis
Samples: Standard solutions and the Sample solution
Record the average of the steady readings for each of the Standard solutions and the
Sample solution in triplicate. Plot the absorbances of the Standard solutions and the
Sample solution versus the concentration of added copper. Draw the straight line best
fitting the points, and extrapolate the line until it meets the concentration axis. The
distance between this point and the intersection of the axes represents the
concentration of copper in the Sample solution.
Acceptance criteria: NMT 0.1 µg/g

(IRA 1-Mar-2019)
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Delete the following:
• Limit of Lead
[Note—Use this test for Medium-Chain Triglycerides intended for use in parenteral nutrition.]
Sample stock solution and Sample solution: Proceed as directed in the test for Limit of
Chromium.
Lead standard stock solution: Dissolve 160 mg of lead nitrate in 100 mL of water that
contains 1 mL of lead-free nitric acid, and dilute with water to 1000 mL. Pipet 10 mL of
this solution into a 100-mL volumetric flask, and dilute with water to volume.
Lead standard solution: Immediately before use, prepare 0.16 µg/mL of lead nitrate from
the Lead standard stock solution. This solution contains the equivalent of 0.1 µg/mL of
lead.
Standard solutions: Into each of three 10-mL volumetric flasks, transfer 4.0 mL of Sample
stock solution. Add 1.0, 2.0, and 4.0 mL, respectively, of Lead standard solution, and
dilute with diisobutyl ketone to volume. These solutions contain 0.01, 0.02, and 0.04
µg/mL of lead.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometer equipped with a graphite furnace coated
inside with palladium carbide
[Note—Calcination is carried out in the presence of oxygen at a temperature below
800°.]
Analytical wavelength: 283.3 nm
Lamp: Lead hollow-cathode
Carrier gas: Argon
Analysis
Samples: Standard solutions and the Sample solution
Record the average of the steady readings for each of the Standard solutions and the
Sample solution in triplicate. Plot the absorbances of the Standard solutions and the
Sample solution versus the concentration of added lead. Draw the straight line best
fitting the points, and extrapolate the line until it meets the concentration axis. The
distance between this point and the intersection of the axes represents the
concentration of lead in the Sample solution.
Acceptance criteria: NMT 0.1 µg/g

(IRA 1-Mar-2019)

Delete the following:
• Limit of Nickel
[Note—Use this test for Medium-Chain Triglycerides intended for use in parenteral nutrition.]
Sample stock solution and Sample solution: Proceed as directed in the test for Limit of
Chromium.

PF 44(6): Nov.-Dec. 2018

914

Nickel standard solution: Immediately before use, dilute 10 mL of nickel standard solution
TS with water to 1000 mL. This solution contains the equivalent of 0.1 µg/g of nickel.
Standard solutions: Into each of three 10-mL volumetric flasks, transfer 4.0 mL of Sample
stock solution. Add 1.0, 2.0, and 4.0 mL, respectively, of Nickel standard solution, and
dilute with diisobutyl ketone to volume. These solutions contain 0.01, 0.02, and 0.04
µg/mL of nickel.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometer equipped with a graphite furnace
Analytical wavelength: 232 nm
Lamp: Nickel hollow cathode
Carrier gas: Argon
Analysis
Samples: Standard solutions and the Sample solution
Record the average of the steady readings for each of the Standard solutions and the
Sample solution in triplicate. Plot the absorbances of the Standard solutions and the
Sample solution versus the concentration of added nickel. Draw the straight line best
fitting the points, and extrapolate the line until it meets the concentration axis. The
distance between this point and the intersection of the axes represents the
concentration of nickel in the Sample solution.
Acceptance criteria: NMT 0.1 µg/g

(IRA 1-Mar-2019)

Delete the following:
• Limit of Tin
[Note—Use this test for Medium-Chain Triglycerides intended for use in parenteral nutrition.]
Sample stock solution and Sample solution: Proceed as directed in the test for Limit of
Chromium.
Tin standard stock solution: Dissolve 500 mg of metallic tin (Sn) in a mixture of 5 mL of
water and 25 mL of hydrochloric acid, and dilute with water to 1000 mL.
Tin standard solution: Immediately before use, dilute 10 mL of Tin standard stock solution
with dilute hydrochloric acid (2.5 in 100) to 1000 mL, and then dilute 10 mL of the solution
with water to 500 mL. This solution contains the equivalent of 0.1 µg/g of tin.
Standard solutions: Into each of three 10-mL volumetric flasks, transfer 4.0 mL of Sample
stock solution. Add 1.0, 2.0, and 4.0 mL, respectively, of Tin standard solution, and dilute
with diisobutyl ketone to volume. These solutions contain 0.01, 0.02, and 0.04 µg/mL of
tin.
Instrumental conditions
(See Atomic Absorption Spectroscopy 〈852〉.)
Mode: Atomic absorption spectrophotometer equipped with a graphite furnace coated
inside with palladium carbide
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Analytical wavelength: 286.3 nm
Lamp: Tin hollow-cathode
Carrier gas: Argon
Analysis
Samples: Standard solutions and the Sample solution
Record the average of the steady readings for each of the Standard solutions and the
Sample solution in triplicate. Plot the absorbances of the Standard solutions and the
Sample solution versus the concentration of added tin. Draw the straight line best fitting
the points, and extrapolate the line until it meets the concentration axis. The distance
between this point and the intersection of the axes represents the concentration of tin
in the Sample solution.
Acceptance criteria: NMT 0.1 µg/g

(IRA 1-Mar-2019)

Add the following:
• Limit of Chromium, Copper, Lead, and Nickel
[Note—Use this test for Medium-Chain Triglycerides intended for use in parenteral nutrition.]
Internal standard solution: [Note—Prepare this solution fresh every 6 months.]Transfer
2.0 mL of a solution containing 1000 mg/L of yttrium [Note—Yttrium ICP standard solutions
are commercially available.1] and 2.0 mL of a solution containing 1000 mg/L of lutetium
[Note—Lutetium ICP standard solutions are commercially available.2] to a 1000-mL
volumetric flask, add 10 mL of 65% ultratrace nitric acid, dilute with water to volume, and
mix.
Blank standard: Transfer 1.0 mL of the Internal standard solution to a 100-mL volumetric
flask, add 10.0 mL of 65% ultratrace nitric acid, dilute with water to volume, and mix.
Standard stock solution: Transfer 1.0 mL each of the solutions containing 1000 mg/L of
chromium, copper, lead, and nickel [Note—Single-element ICP standard solutions are
commercially available.3]to a 100-mL volumetric flask, add 10.0 mL of 65% ultratrace nitric
acid, dilute with water to volume, and mix. [Note—Prepare this solution fresh
monthly.]Transfer 1.0 mL of this solution to a 100-mL volumetric flask, add 10 mL of 65%
ultratrace nitric acid, dilute with water to volume, and mix. The concentration of each
element in this solution is 100 µg/L. [Note—Prepare this solution fresh weekly.]
Standard solutions: [Note—Prepare these solutions fresh each time.]Into two separate
100-mL volumetric flasks, transfer 1.0 mL and 5.0 mL of the Standard stock solution, add
1.0 mL of the Internal standard solution and 10.0 mL of 65% ultratrace nitric acid, dilute
with water to volume, and mix well. The concentration of each element in these solutions
is 1 µg/L and 5 µg/L, respectively.
Sample solution: Transfer 3.5 g of Medium-Chain Triglycerides into a suitable quartz flask.
Add 5 mL of concentrated sulfuric acid4 and heat slowly on a hot-plate in a fume hood. At
the boiling heat, carefully add 5 mL of 30% hydrogen peroxide5 in 1-mL increments.
Continue heating until the solution is clear and colorless. Otherwise, add another 3 mL of
concentrated sulfuric acid and continue to add more 30% hydrogen peroxide. After
cooling, cautiously add about 5 mL of water dropwise. Quantitatively transfer the flask’s
contents into a clean, dry, 20-mL volumetric flask, dilute with water to volume, and mix.
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Transfer 1.0 mL of digestion solution to a 20-mL volumetric flask, add 0.2 mL of the
Internal standard solution and 2.0 mL of 65% ultratrace nitric acid, dilute with water to
volume, and mix. Retain the remaining digestion solution for use in the test for Limit of
Tin.
Blank solution: Prepare the blank digestion solution, following the preparation procedure
for the Sample solution, but without using Medium-Chain Triglycerides.
Instrumental conditions
(See Plasma Spectrochemistry 〈730〉.)
Mode: ICP–MS
Spectrometer: Quadrupole mass spectrometer
Detector: Ion detector maintained under vacuum
Other requirements: The instrument should read all isotopes for the following elements
shown in Table 1, for the yttrium internal standard (89 amu) and the lutetium internal
standard (175 and 176 amu), and should report the total element contents using the
most naturally abundant isotopes.
Table 1
Element
Isotope (Mass)
Chromium
52
Copper
63
Lead
206
Nickel
58
Tin
118
Analysis
Samples: Blank standard, Standard solutions, Blank solution, and Sample solution
Instrument performance must be verified to conform to the manufacturer’s specifications
for resolution and sensitivity. Before analyzing samples, the instrument must pass a
suitable performance check. Perform the evaluation using instrument software such as
correction equations for interferences and taking the internal standard into account.
Generate the calibration curve using the Blank standard and Standard solutions: the linear
regression coefficient is NLT 0.99 for each element. Determine the concentration of each
element in the Blank solution and in the Sample solution using the calibration curve.
Calculate the quantity, in µg/g, of each element in the portion of Medium-Chain
Triglycerides taken:
Result = (CU − CB)/CS
CU = concentration of each element in the Sample solution (µg/L)
CB = concentration of each element in the Blank solution (µg/L)
CS = concentration of Medium-Chain Triglycerides in the Sample solution (g/L)
Acceptance criteria: See Table 2.
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Table 2
Acceptance
Criteria,
Element
NMT (µg/g)
Chromium
0.05
Copper
0.1
Lead
0.1
Nickel
0.1
(IRA 1-Mar-2019)

Add the following:
• Limit of Tin
[Note—Use this test for Medium-Chain Triglycerides intended for use in parenteral nutrition.]
Internal standard solution, Sample solution, Blank solution, Instrumental conditions,
and Analysis: Proceed as directed in the test for Limit of Chromium, Copper, Lead, and
Nickel
Blank standard: Transfer 1.0 mL of the Internal standard solution to a 100-mL volumetric
flask, add 10.0 mL of 30% hydrochloric acid,6 dilute with water to volume, and mix.
Standard stock solution: Transfer 1.0 mL of a solution containing 1000 mg/L of tin
[Note—Single-element ICP standard solutions are commercially available.7] to a 100-mL
volumetric flask, add 25.0 mL of 30% hydrochloric acid, dilute with water to volume, and
mix. [Note—Prepare this solution fresh monthly.] Transfer 1.0 mL of this solution to a 100mL volumetric flask, add 25.0 mL of 30% hydrochloric acid, dilute with water to volume,
and mix. The concentration of tin in this solution is 100 µg/L. [Note—Prepare this solution
fresh each time.]
Standard solutions: [Note—Prepare these solutions fresh each time.] Into two separate
100-mL volumetric flasks, transfer 1.0 mL and 5.0 mL of the Standard stock solution, add
1.0 mL of the Internal standard solution and 25.0 mL of 30% hydrochloric acid, dilute with
water to volume, and mix well. The concentration of tin in these solutions is 1 µg/L and 5
µg/L, respectively.
Acceptance criteria: NMT 0.1 µg/g (IRA 1-Mar-2019)
Change to read:
• Alkaline Impurities
Sample solution: Dissolve 2.0 g of Medium-Chain Triglycerides in a mixture of alcohol and
ethyl ether (1.5: 3.0).
Analysis: Add 0.05 mL of bromophenol blue TS to the Sample solution, and titrate with
0.01 N hydrochloric acid
0.01 N hydrochloric acid VS NF38
to a yellow endpoint.
Acceptance criteria: NMT 0.15 mL of 0.01 N hydrochloric acid
VS NF38
is required.

PF 44(6): Nov.-Dec. 2018

918

SPECIFIC TESTS
Delete the following:
• Fats and Fixed Oils, Unsaponifiable Matter〈401〉
Sample: 5.0 g
Acceptance criteria: NMT 0.5% NF38
• Specific Gravity 〈841〉: 0.93–0.96 at 20°
• Water Determination 〈921〉, Method I: NMT 0.2%
• Appearance
Diluent: Hydrochloric acid and water (2.75%: 97.25%)
Sample: 10 mL
Standard solution: Prepare immediately before use by mixing 2.4 mL of ferric chloride CS
and 0.6 mL of cobaltous chloride CS with Diluent to make 10.0 mL, and diluting 5.0 mL of
the solution with Diluent to make 10.0 mL.
Analysis: Compare the Sample and the Standard solution by viewing them downward in
matched color–comparison tubes against a white surface (see Color and Achromicity
〈631〉).
Acceptance criteria: The Sample is clear and not more intensely colored than the
Standard solution.
• Fats and Fixed Oils 〈401〉, Procedures, Acid Value: NMT 0.2
• Fats and Fixed Oils 〈401〉, Procedures, Fatty Acid Composition: The fatty acid fraction of
Medium-Chain Triglycerides exhibits the following composition as seen in Table 3. Disregard
any peak with an area less than 0.05% of the total area.
Carbon-Chain
Length
6
8
10
12
14

Table 3
Number
of Double Bonds
0
0
0
0
0

Percentage
(%)
≤2.0
50.0–80.0
20.0–50.0
≤3.0
≤1.0

• Fats and Fixed Oils 〈401〉, Procedures, Hydroxyl Value: NMT 10
• Fats and Fixed Oils 〈401〉, Procedures, Iodine Value: NMT 1.0
• Fats and Fixed Oils 〈401〉, Procedures, Peroxide Value: NMT 1.0
Delete the following:
• Fats and Fixed Oils, Saponification Value〈401〉
Sample: 1.0 g
Acceptance criteria: 310–360 NF38
• Viscosity—Capillary Methods 〈911〉
Analysis: Determine at 20 ± 0.1° with a capillary viscometer.
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Acceptance criteria: 25–33 mPa·s
Delete the following:
• Refractive Index 〈831〉: 1.440–1.452 at 20° NF38
• Articles of Botanical Origin 〈561〉, Methods of Analysis, Total Ash
Sample: 2.0 g
Acceptance criteria: NMT 0.1%
Add the following:
• Bacterial Endotoxins Test 〈85〉: If labeled for use in preparing injectable dosage forms or
parenteral nutrition, it also meets the following requirements. The level of bacterial
endotoxins is such that the requirement in the relevant dosage form monographs(s) in
which Medium-Chain Triglycerides is used can be met. Where the label states that MediumChain Triglycerides must be subjected to further processing during the preparation of
injectable dosage forms, the level of bacterial endotoxins is such that the requirement in
the relevant dosage form monograph(s) in which Medium-Chain Triglycerides is used can be
met. NF38
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light. Store at
temperatures not exceeding 25°.
Change to read:
• Labeling: Where it is intended for use in parenteral nutrition, it is so labeled.
Where Medium-Chain Triglycerides is intended for use in the manufacture of injectable
dosage forms or parenteral nutrition therapy, it is so labeled. Where Medium-Chain
Triglycerides must be subjected to further processing during the preparation of injectable
dosage forms to ensure acceptable levels of bacterial endotoxins, it is so labeled. NF38
1 A suitable yttrium IC P standard is available from LGC (www.lgcstandards.com) or Millipore Sigma
(www.sigmaaldrich.com). (IRA 1-Mar-2019)
2 A suitable lutenium IC P standard is available from LGC (www.lgcstandards.com) or Millipore Sigma
(www.sigmaaldrich.com). (IRA 1-Mar-2019)
3 Suitable single-element IC P standards are available from LGC (www.lgcstandards.com) or Millipore Sigma
(www.sigmaaldrich.com). (IRA 1-Mar-2019)
4 Suitable ultratrace concentrated sulfuric acid is available from Spectrum C hemicals
(www.spectrumchemical.com) or Millipore Sigma (www.sigmaaldrich.com). (IRA 1-Mar-2019)
5 Suitable ultratrace 30% hydrogen peroxide is available from Spectrum C hemicals
(www.spectrumchemical.com) or Millipore Sigma (www.sigmaaldrich.com). (IRA 1-Mar-2019)
6 Suitable ultratrace 30% hydrochloric acid is available from Spectrum C hemicals
(www.spectrumchemical.com), Millipore Sigma (www.sigmaaldrich.com), WVR (us.vwr.com/store/) or other
vendors. (IRA 1-Mar-2019)
7 A suitable tin IC P standard is available from LGC (www.lgcstandards.com) or Millipore Sigma
(www.sigmaaldrich.com).

(IRA 1-Mar-2019)

Recent Official Publications:
USP42–NF37 Page 6033
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Stage 2 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Pre-PDG through Stage 5, as defined below). Stage 2
drafts are available for comments. Below are descriptions of the developmental Stages as
defined by the USP, EP, and the JP.
Pre-PDG PDG identifies subjects to be harmonized among PDG pharmacopeias and nominates a
coordinating pharmacopeia (CP) for each subject. The subject can include potential new topics,
as well as revisions to existing topics to the PDG workplan. The Pre-PDG step provides a
pipeline of potential topics/request for revisions to the PDG Work Plan.
New topic: For a subject to be harmonized the CP develops a clear concept written
document, scientific rationale, including stakeholder input, impact and perspective. The
CP will coordinate with the other PDG pharmacopeias, determine impact of local
requirements and barriers to harmonization and utilize technical teleconferences if
needed (limited to three experts per pharmacopeia). PDG decides on an
approve/disapprove decision whether to add a new topic to the PDG workplan and on
the agreed upon timeframe. Subject should be considered for removal after 12 months if
no agreement is reached.
Requests for revision: Following coordination with the Experts from the three
pharmacopeias, PDG decides on an approve/disapprove decision whether to add a
revision to the PDG workplan. Subject should be considered for removal after 12 months
if no agreement is reached.
PDG Approval Once a topic/request for revision is added to the PDG workplan, the three PDG
pharmacopeias strive not to revise their national (regional) text unilaterally, with the
understanding that each pharmacopeia would notify PDG of any required changes to local or
regional text stemming from regulations and policy that will have impact on the harmonized text
moving forward.
Stage 1: Preparation of First Draft Upon PDG approval to add the topic/request for revision
to the workplan, the CP prepares and forwards the Stage 1 draft and supporting data to PDG
for pharmacopeial expert committee review/comment within the timeframe as proposed in the
Concept Paper. The Stage 1 draft explains the reasons for each test method or limit proposed.
Each pharmacopeia shall provide feedback or rationale through consultation with experts or
governing body within 3 months. The comment period should, however, not exceed 4
months. Each pharmacopeia should consolidate their comments and forward to the CP.
The CP reviews the comments received and makes an initial go/no go decision on whether
the proposed harmonized draft document can move on for public comment/inquiry (Stage 2
draft). If the initial CP decision is “go”, the Stage 2 draft is prepared as close as possible to
“global style”, together with the commentary and sent to the secretariats of the other
pharmacopeias.
The other pharmacopeias commit to providing a response within 1 month whether they can
agree to publish the draft for public comment/inquiry. If all three pharmacopeias agree the
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decision is a “go”, the draft moves forward for public comment/inquiry.
If the decision by one or more pharmacopeias is “no go”, additional teleconferences may be
held (limited to 3 experts per pharmacopeia) to resolve “sticking points”. Ideally, these
teleconferences will be held within 1–2 months of the decision to “no go”. The goal of these
teleconferences will be to either successfully commit to publish a Stage 2 draft, determine
necessary next steps to reach Stage 2 (e.g., obtaining sponsor data, development and
validation of analytical methods, etc.), or remove the topic from the PDG workplan.
Stage 2: Official Inquiry The Stage 2 draft and the commentary are published in the
respective fora of each pharmacopeia. The draft proposal is published in its entirety. The style
may be adapted to that of the individual pharmacopeia concerned or the “global style” may be
used. The three pharmacopeias commit to publish the drafts simultaneously or as closely as
possible.
The corresponding secretariats may have to add information needed for the understanding of
implementation of the texts, e.g., the addition of the description of an analytical procedure
or of reagents that do not exist in the pharmacopeia and a translation is added by the
European and Japanese Pharmacopoeias.
Each pharmacopeia analyses the comments received and submits its consolidated comments
to the CP within 2 months of the end of the review/comment period.
The CP reviews the comments received. If the comments received during the public
comment/inquiry stage are significant enough to preclude a reasonable chance to reach
consensus at Stage 3, the CP will determine the appropriate course of action, with
consultation of the other PDG pharmacopeias. Otherwise, the CP prepares a draft
harmonized document (Stage 3A draft) accompanied by a commentary discussing comments
received regarding the previous text and providing reasons for action taken in response to
those comments. When residual differences are anticipated for sign-off, the Stage 3A draft
includes a draft of the sign-off cover sheet (see below).
The Stage 3A draft together with the commentary is sent to the other two PDG
pharmacopeias.
Stage 3: Consensus
A. Provisional The Stage 3A draft is reviewed and commented on by the other two PDG
pharmacopeias within 2 months of receipt. The three pharmacopeias shall do their utmost to
reach full agreement already at this stage with a view to reaching a final consensus document.
If a consensus has not been reached, the CP prepares a pharmacopeia teleconference within 2
months to discuss remaining residual differences brought up through the public comment/inquiry
period. The purpose of the pharmacopeia teleconference is to make decisions on the remaining
differences and whether they can be resolved, assigned as non-harmonized attributes or local
requirements, if re-publication is necessary at Stage 2, or in extreme circumstances, remove
from the workplan.
If harmonization by attributes/provisions is applied, a special sign-off cover sheet (see
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Appendixes 1 and 2) indicating harmonization is included with the draft. The text contains only
harmonized attributes/provisions; nonharmonized attributes/provisions and local requirements
are not included. The table is prepared as follows:
Three pharmacopeias agree on the attribute/provision: “+” in all columns
Two pharmacopeias agree that the attribute/provision should be included and have
agreed on the method and limit: “+” in the column for those two pharmacopeias, “–” in
the column for the pharmacopeia that will not stipulate the test
Three pharmacopeias agree that the attribute/provision should be included but have not
come to an agreement on the method and/or limit: state attribute/provision under
“Nonharmonized attributes/provisions”
One pharmacopeia only will include an attribute/provision: state under “Local
requirement”.
The CP collects information about needs for amendments (local requirements) corresponding to a
general policy in the national or regional (European) area. Local requirements, if needed, will be
listed on the sign-off cover sheet.
B. Draft Sign-Off When full agreement is reached, the Stage 3B draft is sent by the CP to
the other pharmacopeias no later than 4 weeks before a PDG meeting for final confirmation.
Sign-off on Stage 3B can occur either electronically via email, by mail, or during the PDG
meeting.
Stage 4: Regional Adoption and Implementation Stage 4 takes place individually according
to the procedures established by each pharmacopeial organization.
A. Adoption and Publication The document is submitted for adoption to the organization
responsible for each pharmacopeia. Each pharmacopeia incorporates the harmonized draft
according to its own procedure.
If a pharmacopeia needs to include a local requirement after the sign-off of a text, it will submit
a proposed revision of the sign-off cover sheet to PDG. This can be done electronically or at
the PDG meeting.
B. Implementation The pharmacopeias will inform each other of the date of implementation in
the particular region.
The date of implementation of a harmonized document varies in the three PDG regions depending
on their legal requirements, need of translation, and publication schedules. Each pharmacopeia
generally allows some period of time after publication for implementation, to allow
manufacturers and other users to achieve conformity.
C. Indication of Harmonization Each pharmacopeia will introduce a statement indicating the
harmonization status according to the policy of the pharmacopeia. In case of residual
differences, these are indicated by specific symbols (black diamonds indicate nonharmonized
attributes/provisions, white diamonds indicate local requirements). The residual differences all
correspond to differences that have been agreed upon by PDG, via the sign-off cover sheet.
Stage 5: Inter-regional Acceptance (for chapters previously evaluated by ICH Q4B for
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Regulatory Interchangeability) 16 chapters were evaluated by the ICH Q4B Expert Working
Group. Following the Q4B evaluation process, a formal notification of regulatory acceptance
was posted on the ICH website.
A topic-specific annex to the Q4B guideline for each monograph or chapter concerned is
processed for publishing and implementation by each regional authority.
Revision Procedure for the revision of harmonized monographs and chapters.
The pharmacopeias participating in PDG have agreed not to revise unilaterally any harmonized
document (monograph or chapter) after sign-off or after publication.
Criteria for justification of revision may include but is not limited to:
Public health and safety reasons.
Insufficient supply of pharmacopeial quality product on the market.
Specified analytical reagents or equipment are not available.
New methods of preparation of product/reagent are not covered by the current
monograph.
Analytical methods can be replaced by more appropriate/accurate/precise methods.
New technologies that are suitable to be included in the pharmacopeias.
A pharmacopeia requesting the revision of a monograph or chapter shall provide PDG with a
formal request including a rationale for revision and appropriate supportive data.
The process for revisions will follow the Working Procedure of the PDG as described above
under “Pre-PDG”. The revisions of a sign-off document prepared for this or other reasons
are indicated as revision 1, 2, 3, etc., for the sake of consistency.
Whenever agreed by the PDG, an expedited procedure may be applied. In certain
circumstances where appropriately justified, the expedited procedure would result in a
revision reverting to Stage 3A as opposed to Stage 1. In these instances, a pharmacopeia
requesting the revision of a monograph or chapter using the expedited procedure will submit
a formal request for revision, including, in addition to the information supplied in the normal
revision process, a justification for recommending the expedited procedure. Agreement by
PDG to the expedited procedure will be handled on a case-by-case basis. After agreement
by PDG to proceed with the revision, the CP may proceed directly with the elaboration of a
Stage 3A draft.
The PDG as a whole instead of a pharmacopeia may also request a revision.
Revisions to already harmonized chapters can be introduced as national text if, after
consultation with all the parties, there is no consensus for the revision. An assessment of
the harmonization status is conducted which may result in suppression in the workplan.
Correction of a Sign-off Text Any pharmacopeia which has identified an error in a sign-off
text may submit a request for correction to PDG together with appropriate justification. A cover
sheet (see Appendix 3) is prepared by the pharmacopeia requesting the correction, together
with appropriate justification. The cover sheet includes the name and code of the general
chapter or monograph, the date of the sign-off and the description of the correction. After
confirmation by PDG, the cover sheet is signed-off at the PDG meeting. When needed for clarity
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purposes, a full text including the correction is to be signed-off together with the cover sheet.
Correction of a Sign-off Cover Sheet Any pharmacopeia which has identified a need for
addition of a new local requirement or a correction of a local requirement/nonharmonized
attribute already included in a previously signed-off cover sheet will inform PDG accordingly,
together with appropriate justification. When needed for clarity purposes, the pharmacopeia
provides PDG with a full text including the new/corrected local requirement/nonharmonized
attribute or with the published local text, if available. A corrected cover sheet (see Appendix 4)
is prepared by the pharmacopeia requesting the correction. The cover sheet includes the name
and code of the general chapter or monograph, the date of the sign-off and the description of
the new/corrected local requirement/nonharmonized attribute with tracked changes. After
agreement by PDG that this is a local requirement/nonharmonized attribute, only the corrected
cover sheet is signed-off at the PDG meeting.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
reports or statements of Expert Committees
original research reports
evaluations of new and existing pharmacopeial methods
commentaries
articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
INSTRUCTIONS TO AUTHORS
Contributions in the form of original research reports, evaluations of new and existing
compendial methods, and other commentaries and articles relevant to drug standards or to
USP–NF revision will be considered for publication in Pharmacopeial Forum under the section
Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that
they have not been published previously in any language or medium and that they are not
simultaneously under consideration by any other publication. All manuscripts are subject to
review by USP headquarters staff, Committee members, or qualified outside referees, and if
accepted for publication they will be subject to editing by USP staff. Accepted manuscripts
become the property of the USP Convention (USPC) and may not be subsequently published
elsewhere without written permission from the USPC. Authors are also responsible for obtaining
permission for reprinting any illustrations that have been published elsewhere.
Abstract—Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References—Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright—Copyright transfer documents will be sent to authors after manuscripts have been
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accepted for publication.
Disclosure of Potential Conflicts of Interest—Maintaining independence and impartiality are
critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/ethics
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/conflicts-of-interest/
Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions—Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Guidelines For Assessing and Controlling the Physical Stability of Pharmaceutical Raw
Materials, Intermediates, and Dosage Forms
Akhtar Siddiqui,a Antonio Hernández–Cardoso,b,d Bruno C. Hancock,c Changquan C. Sun,c Dale
Wurster,c David J Goldfarb,c Geoff Zhang,c James De Muth,c Latiff Hussain,a Lawrence Block,c
Mehran Yazdanian,c Prabu Nambiar,c Raymond Skwierczynski,c Richard Meury,c Shaukat Ali,c
Wendy Mach,c Yong Hu,a Zhigang Sun,c,e
ABSTRACT
This Stimuli article reviews current approaches for the physical stability assessment,
measurement, and control of materials and dosage forms described in the USP–NF. This article
reflects the work of the Physical Stability Joint Subcommittee, which includes members of the
USP General Chapters–Physical Analysis Expert Committee, General Chapters–Dosage Forms
Expert Committee, and General Chapters–Packaging and Distribution Expert Committee. Various
factors can cause or contribute to physical instability, which can impact the quality, safety,
and efficacy of materials, systems, or products. A systematic investigation of such factors and
the selection of suitable components early in the drug development process may lead to
greater understanding of the causes of physical instability. This understanding can contribute
to the informed selection of appropriate manufacturing and storage conditions and packaging
materials. The authors propose that USP consider providing guidance regarding factors involved
in physical stability of pharmaceutical materials and dosage forms. The authors request
feedback and comments from stakeholders regarding the proposal to develop an informational
general chapter on physical stability.
INTRODUCTION
In recent years, the physical stability of pharmaceutical materials (e.g., excipients, active
ingredients, intermediates) and drug products (DPs) has received an increased level of
attention in the scientific literature and from regulatory agencies. This is in part because
physical changes in these materials are more easily detected with modern instrumentation, but
also because such physical changes have been the cause of some high-profile product recalls.
These recalls have included the withdrawal of ritonavir oral capsules from the US marketplace
because of the unexpected appearance of a more stable and less soluble crystal form of
ritonavir. The rotigotine transdermal system was also recalled after crystals formed
unexpectedly and compromised its efficacy (1).
Several factors have contributed to this trend, for example:
As recently as the 1980s, the screening of drug substances (DSs) for polymorphism and
the ability to form salts/co-crystals and hydrates/solvates (“pseudopolymorphs”) was
not routine at many companies. Hence, there was limited awareness of the risks of
physical transformations occurring during the manufacture, storage, and use of
pharmaceutical dosage forms (2).
In the last decade, there has been a marked increase in the use of amorphous drug
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substances and intermediates, increasing the probability of physical instability occurring
because of re-crystallization (3).
There has been an increased understanding of the risks of developing salt forms of weak
bases, where the physical stability of common salt forms of these compounds can be
compromised (4).
Because of the greater awareness of physical stability issues in academic, regulatory, and
industrial settings, the authors of this article believe that it is the right time for USP to consider
providing guidance regarding the physical stability of pharmaceutical materials and dosage
forms. This Stimuli article can serve as a means to initiate the process, as it reviews the
current state-of-the-art approaches for physical stability assessment, measurement, and
control. The scope of this Stimuli article is intended to cover all materials and dosage forms
described in USP–NF, including all DSs (including biologics), DP intermediates, excipients,
solid/liquid/semi-solid dosage forms, sterile and nonsterile preparations, and diagnostic
materials. The article is focused on those physical attributes that can directly impact the
safety, quality, and efficacy of the material, system, or product.
The authors requests feedback and comments from stakeholders regarding the proposal to
develop an informational general chapter on physical stability. In particular, feedback is
requested on the concepts and information presented in this article, and whether there are any
additional topics that should be addressed as part of such a general chapter.
EXISTING GUIDANCE
Even small changes in the critical physical attributes of an excipient, DS, intermediate, or DP
over time can impact the shelf life of a material and any product manufactured from it. Several
health authorities have discussed this topic in guidance documents and articles (Table 1). In
addition, several national pharmacopeias have mentioned physical stability testing and control
topics in their monographs and chapters (Table 2).
Clearly, certain health authorities and official compendia consider physical properties to be
potential critical quality attributes (CQAs) for excipients, DSs, DPs, and related materials (e.g.,
intermediates) for some dosage forms. As a result, demonstration of 1) manufacturing
processes capable of producing DSs and DPs of consistent physical quality at release and 2)
the physical stability of those materials during storage is required for successful regulatory filing
and approval of marketing applications (e.g., New Drug Applications and Marketing Authorization
Applications).
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Table 1. Examples of Guidelines/Guidances Used by Health Authorities that Mention
Physical Stability
Health Authority
Guideline/Guidance
Q1A: Stability Testing of New Drug Substances and Products (5)
Q1B: Stability Testing: Photostability Testing of New Drug
Substances and Products (6)
Q6A: Specifications: Test Procedures and Acceptance Criteria for
New Drug Substances and New Drug Products: Chemical Substances
International
(7)
Council for
Q8 (R2): Pharmaceutical Development (8)
Harmonisation
Q11: Development and Manufacture of Drug Substances (Chemical
(ICH)
Entities and Biotechnological/Biological Entities) (9)
Drug Stability Guidelines (10)
Metered Dose Inhaler (MDI) and Dry Powder Inhaler (DPI) Products—
Quality Considerations (11)
Nasal Spray and Inhalation Solution, Suspension, and Spray Drug
Products—Chemistry, Manufacturing, and Controls Documentation
(12)
Liposome Drug Products—Chemistry, Manufacturing, and Controls;
Human Pharmacokinetics and Bioavailability; and Labeling
Documentation (13)
ANDAs: Stability Testing of Drug Substances and Products (14)
ANDAs: Stability Testing of Drug Substances and Products—
U.S. Food and Drug
Questions and Answers (15)
Administration
ANDAs: Pharmaceutical Solid Polymorphism—Chemistry,
(FDA)
Manufacturing, and Controls Information (16)
Note for Guidance on In–use Stability Testing of Human Medicinal
Products (17)
Guideline on Stability Testing for Applications for Variations to a
Marketing Authorization (18)
Guideline on the Pharmaceutical Quality of Inhalation And Nasal
Products (19)
Reflection Paper on the Data Requirements for Intravenous
European Medicines
Liposomal Products Developed with Reference to an Innovator
Agency (EMA)
Liposomal Product (20)
World Health
Stability Testing of Active Pharmaceutical Ingredients and Finished
Organization (WHO) Pharmaceutical Products (21)
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Table 2. Examples of Physical Stability Chapters in Compendia
Compendium
Chapter
Thermal Analysis 〈891〉 (22)
Viscosity—Capillary Methods 〈911〉 (23)
Viscosity—Rotational Methods 〈912〉 (24)
Viscosity—Rolling Ball Method 〈913〉 (25)
Viscosity—Pressure Driven Methods 〈914〉 (26)
Light Diffraction Measurement of Particle Size 〈429〉 (27)
Water–Solid Interaction in Pharmaceutical Systems 〈1241〉 (28)
USP–NF
Tablet Friability 〈1216〉 (29)
2.2.34 Thermal Analysis (30) 2.2.8 Viscosity (31)
2.9.31 Particle Size Analysis by Laser Light Diffraction (32)
European
2.9.39 Water-Solid Interactions: Determination of Sorption
Pharmacopoeia
Desorption Isotherms and of Water Activity (33)
(Ph.Eur.)
2.9.7 Friability of Uncoated Tablets (34) 5.9 Polymorphism (35)
2.52 Thermal Analysis (36)
2.53 Viscosity Determination (37)
3.04 Particle Size Determination (38)
Japanese
3.05 Water-Solid Interactions: Determination of SorptionPharmacopoeia (JP)
Desorption Isotherms and of Water Activity (39)
DEFINITION OF PHYSICAL STABILITY
For the purposes of this Stimuli article, the authors consider the working definition of physical
stability to be as follows:
“Physical stability is the ability of a material to remain physically unchanged over time under
stated or reasonably-expected conditions for manufacturing, storage and use.”
It should be noted that while this simple definition is quite useful, it does not cleanly
distinguish between a purely physical change and a purely chemical change. For instance, if
one is monitoring the change in color of a solution (a physical property), this could be due to a
change in the ionization state of the compound containing the chromophore (a physical
change) or due to a change in the chemical structure of the compound containing the
chromophore (a chemical change). Furthermore, ultraviolet/visible spectrophotometry (a
physical test method) could be used to characterize either the change in ionization state or the
change in chemical composition. Thus, while this article is focused on instabilities that arise
from physical causes, there is an unavoidable overlap (in terms of cause, observation, and
consequence) with instabilities arising from chemical changes.
If one reverts to fundamental physics, physical instability is often the result of the physical
forces of interaction. The commonly accepted physical forces of interaction are the London
Dispersion Force, Debye Force, and Keesom Force (collectively referred to as the van der Waals
Forces); hydrogen bonding; and electrostatic interactions. Hydrogen bonding is held separate
from the Keesom Force because a hydrogen bond has too much electrostatic character to be
considered a true Keesom Force. An important characteristic of all of the above forces is that
they are reversible. In other words, a physical bond or interaction can readily be reversed to
restore the original species. This is in contrast to covalent bond formation, wherein the original
reactants cannot easily be restored. Thus, the physical forces of interaction are fundamentally
different in both mechanism and consequence from the formation of a chemical (or covalent)
bond.
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Temperature, pressure (including water vapor pressure), and gravity may all influence the
aforementioned physical forces. They may also influence the interfaces across which the
physical forces of interaction may be operating or the bulk phase through which those physical
forces of interaction may be operating. The interplay between temperature, pressure, gravity,
and the physical forces of interaction can lead to some seemingly inconsistent observations.
For example, if one has tried to re-suspend a non-flocculated caked suspension, one will likely
find it hard to accept the fact that physical interactions are reversible. In that case, the
settling which has occurred under the influence of gravity has created significant areas of true
contact between the particle surfaces. Those areas of true contact lead to an increased
number of interparticulate interactions. Weak interactions when present in great number can be
significant. However, in spite of that strength, the input of a sufficient amount of energy will
regenerate the original particles. The exception to the example above would be when the
particles have been settled for sufficiently long periods of time and drug dissolution or
precipitation have further strengthened the cake. Dissolution and precipitation are reversible
processes. However, as a result of these processes, the original particles cannot be
regenerated because they no longer exist. Interestingly, all of the individual processes resulting
in such cake formation are reversible, but, in total, they may lead to an irreversible change in
the system.
There may also be cases for which the system is reversible, but the packaging makes it
functionally irreversible (for more information see Good Packaging Practices 〈1177〉) (40). An
example would be the phase separation of an ointment. If the phase-separated ointment has
not been packaged, it could presumably be returned to its original state by high-shear mixing.
However, such mixing is not possible when the separation occurs after packaging (assuming
that the ointment was packaged in a collapsible tube). Thus, the packaged product may have
undergone an irreversible physical change.
In conclusion, when considering the physical stability of pharmaceutical materials and
products, one should think carefully about the underlying mechanism involved and not solely
consider the measurement technique or observation.
COMMON TYPES OF PHYSICAL INSTABILITY
There are several common types of physical instability that may occur for excipients, DSs, DP
intermediates, and DPs (see Table 3, Table 4, Table 5, Table 6, and Table 7). Such instabilities
can occur during storage of the raw materials; during manufacture of the DP; or during the
storage, distribution, and use of the DP. With the proper controls in place, these potential
instabilities can often be minimized or avoided. However, without such precautions, the quality
of the product can be seriously compromised.
The common instabilities or “failure modes” can be classified as “critical”, “major”, or “minor”
depending on the defect's impact on patient safety or product efficacy. Critical failure modes
are known to impact patient safety or product efficacy, while a major failure mode likely
impacts safety or efficacy. Finally, minor failure modes do not impact patient safety or product
efficacy. The challenge is that the classification of a failure mode is often product dependent.
For example, if the crystal form of an oral Biopharmaceutics Classification System (BCS) Class I
drug (i.e., drug with high solubility and high permeability) changes and the new crystal form still
meets the solubility requirements for a BCS Class I drug, the failure mode could be considered
minor. However, if the solubility of the new crystal form becomes substantially lower than the
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original crystal form, the failure mode is likely major or critical because the physical instability
leads to a change in the dissolution rate of the DP.
Table 3. Examples of Physical Instability Leading to Changes in Appearance
Material
Failure Mode
Possible Cause(s)
Distribution or temperature cycling in
Excipient
Caking or agglomeration
warehouse
Drug
Loss of crystallinity, polymorph
substance
Color change upon storage
change, change in hydration state
Spontaneous salt formation between
Color change upon storage
a DS and an excipient
Tablet
Breakage or chipping
Water sorption or loss by an excipient
Insoluble salt formation with
Particulate formation
preservative
Solution
Gelling
Liquid crystal formation
Crystallization of excipient or drug
substance; storage temperature Tg’
Collapse
of
lyophilized
cake
(the collapse temperature)
Powder
(prepared as
Crystallization of excipient or DS;
a lyophilized
storage temperature Tg’ (the collapse
cake)
Increased reconstitution time
temperature)
“Cracking“ of emulsion due to
Color change
temperature cycling upon storage
Emulsion
Phase separation
Droplet coalescence
Dehydration of gel due to
Color change
inappropriate storage conditions
Syneresis (the extraction or
expulsion of a liquid from a gel)
Gel
or capillary condensation
Weakness of gel structure
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Table 4. Examples of Physical Instability Leading to Changes in Dissolution and
Disintegration
Material
Failure Mode
Possible Cause(s)
Failure to swell (for a
Excipient
super-disintegrant)
Water sorption from environment
Particle agglomeration upon storage due to
Drug
surface disorder induced by milling; crystallization
substance
Slowed dissolution rate
of amorphous drug
Crystal form change
Crystallization of amorphous drug
Water uptake
Water migration within dosage form
Disproportionation of DS salt
Counter-ion exchange of DS salt
Change in dissolution
Cross-linking of gelatin capsule
rate
Water uptake
Water migration within dosage form
Tablet /
Change in
Cross-linking of gelatin capsule
capsule
disintegration time
Change in dissolution
(of the suspended
Suspension particles) rate
Increase in particle size, agglomeration
Table 5. Examples of Physical Instability Leading to Changes in Tablet Hardness
Material
Failure Mode
Possible Cause(s)
Excipient
Loss of tabletability
Water sorption from environment, polymorph change
Drug
Particle agglomeration upon storage due to surface
substance
Loss of tabletability
disorder induced by milling
Crystal form change
Water sorption or desorption
Water migration within dosage form
Rearrangement of solid material within the
tablet
Change in hardness
Water uptake
Change in
Water migration within dosage form
Tablet
disintegration time
Table 6. Examples of Physical Instability Leading to Changes in Rheological Properties
of Semi-Solid Products
Failure
Material
Mode
Possible Cause(s)
Change in
Molecular weight reduction caused by excessive use of highExcipient
viscosity
shear mixing
Change in
Emulsion
viscosity
Increase in oil droplet- size growth upon temperature cycling
Change in
Phase separation (“syneresis”) caused by temperature cycling
Gel
yield stress
or other improper storage conditions
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Table 7. Examples of Physical Instability Leading to Changes in Performance of Dry
Powder Inhalers
Material
Failure Mode
Possible Cause
Change in surface disorder (amorphism) of the carrier
and/or DS particles caused by recrystallization of the
Failure in
amorphous regions, which changes surface energy
aerodynamic particle
and the adhesion force between the DS and carrier
size distribution
Excipient
(APSD) and delivered
Change in inter-particulate interactions due to
or Drug
dose uniformity
humidity and temperature (e.g., capillary forces
substance
(DDU)
progress into solid bridges)
COMMON RISK FACTORS
Based on the observations of common physical instabilities (see previous section) a number of
common risk factors can be identified. Examples are listed below.
For excipients and DSs:
Materials with a low melting point may have a greater tendency to undergo phase
changes during manufacturing, distribution, storage, or use
Acids and bases will have a tendency to form salts when mixed together
Hygroscopic materials will tend to absorb water from their surroundings and this may
accelerate moisture-mediated physical changes (such as the softening of tablets or the
crystallization of amorphous components)
Materials with a tendency to form hydrogen bonds may be susceptible to forming
hydrates or co-crystals when mixed with polar materials
Amphiphlic materials may form liquid crystalline phases and undergo gelling
For DS and DP manufacturing processes:
High-shear processes (such as milling or homogenization) can induce physical changes
in common pharmaceutical materials
Processes that involve heating and cooling can trigger unwanted phase changes
Processes utilizing solvents (including water) can also be risk factors for physical
instabilities due to the possibility of dissolution and precipitation
Changes in pH or ionic strength may induce aggregation of proteins and peptides
For the storage of raw materials, intermediates, and DPs:
Poorly controlled or fluctuating temperature and humidity conditions can trigger physical
instabilities for many materials
Primary packaging that does not provide adequate protection from environmental
conditions (such as humidity) can be a risk factor for physical instability
Any physical changes during in-use conditions can be a risk factor
All of these material and process risk factors should be considered carefully during the design
of the formulation (including excipient choice), the selection of the manufacturing process and
the packaging system. These risk factors may not be important for all types of dosage forms
(for example, simple solutions), but this needs to be determined for each individual situation.
Consideration of the various risk factors should also occur when deciding upon the best control
strategy and when determining whether or not detailed analytical testing is needed during
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product development.
ANALYTICAL TESTING CHALLENGES
Historically, the detection and quantitation of physical changes in a DS, excipient, DP
intermediate, or final dosage form have created significant analytical challenges. Only in recent
years has instrumentation with the necessary selectivity and sensitivity become commonly
available so that significant numbers of samples (needed for meaningful trend analysis) can be
quickly and reproducibly tested.
Usually, the physical properties of greatest interest will be those related directly to product
performance or CQAs. These properties may be directly or indirectly dependent on the physical
stability of individual components or on the product as a whole. Such properties may be
monitored at the time of product release, or they may be tested throughout long-term stability
studies.
Common analytical testing challenges include the following:
Physical stability testing methods may require specialized instrumentation and expertise.
Examples include: optical microscopy, scanning electron microscopy with energy
dispersive spectroscopy (SEM/EDS), moisture sorption, laser diffraction (Mie or
Fraunhoffer), thermal analyses, Fourier-transform infrared spectroscopy (FTIR), Raman
spectroscopy, near infrared (NIR) spectroscopy, rheology, mercury porosimetry, X-ray
diffraction, and solid-state nuclear magnetic resonance (ssNMR). Some of these
methods are more complex than other orthogonal techniques, and therefore are suitable
for the development phase and not for routine monitoring of commercial products. For
example, ssNMR may be used as a development tool, but Raman spectroscopy may
suffice for physical form monitoring of a commercial product. Similarly, a rheometer may
be needed to fully characterize a liquid, ointment, or cream, but a viscometer may
suffice to show the consistency of well-characterized commercial drug product.
Physical test methods often require specialized sample preparation that does not
perturb the physical properties of the samples. This can be slow and very labor
intensive. Ideally, whole dosage forms should be analyzed without the need for
pulverization, sub-sampling, dilution, or other alterations.
The limits of detection for physical changes can often be much higher than for chemical
test methods. For example, detecting a physical polymorphic change of less than 5%
(by volume or mass/weight) is quite difficult in most cases and often requires exquisite
control of the sample preparation as well as the test methodology. Likewise, viscosity
changes (e.g., in semi-solids) are frequently logarithmic in nature and in this situation
5%–10% variability would be quite normal.
Among the most important properties to understand for solid dosage forms is the
moisture sorption behavior of the individual components. Water is one of the most
influential factors affecting the physical stability of solids. Understanding the moisture
content and how it may change during the testing process is critical.
Single-component materials represent a limiting case of “product”. These generally
include the DSs, excipients, specific phase impurities, and perhaps packaging
components (e.g., a desiccant). Formulated products present additional challenges, not
only due to matrix effects but also for appropriate sample preparation.
Quantitative measures are desired where possible. This depends first on the inherent
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characteristics of the technique – some are inherently qualitative or non-specific.
Another challenge may be the availability of suitable, stable reference materials and the
ability to present them in a context that is equivalent to the analyte. Spiking known
amounts of a DS into a placebo formulation is one common approach, but accurate
results can only be obtained with proper blending, especially for low concentrations
and/or low drug loads.
For best quantitation, an analyte must be stable during sample preparation and analysis.
Ideally, each analyte would be prepared in an identically processed matrix; however,
this is rarely possible. The best practice is to keep the matrices as similar as possible.
Due to the lack of specificity or a non-linear concentration-response relationship, it may
be necessary to build empirical models using reference standards to estimate the
amount of physical change that has occurred. Such models may not transfer well from
instrument to instrument, or they may “drift” over time due to changes in instrument
sensitivity with time.
Standard chemical stability approaches may not work when applied to physical stability
studies. Applying the Arrhenius extrapolation could be misleading as physical changes
can occur abruptly with a shift in temperature. Additionally, elevated temperatures
(e.g., 40°) may be above a phase transition point (e.g., the melting point of a semisolid) and as such “accelerated” conditions used in chemical stability tests may prove
to be meaningless.
As mentioned above, there will often be a need for enhancing the sensitivity of physical
stability-indicating methods. There are several reasons for this. In managing the product matrix
effects, there are two factors to consider: dilution and interference. For a single component in
a DP (such as the DS), detection and quantitation limits may be affected simply by the lower
concentration of the component in the product matrix. For example, for a product with a 10%
drug load, a 5% detection limit for a phase impurity in a DS could result in an effective
detection limit of only 50%. Product components other than the analyte could also give
responses. If such responses overlap with those of the analyte, the sensitivity of the method
would be diminished or the method could become unsuitable. Especially for early studies,
improved sensitivity could allow for more accurate prediction of the expected shelf life using
shorter time frames.
Common approaches for increasing sensitivity and managing matrix effects include: 1) using
longer data collection times to provide better signal-to-noise ratios, 2) changing or limiting the
spectral or scan range to avoid interferences, and 3) adjusting the concentration or separation
of the analyte.
BUILDING AN APPROPRIATE CONTROL STRATEGY
A risk-based scientific approach is recommended to ensure product quality throughout
development and commercialization. Strategies such as Quality by Design (QbD) can be applied
to understand and ensure the compatibility of all materials and processes throughout the entire
manufacturing process of a finished product.
QbD focuses on:
Identifying all possible influences that can impact the performance of a process
Using risk assessment tools and scientific knowledge to identify potentially high-risk
attributes or parameters
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Using risk levels to determine whether the influence should be considered critical
Developing a control strategy that focuses on defining acceptable ranges for the critical
attributes/parameters
Perhaps the most important aspect of developing a physical stability control strategy is
understanding the underlying mechanisms of physical instability. This usually requires
understanding the properties and variability of individual components, as well as the product as
a whole. Some CQAs may be indirectly related to the causative physical changes. For example,
the dissolution behavior of an oral dosage form could be affected by multiple underlying physical
changes, such as changes in tablet breaking force and interactions between the DS and
excipients.
The potential physical instability of a product should be considered throughout the product
development process. Ideally, it should be addressed as early as the point at which the DS
form is selected. If solubility, purity, crystallinity, and mechanical properties are not limiting the
manufacture and bioavailability of a DS, the solid form that exhibits better physical stability
should be selected. For example, the polymorph of a drug that is thermodynamically stable at
ambient conditions is usually chosen to minimize the chance that a physical form change could
occur during normal storage and use.
ICH Q8 (R2) recommends drug–excipient compatibility studies to facilitate the early detection
of and understanding of physical and chemical incompatibilities (8). Compatibility studies can
enhance the understanding of drug–excipient interactions and can help with root cause analysis
if stability problems occur.
In some cases excipient hygroscopicity may facilitate phase changes such as
disproportionation of a salt, hydration of an anhydrous drug, or crystallization of an amorphous
form. Thus, if possible, hygroscopic excipients should be avoided. When hygroscopic excipients
must be used for certain functionalities, appropriate strategies to control exposure to high
humidity should be implemented.
Some excipients may react with drug substances to form a new solid phase, such as a salt or
co-crystal. Ion exchange between some drugs and excipients may lead to changes in the
dissolution rate of tablets. A DS may also form a less-soluble complex with an excipient.
Major changes in physical properties are often mediated by exposure to high temperature or
humidity. To avoid unintended physical instability of a DP, it is important to understand the
temperature and humidity sensitivity of the components in the product. For example, an
anhydrous drug or an excipient may undergo hydration when exposed to high relative humidity
(RH). In that case, high-RH conditions should be avoided during distribution, storage, and use.
When problems are recognized but a simple solution is not readily available, one should use
the formulation design, critical manufacturing process parameters and in-process controls,
packaging selection, and controlled storage conditions to minimize physical instability and help
ensure adequate shelf life of the DP. The selection of protective packaging must align with the
purpose of stabilizing the DP. In cases where moisture-induced phase changes in a DP are
problematic, moisture-resistant packaging may be used to maintain physical stability of the DP
after it has been dispensed to patients. Blister packing of individual tablets is one example.
Adding moisture-absorbing desiccant packs to a bottle is another example. Sometimes, tablets
do not have sufficient strength to withstand stress during handling. In those cases, the
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package should provide protection against excessive stresses during storage and handling. If
the DP's sensitivity to temperature is confirmed, high-temperature situations should be avoided
during transportation and use of the product by patients. In extreme cases, refrigerated
storage may be required.
For products that do have potential physical instability problems, a modified testing plan may
be required. For example, it may be necessary to demonstrate that the physical changes do
not have any impact on the bioperformance of the product by conducting additional in vitro
dissolution testing. Alternatively, a limit test may need to be developed to determine the extent
of physical change that occurs over the shelf life of the product or during normal use by
patients. Additional tests may also be needed when a product has arrived at its intended
destination, or even before it is dispensed to patients.
Finally, where a test method is implemented to assess the extent of a physical change in a
raw material or dosage form, it is then necessary to ask how much change is acceptable. There
is no universal answer to this question, and each case must be considered on its merits. A color
change that only occurs once the primary package is opened and has no impact on product
performance or patient safety may have quite wide limits of acceptability, whereas a DS phase
change that slows the dissolution rate of a solid dosage form may require quite stringent limits
set over the entire lifetime of the product. To ensure that an appropriate control strategy is in
place, extensive testing may be needed during product development. Such testing may then
alleviate the need for validated methods for those products when manufactured commercially,
either by showing that under standard conditions adverse physical conditions do not occur, or
that such occurrences may be alleviated by use of proper packaging. In general, validated
physical methods are less prevalent than validated chemical methods. The development of a
validated solid-state analytical method may be required in some instances, but in such cases,
as noted earlier, certain (more complex) research tools may not be applicable, and simpler “QC”
tools may be used when supported by earlier research during the development phase of the
product.
SUMMARY
Physical instability of pharmaceutical materials, including active ingredients, excipients, DP
intermediates, and finished DPs, is a well-recognized phenomenon that is documented in the
literature. Regulatory agencies around the world have provided guidances that highlight the
importance of physical stability in pharmaceutical development and its role in the stability of
drug products over their shelf-life. Physical instability can impact the quality, safety, and
efficacy (bioperformance) of the DP and its subsequent life-cycle. Irrespective of the level of
changes in product quality or performance, a systematic investigation and selection of suitable
forms of DS and formulation ingredients is recommended early in the drug development process
to create a mechanistic understanding of the process involved in the instability. Particularly
pivotal for the enhancement of this understanding will be the judicious selection of a sensitive
analytical technique and the optimization of the data acquisition process. The overarching
understanding gained through a QbD approach will assist in identifying risks and vulnerabilities
associated with DP manufacturing, storage, and use, which will ultimately facilitate
implementation of a control strategy. The understanding will also contribute to informed
decisions regarding the selection of storage conditions and appropriate packaging materials, as
well as possible need for validated test methods. In many cases detailed development studies
can support the elimination of routine testing or the use of simpler “QC techniques” to ensure
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the quality of the commercial product.
The authors hereby request feedback and comments from stakeholders regarding the proposal
to develop an informational general chapter on physical stability. In particular, feedback is
requested on the concepts and information presented in this article, and whether there are any
additional topics that should be addressed as part of such a general chapter.
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In Vitro Release Test Methods for Drug Formulations for Parenteral Applications
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Hussain,f Johannes Krämer,g John Shabushnig,h Erika Stippler,i, j
ABSTRACT
In vitro drug release testing for parenteral drug formulations could benefit from more
regulatory guidance and compendial information as this testing is a part of current expectations
for drug product approval. This Stimuli article discusses in vitro drug release methods for those
parenteral drug formulations that are not solutions and explores the challenges involved in using
these methods for each formulation type.
INTRODUCTION
This Stimuli article is the work of some members of the General Chapters—Dosage Forms
Subcommittee O on Parenterals. The Subcommittee is in agreement with and endorses the
content of this article.
Parenterally administered drugs include both injected and implanted drug formulations. While
injections are administered through the external boundary tissue, implants are placed within the
body to allow direct administration of the drug substance(s) into the circulatory system or the
local area. Injections exist as solutions, suspensions, or suspensions with a modified-release
component. Immediately prior to administration, the drug formulations may be reconstituted
from sterile powders to form solutions, suspensions, and emulsions. This category also includes
drug-and-device combinations such as stents.
The definitions and descriptions of these dosage forms, as well as brief information about
their composition and manufacturing processes, are found in Pharmaceutical Dosage Forms
〈1151〉 (1).
In the case of parenteral (non-solution) drug formulations, the purpose of both the product
quality tests and product performance tests is to provide assurance of batch-to-batch quality,
reproducibility, reliability, and performance. Product quality tests are performed to assess
attributes such as assay, identification, impurities, foreign and particulate matter, sterility,
bacterial endotoxins, water content, aluminum content, and content uniformity. These tests
are part of the compendial monograph [see Injections and Implanted Drug Products 〈1〉 (2)].
In vitro drug release testing for parenterals that are non-solutions could benefit from more
regulatory guidance and compendial information. Method selection can be challenging for many
reasons, and each formulation carries its own unique obstacles. The Dissolution Procedure:
Development and Validation 〈1092〉 (3) is an excellent reference for use when developing an in
vitro release test procedure.
Each type of parenteral formulation is discussed in this stimuli article, including highlights of
the formulation’s unique challenges. Examples of methods for current formulations are provided;
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these examples were obtained from multiple sources, including but not limited to the FDA
Dissolution Method Database (4), workshop reports (5,6), previous Pharmacopeial Forum
Stimuli articles (7, 8), and the literature. For several parenteral drug formulations, procedures
described in Dissolution 〈711〉 (9), Drug Release 〈724〉 (10), Mucosal Drug Products—
Performance Tests 〈1004〉 (11), or Semisolid Drug Products—Performance Tests 〈1724〉 (12)
may be applicable.
Because of the complex nature of some parenterals, the in vitro drug release test methods
will be applied on a case-by-case basis rather than using a one-size-fits-all approach;
however, the inclusion of general approaches and the presentation of options will be useful.
Implanted parenteral drug formulations are long-acting dosage forms that provide continuous
release of the drug substance(s), often for weeks, months, or years. For systemic delivery,
these dosage forms may be placed subcutaneously; for local delivery, they may be placed in a
specific region of the body. The in vitro test conditions should mimic specific aspects of the
intended physiological environment, such as the osmolarity, pH, or buffer capacity. Non-sink
conditions may be informative in some instances.
The drug release test for some parenteral dosage forms may require the use of modified
compendial or non-compendial equipment. For example, various volumes of dissolution medium
with or without agitation may be appropriate. The use of dialysis membrane has been shown to
be beneficial for some microsphere injectable formulations. Incubation methods have also been
used. Accelerated testing is a practical solution for quality control testing; however, it should
be justified as having relevance to “real time” release.
Although desirable, in vitro and in vivo correlations may not be possible for modified-release
parenteral dosage forms due to the complexity of the release mechanisms and the lack of
knowledge about in vivo release conditions.
SUSPENSIONS
Although liposomes, microspheres, and nanosuspensions are considered suspensions, the
discussion in this section is limited to formulations of poorly water-soluble drug substances or
drug substances formulated with a release-controlling component, which is typically suspended
in an aqueous medium.
Nanosuspensions
In cases where suspensions exhibit, in principle, particle sizes between 1 and 100 nm, they
are called nanosuspensions and have a tolerance extension up to 1000 nm (13). This suggests
that dilution of the suspension prior to dissolution testing may alter the inherent drug release
and/or dissolution characteristics significantly.
The most relevant parameters to modify for in vitro performance testing are the content of
organic solvents, the surfactants, and the pH of the media. The physiological range for
injectable dosage forms is around pH 7.4 and is narrower than that for oral dosage forms, even
when pathophysiological conditions are considered. In the case of osmotic systems, the
osmolality of the in vitro drug release media composition requires attention. Diffusion
mechanisms may prevail in the case of embedded or coated nanoparticles (14).
The U.S. Food and Drug Administration (FDA) is providing guidance on in vitro performance
testing of either modified-release parenteral formulations or drug formulations containing
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nanomaterials (13). In vitro drug release testing should be based on the compendial instruments
described in 〈711〉 (9) and 〈724〉 (10). The most critical steps of in vitro testing are considered
to be the insertion of the suspension into the vessel or cell and the phase separation after
sampling. For filtration, membrane filters are preferred. Cross-flow filtration has been shown to
be advantageous (15). Compendial systems such as the basket or paddle and the flow-through
cell apparatus allow the insertion of the suspension in a bag, which often consists of dialysis
membranes with a defined molecular cut-off. Alternatively, reversed dialysis techniques are
applied with the suspension spread in the dissolution bulk medium.
The use of in situ fiber optics combined with derivative spectroscopy has been shown to
allow the quantification of the dissolved drug substance in the presence of the nanoparticlebound moiety of the active ingredient (16).
The composition of the drug-release medium may be kept constant with regard to the
physiological parameters for pH (pH 7.4) and osmotic pressure (285 mOsm/kg). Because of the
solubility of the drug substance and the requirement for an accelerated test, the addition of
surfactants [e.g., Tween 80 or sodium lauryl sulfate (SLS)] and/or organic solvents may be
needed. Accelerated tests are highly desirable. In addition to in vitro drug-release testing, data
on the biological activity of the drug product may be needed for proper in vitro performance
testing, particularly if the active ingredient is a biological, or in the case of targeting and the
route of administration.
Liposomes
Liposomes are microvesicles composed of a lipid bilayer, and/or a concentric series of multiple
bilayers, separated by aqueous compartments. The compartments are formed by amphipathic
molecules, such as phospholipids, that enclose a central aqueous compartment. Generally,
liposomal formulations comprise the drug substance and lipids, as well as nonlipid and
nonliposome inactive ingredients. In liposomal drug formulations, the drug substance is
encapsulated within the aqueous compartment(s) or intercalated within the lipid bilayer(s).
The release of drugs from liposomal formulations can be modified by the presence of
polyethylene glycol (PEG) and/or cholesterol or other potential additives. It is pertinent to
mention that the presence of PEG on the surface of the liposomal carrier has been shown to
extend blood-circulation time, leading to prolonged drug release in vivo. Although in vitro drug
release is one of the critical quality attributes (CQAs) that is useful for characterizing liposomal
drug formulations, and extensive research has been done on the technology since the 1980s,
development of discriminating and robust in vitro drug release tests for liposomal delivery
systems has not become universal.
The lack of standard equipment and commonly available drug release testing methods for
liposomal drug formulations is evident when compared to other dosage forms and drug delivery
systems. Two dissolution-methods databases, one from FDA and one from USP, do not contain
in vitro drug release tests for liposomes. There is, however, FDA guidance on chemistry,
manufacturing, and controls (CMC) aspects of liposomes (17). At present, developers of
liposomal drug formulations have proprietary in vitro drug release methods for use in the quality
control of their formulations. More collaborative efforts among academia, industry, and
regulators are needed to standardize in vitro drug release testing of liposomes (18).
The characteristics of an in vitro drug release test for liposomal drug formulations include, but
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are not limited to, the following:
Mimics the drug release conditions in vivo
Discriminates between liposomal formulations of various different compositions
Demonstrates the absence of drug release before reaching the target tissue or organ
Is based on the intended application of the formulation
Reflects the route of administration to establish a reliable in vitro in vivo correlation
(IVIVC) during drug development
It is well known that the in vitro release (including dissolution) of a drug from a drug product
is formulation dependent. Therefore, it is not possible to design a universal in vitro release
method that can be used to characterize drug release from different types of liposomes.
Assessing the suitability of a method for a liposomal drug product is therefore crucial. The more
common drug release methods reported in the literature for liposomes, and their associated
equipment (or apparatus), are summarized in Table 1 (19).
Table 1. Common Drug Release Methods for Liposomes and Associated Equipment
Method

Dialysis
Fractional dialysis
Reverse dialysis
Microdialysis
Ultracentrifugation
Centrifugal
ultrafiltration
Pressure
ultrafiltration
Size exclusion
chromatography
In situ method
Continuous flow
method
USP A pparatus IV
USP A pparatus I

Release
Time
Rapid
and Slow
Rapid
and Slow
Rapid
and Slow
Rapid
and Slow

Liposome
Damage

Continuous
Sampling

Unique Advantages

Limitations
Sink
conditions/membrane
dependent

No

Yes

Simple/economic

No

Perfect sink conditions
Simple/long sampling
time/ economic

Further validation needed

No

Yes
Yes/multiple
sacs

No

Yes

Minimal manual handling

Slow

Yes

No

Drug independent

Slow
Rapid
and Slow
Rapid
and Slow
Rapid
and Slow
Rapid
and Slow
Rapid
and Slow
Rapid
and Slow

Yes

No

Yes

No

Low centrifugal force
Gentle separation at low
pressure

No

Yes

Filter media selection

No

Yes

No

No/Yes

Direct measurement
Measures instantaneous
release

No

Yes

Drug dependent
Sedimentation rates of
components
Filter clogging/ particle
deformation
Filter clogging/ particle
deformation
Column pre-saturation
needed
Polarography and UV /V is
limited
Filter clogging/ physical
limitations
High volume of release
medium

No

Yes

Long sampling time
Constant surface area
for release

Rate-limiting membrane

Two-stage diffusion

It is advisable to consult with the appropriate regulatory agency to confirm the adequacy of
an in-house in vitro drug release test for a liposomal drug product before filing the application
for approval.
Microparticles (Microspheres)
This category includes injections containing extended-release particles, which are
particulates, microparticulates, or microspheres. There are two distinct challenges when
performing an in vitro drug release test on this dosage form. First, the particles are likely to
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float when introduced to the media. Therefore, the mixing would not be uniform, as some of the
particulates would be floating on the media surface. Also, these dosage forms may require a
prolonged testing time, which could cause extensive evaporation of the dissolution medium. The
chemical stability of the dissolved drug in the medium is also a consideration.
When considering an apparatus for injections, the FDA database (4) currently includes 15
injections, and methods are provided for 9 injectable suspensions. In the database, when a
specific method is not given, the instructions state, “Develop a dissolution method using USP IV
(Flow-Through Cell), and, if applicable, Apparatus II (Paddle) or any other appropriate method,
for comparative evaluation by the Agency.” In the 9 injectable suspensions that have a method
provided, the apparatus are USP Apparatus 4 and 2, and the media include components such as
SLS, polysorbate, saline, sodium azide, and water, with a small amount of ethanol. The time
ranges extend in duration from 45 min to as long as 168 h. Methods that use dialysis
membranes have been reported in the literature (20), and incubation methods (e.g., Goserelin
implants, USP) (21) have been reported as approved regulatory methods.
Emulsions
For emulsions, the drug substance is typically trapped within a water-in-oil or oil-in-water
dispersed phase. These parenteral formulations require less complex in vitro performance tests.
Typically, the apparatus described in 〈711〉 (9), 〈1724〉 (12), and 〈1004〉 (11) may be
appropriate; these apparatus include USP Apparatus 2, a vertical diffusion cell, and reducedvolume equipment (e.g., a mini paddle).
IMPLANTS
For long-acting implants in particular, the in vitro drug performance test should include a
procedure to ascertain that the drug releases as intended and to prove the robustness of the
drug product. There may be real-time (long-term) drug release tests used along with
accelerated drug release tests. Some accelerated strategies include elevated temperatures or
non-neutral pH to increase the hydrolysis of rate-controlling polymers. When long-term tests
are needed, special attention should be paid to the evaporation of the dissolution media and
bacterial growth. In the USP monograph Goserelin Implants, the apparatus is a sealed jar that
is incubated (21). Apparatus 4 and Apparatus 7 are also used (5–8). The FDA database
provides three implant methods: the Goserelin Implant uses an incubation method, the
Dexamethasone Implant uses Apparatus 7, and the Buprenorphine HCl Implant uses Apparatus
2.
DRUG-ELUTING STENTS
Drug-eluting stents (DES) are a combination of a device and a drug, where the drug is usually
within a polymeric matrix that coats a metal stent. As with implants and controlled-release
microparticle suspensions, the long-acting nature of the DES makes long tests necessary to
fully characterize the release. Long tests come with the challenges of media evaporation and
stability of drug substances in the media. The possibility of accelerated conditions is an
important consideration, as the in vivo release may occur over a long period of time. Other
considerations are the positioning of the DES in the apparatus for adequate mixing and the use
of a small volume of medium due to the low drug concentration.
There are in vitro performance test methods suggesting the use of a reduced-volume paddle
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apparatus, USP Apparatus 4, or USP Apparatus 7 with stent holders, where small volumes of
media are used (7). For the approved DES, sirolimus, USP Apparatus 4 (flow rate of 25 mL/min)
was used with an elution medium (50 mL) of 2% SLS and 10% acetonitrile at pH 4.5, 37° (22).
This is a closed-loop configuration.
The method needs to reflect the transport forces that are predominant in vivo (23). This has
been demonstrated in methods using a blood vessel-simulating flow-through cell apparatus
(24). Other apparatus that have been used for in vitro performance testing of DES are the
incubation cells of different volumes and agitation from 250 to 300 rpm at 37°, or USP
Apparatus 7 with small-volume reciprocating holders in 10-mL glass cells at dip rates of 5 DPM
or 40 DPM (25).
VETERINARY PARENTERALS
There are many different types of parenteral formulations commercialized in the veterinary
industry. FDA Center for Veterinary Medicine (CVM) Guidance for Industry #238, issued in June
2016, provides guidance and strategies for consideration as part of the development program
for drug release testing and product specifications (26). The drug release test method should
be developed early in product development so it can be used to characterize the formulations
utilized in safety and efficacy trials. The drug release data for the batches used in these
studies support the specifications for the drug release test at product release and expiry. The
guidance provided by formulation type in this article should also be considered for veterinary
formulations. One recent example reported by Folger et al. describes the work conducted for a
veterinary drug product consisting of a lipophilic drug dissolved in a low-viscosity oily matrix
(27). This work included the identification of a suitable medium, which dissolved the drug over
time without degrading it, and the development of a system and methodology that could be
used in the quality control lab and could discriminate a quality product from one that was
formulated or processed incorrectly.
Some of the dosage forms may be physically larger than conventional human-sized drug
formulations, requiring modifications of the laboratory equipment. Some of these veterinary
formulations are designed to give season-long control, releasing the drug for extended periods
of time. It is important to coordinate the in vitro drug release method strategy for product
development with the quality control (QC) method for release of the product. This strategy is
useful in product lifecycle management to support possible manufacturing changes.
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Table 2. Possible Apparatus for In Vitro Release Testing Procedures for Parenteral
Formulations
General Chapter 〈1〉
Heading
Apparatus
Solutions
Aqueous
None
Oils
Apparatus 2
Powders (for Solution)
None
Suspensions
Apparatus 2, Apparatus 4, reduced volume, dialysis cell
Nanosuspensions
Apparatus 2, Apparatus 4, dialysis cell
Liposomes
Apparatus 1, Apparatus 2, Apparatus 4, dialysis cell
Microparticles (microspheres)
Apparatus 2, Apparatus 4, incubation jar, dialysis cell
Sterile Powders for
Suspension
See Suspensions
Apparatus 2, reduced volume apparatus, vertical diffusion
Emulsions
cell
Implants
Apparatus 2, Apparatus 4, incubation jar, Apparatus 7
Drug-eluting stents
Apparatus 7, Apparatus 4, Modified flow through cell
In-situ forming
See Implants
CONCLUSIONS
While the need to demonstrate in vitro performance is recognized by regulatory agencies,
industry, and academia, there are currently no compendial or regulatory guidances. The USP
Subcommittee on Parenterals is interested in receiving feedback on this Stimuli article to help
develop a companion informational general chapter on in vitro release of parenteral drug
formulations. Please send comments to Desmond Hunt, dgh@usp.org.
The authors did not declare any perceived or actual conflicts of interest related to the
subject matter of this Stimuli article. The views presented in this article do not necessarily
reflect those of the organizations for which the authors work. No official support or
endorsement by these organizations is intended or should be inferred.
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ABSTRACT In this Stimuli article, the USP Quality Standards for Pharmaceutical Continuous
Manufacturing Expert Panel discusses and reviews: 1) how the modern continuous
manufacturing (CM) processes in the pharmaceutical industry are impacting the future of drug
product manufacturing; 2) the current status of regulatory expectations that are specific to
pharmaceutical continuous manufacturing (PCM) and a view of the existing regulatory
framework from a PCM perspective; 3) material properties and characterization techniques
needed to ensure the success of continuous processing; 4) techniques already described in
USP–NF and what other techniques need to be added as general chapters; 5) the significance
of PAT in PCM and examples of how it is applied; and 6) risk management approaches in PCM
compared to current batch process approaches. The panel believes this is the first attempt
towards standardizing the vast terms and definitions used in the domain of PCM.
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3.1 Introduction
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Production Train (Illustrated for a Direct Compression Manufacturing Train)
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REFERENCES
1. INTRODUCTION
Pharmaceutical continuous manufacturing (PCM) has been identified as a National Priority
Technology. Congress, recognizing the potential benefits continuous manufacturing (CM) can
offer for drug manufacturing, has authorized funding in the US to support CM (1).
The FDA is building up manufacturing competency, urging the pharmaceutical industry to get
on board with PCM in an unprecedented manner. FDA has created an emerging technology team
(ETT) to assist companies that want to implement innovative technology, including CM, for
manufacturing both new and existing drugs. So far FDA and the European Union (EU) have
approved Vertex’s ORKAMBI and SYMDEKO, and Janssen’s PREZISTA, and FDA and
Pharmaceuticals and Medical Devices Agency of Japan (PMDA) have approved Lilly’s Verzenio
manufactured via PCM.
In the last decade pharmaceutical and biotechnology companies have been updating their
manufacturing technologies and facilities. The majority of market leaders are confident PCM is
the area for innovation bloom, which may benefit them because of a better quality of products,
less scale-up risks, and long-term economic advantages.
Pharmaceutical companies are already well in action to adopt continuous production of active
pharmaceutical ingredients (APIs) and/or finished products through platform technology
innovation or individual line development.
Contract manufacturing organizations (CMOs), generics manufacturers, and smaller
pharmaceutical players in emerging markets (India, China, and others) have expressed a great
interest in PCM, and started making efforts in assessing, developing, and implementing CM
processes.
PCM research and development (R&D) activities, scientific exchange forums, and public
discussions have witnessed a booming trend in the last 5 years.
The rapid advance of PCM sparked USP’s interest regarding the future role of quality
standards in this type of manufacturing process. USP is interested in PCM since the topic is in
line with USP’s mission: “To improve global public health through public standards and related
programs that help ensure the quality, safety, and benefit of medicines and foods.” PCM
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provides an opportunity for consistent and broad access to better quality medicines at reduced
costs, and as such may have a significant impact on USP’s mission.
USP has also determined that CM represents a great opportunity for USP to establish itself as
a thought leader on quality while maintaining a healthy and sustainable standards program. USP
has attained a solid initial understanding of the CM space through its Science Division and
Strategic Business Development Division establishing good stakeholder engagement. Currently,
USP has allocated resources to further understand and assess the impact of PCM, and is
exploring research and training collaboration with CM research centers and developing
educational CM workshop for the generics industry.
To explore the technology and areas where USP may have a higher impact, USP initially held
a roundtable discussion among industry, academia, and regulatory experts on the field in June
2016.
Some of the goals of the roundtable were to: 1) provide an open platform to share knowledge
about PCM and insights on the future role of quality standard in this arena; 2) convene an
interactive discussion on key technological and quality challenges and opportunities in PCM and
recommendations for corresponding research paths; 3) identify scientifically sound, novel
technologies and control strategies that may enable and grow PCM to improve drug quality and
produce medicines that are consistently safe and effective; and 4) build a technology and
quality roadmap for accelerating development, implementation, and standardization of PCM. The
roundtable also identified the following areas in need of additional research and/or evaluation:
the need for feed-forward controls in addition to feedback controls; performance-based
specifications and strategies for the use of real-time release product testing; excipients and
raw material impact on CM, specifically variability, flexible formulations, and excipients at low
levels; information-sharing on CM practices across industry; cleaning and reassembly of
equipment; costs of CM integration; growth in need for process engineers; requirements for
standardization; definition of a deviation and how to handle them; scale-out and validation;
material characterization.
To address the topics of interest outlined above, USP established the Quality Standards for
Pharmaceutical Continuous Manufacturing Expert Panel with members from industry, academia,
and regulatory agencies. This Expert Panel is charged with providing recommendations for a
roadmap for the development and implementation of compendial quality standards for PCM to
the General Chapters—Chemical Analysis (lead Expert Committee), the General Chapters—
Physical Analysis, and the General Chapters—Dosage Expert Committees. Such standards may
include, but are not limited to: standardizing terms, material characterization, system
validation/qualification, in-process control using statistical methods, real-time release testing,
and equipment standardization. Other topics that the panel will address are identification of
technologies for the physical property characterization of materials used in PCM and developing
relevant USP standards.
The USP standards-setting structures and processes may be used in many areas of PCM,
such as: control strategy standardization; ingredient characterization standardization,
represented in documentary standards, and physical reference standards; product release
standardization; equipment/system requirement standardization; sensing technology
standardization; and system modeling standardization. Given the vast array of topics that could
be addressed, the Expert Panel decided to make this Stimuli article the first deliverable, with
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the goal of soliciting a larger audience to provide input for the aspects of PCM believed to be
the most relevant to be addressed in the short term. To achieve this goal, the Expert Panel
invites and appreciates comments from the scientific, regulatory, and industry community on
the concepts that are laid out in this article. This would greatly help the development of USP
standards and guidance that will facilitate the robust implementation of PCM in pharmaceutical
manufacturing.
In the article, the panel presents the first consensus attempt in standardizing the terms and
definitions of the PCM field, with the most significant terms and definitions selected from a
much-larger list of terminology found in various documents; an overview of the current status
of regulatory aspects related to PCM and the current thinking on the topic; and material
physical properties characterization, by summarizing relevant material physical properties known
to the panel used in the drug product PCM production lines. The panel identifies the techniques
used for the characterization of those properties and whether the techniques are represented
in USP–NF or not, thus identifying the need for their development. Moreover, the role of process
analytical technologies (PAT) and risk management for the development of PCM-enabling
control strategies is discussed. Examples of PAT applications in the PCM world are given in the
outcome of restating the PAT definition as indicated in FDA’s 2004 guidance (2). The panel also
discusses the similarities and differences between continuous and batch processes, as
perceived by the authors. The authors note that a CM process is subjected to the same
requirements regarding current good manufacturing practice (cGMP) compliance. Principles of
risk management apply equally to batch and continuous processes. In addition, pharmacopeial
product specifications should be met regardless of the process being continuous, batch, or a
hybrid process. The regulatory expectations for ensuring the product quality as well as the
reliable and predictive processing are the same for batch and continuous manufacturing.
Notwithstanding, the authors recognize the differences between batch manufacturing and
continuous manufacturing in the decision-making strategy related to product release and other
aspects of drug manufacture. For example, while in batch manufacturing the end product
testing plays an important role in determining product release, in CM, the unprocessed, in
process, and fully processed material can all be in process at the same time and it is possible to
assess the quality of the product in real time. In other words, homogeneity, process
parameters, and quality attributes are described as a function of time. From a regulatory
perspective, a significant number of distinctive elements should be evaluated in a CM process
and are discussed in this article.
2. TERMS AND DEFINITIONS IN PCM
This group of definitions that pertain to PCM seeks to bring together engineering and
regulatory definitions and address and minimize overlap, conflict, and redundancy.
2.1 Batch Definition
Batch is defined as a specific quantity of a drug or other material that is intended to have
uniform character and quality, within specified limits, and is produced according to a single
manufacturing order during the same cycle of manufacture (21 CFR §210.3).
DISCUSSION
The definition of a batch as outlined in 21 CFR §210.3 is applicable to CM. In the case of a
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drug product produced by a continuous process, it is a specific identified amount produced in a
unit of time or quantity in a manner that ensures it has uniform character and quality within
specified limits. Thus, a batch can be defined based on the production time, quantity of
material processed, expected quantity of material produced, or production variation (e.g.,
different lots of incoming raw material), and can be flexible in size to meet variable market
demands by leveraging the advantage of operating continuously over different periods of time
and enables producing demand-driven amounts of material.
2.2 Manufacturing/CM
In a continuous process, the input material(s) are continuously fed into and transformed
within the process, and the processed output materials are continuously removed from the
system. This description can be applied to an individual unit operation, a combination of unit
operations, or the entire manufacturing process consisting of a series of unit operations (3).
DISCUSSION
The basis of any manufacturing process is the unit operation. A generalized manufacturing
process is often comprised of several connected operations that form a network of interlinked
operations. The goal of the manufacturing process is to impart a physical or chemical change to
the incoming material needed to eventually transform them into a completed product.
Transformations can include mixing, agglomeration, milling, coating, consolidation, separation,
melting, crystallization, evaporation, filtration, or chemical reactions amongst others.
Continuous processes in general terms are defined as processes that comprise input,
transformation, and output of materials simultaneously during manufacturing. This definition
allows the clear identification and classification of processes as continuous. In process trains,
which consist of various unit operations that are serially linked, the definition allows the clear
identification of train elements or groups thereof that conform to the definition of CM and
hence allow to be described as continuous processes. The definition also describes hybrid
process trains that included the incorporation of unit operations that can be described as batch
processes at a higher level of granularity (e.g., segmented fluid bed dryers) but where the
overall characteristic of the process train would be more adequately described as a continuous
process. In summary, the classification of a process as a CM process may depend on the level
of observation granularity.
2.3 Flow Rate
Flow rate is the instantaneous rate of a quantity per unit time for solid processes, or
volumetric flow rates for liquid processes, of which material is either entering or leaving the
systems.
DISCUSSION
The quantity of production within the definition of flow rate can be defined using multiple
different units. For example, the flow rate for any product stream can be represented by the
rate at which mass is being produced (e.g., kg/h). Likewise, if the process is producing discrete
units, such as tablets, then a number count of units (e.g., units/min) would also be acceptable.
Liquids and gases also lend themselves to volumetric characterization (m3/s).
The flow rate can be applied to either individual processes, or the manufacturing train as a
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larger whole.
2.4 Theoretical Production Capacity and Rate
THEORETICAL PRODUCTION RATE
The theoretical rate at which a process can produce material including all parts of the
manufacturing cycle but excluding maintenance and downtime.
THEORETICAL PRODUCTION CAPACITY
The total amount of material that a process can theoretically produce in a specified period of
time.
DISCUSSION
The goal of these two definitions is to establish a framework for defining how much total
product can be produced from a given technology. The definitions can be applied to both batch
and continuous processes with some slightly different logic due to the discontinuous nature of
the batch production process.
For a continuous process, the theoretical production rate can be determined by target flow
rate multiplied with the fraction of production time based on total time including maintenance,
cleaning, and preparation. The batch process, on the other hand, can be calculated by dividing
the target batch size by the total cycle time for the process. The cycle time is composed of
the sum of the time it takes for activities associated with setting, running, and preparing the
process for the next unit batch of material.
The theoretical production capacity for both batch and continuous processes can be
established by multiplying the theoretical production rate times the timespan of interest.
2.5 Residence Time
For material flowing through a volume, the residence time is a measure of how much time a
discrete and specific element of the material spends within the volume.
DISCUSSION
Manufacturing processes involve applying physical or chemical change to the incoming
material needed to eventually transform them into a completed product. The amount of time
material is processed is usually relevant to achieving the desired endpoint of the
transformation. The residence time is not the property of the entire process material, but
rather the residence of discrete element tracked through the system.
Examples include fluids in a chemical reactor, specific elements in a geochemical reservoir,
water in a catchment, bacteria in a culture vessel, and drugs in human body. A molecule or
small parcel of fluid has a single residence time, but more complex systems have a residence
time distribution.
2.6 Residence Time Distribution
The overall statistical distribution of all possible residence times that a set of discrete
elements could potentially stay within the system.
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DISCUSSION
As described above, a single residence time can be measured for a single element of material
moving through a volume. When multiple discrete elements of the material are tracked through
the system, it is usual for the different elements to spend a variable amount of time within the
system. The residence time distribution is a probability distribution which describes the
likelihood of any randomly selected element leaving the system at any given time. The
residence time distribution is useful for understanding how material will progress through a
process which can in turn help to understand the degree to which the material has been
processed.
2.7 Scale-Out, Scale-Up, Scale-Down
SCALE-UP
Increasing the total theoretical production capacity of a process by increasing the theoretical
production rate.
SCALE-DOWN
Decreasing the total theoretical production capacity of a process by decreasing the
theoretical production rate.
SCALE-OUT
Increasing the total theoretical production capacity by the implementation of one or more
additional “equivalent” lines.
DISCUSSION
The most traditional method of increasing the production rate is referred to as “scale-up.”
Scale-up involves increasing the rate at which the process creating the units operates at.
Some degree of scale-up can take place within the same equipment train; however, scale-up
often involves increasing the physical scale of the equipment. Alternatively, if scale-up is
prohibited by technical hurdles or difficulties, an alternative to scale-up would be to “scaleout.” Scale-out, sometimes referred to as a “numbering up,” involves building one or more
additional manufacturing lines intended to be equivalent to the first. Scale-out is fundamentally
different from scale-up as it represents the multiplication of the base process under identical
condition and hence can avoid any discussion of suitability of equipment, process parameters,
or control strategy. This is not necessarily the case with scale-up.
When discussed in a business context, scale-up can sometimes be considered producing more
material by running longer (e.g., scale-up by time). While running longer times is certainly a
viable method of producing more material, it is not included in this engineering-/regulatoryfocused definition. The main reason for this is the ability to maintain control of the product over
time should be included as an element of the control strategy. Hence, running longer should not
fundamentally affect the control strategy. It is expected that appropriateness of the control
strategy for longer run times would need to be demonstrated (e.g., validation).
2.8 State of Control
In order to manufacture product of acceptable quality, the process needs to be in a state of
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control. A state of control can be defined as a condition in which a set of (regulatory) controls
consistently provides assurance of continued process performance and product quality (4,5).
DISCUSSION
A state of control does not imply the process is at steady state. Continuous unit operations
can be designed to operate at a steady state, but in practice, a CM process does not run at a
steady-state condition, but rather at a condition in which a set of critical process parameters
and/or quality attributes are kept within a specified range of target values (state of control).
Deviations from these target values triggered by disturbances do generally occur during the
normal operation, but they can be detected and are often small enough to be negligible or
controllable, resulting in no or minimal impact on product quality. Larger changes in process
variables and/or quality attributes may happen when the CM process is in a transient state,
such as during start-up, shut down, changes from one operating condition to another, and
significant disturbances (e.g., equipment failure or sudden change of raw material attributes)
(5).
2.9 Steady State
STEADY STATE
The state in which the rate of change of all measurable variables within the system are equal
to zero.
PSEUDO STEADY STATE
The condition where, in a system containing interactions between multiple variables, the rate
of change of one variable, while not zero, is so slow compared to the rest it can be
mathematically assumed to be approximately zero.
QUASI STEADY STATE
The condition where, in a system containing interaction between multiple variables, one
variable does not hold a steady value, but does rapidly cycle around one.
DISCUSSION
The concept of a “steady state” is an engineering concept which can be useful for studying
and designing complex processes. In reality, all systems demonstrate some level of variability
around set points for a host of reasons. However, to the extent that that variability is small
compared to what is significant to the process, the steady state model can serve as a useful
concept to understand the system. CM processes may be designed to operate around, or near,
a steady state. The primary advantage of designing a process to run near a steady state is
that the process operates at (or close to) a predefined set of operating conditions without
significant variation, thus reducing variability. This differs from a batch process where the
material being transformed in the process is always undergoing a transient state (e.g., gaining
or losing moisture, gaining coating mass, etc.).
The utility of the steady state concept has led to the definition of other closely related
states: “pseudo-steady” state and “quasi-steady state.” Both states are used to simplify
complex systems usually into a more mathematically tractable form. A graphic description of the
different states will be used to describe the similarities and differences of each.

PF 44(6): Nov.-Dec. 2018

960

As described above, a steady state is the condition in which a system does not change in
time. This can be visualized in the left half of Figure 1, where the system variable is equal to a
fixed value, in this case 0, over the time domain. The steady state condition can be seen to
end in the right-hand side of the graph as the system variable changes over time. This can be
referred to as a transient state.

Figure 1. Steady state representation.
A pseudo-steady state is one in which the variable is actually trending over time, but at such
a slow rate that its rate of change can effectively be considered zero. This is illustrated by the
function plotted in Figure 2. The function at first is in a transient state as it changes rapidly.
Approximately the last 30% of the graph, while not yet at 1, is approaching it so slowly that it
may be a useful assumption to say its slope is approximately 0 and is in a pseudo-steady state.
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Figure 2. Pseudo-steady state representation.
Quasi-steady state systems arise often when a discrete operation is interacting with a
continuous process. For example, within a tablet press, a powder is continuously being added
to the process, from which individual segments of material are filled into dyes and consolidated
by pressing the material between two metal punches. The act of compressing the tablet is
happening at a steady state as the process is varying with time. However, there can be a shift
in the variable over time around which the periodic function will move. This is described in
Figure 3 where the actual variable is plotted in red and its maximum is displayed by the dashed
blue line. The red line is never in a steady state; however, the plot of the maximum is steady
over the first phase, then goes through a transient state and finally settles out for the last
phase. The first and last phases can be said to be in a quasi-steady state.
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Figure 3. Quasi-steady state representation.
2.10 Technical and Engineering Controls, and ICH Control Strategy
Control is defined as a point in, and dimension of, a process that is assessed or manipulated
quantitatively with the intent to describe the state of the process or the quality of the material
in transformation. Hence, control has two different elements: the assessment and/or the
manipulation of the process. The assessment element with the intention of demonstrating
suitable product quality at various stages within the manufacturing process is called
International Council for Harmonisation (ICH) control strategy. The element of process
manipulation with the intent of detecting and avoiding deviations as a result of disturbances is
called technical control strategy.
DISCUSSION
The assessment element of control consists of purely determining the state of affairs in
continuous processes as function of time, and allows a priori the determination of the
quantitative effect. This can be used to (passively) verify the process condition or material
quality and hence mitigate product quality risks. This aspect can be described as regulatory
control or, the network of all controls within a complex process train as the ICH control
strategy. It would be seen as the intent of the ICH control strategy to verify the absence of
deviations of the process from its tolerable band and hence should be designed to assess the
process at critical points that will be sensitive indicators of product quality.
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The assessments can be used to make decisions on the future of the process (i.e.,
manipulating process conditions going forward). Typical cases include temperatures, flow rates,
forces, etc. The main purpose in this aspect of control is the decision and active manipulation
of process variables taking into consideration the sensitivity of the process to these variables.
This aspect of control is the technical control and the application of all technical controls to a
complex process is the technical control strategy.
Technical control strategy and regulatory control strategy are related, but mostly not the
same. The technical control strategy is the basis to achieve an acceptable process trajectory
and product quality and manipulates the process variables in order drive robustness of the
process against challenges (disturbances). The regulatory control strategy lies at a higher level
and demonstrates that no residual risk, within a limit of tolerance, remains for the product
quality.
3. MATERIAL PROPERTY CHARACTERIZATION FOR PCM APPLICATIONS
3.1 Introduction
The physical characteristics of individual materials (ingredients/components) within mixtures
play a large role in the overall behavior of these systems. This is common knowledge in the
science and engineering community, and relevant properties are used in specific applications as
indicators of quality of the process and product in the fine chemicals industry. While
pharmaceuticals are chemically similar to fine chemicals, their manufacturing is often quite
different with fine chemicals often being manufactured continuously. On the other hand,
pharmaceuticals are predominantly manufactured using batch techniques. While batch may be
ideal for early stage experimentation, the efficiencies that come with continuous operations
make them predominate in many industries outside of pharmaceutical.
The predominance of CM in industries outside of pharmaceutical is linked to the ability to
utilize the state of control features of continuous processes as a means of ensuring quality.
Again, the fine chemical example comes to mind. In this example, the relationships between
input variability and the process are known and can be used to control the process for ensuring
the desired quality by maintaining a state of control. The greater the understanding of the
inputs, their variability, and the effect they have on the process, the more the process can be
maintained in the state of control.
In contrast, when the product is manufactured in a batch, the ability to control the process
is dictated by unit operation control and stratified sampling/testing. Typically, in a batch
process, product is developed in an iterative manner by running, stopping, testing, and then
making a decision on how to proceed. Though it is possible to ensure product quality by this
means, it is typically less efficient due to the time scale of starting, stopping, testing, etc.
Efficiency is also lowered due to the “all-or-none” nature of batch manufacturing. End-product
testing, though not the sole factor to consider in batch manufacturing (material controls, IPCs,
process parameter controls, etc., also play a role), confirms the product quality and plays a
larger role in determining whether the desired quality is achieved or not. If the product release
requirements are not met, a new batch must be manufactured based upon feedback and
decisions from the previous run. This can result in extended development times and an
increased use of raw materials.
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As stated above, many large-scale manufacturing industries operate in a continuous manner.
This is more common for the liquid-based systems than dry particulate systems because the
relationships between inputs and outputs are much better defined for liquids than for dry
particulate systems. Put simply, the engineering toolbox for working with fluids is extensively
established and defined.
Though the manufacturing of excipients and drug substance are very important aspects of
the pharmaceutical industry, in this discussion on material properties, we are focusing only on
drug product manufacturing, specifically, in the manufacturing of oral solid dose drug (OSD)
products.
3.2 Material Properties Characterization and Control in the Manufacturing of Oral Solid
Dose Drug Products
Pharmaceutical solid dose manufacturing may involve liquid processing as well as dry
particulate processing. Although the engineering toolbox for working with dry particulate
systems is not as well defined as for the liquids, it does not mean that chemical and physical
properties have not been linked to process performance. There have long been standards and
standard methods for determining materials physical properties as critical quality attributes
(CQAs) for input materials. Perhaps the most familiar, which tests the actual end product, is
dissolution testing.
Typically, if dissolution is failing, it is necessary to look at other information such as
manufacturing conditions and the properties of the ingredients. If manufacturing conditions are
unchanged and the process ran within control, to the extent this can be determined/confirmed,
then most often it is the variability or change within the ingredients that is the cause of the
issue.
If it is possible to relate the variability of raw materials to the process in a manner that allows
utilization of models that relate the properties of raw materials and blends, then there is
opportunity to better ensure quality prior to manufacturing. CM is more robust since its design
takes into account and allows for the raw material variability because of its ability to
compensate through real-time process control and divert material outside control set points.
The improved state of control in a continuous process equates to delivery of robust control
strategies and quality by design (QbD). The challenge then becomes two-fold: How does one
measure material properties and which properties are measured? Will the materials need to be
measured through internal techniques or is it appropriate to use certificate of analysis (CoA)
information?
3.3 Material Properties and Their Contribution in the Failure Modes of Oral Solid Dose
Production Train (Illustrated for a Direct Compression Manufacturing Train)
Research groups in academia and industry have reported on correlating physical properties of
powder ingredients and blends with performance in a continuous processing line and have
begun to take these approaches beyond what is typical in batch manufacturing. In continuous
processes, the input materials are metered and the output monitored, thus generating much
more information and scope for control than a batch process. Continuous processes may face
materials related problems (i.e., potential failure modes), which would be of mere nuisance in
conventional batch manufacturing (e.g., adhesion to the equipment surfaces). These potential
failure modes depend strongly on the design of the process/equipment train,
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material/formulation properties, and the control strategy in place. Figure 4 shows the
relationships between material properties and potential failure modes for each unit operation of
a representative direct compression CM train.

Figure 4. A schematic example of direct compression manufacturing train and associated
potential failure modes as well as material properties impacting them and respective methods
for their characterization. IGC, inverse gas chromatography; PSD, particle size distribution.
The entries in Figure 4 are further detailed in Table 1.
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Table 1. Examples of Potential Failure Modes, Respective Material Properties, and
Characterization Techniques for the Manufacturing Line Depicted in Figure 4
Unit
Characterizing
Operation
Failure Mode
Material Property
Technique
Tap density
Flow rate set
Bulk density
point divergence
Density
Permeability
Flow rate
Cohesion
Shear cell
Feeders
variability
Adhesion
Electrostatics
Inverse gas
Surface energy
chromatography (IGC)
Agglomeration
Particle size
Droplet analysis
Mill
cohesion
distribution (PSD)
Laser diffraction
IGC
Poor mixing/
Surface energy
Droplet analysis
segregation
PSD
Laser diffraction
Chocking, jamming,
—
—
discontinuous flow
Surface energy or
IGC
Blender
Dry coating
Contact angle
Droplet analysis
Surface energy or
IGC
Dry coating
Contact angle
Droplet analysis
Bonding
Fail to comply
Plastic
Fitting compaction
Breaking force
Elastic
model
Bonding
Fail to comply
Plastic
Fitting compaction
Tablet press
Dissolution
Elastic
model
Section 3.5 Material Properties, Respective Characterization Techniques, and Availability in
USP–NF provides a more extensive list of material properties and their respective
characterization techniques that may be used in CM trains for oral solid dose drug products,
compiled from public information. It is not intended to be an all-inclusive list, and not all
properties are relevant to all processes or all products. Other properties may have also been
used. Some of the properties listed there are used as critical material attributes in the batch
process also. Table 2 also lists if a USP pharmacopeial standard (general chapter) is available or
not for the respective property characterization.
3.4 Material Properties, Manufacturing Process, and Product Quality Attributes
The goal is manufacturing of a pharmaceutical product of high quality, which ensures the
purity, safety, and efficacy for the patient. It is expected that a well-controlled process using
well-characterized materials in all of its steps yields a product whose CQAs are always within
the specification and maintained in the state of control. Currently, for pharmacopeial purposes,
the CQAs of the drug products are addressed by complying with USP–NF requirements, which
are included in the drug product monograph, general chapters, and General Notices. This is
accomplished by testing the finished product. The oral solid dose drug products critical quality
tests are summarized in Oral Drug Products—Product Quality Tests 〈2〉. The chapter states that
monograph tests, analytical procedures, and acceptance criteria for testing oral drug products
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are divided into two categories: 1) those that assess general product quality attributes; and 2)
those that assess product performance, which is a specific quality attribute typically linked to
bioavailability and bioequivalence studies. Drug product quality tests are intended to assess
attributes such as identification, strength (assay), impurities (universal tests), dose content
uniformity, pH, minimum fill, alcohol content, volatile content, and microbial content (specific
tests). Drug product performance tests are designed to assess in vitro drug release from
dosage forms (e.g., Dissolution 〈711〉 and Drug Release 〈724〉).
Further the chapter classifies the product quality tests as universal tests (for all oral drug
products) and specific tests which apply to subcategories of oral drugs [i.e., tablets (coated or
uncoated, chewable, orally disintegrating etc.), capsules, granules, powders, liquids]. The
universal tests are Identification, Assay, and Impurities. The listed specific tests for tablets are
Volatile Content, Disintegration, Tablet Friability, Tablet Breaking Force, and Uniformity of
Dosage Units.
The finished drug product must meet the acceptance criteria for both product quality
attributes and product performance. As discussed in section 5. Regulatory Considerations and
Industrial Adoption of PCM, PCM represents a paradigm shift. It is intended to ensure meeting
the drug products CQAs by well-controlled processes and input and in-process materials.
Hence, a correlation of the process controls and material inputs to the finished product CQAs is
of paramount importance.
3.5 Material Properties, Respective Characterization Techniques, and Availability in
USP–NF
For material properties, respective characterization techniques, and availability in USP–NF,
see Table 2.
Table 2
Material
Property
Adhesion
Angle of
internal friction
Angle of
repose
Blend
composition
and
homogeneity
Bulk density
Cohesiveness
Compressibility
a Under revision.

Characterizing
Technique
Calculated from
shear cell

USP–NF Chapter
Shear Cell Methodology for Powder Flow Testing
〈1063〉

—

〈1063〉

—

Powder Flow 〈1174〉

NIR or Raman
—
—
Powder
compressibility
Drop penetration

Near-Infrared Spectroscopy 〈1119〉a; Raman
Spectroscopy 〈1120〉a
Bulk Density and Tapped Density of Powders 〈616〉
〈1063〉
〈616〉; 〈1174〉; Tablet Compression Characterization
〈1062〉
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Contact angle
(surface
energy)
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Characterizing
Technique
Capillary rise at a
vertical plate
Capillary
penetration
Method for
powders and
granules
IGC

—
Crystallinity
Density
Elasticity
(elastic)
Electrostatics
(acquired
charge)
Flow function
coefficient
Flow ability
Friability
Granule size
distribution
Breaking force
Hygroscopicity
Material
strength
Moisture
content
Powder
fineness
Powder flow
Particle shape
Particle size

—
Compactor
simulator
Measure acquired
charge or
impedance
From shear cell
Measurement
repose
—
EYCON camera
(20–30 to 300
µm)
—
—

Porosimetry by Mercury Intrusion 〈267〉
Characterization of Crystalline Solids by
Microcalorimetry and Solution Calorimetry 〈696〉;
〈1120〉a
Crystallinity 〈695〉; X-Ray Powder Diffraction (XRPD)
〈941〉
〈616〉; Density of Solids 〈699〉
—
—

〈1063〉
〈1174〉
Tablet Friability 〈1216〉
—
Tablet Breaking Force 〈1217〉
—

—
For in-process
material (by NIR)
Assessed by
measuring PSD
—
Microscopy
Imaging
—

PSD
a Under revision.

USP–NF Chapter

—

〈1119〉a
Powder Fineness 〈811〉
〈1174〉
Optical Microscopy 〈776〉
Light Diffraction Measurement Of Particle Size 〈429〉;
Particle Size Analysis by Dynamic Light Scattering
〈430〉 (in development); Particle Size Distribution
Estimation by Analytical Sieving 〈786〉
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Permeability
Plastic
Pore volume

Porosity
Residual
moisture
content
Roughness
Specific
surface area
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Characterizing
Technique
Measure of
powder flow
See Elasticity
—
Assessed from
the
measurements of
surface area

NIR or Raman
See Elasticity

USP–NF Chapter
—
—
Porosity by Nitrogen Adsorption-Desorption 〈268〉;
Porosity by Mercury Intrusion 〈267〉
〈267〉

〈268〉
〈1119〉a
〈1120〉a
—
Specific Surface Area 〈846〉

IGC
Droplet analysis
Contact angle

—

Surface
energy
Thermo—
responsiveness
Wetting
Contact angle
a Under revision.

—
—

4. RISK MANAGEMENT, PAT, AND STATISTICAL TOOLS
4.1 Introduction
The goals of both the batch and CM process are the same: manufacturing of a
pharmaceutical product of high quality, which ensures the purity, safety, and efficacy for the
patient. Both manufacturing processes employ multiple unit operations in order to transform the
raw materials into a finished product. In the specific case of OSD products, batch and
continuous processes also use the same basic unit operation to achieve the transformation
such as mixing, granulation, encapsulation, compression, and coating.
Within the batch manufacturing paradigm, all of the material expected to have uniform quality
(i.e., the batch) is fully processed and assessed for its quality attributes. The continuous
manufacturing approach focuses on monitoring the quality of the process stream in time as the
product is being produced.
This perhaps seemly small distinction leads to some profound differences in the manufacturing
process. For example, since continuous manufacturing focuses on measuring and controlling the
production stream in time, it allows multiple unit operations to be close coupled together. This
close coupling allows for the entire process to be run at once leading to the potential to link
the control strategy of all of the unit operations together to optimize product quality. This is in
contrast to the batch paradigm where once a unit operation is complete the fate of all of the
material processed can either be rejected, accepted or be re-worked before it can go to the
next unit operation. The ability to adjust the process in real-time is limited as the performance
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of the downstream processes is not yet known as it may be within the CM approach.
This focus on understanding and monitoring the process stream in real time leads to an
increased data density. Within the batch manufacturing paradigm, the entire batch is typically
described by the assessment of a few quality attributes. In contrast the combined quality of
the batch in continuous can be built over time by monitoring those same quality attributes in
time. This section of the article covers this data-rich, time-monitored environment by
discussing what PAT is as well as describing how this difference in perspective leads to
changes in capability.
4.2 PAT in Pharmaceutical Continuous Manufacturing
4.2.1 DEFINITION OF PAT
As defined in the FDA’s Guidance for Industry PAT—A Framework for Innovative
Pharmaceutical Development, Manufacturing, and Quality Assurance, PAT is considered “a
system for designing, analyzing, and controlling manufacturing through timely measurements
(i.e., during processing) of critical quality and performance attributes of raw and in-process
materials and processes, with the goal of ensuring final product quality. It is important to note
that the term “analytical” in PAT is viewed broadly to include chemical, physical,
microbiological, mathematical, and risk analysis conducted in an integrated manner.” While not
chemically specific (i.e., not measuring quality attributes directly), non-spectroscopic process
data and related models can often acquire and analyze information on a faster time scale, while
simultaneously being more robust and more readily interpreted than spectroscopic data.
Moreover, when properly aggregated with other data, non-spectroscopic information can
provide a broader, more complete characterization of the state of the system.
Some examples of PAT applications for CM are given below.
4.2.2 EXAMPLES OF PAT APPLIED TO CONTINUOUS MANUFACTURING
In this section two examples are given of applying PAT to a continuous manufacturing
process. The first example is of a non-spectroscopic PAT application, where feeder data is used
to predict the feed API concentration. The second example refers to the use of spectroscopy
in the process to assess content uniformity.
Prediction of product concentrations from feeder/process data: The first principle in
gaining an understanding and moving forward with prediction of product concentrations from
feeder/process data is to truly characterize and control raw material input. There may be
additional variability if feeding API separately versus preblended materials, and this needs to be
accounted for when selecting screw type, dialing in screw speed, and understanding feeder
geometry. For pre-blended materials, where disturbances in API concentration can occur,
developing Residence Time Distribution (RTD) models should be considered. Powder flow,
particle size, and electrostatic properties may need to be characterized and compared to
known material properties to assess impact in feeder variability and subsequent continuous
processing operations.
Continuous processes generate a much larger volume of data than typically recorded for
batch processes. There are numerous univariate parameters and other data-streams
continuously and simultaneously logged by the system. To aid in prediction of feed
concentrations, collection of real-time data from loss in weight feeders, raw material refill input
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and mathematical modeling/chemometric methods related to specific feeder type/screw
configuration will allow for appropriate process monitoring and control techniques to achieve
rapid and effective interpretation of the data. Data collection and validation of models will guide
decisions on feeder performance, feeder speed operating ranges, and refill strategy.
Prediction of assay or uniformity from inline spectroscopic tools: To collect meaningful
real-time spectroscopic data and link to product performance, NIR (or other spectroscopic
techniques like Raman) probes should be considered for integration in line or at-line at
appropriate locations to capture measurements during either the blending and/or tablet press
feed frame continuous processing (5). If spectroscopic testing is measured post compression,
adequate sampling/data acquisition and frequency of product sampling plans need to be
developed to link back to process performance. Mathematical modeling and statistical
correlation between data sets can then move to defining control strategy to achieve content
uniformity or other CQAs within product specification ranges.
4.3 What Does Not Change in PCM
A process that is based on or has elements of continuous manufacturing is bound to the
same requirements regarding cGMP compliance and the need to demonstrate capacity of
reproducible commercial manufacture. During process validation, it is still expected that the
manufacturer is able to demonstrate process performance by means of sound science and
relevant controls. A control strategy based on good process understanding relating raw material
properties and process parameters with CQAs should be in place. Such strategy should
encompass a well-thought-out sampling plan and relevant acceptance criteria, and defined
procedures to address deviations from expected results. The ability for the continuous
manufacturing process to run in a controlled state needs to be assured throughout its lifecycle
through continued verification of process performance.
Controls in place for a CM process should be the result of performing structured risk
assessment and defining risk control strategies. Such approach should encompass the product
lifecycle with appropriate formal risk review. Risk management as described in ICH Q9, Quality
Risk Management (6), is applied equally to batch and continuous processes. Risk analysis and
evaluation should consider impact to process and product, and process capability. Predefined
risk threshold should then be applied to flag unacceptable risk and provide risk reduction
controls to bring it to acceptable levels. Each company shall select acceptance thresholds for
risk for an optimal level of risk control, using for instance cost and benefit analysis. This
procedure should not differ between batch and continuous processes.
Aside from the need to consistently deliver product within the specified limits of the CQAs,
the specifications definition also does not depend on the nature of the process. Specifications
set based on toxicology and clinical data, and from pharmacopeial standards, should be met
regardless of the process being continuous, batch, or with elements of both.
4.4 What Changes in PCM
Within the batch manufacturing paradigm, quality is defined and measured at the scale of the
batch. The end product testing (testing the batch after manufacturing and applying statistical
criteria to the sampled population), although not the only factor for assessing the quality, plays
an important role in deciding whether to accept or reject a batch. One of the primary reasons
this is necessary is that the quality of the output of any particular unit operation cannot be
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assessed until the material has been fully processed. With a batch unit operation, the material
is all being processed simultaneously. The in-process controls are used to assess the
intermediate quality and ensure proper control for achieving the product quality.
The CM process is fundamentally different. As described previously, continuous unit
operations process a continuous stream of material. Unprocessed material enters the unit
operation while transformed material is flowing out of the other end. This means that
unprocessed, in-process, and fully processed materials are all in process at the same time.
Since the final material of the unit operation is present, it is possible to devise methods of
assessing the quality of the product stream in real time. Real time measurement of the process
stream means the quality of the process can be assessed on a time scale significantly shorter
than the material processing time (i.e., mean residence time).
With proper understanding of process dynamics, information coming from the process can be
related to a certain segment of the process stream. For example, if one loss-in-weight (LIW)
feeder in the process has an upset condition and no material is fed for 10 s and then resumes
normal feeding, the concentration of that component will temporarily drop within the process
stream before returning to normal. With proper process knowledge, the size and effect of this
transient state can be tracked through the system. If the degree of the deviation is judged to
be large, then this parcel of material can be rejected and normal production can return after
the transient state has passed. Alternatively, direct measure of drug substance concentration
(e.g., using in-line NIR) may be used for these collection/rejection decisions to account for
potential process disturbances. This is in direct contrast to the batch process, in which, if an
upset in process condition, the quality of the entire batch will be called into question.
The data-rich environment, coupled with the ability to associate process performance in time
with material and product attributes, leads to the ability to develop a deeper process
understanding. This understanding can be developed through both purposeful exploration of the
performance of the CM process in an R&D setting, as well as post-facto analysis on data taken
from the manufacturing of commercial product. A natural outcome of a deeper process
understanding is the ability to mathematically predict the behavior of the manufacturing system
using mathematical models. Once validated, these models can be used to predict the quality of
the process.
5. REGULATORY CONSIDERATIONS AND INDUSTRIAL ADOPTION OF PCM
5.1 CM Adoption
CM of pharmaceutical products has become a subject of great interest and discussion to the
pharmaceutical industry for more than a decade. While some manufacturing equipment is
inherently continuous and instances of continuous can be attributed to previous commercial
launches, it is only in recent years that commercial implementation of CM processes has been
more prevalent and linked to regulatory approval of oral solid dose products. From some
perspectives, adoption of continuous manufacturing for pharmaceutical products has been and
continues to be a slow process. Considering the level of interest within the industry over the
past decade many may be inclined to agree and pose the question, why?
CM is a means of producing the same products supplied to the market today or it can be used
for new products under development. The advantages of CM include manufacturing and cost
efficiencies as well as an opportunity for a higher degree of control and automation over the
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process. Possibly, the largest impact of CM lies in the opportunity of a comprehensive quality
management system that overcomes the limitations of a statistical “sample representative and
test” approach. This new paradigm allows real-time detection of all process deviations and
assures product quality through improved process analytical controls and/or parametric
controls. Certainly, there are progressions of synthetic chemistry routes and formulation
designs that are possible with continuous manufacturing that are quite challenging using the
traditional batch approaches. As a result, interest in CM technology has remained high, and
activity has continued within R&D groups to develop and transfer the technology, but instances
of commercial implementation have been limited.
The US and EU approvals of Vertex’s ORKAMBI and SYMDEKO and Janssen’s PREZISTA as well
as the US and Japan's approval of Lilly’s Verzenio demonstrate that products made by short CM
trains can be approved within existing regulatory guidelines. As additional products
manufactured utilizing CM receive approvals and further confidence in continuous processes is
obtained, the number of submissions will continue to increase.
Due to significant efforts in public domain research as well as discussions at various industrial,
academic, and regulatory forums, much of the technical aspects of continuous manufacturing
technology are readily available to adopters. However, there are multiple ways in which a
continuous product/process can be developed, and the approaches for the associated control
strategy can be quite variable. The versatility in approaches allows for the flexibility needed
depending on the risk profile of the specific product/process involved. However, these may be
perceived as impediment to adoption by companies that prefer prescriptive guidance for the
development and registration of drug product processes. Since most pharmaceutical companies
are global and file in multiple markets, different approaches may result in variable requirements
from different regulatory authorities that need to be fulfilled to receive approvals. This
uncertainty increases complexity and weighs heavily on business cases with regard to timelines
and overall risk.
Regulators across the globe have encouraged CM technologies, and while they have not yet
provided comprehensive guidance, they have recognized and addressed the need to work
collaboratively with academia and industry to set forth a framework aligned with product
design, development, and commercialization. In most cases, regulatory agencies have
positioned themselves so that CM processes can be discussed much earlier than typical, well
ahead of any submission. For example, the FDA established the ETT, the European Medicines
Agency (EMA) tasked the PAT group, and the Pharmaceuticals and Medical Devices Agency
(PDMA) established the Innovative Manufacturing Technology Working Group (IMT-WG). This
“open arms” approach has made it easier for those already pursuing the technology; however,
it has not provided the clarity or guidance needed to assuage the uncertainty that will lead to
increased rates of adoption for PCM. The ICH Assembly supports CM as a new topic and agreed
to begin work on CM (Q13) by first working on developing formal concept papers and work plans
(7). While guidance may be several years away, many regulators and industrial adopters
welcomed this initiative.
5.2 CM Within the Existing Regulatory Framework
While no specific guidance document from an international, individual regulatory body, or
pharmacopeia is available at this time, efforts towards the development and collection of best
practices and guidance elements have occurred through various organizations. FDA, EMA, and
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PMDA have stated that CM can be implemented under the current regulatory framework and
guidelines such as ICH Q8, ICQ Q9, and ICH Q10 (4,6,8). The approvals of several products in
the EU, US, and Japan demonstrate that there are no major regulatory hurdles for short CM
process trains. The approach of utilizing risk analysis methodologies and/or modeling tools which
are employed for batch processing to fully understand the process and impact on product
quality, and the subsequent development of a control strategy are also applicable to CM. This
is also true for current cGMP regulations which include flexibility to accommodate CM processes
and technologies.
The regulatory expectations for assurance of product quality as well as reliable and predictive
processing are the same for batch and continuous processing. CM takes a further step towards
ensuring product quality by incorporating advanced controls into the manufacturing system,
which provides the flexibility to use in-line testing for product release. The real value of CM lies
in the ability of process analytics and process manipulation at a much higher level of scrutiny.
The granularity of knowledge for CM processes is orders of magnitude higher.
5.3 Sources of Information for the Development and Implementation of CM
In 2015, ASTM released a standard, E2968-14 (9), that broadly covered CM for both drug
product and drug substance. While it covers a broad range of topics, this document mostly
consists of definitions and goes into limited detail. It serves as an introduction into PCM and
has a descriptive section containing explanations of how continuous and batch processes differ
and a general discussion of the implications of those differences. Future revisions of this
document are being developed to include additional details regarding control strategies.
There are several university and/or industry consortia which have led the efforts to capture
the current scientific and regulatory understanding.
The International Symposium on the Continuous Manufacturing of Pharmaceuticals (ISCMP)
published two papers, “Regulatory and Quality Considerations for Continuous Manufacturing”
discussed during their first symposium held in May 2014 (10), and “Regulatory Perspectives on
Continuous Pharmaceutical Manufacturing: Moving from Theory to Practice” (3) based on the
output from the groups’ second symposium held in September 2016. In addition, the Center for
Structured Organic Particulate Systems’ (C-SOPS) Regulatory Working Group compiled “Current
Recommendations for Implementing and Developing Continuous Manufacturing of Solid Dosage
Drug Products in Pharmaceutical Manufacturing” (11) which was submitted to the FDA in June
2016 in response to an invitation issued by Dr. Janet Woodcock following a workshop at Rutgers
University on May 7, 2015. These documents cover key regulatory aspects of CM as they
pertain to existing guidance. The C-SOPS document is focused only on drug product, while the
ISCMP also addressed continuous bioprocessing, end-to-end processing, and drug substances.
However, the more specific portions and examples focus more on drug products. Similarly, the
International Society of Pharmaceutical Engineers (ISPE) published a summary of their 2016
conference on CM (12). It covers many of the same topical areas, though it goes more in depth
into PAT and control than the previously mentioned documents and provides some additional
perspective on development from early adopters. The FDA’s continued support of the efforts to
modernize pharmaceutical manufacturing, specifically from batch to continuous production, is
captured in an article published in the Journal of Pharmaceutical Innovation (13). The PMDA
article, published as a provisional draft, “PMDA Views on Applying Continuous Manufacturing to
Pharmaceutical Products for Industry,” (14) is similar to other documents, most notably the
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ASTM and C-SOPS documents. It goes more in depth on topics not covered by the documents
mentioned thus far, such as validation and stability testing. A presentation by EMA at the 3rd
FDA/Product Quality Research Institute (PQRI) conference on Advancing Product Quality also
provides EMA’s perspective on CM (15). A recent publication by IQ consortium (International
Consortium for Innovation and Quality in Pharmaceutical Development) provides an excellent
overview of current thinking for the control and implementation of continuous manufacturing
(5). Efforts to implement continuous processing also extend to drug substance manufacturing
(16).
In summary, within the last 2 years, numerous groups have attempted to clarify and explain
CM and support the position that it can be effectively executed within the existing regulatory
framework. Many of the efforts of these groups include output from conferences where
regulators were participants, and there is an overall message of encouragement towards
adoption of the technology. With that said, all these efforts are lacking in the specificity that
adopters may be looking for when considering the regulatory aspects of CM. With the exception
of E2968-14, which is not enabling, no standards-setting or regulatory authority has formally
sanctioned elements specific to CM. So, as of today, there remains a pressing need to collect
and harmonize the definitions being presented and provide standard methodologies to aid in the
adoption of new and unfamiliar aspects of the technology including real-time PAT, advanced
control systems, and ways of validating and handling systems which produce data streams with
the potential for new levels of process understanding and statistical evaluation.
5.4 Key Regulatory Aspects that Should be Addressed for Implementing CM
Given the current and growing utilization of CM, there is an opportunity to create standard
expectations for the relevant elements of a CM process. In doing so, the standard expectations
create an important opportunity to clarify how regulators will review CM submissions while
allowing companies to develop their own development and validations paths, and thus making
full use of the benefits and flexibility of CM. A batch process description assumes homogeneity
of the entire batch and describes the process parameters and quality attributes always integral
for the entirety of material, whereas the CM process describes the same as a function time.
The addition of the time variable requires that two additional topics be considered when
compared to the batch description: system dynamics and material traceability. It can be
perfectly adequate to project the entire CM process along the time axis onto its parametric
presentation and describe the entirety of material as a batch of material.
The elements of regulatory significance which may be evaluated, reviewed, and documented
for a CM process are listed in Table 3. This list is not intended to be all-inclusive; however,
providing details of these elements may provide a strong foundation for describing the process
and the controls implemented to assure product quality.
Table 3. Key Elements of a PCM Process and Their Descriptions
Element
Description
Need to link with process understanding and sensitivity to
attributes (e.g., particle size distribution). Material
attributes that impede flow may have impact on feeders
and mixers. These may impact product CQAs such as
1. Raw material attributes
assay, content uniformity.
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Element
2. Understand relationships
between processing
conditions and CQAs in
accordance with ICH Q8,
Q9, and Q10

3. Characterization of
process dynamics in the
system

4. Process monitoring, PAT,
equipment alarms or other
advanced process controls
for process monitoring and
defining state of control
5. Handling of deviations and
disturbances and diversion
strategy for non-conforming
material

6. Material traceability (raw
material sourcing and within
a CM process—link to
product quality lifecycle)

7. Batch definition strategy

8. Model maintenance

9. Batch to CM bridging
transition
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Description
Enhanced science/QbD approach may be necessary to gain
knowledge of the CM process, (i.e., defining relationships
between process parameters, critical material
attributes/CQAs) of product.
Impact and interactions of parameters within a process
step and between processes (e.g., impact of throughput
rate, back mixing, residence time, and residence time
distribution). Depending on the control strategy utilized for
a given product, knowledge of the residence time
distributions may be required for managing diversion of nonconforming material.
Process monitoring, PAT, feed-forward/feed-back control
loops, model-based controls, or multi-variate controls may
be used as some of the elements to ensure the process is
running in a state of control. (e.g., LIW feeder data, in-line
or at-line NIR data, soft sensors for LOD for fluid bed
drying, impeller torque for granulation end-point, film
coating parameters for cosmetic coatings).
In order to manufacture product of acceptable quality, the
process needs to be in a state of control which can be
defined as a condition in which a set of (regulatory)
controls consistently provides assurance of continued
process performance and product quality (4).
Ensure out of compliance material is removed from the
batch; diversion strategy may include detectability and
removal capability (e.g., utilizing RTD understanding, PAT
methodologies, or other means of detection) to ensure nonconforming material is removed from the batch. Batch
separation into sub-lots may be used especially for off line
testing.
Link of incoming materials to material flowing through the
system may be done in a variety of way for process
monitoring and diversion (e.g., due to addition of a bad lot
of ingredient).
There are multiple ways that a batch may be defined,
including: run-time/throughput rate, consumption of a lot of
raw material, by predefined events, mass of product
produced, etc.
Process and chemometric PAT models used by CM may
require a maintenance plan. Procedures for updating the
models may be identified specifically.
For product conversions from batch process to CM, a riskbased approach to identify any factors that may impact
demonstration of product with equivalent quality and
performance (e.g., meeting same CQAs, such as stability,
biopharmaceutical aspects, etc.).
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Element
10. Process validation
strategy [3-stage validation
(US, EMA), 3 batches
(Japan), or concurrent (small
sizes)] and demonstrate
understanding the concepts
of startup, shutdown, and
interruptions

11. Product quality control

12. Sampling strategies,
contingency plans, and
quality decision process
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Description

Options for conducting process validation should be risk
based and may be different than the traditional 3-batch
approach with a high frequency of process monitoring tools
that ensure state of control throughout production for
every batch.
The regulatory expectations for assurance of quality and
reliable manufacturing are the same for batch and
continuous processes. CM through its time-dependent
nature of the process can provide better quality
management by utilization of relevant online control tools
and may lead to real time-release testing.
CM operation may involve testing a large number of
samples. Hence, written procedures may be required that
allow a batch to be salvaged by showing it complies with all
QAs criteria in case of a PAT failure occurs during
manufacture. Written procedures should be available to
describe how the large amount of data, trends,
interruptions, and failures are handled.
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